
MODEL D3400 
DUAL- AND QUAD-DISK DRIVES 



-

MODEL D3400 

MODEL NO. Q 3 7' ~I' 
SERIAL NO.l4!t 'S?~-=< 

DUAL- AND QUAD-DISK DRIVES 

PSlTEC 
COmPlJTEA 
CORPORRTIOI1 

PERIPHERALS DIVISION 

9600 IRONDALE AVENUE, CHATSWORTH, CA 91311 

OPERATING AND SERVICE MANUAL NO. 108116 

© 1980 by PERTEC COMPUTER CORPORATION 



FOREWORD 

This manual provides operating and service instructions for 03000 Series Disk Drives, 
Models D346X and D348X, manufactured by Pertec Computer Corporation, Peripherals 
Division (PCC PD), Chatsworth, California. 

The content includes a detailed description, specifications, installation instructions, and 
checkout of the disk drive. Also included are theory of operation and preventive 
maintenance instructions. Section V" contains photo parts lists, a recommended spare 
parts I ist, and schematics. 

A" graphic symbols used in logic diagrams conform to the requirements of ANSI-Y32.14 
and a" symbols used in schematic diagrams are as specified in ANSI-Y32.2. 

Revision E, February 1980 ii 



SERVICE AND WARRANTY 

This Pertec Computer Corporation (PCC) product has been rigorously checked out by capable quality control personnel. The design 
has been engineered with a precise simplicity which should assure a new level of reliability. Ease of maintenance has been taken 
into consideration during the design phase with the result that all components (other than mechanical components) have been 
selected wherever possible from manufacturer's off-the-shelf stock. Should a component fail, it may be readily replaced from PCC 
Peripherals Division or your local supplier. The unit has been designed for plug-in replacement of circuit boards or major 
components which will ensure a minimum of equipment down time. 

The Peripherals Division of PCC warrants products of its manufacture to be free from defect in design, workmanship, and material 
under normal use and service for a period twelve (12) months, or in the case of flexible disk products 120 days, after the date of 
shipment. PCC Peripherals Division agrees to repair or replace at its ,authorized repair center, without charge, all defective parts in 
systems which are returned for inspection to said center within the applicable warranty period; provided such inspection discloses that 
the defects are as specified above, and provided further the equipment has not been altered or repaired other than with authorization 
from PCC Peripherals Division and by its approved procedures, not been subjected to misuse, improper maintenance, negligence or 
accident, damaged by excessive current or otherwise had its serial number or any part thereof altered, defaced or removed. All defective 
items released hereunder shall become the property of seller. THIS WARRANTY IS IN LIEU OF, AND BUYER WAIVES, ALL OTHER 
WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING THOSE OF MERCHANTABILITY OR FITNESS FOR PURPOSE. 

Please read the instruction manual thoroughly as to installation, operation, maintenance, and component reference list. 

Contact your local PCC Service Division office for servicing and maintenance on all PCC eqUipment except flexible disk drives. 
Flexible disk drives must be returned to the Peripherals Division factory Repair Depot for servicing. 

Please contact the following groups for assistance with your specific problem. 

SERVICE DIVISION SUPPORT 

For all servicing requirements on PCC Peripherals Division equipment, please contact your local PCC Service Division office. 
Additionally, the Service Division offers maintenance contracts, service contracts, third party maintenance contracts, etc. 

PERIPHERALS DIVISION SUPPORT 

NORTH AMERICA: 21111 Erwin Street, Woodland Hills, California 91367, (213) 999-2020 

Our Woodland Hills facility is staffed to provide assistance in the following areas. 

ORDER ADMINISTRATION SPARES SUPPORT 

• For submitting your equipment orders. 

• For obtaining delivery schedules on your equipment. 
• For any other information on your orders. (Note also that 

your local sales office can answer these questions.) 

TRAINING SUPPORT 

• Contact the Training Coordinator for class schedules, for 
classes to be held at your facilities, or for having a 
customized training program developed. 

• Spares Order Administration for submitting your spare 
requests (except Emergency). 

• Spares Logistics Administrators to answer any questions 
on spares (including assistance in determining part 
numbers). 

NORTH AMERICA: 9600 Irondale Avenue, Chatsworth, California 91311, (213) 882-0030 

Our Chatsworth facilities are staffed to provide assistance in the following areas. 

REPAIR DEPOT TECHNICAL SUPPORT 

• For all questions related to equipment sent back or being 
sent back to the Repair Depot. This includes schedules, 
repair costs, or refurbishments. 

• All equipment being returned for repair should be sent 
to PCC Peripherals Division Repair Depot, 20400 Plummer 
Street, Chatsworth, California, 91311. 

• For equipment troubleshooting assistance. 

• For applications information. 
• For any other information or questions, or if you need 

assistance and you just don't know who to call. 
EMERGENCY SPARES 

• For spare parts that are required immediately, 

EUROPE: 10 Portman Road, Reading, Berkshire RG3 1 DU, England 
Phone Reading (734) 5821151 TWX 847-101 

Users of PCC Peripherals Division equipment in Europe should direct all inquiries on the subjects listed for North America to the 
Reading office. 

Servicing of all PCC Peripherals Division equipment is coordinated through the Reading office, including U.S. OEMs that ship 
systems to Europe. 

PACIFIC 

Users of PCC Peripherals Division equipment in Australia, Japan, New Zealand, and South America should direct all inquiries on the 
subjects listed for North America to their local PCC representatives. 
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PROPRIETARY NOTICE 

Information contained in this document is copyright by Pertec Computer 
Corporation and may not be duplicated in full or in part by any person 
without prior written approval of Pertec Computer Corporation. Its purpose 
is to provide the User with adequately detailed documentation so as to 
efficiently install, operate, maintain, and order spare parts for the equipment 
supplied. Every effort has been made to keep the information contained in 
this document current and accurate as of the date of publication or revision. 
However, no guarantee is given or implied that the document is error~free or 
that it is accurate with regard to any specification. 

iv 
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SECTION I 

GENERAL DESCRIPTION AND SPECIFICATIONS 

1.1 INTRODUCTION 

This section provides a physical description, functional description, and specifications for 
the D3000 Series Disk Drive, Models D346X and D348X, manufactured by Pertec Computer 
Corporation, Peripherals Division (PCC PO), Chatsworth, California. 

1.1.1 MODEL IDENTIFICATION 

To simplify identification of 03000 Series Disk Drives, Figure 1-1 illustrates the breakdown 
of code combinations employed. 

Referring to Figure 1-1, the following illustrates the ease of identification, using Model 
D3462-1064-CWU-(XXXXX) as an example. 

(1) 03 is the basic prefix on all 03000 Series. 

(2) 4 in the third position indicates 2200 bpi. 

(3) 6 in the fourth position indicates a 5440-type cartridge plus 3 fixed disks are used. 

(4) 2 in the fifth position indicates a spindle speed of 2400 rpm. 

(5) I in the sixth position indicates that the 5440-type cartridge to be used has a 
normal index notch only. 

(6) 064 in the seventh, eighth, and ninth positions indicates a 64-sector device. 

(7) Letters in the tenth, eleventh and twelfth positions indicate a special input and 
output interface configuration. 

(8) Letters appearing in the 13th thru 17th positions indicate the options, selected by 
the user, in Table 1-3. 

(9) Letter in the eighteenth position indicates CE Alignment Track designation (see 
Table 1-3). 

D3XXX_XXXX-

U
XXXT Ln

g

nmeot 

LOption Designator (See Table 1-3) 

Input/Output Interface Configuration 
(See Table 1-2) 

&....----Number of Sectors 

L...----Sector Configuration (See Table 1-1) 

&....----Speed 
Classification 

Spindle rpm 

1 = 1500 
2 = 2400 

6 = 5440-type plus 3 fixed disks (quad disk") 
8 = 2315-type plus 3 fixed disks (quad disk") t Number of Disks 

and type of 
removable cartridge 

Density 4 = 2200 bpi, 200 tpi 

L--Basic Designator 

"Note that throughout this manual the words disk and platter are interchangeable. 

Figure 1-1. Model Identification 
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Table 1-1 

Sectoring Configuration 

Type of 
Sectoring 

Type of Cartridge to be Utilized to be Utilized 

Applicable 
Configuration 

Designator 

5440-type cartridge with normal index notch only Electronic IXXX 

5440-type cartridge specially modified with sector Electronic EXXX 
and index notches Mechanical MXXX 

2315-type cartridge with normal sector and index Electronic EXXX 
slots 

XXU 

XXS 

XWX 

NXX 

SXX 

XSC 

Mechanical MXXX 

Table 1-2 

Input/Output Interface Configuration Options 

Indicates that in this model disk drive, the thumbwheel Unit 
Number Select Switch is active so that the drive can be 
assigned positions 1 thru 4, as desired. 

Indicates that the disk drive is always selected and the Unit 
~umber Select Switch is ignored. 

Indicates that the disk drive incorporates the Write Protect 
function. 

Indicates that no interface option is included. 

Indicates a special interface. 

Indicates a special disk configuration which requires 
reference to a specific order documentation for description 
and characteristics. 
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I EXTENSION I 
PLAnER DUAL UNIT TERM V 
SELECT EMULATE FEED THRU 

110 Unit 1&2 3&4 Yes No W2 W3 

A X X X 

B X X X X 

C X X X X 

D X X X X 

E X X X X X 

F X X X X X 

H 

I 

J 

K 

L 

M 

N X X X X X 

P X X X X X X 

Q 

R 

CONFIGURATION DIGIT 2 

MALFUNCTION REMOTE 
SIGNAL SPECIAL START 

SELECT GATED INTERFACE STOP GATED 

Yes No None Safe Run Yes No W1 

A X X X 

B X X X 

C X X X X 

D X X X X 

E X X X X 

F X X X X 

H X X X 

I X X X 

J X X X X 

K X X X X 

L X X X X 

M X X X X 
I I I I I I I I I I 

Table 1-3 

Functional Options 

CONFIGURATION DIGIT 1 

LOGIC BOARD JUMPERS 

W6 W10 W11 W12 W13 W14 W15 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

LOGIC BOARD JUMPERS 

W7 W8 W9 W16 W17 

X l A 

X I B 

X X 

X X 

X X 

X X 

X X 

X X 

X X X 

X X X 

X X X 

X X X 
I I I I I 

1-3 

W18 W20 W22 W23 W24 W25 W26 

X X X X X 

X X X X X X 

X X X X X X 

X X X 

X X X X 

X X X X 

X X X X X X X 

X X X X X 

CONFIGURATION DIGIT 3 

LOGIC 
GROUND BOARD 

ISOLATION JUMPERS 

Yes No W4 W5 

X X 

X X 
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1.2 PURPOSE OF EQUIPMENT 

The disk drive has the capability of recording digital data on IBM 2315- or 5440-type 
cartridges utilizing the double frequency method of recording. Spindle speeds up to 2400 
rpm and data storage of up to 203 megabits are provided by the 03000 Series Disk Drive. 
Data recorded on the removable media can be recovered when played back on any 03000 
Series having the same cartridge type, density, format, and speed. 

The 03000 is a rotating magnetic memory capable of storing and retrieving data in digital 
form. The storage media is an aluminum disk coated on both surfaces with a layer of ferro 
magnetic material suspended in a binder. Data are stored serially in concentric tracks on 
both surfaces of the disk. 

The basic drive is available as a quad-disk or split-quad device. Where disk-drive space is at 
a premium, the quad-disk models can be configured electrically to act like two separate 
dual-disk drives sharing a common head positioning system; this is generally referred to 
as a split-quad disk drive. As many as four disk drives can be operated by a single 
controller. This is accomplished by a common Input/Output interface bus, sometimes 
referred to as a daisy-chain. 

All models are capable of accepting removable media with the removable disk enclosed in 
a cartridge assembly. Depending on the model, the disk drive will accept either the top 
loading 5440-type or the front loading 2315-type cartridge. Quad-disk models have 
provisions for the removable cartridge and three fixed disks enclosed within the drives, 
enclosed within the drive housing. 

The disk drive is intended for use in conjunction with a formatter or controller to provide 
rapid-access mass-memory for small and medium size computers. 

An integral power supply is included in the disk drive and operates directly from single 
phase power. 

1.3 PHYSICAL DESCRIPTION OF EQUIPMENT 

The top loading configuration of the 03000 Disk Drive utilizes a 5440-type cartridge and is 
shown in Figure 1-2; the front loading configuration utilizes a 2315-type cartridge and is 
shown in Figure 1-3. 

All electrical and mechanical components necessary to operate the disk drive are mounted 
within the drive housing. The housing is designed to be mounted in a standard 482.6 mm 
(19-inch) EIA rack. 

Figure 1-2. 03000 Disk Drive, 
Top Load Model 

1-4 

Figure 1-3. 03000 Disk Drive, 
Front Load Model 



All models are equipped with the necessary electronics to provide recording and retrieval 
of stored data. 

Access to the interior of the disk drive is gained by removing the dust cover. This cover is 
mounted to the base assembly and protects the interior of the drive from dust and other 
environmental contaminants. 

The operational controls, which include indicators that are illuminated when the relevant 
functions are being peiformed, are mounted on the front control panel. These controls are 
accessible to the operator at all times. Power is supplied through a strain-relieved cord 
which has a standard 3-prong plug. Interface signals are routed through the interface 
cables to input/output connectors located within the drive housing. 

The major electronic assemblies are located near the rear of the drive. These assemblies 
are mounted to allow ready access without the use of extender cards or other special 
tools. 

1.4 FUNCTIONAL DESCRIPTION 

Data storage is accomplished by utilizing the non-contact method of magnetic recording. 
The disk recording media is rotated at a constant speed and the recording heads, capable 
of either reading or writing, are flown over the surface of the disk on a gas film bearing and 
positioned to the appropriate track by the use of a voice-coil type of linear motor 
positioner. This type of disk drive, which utilizes a single head per surface, is referred to as 
a moving-head disk drive. 

Addressing of the stored data is accomplished by specifying the desired head position 
and the applicable segment of the disk surface. The read/write electronics are capable of 
non-simultaneous reading or writing of data on a single surface at a given time. 

Figure 1-4 is a functional block diagram of the disk drive, which consists of the disk drive 
control logic, start-and-stop control, and the necessary select and enable gating. 

The positioner servo electronics comprise a major functional block. As the disk rotates at 
a fixed speed and the recording heads are flown over the disk surface, the positioner is 
controlled in both the velocity and position modes. The positioner moves to the correct 
address under control of the positioner servo control electronics. Data are then written on 
(or read from) the desired surface by selecting the corresponding head through the head
select network. 

The read/write electronics are sub-divided into three functional blocks consisting of the 
head-select network, the write electronics, and the read channel. Write data causes write 
current to be switched according to the pulse train on the WRITE DATA SIGNAL line. The 
storage surface will then be magnetized accordingly. 

During retrieval of the stored data, the corresponding head is again selected by the head
select network and the signal obtained from the read/write head is processed by the read 
channel into separate READ DATA and READ CLOCK signals for transmission via the 
interface. The particular segment of the disk which is passing under the read/write head is 
specified by the sector pulse and the sector count lines from the sector electronics. 

Control of the rotational speed of the disk is accomplished by the speed control 
electronics group which establishes a known, fixed speed for the disk rotation within ± 1 
percent speed tolerance. The sector electronics block provides pulses at the interface 
which electrically subdivide the disk into a number of sectors for the purpose of 
addressing data stored on the disk. Figure 1-5 illustrates the subdivision of a disk into 8 
sectors by means of mechanical sectoring. 
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INDEX SLOT 

TOP VIEW 1651 

Figure 1-5. Mechanical Sectoring 

The air system consists of an absolute filter preceded by a pre-filter, and a blower driven by 
the same motor that provides drive to the disk spindle. This air system provides a well
filtered flow of clean air in the disk area to remove contaminants. 11'1 addition, an exhaust 
fan at the rear of the drive removes heat generated by the adjacent PCBAs. 

Power to the various electronic circuits is provided by an integral power supply. This power 
provides dc voltages at suitable levels derived from the line voltage. 

All major components are mounted to the base assembly. An aluminum alloy casting is the 
basic component of the base assembly. Mounted onto the casting is the drive mechanism 
which consists of a precision spindle, an ac induction drive motor, a squirrel cage blower, 
and an idler system. Power to rotate the blower and spindle is transmitted from the drive 
motor by means of a flat belt. The idler system provides constant tension of the belt and 
compensates for stretch of the belt. 

Mounted to the spindle assembly is a ring with equally spaced notches and one additional 
notch spaced midway between two of the other notches; this is referred to as the Phase 
Lock Ring and is used for sectoring and speed control. 

In quad-disk models, the removable cartridge is driven by magnetic clutch which is located 
on top of the spindle assembly. Three fixed disks are also mounted to the spindle 
assembly but are not removable in the same manner as the cartridge. A precision-ground 
cone on the end of the spindle suitably locates the hub of the disk, which is mounted in the 
cartridge types used for quad-disk models. Rotary motion is imparted to all disks 
simultaneously. 

The blower is in operation while the drive motor is running and the disks are spinning. Air 
flow from the blower travels through the disk area and purges the air of any contaminants 
in this area. Air is drawn in at the lower front part of the front bezel and passes through a 
high efficiency absolute filter located in the lower front portion of the base assembly. 

Air is ducted to the squirrel cage blower and thence to. the area below the fixed disk. 
Suitable vanes on the spindle provide additional pumping action to cause air to flow into 
the area of the upper platter. Air is exhausted at the rear of the disk drive. Additional 
cooling is provided by the fan at the rear of the drive which exhausts the air adjacent to the 
PCBAs thus preventing temperature buildup. 

The base assembly provides mounting attachment points for the rack-mounting slides, 
switch brackets, front bezel, and the supporting structure for the PCBAs and dust cover. 
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The positioner, in conjunction with the positioner servo and control electronics, is used to 
position the readlwrite heads to one of a possible 406 cylinders. Each concentric track on 
the disk surface describes a circle which, when extended vertically through the disk, 
creates an imaginary cylinder. If, for example, four disks are stacked on the same spindle, 
the walls of the imaginary cylinder pass through both surfaces of each disk. Each disk, 
therefore, has twice as many tracks as cylinders because the tracks appear on both disk 
surfaces. 

The cylinder concept was created mainly to minimize the complexity of the sectorltrack 
and address software. Figure 1-6 defines the relationship between disk, cylinder, and track 
as used throughout this document. 

The positioner is a moving coil type of linear motor wherein the signal applied to the coil 
results in a magnetic field which reacts with the magnetic field of the permanent magnet. 
The force thus produced is used for controlling the position of the carriage. 

The position of the positioner carriage is sensed by using the optical detent type of 
position transducer. Speed of the positioner carriage movement is controlled by a velocity 
signal which is derived electronically from the position signal. 

NOTE 

There is no actual mechanical detenting of the positioner 
carriage. The positioning at a given cylinder is achieved 
entirely by electronic techniques. 

Dc power to the various electronic circuits is provided by the power supply which takes the 
line voltage input, transforms it to a suitable voltage level, then rectifies and filters the 
output of the transformer. The output is then provided to the power regulators on the Servo 
PCBA. 

Also contained on the power supply assembly are the motor-start capaCitors for the ac 
induction drive motor and a small Motor Control PCBA. The Motor Control PCBA contains 
ground isolation and power control circuitry for operating the drive motor. This PCBA is 
separate from other PCBAs in order to isolate the line voltage. 

1.5 MECHANICAL AND ELECTRICAL SPECIFICATIONS 

The mechanical and electrical specifications for the disk drive are shown in Table 1-4. 

/-- ---- .... 

D'SK~' A ,..... -- .... , 
:~-- -- -:IVCYLINDER 

..... _-----
, I 

r~-----,' 

" '" ----., 

TRACK 

I --- -- I 
(-- ') 

....... _----/ 1650 

Figure 1-6. Disk, Cylinder, Track Relationship 
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Table 1-4 

Mechanical and Electrical Specifications 

Storage Capacity (Unformatted) 
Split-Quad Disk Models at 2200 bpi 
Quad-Disk Models at 2200 bpi 

CylindersiTracks 
Split-Quad Disk Models 
Quad-Disk Models 

Sectors 

Bits per Inch/Tracks per Inch 

Data Transfer Rate 
2200 bpi, 1500 rpm 
2200 bpi, 2400 rpm 

Disk Speed 

Latency Time (Average) 
1500 rpm Models 
2400 rpm Models 

Head Positioner 

Seek Time 
Adjacent Track 
Average (One-third Stroke) 
Maximum (Full Siroke) 

Start Time 

Stop Time 

Removable Media Type 

Read/Write Heads 
Type 

Number 
Recording Mode 

Dimensions 
Height 
Width 
Depth from Mounting Surface 
Front Projection from Mounting Surface 
Total Depth 

Mounting 

Weight (excluding Slides and Cartridge) 
Top Loading Models 
Front Loading Models 

Operating Temperature 

Non-Operating Temperature 

Operating Humidity 

Storage Humidity 

Operating Altitude 

Non-Operating Altitude 

Power 
Volts ac 
Watts (Maximum on High Line) 

\' y ... ' .... a'/ 
Hertz 

Electronics 

Underwriters Laboratory 

Canadian Standard 

203.0 megabits 
203.0 megabits 

406 cylinders/3248 tracks 
406 cylinders/3248 tracks 

6,8,10,12,14,16,18,20,24,28,30,32,36,40,42,48,56,60,64 

2200 bpi/200 tpi 

1.56250 megabits per second 
2.50000 megabits per second 

1500 or 2400 rpm (± 1 %) 

20 milliseconds (± 1 %) 
12.5 milliseconds (± 1 %) 

Voice Coil Linear Motor with Optical Detent 

10 milliseconds maximum 
40 milliseconds maximum 
70 milliseconds maximum 

120 seconds maximum 

60 seconds maximum 

IBM 5440 or 2315-type cartridge, or equivalent 

Ramp Loaded, Cartridge-Disk Heads (Radially Aligned) 
Ramp Loaded, Fixed-Disk Heads (Radially Offset) 
2, 4, 6, or 8 (One per Disk Surface) 
Double Frequency 

222.3 mm (8.75 inches) maximum 
482.6 mm (19 inches) 
660.4 mm (26 inches) 
82.6 mm (3.25 inches) 
743.0 mm (29.25 inches) 

Standard 482.6 mm (19-inch) EIA 

57.6 Kg (127 Ibs) maximum (including Integral Power Supply) 
55.8 Kg (123 Ibs) maximum (including Integral Power Supply) 

+ 10°C to 34°C (50°F to 95°F) 

- 40°C to + 65°C (- 40°F to + 144 OF) 

5% to 85% Non-Condensing 

5% to 95% Non-Condensing for Temperatures ";40°C (104°F) 
5% to 80% Non-Condensing for Temperatures ~65°C (149°F) 

o to 2286 m (0 to 7500 feet) 

o to 6096 m (0 to 20,000 feet) 

95, 100, 110, 115, 125, 190, 200, 215, 220, 225, 230, 235, 240, 250 
1100 Peak (Start/Stop Cycles Only) 
350 or iess 
48 to 52 and 58 to 62 

All Silicon 

DeSigned to be approved 

Designed to be certified 
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1.5.1 INTERFACE SPECIFICATIONS 

Dc levels: 

True = Low = + 0.2v dc ± 0.2v 

False = High = + 3.0v dc ~ 6:~~ 

The interface circuits are designed so that any disconnected wire results in a false signal. 
Figure 1-7 shows the configuration for which the drivers and receivers have been 
designed. 

r--------------, 
FORMATTER OR CONTROLLER I 

I 
I 
I 

"v I 

r--------------i 
I D3000 DISK DRIVE I 
I I 

I 
74 SERIES I 

r---------- ----l 

I D3000 DISK DRIVE I 
I 

r----i 

+V ~R II 

~--~~~----~J~/----7---~~~----------------~.----~:~----~-.----------~----
.---~----~/~f----+---------------------~----~fr-----r-------------~---. 

+V 

I 
I RG 

I 

TTUDTL 
RECEIVER 75451 

I 
TERMINATION 

I BOARD 102801-XX~1 
I I 
I 
I I 
I 75451 I 

I I -V 

I I 
I I RC 45j

DRIVER I DRIVER I 

I I 
.-------------~------1fJ~---r------------~--------~--~fr-----r-----------~~----

I I 
I 
I 
I RH I ~ I RD 

.--------------r------1r_--~----------------------T:----~fr-----~------------~I--~ 
I 
I 
I I 

I I 
IL INTERMEDIATE UNIT (S) I ______________ J 

I I 
I I 
L _____________ J 

I I 

I END UNIT L __ -- "i 
L ____ ________ J 

USE CORRESPONDING VALUES TYPICAL VALUES NOTES AND 
03000 INSTALLATION TERMINATION AT D3000 DISK DRIVE AT CONTROLLER COMMENTS 

CONFIGURA liON BOARD PART 
NO. RA RB RC RD +V RE RF RG RH +V 

D3000 STANDARD MULTIPLE 
MA Y ALSO BE USED FOR SINGLE UNIT INSTALLATION 102801-03 220 330 220 330 +5.0 220 330 220 330 +5.0 

VOLTAGE SUPPLIED BYDISK UNIT INSTALLATION 
DRIVE (DAISY CHAIN) 

D3000 STANDARD SINGLE 102801-02 220 330 NONE NONE +5.0 NONE NONE 220 330 +5.0 
UNIT INSTALLATION 

COMPATIBLE WITH D5000 
DAISY CHAIN TYPE 102801-04 120 NONE 120 NONE +3.5 120 NONE 120 NONE +3.5 

INTERFACE 

COMPATIBLE WITH D5000 
SINGLE UNIT TYPE 102801-05 270 NONE 120 NONE +3.5 160 NONE 120 NONE +3.5 

INTERFACE 

D3000 STANDARD MULTIPLE 
UNIT INSTALLATION 102801-06 220 330 220 330 +5.0 220 330 220 330 "'5.0 MAY BE USED FOR SINGLE UNIT 
VOLTAGE SUPPLIED BY INSTALLATION 
CONTROLLER (DAISY CHAIN) 

SPECIAL DESIGN BY ORDER DRAWINGS: 102800, 102801 

CUSTOMER 102801-01 102835, 102836 
. --- . .... ---

II II II 

Figure 1-7. Interface Configuration 
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SECTION II 

INSTALLATION AND INITIAL CHECKOUT 

2.1 INTRODUCTION 

This section contains a summary of interface lines, information for uncrating and 
mounting the unit, as well as the procedure for electronically connecting and initially 
checking out the disk drive. 

2.2 UNCRATING THE DISK DRIVE 

The 03000 Disk Drive is shipped in a heavy duty container consisting of an inner and outer 
carton. Use of the dual carton minimizes the possibility of damage during shipment. To 
uncrate the disk drive: 

(1) Place the shipping container in the position indicated by the arrows on the outer 
carton. 

(2) Open the outer carton and remove the packing material. 

(3) Open the inner carton and remove the disk drive. 

(4) Lift the drive and its shipping frame and set it on a clean work surface. Ensure 
access to the top of the unit. 

CAUTION 

THE 03000 DISK DRIVE ,WEIGHS 64 KG (141 POUNDS) IN 
ITS SHIPPING CONFIGURA TlON. DO NOT ATTEMPT TO 
LIFT THE DRIVE WITHOUT SUFFICIENT PERSONNEL. 

(5) Check the contents of the shipping container against the packing slip and 
investigate for possible damage. Notify the carrier if damage is noted. 

CAUTION 

TO A VOID DAMAGE TO EQUIPMENT, DO NOT ATTEMPT 
TO APPL Y POWER TO THE DISK DRIVE UNTIL ALL POSI
TIONER AND MECHANISM SHIPPING RESTRAINTS 
HA VE BEEN REMOVED. 

(6) Remove the polyethylene bag that surrounds the unit; remove the dust cover as 
follows. 

D Top Load Models 

(i) Remove the 4 screws around the top of the adapter bowl. 

(ii) Remove the 5 screws along the side of the unit. 

(iii) Lift the rear of the dust cover approximately 30 degrees, then carefully 
move the cover toward the rear of the unit until the front edge of the cover 
clears the bezel; remove the dust cover. 

D Front Load Models 

(i) Remove the 2 screws on top of the dust cover. 

(ii) Remove the 5 screws along the sides of the unit. 

(iii) Slide the dust cover toward the rear of the unit until the front edge clears 
the bezel. 

(iv) Remove the dust cover. 

(v) Remove the two tie-down straps used to secure the front door and 
cartridge receiver during shipment. Figure 2-1 shows the relationship of 
these restraints to the shipping frame and disk drive. 
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Figure 2-1. Cartridge Receiver and Front Door Shipping Restraint 

(7) Locate and loosen the two retaining screws (shown in Figure 2-2) on top of the 
Logic PCBA; rotate the hinged card structure up and to the rear. The spring-loaded 
PCBA pivot-lock will automatically lock the Logic PCBA into the vertical position 
as shown in Figure 2-3. 

NOTE 

Illustrations used in this manual to depict parts and 
locations which are common to front and top loading 
versions will normally be of front loading models. 

(8) Loosen the two retaining screws which secure the Servo PCBA to the Logic PCBA 
(see Figure 2-3). 

(9) Swing the Servo PCBA into its extended position; engage the locking pin and the 
PCBA support bracket (see Figure 2-4). 

(10) Loosen and remove the horizontal tie-down screw and rubber grommet that 
anchors the Balance Weight on the carriage assembly to the magnet assembly. 
Store the screw and rubber grommet in the tapped hole provided on the base 
assembly, adjacent to the position transducer assembly. 

CAUTION 

IF THE UNIT IS SHIPPED, THE TIE-DOWN SCREW AND 
RUBBER GROMMET MUST BE USED TO SECURE THE 
CARRIAGE ASSEMBL Y. TIGHTEN THE TIE-DOWN 
SCREW FIRML Y BUT NOT TO THE POINT OF DISTORT
ING THE GROMMET. TIGHTENING THE SCREW 
BEYOND THIS POINT CAN CAUSE DAMAGE TO THE 
CARRIAGE BEARINGS. 
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CATCH ASSEMBLY 

rLOGIC PCBA 

/ RETAINING SCREW 

SLIDE ASSEMBLY 

SPINDLE 

COLOR ACCENT 
PANEL 

ON/OFF POWER SWITCH 

BEZEL MOUNTING SCREWS 
(NOT SHOWN) 

UNIT NUMBER 
SELECTOR SWITCH 

Figure 2-2. Rack Mounting the 03000 Disk Drive 

(11) Check that the identification label on the rear of the unit bears the correct model 
number, line voltage, and line frequency. If the actual line voltage or frequency at 
the installation differs from that on the identification label, refer to Section IV of 
this manual. 

CAUTION 
OPERATOR MUST EXERCISE CAUTION WHEN EXTEND
ING OR LOWERING THE LOGIC AND SERVO PCBAS TO 
A VOID CRIMPING CABLING AND/OR DISENGAGING 
MOLEX CONNECTORS. 
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2.3 POWER CONNECTIONS 

A fixed power cord is supplied for use in a polarized 115v or 220v outlet. For other power 
sockets, the supplied plug must be removed and the correct plug installed. Table 2-1 lists 
(in several languages) the color code scheme used to identify the supplied power cord. 

2.4 INITIAL CHECKOUT PROCEDURE 

A description of the controls and indicators used for operation of the 03000 Disk Drive is 
contained in Section III. To check the proper operation of the disk drive before placing it in 
a system, the following procedure should be performed. 

(1) With the protective dust cover removed and the Servo PCBA in the raised position 
as shown in Figure 2-4, inspect the PCBAs, connectors, and cables. Verify that 
shipping damage has not occurred. Check the connectors and plug-in relay for 
proper installation. 

(2) Verify that the positioner is in the fully retracted position. 

(3) Verify that the cartridge area is free of dirt, contaminants, and shipping material. 

(4) Verify that the ON/OFF switch is set to OFF. 

CAUTION 

CONNECTING THE DRIVE TO A LINE VOL TAGE OTHER 
THAN THA T SELECTED VIA THE TRANSFORMER TAPS 
CAN RESULT IN DAMAGE TO THE UNIT. 

(5) Verify that connections to the power transformer are compatible with the local 
power source to which the disk drive is to be connected (see Paragraph 4.9); 
connect the power cord to the correct line voltage. 

(6) Place the power ON/OFF switch to the ON position; the ON indicator and the 
SAFE indicator should illuminate within 2 seconds. 

CAUTION 

ON TOP LOAD MODELS, IF THE CARTRIDGE-LOCK ARM 
IS PIVOTED OUT OVER THE BOWL, DO NOT ATTEMPT 
TO ROTATE THE LOCK ARM TO THE STORED POSITION 
UNTIL POWER IS APPLIED AND THE ON/OFF SWITCH IS 
IN THE ON POSITION. 

(7) Load the cartridge as described in Paragraph 3.4.1 or 3.4.3. 

CAUTION 

LOADING AND OPERA TlNG WITH DIRTY, DAMAGED, 
OR DEFECTIVE CARTRIDGES WILL CAUSE DAMAGE TO 
THE DISK DRIVE. 

(8) Depress and release the RUN/STOP switchlindicator; verify that during the Start 
sequence: 

• The RUN/STOP indicator becomes illuminated immediately. 

• The SAFE indicator is extinguished. 

• The disk comes up to speed. 

• The positioner loads the heads over the disk(s). 

• The READY indicator becomes illuminated within 120 seconds after actuation 
of the RUN/STOP switchlindicator. 
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Figure 2-3. Component Identification, Logic and Servo PCBAs Extended 
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Figure 2-4. Component Identification 
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Table 2-1 

Power Cord Color Code 

Black or Brown Noir Nero Schwarz 
AC'Hot' Phase Vivo Heiss 

(Live) 

White or Blue Blanc Bianco Weiss 
AC Return Neutre Neutro Neutral 
(Neutral) 

Green or . 
Green with Yellow Stripes Vert Verde Grun 

Chassis Ground Chassis Terra Grund 
(Earth) (Terre) 

(9) Depress and release the RUN/STOP switch/indicator; verify that during the Stop 
sequence: 

• The READY and RUN/STOP indicators are extinguished. 

• The heads are slowly unloaded from over the disk(s). 

• The disk(s) come to a stop. 

• The SAFE indicator becomes illuminated within 60 seconds after RUN/STOP is 
actuated. 

(10) Repeat Step (8) to return the disk drive to the Ready condition. 

(11) Place the power ON/OFF switch to the OFF position; verify that: 

• The positioner immediately retracts the heads from over the disk(s) at a high 
but controlled rate of speed (emergency unload). 

• The cartridge access door is locked (front load models); the cartridge lock arm 
is locked (top load models). 

(12) Before the disk has the opportunity to coast to a stop, place the power ON/OFF 
switch to the ON position; verify that the SAFE indicator does not become 
illuminated until after the disk(s) has coasted to a stop. 

(13) Remove the cartridge as described in Paragraph 3.4.2 or 3.4.4. 

(14) Place the power ON/OFF switch to the OFF position. 

(15) Position the Servo PCBA in the closed position and secure it to the Logic PCBA 
with the two captive retaining screws (shown in Figure 2-3). 

(16) Slide the spring-loaded sleeve of the Logic PCBA pivot lock downward to release 
the pivot lock (see Figure 2-3). ' 

CAUTION 

OPERATOR MUST EXERCISE CAUTION WHEN EXTEND
ING OR LOWERING THE LOGIC PCBA AND SERVO 
PCBA TO A VOID CRIMPING CABL/NG ANDIOR DIS
ENGAGING MOLEX CONNECTORS. 

(17) Lower the Logic PCBA and secure it to the PCBA support brackets using the two 
retaining screws (shown in Figure 2-2). 
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2.5 INTERFACE CONNECTIONS 

The 03000 interface is configured to provide flexibility in the design of new controllers and 
remain compatible with existing controllers designed for the 05000 Disk Drives. The 03000 
will also operate in conjunction with the F3000 Disk Formatter. 

The 3M flat cable used in the fabrication of the 0.3000 Input/Output (I/O) cables has the 
following specifications. 

(1) Number of conductors: 36 
(2) Conductor size: 24 

(3) Impedance: 100 ohm 

The maximum length of the conductor between the 03000 and the Controller/Formatter in 
a multiple disk drive installation is 6.1 m (20 feet). The maximum length of conductor 
between adjacent disk drives in a daisy-chain configuration is 3.0 m (10 feet). 

03000 Disk Drives are normally supplied with a mating input/output cable board and a 
termination board. These boards must be installed as shown in Figure 2-5. Interface 
signals are routed to and from the disk unit via the input/output cable board. Table 2-2 
shows the input/output lines required. Details of the interface are contained in Section III. 

LOGIC 
PCBA 

Jl02 

JIOI 

\ 

CAPTIVE 
RETAINING 
SCREW 

~ 110 CABLE BOARD 

CABLE TERMINATION 
BOAIW CAPTIVE 
RETA IN INC SCREW 

Figure 2-5. Interface Connector Board Installation 
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._---_ ..... _... ._-_ .. _-----

Input Lines (26 Total) Mnemonic Pin 
1---

Unit Select No.1 IUS1R 842 

Unit Select No. 2 IUS2R A42 

Unit Select NO.3 IUS3R 843 

Unit Select NO.4 IUS4R A43 

Platter Select 1 IPSXR B27 

Platter Select Extension IESLR A30 

Head Select IHSXR A27 ._---
Cylinder Address Strobe ICASR B33 

Cylinder Demand Address 0 ICDOR A39 

Cylinder Demand Address 1 ICD1R 839 

Cylinder Demand Address 2 ICD2R A37 

Cylinder Demand Address 3 ICD3R B37 

Cylinder Demand Address 4 ICD4R A36 

Cylinder Demand Address 5 ICD5R B36 

Cylinder Demand Address 6 ICD6R A35 

Cylinder Demand Address 7 ICD7R B34 

Cylinder Demand Address Extension ICDER A33 

Restore Initial Cylinder IRICR A31 

Write Enable IWEXR 822 
Erase Enable IEEXR A22 

Write Data Signal IWDSR A28 

Read Enable IREXR B24 

Track Offset Plus ITOPR B25 

Track Offset Minus ITOMR A25 

Activate Emergency Unload IAEUR B31 

Start/Stop Disk Drive ISSDR B30 

Gnd Function 

Table 2-2 

Input/Output Interface Lines 

Para. 
Ref. Output Lines (27 Total) 

. - --------_._--_ ...... 
841 Ready 

A41 
Disk Drive Unit Selection 3.16.1 Busy Seeking No.1 

844 
Busy Seeking No. 2 

A44 
Busy Seeking No. 3 

B26 3.16.2 Busy Seeking No.4 

A29 Storage Surface Selection 3.16.2 
Sector Pulse 

A26 3.16.3 
Sector Count 0 -----------------

832 3.16.4 Sector Count 1 

A38 3.16.5 Sector Count 2 

B38 Sector Count 3 

A38 Sector Count 4 

B38 Sector Count 5 

A35 Head Positioning Control Sector Count 6 

B35 Index Pulse 

A35 
Read Clock 

835 
Read Data 

A32 

A32 3.16.6 Illegal Cylinder Address 
.---..... - ... --.. - ._--- File Protected 

B23 3.16.7 
Malfunction Detected 

A23 Write Operation Control and 3.16.8 

A29 Data Input 3.16.9 Dual Platter Drive 
-- . __ .. _-_._-_.----_.- Quad Platter DrIVe 

B23 Read Control 3.16.11 
Double Track Drive --_ .. _."----------(--

B26 
Margin Test Control 3.16.12 Special Interface Signal 

A26 
----- Termination Voltage 

B32 Emergency Control 3.16.10 
. .----_ .. _ ... __ .. _-----_._._._. + 5v de 

B29 Remote Start and/or 3.16.13 + 5v de 

Stop Control + 5v de 

NOTE: The following are spare pins: A6. A9. A 18. A24. A40. 89. B10. B28. B40 

Para. 
Mnemonic Pin Gnd Function Ref 

--

IRXXD B1 B2 Unit Operational Status 3 17 1 
--

IBSlO 819 820 

18S2D A19 A20 Individual Unit 3.17.2 

IBS3D B21 B20 Positioning Busy Status 

IBS4D A21 A20 

ISPXD A4 A5 3.173 

ISCOD A15 A14 3174 

ISC1D B15 B14 

ISC2D A13 A14 

ISC3D B13 B14 Sector Locating Status 

ISC4D A12 All 

ISC5D B12 Bll 

ISC6D Al0 A11 

IIPXD B4 B5 3.17.5 

IRCXD B16 B17 3.17.7 

A16 A17 
Read Operation Data Outpul 

3.17.8 IRDXD 
--

IICAD B3 B2 317.6 

IFPXD Al A2 Situation Status 3.17.9 

IMDXD B6 B5 3.17.10 
----

IDPDD B7 B8 3.17.11 

IQPDD B18 B17 3.17.12 

IDTDD A7 A8 
Disk Drive Model Type Status 

3.17.13 

-- A3 A2 Status 3.17.14 

-- A45 B45 Status 3.17.15 

-- B48 A48 - --
-- B49 A49 - -

-- B50 A50 - -

--



There are three types of cable available for use with the 03000 Disk Drives. 

(1) Controller to Disk Drive cable for a non-specified controller. This cable is 3M flat 
cable with an input/output cable board on one end to mate with the 03000; the 
other end is free to accommodate connection to a controller input/output board. 
This cable is available from PCC PO in lengths of 1.5, 3.0, and 6.1 m (5, 10, and 20 
feet); refer to the Spare Parts List, Table 7-8, for specific part numbers. 

(2) I/O Link cable (daisy-chain). This cable is 3M flat cable with an input/output cable 
board on each end to join two 03000 drives. This cable is available from PCC PO in 
lengths of 1.5, 2.1, and 3.0 m (5, 7, and 10 feet); refer to the Spare Parts List, Table 
7-8, for specific part numbers. 

(3) F3000 Formatter cable. This cable is 3M flat cable with an input/output cable board 
on one end to mate with a 03000 drive and an in"put/output cable board on the 
other end to mate with an F3000 Formatter. This cable is available from PCC PO in 
lengths of 1.5, 3.0, and 6.1 m (5, 10, and 20 feet); refer to the Spare Parts List, Table 
7-8 for specific part numbers. 

2.6 RACK MOUNTING THE DISK DRIVE 

The disk drive is entirely self-contained (including power supply). The unit is 203.2 mm 
(8.75 inches) high, requires 660.4 mm (26 inches) rack depth, and extends 82.6 mm (3.25 
inches) from the front mounting surface. The unit is designed to be mounted in any 
equipment rack or desk having standard EIA mounting rails at the front and rear. Mounting 
for two slide configurations is described. 

All models are supplied with heavy duty chassis slides, carefully selected to give the 
optimum in unit serviceability. When mounted in the rack, the chassis may be extended 
fully forward for servicing; where servicing from the front is not practical, the unit may be 
extended from the rear. 

2.6.1 SLIDES 

CAUTION 

DUE TO THE WIDE RANGE OF SLIDE TRAVEL, A 
CABINET OF SUFFICIENT STATURE MUST BE USED TO 
REDUCE THE POSSIBILITY OF UPSETTING THE 
CABINET WHEN THE UNIT IS FULL Y EXTENDED TO THE 
FRONT OR REAR. REFER TO DWG NO. 103587 (SECTION 
VII) FOR CG LOCA TlONS AT THESE EXTREMES BEFORE 
INSTALLING THE UNIT. 

Remove the slide set (Part No. 102731 or 103670) and the installation kit (Part No. 102723) 
from the shipping container. Slide set Part No. 102731 extends the disk drive 762 mm (30 
inches) to the front and 635 mm (25 inches) to the rear of the cabinet; slide set Part No. 
103670-01 extends the disk drive 489 mm (19.25 inches) to the front and 750 mm (29.5 
inches) to the rear of the cabinet. 

2.6.2 INSTALLATION OF SLIDE SET PART NO. 102731 

Refer to Figure 2-2 and Drawing No. 103587 in conjunction with the following mounting 
procedure. The front and rear slide brackets and the slides are marked 'LH' and 'RH' for 
correct assembly. 

CAUTION 

TO EXTEND THE DISK CHASSIS FROM THE REAR OF 
THE CABINET, THE BEZEL MUST BE REMOVED; REFER 
TO PARAGRAPH 2.6.2, STEP (4). 
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(1) Assemble the front and rear right-hand brackets to the right-hand slide assembly; 
assemble the front and rear left-hand brackets to the left-hand slide assembly. The 
bracket screw heads must be installed on the track side of the slide; the nuts will 
therefore appear on the bracket side, or outside, of the slide assembly. Use lock 
washers under the nuts. 

(2) Install the right and left slide assemblies to the front and rear EIA rails. Adjust the 
distance between the slide brackets to 451.6 mm (17.78 inches). Ensure that the 
right front and rear slide brackets, as well as the left slide brackets, are installed at 
the same height as on the front and rear rails. The screw heads must be on the 
outside of the EIA rails. 

(3) Pull the smaller chassis slide member forward to expose the screw holes that will 
be used to attach the small slide member to the disk chassis. 

(4) Remove the bezel assembly from the disk drive by removing the three screws on 
each side of the bezel and sliding the bezel assembly forward until free of the 
chassis (refer to Figure 2-2 for location of these screws). 

(5) Remove the eight screws which attach the shipping frame to the disk chassis and 
lift the unit free of the frame. 

(6) With the right and left chassis slides extended fully forward, slide the disk drive 
chassis between the inner members until the front slide mounting hole pattern 
lines up with the tapped holes in the chassis. Thread three 8-32 x V4-inch button
head screws through the slide and into the chassis. Perform this on each side of 
the chassis. 

(7) Slide the unit through the cabinet to the rear and thread two additional 8-32 x 
V4-inch button-head screws through the slide and into the chassis on each side. 

(8) Locate the chassis in the closed position in the cabinet. Adjust each slide bracket 
height by loosening the slide bracket screws to obtain the 5.97 mm (0.235-inch) 
dimensions as shown in Drawing No. 103587. 

(9) Reinstall the bezel. 

(10) Install the slide restraining blocks (Part No. 102776) at the rear of the cabinet using 
the hardware provided. Adjust the restraining blocks to prevent the intermediate 
slide member from working to the rear during normal operation. 

(11) For top load models only, install the brim (Part No. 102691) using the hardware 
provided. 

(12) Install the catch assemblies as shown in Figure 2-2 using the hardware provided. 
Adjust the catch spring on the EIA rail so the ball stud assembly installed on the 
bezel strikes the catch spring on the EIA rail squarely. Apply a small amount of 
lubricant (PCC PD Part No. 665-0004, or equivalent) to each ball stud. 

2.6.3 INSTALLATION OF SLIDE SET PART NO. 103670 

Figure 2-6 and Drawing No. 103587 show the relationship of the rail mounting brackets to a 
standard EIA cabinet and should be referred to in conjunction with the following 
procedure. 

Prior to installation of the disk mounting slides, determine the exact location in the 
cabinet in which the drive is to be mounted. 

NOTE 

To ensure correct hole spacing positions for slide mount
ing bracket, catch assemblies, and top load brim 
assembly, location of the bottom surface of the bezel 
must lie between a pair of rail holes spaced %-inch apart. 
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Figure 2-6. Mounting Bracket to EIA Cabinet; Hardware 
Orientation for use with PIN 103670 

(1) Thread and tighten three 10-32 x 31B-inch button-head Phillips screws for each 
pair of front and rear brackets into the EIA rails; spacing must be as shown in 
Figure 2-6. 

(2) Place a star lockwasher and 10-32 nut on each of the three screws. The nuts 
should be started onto the screw only far enough to hold. The mounting bracket 
wiil be secured between the back of the EIA mounting surface and the lockwasher. 

NOTE 

If the cabinet rails have untapped mounting holes, the nut 
bars furnished in the hardware kit are to be used in place 
of the 10-32 nuts. 

(3) Install the right and left brackets to the rails and tighten the 10-32 nuts sufficiently 
to hold them in place. 

(4) Determine that the bracket surface adjacent to the rail is parallel to the rail and to 
the side of the cabinet. 
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(5) Establish that the measurement between the brackets is 45.14 mm (17.78 inches) 
as shown in Figure 2-7. Tighten the 10-32 nuts on the right and left brackets. If this 
measurement is not held, the bezel may not fit between the trim molding on the 
cabinet. Note that dimension 'A' must equal dimension 'B'. 

NOTE 

Steps (1) through (5) must be repeated when the rear 
brackets are installed. 

(6) By inspection, determine which slide assembly and mounting holes will be used 
for the installation. 

(7) Install the slide assemblies to the brackets using 8-32 x 3/8-inch Phillips screws; 
tighten hardware finger tight. 

(8) Extend the small slide bar as far forward as possible to expose two Allen-head 
stop screws located in the body of the lower slide of the slide assembly. 

(9) Loosen the Allen-head stop screws so that 4 or 5 threads are showing. Move each 
small slide bar to the extreme rear position (all the way out the rear of the cabinet) 
to ensure that they do not become disengaged from the main slide assembly. 

(10) Remove the small slide bar from the main slide assembly by moving the small 
slides all the way out of the front of the cabinet. 

NOTE 

The small slide bar will be attached to the disk drive. 

(11) Install restraining blocks to each of the rear rails with 10-32 x 3/8-inch Phillips 
button-head screws. Position each restraining block so that the slide member will 
be prevented from projecting beyond the rear of the cabinet. 

(12) Install the small slides (removed in Step 10) to the right and left sides of the disk 
drive casting with 8-32 x 3/8-inch button-head Phillips screws. 

CAUTION 

ENSURE THAT THE DIMPLE ON EACH SMALL SLIDE 
MEMBER APPEARS BELOW THE CENTERLINE OF THE 
SLIDE BAR; FAILURE TO DO SO WILL ALLOW THE DISK 
DRIVE TO BE PULLED FROM THE SLIDE ASSEMBL Y. 

(13) Extend each cabinet mounted slide assembly fully forward until a mechanical stop 
is reached. 

(14) Install the disk drive to the two main sl ide assembl ies which project from the front 
of the cabinet by engaging the small slides on the disk drive with each of the 
extended slide assemblies. 

(15) Slide the disk drive into the cabinet to the closed position, i.e., the point at which 
the bezel is seated against the cabinet rails. 

(16) Carefully pull the disk drive forward about 6 inches until the first setscrew is 
exposed on the right and left slide assemblies. 

(17) Tighten the left and right setscrews until they bottom out on their respective slide 
assemblies; at this point, back off each setscrew one full turn. 

(18) Carefully pull the disk drive forward about 16 inches until the second setscrew is 
exposed on the right and left slide assemblies. 

(19) Repeat Step (17). 

(20) Carefully extend the disk drive forward about 30 inches, at which point the slides 
strike the second setscrews in each slide assembly. 

(21) In the position indicated in Step (20), the PCBAs may be raised for servicing. 
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3.1 INTRODUCTION 

SECTION III 

OPERATION 

This section explains the manual operation of the disk drive and defines the interface 
functions with regard to timing, levels, and interrelationships. 

3.2 CARTRIDGE HANDLING AND STORAGE 

The magnetic coatings on the disk surface have the ability to retain recorded intelligence 
for an indefinite period. The recorded data does not tend to weaken or fade with age; 
however, the physical properties of the recording medium are susceptible to damage. 

It is important that the disk cartridge be properly handled and stored so that the integrity of 
the recorded data is maintained. A damaged or contaminated cartridge can impair or 
prevent recovery of data and can result in damage to the disk drive. 

CAUTION 

DO NOT ATTEMPT TO INSTALL OR USE A CARTRIDGE 
WHICH DOES NOT HA VE A DISK-DRIVE COMPATIBLE 
BIT-DENSITY RA TlNG OR IS SUSPECTED OF DAMAGE 
OR CONTAMINA TlON. 

A disk drive that has been damaged or contaminated due to use of a defective cartridge 
should not be operated with other cartridges until the disk drive has been inspected and/or 
reconditioned by qualified service personnel. The rated density of each cartridge must be 
compatible with that of the drive being used. 

The following methods will ensure maximum protection of disk cartridges. 

(1) The head port door on front load cartridges should be kept closed when the 
cartridge is not inserted in a drive. This prevents the ingress of dirt and secures 
the disk internally. 

(2) Top load cartridges should have the bottom cover in place at all times when the 
cartridge is not inserted in a drive. Do not allow the bottom cover to accumulate 
dirt or other debris. 

(3) Cartridges can be stored either horizontally or vertically. Front load cartridges must 
always be positioned to avoid objects which could damage the hub or cause the 
air inlet door to be pushed open. 

CAUTION 

DO NOT PLACE CARTRIDGES /N A STACK CONTAINING 
MORE THAN FIVE CARTRIDGES. 

(4) Avoid exposing the cartridge to any magnetizing force in excess of 50 oersted or 
loss of stored data may result. 

NOTE 

The 50 oersted level of magnetizing force is reached at a 
distance of approximately 3 inches from a typical source, 
e.g.: motors: generators: transformers. 

(5) Do not store the cartridge in direct sunlight; temperatures outside the range of 
0.6°C to 60°C (33°F to 140°F) should be avoided for non-operational storage. 

(6) Internal, as well as external, damage to a cartridge can result if dropped. If a 
cartridge is dropped, it should be inspected by a qualified service representative. 
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(7) Front load cartridges should be labeled only in the area of the label frame, which is 
molded as part of the handle; top load cartridges should be labeled only in the 
handle recess area. Placement of labels in any other areas may cause improper 
operation or contamination. 

3.3 DISK DRIVE PREPARATION 

The initial checkout procedure in Section II should be performed prior to placing the disk 
drive in a system environment. 

Optimum data reliability can be obtained only when the protective dust cover is installed 
on the drive. Also, to ensure proper operation and data reliability, it is necessary that disk 
cartridges be temperature stabilized at the disk ambient temperature for 2 hours. 

The following initial preparation must be performed before attempting to insert a cartridge 
into the drive. 

(1) Ensure that the power cord is connected to the correct line voltage. 

(2) Place the ON/OFF switch in the ON position and observe that the associated 
indicator becomes illuminated. 

(3) Observe that the SAFE indicator becomes illuminated within 2 seconds of the ON 
indicator illumination. 

3.4 CARTRIDGE LOADING AND UNLOADING 

The following paragraphs describe the proper method to load and unload disk cartridges. 
Procedures for front load models are contained in Paragraphs 3.4.1 and 3.4.2; procedures 
for top load models are contained in Paragraphs 3.4.3 and 3.4.4. 

3.4.1 LOADING A 'CARTRIDGE, FRONT LOAD MODELS 

Refer to Figures 3-1 through 3-3 in conjunction with the following procedure. 

(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3. 

(2) Referring to Figure 3-1, grip the handle formed by the top of the front bezel and 
move the handle out and downward; this will open the drive door and cam the 
cartridge receiver into position to accept a cartridge. 

CAUTION 

DO NOT ATTEMPT TO INSTALL A CARTRIDGE WHICH 
DOES NOT HA VE A DISK-DRIVE COMPA TlBLE BIT
DENSITY RATING OR IS SUSPECTED OF DAMAGE OR 
CONTAMINA TlON. 

(3) Grip the cartridge by the molded handle and position the cartridge in the receiver 
opening as shown in Figure 3-2. Note that the raised portion of the cartridge top is 
aligned between the guide rails at the top of the receiver. Slant the cartridge to 
match the slope of the bottom of the receiver. 

(4) Press the, cartridge slowly but firmly most of the way into the receiver; relax the 
grip on the cartridge handle and press the cartridge fully into the receiver, seating 
it completely within the receiver as shown in Figure 3-3. 

(5) Close the door on the front of the drive by moving the door handle (top of the front 
bezel) up and toward the drive. As the door is closed, the cartridge will be 
positioned onto the spindle. 

CAUTION 

IF THE CARTRIDGE IS NOT PROPERL Y INSERTED IN 
RECEIVER, THE DOOR WILL NOT CLOSE. DO NOT 
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Figure 3-1. Cartridge Loading/Unloading, 
Front Load Models 

Figure 3-2. Cartridge Loading / Unloading, 
Front Load Models 

Figure 3-3. Cartridge Inserted, Front Load Models 
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ATTEMPT TO FORCE THE DOOR CLOSED AS DAMAGE 
TO THE CARTRIDGE AND THE DRIVE WILL RESULT; 
REPEAT STEPS (1) THROUGH (5). 

DO NOT ATTEMPT TO START THE DRIVE UNTIL THE 
DOOR IS FULL Y CLOSED. 

3.4.2 UNLOADING A CARTRIDGE, FRONT LOAD MODELS 

Refer to Figures 3-1 and 3-2 in conjunction with the following procedure. 

(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3. 

(2) Referring to Figure 3-1, grip the door handle formed by the top of the front bezel 
and move the handle out and downward, opening the door. 

(3) Grip the cartridge by the molded handle and pull the cartridge slowly out of the 
receiver (Figure 3-2). 

(4) Unless another cartridge is to be inserted immediately, close the door to exclude 
dirt and contamination from the interior of the drive. 

3.4.3 LOADING A CARTRIDGE, TOP LOAD MODELS 

Refer to Figures 3-4 through 3-9 in conjunction with the following procedure. 

CAUTION 

DO NOT A TTEMPT TO LOAD A CARTRIDGE UNLESS 
SAFE INDICATOR IS ILLUMINATED. 

(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3. 

(2) Grip the handle formed by the top of the front bezel and slowly pull the disk drive 
from the cabinet on its slides until the cartridge area is accessible. 

(3) Ensure that the cartridge lock arm is positioned away from the disk area as shown 
in Figure 3-4. 

NOTE 

The cartridge lock arm must be rotated completely into its 
recess. 

(4) With the cartridge pOSitioned as shown in Figure 3-5, press the cartridge release/ 
lock (with the thumb) all the way to the side. Holding the cartridge releasellock, 
grip and pull the cartridge handle smartly to the vertical position shown in Figure 
3-6. The cartridge is now released from the cover. 

(5) Referring to Figure 3-7, place the cartridge over the cartridge adapter bowl with the 
handle recess pointing downward (approximately 30 degrees) toward the rear of 
the drive. Slide the lowered edge of the cartridge under the fixed retainer arm; then 
lower the cartridge into the adapter, positioning it so that the keys on the wall of 
the adapter engage the key notches in the base of the cartridge. 

NOTE 

Correct pOSitioning of the cartridge has been obtained if 
the cartridge rim is fully seated against the adapter bowl 
along the complete periphery of the rim. When the car
tridge is correctly seated, it cannot be rotated or tilted. 

CAUTION 

DO NOT A TTEMPT TO FORCE-SEAT ANY CARTRIDGE; 
DAMAGE TO THE CARTRIDGE AND DRIVE WILL RESUL T. 

(6) Lower the cartridge handle into the handle recess and allow the releasellock to 
return (Figure 3-8). This will cause the cartridge hub to engage the spindle clutch. 
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(7) Invert the cartridge cover (removed in Step 4) and place it over the cartridge, 
aligning the cover edge over the ridge along the cartridge rim. 

(8) Position the cartridge lock arm over the cartridge cover (allowing the arm to cam 
upward) until the arm comes to rest against the stop provided by the side of the 
recesses in the adapter bowl (Figure 3-9). 

CAUTION 

IF EITHER THE CARTRIDGE OR COVER HAS NOT BEEN 
PRO PERL Y POSITIONED, IT WILL NOT BE POSSIBLE TO 
ROTATE THE ARM INTO THE CORRECT POSITION; THIS 
WILL PREVENT THE DRIVE FROM STARTING. DO NOT 
ATTEMPT TO FORCE THE ARM. ROTATE THE ARM 
BACK INTO THE RECESS AND CORRECTL Y POSITION 
THE CARTRIDGE COVER. 

(9) Push the disk drive into the cabinet until the catches engage. 

3.4.4 UNLOADING A CARTRIDGE, TOP LOAD MODELS 

Refer to Figures 3-10 and 3-11 in conjunction with the following procedure. 

CAUTION 

DO NOT ATTEMPT TO REMOVE A CARTRIDGE UNLESS 
THE SAFE INDICATOR IS ILLUMINATED. 

(1) Verify that the SAFE indicator is illuminated as described in Paragraph 3.3. 

(2) Grip the handle formed by the top of the front bezel and slowly pull the drive from 
the cabinet on its slides until the cartridge area is accessible. 

(3) Rotate the cartridge lock arm away from its position over the cartridge cover to the 
recess in the bowl as shown in Figure 3-4. 

(4) Lift the cartridge cover out of the drive (Figure 3-8) and invert it. 

(5) Press the cartridge releasellock (with the thumb) all the way to the side. Holding 
the cartridge releasellock as shown in Figure 3-10, grip and pull the cartridge 
handle smartly to the vertical position. The cartridge is now disengaged from the 
clutch. 

(6) Carefully lift the cartridge out of the adapter bowl and place it into the cartridge 
cover as shown in Figure 3-11. 

(7) Press the cartridge handle into the cartridge cover recess and release; this causes 
the cartridge hub to engage the cover, thus securing the disk. 

3.5 SELECTING WRITE PROTECTION 

When the disk drive is equipped with WRITE PROTECT switches, the operator should 
select the appropriate switch setting at the time the cartridge is inserted. Table 3-1 shows 
the various WRITE PROTECT switch combinations necessary to write protect specific 
disks in the dual-disk, quad-disk, and split quad-disk models. 

On front load models, the switches are mounted inside the door, behind the operator 
switch panel; the drive must be in a Safe condition as indicated by the SAFE indicator in 
order to open the door and gain access to the WRITE PROTECT switches. On top load 
models, the switches are mounted at the left rear of the cartridge adapter and are 
accessible through the top of the dust cover only vJhen the unit is pulled fOr'Nard out of the 
cabinet. 

To select write protection for a particular disk(s), refer to Table 3-1 and set the applicable 
switch(s) to the ON position. To enable writing for a particular disk(s), set the applicable 
switch(s) to the OFF position. 
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Figure 3-4. Cartridge Loading, Top Load Models 
(Lock Arm Away from Disk Area) 

Figure 3-6. Cartridge Loading, Top Load Models 
(Release/ Lock Up) 

Figure 3-5. Cartridge Loading, Top Load Models 
(Release/ Lock Down) 

Figure 3-7. Cartridge Loading, Top Load Models 
(Cartridge Positioned over Adapter Bowl) 
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Figure 3-8. Cartridge Loading, Top Load Models 
(Cartridge Loaded, Release/ Lock Down) 

Fi'Qure 3-10. Cartridge Unloading, Top Load Models 

Figure 3-9. Cartridge Loading, Top Load Models 
(Lock Arm Over Cartridge Cover) 

Figure 3-11. Cartridge Unloading, Top Load Models 
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Table 3-1 

WRITE PROTECT Switch Combinations 

r"-"-'---

Dual-Disk Models 

1--.----.. - .. ~~ .. ---_______._------- .. -~~-----... --

Write-Protect Write-Protected Surface' 
Switches PROT/PROT 

Drive Indicator --
Type Upper Lower 0 1 2 3 4 5 7 

--I--- ._-1----- --... -- r---------- I--- - ----_ .. -
Dual ON OFF ~ Yes Yes No No 

Dual OFF ON ~ No No Yes Yes 

Dual ON ON t±±j Yes Yes Yes Yes 

Dual OFF OFF == No No No No 

r---~--- -- L. ... _ _L.. __ L. .. _. 

Quad-Disk Models 
1---------- -- '---'-"'- ,.--------- _ ...... - -- ,------,-.- --

OFF ~ Quad ON Yes Yes No No No No No No 

Quad OFF ON ~ No No Yes Yes Yes Yes Yes Yes 

Quad ON ON EE!E] Yes Yes Yes Yes Yes Yes Yes Yes 

Quad OFF OFF == No No No No No No No No 
I-- .---- L. .. _._ .. __ '---. 

'See disk and disk-surface profile, and identification drawing 
L..... ___________________ . ______ ._._ .. ____ ._. ____ .. ___ . ______ . __ ._._ ... _ 

~---------------------------

Disk and Disk Surface 
Profile and Identification 

REMOVABLE DISK t 

FIXED DISKS 

SPINDLE 

DISK 1 

DISK2 

DISK 3 

DISK4 

'----------_._-----------_.-

---_._------_._---------_._----------------
Splil Quad-Disk Models 

f-------.-.---,---.. -.--.--.---,----~~~--~-----~--~-.-~---

Write Protect 
Switches 

Unit Write-Protected Surface" 
PROT/PROT No. 

Indicator Select Split-Quad (Dual) Split-Quad (Dual) 
Switch 1--.,..:.....~--,-~~r--~+~-----r~--.----6--.----7--j 

.. ---.-+-.. -----+-- --- , .... _------1-.. _--1-----
Upper Lower 

f-. .::.::...:..:..---l---~-+_----- .. ~t___---

ON OFF ~ Yes Yes No No No No No No 

OFF ON ~ No No Yes Yes Yes Yes Yes Yes 

ON ON Yes Yes Yes Yes Yes Yes Yes Yes 

ON OFF No No No No 

OFF ON Yes Yes Yes Yes 

ON I ON 

r--~L__. __ _L_~~_1--J--~--~ 
Yes Yes Yes Yes 

Write-Protected Disk Surfaces in the Quad-Disk 

:l--:--FN-F-~--; -,[-::-;-----r----+-:-e:----,-~:e-:-u,n--i' ,-:,:"' C:::O~ ':,:' C!:~.-nri-t-:-eOs- '--'--:-e-Os'-1 

ON ON EE!E] Yes Yes Yes Yes Yes Yes Yes Yes 

ON OFF ~ No No No No 

OFF ON ~ Yes Yes Yes Yes 

ON ON Yes Yes Yes Yes 

'In split-quad models. Unit Select Switch numbers 1 and 2 or 3 and 4 are wired so that another 
unit can be daisy Chained . 

• 'See disk and disk-surface profile and identification drawing 



When a WRITE PROTECT switch is set to the ON position, the particular disk(s) is 
protected from write operations regardless of any write commands which may be received. 
When a WRITE PROTECT switch is set to the OFF position, write operations may be 
executed unless the write protect status is set by the controller through the Write Protect 
input line on the interface. 

3.6 STARTING THE DISK DRIVE 

Upon completion of the relevant cartridge load procedure, the drive may be started as 
follows. 

(1) Depress and release RUN/STOP switchlindicator on the operator control panel. 

NOTE 

Illumination of RUN/STOP indicates there are no inhibit
ing conditions and the drive is rotating the disk(s). 

(2) Observe that the READY indicator becomes illuminated within 120 seconds after 
actuating the RUN/STOP switch/indicator. 

NOTE 

Illumination of READY indicates the drive is ready to 
accept interface commands. 

3.7 STOPPING THE DISK DRIVE 

To stop the disk drive while RUN/STOP is illuminated, perform the following procedure. 

(1) Depress and release the RUN/STOP switch/indicator. 

(2) Observe that the SAFE indicator becomes illuminated within 60 seconds, 
indicating the disk(s) has come to a stop and the cartridge may be removed or 
changed. 

3.8 DESIGNATING UNIT NUMBER 

When the disk drive is equipped with a Unit Number Selector Switch, the setting of this 
switch determines which interface UNIT SELECT line the drive will respond to, i.e., the 
switch position specifies the device (unit) address. 

The operator should set the switch to the appropriate position as specified by the system 
and software operating procedures for the particular installation. 

The switch is set by moving the thumbwheel until the desired number appears in the 
window adjacent to the thumbwheel. Although there are eight positions on the switch (0 
through 7), only positions 1 through 4 are used. This corresponds to the maximum number 
of 03000 drives which can be daisy chained in a single system. 

A drive may be designated a particular unit number, subject to the restriction that different 
units on the common I/O bus must not have the same number assigned. Since the 
switches in different units are not interlocked; if two (or more) drives are accidently 
assigned the same unit number and that number is then selected by the controller, 
undefined operation may occur. 

CAUTION 

LOSS OF DATA MA Y OCCUR IF THE UNIT NUMBER 
SELECTOR SWITCH IS REPOSITIONED DURING A WRITE 
OPERATION. 
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3.9 CE ALIGNMENT 

Prior to placing the disk drive into operation, the CE alignment procedure in Section VI 
must be performed. Because misalignment of only 200 /Jinches is significant and the 
amount of shock a unit may encounter during shipping cannot be controlled, the CE 
alignment is mandatory on all models. 

3.10 PERIODIC MAINTENANCE 

Periodic maintenance requirements of the disk drive are detailed in Section VI of this 
manual. Periodic cleaning of the heads and disks, and filter changing, should be 
performed according to the prescribed schedules and procedures. 

3.11 INTERLOCK PROTECTION 

The operator should not attempt to force or override the various protection interlocks 
provided by the drive. These interlocks are designed to prevent damage to data contained 
in the disk cartridges, and to the drive equipment. Front load models are interlocked by a 
switch that senses when a cartridge is correctly inserted into the receiver. When a 
cartridge is not inserted in the receiver, or is incorrectly inserted, the switch will not be 
actuated and this condition is sensed by the logic, which prevents the drive from 
responding to RUN/STOP operator commands and START/STOP DISK DRIVE interface 
commands. 

If the door is not properly closed on front load models, either as a result of the cartridge 
being incorrectly inserted or because of operator error, the switch will not be actuated; 
this results from the fact that as the receiver lowers a properly inserted cartridge down 
onto the spindle clutch, the cartridge body actuates the switch lever. Additionally, the door 
is locked whenever the drive is not in a Safe condition (the SAFE indicator is not 
illuminated). 

Top load models are interlocked by a switch that senses the position of the cartridge lock 
arm. This switch will be actuated only when the lock arm is fully rotated toward the spindle 
and when the correct height is sensed by the lock arm. This condition will exist when a 
cartridge has been correctly seated on the aligning keys and the cartridge bottom cover 
has been correctly positioned over the top of the cartridge. When a cartridge is inserted 
incorrectly, or a cartridge is inserted without a cover, or only a cover is inserted, or when a 
cartridge having a non-compatible bit-density rating is inserted, the correct height will not 
be sensed by the switch. Therefore, the drive will be unable to respond to RUN/STOP 
operator commands or START/STOP DISK DRIVE interface commands. 

To prevent removal of a cartridge during unsafe conditions, the cartridge lock arm will be 
locked whenever the drive is not in a Safe condition. 

In addition to the electro-mechanical interlock protection, additional interlocking is 
provided via certain logic within the drive. If the operator should actuate the RUN/STOP 
switchlindicator, or if the interface should command a Stop sequence as a result of a 
change of state on the START/STOP DISK DRIVE line during the time that a Write and/or 
Erase operation is in progress, the heads will not be unloaded immediately from the 
storage surfaces, even though the drive prepares to execute a Stop sequence. Only when 
the controller has completed the current Write and/or Erase operation will the heads be 
unloaded from the storage surface. This prevents the loss of data in the event that the 
operator attempts to stop the drive during the time that a write data transfer is in progress; 

An additional interlock prevents changing the Write Protect status if a Write and/or Erase 
operation is in progress. Write protect status cannot be changed electrically regardless of 
the positions of the WRITE PROTECT switches. Only after completion of the current Write 
and/or Erase operation will the write protect status change to agree with the particular 
switch setting. 
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This is primarily applicable to top load models, although the same logic is present in all 
machines. The purpose of this arrangement is to prevent loss of data in the event an 
operator should change the condition of the WRITE PROTECT swiches during the time the 
controller is in a write data transfer. 

3.12 SAFE CONDITION 

The Safe condition for both front and top load models is indicated by illumination of the 
SAFE indicator and is defined by: 

(1) Power correctly applied. 

(2) Disk not rotating. 

(3) Heads retracted. 

(4) Emergency or fault conditions not being detected by the logic. 

(5) Disk drive not executing a brake cycle or a stop sequence. 

Additionally, it should be noted that although the drive is in a Safe condition, it is not 
necessarily enabled to respond to start commands. The conditions which inhibit starting 
the drive are: 

(1) The cartridge is not properly inserted. 

(2) Power is not applied. 

(3) An internal emergency or fault condition exists and is being detected. 

(4) The ACTIVATE EMERGENCY UNLOAD line is being asserted. 

3.13 EMERGENCY AND FAULT DETECTION 

When power to a disk drive is lost when the disk is spinning, it is impossible for the drive to 
maintain disk speed at a value which assures that the heads will continue to fly above the 
surface of the disk. 

In order to protect the data and the cartridge, as well as the drive, it is necessary to remove 
the heads from the surface of the disk as fast as possible when a power fault is detected. 
This process is referred to as Emergency Unload. Additionally, there are other conditions 
which are undesirable, either from the standpoint of potential hazard to data or to the drive. 

It is also important to be able to communicate emergency conditions to the drive via the 
ACTIVATE EMERGENCY UNLOAD interface line and cause the drive to enter an 
Emergency Unload mode. This is appropriate in situations when a fault or the failure of 
power to the computer and/or controller could result in a situation where the controller can 
no longer maintain control of the interface lines. All of these conditions are sensed by the 
drive logic and may cause the drive to perform an emergency unload. 

Notwithstanding conditions communicated via the ACTIVATE EMERGENCY UNLOAD 
interface line, the conditions which can cause an emergency unload are summarized as 
follows. 

(1) Loss of ac or dc power. 

(2) Disk speed does not remain within tolerance or is at an incorrect speed at the time 
it is tested. 

(3) Positioner error is detected. 

(4) Write circuit faults that could affect the stored data are detected. * 

*If emergency unload is due to a WRITE CHECK, the unit will not return to a Safe condition 
until the RUN/STOP switch is depressed or the Power switch is cycled to OFF and then to 
ON again. 
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3.14 MANUAL CONTROLS 

The operational controls and indicators are located on the front panel of the disk drive; 
additionally, one or two rocker-type switches may be located inside the drive which 
provide protection from inadvertent write operations. The following paragraphs describe 
the functions of these controls. 

3.14.1 ON/OFF 

The ON/OFF power control is a rocker-type switch/indicator which provides the operator a 
means of energizing and de-energizing the power to the drive. The indicator is illuminated 
when power is ON and the internal + 5v power is operational. 

3.14.2 RUN/STOP 

The RUN/STOP control is a momentary action switchlindicator which provides a means of 
selecting the operational status of the drive. The alternate action arrangement is provided 
by the drive logic. The control will be illuminated when actuated and the drive has been 
properly conditioned to allow the disk to be brought to operating speed. 

When the illuminated switchlindicator is depressed again, a Stop sequence will be entered 
and the disk will decelerate to a stop, after which the SAFE indicator will become 
illuminated. The cartridge may be unloaded at this time. 

If a cartridge has been incorrectly inserted or an emergency condition exists, the operation 
of the RUN/STOP control is inhibited. Under this condition, the control will not become 
illuminated and the Run status will not be achieved. 

3.14.3 READY 

This is an indicator which is illuminated when the drive achieves a Ready condition. The 
Ready condition is defined in Paragraph 3.17.1. 

3.14.4 SAFE 

This is an indicator which is illuminated when it is possible to safely insert or remove the 
disk cartridge. When the SAFE indicator is extinguished, protective cartridge locks 
prevent removal of the cartridge. 

CAUTION 

DO NOT ATTEMPT TO FORCE REMOVAL OF A DISK 
CARTRIDGE WHEN THE SAFE INDICATOR IS EXTIN
GUISHED. FAILURE TO OBSERVE UNSAFE CONDITION 
CAN RESUL T IN DAMAGE TO THE EQUIPMENT. 

3.14.5 PROT (PROTECT) INDICATORS 

Two indicators, mounted in a common housing, are provided to indicate the data 
protection status of the disk(s). This status information can be from the WRITE PROTECT 
switches (Paragraph 3.14.7), or from a hard-wired configuration. 

When the upper PROT indicator is illuminated, the upper (removable) disk is protected 
from a write operation; protection of the lower (fixed) disk(s) is indicated by illumination of 
the lower PROT indicator. 

The indicators are extinguished when the respective switch (or hard-wired configuration) 
is set to permit write operations. Table 3-1 shows the condition of the PROT indicators in 
relation to the WRITE PROTECT switches and the disk surfaces that are write protected. * 

*To reset the write protect condition, the RUN/STOP switch must be depressed or the 
Power switch cycled from ON to OFF and then back to ON. 
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3.14.6 UNIT NUMBER SELECTOR SWITCH 

A 4-position thumbwheel switch may be included on the front panel of the drive to provide 
a means for selecting one of several peripheral units on a common 1/0 bus. 

Any drive may be assigned (designated) a particular unit number (unit address) subject to 
the restriction that different units on the bus may not have the same number. Since the 
switches in different units are not interlocked, if two (or more) drives are accidentally 
assigned the same unit number and that number is then selected by the controller, 
undefined operation may occur. Refer to Paragraph 3.8 for additional information on 
designating a unit number. 

When the split quad-disk option is exercised, the unit can be configured to act like two 
separate dual-disk drives. This is accomplished by jumper plugs on the Logic PCBA which 
alter the thumbwheel Unit Selector Switch circuitry so that the appropriate pair of disks 
can be chosen on the front panel. 

When the thumbwheel switch is not included, the drive will respond to UNIT SELECT NO.1 
line or other SELECT lines as indicated by customer order. 

3.14.7 WRITE PROTECT SWITCHES 

Two rocker switches are included in the D3000 Series Disk Drive. These switches 
selectively protect the disks from inadvertent write operations. 

In quad-disk models, the disk(s) protected from inadvertent write operations depends upon 
the ONIOFF combination of both the upper and lower WRITE PROTECT switches as 
determined in Table 3-1. The upper WRITE PROTECT switch, in the ON position, write 
protects the upper (removable) disk. The lower WRITE PROTECT switch, in the ON 
position, write protects all fixed disks. To write protect the fixed disks selectively, the 
lower WRITE PROTECT switch must be in the OFF position and the WRITE PROTECT 
INPUT line must be pulsed by the controller via the interface. 

On front load models, the switches are mounted to the rear of the operator control panel. 
Access to the switches can be obtained only after the door is opened. On top load models, 
the switches are mounted at the left rear of the cartridge adapter and are accessible only 
when the unit is pulled forward out of the cabinet. 

When a WRITE PROTECT switch is set to the ON position, the particular disk is protected 
from write operations regardless of any write commands which may be received. When a 
WRITE PROTECT switch is set to the OFF position, write operations may then be executed 
unless the write protect status is set by the controller through the WRITE PROTECT INPUT 
line on the interface. 

The PROT indicators (Paragraph 3.14.5) indicate the status of the WRITE PROTECT 
switches. 

3.i5 03000 iNTERFACiNG 

The D3000 interface is described in two sections: Controller (or Formatter) -to-Disk Drive, 
and Disk Drive-to-Controller (or Formatter). The interface is arranged such that as many as 
four different disk drives may be operated on the interface by a common controller. This is 
accomplished by providing a group of (disk drive) input lines and a group of output lines 
which become a common I/O bus. This bus is time-shared by the various drives that may be 
connected with the bus, i.e., a daisy-chain arrangement. 
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3.16 INTERFACE INPUTS (CONTROLLER·TO·DISK DRIVE) 

All signal names are chosen to correspond to the logical true condition. All interface lines 
are low-true at the interface with the low (true) condition considered to be Ov, and the high 
(false) condition considered to be + 3v. 

3.16.1 UNIT SELECT LINES (lUS1R-IUS4R) 

A low level on one of the four UNIT SELECT lines will connect one predetermined disk 
drive to the common I/O bus. 

The low level on one of these lines enables all input/output lines except the START/STOP 
DISK DRIVE line which is enabled at all times. 

When the Unit Number Selector switch is included, the units are identified to switch 
positions and select lines on a one-to-one basis, i.e., switch position 1, UNIT SELECT 
NO.1 line, etc. 

After a unit has been selected and the I/O bus has been allowed 2 IJsec to stabilize, the 
selected drive will recognize inputs and provide stable outputs. 

3.16.2 PLAnER SELECT (IPSXR) AND PLATTER SELECT EXTENSION (IESLR) 

The IPSXR line determines which disk is selected. When the level on this line is low, the 
top (removable) disk is selected. When the level is high, the bottom (fixed) disk is selected. 

The IESLR line, in conjunction with the logic levels on the Platter Select (IPSXR) and Head 
Select (IHSXR) lines, determine which disk is selected. Table 3-2 shows the line 
combinations necessary to select each disk. 

Optionally, the thumbwheel Unit Select Switch on the disk drive control panel can be wired 
so that a quad-disk model can be made to appear as two dual-disk models. Similarly, two 
daisy-chained quad-disk models can be operated as four dual-disk models. Table 3-3 
shows the Unit Select Switch positions and logic level combinations of the Platter Select, 
Head Select and Unit Select signals for the Split Quad option. 

3.16.3 HEAD SELECT (IHSXR) 

This level determines which head will be used on the selected disk as determined by the 
logic level combinations of IPSXR and IESLR shown in Table 3-2. 

In split-quad disk models, a low condition on this line selects the top storage surface of 
the selected disk. When high, the line selects the bottom storage surface of the selected 
disk. 

In quad-disk models, a low condition on this line selects head 0 and the top storage 
surface of the disk. When high, head 1 and the bottom storage surface are selected, as 
shown in Table 3-2. Heads for the remaining fixed disk surfaces are also selected as shown 
in Table 3-2. 

3.16.4 CYLINDER ADDRESS STROBE 

When the unit is selected and ready, this pulse causes the RESTORE INITIAL CYLINDER 
and CYLINDER DEMAND ADDRESS lines to be sampled. This will initiate a restore 
operation or a cylinder seek operation depending on the state of the RESTORE INITIAL 
CYLINDER line. 
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IPSXR 
Platter Select 

Line 1 
Logic Level 

Low 

Low 

High 

High 

Low 

Low 

High 

High 

IESLR 
Platter Select IHSXR 

Extension Head Select 
Line 2 Line 

Logic Level Logic Level 

High Low 

High High 

High Low 

High High 

Low Low 

Low High 

Low Low 

Low High 

Table 3-2 

Platter Selection 

Split-Quad Disk 

Storage Selected 
Disk Surface Head 

top top 0 
(remov-

able) 

top bottom 1 
(remov-

able) 

fixed top 2 
bottom 

fixed bottom 3 
bottom 

Table 3-3 

Quad Disk 

Storage 
Disk Surface 

top top 

(removable) 

top bottom 

(removable) 

fixed No. 1 top 

fixed No.1 bottom 

fixed No. 2 top 

fixed No. 2 bottom 

fixed No. 3 top 

fixed No. 3 bottom 

Split Option Unit Select Switch/Signal Combinations 

Interface Levels Unit Unit 
Select Select 
Switch Switch Selected 
on 1st on 2nd Head 

IPSXR IESLR IHSXR IUS1R IUS2R IUS3R IUS4R Quad Quad 
Unit Unit 

Low X Low Low High Low High 0 

Low X High Low High Low High 1 

1 3 

High X Low Low High Low High 2 

High X High Low High Low High 3 

Low X Low High Low High Low 4 

Low X High High Low High Low 5 

2 4 

High X Low High Low High Low 6 

High X High High Low High Low 7 

NOTE 

I " Hlgn or LOY'; 

3·15 

Selected 
Head 

0 

1 

2 

3 

4 

5 

6 

7 
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For a restore operation, the CYLINDER DEMAND ADDRESS lines are ignored and the 
positioner will initialize at cylinder 000 (decimal). 

For a seek operation, if a legal address is presented on the CYLINDER DEMAND ADDRESS 
lines, the positioner seeks the cylinder address specified by the states on these lines. If an 
illegal address is presented, then the positioner will not move and the illegal condition will 
be reported on the ILLEGAL CYLINDER ADDRESS line. The CYLINDER ADDRESS 
STROBE pulse must remain at the low logic level at least 0.5 /Asec. 

The action is initiated by the trailing edge (Iow-to-high transition) of the pulse. While there 
is no specific maximum time limit restriction on the pulse duration, it is usually desirable 
that the duration be not greater than 2 /Asec. 

The RESTORE INITIAL CYLINDER line must be in a stable state at least 0.5 /Asec prior to 
the leading edge (high-to-Iow transition) of the pulse. It must remain in that state during 
the strobe and for at least 0.5 /Asec after the trailing edge. 

The CYLINDER DEMAND ADDRESS lines must be in a stable state at least 0.5 /Asec prior to 
the trailing edge of the strobe. They must remain in that state during the trailing edge and 
for at least 0.5 /Asec after the trailing edge of the strobe. 

The BUSY SEEKING line will go low within 1.0 /Asec after the leading edge of the strobe. If a 
strobe is issued to the disk drive when the positioner is executing a previous command 
(and the BUSY SEEKING line is low), the results will be as follows. 

(1) The new operation will not be commenced. 
(2) The operation currently in progress will continue to completion. 
(3) An indication of illegal address will be given on the ILLEGAL CYLINDER 

ADDRESS line. 

The CYLINDER ADDRESS STROBE should never be issued when the unit is selected and 
the BUSY SEEKING line is active. 

3.16.5 CYLINDER DEMAND ADDRESS LINES (ICDOR-ICDER) 

These lines specify the cylinder address for accessing a specific cylinder. The address is 
represented by the binary value with a low logic level corresponding to a binary one. 

The most Significant bit for 406 cylinder models is CYLINDER DEMAND ADDRESS 
EXTENSION, bit 256; the least Significant bit for all models is CYLINDER DEMAND 
ADDRESS, bit O. The decimal cylinder number may be expressed as the sum of the true bit 
weights as expressed by the bit number, e.g., CYLINDER DEMAND ADDRESS 6 has a bit 
weight of 64. The range of legal addresses for 406 cylinder models is from 000 through 405 
(decimal). 

3.16.6 RESTORE INITIAL CYLINDER (IRICR) 

The state of this line when the CYLINDER ADDRESS STROBE is issued determines the 
type of positioning operation that will be performed. 

Logic Level 

Low 

High 

Type of Operation Specified 

Restore position to initial cylinder (Cylinder 000) 

Seek to cylinder specified by address 

This line is used primarily in conjunction with bootstrap-loaded programs to obtain an 
effective address without having to actually specify a specific address. Another use is to 
re-initialize the positioner as a diagnostic check if a header disagreement has occurred. 
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3.16.7 WRITE ENABLE (lWEXR) 

A low level on this line when the unit is selected and ready causes the write electronics to 
be conditioned for writing data (the read electronics are disabled). This signal 
simultaneously turns on write current in the selected head if the write protect condition 
does not exist and the positioner is not moving. 

Data are written under control of the WRITE DATA SIGNAL line. Certain applications may 
require that all write data pulses be correctly recorded. Therefore, it is recommended that 
changes of state on the Vv'RiTE ENABLE iine be accompiished when no data puises are 
being transmitted on the WRITE DATA SIGNAL line. When the WRITE ENABLE line is at a 
high logic level, all write electronics are disabled. 

3.16.8 ERASE ENABLE (IEEXR) 

This is a level which, when low and the unit is selected and ready and a write protect 
condition does not exist and the positioner is not moving, allows erase current to flow in 
the selected erase head. 

Erase must be enabled during any write operation. The erase current is disabled when the 
ERASE ENABLE line is at a high logic level. 

The ERASE ENABLE line must be placed in the low state within 1 I1sec after the WRITE 
ENABLE line is placed in the low state. When the WRITE ENABLE line is placed in the high 
state (any low-to-high change of state), the erase current must remain enabled for a period 
of time thereafter. The minimum time is defined as the minimum erase gap time (unless 
the Write Enable and Erase Enable lines are tied together). 

NOTE 

The erase current may remain enabled for a period of time 
greater than the minimum erase gap time. 

3.16.9 WRITE DATA SIGNAL (IWDSR) 

The bit-serial write data pulses on this line control the switching of the write current in the 
head. The write electronics must be conditioned for writing. For each high-to-Iow 
transition on the WRITE DATA SIGNAL line, a flux change will be produced at the write 
head gap. This will cause a flux change to be stored on the selected disk surface. 

The double frequency encoding technique is used in which data and clock form the 
combined WRITE DATA SIGNAL. The repetition rate of the high-to-Iow transitions when 
writing all zeros is equal to the nominal data rate ± 0.25 percent. The repetition rate of the 
high-to-Iow transitions when writing all ones is equal to twice the ± 0.25 percent nominal 
data rate. The nominal data rate is listed in Table 1-1. It is recommended that the WRITE 
DATA SIGNAL be disabled at the controller when performing a Read operation to ensure 
optimum read-back performance. 

3.16.10 ACTIVATE EMERGENCY UNLOAD (IAEUR) 

This is a level or pulse which, when low for a period of at least 1.0 I1sec, causes the drive to 
enter an Emergency Unload sequence. The write and erase currents (if any) will be disabled 
and the heads will be retracted and unloaded from the storage surfaces. The drive will 
revert to a not-ready condition within 5.0 I1sec after recognition of the command, although 
unloading of the heads wil! not be completed this quickly. 

As it is not necessary for a drive to be ready or selected in order to recognize the 
command, the command may be issued at any time. All drives on the common I/O bus will 
unload when the command is issued. When this command is a continuous low level, the 
drive is prevented from loading the heads. 
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The primary use of this line is the protection of the stored data in the event of power failure 
or other faults in the controller or computer. During such fault conditions, it may be 
impossible to maintain correct control of the interface for more than a few microseconds 
after the fault occurs or is detected. 

Additionally, this line may be used to prevent the loading of the heads (and hence 
protection of stored data) before the software has properly initialized and gained correct 
control. 

Residual data errors can be expected in a given track if ACTIVATE EMERGENCY UNLOAD 
is commanded while a write operation is in progress. 

3.16.11 READ ENABLE (IREXR) 

This is a level which, when low and the unit is selected and ready, enables the read 
electronics (READ DATA and READ CLOCK). After READ ENABLE is placed at the low 
logic level, the read electronics must detect one clock transition before any clock and data 
pulses may be transmitted, i.e., the first clock transition of preamble or gap will not be 
transmitted, but all others will be transmitted assuming the required conditions are met. 
This arrangement prevents pulses of less than normal duration from being transmitted. 

When the READ ENABLE line is high, the read electronics outputs are immediately 
disabled and, if any data or clock pulses are in progress, these pulses will be shaved. 

NOTE 

It is recommended that the controller be designed such 
that the low-to-high transition of READ ENABLE is timed 
or caused by a clock pulse transition. 

3.16.12 TRACK OFFSET (ITOPR AND ITOMR) 

The TRACK OFFSET PLUS line and the TRACK OFFSET MINUS line provide a means of 
margin testing. When one of these lines is low and the unit is selected and ready, the 
heads are slightly offset from the normal track center. The direction of the offset is 
determined by the active line. An active direction is defined as being toward the disk 
center; a minus direction is defined as being away from the disk center. Table 3-4 defines 
the operational condition of the drive when the track offset function is used. 

When either of the TRACK OFFSET lines is placed at a low logic level, the positioner 
requires 10 msec to seek the new position and to settle. A busy signal on the READY TO 
SEEK, READ OR WRITE line will not be given for TRACK OFFSET settling. The settling 
time for any TRACK OFFSET is in addition to seek time as indicated by the READY TO 
SEEK, READ OR WRITE line. 

In general, the use of the TRACK OFFSET lines during a write operation is not 
recommended. Unless there is some means to guarantee that the entire track will later be 
erased (with the same offset control), then errors may be induced. TRACK OFFSET is non
functional during the first 20 minutes (approximately) of operation, starting with READY. 

Prior to a read operation, the TRACK OFFSET lines should be conditioned for the type of 
operation desired. Assume a track of data has been previously recorded under normal 
conditions; the margin for recovery can be tested by reading and checking the data first 
with TRACK OFFSET PLUS, and then with TRACK OFFSET MINUS. If adequate margins 
exist, then all data will be correctly read. 

V"hen only one of the TRACK OFFSET lines is low during a Seek operation, the settling 
time for a Track Offset operation is in addition to the seek time as indicated on a BUSY 
SEEKING interface line. The settling time for a Track Offset operation cannot be 
overlapped with seek time. 
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Table 3-4 

Track Offset Logic Levels 

Track Offset Track Offset 
Plus Line Minus Line Operation Condition of Disk Drive 

Logic Level Logic Level 

High High Normal operation with heads centered over track. 

Low High Operation with heads offset in the plus direction. 

High Low Operation with heads offset in the minus direction. 

Low Low Operation with heads centered over track under control of offset 
lines and reduced read amplifier gain. 

3.16.13 START/STOP DISK DRIVE (ISSDR) 

This is a level which, when low and the following conditions and restrictions are met, 
allows the controller to start and stop the drive remotely. The function performed, and the 
resulting actions, depend on the condition of the drive at the time this line goes low. When 
the START/STOP DISK DRIVE line is held at a high logic level, or is not connected, the line 
has no effect on the operation of the drive. 

Conditions and restrictions effecting this line are: 

(1) This line is enabled at all times (unless the gated option is selected) regardless of 
the state of the UNIT SELECT lines. Therefore, all drives on the common I/O line 
may respond to this line. 

(2) A low level on this line will cause the drive to commence a Start sequence if the 
drive is not already in a Run condition, or if the RUN/STOP switchlindicator is not 
depressed and none of the following inhibiting conditions exist. 

• The disk cartridge is improperly inserted. 

• Power is not applied. 

• An internal emergency condition exists. 

When used for commanding a Start operation, a pulse of not less than 260 /lsec, or 
level change may be used. 

(3) A low level on this line will cause the drive to enter a Stop sequence if the drive is 
in a Run condition and the RUN/STOP switchlindicator is not depressed. The 
sequence will be completed if the WRITE ENABLE and ERASE ENABLE interface 
signals are high. 

(4) Since the START/STOP DISK DRIVE line performs the same function as the 
RUN/STOP switch/indicator, priority is by first actuation. If the START/STOP DISK 
DRIVE line is actuated continuously, the RUN/STOP switchlindicator is locked out 
during this period; conversely, if the RUN/STOP switch/indicator is depressed and 
held, the START/STOP DISK DRIVE line is locked out during this period. 

3.17 INTERFACE OUTPUTS (DISK DRIVE·TO·CONTROLLER) 

All signal names are chosen to correspond to the logical true condition. All interface lines 
are !o'.AJ-true at the interface, with the low condition considered to be Ov and the high 
condition considered to be + 3v. 

3.17.1 READY (IRXXD) 

This is a level which, when low, indicates that the drive is in a Ready condition. If the unit is 
not in a Ready condition and is selected, the READY line will be at a high logic level. The 
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applicable indication on the READY line will become valid within 2 msec after a unit is 
selected. The indication will remain until either the unit status changes (the drive becomes 
Ready or loses Ready condition) or until it is de-selected. 

The Ready condition is defined as that condition which exists when the following 
requirements are met. 

(1) All power is applied and correct. 

(2) A cartridge is correctly inserted. 

(3) The disk is rotating at the correct speed. 

(4) The heads are loaded. 

(5) No equipment faults are detected. 

(6) The logic is prepared to recognize commands. 

3.17.2 BUSY SEEKING (IBS1D-IBS4D) 
This group of four lines provide signals (on separate lines) indicating that the drive is busy 
seeking a new cylinder position. These lines do not require that the drive be selected in 
order to enable these signals) therefore, the current status is always indicated. 

When the Unit Number Selector Switch is set to a given number, the corresponding BUSY 
SEEKING line number will be indicated. 

When a BUSY SEEKING line is low, it indicates that the drive is executing or processing 
the previous operation commanded by CYLINDER ADDRESS STROBE. The appropriate 
line will go low within 1.0 I1sec of the leading edge of any strobe that is recognized. 

If the operation commanded does not result in positioner motion (illegal address or 
address same as current position) the line will go high within 2 I1sec of the trailing edge of 
the strobe. 

If the operation commanded results in a normal cylinder seek operation, the line will 
remain low for the duration of the cylinder seek time (defined as the time from the trailing 
edge of the strobe to the trailing edge of BUSY SEEKING). At the end of the Seek 
operation, the line will go high. 

If the operation commanded results in a Restore operation, the line will remain true for a 
maximum of 3 seconds (specified time is from the trailing edge of the strobe to the trailing 
edge of BUSY SEEKING). At the end of the Restore operation, the line will go high. 

The readiness of the drive to perform a read/write operation is inferred by a high level on 
the BUSY SEEKING line; however, the unit must also be selected and ready to execute a 
read/write operation. 

3.17.3 SECTOR PULSE (ISPXD) 

This line provides a signal which may be used for sectoring a disk. The signal consists of 
pulses at regular intervals during each revolution of the disk. These pulses, in essence, 
divide the disk (surface) into 'N' equal segments, where 'N' is the number of pulses. 

For drive models that accept the 5440-type cartridge, the SECTOR PULSE line provides 
electronically generated pulses of a predetermined number derived from machined 
notches, or slots, located on the disk cartridge hub. This is known as mechanical 
sectoring. The number is specified at the time of order. This may be readily changed in the 
field by plugging in a different programming-array plug. This plug configures the drive to 
eiectronically generate a specific number of sector pulses. The number of electronically 
generated sector pulses for the fixed disk is also determined by a plug-in array. 
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For drives that accept the 2315-type cartridge, the SECTOR PULSE line provides pulses 
derived from the machined slots located on the sector ring on the cartridge. One pulse for 
each sector slot will be issued (this applies only to the removable disk). In some 
applications, it may be desirable to utilize electronically generated sector pulses in lieu of 
the mechanical sectoring by the 2315-type cartridge sector ring. This can be configured by 
plugging in the appropriate programming-array plug. The sector pulses for the removable 
disk will then be similar to the arrangement described previously for the 5440-type 
cartridge. The number of sector pulses for the fixed disk is also determined by a plug-in 
array. 

In all cases, the pulses on the SECTOR PULSE line correspond only to the respective disk 
as selected by the PLATTER SELECT and PLATTER SELECT EXTENSION lines. This is 
accomplished by a multiplexer internal to the drive. The number of sector pulses that may 
be accommodated by the electronically generated sectoring are listed in Table 1-4. 

The duration of any sector pulse is 8 ± 2 J.lsec. The SECTOR PULSE line is low during the 
pulse; at all other times the line is high. If a unit is selected at the moment a sector pulse is 
in progress, that pulse duration will be shortened, i.e., the pulse will be shaved an 
indeterminate amount. This will have the effect of introducing a time uncertainty 
(instantaneous jitter) for the shaved pulse. 

If a cold cartridge is inserted into a warm drive and the unit reaches a Ready condition, for 
20 minutes thereafter, each time the cartridge is selected or deselected, the sector pulse 
will be blanked for 10 msec. This allows for sufficient time for transient temperature 
compensation of the positioner servo. 

3.17.4 SECTOR COUNT LINES (ISCO-ISC6D) 

These seven lines specify the sector address presented in binary format. This address 
indicates the particular segment of the disk surface currently under the read/write heads. 
The signals on these lines are, in essence, the status of a binary counter. In all cases, the 
address presented corresponds only to the respective disk as selected by the PLATTER 
SELECT and PLATTER SELECT EXTENSION lines. This is accomplished through the use 
of separate counters multiplexed internal to the drive. 

The sector address is represented by the binary value with a low level corresponding to a 
binary one. The most significant bit is number 64; the least significant bit is number 1. The 
decimal sector number may be expressed as the sum of the true bit weights as expressed 
by the bit number, e.g., SECTOR COUNT 4 has the bit weight of 16. 

The signals on the SECTOR COUNT lines will change state 2.4 ± 2.6 J.lsec prior to the 
leading edge of the SECTOR PULSE pulse (assuming non-shaved pulses). 

The SECTOR PULSE pulse immediately following an INDEX PULSE defines the beginning 
of SECTOR COUNT 0, and at the time of this SECTOR PULSE, the SECTOR COUNT lines 
present a zero value. Thereafter, the value will be incremented until the maximum count is 
achieved. The maximum count that wil! occur is (N - 1) where 'N' is the number of Sector 
Pulses. This is determined by the particular configuration as described under SECTOR 
PULSE (Paragraph 3.17.3). 

3.17.5 INDEX PULSE (IIPXD) 

This is a puise which occurs once per disk revoiution and is used to define the sector 
reference (sector zero). The pulse will always occur during the sector just prior to Sector 
Count Bit 1, i.e., during sector N - 1, where 'N' is the maximum number of sectors. 
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The duration of the index pulse is 10.4 ± 3.0 lisec. The INDEX PULSE line will be at the low 
logic level for the duration of the pulse. At all other times, the line will be high. If a unit is 
selected at the moment that an index pulse is in progress, that pulse duration will be 
shortened, i.e., the pulse will be shaved an indeterminate amount. 

In all cases, the pulse on the INDEX PULSE line corresponds only to the respective disk as 
selected by the PLATTER SELECT and PLATTER SELECT EXTENSION lines. This is 
accomplished by a multiplexer internal to the drive. The INDEX PULSE will be 
unconditionally discontinued for 10 msec when there is a change in disk selection 
between cartridge and fixed disk(s) during the 20 minutes of operation following a Start 
sequence. 

3.17.6 ILLEGAL CYLINDER ADDRESS (IICAD) 

This is a level which, when low, indicates that an illegal cylinder address was detected 
during the last CYLINDER ADDRESS STROBE. 

The line will go low within 1.0 Ii sec after the trailing edge of the strobe only when an illegal 
condition is detected. The line will go high within 1.0 lisec of the leading edge of the strobe 
if the line is not already high at the time of the strobe. These actions will take place only if 
the strobe is recognized. The unit must be selected and ready in order to recognize the 
strobe. 

An illegal condition will be indicated for either or both of the following. 

(1) The cylinder address specified at the time of the strobe exceeds the range of legal 
addresses for that particular model of drive. 

(2) A strobe is issued to the drive while it is busy seeking. 

The following actions will clear (or prevent) an illegal address indication. 

(1) An address within the legal range is present with the strobe. 

(2) A Restore Initial Cylinder operation is commanded. 

(3) The drive becomes not-ready as the result of an operator-initiated Unload or 
Emergency Unload operation. 

3.17.7 READ CLOCK (IRCXD) 

This is a pulse which goes low at the beginning of a new bit cell during a read operation. 
The leading edge of this pulse defines the beginning of a new (next) bit cell. The line will be 
at the low logic level during the time of the pulse. 

During a portion of each bit-cell time, the READ CLOCK line will be placed high and remain 
in this state until the next bit-cell time is to be defined by a pulse leading edge. This line is 
utilized to establish a timing reference for interpreting pulses on the READ DATA line. 

3.17.8 READ DATA (IRDXD) 

The signals on this line define the content of the data read during a Read operation. The 
signal consists of a pulse for each logic one bit read from the disk. The line will be low 
during the time of the pulse and high for each logic-zero bit read from the disk; the 
pulsewidth is the same as Read Clock pulsewidth. 

The timing of pulses on this line is relative to the READ CLOCK line. The relative timing is 
such that a logic one bit is interpreted if the READ DATA line is low at any time when the 
READ CLOCK line is high between consecutive pulses on the READ CLOCK line. 
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3.17.9 FILE PROTECTED (IFPXD) 

The level on this line indicates the selected platter is protected from a Write operation. 
When the FILE PROTECTED line is low, it indicates that the drive will not perform a Write 
or Erase operation regardless of a command on the WRITE ENABLE or ERASE ENABLE 
lines; when the FILE PROTECTED line is high, it indicates that the selected platter is not 
protected and data may be written. 

Write protection for the removable cartridge or fixed disk(s) may be selected by the 
operator from the interface. Changes of state on this line, as applicable, will occur within 
1.0 msec of a platter select change (assuming the unit is selected). It is recommended that 
the controller test the state of this line prior to attempting a Write operation. 

3.17.10 MALFUNCTION DETECTED (IMDXD) 

This is a pulse which, when low, indicates detection of one of the followrng malfunctions. 
(1) Loss of ac or dc power. 
(2) Disk speed does not remain within tolerance. 
(3) Positioner error is detected. 
(4) Write current faults that could affect stored data. 

Any of the above items necessitates unloading the heads, and the drive will commence an 
emergency unload sequence coincident with the trailing edge of the malfunction pulse; 
duration of the pulse is between 0.2 and 2.0 msec. 

Any drive on the 1/0 bus can pulse this lin"e regardless of whether or not it is selected. The 
line will not be pulsed if the malfunction is detected before the drive achieves a Ready 
condition. The drive will become not-ready within 5.0 msec after the leading edge of the 
pulse on the MALFUNCTION DETECTED line. Software diagnostics can determine which 
drive has detected a malfunction by selecting one drive at a time, determining its ready 
status, and comparing the results with the previous status. 

The time between pulses in a group may become arbitrarily small, as all drives on the 1/0 
bus could pulse the MALFUNCTION DETECTED line asynchronously and independently. 
In the case of power failures, etc., the pulses may overlap or occur simultaneously. 

NOTE 

It is recommended that the leading edge of a malfunction 
pulse be used to initiate diagnostic action and that once 
the condition has been flagged, additional pulses can be 
disregarded until after the flag is cleared. The flag need 
not be cleared before diagnostic action is commenced. 

3.17.11 DUAL PLATTER DRIVE (IDPDD) 

A low logic level on this line indicates that the drive is a split quad-disk drive. A valid level 
will exist on the line whenever the particular drive is selected, regardless of whether the 
particular drive is ready or not. " -

Logic Level Type of Disk Drive Indicated Number of Platters 

Low Split Quad (2 fixed) + (2 fixed and 1 removable) 

This line may be used by the controller or formatter to determine, in advance, the legal 
number of storage surfaces available in a specific drive. This allows utilization of different 
model drives on a common Input/Output bus. The DUAL PLATTER DRIVE Line, if not used, 
may be left open on the interface. 
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3.17.12 QUAD PLATTER DRIVE (IQPDD) 

The logic level on this line indicates whether or not the drive is a quad-disk drive. A valid 
level exists on the line whenever the particular drive is selected, regardless of whether the 
drive is ready or not. 

Logic Level Type of Disk Drive Indicated Number of Platters 

Low Quad disk; one removable, three fixed 4 

This line may be used by the controller or formatter to determine in advance the range of 
legal addresses that a specific drive can accommodate. This allows utilization of different 
model drives on a common I/O bus. 

3.17.13 DOUBLE TRACK DRIVE (lDTDD) 

The logic level on this line indicates the number of usable cylinders that the drive is 
capable of accessing. A valid level exists on the line whenever the particular drive is 
selected, regardless of whether the drive is ready or not. 

Logic Level Number of Cylinders Corresponding Tracks per Inch 

Low 406 200 

This line may be used by the controller or formatter to determine in advance the range of 
legal addresses that a specific drive can accommodate. This allows utilization of different 
model drives on a common I/O bus. 

3.17.14 SPECIAL INTERFACE SIGNAL 

The function of this line is selected by customer option. It is conditioned by anyone of the 
UNIT SELECT lines and, when low, may represent any of the following conditions. 

(1) SAFE - The SPECIAL INTERFACE SIGNAL will be at a high logic level whenever 
the requirements for Safe condition are met. 

(2) RUN - Whenever this signal is at a high logic level, the drive is in a Start 
sequp.nce, or in a Ready condition. 

The SPECIAL INTERFACE SIGNAL may also be maintained at a permanent high logic level 
if none of the above signals are required. 

3.17.15 TERMINATION VOLTAGE 

This is power supply voltage output which may be used by the controller when the single
resistor-type interface line termination is used. The maximum current to be drawn is 800 
milliamps. 

+ 0.6v dc + 0.7v dc . 
The voltage must be 3.5v dc _ 1.0v dc or 4.3v dc _ 1.0v dc or 5.0v dc ± 0.25v dc optIonally. 

Decoupling capacitors must be used at the controller. These capacitors should be 
connected between the Termination Voltage and digital ground. It is recommended that at 
least three 1.0 mfd low-inductance capacitors be connected in parallel. These should be 
located in close proximity to the termination resistors. A minimum of two conductors 
should be utilized in the cable to transmit the voltage. 

Termination voltage may optionally be supplied by the controller. In this case, the voltage 
is fed through each drive in a daisy chain so that it is available to the drives that follow. 
Additionally, drive-supplied termination voltage of 3.5v, 4.3v, or 5.0v may be connected to 
the Termination Voltage line through diodes to provide backup voltage in the event of 
controller termination voltage failure. 

3-24 



SECTION IV 

THEORY OF OPERATION 

4.1 INTRODUCTION 

This section provides a description of the D3000 Disk Drive theory of operation. The disk 
drive consists of the mechanical and electrical components necessary to record and read 
digital data recorded on a magnetic disk. The drive consists of the following major groups. 

(1) Main chassis group 

(2) Positioner assembly 

(3) Power supply assembly 

(4) Read/Write PCBA 

(5) Servo PCBA 

(6) Logic PCBA 

(7) Temperature Compensation PCBA 

4.2 ORGANIZATION OF THE DISK DRIVE 

Figure 4-1 is a block diagram illustrating the overall organization of the disk drive. This 
organization can be subdivided into the mechanical and electrical/electronics group. The 
mechanical group can be further divided into the main chassis group and the positioner 
assembly group. 

4.2.1 MAIN CHASSIS GROUP 

The main chassis group consists of the following components and assemblies. 

(1) Base casting 

(2) Air system filter and blower 

(3) Spindle assembly 

(4) Drive motor 

(5) Drive trai n com ponents 

(6) Cartridge adapter (top load models) 

(7) Receiver assembly (front load models) 

(8) Lower disks cover (top load models) 

(9) Lower disks cover (front load models) 

(10) Bezel assembly 

(11) Dust cover 

(12) Control switch and indicator group 

The main mechanical element of the drive is the base casting. it is a machined aiuminum 
alloy casting which is the supporting structure for all of the components in the drive. When 
rack mounting the drive, the rack mounting slides are mounted directly to the sides of the 
base casting. This provides a means of sliding the unit in and out of rack installations. 

The absolute filter and high efficiency blower are components of the air system and are 
mounted in the base casting. Duct work, either integral with the base casting or formed by 
suitable cover plates, provides the means for channeling the filtered air into the area of the 
disks and heads. Operational characteristics of the flying head type of magnetic head 
employed in the drive require that the air bearing formed between the head and the disk 
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surface be relatively free of particle contamination. Therefore, the filtered air flow provided 
by the air system causes a continual flow of clean air to purge this area of the disks and 
ensure correct operation of this air bearing. The air cushion that causes the heads to fly 
above the surface .of the disk is dependent only upon the surface velocity of the disk and 
not upon the air flow through the filter. A fan at the rear of the drive exhausts the heat 
generated by the heatsinks and cools the surfaces of the adjacent PCBAs. 

The spindle assembly mounts into the base casting and provides the central axis of 
rotation for the disks. This spindle is a precision machined assembly utilizing ball bearings 
which are pre-loaded to provide a runout of less than several hundred microinches. The 
assembly contains the phase lock ring which is used for sectoring the lower fixed disks 
and for the spindle speed control. It also provides a mounting location for the lower fixed 
disks in both quad-disk and split-quad disk drives. A permanent magnet clutch, used to 
engage the hub of the removable cartridge, is mounted on top of the spindle hub. A 
precision ground cone is on top of the spindle hub which accurately centers the cartridge 
hub. The hub of the spindle assembly acts as an air pump to pump the filtered air into the 
cartridge area. 

The drive motor is mounted on a mounting plate which, in turn, is mounted to the base 
casting. The drive motor provides the power to rotate the disks at the prescribed speed and 
drive the blower in the air system. This motor is a multiple winding, permanent split phase 
induction motor which is used to drive the spindle and blower through a belt drive system. 
The drive train components consist of the pulleys at the spindle, blower shaft, motor, and 
tension idler. The necessity for a belt tension adjustment is avoided by spring-loading the 
tension idler to maintain a constant belt tension. 

The design of the 03000 drive provides maximum commonality of mechanical components 
between top and front load models. The major difference between top and front load 
machines is in that area which receives or adapts the cartridge to the drive. 

In top load models, the cartridge, which is plastic injection molded, mounts to the top of 
the base casting. Mounted on this adapter is the cartridge lock mechanism with an arm 
that pivots out over the top of the cartridge dust cover. The position of this arm is sensed 
with a snap-action switch. The arm can be locked or unlocked by a solenoid arrangement 
fitted to the adapter. 

In front load models, a receiver assembly is fitted to the top of the base casting and is 
pivoted from supports attached to the base casting. This arrangement provides a 
mechanism for properly locating the cartridge in the drive. It is also the mechanism for 
disengaging the cartridge hub from the magnetic clutch on the spindle. A link arm which is 
integral with the bezel assembly provides the camming action to disengage the cartridge 
hub from the magnetic clutch. 

Also, on front load models, a lower disk cover supports the magnetic transducer and 
photoelectric sensor pickups and provides a covering for the lower disks. The analogous 
component in top load models is the disk cover which is an aluminum alloy separator 
mounted in the cartridge adapter just above the lower disks. The bezel assembly provides 
the decorative trim at the front of the drive and a suitable cover for the air system intake. In 
addition, for front load models, the mounting arrangement for the door and the link arms 
provide the camming action for the receiver. 

A dust cover of formed metal is used to cover the drive and protect it from contamination. 
This cover is held in place by machine screws on both top and front load models. The cover 
directs the air flow through the interior of the drive. 
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The ON/OFF power switch, RUN/STOP switch, and the indicators are mounted to the base 
casting by the use of a bracket located directly behind the bezel. On top load models, the 
bezel may be removed without disturbing the operator switches or the wiring since there is 
no mechanical connection between the bezel and the switch bracket. 

4.2.2 POSITIONER ASSEMBLY 

The positioner assembly is a separate modular unit that is mounted on the base casting. 
Also mounted on the base casting are the positioner magnetic structure, and the shaft for 
supporting the carriage. The carriage is supported on a bearing structure riding on this 
shaft. The read/write heads are mounted in the carriage. 

Also attached to the carriage is the positioner coil. This arrangement of magnet and coil 
provides a linear motor actuator for positioning the read/write heads. This type of 
arrangement is also referred to as a voice coil positioner. Carriage velocity is determined 
by the velocity signal which is derived electrically from the positioner signal. The position 
of the carriage is detected and sensed using a photoelectric position transducer which is 
attached to the positioner baseplate by a mounting strip. 

All models have two temperature sensing elements. These thermistors are part of the 
temperature compensation circuitry. One senses surface temperature of the removable 
disk as it spins, the other senses the temperature of the topmost fixed disk area. 

4.2.3 POWER SUPPLY ASSEMBLY 

The power supply assembly is a major subassembly contained on a steel plate which 
mounts to the underside of the base casting and includes the power transformer, 
rectifiers, and filter capacitors. The Motor Control PCBA is mounted on top of the power 
transformer which protrudes from a well in the base casting. This PCBA is protected by a 
removable hard plastic cover. 

4.2.4 READ/WRITE, READ/WRITE SELECTION MATRIX, SERVO, AND LOGIC PCBAS 

The partitioning of the electronics system is primarily functional. The four major PCBAs 
constitute the major partitioning of the D3000 electronics. These are the Read/Write, 
Read/Write Selection Matrix, Servo, and Logic PCBAs. In addition to the functional 
descriptions contained in this section, detailed descriptions of these PCBAs are 
contained in Section V. 

The electrical and electronic components compnslng the main chassis group, the 
positioner assembly, and the power supply chassis are interconnected with the PCBAs 
through use of interconnecting cable assemblies. The Read/Write PCBA is located 
adjacent to the positioner assembly and is constrained by card guides. One of the card 
guides mounts to the Read/Write Selection Matrix PCBA which is 90 degrees to the 
Read/Write PCBA. The Read/Write Selection Matrix PCBA also straddles the moving head 
and carriage assembly. The head cables connect directly to this board. The Logic PCBA is 
mounted on pivoting supports which are mounted directly to the base casting. Hinged on 
the face of the Logic PCBA is the Servo PCBA; these PCBAs are interconnected by 
interboard flat cables. 

4.2.5 TEMPERATURE COMPENSATION PCBA 

The temperature compensation assembly is comprised of a Temperature Compensation 
PCBA and two thermistor assemblies which sense ambient temperatures of the removable 
and fixed disk(s). This PCBA mounts beside the Read/Write PCBA into card guides located 
on the power supply chassis. 
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4.3 FUNCTIONAL SUBSYSTEMS 

The major functional groups of the drive are illustrated in Figure 1-4; these major groups, 
functionally discussed in the following paragraphs, are: 

(1) Positioner and Positioner Electronics 

(2) Read/Write Electronics 

(3) Read/Write Selection Matrix 

(4) Disk Drive Function Contra! 

(5) Spindle Speed Control 

(6) Position Control Logic 

(7) Sector Electronics 

(8) Motor Control 

(9) Power Supply 

(10) Temperature Compensation 

4.4 POSITION ER AN 0 POSITION ER ELECTRON ICS 

An essential function in a moving head disk drive is the positioning of the read/write head 
at the correct cylinder. This is accomplished in the 03000 Disk Drive by the Positioner 
Servo Electronics and the Positioner Assembly. 

4.4.1 POSITION ER ASSEM BL Y 

The Positioner Coil and Moving Mass (linear motor) and Position Transducer are the two 
major functional entities which comprise the Positioner Assembly. Figure 4-2* shows the 
relationship of these subsystems to the Positioner Servo Analog Circuits and the 
Positioner Control Logic. 

The linear motor consists of a stationary permanent magnet and a positioner coil attached 
to the moving-mass, i.e., the carriage and magnetic head assembly. A description of the 
physical arrangement of the Positioner is contained in Paragraph 4.2.2. 

Functionally, the magnet structure and the ways that the carriage rides on are the stationary 
portion of the linear motor. The moving structure consists of the carriage, the positioner 
coil, the heads mounted into the carriage, the bearings which support the carriage on the 
ways, and the Position Transducer. The force that is necessary to move the moving-mass 
portion of the positioner is a function of the inter-reaction of the magnetic fields produced 
by the permanent magnet structure and the magnetic field resulting from the current in the 
positioner coil. This force may be used for accelerating or decelerating the moving-mass, 
or as a restoring force for holding the moving-mass in a given position. To a first 
approximation, the force developed is proportional to the current in the positioner coil. 

The speed of the positioner carriage movement is controlled by a velocity signal which is 
derived electrically from the position signal. 

The Position Transducer is a photoelectric sensor that develops four electrical signals, 
each serving a specific function for use in controlling the positioner. An incandescent 
lamp, mounted in the position transducer body, supplies illumination to a group of 
photodiodes located opposite the lamp. The transducer body is mounted stationary to the 
positioner baseplate by the use of a mounting strip. 

* Foldout drawing, see end of this section. 
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Attached to the carriage is a precision scale which is part of the moving-mass. This scale 
is interposed between the lamp and the photodiodes and consists of opaque and 
transparent areas in specific patterns. Interposed between the scale and the photodiodes 
is a precision reticle which is also made up of opaque and transparent areas in specific 
patterns. The combination of the reticule patterns and the scale patterns are used to 
control the amount of illumination reaching the photodiode group. 

Two of the signals developed by the Position Transducer as a function of carriage position 
are level change type of signals. One signal, Heads Retracted, changes state when the 
carriage is approximately 1/4-inch from the fully retracted position and is used to indicate 
the gross carriage position, specifically, the retracted position of the heads. The other 
signal, Position Transducer Index, is used to define the legal range of the carriage 
position. This signal is a multi-change-of-state signal. One of the transitions of this signal 
is used in the initialization process during a head loading operation. 

The other two signals derived from the Position Transducer are referred to as X + 0 and 
X + 90. These signals are linear signals that are cyclic as a function of cylinder position, 
and bi-polar in terms of polarity. They are displaced in electrical phase by approximately 90 
degrees. 

All of the signals from the Position Transducer are current signals proportional in 
amplitude to the illumination of the specific photodiode associated with that signal. The 
X + 0 and X + 90 signals are actually derived from photodiode pairs rather than a single 
photodiode. 

4.4.2 POSITIONER ELECTRONICS 

The Positioner Electronics consists of two major groups: the Position Control Logic and 
the Positioner Servo Analog Circuitry. The relationship of these subsystems to the Linear 
Motor and Position Transducer is shown in Figure 4-2. The entire arrangement comprises a 
servo mechanism which controls the mechanical position of the carriage and the position 
of the heads. 

The servo mechanism may be operated in one of two modes, a Position Mode where the 
position of the carriage is controlled, or the Velocity Mode where the velocity of the 
carriage is controlled. The servo is switched between the Position Mode and Velocity 
Mode, or vice versa, by means of transistor switches which are controlled by the Position 
Control Logic. The Position Control Logic determines the specific mode of operation on 
the basis of commands input to it from the interface and the status of the signals derived 
from the Position Transducer. 

Additionally, as shown in Figure 4-2, the Linear Motor can be disconnected from the servo 
and operated by the Emergency Unload Driver on the Temperature Compensation PCBA 
and powered by the Emergency Unload Capacitor in a manner which controls the 
retracting velocity of the positioner. This emergency unload system provides a means of 
independently supplying power to the Linear Motor during emergency situations. This 
network is independent of the servo electronics for purposes of retraction of the heads 
from the storage surface during emergencies. The Emergency Unload Relay acts as a 
double-pole, double-throw switch, to connect the Positioner Coil to either the output of the 
Power Amplifier and the Current Sensor, or to the Emergency Unload system. Additionally, 
a dynamic brake is provided on the Servo PCBA to further control the motion of the 
positioner during emergencies. The brake is activated for several milliseconds after the 
emergency has been detected and until the Emergency Unload Relay drops out. 
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The Emergency Unload Relay Driver receives its commands from the Logic PCBA via the 
Emergency Unload Enable (LEUEG) line. When the Emergency Unload Relay is energized, 
the positioner coil is connected to the servo; specifically, it is connected to the output of 
the Power Amplifier and to the Current Sensor. The Power Amplifier, in conjunction with 
this Current Sensor, forms a voltage-to-current converter providing a current in the 
positioner coil that is proportional to the applied input voltage to the Power Amplifier. As 
previously mentioned, the available force for moving the carriage is proportional to the 
positioner coil current to a first approximation, and the Power Amplifier, being a voltage
to-current converter, provides a current that is proportional to its input voltage. 

Therefore, the output of the Summing Amplifier, which is the input to the Power Amplifier, 
determines the force applied to the carriage where the force is approximately proportional 
to the output voltage of the Summing Amplifier. 

The Summing Amplifier input is the major summing junction of the servo. Applied to this 
Summing Amplifier are the servo commands and the feedback which nulls these 
commands. Therefore, the servo loop functions to reduce the voltage at the Summing 
Amplifier input by providing an output voltage which results in a feedback signal which 
nulls the command signal. Additionally, the resultant of two temperature compensation 
signals are applied to this summing junction. 

One of the input commands to the Summing Amplifier is the velocity reference. The 
velocity reference command is a request for a specific velocity when the loop is operating 
in the fast velocity mode. This velocity reference is derived from the Velocity Reference 
Circuit. The polarity of this reference is determined by the network following the Forward 
Direction signal (LFDX1) applied to J201, pin 21 (page 2, zone C6). This network consists of 
U42, U40, 011, and 010 on the Servo PCBA (Schematic No.1 08130). 

The Velocity Reference Circuit is a digital-to-analog converter which has a single polarity 
output. The address difference input is a digital signal that is the binary representation of 
the difference between the demand address from the interface and the current address 
defining the current positioner position. The output of the Velocity Reference Circuit is an 
analog voltage representative of the address difference. Therefore, the specific velocity 
requested is a function of the distance to be traveled in achieving the demand address. 

The address difference is specified on the Address Difference lines in binary form where 
NLADOG is the least significant bit and NLADEG is the most significant bit. The decimal 
address difference number may be expressed as the sum of the active bit weights, each 
address difference being assigned a specific bit weight. The bit weights are ascending 
powers of two, where bit number 0 is decimal bit weight number 1; bit number 1 is decimal 
bit weight number 2; bit number 2 is decimal bit weight number 4, etc., to the extension bit 
number where the bit weight is 256. The address difference as specified on the Address 
Difference lines determines the magnitude of the velocity reference generated by the 
Velocity Reference Circuit. 

Referring to the Servo PCBA, Schematic No. 108130, it can be seen that the Velocity 
Reference Circuit portion of the velocity function decoder/encoder consists of U40, U39, 
and U44. The remainder of the Velocity Reference Circuit is the digital-to-analog 
conversion arrangement consisting of a resistor network, a current-to-voltage converter, 
and diode switches. The purpose of this arrangement is to take the digital signal encoded 
by the velocity function decoder/encoder and convert it into a current of a specific value 
which is then applied to the current-to-voltage converter. The summing junction of U30 
(zone G3 on the Servo PCBA) functions as a current-to-voltage converter producing a 
voltage level which is determined by the address difference value. The resistor network is 
R40, and R47 through R53. The diode switches are CR5 through CR18. The current-to
voltage converter consists of U30 in conjunction with 09. 
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Referring to Figure 4-2, the output magnitude of the Velocity Reference Circuit is the 
velocity reference which is utilized during seeks. This reference is determined by the 
address difference value. The polarity of the velocity reference which determines the 
direction of the velocity is controlled by a polarity select network controlled by the 
Forward Direction (LFDX1) line from the Position Control Logic. The Transistor Switch, 
which switches the velocity reference to the Summing Amplifier, is controlled by the 
Velocity Reference Enable (NLVREG) line from the Position Control Logic. When the 
positioner is executing a high-speed seek and is not operating as a position servo, 
NLVREG will be active, thereby switching to the velocity reference from the Velocity 
Reference Circuit. 

Other commands which may be applied to the input of the Summing Amplifier are for 
controlling the positioner in the Slow Velocity mode, I.e., during loading and unloading of 
the heads. The Slow Velocity mode is also used when executing a Restore operation. The 
Slow Velocity mode is determined by two logic signals, Forward Slow Mode (NLFSM1) and 
Reverse Slow Mode (NLRSM1). 

The two slow mode control signals, NLFSM1 and NLRSM1, are developed by the Position 
Control Logic and control transistor switches in the Mode Control Circuits which establish 
the Slow Mode velocity reference. 

Additionally, command signals Track Offset Plus (NL TOPG) and Track Offset Minus 
(NL TOMG) from the Position Control Logic can be used to determine position mode offset 
through the use of position reference voltages derived in the Mode Control Circuits. The 
track offset function is employed in the position mode for diagnostic purposes. The two 
logic signals, NL TOPG and N L TOMG, operate transistor switches in the Mode Control 
Circuits to generate a position mode reference, thereby offsetting the heads from the 
nominal track centerline. 

Referring to the Servo PCBA, Schematic 108130, it can be seen that N L TOPG, in 
conjunction with R101 and R102, determines the magnitude of the Track Offset Plus 
position reference. Likewise, NLTOMG, in conjunction with R107 and R108, determines 
the Track Offset Minus position reference. 

In addition to the commands controlled by logic signals that may be input to the main 
summing junction, an offset correction may be introduced by the Servo Offset Adjust, 
R146 (zone G7) on the Servo PCBA. There is also an external input test point provided to 
enable the introduction of external test signals into the summing amplifier. TP11 and R143 
on the Servo PCBA perform this function. 

Two separate and distinct feedback paths to the main summing junction are provided. One 
of these feedback loops is closed at all times when the servo is energized. This path, as 
shown in Figure 4-2, is from the Position Transducer, through the Velocity Synthesizer, to 
the Summing Amplifier input. This feedback is switched on by a transistor switch which is 
disabled by the Position Mode signal (LPMXG), and is used to null velocity commands. 

" 
The other feedback path is used only in the Position mode. This path takes the X + 0 
signal from the Position Transducer, conditions it to a voltage signal in the Position 
Transducer Amplifiers, and then switches it to the Summing Amplifier input. The transistor 
switch on the Servo PCBA performs the switching function and is controlled by LPMXG 
from the Position Control Logic. Another transistor switch feeds a derivative of the 
Position Mode signal into the Summing Amplifier in order to provide damping for the servo 
loop. 

As previously discussed, four signals are provided to the Position Control Logic which are 
derived from Position Transducer signals. These four signals are the X + 0, X + 90, Heads 
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Retracted, and Position Transducer Index. They are converted from current signals into 
voltage signals by current-to-voltage converters that are contained in the Position 
Transducer Amplifiers. These current-to-voltage converters are U38, U37, U34, and U33 
located on the Servo PCBA. 

Since the output of the Position Transducer Amplifiers are an analog voltage and therefore 
unsuitable for direct application to logic, they are converted into digital signals by analog
to-digital converters. These converters are, in essence, a special type of Schmitt trigger 
and are comprised of U19 and U20 on the Servo PCBA. The signais which are fed back to 
the Position Control Logic are: Position Reference Clock (SPRCG), Position Quadrature 
Clock (SPQCG), Heads Retracted (SHRXG), and Position Transducer Index (SPTIG). These 
signals are utilized by the Position Control Logic to determine the operation of the 
positioner servo in conjunction with commands from other parts of the logic and the I/O 
interface. 

Additionally, failure of the lamp in the Position Transducer is detected by the Lamp Failure 
Detector. A signal derived from this detector is fed back to the Position Control Logic for 
determining when an emergency condition exists. This signal is Position Transducer 
Failure (SPTFG). 

4.5 READ/WRITE OPERATIONS 

The double frequency recording method is used in reading and writing data in the 03000 
Disk Drive. Read/Write operations are accomplished by a read/write head. During a Write 
operation, a bit is recorded on the disk whenever the coils of the read/write head are 
switched by the Write Driver circuits. During a Read operation, a clock or data bit is sensed 
on the disk whenever the flux direction induced by the coil winding is reversed as a result 
of a change in polarity of the flux pattern presently passing under the head gap. 

4.5.1 DOUBLE FREQUENCY RECORDING 

A basic clock frequency signal is encoded in the data pulses to produce a single 
composite signal at the read/write head. The composite signal represents either a logic 
zero bit condition or a logic one bit condition for each bit-cell time defined by the clock. 

The double frequency method, shown in Figure 4-3, makes use of a clock frequency to 
establish the basic bit-cell timing cycle. The insertion of a data pulse between clock 
pulses in a bit-cell period produces a composite Read/Write signal which uses only clock 
pulses for a logic zero bit indication, and data pulses for a logic one bit indication. A zero 
bit-cell (clock pulses only) produces a single change in direction of the flux pattern. A one 
bit-cell (data pulse located between two clock pulses) produces a double change in 
direction of the flux pattern. In either case, the clock signal causes a change in direction of 
magnetism from plus to minus or minus to plus polarity, thus causing the storage of a bit. 
Because both clock and data information are synchronized on a composite signal, double 
frequency recording is sometimes referred to as self-clocking. 

In double-frequency recording, a clock bit is always inserted at the beginning of each bit
cell time to establish the basic recording frequency. A data bit is inserted between clock 
bits (at twice the frequency) so that the data bit results in two flux reversals within a single 
bit-cell time. If the data bit is not present, a single flux reversal occurs in a bit-cell time. 

The recording head is a split-ring core containing coil windings so that a magnetic field 
with a given flux direction prevails at the core gap while the coil is energized. When current 
flows through the coil, the flL!x induced in the core establishes a fringe flux at the gap. As a 
magnetic recording surface passes by the gap, the fringe flux magnetizes the surface of 
the disk. 
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Figure 4-3. Double Frequency Recording Flux and Pulse Relationship 

During a Write operation, a bit is recorded when the flux direction in the core is reversed by 
switching between coils of the read/write head. The fringe flux is reversed at the gap and, 
hence, the portion of the flux flowing through the recording medium is reversed. If the flux 
reversal is considered instantaneous in comparison to the motion of the recording 
surface, and the gap is observed at the moment of reversal, it can be seen that the portion 
of the surface that just passed the gap is magnetized in one horizontal direction while the 
portion directly under the gap is magnetized in the opposite direction. Between these two 
areas, the flux must reverse 180 degrees; this recorded flux reversal represents a bit. 

During a Read operation, the gap first passes over an area that is magnetized in one 
horizontal direction, and a constant flux is induced into the core and the coil. The coil 
provides no instantaneous output voltage for this condition. However, when the recorded 
bit (180 degrees horizontal flux reversal) passes the gap, the flux induced into the core and 
coil must go through a 180-degree reversal. This reversal means that the coil sees a change 
in flux which results in a voltage output pulse. 

4.6 READ/WRITE ELECTRONICS 

The Read/Write Electronics are contained on two printed circuit board assemblies, the 
Read/Write PCBA and the Read/Write Selection Matrix PCBA, which operate in consort 
with each other. Figure 4-4 * is a functional block diagram of the 03000 read/write system 
and should be referred to for the following discussion. 

* Foldout drawing, see end of this section. 
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4.6.1 HEAD SELECT 

Head selection in the D3000 is accomplished by signals from the using system via the 
Platter Select (IPSXR), Platter Select Extension (IESLR), and Head Select (IHSXR) I/O 
interface lines. The signals on these lines are required to select one of eight read/write 
heads. Table 3-1 shows the head select decoding used in the D3000 disk drive. 

4.6.2 WRITE ELECTRONICS 

Information to be recorded is supplied to the drive via the Write Data Signal (IWDSR) I/O 
interface line. The writing process is under complete control of the logic functions and 
control circuitry (Paragraph 4.7). Verification of system readiness, a software function, is 
required prior to initiation of a write operation. The conditions that must be satisfied 
before a write operation can be performed are: 

(1) The unit must be in the Ready condition and Selected. This implies that only one 
head is selected. 

(2) The head must be positioned over a legal track address. 

(3) The WRITE PROTECT switch(es) for the platter(s) selected is switched to the OFF 
position and the Power Clear signal is at a high level. 

(4) The Write Mode and Read Switch input lines must be low. 

The drive is conditioned to perform a write operation when the Write Enable (IWEXR) line is 
low. At this time the Write drivers are receptive to Write Data pulses. When the Write 
Enable line is active and system readiness is satisfied, current flows through the write coil, 
recording new data and causing all previous data to be overwritten, i.e., obliterated. 

The read/write coil is a split center-tapped winding. During a write operation, current flows 
in alternate halves of the read/write coil. Switching of write current in each half leg causes 
magnetic flux reversals on the disk surface. It is important to note that when the drive is in 
the Write mode, the erase coil is also energized. The read/write gap is located in front of 
the erase gap. The magnetized portion of the track is approximately 0.102 mm (0.004 inch) 
wide on the surface of the disk, but the erase gap, which straddles the read/write gap, 
erases part of the write flux pattern, leaving a recorded-data band that is approximately 
0.091 mm (0.0036 inch) wide. This provides a signal guard band between adjacent tracks. 

4.6.2.1 Write Driver 

The Write Driver circuitry, shown in Figure 4-4, switches the write current to alternate 
halves of the read/write head winding. The rate at which the write current is switched is 
determined by the Write Double Frequency (N LWDFT) signal from the Logic PCBA. 
NLWDFT toggles a flip-flop whose outputs drive two write current control switching 
transistors into alternately conducting states. The write current drivers are enabled by a 
low logic level input on the Write Mode (NLWDFT) line at the Read/Write PCBA. 

4.6.2.2 Erase Driver 

The Erase Driver circuit is a transistor switch current source that is energized by the Erase 
Current Enable (NLECEG) signal input to the Read/Write PCBA. A low logic level at the 
NLECEG input enables the erase current to flow into the read/write head erase windings. 

4.6.2.3 Write Current Control 

The write current control causes the current level in the read/\,A,:rite coils to change as a 
function of the positioner cylinder address. For cylinder addresses of 0 through 255, the 
current level is set at approximately 68 rna; at cylinder address 256 and above, the current 
level is reduced to approximately 58 rna. This current level change is required because of 
the increased bit density at the innermost tracks on the disk surface. The lower write 
current levels reduce the flux pattern fringe effects on neighboring bits. 
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4.6.2.4 Write Emergency Monitor 

This circuitry continuously monitors the legality of conditions within the read/write 
system. If conditions are improper, the write emergency monitor outputs an active high 
logic level to the emergency unload circuitry on the Logic PCBA. This causes the drive to 
execute an emergency unload operation. Conditions that would cause a read/write 
emergency unload are: 

(1) More than one head is selected at one time. 

(2) The current monitor circuitry indicates the presence of a current in either the write 
or erase circuits when such current is not enabled by NLWMXG and/or NLECEG. 

4.6.2.5 Current Monitor 

The current monitor circuitry continuously checks the current level in the Write Driver and 
Erase Driver circuits and outputs a low logic level to the write emergency circuitry during a 
write/erase operation. When both the Write Mode and Erase Current Enable lines are at a 
high logic level, the write emergency circuitry assumes that a read operation is in progress 
and looks for a high logic level from the current monitor. Should the output of the current 
monitor be at a low logic level at this time, the write emergency monitor will sense an 
illegal condition and cause the system to perform an emergency unload. 

In addition to the current monitoring function, the current monitor circuitry can disable the 
flow of write or erase currents to the read/write heads. The Power Clear signal (SPCSA) 
generated on the Servo PCBA indicates the status of the regulated dc voltages and 
controls a transistor switch in series with the common write/erase current path. In case of 
a power failure, SPCSA goes to a low level, causing the transistor switch to open the 
write/erase current line. This action prevents the writing of erroneous information on the 
disk surface during a power failure emergency unload condition. 

4.6.3 READ ELECTRON ICS 

A Read Enable (IREXR) signal from the system I/O interface conditions the Read/Write 
circuitry to perform a read operation. Certain readiness checks must be performed by the 
drive Function Control Logic circuitry before information can be transferred from the 
surface of the disk to the system I/O interface. The selected drive must be in the Ready 
condition; this implies that the following conditions exist: 

(1) The heads are positioned over a legal track address. 

(2) Only one head is selected. 

(3) The Write Enable and Erase Current Enable lines are both high and the current 
monitor senses no write or erase current flow. 

(4) The Write Mode and Read Switch inputs must be high. 

The Read Electronics are activated when both the Write Mode and Erase Current Enable 
inputs to the Read/Write PCBA are at a high level. This condition is locally ANDed 
resulting in the Read/Write head windings being connected to the read preamplifier. The 
amplified read data are filtered, peak detected, digitized, and decoded before being 
suitable for transmission to the using system interface. When the Read Enable Control 
(NLRECG) signal to the Read/Write PCBA goes low, the Read Data (IRDXR) and Read 
Clocks (IRCXD) are gated onto the system I/O interface lines. A detailed discussion of the 
Read Electronics portion of Figure 4-4 is contained in the following paragraphs. 

4.6.3.1 Head Switch Circuitry 

The Head Switch circuitry (Read Switch input line low) disconnects the Read preamplifier 
signal inputs from the read/write heads during a write/erase operation. This is done to 
prevent the large voltage signals that are applied to the head's read/write windings during 
a write operation from entering the low level inputs of the read preamplifier. Thus, the 
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Head Switch circuitry prevents the amplifier from being driven into saturation during a 
write operation. 

4.6.3.2 Read Preamplifier 

The Read Preamplifier is a single integrated circuit consisting of a wide band, linear 
differential amplifier stage. Read signals from the read/write heads are typically quasi
sinusoidal with typical amplitudes of approximately 1 mv to 5 mv. The nominal voltage gain 
of this amplifier is 150; the read signal output has an amplitude of approximately 200 mv 
peak-to-peak. The ampiifier gain is determined by a resistor of appropriate size across the 
gain-adjust terminals. 

4.6.3.3 Filter 

The amplifier read signal is ac-coupled to an L-C filter stage which removes the 
undesirable high-frequency noise signals superimposed on the read signal. The special 
quality of the filter is its abiHty to pass the read signal with only small attenuation and 
negligible phase non-linearity. 

4.6.3.4 Differentiator and Peak Detector 

The filtered read signal is amplified and phase shifted 90 degrees by the differentiator 
stage. This stage has a nominal voltage gain of approximately 7.3 under normal operating 
conditions; thus, the read signal output is normally 350 to 650 mv peak-to-peak. The 
operation of the peak detector is illustrated in Figure 4-5. 

4.6.3.5 Squarer and Frequency Doubler 

The filtered read Signal drives a squaring circuit which converts the sinusoidal read signal 
into digital data by switching its output voltage level at each zero crossover of the read 
data signal. 

The output voltage signal from the squaring circuit is 1.2v peak-to-peak amplitude that 
swings about a + 0.6v reference. Prior to decoding, the read data are converted into a pulse 
train at a frequency that is twice the read data rate. The action of the edge detector is 
shown in Figure 4-6. The pulsewidth of the signal is controlled by component values within 
the edge detector circuitry. 

4.6.3.6 Data Decoder Circuitry 

The Data Decoder circuitry is essentially a data/clock separator. It is comprised of two one
shot multivibrators, a decoding window generator, and a window polarizing circuit. The 
Read Pulse Narrow (RPN) Signal has a nominal data rate frequency when read data are all 
zeros, and is twice this frequency when read data are all ones. It is this characteristic that 
enables the Data Decoder circuitry to separate read data from the clocks. 

The first RPN pulse is treated as a clock pulse. Its leading edge clocks the ones window 
one shots to look for a data bit. At the end of the one-shot timing, the ones gate is reset 
and the next RPN pulse is another clock pulse. If an RPN pulse is present between the 
clock pulses, it is treated as a data bit or a one bit and presented to the Read Data interface 
line. The ones data output repetition rate will therefore be at the read clock rate. The timing 
diagram shown in Figure 4-7 details these timing relationships. Two pulse former one
shots determine the output pulsewidth. 

4.6.3.7 Read Data Control 

The Read Data Control gates the Read Clocks and Read Data onto the system I/O interface 
lines, via line drivers on the Logic PCBA, in response to the Read Enable Control 
(NLRECG) signal. When NLRECG is initiated, the Read Clock and Read Data gate control is 
clocked to the enable state. This prevents pulse shaving of the Read Data and Read Clock 
signals. 
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4.7 LOGIC FUNCTIQNS AND CONTROL 

There are five major areas in the 03000 Series Disk Drives which require logic for control of 
functions and timing, these are: Disk Drive Function Control, Read/Write Electronics, 
Spindle Speed Control Electronics, Position Control Electronics, and Sector Electronics. 
They are functionally shown in Figure 1-4. Since the majority of logic in the 03000 is 
packaged on the Logic PCBA, the following is primarily a functional description of the Logic 
PCBA. Only those areas on other circuit boards having logic functions of interest are 
included. 

NOTE 

To fully understand the logic functions described, the 
reader should acquaint himself with the discussion of the 
circuits contained in Section V. He should a/so become 
familiar with the schematics contained in Section VII. 

4.7.1 LOGIC ARRANGEMENT 

The Logic PCBA is depicted on sheets 3 through 13 of Schematic No. 108160. These 
sheets have been divided on the basis of function and, therefore, a specific sheet is a 
complete (or nearly complete) schematic representation of a specific function. The 
following discussion identifies these functions by schematic sheet number. 

4.7.1.1 Logic Schematic, Sheets 3, 4, and 5 

Sheet three of the Logic schematic contains the Start/Stop Control which is used in the 
control and timing process of executing the start cycle of the drive and for executing the 
stop cycle of the drive. Also shown on this sheet is the main clock generation circuitry 
which consists of the crystal oscillator, clock countdown, and clock gating circuitry. This 
arrangement provides the reference for all timing functions on the Logic PCBA. 

A subdivision of the Start/Stop Control is also included. This circuitry is used for the 
detection of run/stop commands, emergency and fault mode control, interlocking control, 
start cycle sequencing, stop cycle sequencing, and condition indication. 

4.7.1.2 Logic Schematic, Sheets 6, 7, and 8 

Sheet three of the Logic schematic contains a number of minor functions; these are the 
select enable controls, the read outputs, the status outputs, the termination voltage power 
supply, and the spindle speed control digital logic. 

A subdivision of the select enable function is the head and platter select control, track 
offset enable control, write/erase enable control, unit select decoding, busy signal 
encoding, write protection control, and the status and indication circuitry. 

4.7.1.3 Logic Schematic, Sheets 9 and 10 

The functions shown on sheet four of the Logic schematic deal entirely with position 
control; these are the track address register, the illegal address comparator, the current 
address counter, the count ciock detector register, subtractor and compiementor, and 
carry control. 

4.7.1.4 Logic Schematic, Sheets 11,12, and 13 

The functions shown on these sheets of the Logic schematic consist entirely of sector 
electronics. These functions consist of the u-pper sensor detector, the upper time 
demultiplexer, the lower sensor detector, lower time demultiplexer, sector phase lock 
loop, upper sector countdown, lower sector countdown, sector multiplexer, index 
multiplexer, sector pulse formers, index pulse formers, upper sector number counter, 
lower sector number counter, sector count mUltiplexer, and the multiplexer control. 
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4.7.2 DISK DRIVE FUNCTION CONTROL 

The Disk Drive Function Control Logic is one of the major subdivisions of the drive which 
require logic for the control of functions performed. Figure 1-4 is a functional block 
diagram of the D3000 Disk Drive and should be referred to in conjunction with the 
following paragraphs. 

The major block identified as Disk Drive Function Control in Figure 1-4 can be subdivided 
into two parts: a major block consisting of the Start/Stop Control, and a minor block 
containing minor control functions, e.g., head select control and unit select decoding. The 
following paragraphs contain a functional discussion of these blocks. 

4.7.2.1 Start/Stop Control 

Essentially, the Start/Stop Control is a digital sequential machine mechanized with 
integrated circuit logic. This logic takes the external commands, combines them with 
internal conditions plus suitable timing, and generates output signals for control and 
indication purposes. Figure 4-8 is a block diagram of the digital sequential machine used 
to mechanize the Start/Stop Control. 

Referring to Figure 4-8, the three essential blocks are State Storage, Combinational Logic, 
and Delay Generator. The State Storage block stores the machine states. This is 
mechanized with flip-flops and a counter. The present states are combined in the 
Combinational Logic with external commands which allows the generation of output 
signals for indication and control by the output Signal combinational logic. All of the 
combinational logic is mechanized with gates. It should be noted that external commands 
can modify directly the stored states. This is in addition to the capability of external 
commands in combination with the present states to provide output signals and 
modification of the stored states. 

Included in the block diagram is a Delay Generator which is mechanized with counters and 
a flip-flop. The generator provides specific delays under control of certain of the 
Combinational Logic output Signals. The Time Reference to the Delay Generator is 
obtained from a crystal oscillator and clock countdown circuits. 

Figure 4-9* is a functional block diagram of the Start/Stop Control. All of the logic depicted 
in this figure is contained on sheet two of the Logic PCBA schematic. The time reference 
for this arrangement is provided by a crystal oscillator whose output signal is frequency 
divided by the Clock Countdown circuitry. This circuitry consists of a series chain of 
counters that generate clock Signals that are used by the Start/Stop Control logic. These 
clock frequencies are also used in other portions of the drive logic. 

Within the Start/Stop Control, gating of the clock signals is accomplished by allowing 
clock pulses to be fed to the flip-flops only at specific times, thereby permitting these flip
flops to change state only when a clock pulse is present. The delay generation portion of 
the Start/Stop Control is handled by a Delay Counter which is operated from a clock signal 
generated by the Clock Countdown circuitry. 

In addition to the state storage, there are three major functions performed by the 
Start/Stop Control; these are interlocking control, emergency unload logic, and condition 
indication. 

Referring to Figure 4-9, commands used to start or stop the drive may be received either 
from the RUN/STOP operator control or from the Start/Stop Disk Drive I/O interface line 
(ISSDR). These commands are detected by the Run/Stop command and Detection circuitry 
and cause the Start/Stop Control to execute a start or a stop, as appropriate. 

* Foldout drawing, see end of this section. 
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Interlocking is obtained by using a number of signals which are available within the drive. 
These signals, used in conjunction with each other, allow interlocking of various 
mechanical functions, e.g., locking the door on front load machines, and locking the 
cartridges in top load machines when the disk is rotating. The Lower Detector Pulse 
(LLDPG) input to the Interlock Control portion of the logic is used to establish that the disk 
is rotating. The Not Write Or Erase Signal (NLWOEG) is generated by some of the minor 
control logic within the Disk Drive Function Control block and is used to prevent retracting 
the heads during a normal unload when either a Write or an Erase command from the I/O 
interface is occurring. 

Correct insertion of the cartridge is detected by one switch in top load machines, and by 
one switch in front load machines. This interlock prevents starting the drive when the 
cartridge is not inserted. 

The Power Clear Signal (SPCSA) from the Servo PCBA Signals when an unacceptable 
power supply condition is sensed. The SPCSA is provided to the Start/Stop Control logic 
as well as to the Read/Write PCBA. Also supplied from the Servo PCBA is the Heads 
Retracted signal (SHRXG) which is used by the Interlock Control to ensure that the disk 
does not stop rotating unless the heads are retracted. 

The purpose of the Emergency Unload Logic is to begin an emergency unload operation 
when commanded externally, or when this logic detects certain fault situations which 
require emergency unloading of the heads from the storage surface. One of these fault 
conditions is the Position Transducer Failure (SPTFG) condition. This condition is 
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detected on the Servo PCBA and is provided to the Emergency Unload Logic should a 
failure occur in the position transducer. Another signal, the Write Emergency Condition 
(RWECG) is generated on the Read/Write PCBA if a write emergency condition is detected. 

All other emergency unload conditions are detected by logic circuitry on the Logic PCBA. 
Three of these emergency conditions are detected within the Start/Stop Control 
arrangement by the Emergency Unload logic. The signals utilized are: Not Position Mode 
(NLPMXG), and Speed Out of Tolerance (LSOTF). The NLPMXG logic state is tested by the 
Emergency Unload logic to determine if the heads have properly loaded during a start 
sequence. LSOTF is tested during the start sequence to determine if the disks have 
reached the proper speed prior to loading the heads. 

Elsewhere within the logic, three signals are generated upon detection of a specific fault 
condition and are provided to the Emergency Unload logic. These signals are Not Position 
Limit Error (N LPLEG), Not Disk Speed Error (N LDSEG), and Not Seek Time Error (N LSTEG). 
The NLPLEG signal commands emergency unload when the positioner exceeds its legal 
range of travel. The NLDSEG signal commands an emergency unload when a disk speed 
error is detected after the system achieves the Ready condition. The NLSTEG signal 
commands an emergency unload when the time for a seek exceeds the allowable 
maximum. 

The major function control output signals from the Start/Stop Control are: 

(1) Start Drive Motor (NLSDMG), a pulse used for initializing the spindle speed control 
logic. 

(2) Purge Cycle (LPCFF), a flip-flop output state used for controll ing the disk speed 
during the purge cycle. 

(3) Load Heads (LLHFF), a flip-flop output state used for controlling the position 
control logic and loading and unloading the heads. 

(4) Emergency Unload (LEUFF), a flip-flop output state used to indicate that an 
emergency unload condition has started or presently exists. 

(5) Load or Purge Not (NLLPNG), the output of combinational logic within the Start/ 
Stop Control, decodes the states of two of the major state storage flip-flops, Purge 
Cycle and Load Heads. NLLPNG is used for initializing the position limit monitor 
contained within the Position Control Logic. 

(6) Brake Cycle Enable (N LBCEG), the control signal which determines when the 
braking current is applied to the drive motor. 

(7) Lock Cartridge Mechanism (LLCMG) controls the solenoid drivers on the Servo 
PCBA and is the Signal which determines when the cartridge mechanism is locked 
or unlocked. 

(8) Emergency Unload Enable (LEUEG) controls the emergency unload relay driver on 
the Servo PCBA; this relay driver, in turn, actuates the emergency unload relay as 
commanded by the Emergency Unload Enable signal. 

The output signals from the Start/Stop Control circuitry described in Steps (1) through (5) 
are used on the Logic PCBA for specific control functions. The signals described in Steps 
(6) through (8) are fed directly to the Servo PCBA. 

Three signals for driving the operator control panel lamps are generated by the Condition 
Indication portion of the Start/Stop Control logic. These signals are Safe Lamp Drive 
(NLSLDT), Run Lamp Drive (NLRXDT), and the Ready Lamp Drive (NLRLDT). The SAFE 
lamp is used to indicate when it is safe for the operator to remove or insert a cartridge into 
the drive; the RUN lamp is used to indicate when a machine is executing a start sequence, 
or the disk is running. Illumination of the READY lamp indicates that the drive has 
achieved the Ready condition. 
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Other signals generated by the Condition Indication logic are: Ready (LRXXG), Selected 
And Ready (LSARG), and Delayed Ready Condition (LDRCG). The Ready signal is the 
output of combinational logic and is the combination of several flip-flop states within the 
Start/Stop Control. The Selected And Ready signal is the Ready signal combined with the 
Selected signal from the Unit Select logic. The Delayed Ready condition is the Ready 
signal passed through a delay network. LRXXG, LSARG, and LDRCG signals are used in 
other parts of the Function Control logic as well as enabling certain portions of the 
Position Control logic and the Sector Electronics logic. 

When the Interrupt Option is included in the drive, the File Ready, Ready to Seek/Read or 
Write, and Seek Incomplete are not conditioned by the Select line. Therefore, the states of 
these lines are presented to the interface at all times. 

4.7.2.2 Minor Control Functions 

The minor functions discussed in the following paragraphs are contained within the Disk 
Drive Function Control logic block shown in Figure 1-4. Due to the nature of these minor 
control functions, no attempt is made to relate them to a simplified block diagram. The 
circuitry which performs these logic functions is contained on sheet three of the Logic 
PCBA schematic. 

The Select and Control logic consists of a holding register and associated control gates 
for processing the Platter and Head Select lines, the Track Offset Plus, and Track Offset 
Minus lines. Also included is the Write Double Frequency Data Retransmitter which acts 
as a line receiver and a line driver between the I/O interface and the Read/Write PCBA. The 
Unit Select logic, the Busy Output logic, and the Ready driver are also included as minor 
elements in the Disk Drive Function Control logic. Likewise, the Read/Write Control logic 
and the Write Protect logic, including the Write Protect Lamp Drivers, are part of the Disk 
Drive Function logic. Additional minor functions are performed by the Read Signal Drivers, 
the Malfunction Signal Driver, the Illegal Address Status Driver, the Dual Platter Status 
Driver, and the Quad Platter Status Driver. These functions are described in terms of 
function and purpose, as follows. 

Three I/O interface control lines are provided for selecting a specific storage surface. 
These lines are Head Select (IHSXR), Platter Select (IPSXR), and Platter Select Extension 
(IPSER). Two other I/O interface control lines, Track Offset Plus (lTOPR) and Track Offset 
Minus (ITOMR) provide for selecting specific track offsets for diagnostic purposes. These 
five lines are processed by the holding register and distributed to the Read/Write PCBA. 
The ITOPR and ITOMR lines are also distributed to the Servo PCBA. 

The Holding Register stores the status of these lines under certain conditions which are 
determined by the Selected And Ready and the Not Ready conditions. The Write Double 
Frequency Data Retransmitter acts as a line receiver for the I/O interface line Write Data 
Signal (IWDSR) and retransmits the signal to the Read/Write PCBA as the Write Double 
Frequency signal. This acts as a buffer and maintains timing of the Write Double 
Frequency signal. 

Another minor function provided by the Disk Drive Function Control logic is contained in 
the Unit Select logic. This logic ,combines the setting of the Unit Number Selector switch 
on the operator panel with the specific Unit Select Number signal from the I/O interface. 
Decoding is performed and the Select signal is generated only when the Unit Select line 
from the I/O interface corresponds to the number designated for the specific drive by the 
Unit Number Selector switch. 

Also contained within the Disk Drive Function Control logic is the Busy Output logic. This 
logic combines the busy Signal from the Position Control logic with the Ready signal and 
encodes on a Busy Seeking line according to the setting of the Unit Number Selector 
switch. 
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A number of line driver functions are performed by various signal drivers. These drive 
internal logic signals onto the 1/0 interface lines as outputs of the drive. These are: 

(1) The Ready Driver for driving the Selected And Ready signal onto the Ready line at 
the interface. 

(2) The Read Signal Drivers for transmitting the outputs of the Read/Write PCBA onto 
the Read Data and Read Clock I/O interface lines. 

(3) The Attention line drivers are logical combinations of output lines that inform the 
controller when the disk becomes Ready, completes a seek, fails to complete a 
seek, or accepts an illegal track address. 

(4) A Double Track Status interface line for indicating, at the interface, that the drive 
is a 200-tpi model. 

(5) The Illegal Address Status driver for transmitting the Illegal Address signal to the 
Illegal Cylinder Address interface line. 

(6) Dual Platter Status signal driver for indicating on the Dual Platter Drive interface 
line that the drive contains two disks. 

(7) Quad Platter Status signal driver for indicating on the Quad-Platter Drive interface 
line that the drive contains four disks. 

Another minor function control performed is the processing of the Write Enable (IWEXR) 
and Erase Enable (IEEXR) Signals from the I/O interface. These signals are gated by 
Selected And Ready, Position Mode, and File Protect Mode, then transmitted to the 
Read/Write PCBA for controlling those functions. In addition, the Not Write or Erase signal 
is generated for application to the Start/Stop Control Logic. Also performed within the 
Read/Write control logic is the gating of Read Enable with Selected And Ready. This signal 
is then transmitted to the Read/Write PCBA. 

The Write Protect logic combines the state of the specific WRITE PROTECT switch on the 
operator panel with the state of the Platter Select (I PSXR) and Platter Select Extension 
(IESLR) lines such that the respective protect switch and the IPSXR and IESLR lines are 
decoded to set or reset the File Protect Mode latch. The state of the File Protect Mode 
latch determines whether a particular disk is permi~ted write and erase operations, 
depending upon whether it is designated as a protected disk by the respective WRITE 
PROTECT switch on the operator panel. 

The state of the File Protect Mode latch is gated with Selected And Ready and is 
transmitted to the I/O interface by the File Protected Status Driver which transmits the file 
protect condition of the drive to the controller on the File Protected (IFPXD) I/O line. The 
state of the WRITE PROTECT switches is indicated by the operator panel PROT (Protect) 
lamps regardless of which disk is selected. In dual-disk models, the lamp indication 
depends entirely on the state of the respective switch; in quad-disk models, the lamp drive 
signals are generated by the protect lamp drivers according to the switch states. 

4.7.3 SPINDLE SPEED CONTROL 

The rotational speed of the spindle is controlled to within ± 1 percent of the nominal value. 
This tight control is maintained so that spindle speed is not affected by line frequency 
variations and to avoid disk speed variations due to tolerances of the drive train 
components. The time reference for the spindle speed control is derived from the Crystal 
Oscillator and Clock Countdown logic that is shown in Figure 4-9 as part of the Start/Stop 
Control logic. 

The actual speed of the spindle is derived by sensing notches in the phase lock ring with a 
magnetic transducer. In addition to the speed sensing function, Phase Lock Ring and the 
Magnetic Transducer are used in conjunction with the Sector Electronics (Paragraph 
4.7.5). The Phase Lock Ring is a flat circular plate with notches in the periphery. It is 
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mounted integral with the spindle and therefore the rotational speed of the Phase Lock 
Ring is the same as that of the spindle. The Spindle Speed Control is a true servo loop in 
that power is controlled to the drive motor which, in turn, rotates the spindle; the actual 
speed of the spindle is sensed and compared with a time reference and the result of the 
comparison is used to correct the amount of power applied to the drive motor. In this 
manner, the loop corrects the existing speed of the spindle to the correct speed within the 
ability of its resolution and response capability. It is important to note that although the 
loop is a true closed loop servo, it is not a linear servo system. The reason is that the result 
of the time/speed comparison is a single binary digit and therefore can have only two 
possible states, a zero or a one, i.e., the speed is either too fast or too slow. For this 
reason, the actual speed regulation takes place in a limit cycle type of operation where the 
actual spindle speed varies between an upper and a lower boundary as determined by the 
response time of the loop and the resolution of the error detector. However, certain of the 
loop characteristics are like a linear servo in that power to the drive motor is varied for 
control by changing the time of occurrence of the application of power within a given 
power line cycle in a manner which is usually referred to as phase angle control. In other 
words, the actual phase angle during the power line cycle where power is applied to the 
main winding of the drive motor is the result of the integral of the binary speed error. This 
determination is made from the comparison of the actual speed sensed by the Magnetic 
Transducer to the time reference derived from the Crystal Oscillator. 

Refer to Figure 4-10*, a functional block diagram of the Spindle Speed Control logic, for 
the following discussion. Operation of the spindle speed control can best be understood 
by starting at the Spindle and going around the loop. The Magnetic Transducer senses the 
notches in the Phase Lock Ring and produces a signal which is then processed by the 
Sector Electronics logic (refer to Paragraph 4.7.5). 

The results of the action taken by the Sector Electronics logic is the output of a flip-flop 
called the Phase Lock Flip-Flop (LPLFF). This flip-flop functions as a frequency divider on 
the basic frequency derived from the Phase Lock Ring and converts the pulse as 
processed by the sector electronics into a square wave. The Phase Lock Flip-Flop signal is 
fed into the Speed Sequence Control as shown in the block diagram. 

Clock signals derived from the Crystal Oscillator and Clock Countdown (LC02F, LC03F, 
LC04F) are fed to the Speed Control Programming logic, then to the Speed Control 
Counter. The time between the occurrences of low to high transitions of the Phase Lock 
Flip-Flop signal is detected by the Speed Sequence Control logic. Detection of this 
transition causes the Speed Sequence Control to generate two pulses which are 
synchronous with the clock signal specified by the Speed Control Programming logic. 
These pulses determine the sequence of the time comparison. 

The desired value of disk speed is programmed by the Disk Speed Count Programming 
array. The program value fed to the Speed Control Counter is determined by the array and 
the state of the Purge Cycle Flip-Flop (LPCFF), thereby providing a nominal speed for 
normal operation and an over-speed value for use during the purge cycle. The programmed 
value of the disk speed count is fed to the Speed Control Counter logic and the selected 
clock signal from the Speed Control Programming logic is then counted by the Speed 
Control Counter. The results of the count are stored in the Speed Value Flip-Flops and, 
when appropriate, transferred to the Speed Status Flip-Flops as determined by the Speed 
Sequence Control logic. The actual comparison of the spindle speed to the reference 
signal occurs on the basis of the count totalized in the Speed Control Counter logic during 
the time interval defined between the transitions of the Phase Lock Flip-Flop. 

*Foldout drawing, see end of this section. 
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There are two outputs derived from the Speed Status Flip-Flops; the Increase Motor Speed 
(NLlMS1) signal and the Speed Out Of Tolerance (LSOTF) signal. The Speed Out of 
Tolerance signal indicates when the disk speed is detected as being out of tolerance by 
the Speed Value Flip-Flops. This information is tested during the start sequence and is 
also combined in a Gate with the Ready signal (LRXXG) to produce Disk Speed Error 
(N LSDEG). The Increase Motor Speed signal is fed to the Servo PCBA and is the basic 
binary error signal derived from the comparison of the time reference to the actual speed. 
The Start Drive Motor pulse (NLSDMG) is used for initializing the speed status flip-flops 
during a start sequence and the Drive Motor Enable (LDMEG) line is used for initializing the 
Speed Sequence Control and the Speed Status Flip-Flops. 

It can be seen that the purpose of the circuitry on the Logic PCBA is to convert the analog 
signal obtained from the Magnetic Transducer into a suitable digital square wave, then 
compare the time of occurrence of the positive transitions of that square wave with a time 
reference obtained from a Crystal Oscillator. The result of that comparison is two signals, 
one indicating the instantaneous speed error signal and, if appropriate, to provide a signal 
which would indicate a gross malfunction of the speed control. The Increase Motor Speed 
(NLlMS1) obtained from the Speed Status Flip-Flops is fed to the Servo PCBA. 

A portion of the Spindle Speed Control circuitry is located on the Servo PCBA. Basically, 
there are two functions performed by this circuitry; the generation of a signal to the Motor 
Control PCBA which is synchronized to the line frequency and causes the trigger to occur 
at a specific time during the power line cycle. 

Generation of a signal which is synchronized to the line frequency is necessary because 
the basic power line is the power applied to the drive motor by the Motor Control PCBA. 
This line synchronization is accomplished by a Zero Crossing type of synchronizing 
network in which a pulse is developed by the Line Synchronizer when the line voltage 
passes through the zero volt condition. 

The trigger to the Motor Control PCBA must be supplied at a specific time during the 
power line cycle. The time of occurrence of this trigger must be proportional to the integral 
of the binary error signal. This is done to provide a proportional power control to the drive 
motor main winding that is the time average of the binary error signal NLlMS1. 

Phase angle control is obtained by the use of a Ramp Generator which is synchronized to 
the line voltage by the line synchronizer. The output of the integrator is compared with the 
voltage developed by the Ramp Generator in a Voltage Comparator. The results of this 
comparison are used to generate a trigger signal which is fed to the Motor Control PCBA. 

The Motor Control PCBA is, in essence, a bi-directional power switch isolated from the 
normal machine ground. The switch is turned on by the trigger signal from the Servo PCBA 
and then turns itself off as the line current passes through zero. Also contained on the 
Motor Control PCBA is the necessary interconnection wiring for configuring the drive 
motor for two basic types of power line operation, 110v and 220v (refer to Paragraph 4.8). 

The trigger signal obtained from the Servo PCBA is applied to Current Amplifier Transistor 
Switches via an Opto-Isolator device. The Current Ampl ifier Transistor Switches apply gate 
current to the Triac Switch which selects the power line onto the main winding of the drive 
motor. During normal speed control, when power is to be applied to the drive motor, the 
specific time for switching in the power is determined by the voltage comparator on the 
Servo PCBA. The Triac Switch allows current to pass through the drive motor winding for 
that portion of the line cycle. Since the power line voltage has both a positive and a 
negative excursion in a given cycle, power may be applied twice during a cycle. The phase 
angie of that power appiication can be determined and controiled by the comparison of the 
Ramp Generator with the integrated increase motor speed signal. 
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The control circuitry contained on the Servo PCBA is enabled by the Not Drive Motor 
Enable (NLDMEG) signal. Thus, when it is desired to have no power applied to the drive 
motor (e.g., when the machine is stopped), the circuitry is correspondingly commanded by 
the st.ate on the drive motor enable line. When it is desired to stop the disk from rotating, it 
is necessary to develop a braking torque to slow the disk down to the stop condition in a 
reasonable amount of time. This is necessary because the rotating assemblies have a 
considerable inertia and the time for the spindle to coast down to a stop without an 
additional braking force would be excessive. In order to develop this braking torque, the 
drive motor is operated in a special mode during that portion of the stop cycle. This is 
referred to as a brake cycle and is defined by the Brake Cycle Enable (NLBCEG) signal 
derived from the Start/Stop Control logic on the Logic PCBA. When the Brake Cycle Enable 
signal is asserted, the Servo PCBA circuitry is caused to operate in a slightly different 
mode wherein full power is applied to the drive motor main winding but only for one-half of 
a line cycle. This develops a magnetic field in the drive motor which results in a braking 
torque rather than in a running or starting torque. It is this torque which is used to slow the 
spindle to a stop. 

4.7.4 POSITION CONTROL LOGIC 

Figure 4-11 * is a functional block diagram of the Position Control logic and should be 
referred to in conjunction with the following discussion. 

The major function of the Position Control logic is to accept address commands from the 
1/0 interface and cause the positioner to move to the address demanded by the interface. 
This involves generating suitable signals to control the mode of operation of the positioner 
servo and to control the velocity that is used by the positioner servo. Additionally, certain 
signals are generated which are supplied to the interface for indicating the Position 
Control logic status. Error checking of the Position Control logic functions are also 
accomplished by this logic. 

The major inputs from the 1/0 interface are the Track Address (ITAOR-ITAER) lines, the 
Address Strobe (ISTRR), and the Restore (IRTRR) lines. Inputs to the Position Control logic 
from the Servo PCBA are: Position Reference Clock (SPRCG), Position Quadrature Clock 
(SPQCG), Position Transducer Index (SPTIG), and Heads Retracted (SHRXG). The signals 
from the Servo PCBA are derived from the position transducer. Additionally, the Load Head 
signal (LLHFF) is provided as an input to the Position Control logic from the Start/Stop 
logic and is used in the Mode Control logic: 

Major output signals from the Position Control logic to the Servo PCBA are the Address 
Difference (NLADNG), Forward Direction (LFDX1), Velocity Reference Enable (NLVREG), 
Position Mode (LPMXG), Forward Slow Mode (N LFSM 1), and Reverse Slow Mode 
(NLRSM1). The major output signals which determine interface outputs are the Illegal 
Address (NLlAXG) and the Busy (NLBSXG) signals. The auxiliary output supplied to the 
Read/Write PCBA from the Position Control logic is Demand Address Most Significant 
(LDAMG). An auxiliary output consisting of the three most Significant bits from the current 
address counter are supplied to the Temperature Compensation PCBA. 

A Track Address from the 1/0 interface specifies the address that is required by the 
controller. If the address is accepted by the Position Control logic, it is stored in the 
Demand Address Register. Loading of this register is under control of the Load Address 
and Illegal Address Control logic. The validity of a demand address on the 1/0 interface 
iines is tested by the Vaiid Address Decoders. 

*Foldout drawing, see end of this section. 
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The inspection and test of the address is made only when accompanied by a Strobe 
(ISTRR) from the 1/0 interface. In addition, the state of Restore (IRTRR) line is examined at 
the time of a Strobe and the state of that line determines if the address is to be accepted or 
ignored, and if a restore operation is to be performed. When the Restore line is asserted at 
the time of a Strobe, the Track Address lines are ignored and the Position Control logic 
commences a Restore operation. A Restore operation initializes the Position Control logic 
and returns the positioner to cylinder 000. If a Restore is not asserted at the time of a 
Strobe, then the Track Address lines are examined to determine if they contain a valid 
address. If a valid address is present, this address is accepted by the Position Control 
logic. If the address is an illegal address, i.e., it lies outside the range of the valid 
addresses, then this is signalled by the Illegal Address (NLlAXG) line. 

During a Strobe, and any time during a Seek operation, the Position Control logic and the 
positioner status are indicated on the Busy Time Signal (NLBTFF) line. Illegal Address and 
Busy Time signal are outputs of the Load Address and Illegal Address Control and the 
Busy logic. 

Information describing the current position of the positioner is stored in the Current 
Address Counter which is an upldown type of counter. The direction of the count and the 
amount of the count are determined by the Count Control logic on the basis of the Position 
Reference Clock (SPRCG) and Position Quadrature Clock (SPQCG) signals from the Servo 
PCBA. These are the digital position transducer signals derived from the outputs of the 
position transducer. 

The positioning system in the D3000 Disk Drive functions on the basis that the physical 
position of the positioner is known to the Position Control logic at all times. This is 
because the logic has kept track of all moves made by the positioner since initialization, 
i.e., current position information is initialized at the time the heads are loaded. In other 
words, the system knows where it is because it was told where it started from and it kept 
track of every move thereafter. Furthermore, it knows how far it has to go to achieve the 
demand address because it knows where its current location is. The particular mode of 
operation of the Position Control logic is determined by the Mode Control portion of the 
logic in conjunction with the Operation Control logic. The various inputs and outputs of 
this portion of the Position Control logic can be seen in the block diagram, Figure 4-11. 

There are four modes of operation of the Position Control logic. One mode is the Position 
Mode which causes the positioner servo to operate as a position-type servo and hold a 
particular cylinder position. 

During a Seek operation it is necessary to operate the positioner servo as a velocity-type 
servo. This, of course, is a negation of the Position Mode line. In addition to the velocity 
reference enabled by the Velocity Reference Enable (NLVREG) line, the direction of the 
velocity is specified by the Forward Direction (LFDX1) line, and the particular velocity 
reference level is determined on the basis of the amount of difference between the current 
address and the demand address. This difference is specified to the Velocity Feedback 
Pulse Generator on the Servo PCBA by the Address Difference lines. It is important to note 
that the difference between the current address and the demand address is obtained by 
performing a ones-complement arithmetic subtraction on the binary values contained in 
Current Address Counter and the Demand Address Register. This subtraction process is 
performed by the Subtractor and Complementor logic. Since the arithmetic is ones
complement arithmetic, an end-around carry is used. This carry is under control of the 
Carry Control logic and the algebraic sign of the velocity desired is determined on the 
basis of the binary value of the carry. The actual subtraction is mechanized using an 
integrated circuit binary full-adder. When the heads are being loaded, it is necessary to 
force the carry to a particular state; this is accomplished by the Carry Control logic on the 
basis of the states of certain bits in the Current Address Counter. 
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The other two modes of operation of the Position Control logic are the Forward Slow Mode 
and the Reverse Slow Mode. The two slow modes are a slow velocity type of operation. The 
Forward Slow Mode is used during loading of the heads and the latter portion of a Restore 
operation. The Reverse Slow Mode is used for unloading the heads and performing the 
first portion of a Restore operation. When operating in the Slow Velocity Mode, the 
velocity reference developed from the Address Difference lines is not used and therefore 
Velocity Reference Enable (N LVREG) is not activated. 

The Error Check logic performs two types of checks concerned with operation of the 
positioner. The first check determines if the positioner has completed a seek within the 
maximum allowable time. This check is done by the Seek Time Error (N LSTEG) check 
circuitry and is a gross type of check to determine simply that the positioner has not 
become stalled due to a fault. Although each seek is checked by this circuit, it does not 
verify that the time for the specific distance moved was compatible with the specific time 
associated with that length of seek. Rather, it determines that the positioner has not 
become stalled while attempting a seek. 

The other error check performed is to determine that the positioner has not traveled 
outside of the legal range of travel. This is performed by the position limit monitor circuitry 
which generates a Position Limit Error (N LPLEG) signal if the positioner exceeds the 
normal range of travel. This check is performed only during the time that the heads are 
loaded onto the disk. 

4.7.5 SECTOR ELECTRONICS 

Figure 4-12* is a functional block diagram of the Sector Electronics logic and should be 
referred to in conjunction with the following discussion. 

The major function of the Sector Electronics logic is to provide Sector pulses at the I/O 
interface which electrically subdivide the disk storage surface into a number of sectors for 
the purpose of addressing data stored on the disk. Additionally, the specific number of the 
sector passing under the Read/Write heads is transmitted to the I/O interface on the Sector 
Count lines. These lines specify the sector count presented in a binary format. The count 
indicates the particular segment of the disk surface currently under the Read/Write heads. 

In addition to the Sector Pulse and Sector Count, the Index Pulse is provided as an output 
of the Sector Electronics. This line provides a signal which is a pulse occurring once per 
revolution of the disk and may be utilized to define the sector reference, i.e., sector zero. 

Referring to Figure 4-12, it can be seen that inputs to the Sector Electronics logic are a 
signal from the Upper Sector/Index Sensor, a signal from the Lower Phaseflndex Sensor, 
Clock signals obtained from the clock countdown portion of the Start/Stop Control logic 
and the Drive Motor Enable (LDMEG) signal also from the Start/Stop Control logic. 

In quad-disk drives, the removable cartridge may be sectored either electronically or 
mechanically while the lower (fixed) disk(s) is sectored electronically. 

Electronic sectoring can be one of two configurations since the removable cartridge may 
be one of two configurations, i.e., an index notch only, or with sector slots and an index slot. 
The associated types of electronic sectoring are provided from an index-only type of 
cartridge and from a sector-plus-index-slot type of cartridge. 

The normal top-loading cartridge has one slot in the armature plate which is referred to as 
the index notch. This is the standard top-loading cartridge arrangement. Some specially 
modified top-loading cartridges have additional notches for mechanical sectoring 
purposes. 

*Foldout drawing, see end of this section. 
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The normal front-loading cartridge has sector slots for the purpose of sectoring and a 
single index slot in the sector ring for purposes of mechanical sectoring. Special front
load cartridges may be designed with only an index slot. 

Referring to Figure 4-12, the Upper Sectorllndex Sensor is a photoelectric type of sensor 
for front load models and a magnetic transducer for top load models. The Lower Phase/ 
Index Sensor is a magnetic transducer on all D3000 models. This magnetic transducer 
senses the notches in the Phase Lock Ring mounted on the spindle. The Phase Lock Ring 
is used for electronic sectoring and for spindle speed control. The slots or notches in the 
removable cartridge are sensed by the appropriate sensor type and signal is fed to the 
Upper Sensor Detector which converts the analog signal from the sensor to a digital pulse 
train. The pulse train, however, contains either all the pulses for the sector slots or 
notches and a pulse for the index slot or notch, or in the case of index-only cartridge, just a 
single pulse for the index notch. 

In the event that pulses for the sector slots or notches and the index slot or notch are 
present, these will be separated by the Upper Time Demultiplexer. The pulse representing 
the index will be output on one line from the Upper Time Demultiplexer and the sector 
pulses will be output on another line. Therefore, the Upper Time Demultiplexer functions 
to separate the index pulse from the sector pulse. It is important to note that these pulses 
are representative of sensing of the slot and are not the signals fed to the interface. The 
specific gate time required by the Upper Time Demultiplexer is programmed by a jumper 
and the basic time reference used is obtained from a clock signal generated in the Clock 
Countdown portion of the Start/Stop Control logic. 

In the case when an index-only cartridge is being used, a single pulse per revolution is 
applied to the input of the Upper Time Demultiplexer. The output of the Upper Time 
Demultiplexer will be a single pulse on the same line that was used for outputting the 
demultiplexed sector information in the previously mentioned case. 

The Lower Sensor Detector is a circuit similar to the Upper Sensor Detector except that it 
has a variable threshold. The circuit converts the analog signal from the Phase Lock Ring 
magnetic transducer to a digital signal which is applied to the Lower Time Demultiplexer. 
The purpose of the Threshold Control is to provide a means for changing the sensitivity of 
the Lower Sensor Detector. When executing a stop sequence, or when the drive is in the 
Safe condition, it is desirable to be able to detect any rotation of the spindle; this is 
accomplished by causing the Lower Sensor Detector to operate in a high sensitivity mode 
via the Threshold Control logic. This high sensitivity threshold is enabled when Drive 
Motor Enable (LDMEG) is not asserted. When LDMEG is asserted, the threshold is 
changed to a threshold similar to that used in the Upper Sensor Detector. LDMEG is 
asserted whenever the disk drive is in the Run condition. 

The Lower Time Demultiplexer functions in a manner similar to the Upper Time DemUlti
plexer except that the Phase Lock Ring always has a single index notch per revolution 
which is interposed between the phase lock notches. The Lower Time Demultiplexer will 
output the Index pulse on one line and all the other phase lock notch pulses on the other 
line. Thus, the Lower Time Demultiplexer separates the pulses obtained from the phase
lock notches from the single index notch. The value of the gate time required by the Lower 
Time Demultiplexer is programmed by the jumper. The time reference is obtained from a 
clock signal generated by the Clock Countdown circuitry in the Start/Stop Control logic. 

The specific sectoring configuration is selected by the connections of the Sectoring 
Selection Programming Array shown as two blocks in Figure 4-12. The raw pulses output 
from this interconnection array are unsuitable for application to the I/O interface directly 
and must be formed into suitable pulses by the Upper Sector Pulse Former, the Lower 
Sector Pulse Former, the Upper Index Pulse Former. and the Lower Index Pulse Former. 
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Each of these pulse former circuits takes the raw input pulse and converts it into a pulse 
having a time duration that is suitable for transmitting over the I/O interface. The outputs 
of the Upper Sector Pulse Former and Lower Sector Pulse Former are multiplexed onto the 
single Sector Pulse (ISPXD) line by the Sector Pulse Multiplexer according to the particular 
disk selected by the I/O interface. 

Likewise, the outputs of the Upper Index Pulse Former and Lower Index Pulse Former are 
multiplexed by the Index Pulse Multiplexer and fed to the single Index Pulse (IIPXD) line 
according to the particular disk selected by the interface. The Multiplexer Control logic 
controls the pulse multiplexers according to the state on the Upper Platter Select (LUPSG), 
Not-Upper Platter Select (N LUPSG), and Selected And Ready (N LSARG) line. 

Additionally, the raw pulses obtained from the Sectoring Selection Programming Array are 
applied to the sector number counters for generating the sector count. The Upper Sector 
Number Counter and Upper Count Control are used to generate the sector number count 
for the upper disk. The Lower Sector Number Counter and Lower Count Control are used 
for the lower disk. A particular sector count is multiplexed by the Sector Count Multiplexer 
logic according to the control signals generated by the Multiplexer Control logic. These 
control signals are a function of the specific disk selected and the Selected And Ready 
condition. The count control for each sector number counter determines when the counter 
will be returned to a zero count. This is determined automatically as a result of the count 
control action obtained from the raw index pulse occurrence. 

Electronic pulses are generated by the drive as selected by the Sectoring Selection 
Programming Array when the removable cartridge has index only, or when it is desired to 
electronically sector a multi-notch removable cartridge. Additionally, the Sectoring 
Selection Programming Array causes the drive to generate pulses for sectoring the lower 
disk which is sectored electronically regardless of the configuration. These pulses are 
generated by counting down (with an electronic counter) the output of a high-frequency 
oscillator. Because sector pulses must be synchronous with the instantaneous speed of 
spindle rotation, it is necessary to phase lock this high-frequency oscillator to the spindle. 

These particular functions are implemented by the Sector Phase Lock Loop through the 
Upper and Lower Sector Countdown Counters. Associated with these counters are 
Electronic Sector Programming Arrays used to determine a particular number of sectors 
and a synchronizer for each counter to synchronize the count with the Index pulse 
obtained from their respective Time Demultiplexer. The output derived from the phase lock 
ring notches are fed via the Lower Time Demultiplexer to a Phase Lock Flip-Flop which 
divides the frequency of that pulse train by a factor of 2 and converts it into a square wave. 
This square wave is used not only by the Sector Phase Lock Loop but is one of the outputs 
of the Phase Lock Flip-Flop fed to the Spindle Speed Control electronics. 

The Voltage Controlled Oscillator (VCO) within the Sector Phase Lock Loop is 
electronically servoed to the square wave obtained from the Phase Lock Flip-Flop. This is 
accomplished by taking the output of the VCO and counting it down with the Sector PLL 
Countdown Counter. The specific countdown value is programmed by the Countdown 
Programming Array and the output of the counter is converted to a square wave by the 
Sector Countdown Divider Flip-Flop. The outputs of the Sector Countdown Divider Flip
Flop are compared with the Phase Lock Flip-Flop output by the Phase Comparator. The 
output of the Phase Comparator is suitably filtered and applied to a Sum-And-Difference 
Amplifier which generates the control voltage for servoing the frequency of the VCO. This 
causes the output of the veo to become phase-locked to the phase lock pulses obtained 
from the phase-locked ring. 
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The output of the VCO may be taken directly or the frequency may be divided by a factor of 
2 by the VCO Divider Flip-Flop and applied to the Sectoring Selection Programming Array 
for selecting the specific electronic sectoring configuration. This high-frequency 
oscillator signal is then frequency divided by the Sector Countdown Counter for the 
particular disk. The exact value of a count used for the division is determined by the 
respective Electronic Sector Programming Array. The count is synchronized to a specific 
disk by the associated synchronizer in conjunction with the index pulse derived for use 
with that particular disk. The pulse train output from the particular sector countdown 
counter has a repetition rate corresponding to the number of desired sectors as 
programmed by the respective Electronics Sector Programming Array. This pulse train is 
synchronized with the respective index pulse. 

When electronic sectoring is selected by the Sectoring Selection Programming Array, this 
pulse train is fed directly to the respective pulse former. 

4.8 MOTOR CONTROL 

A functional element of disk rotational speed control is provided by the Motor Control 
circuitry. The current switching necessary to control drive current for the drive motor is 
provided by this subsystem. Additionally, provisions are made to accommodate drive 
motor operation at different line voltages in this subsystem. 

The drive motor is a permanent split-phase induction motor with multiple windings to 
accommodate the two classes of line voltage operation. A permanent split induction 
motor requires the use of a capacitor or other type of phase shifting arrangement 
connected in series with the start winding (or windings). This is done to provide a current 
in that winding, phase shifted with respect to the main winding such that the net magnetic 
field produced by the windings is a pseudo rotating magnetic field. In the D3000 Disk 
Drive, motor capacitors mounted on the power supply chassis are connected to provide 
the phase shift of current in the start windings with respect to the main winding. 

For 110v operation, main winding number 1 is connected in parallel with main winding 
number 2 and is operated directly from the line voltage. Current through the winding is 
switched on and off by a triac on the Motor Control PCBA. For 220v operation, main 
winding number 1 is connected in series with main winding number 2 and the series 
combination of these windings is operated directly from the line voltage. The current is 
switched on and off by the triac on the Motor Control PCBA. The motor capacitors are 
parallel-connected for 11 Ov operation and series-connected for 220v operation. 

Therefore, the effective arrangement for 110v operation is that the parallel combination of 
the motor capacitors is connected in series with the parallel combination of start winding 
number 1 and start winding number 2. This parallel series network is operated directly from 
the line voltage and is not switched by the triac. For 220v operation, the series 
combination of the motor capacitors is connected to the series combination of start 
winding number 1 and start winding number 2 and this series network is operated directly 
from the line voltage and is not switched by the triac. Thus, current flows in the start 
winding at all times when power is applied via the ON/OFF switch on the operator panel. 

Torque will not be developed by the motor to an extent which will allow starting rotation of 
the disks unless the main winding is energized for a sufficient amount of time to provide 
the net rotating magnetic field. Likewise, sufficient torque to maintain rotation will be 
available only if the main winding is energized sufficiently often that the available field 
from a combination of the main and the start winding can provide the necessary torque to 
the load. Torque available from the drive motor is therefore provided by switching on and 
off the current in the main winding. The ability to control the speed of the drive motor and 
the torque that it supplies to the load is therefoie contingent upon switching the triac on 
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the Motor Control PCBA at the correct times and allowing current to flow in the main 
winding as required. 

The current amplification necessary to provide the high current drive for the gate of the 
triac is provided by transistor current switches on the Motor Control PCBA. 

Since the main winding of the drive motor is an inductive load, there can exist a phase shift 
between the current through the motor and the applied voltage. This means that at the 
time the triac current falls below the holdina current value and the triac ceases to conduct. 
there will exist a certain voltage across th~ triac. If this voltage appears too rapidly, the 
triac will resume conduction and control will be lost. To achieve control with certain 
inductive loads, such as the drive motor, the rate of rise in voltage must be limited by a 
series R-C network across the triac. The capacitor limits the rate of change of voltage 
across the triac with respect to time; the resistor limits the surge of current from the 
capacitor discharging when the triac first conducts. It is also used to damp the ringing of 
the capacitance with the drive motor inductance and the inductance of a series inductor 
mounted on the Motor Control PCBA. This additional inductor is required to reduce 
transients caused by the triac switching into conduction. 

4.9 POWER SUPPLY 

Figure 4-13 is a block diagram of the drive power supply which is in two parts. The first part 
is the power supply module on the power supply chassis plate, which is fastened to the 
base casting, and contains the power transformer, rectifiers, capacitors, fuses, line filter, 
and power resistors. Three unregulated dc supplies are generated at nominal voltages of 
± 25v and + 10v dc. Three ac supplies are generated at nominal voltages of ac line voltage, 
Bv ac (rms) and 25v ac (peak). 

The second part of the power supply consists of the ± 12v and ± 5v voltage regulators 
which are located on the Servo PCBA. Interconnection between the two parts is provided 
by a harness from the power supply chassis which plugs into the Servo PCBA via a 12-pin 
connector. Interconnection for ac line voltage, ac common, and Bv ac (rms) to the Motor 
Control PCBA is provided via a 6-pin connector. 

The transformer primary connections for several line voltages are shown in Figure 4-14. 
Line voltage is connected to the transformer via the ON/OFF switch. The ac line voltage is 
also used directly to power the drive motor and fan. Also, Bv ac (rms) and 25v ac (peak) are 
used for drive motor speed control circuits. 

Unregulated dc (at a nominal ± 25v under load) is used to provide power to the positioner, 
voltage regulators, relay driver, and the solenoid driver. The voltage regulators generate 
four regulated supplies. The + 12 and - 5v supplies are zener regulated but not adjustable. 
The + 5v supply is adjustable and regulated. 

All regulated dc voltages are protected against overvoltage by SCR crowbar protection 
circuits. When any of the regulated voltage lines exceeds its preset overvoltage value, the 
corresponding SeR fires. This holds the voltage down on the circuits connected to this 
voltage line until the fuse blows a few milliseconds later. The power resistors, in series 
with the unregulated ± 25v dc and + 10v dc, limit short circuit currents to a finite value 
when the SCR fires in the corresponding circuit. The bleeder resistors, provided across 
capacitors, discharge in the capacitors when the power supply input line cord is 
disconnected. 
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LINE INPUT LINE 
VOLTAGE BETWEEN 

95 9AND3 

100 2 AND 3 
7 110 1AND3 

8 4 115 2 AND 4 

125 1AND4 

10 9 190 9 A~..JD 7 

TRANSFORMER 
200 2AND7 

Tl 210 1 AND 7 

6 20 215 2 AND 7 

220 1AND7 

225 2 AND 7 

11 12 
230 2 AND 8 

235 1 AND 7 

240 1 AND 8 

250 1 AND 8 

NOTE: FOR OPERATION AT OR BELOW 125V RMS THE TWO PRIMARY WINDINGS 
ARE OPERATED IN PARALLEL. FOR 200V RMS AND ABOVE THE TWO 
PRIMARY WINDINGS ARE OPERATED IN SERIES. THIS TABLE APPLIES TO 
POWER SUPPLY ASSEMBL Y NUMBER 108151 • 

CONNECT 

9 TO 10 AND 3 TO 7 

2T06AND3T07 

1T05AND3T07 

2 TO 6 AND 4 TO 8 

1 T05AND4T08 

3 TO 10 

3 TO 6 

3 TO 6 

4 TO 6 

3 TO 5 

4 TO 5 

4 TO 6 

4 TO 5 

4 TO 6 

4 TO 5 

Figure 4-14. Transformer Primary Connections 

4.10 TEMPERATURE COMPENSATION 

Figure 4-15* is a functional block diagram of the temperature compensation circuitry used 
in both top and front load models. Two thermistors are employed; one to sense the 
ambient temperature of the removable disk and the other to sense the ambient 
temperature of the fixed disk(s). The analog signals from these thermistors are amplified 
and scaled to yield signals which are accurately related to temperature. These signals are 
then amplified and applied to the servo summing junction on the Servo PCBA and used as 
warm-up transient compensation. 

The disk(s) ambient temperature signal is also compared to a temperature reference signal 
from the system compensation circuitry and the difference applied to a multiplying digital
to-analog converter. This converter also accepts as an input from the Logic peBA the three 
most significant bits of the current address counter. These signals are then applied to the 
servo summing junction for compensation of the disk tracks. 

In addition to temperature sensing circuitry, the Temperature Compensation PCBA 
includes logic to control the speed of the positioner assembly during emergency unloads. 
This protects the heads from crashing on the media if excessive speeds are reached by the 
positioner during the emergency unload condition. 
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Figure 4-9. Start/Stop Control, 
Functional Block Diagram 
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Figure 4-11. Position Control Logic, 
Functional Block Diagram 
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SECTION V 

DETAILED ELECTRICAL AND LOGIC DESCRIPTION 

5.1 INTRODUCTION 

This section contains the theory of operation of the PCBAs used in the D3000 Series Disk 
Drives. Schematic and assembly drawings for each board are contained at the end of 
Section VII. 

5.2 LOGIC TERM MNEMONIC IDENTIFICATION 

All digitai signals in the D3000 Disk Drive are identified by a name which will be referred to 
as the logic term. Logic terms may be descriptive of a condition or an event, or they may be 
a generalized name used primarily for documentation purposes. If a descriptive name is 
essential to facilitate the understanding of a function, a generalized term is not used. 

Appendix A of this manual contains the mnemonic listing for the D3000 Series Disk Drive. 
An understanding of the mnemonic scheme is essential to the total understanding of the 
D3000 logic drawings. Also included in Appendix A are figures and tables which provide 
the user with an understanding of the six character logic term. 

5.3 SERVO PCBA 

The following paragraphs describe the Servo PCBA installed in the D3000 Series Disk 
Drive. Refer to Schematic No. 108130 and Assembly 108131. 

The Servo PCBA is approximately 254 mm (10 inches) square with two connectors along 
one edge. Figure 5-1 illustrates the placement of each connector, test point, and 
adjustable component on this board. J201 and J202 are the connectors which connect via 
mating plugs and 3M flat cables to the Logic PCBA. The remainder of connectors are of the 
Molex type. 

In general, the connectors perform the following functions. 

(1) Electrically connect the Servo PCBA to all base-casting-mounted assemblies, e.g., 
power supply, positioner coil, position transducer, emergency unload capacitor, 
cartridge lock solenoid, and heatsinks. 

(2) Provide power to the Logic PCBA. 

(3) Provide a path for signals and levels between the Servo and Logic PCBAs. 

(4) Provide a path for the + 5v and control signals to the motor control board. 

(5) Provide a path for temperature compensation and emergency unload signals from 
the Temperature Compensation PCBA to the Servo PCBA. 

Contained on the Servo PCBA are the electronics for voltage regulators, positioner, 
emergency unload system, ac motor speed control circuits, cartridge lock solenoid driver, 
and povver clear circuit. The fo!!o\lving paragraphs describe the circuits associated with 
each of the connectors. 

5.3.1 VOLTAGE REGULATORS 

The power supply voltage regulators are shown on Schematic No. 108130, sheet 2. J212 
(zone Hi6) connects unregulated + 25v, - 25v, + 10v to the Servo PCBA. Note that two 
pins are allocat~d to each of the high current lines to reduce current density in the pins. 

The dual in-line regulator, U18 (zone F13), furnishes the regulated + 12v dc and -12v dc 
voltages. 01 (zone H 12) and 02 (zone D12) are the current pass transistors for the + 12v dc 
and - 12v dc regulated voltages, respectively. 
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The + 5v and - 5v regulators consist of U21 (zone B12) and U11 (zone E12), respectively. 
Potentiometer R30 (zone B12) regulates the output of the + 5v regulator and can be 
monitored at TP24. Operational amplifier U15 is used as a voltage follower in the regulating 
circuit. The high open-loop gain of the operational amplifier in the-feedback regulating 
circuit offers improved line and load regulation characteristics to the - 5v supply. Zener 
diode VR3 provides the voltage reference for the - 5v. 

Regulator power transistors 01, 02, and 03 are mounted on heatsinks external to the 
Servo PCBA. J204 and J20B connect the regulators to the external heatsink. 

A crowbar over-voltage protection circuit is provided for the + 5v and - 5v supplies. These 
circuits are employed to detect an increase of 3v in the + 5v supplies. Zener diodes VR7 
(zone B11) and VR4 (zone E10) detect an increase in the + 5v and - 5v supplies, 
respectively. An increase to + 8v or - 8v causes SCR3 or SCR2 to fire, which in turn 
causes the + 10v or - 25v fuse on the power supply module to blow, thus removing the 
relevant voltage supply. 

A crowbar over-voltage protection circuit is also provided on the + 12v and - 12v supplies 
and employs zener diodes VR1 and VR2 (zone F12), and VR5 and VR6 (zone E10), 
respectively, to detect an increase in the 12v supplies. A voltage increase to + 15v or - 15v 
causes SCR1 or SCR2 to fire, which in turn causes the + 25v or - 25v fuse on the power 
supply module to blow, thus removing the relevant 25v supply. 

J209 (zone H14) and J211 (zone D14) are jumper plugs which connect unregulated ± 25v to 
circuits on the Servo PCBA. These jumper plugs enable the isolation of the regulators and 
power supply for maintenance purposes. 

The unregulated 25v supplies are used in the positioner power amplifier and the power 
clear circuit. In addition, the - 25v supply is used in the emergency unload relay driver. 
The 5v regulators supply power to the digital ICs, mode control electronics, ac motor 
control circuit, relay driver, and cartridge lock solenoid driver. The 12v regulators supply 
power to the operational amplifiers, velocity function generator, mode control electronics, 
position transducer signal conditioners, and position transducer lamp driver. 

5.3.2 POSITIONER SERVO ELECTRONICS 

The positioner electronics consists of the Velocity Function Generator, Mode Control 
circuits, Position Transducer Signal Conditioners, Velocity Synthesizer, Summing 
Amplifier, Positioner Power Amplifier, Position Transducer Lamp Driv·et Failure Detector, 
and the Emergency Unload System. Refer to Paragraph 5.2 for a definition of logic term 
mnemonics used in the following descriptions. 

J201 provides a path for the majority of logic command signals for the positioner servo 
system from the Logic PCBA to the Servo PCBA. J202 provides a path for the remaining 
logic signals from the Logic PCBA to the Servo PCBA, and vice versa. 

5.3.2.1 Velocity Function Geneiatoi 

The Velocity Function Generator is shown on Schematic No. 108130, sheet 2. This circuit 
generates a step voltage signal of known polarity (positive or negative) which can be 
monitored at TP18 (zone H2). The polarity of this signal is dependent upon the state of 
logic command signals NLAD1G through NLAD7G, NLADEG, and LFDX1. Assume that the 
address difference is non-zero and is such that the signals at pins 18,27,28,29,30,33,31, 
32 of J201 are in the logic low state, i.e., signals are active. Correspondingly, the output 
logic state of IC U44 pins 11, 3, 6, and 8, plus U40 pins 3, 8, and 6 will be high causing 
diodes CR5, CR7, CR9, CR11, CR13, CR15, and CR17 to be reverse biased. 
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Diodes CR6, CR8, CR10, CR12, CR14, CR16, and CR18 are forward biased and current 
flowing through resistor network R40 and R47, R48 and R49, etc., is summed at the 
summing junction (pin 2) of operational amplifier U30 (zone H3). The output at TP18 will be 
± 6v depending on the state of Forward Direction (LFDX1) logic signal. When LFDX1 is 
high, the output at TP18 will be + 6v and when LFDX1 is low, the output at TP18 will be 
- 6v. Similarly, when the address difference is zero, the state of the logic command 
signals (NLAD1G through NLADEG) is such that the output logic state of IC U44 pins 11,3, 
6, and 8, plus IC U40 pins 3, 8, and 6 will be low, and diodes CR5, CR7, CR9, CR11, CR13, 
CR15 and CR17 will be forward biased. Diodes CR6, CR8, CR10, CR12, CR14, CR16, and 
CR18 are reverse biased and no current flows from the resistor network into the summing 
junction of U30 except from R53. Consequently, the output of TP18 will be + 0.3v 
depending on the state of logic signal LFDX1. 

A third possibility exists when the address difference is non-zero and the state of signals 
NLAD1G through NLADEG is such that some of the output logic states at the outputs of 
U44 pins 11, 3, 6, and 8, plus U40 pins 3, 8, and 6 are high and others are low. In that case, 
the output at TP18 will be a voltage step between + 6v and - 6v depending on the output 
logic states of U40, U44, and the LFDX1 signal. 

Velocity Reference Enable (NLVREG) going low at pin 20 of J201 turns U23 (zone G7) on 
and SVRVA current flows through R134 into the summing junction (pin 2) of the summing 
amplifier U16 (zone G6). When NLVREG is high, U23 is turned off and no current flows into 
the summing junction of U16. Hence, U23 acts as a switch that enables the output of U16 
which can be observed at TP9. 

5.3.2.2 Mode Control 

The Mode Control circuitry is shown on Schematic No. 108130, sheet 3. When Track Offset 
Plus (NLTOPG) at pin 26 of J201 (zone G13) is low and Track Offset Minus (NLTOMG) at pin 
25 of J201 is high, the signal at the output of U12 pin 7 will be - 4.5v ± 0.5v. Conversely, a 
high state of NLTOPG and a low state of NL TOMG will make the voltage at the output of 
U12 pin 7 + 4.5v ± 0.5v. When NLTOPG and NLTOMG both are high, the voltage at the 
output of U12 pin 7 will be Ov. 

Forward Slow Mode (NLFSM1) low at pin 24 of J201, Reverse Slow Mode (NLRSM1) high at 
pin 23 of J201, and the high output of U25 pin 4 (Le., Heads Retracted (SHRXG) low at TP13, 
zone C15) causes the signal at U16 pin 6 (zone G6) to be - 0.55v ± 0.05v. Conversely, when 
NLFSM1 is high, NLRSM1 is low and SHRXG is low, the signal at U16 pin 6 is - 0.55v 
± 0.05v. When NLFSM1 is high, NLRSM1 is low and SHRXG is high, the signal at U16 pin 6 
is approximately 0.11v. Finally, when NLFSM1 and NLRSM1 are high, regardless of the 
state of SHRXG, the voltage at U16 pin 6 is Ov. 

Potentiometer R145 (zone G7) is used to adjust the dc offsets when the servo is in the 
Position Mode. TP11 and R143 (zone H7) provide a means to introduce an external 
perturbation signal into the summing amplifier. 

5.3.2.3 Position Transducer Signal Conditioner 
The Position Transducer Signal Conditioner circuitry (zone H17) is shown on Schematic 
No. 108130, sheet 3. These circuits are employed to amplify the low level position 
transducer signals (X + 0, X + 90, Index, and Heads Retracted) and convert them to 
appropriate logic signals (SPRCG, SPQCG, SPTIG, and SHRXG). J203 (zone A-H18) 
connects all position transducer signals and velocity synthesizer signals to the Servo 
PCBA. Outputs from the Position Transducer Signal Conditioners are routed to the Logic 
PCBA via edge connector J202 (zones A-H15). 
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Figure 5-2 describes the position transducer output signals, namely Heads Retracted, 
Index, X + 0 and X + 90, at pins 6, 1, 3, and 2, respectively, of connector J203, as the 
positioner carriage is moved in the forward direction, i.e., toward the spindle. The 
amplitude of the Heads Retracted and Index signal is approximately 10 mv at pins 6 and 1 
of J203. The amplitude of X + 0 and X + 90 signal is approximately 120 mv to 200 mv at 
pins 3 and 2 of J203. 

The output of the Heads Retracted, Index, X + 0, and X + 90 amplifiers can be monitored 
at TP13, TP16, TP14, and TP19, respectively. Figure 5-3 describes the output of these 
amplifiers and should be referenced in conjunction with Figure 5-2. 

Potentiometers R57 (zone H18), R66 (zone F18), and R75 (zone E18) provide dc bias for 
balance adjustments of the X + 0, X + 90, and Index signals, respectively. R60 (zone H17) 
provides gain adjustments for the X + 0 signal at TP21. Type 741 operational amplifiers 
(U38, U37, U34, and U33) are used as high gain inverting amplifiers to amplify these signals. 
Potentiometer R69 (zone F17) provides gain adjustments for the X + 90 signal at TP15. 

When R60 (the X + 0 gain potentiometer) and R57 (the balance potentiometer) are properly 
adjusted, the output at TP21 should be 4v peak-to-peak. When R69 (the X + 90 gain 
potentiometer) and R66 (the balance potentiometer) are properly adjusted, the X + 90 
amplifier output at TP15 should be 4v peak-to-peak. The change in transition (from positive 
to negative and vice versa) at TP27 should be from - 3v to + 3v and vice versa when R75 
(the Index balance potentiometer) is properly adjusted. 

The amplified Heads Retracted, Index, X + 0, and X + 90 signals shown in Figure 5-2 are 
then converted into their corresponding logic signals shown in Figure 5-3, namely, 
SHRXG, SPTIG, SPRCG, and SPQCG. These logic signals can be monitored at TP13, TP16, 
TP14, and TP19, respectively. Type 75107 dual line receivers U19 and U20 are used in the 
circuit as comparators for analog-to-digital conversion. 
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The R-C network in the feedback loop around comparators U19 and U20 provides ac and dc 
hysteresis. An example of this network is C32, R81, R82, and R83 in the feedback path of 
U19 (zone D16). These networks assure a single transition crossover detection of the 
analog input signals and provide good dc noise margins for analog inputs to the 
com parators. 

5.3.2.4 Velocity Synthesizer 

The Velocity Synthesizer circuitry shown on Schematic 108130, sheet 3, uses the X + 0 
and X + 90 signals (converted to their logic signals) to develop positioner velocity by 
hybrid (digital and analog) means. This circuit synthesizes the time derivative of the 
position of the head carriage. The resulting differentiation is then used as a null signal for 
the Position Power Amplifier. 

The signal at U29-11 (zone B14) consists of the exclusive-OR of the X + 0 and X + 90 
signals, which results in a signal that changes state twice as often as either signal. This is 
applied to two shift registers, U35 and U36 (zone B13) in series. Two taps on these registers 
are combined by another exclusive-OR gate at U29-3 (zone C12). The resultant output is 
high for a predetermined interval after U29-11 changes state. Thus, the ratio of this interval 
to the total interval between transitions at U29·11 is a measure of the velocity of the 
pOSitioner carriage. This ratio is computed in the analog portion of the circuit by U17 (zone 
C10), which is operated as a low-pass filter, but whose function is equivalent to that of a 
passive integrator. The resulting analog voltage at U17-6 is equivalent to approximately 
+ 10v per inch per second of positioner carriage velocity. This voltage, however, is always 
positive, so U15 (zone C9) is used to invert this signal whenever SFWDG from the 
velocity polarity generator is low. This voltage is then applied to the servo summing 
junction via U23-6 (zone G8) whenever the servo is in the velocity mode. 
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5.3.2.5 Summing Amplifier 

The Summing Amplifier U16 (zone G6) is shown on Schematic No. 108130, sheet 3. This 
amplifier sums the following reference, feedback, or control signals of the positioner 
servo system. 

(1) Velocity reference signal. 

(2) Velocity feedback signal. 

(3) (X + 0) position feedback signal. 

(4) Offset signal. 

(5) Track offset plus and track offset minus signal. 

(6) Reverse slow velocity mode, forward slow velocity mode, and reverse slow and 
heads up velocity mode signal. 

(7) External perturbation input signal. 

(8) Temperature compensation and head alignment (200 tpi). 

The positioner servo system normally operates in the Velocity Mode. Velocity feedback is 
provided continuously except when Reverse Slow Mode (NLRSM1) is low and Heads 
Retracted (SHRXG) is high (Le., the servo is in the Reverse Slow Mode and the heads are 
retracted), then velocity feedback is cut off. 

The Velocity Reference Enable signal (NLVREG, pin 20 of J201) going low turns on U23 pin 
2 (zone G7) and enables the velocity reference signal into the summing junction of U16 
(zone G6). The Position Mode signal (LPMXG, pin 22 of J201) going high turns on U23 pin 15 
(zone G7) enabling the X + 0 signal from U12 pin 1 (zone F10) into the summing junction of 
U16. Thus, the servo 'is placed in the Position Mode. 

The Forward Slow Mode signal (NLFSM1) low and Reverse Slow Mode signal (NLRSM1) 
high at pins 24 and 23 of J201, respectively, introduces a Forward Slow Mode signal into 
the summing junction of U16. Conversely, NLFSM1 high and NLRSM1 low introduces a 
Reverse Slow Mode signal into the summing amplifier. 

Track Offset Plus (NLTOPG) and Track Offset Minus (NLTOMG) signals are introduced at 
the summing junction of U16 only when the servo is in the Position mode of operation. 
NLTOPG (pin 26 of J201) low and NLTOMG (pin 25 of J201) high introduces the Track 
Offset Plus signal; NLTOPG high and NLTOMG low introduces the Track Offset Minus 
signal into the summing junction of U16. TP11 is provided to introduce an external 
perturbation signal into the summing junction. Potentiometer R145 (zone G7) is provided 
for nulling the Signal at TP9 in reference to servo ground. 

Referring to the summing junction of U16, the amplifier gains for any particular input 
signal is determined by the ratio of feedback resistor R144 (zone H6) and the resistor in 
series with the input signal. For example, the gain of the summing amplifier for any 
external input signal at TP11 (external perturbation signal) is R144 divided by R143. Zener 
diodes VR10 and VR11 (zone G6) are employed to limit the output of summing amplifier at 
TP9 to ± 6v. TP10 is the test pOint for servo ground. It should be noted that servo ground is 
depicted on the schematic as G(S) and logic ground is shown as G(L). The summing 
junction of U16 (pin 2) also receives the Temperature Compensation signal from the 
Temperature Compensation PCBA via pin 6 of connector J215 (zone F9), U12 and U23. 

5.3.2.6 Positioner Power Amplifier 

The Positioner Power Amplifier is shown on Schematic No. 108130, sheet 3 (zone G5). This 
amplifier is a linear feedback transconductance amplifier. It is referred to as a trans
conductance amplifier because its output current is proportional to the input voltage to 
the power amplifier. 
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The input to the power amplifier circuit is the output signal of Summing Amplifier U16, 
which can be monitored at TP9. When the signal at TP9 is positive, 017 turns on causing 
05 to conduct which, when relay K1 (zone C2) is energized, connects - 25v through R172, 
the positioner coil via J205, and R164 to ground. Conversely, when the signal at TP9 is 
negative, 015 turns on, causing 04 to conduct which, when relay K1 is energized, 
connects + 25v through R156, the pOSitioner coil via J205 and R164 to ground. 

J205 (zone C1) connects the positioner coil to the Servo PCBA, thus establishing a path for 
current through the coil and corresponding series resistors. The voltage drop across R164, 
which is proportional to the current through R164, is fed back to the power preamplifier 
U14 (zone G5). U14 compares the input voltage and the feedback voltage which is 
proportional to the current through the coil, and turns off 017 or 015 and 05 or 04 when 
the output current at TP22 is equal to some constant of proportionality times the input 
voltage at TP9. Potentiometer R163 (zone F5) is provided to adjust and vary this trans
conductance of the power amplifier. 

016 (zone G4) and 018 (zone E4) limit the maximum output current of the amplifier. The 
voltage drop across R172 or R156, and the value of R171 and R170 or R155 and R154 
determine the maximum value of current through 05 or 04, respectively. 

Additional current limiting is provided by VR1 0 and VR11, which limit the voltage and the 
adjustment of R163 to + 6v at TP9. This value of current is normally adjusted lower than 
that provided by the limiting values of 016 and 018. 

Resistors R160 and R161 (zone F4) provide an internal voltage feedback loop in the power 
amplifier stage. R-C networks C45 and R157, C47 and R167, C46 and R168 assure the high 
frequency stability of the power amplifier and eliminate high frequency oscillations. 

5.3.2.7 Position Transducer Lamp Failure Detector 

J203 pins 10 and 12, shown on Schematic No. 108130, sheet 3 (zone A18), connect the 
Position Transducer Lamp to the Servo PCBA. In normal operation, the lamp is driven from 
+ 5v with resistor R93 in series between the lamp and ground. When the lamp is 
illuminated the voltage drop across R93 turns on U1. Thus, the Position Transducer Failure 
signal (SPTFG) at pin 18 of J202 is low. Should the lamp fail, U1 is turned off and SPTFG 
goes high, thereby detecting the lamp failure. 

5.3.2.8 Emergency Unload System 

The Emergency Unload system, shown on Schematic No. 108130, sheet 3, consists of 
Emergency Unload Relay K1 (zone C3), a Relay Driver (zone C5), and an Emergency Unload 
Charging Network (zone B3). The Emergency Unload Enable signal (LEUEG) going low at 
J202 pin 32 turns on 019 (zone C4), energizing relay coil K1. The relay contacts are 
connected so that when the relay is energized, the Positioner Power Amplifier (zone G5) is 
connected to the positioner coil. When the relay is de-energized, the positioner coil is 
connected to the unload capaCitor via contacts 8/9 on Emergency Unload Relay K1 (zone 
03). Normally, K1 is energized and the positioner coil is connected in the Servo Loop to the 
output of Positioner Power Amplifier (zone 3-5G) via pins 9/10 of K1. The Power Amplifier 
provides a current to the positioner coil that is proportional to the applied input voltage to 
U14. 

LEUEG from pin 32 on J202 activates 035 which turns on 036, triggering SCR5 which puts 
a direct short across the positioner coil via contacts 16/15 of K1, into pin 5 and out of pin 2 
of J205, and then back through SCR5. This halts the positioner immediately regardless of 
what mode it is in. 
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A few milliseconds after SCR5 is triggered, the current in 019 decreases (zone 3-4G) and 
deactivates K1, which releases the short across the positioner coil at the same time 
connecting the emergency unload driver across the positioner coil causing the positioner 
to retract. The amount of current applied to the positioner coil is sensed at pin 4 of J214 
and used by the emergency unload driver to limit the maximum unload velocity. 

5.3.3 AC MOTOR CONTROL CIRCUITS 

Ac Motor Speed Control circuits, shown on Schematic No. 108130, sheet 4 (zone H17), 
convert iogic control signaislncrease Motor Speed (NLlMS1), Brake Cycle Enable 
(NLBCEG), and Drive Motor Enable (NLDMEG) at J202 pins 21, 23, and 20, respectively, to 
the appropriate control signal at TP2 which fires the triac control circuit on the Ac Motor 
Control PCBA. This control signal and + 5v is connected via J213 (zone H14) to the Motor 
Control PCBA. 

The 25v ac (peak) 60 Hz sine wave (zone E19) is converted into a 60 Hz square wave digital 
signal by comparator U6 pin 4. 

Referring to the 25v (peak) voltage at zone 019, the voltage is phase advanced by the 
network formed by C60, R207, and R208, then converted into a 60 Hz square wave digital 
signal at U6 pin 9. 

The digital signal outputs of comparators U6 pin 4 and U6 pin 9 are fed into an Inverse 
Exclusive OR circuit formed by U9 pins 4 and 12 and U10 pins 8 and 11. The output signal at 
pin 11 of U10 is a 120 Hz digital signal which is used as the switching signal for transistor 
switch 021 (zone 016). 

A circuit consisting of R201, R203, R204, C63, and transistor switch U21 generates a 
sawtooth waveform at 120 Hz. When the signal at U9 pin 9 is high, the transistor in the 
output state is cut off and capacitor C63 charges through R201, R203, and R204 to 
generate a ramp output at TP6. Conversely, when the signal at U9 pin 9 goes low, the 
transistor in the output stage is turned on and discharges capacitor C63 through R204. 
Since the value of R204 is much smaller than the sum of R201 and R203, the discharge time 
constant is much smaller than the charge time constant. Thus, the 120 Hz sawtooth 
waveform is generated and can be monitored at TP6. Potentiometer R201 (zone E16) is 
used to adjust the peak-to-peak amplitude of the sawtooth waveform which is fed to pin 1 
of comparator U1 (zone E15) along with the output of operational amplifier U8 (zone G18). 

The network associated with the operational amplifier U8 (zone G18) is an integrator 
circuit. When NLlMS1 is high, the output at TP5 is a ramp function whose time constant is 
dependent upon the value of R183, R185, R186. Diode CR30 and VR13 limit the maximum 
positive voltage to approximately 6v. Diode CR31 and VR13 limit the lower voltage 
excursion to approximately -1.4v. Thus, when NLlMS1 is low, the steady state value of 
the output voltage at TP5 is approximately - 1.4v. 

The dc voltage at TP5, which is proportional to the NLlMS1 pulses, and the reference 120 
Hz sawtooth waveform from 021 (zone 016) are compared in comparator U1 (zone E15). 
Thus, the signal at TP2 is either high or low, depending on the error in voltage between 
these two signals. 

The operation of the Ac Motor Speed Control circuit during startup, constant speed 
control and brake cycle can be summarized briefly as follows. During startup, NLlMS1 is 
low, NLBCEG is high, and NLDMEG is high at J202 (zone C19). The output of the integrator 
at TP5 is approximately -1.4v which, when compared with the reference 120 Hz sawtooth 
waveform, makes TP2 low. The low output of U1 at TP2 triggers the triac on the Motor 
Control PCBA every cycle, with practically full cycle power to the motor, allowing the 
motor to come up to the speed. 
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When the motor comes upto the correct speed, depending on the error in speed, NLlMS1 
is either high or low, and the voltage at TP5 is such that, when compared with the reference 
sawtooth waveform at TP6, will generate a correction pulse at TP2. This correction pulse 
triggers the triac on the Motor Control PCBA at a specific part of the ac waveform so that 
power is on for only part of the cycle. In other words, firing the triac at a specific time in 
one cycle of an ac waveform achieves the phase angle control of the ac waveform, thereby 
controlling the power to the motor. 

During a stop sequence, NLDMEG is high. When NLBCEG is also high (Le., brake cycle is 
not enabled), the output at U10 pin 6 (zone H19) is low and the signal at TP2 is high all the 
time, and the triac is turned off. Hence, the power to the motor is cut off and the motor 
speed coasts down. When a brake cycle is enabled, NLBCEG is low, the signal at U10 pin 6 
is high. Also, the signal at U6 pin 9 (zone 018) is high all the time; hence, signals at U6 pin 4 
and U10 pin 8 (zone 017) are 60 Hz square wave digital output. Consequently, the frequency 
of the reference sawtooth waveform at TP6 is 60 Hz. Since NLlMS1 is high, the voltage at 
TP5 and U1 pin 2 is approximately 0.7v. Thus the output at TP2 is a 60 Hz pulse train. Since 
the frequency of the trigger pulses at TP2 is 60 Hz, as opposed to 120 Hz, the triac fires 
during only one-half of each cycle. The width of the pulse at TP2 controls the firing angle 
on the ac waveform, therefore, braking power is applied during each half cycle. 

5.3.4 CARTRIDGE LOCK SOLENOID DRIVER 

The Cartridge Lock Solenoid Driver circuit is shown on Schematic No. 108130, sheet 4 
(zone C4). This circuit consists of a transistor switch connected in series with lock 
solenoids across + 5v and - 25v. J207 (zone 81) connects the coil of the lock solenoids to 
the Servo PCBA circuitry. 

The Lock Cartridge Mechanism signal (LLCMG) low at J202 pin 33 causes 034 and 033 to 
turn on. This action applies approximately 24v across the solenoid coil which energizes 
the solenoids, pulling the plungers into the coil. When LLCMG is high, 034 and 033 are 
turned off and the solenoid coil is de-energized, releasing the plungers. 

5.3.5 POWER CLEAR CONTROL CIRCUIT 

The Power Clear Control circuit is shown on Schematic No. 108130, sheet 4 (zone E11). 
This circuit detects fault conditions in the ± 5v, ± 12v, + 25v, and - 25v dc supplies and 
provides the Power Clear Signal (SPCSA) to the Logic PC8A via J202 pin 31 (zone E7). J202 
pin 30 (zone F13) connects the Plus 5 Volts Reference signal (LP5VA) to the Power Clear 
Circuit. 

Figure 5-4 illustrates the waveforms associated with fault detection on the + 5v line. The 
signals at various nodes in the circuit have been drawn on the functional timing diagram 
for explanation purposes and should be referred to in conjunction with the schematic. 

LP5VA high (plot 1) charges capacitor C70 (zone E8) through R231. Zener diode VR19 
clamps and maintains the base of 030 to + 2.7v nominal (plot 2). Capacitor C68 (zone E8) is 
charged to approximately + 2.1v nominal through diode CR36 and resistor network R228 
and R244. The charging time constant of C68, R228 and R244 is much longer than that of 
C70 and R231. Consequently, the base of 029 comes to the + 2.7v level with a slow rise 
time (plot 3). When the base of 029 is + 2.7v nominal, transistor 029 turns on and lowers 
the voltage on the base of 025 to less than + 5v, turning on 025. The collector of 025 will 
be at approximately + 4.8v nominal. Resistor R233 provides positive feedback to the base 
of 029, hence, a clean, fast edge of the signal is obtained at the pOint of transition (plot 4) 
and at J202 pin 31 (SPCSA) (plot 5). The amplitude of SPCSA is approximately 3.3v when 
high since there is a 150-ohm resistor inserted on the Logic PCBA between the SPCSA 
signai iine and ground. 
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Figure 5-4. Fault Detection Waveforms 

In the case where the + 5v sags momentarily, and correspondingly the voltage at the base 
of 029 goes below 2.7v so that 029 is turned off, the following actions occur. 025 turns off 
instantaneously and R233 provides positive feedback to achieve the sharp transition at the 
collector of 025. Since 025 is off, the collector of 025 is at ground potential and capacitor 
C66 is charged from the charge of C65. The difference in potential at the base of 024 turns 
on 024 which turns on 031. Capacitor C6B discharges through R237. The discharge and 
charge time constants associated with C65 and C66 are such that 024 is turned on for a 
longer time than the time required to discharge C6B through R237. Plots 6 and 7 of Figure 
5-4 describe typical waveforms of 024 base and 031 base voltages, respectively. SPCSA 
will also be low since the collector of 025 is at ground potential. 

Once the base of 024 recovers to the same potential as its emitter (4.3v), 031 is turned off 
and C6B charges through the network formed by R22B and R244 until the base of 029 is at 
+ 2.7v. This turns on 029 and 025 and the collector of 025 goes to + 4.Bv and SPCSA goes 
high (plots 3,4,5). The approximate time for SPCSA to go high after it has been in a low 
state is 150 msec. 

If the - 5v goes below approximately - 2.7v nominal, 02B turns off and the cathode of 
CR36 goes to ground potential. This causes 09 to turn off and the sequence of events is 
identical to the + 5v dropoff previously described. 

The following action occurs when LP5VA goes low permanently from its high state. The 
collector 025 goes to ground potential and SPCSA goes low. The signals at the base of 
030,029,024, and 031 are shown in plots 2, 3, 6, and 7, respectively. 
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Similarly, if the - 25v goes below approximately -17v nominal, 028 turns on and the 
cathode of CR36 goes to ground potential. This causes 029 to turn off and the sequence of 
events that occurs is identical to the + 5v drop-off previously described. When the + 25v is 
more negative than - 20v, 028 turns off and the cathode of CR36 is at approximately 3.3v 
which turns on 029. 

Similarly, if the + 25v is maintained at its nominal potential, 026 is on and the base of 027 
is at approximately Ov which turns off 027. The cathode of CR36 is at + 3.3v, and a normal 
charging sequence of C68 occurs until 029 turns on. When the + 25v goes to + 20v, 026 
turns off and 027 turns on. CR36 cathode goes to ground potential and the sequence of 
events that occurs is identical to the + 5v drop-off previously described. 

If the -12v goes below approximately -10v nominal, 028 turns on and the cathode of 
CR36 goes to ground potential. This causes 029 to turn off and the sequence of events is 
identical to the + 5v drop-off previously described. When the - 12v is more negative than 
- 10v or more, 028 turns off and the cathode of CR36 is at approximately 3.3v which turns 
on 029. 

Similarly, if the + 12v is maintained at its nominal potential, 026 is on and the base of 027 
is at approximately Ov which turns off 027. The cathode of CR36 is at + 3.3v, and a normal 
charging sequence of C68 occurs until 029 turns on. When the + 12v goes to + 10v, 026 
turns off and 027 turns on. CR36 cathode goes to ground potential and the sequence of 
events that occurs is identical to the + 5v drop-off previously described. 

It should be noted that resistors R233 and R236 provide hysteresis in the circuit so that the 
voltage (- 5v, + 5v, + 12v, + 25v, -12v, or - 25v) at which SPCSA goes high is always 
slightly higher than when it goes low. 

5.4 READ/WRITE PCBA, HEAD SELECTION MATRIX AND PREAMPLIFIER PCBA 

The following paragraphs describe the Read/Write PCBA installed in 03000 Series Disk 
Drives. Refer to Schematic No. 108140 with Assembly 108141, and Schematic 108145 with 
Assembly 108146. 

The Read/Write PCBA is approximately 247.7 mm (9.75 inches) long by 165.1 mm (6.5 
inches) wide. Figure 5-5 illustrates the placement of each connector, test point, and 
adjustable component on the PCBA. J305 is connected to the Logic PCBA via a mating 
plug and 3M flat cable. J304 is a molex connector which supplies power to the Read/Write 
PCBA via a mating plug and standard cabling. J306 interfaces with the Temperature 
Compensation PCBA. J310 connects the read signals and write driver outputs to the Matrix 
PCBA. Head and Platter Select signals are connected to the Matrix PCBA via J311. 

The Read/Write PCBA description is divided into the following elements. 

(1) Head Selection Matrix and Preamplifier 

(2) Write and Erase Driver 

(3) Read Switch 
(4) Read Preamplifier 

(5) Filter 

(6) Differentiator 
(7) Squaring Amplifier and Frequency Doubler 
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Figure 5-5. Read/Write PCBA Test Point and Connector Placement 

(8) Data Decoder 

(g) Emergency Condition Detection 

A block diagram of the Read/Write electronics is shown in Figure 4-4 and should be 
referred to in conjunction with Schematic No. 108140 and the electrical description in the 
following paragraphs. 

5.4.1 HEAD SELECTION MATRIX AND PREAMPLIFIER PCBA 

Mounted at a gO-degree angle to the Read/Write PCBA is the Head Selection Matrix and 
Preamplifier PCBA which is 256.7 mm (10.5 inches) by 101.6 mm (4.0 inches). Figure 5-6 
illustrates the placement of each connector on the PCBA. There are no test points or 
adjustable components on this PCBA. 

Head selection is accomplished using a conventional diode matrix in conjunction with 
center-tapped heads. Each head is comprised of a balanced Read/Write (R/W) center
tapped winding, and a separate erase winding, which has one end connected to the R/W 
center tap. 

Referring to Schematic No. 108145, zone E7 through E3, eight heads are shown connected 
to J600 through J607. Three diodes are associated with each head; two of the diodes (CR28 
and CR30 for the J600 head) are connected to the balanced R/W bus and the third diode 
(CR31) is connected to the erase bus. 

The eight head center taps are pulled to -12v by resistors R41, R43, R45, R47, R49, R51, 
R53, and R55 when the associated head is not selected. When selected, the appropriate 
head center tap is pulled positive by the corresponding head select switches (06 through 
013). 
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J600 TO HEAD 0 ON REMOVABLE DISK 

J611 TO READ/WRITE PCBA J601 TO HEAD 1 ON REMOVABLE DISK 

J602 TO HEAD 3} 
TO TOP FIXED DISK 

J603 TO HEAD 4 

J604 TO HEAD 5] 

TO MIDDLE FIXED DISK 

J605 TO HEAD 6 
J606 TO HEAD 7} 

J607 TO HEAD 8 TO BOTTOM FIXED DISK 

Figure 5-6. Head Selection Matrix PCBA 

During a write operation when LDMAG (J305 pin 21, zone E12) is low, the output of inverter 
U12-4 will be high. This is fed to AND gate U10 whose output will become low thereby 
causing 09 to turn on. This causes 010 to also turn on, which puts R30 in parallel with R31 
and R32. This lowers the resistive load on 010, resulting in an increased current when the 
heads are over the outer tracks (0 through 255). Conversely, when LDMAG is high, 010 is 
not activated, keeping R30 out of the load circuit to ensure a low writing current through 
the heads when over the inner tracks (256 through 405). The appropriate selection is 
performed as follows. The Write Mode (NLWMXG) and Erase Current Enable (NLECEG) 
signals are inverted by U12-5 and U12-1, respectively. The Demand Address Most 
Significant Bit (256) signal (LDAMG) is fed directly to U12-3 and ANDed with NLWMXG by 
U10. The output of U10 is fed to 09 (zone C8) which turns on 010. This system ensures that 
write current is appropriately reduced when writing on inner tracks where the flying height 
of the head is reduced. 

During a Read operation, the head select switches are fed via 01 through 04. The NOT 
(Write Mode or Erase Enable) signal from U8-10 is used to drive the open-collector inverters 
at U8-6 and U8-4, which are fed into the ReadlWrite Matrix Selection PCBA as Write Mode 
and Read Switch signals. 

5.4.2 WRITE AND ERASE DRIVERS 

During a Write operation, the Write Mode (N LWMXG) signal is inverted and, when true, 
enables J-K flip-flop U5 (zone E9). U5 is always enabled in the reset state. Write Double 
Frequency (NLWDFT) pulses are received and fed to the clock input of U5. These clock 
pulses toggle the flip-flop for every pulse received as required by the double-frequency 
code used. 

The 0 and 0 outputs of U5 are fed to two identical predrivers, 05 and 06. The outputs of 05 
and 06 drive write drivers 07 and 08 whose emitters are returned to approximately - 11v. 
When 07 or 08 conduct, write current flows in one half of the selected head. This current 
is defined by resistor R31 and R32 (as appropriate). This yields typical write currents of 68 
rna peak for tracks 0 through 255 and 58 rna for tracks 256 through 405. The base drive 
circuits of all four transistors have anti-saturation diodes CR1 and CR2 incorporated. 
Diodes CR3 and CR4 are used to isolate the head bus from the write circuitry during a Read 
operation, thus reducing noise injection. 
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The erase driver is separately enabled by the Erase Current Enable (N LECEG) signal since 
the erase current can be left on for a longer time than the write current. When NLECEG is 
low, Q11 (zone C6) is turned on via inverters U12-2 and U12-12. This causes the base of Q12 
to be switched on allowing R36 to control the erase current. 

The return path for both write and erase drivers is via the emitter base junction of Q15 
through Q16, and then to - 12v via the S12SS line which is returned to -12v through the 
emergency unload relay. Q16 is only enabled via Q13 and Q14 when the Power Clear Signal 
(SPCSA) is at a high (positive) level. Q15 is used as a write current detector and is detailed 
in Paragraph 5.4.9. 

5.4.3 READ SWITCH (SCHEMATIC 108145, SHEET 2) 

The diode switch CR53, CR55 (zone E3), CR54 and CR56 (zone D3) is used to isolate the 
head bus from the read amplifier during Write operations to prevent overload of the read 
preamplifier. 

During a Write operation, Q5 (zone G2) is turned on via open-collector driver U8-4. This 
pulls the junction of R33 and R34 (zone E3) to + 12v cutting off all four diodes. This follows 
since the head bus voltage cannot exceed + 12v and the anode voltage of CR55 and CR56 
cannot exceed + O.7v due to CR57 and CR58. 

During a Read operation, Q5 is turned off and the junction of R33 and R34 is returned to 
approximately - 6v via R35. Approximately 1 ma flows through R33 (and R34) and 
approximately 0.5 ma is supplied by R29 (and R28). Thus, a current of 0.5 ma flows through 
each of diodes CR53, CR55, CR54, and CR56, enabling the read switch. 

5.4.4 READ PREAMPLIFIER (SCHEMATIC 108145, SHEET 2) 

The balanced read signal from the head bus is terminated by R37 and R38 (zone D,E,2) and 
fed to the type 592 differential video amplifier U1 . When used in this configuration, the 
amplifier has a wide bandwidth and a balanced output gain of approximately 150. 

5.4.5 FILTER (SCHEMATIC 108140, SHEET 3) 

The balanced preamplifier output of video amplifier U1 (Paragraph 5.4.4) is fed to a linear 
phase filter (zone D18,16). This filter has sharp cut-off characteristics combined with a 
group delay characteristic which is constant over the signal frequency band. The insertion 
loss of this filter is 0.5. 

5.4.6 DIFFERENTIATOR (SCHEMATIC 108140, SHEET 3) 

The differentiator is comprised 'of U1 (zone E16), a NE592 differential video amplifier with 
the differentiation capacitor C21 acting as the gain determining element. Resistor R48 is a 
high frequency gain limiting resistor. R46 and R47 terminate the linear phase filter and 
provide the input dc bias path for U1. 

5.4.7 SQUARING AMPLIFIER AND FREQUENCY DOUBLER (SCHEMATIC 108140, SHEET 3) 

The balanced output from U1 is fed through coupling capacitors C22 and C23 to U2 (zone 
E15) to the Squaring Amplifier stage. R49 and R50 provide a nominal load for U1. Q18 
provides a means of reducing the electronic gain by one-half for margin checking at TP5 
and TP4. CR8 through CR11 are input limiters; C24 and C25 provide a high frequency rolloff 
for the circuit. R60, R61, R64, and R65 are biasing resistors. R56, R57, R62, R63, C26, C27, 
C28, and C29 provide a balanced differential feedback for the two stages, thus stabilizing 
the operating point of the circuit. The read pulse balance is adjusted by potentiometer R59. 
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The 8T20B crossover detector U7 provides an output pulse for each zero-crossing of the 
square wave signal from U2, doubling the frequency of the signal from the Squaring 
Amplifier. Width of the output pulse is determined by potentiometers R69, R70, and C33. 
These composite data pulses contain both clock and data and can be monitored at TP9. 

5.4.8 DATA DECODER CIRCUITRY (SCHEMATIC 108140, SHEET 3) 

The Data Decoder circuitry acts upon the pulse former output to generate separated data 
and clock signals. Paragraph 4.6.3.6 contains a functional description of this circuit. 

The composite data signal waveform consists of clock pulses which occur every 640 nsec 
(1500 rpm and 2200 bpi) interspersed with a pulse for everyone bit (data bit) recovered. 

The composite data signal from U7 pin 11 is gated through U15-6 (zone G6) and its leading 
edge is used to clock the appropriate one-shot to set the ones window. If the preceding 
clock period had a one interspersed, then the short one-shot (U9-12, zone G8) is used to 
form the ones window via U16-6 (zone G6). If the preceding clock period did not contain a 
one, then the long one-shot (U9-4, zone 08) is used to form the ones window via U16-6. R79 
and R83 are used to set the period for the short and long one-shots, respectively. 

If a data pulse occurs during the time that the ones window is high, it will be gated through 
U16-12. This pulse sets U14 (zone E10) which results in the short one-shot determining the 
next one-shot period. 

The output of U16-12 (zone 06) and U15-6 (zone G6) are fed back to the inputs of U16-3 and 
U16-11, respectively, and act as pulse stretchers. The outputs are also applied to U17-1 and 
U17-9 where the decoding pulse is lengthened prior to transmission down the interface 
lines. The output of U17-13 (zone 05) is adjusted by R86. The output of U17-5 (zone G5) is 
adjusted by R82. 

5.4.9 EMERGENCY CONDITION DETECTION 

Two conditions are detected by the Emergency Condition Detector circuitry and cause the 
Write Emergency Condition (RWECG) signal to go high. The NRWECG signal is fed to the 
Logic PCBA via J305 pin 30 (Schematic 108140, sheet 3, zone F2) where it is used to initiate 
an emergency unload sequence. The emergency unload sequence causes the unit to go 
Not Ready, thereby turning off write current in less than 1 lisec. The emergency unload 
sequence also causes the emergency unload relay to operate, thereby interrupting the 
S12SS supply. Interruption of this supply precludes any write current flowing in the heads. 

One emergency condition detected is the condition when more than one head is selected 
while the drive is in a Write mode of operation. When a head is selected in the Write 
condition (e.g., the head connected to J600), the appropriate center tap is pulled to 
approximately + 12v. This voltage is transmitted via CR59 (Schematic 108145, zone C7) to 
amplifier 017 (Schematic 108140). A precision current drain for this circuit is established 
via R43 to -12v. 

The non-inverting input of Q17 is set at a nominal voltage of - 4.5v such that when one 
head is selected, the inverting input is more negative than + 0.2v and the output of 017 is 
high. When two heads are selected (e.g., the head connected to J600 and J601), additional 
current is fed to R43 via CR60 to the input of 017 raising this point to + 0.2v causing the 
output of 017 to switch to a negative state. This output is fed to one input of the low active 
OR gate U10-13 (zone A4) causing RWECG to go high at J305 pin 30 (zone G2). CR7 
prevents the input to Q17 from going more negative than - 0.7v. 

The second emergency condition detected by this circuitry is when write current is on 
during a Read operation. It is important to note that during a Read operation, no write 
current or erase current should flow. 
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Write and Erase current must flow through R39 (zone B7) and the emitter base diode of 
015. If a total current in excess of approximately 0.7 rna flows, then the voltage across R39 
(1 K ohm) will exceed 0.7v causing 015 to turn on. 015 conducting causes the input to 
inverter U6-13 (zone B6) to go low which enables one input of NAND gate U11-9 (zone A5). 

Recall that during a Read Mode, the Write Mode (N LWMXG) and Erase Current Enable 
(NLECEG) signals are high, thus the output of U10-8 (zone A6) is low. 

In the Read Mode, the output of inverter U8-8 (zone 85) is high, enabling the remaining 
input of NAND gate U11-8. Thus, the output of OR gate U10-11 (zone A4) goes high and the 
RWECG waveform goes high at J305 pin 30 (zone G2). Resistor R41 and capacitor C6 (zone 
B5) are used to provide masking delays to avoid false indications during ReadlWrite mode 
switching. 

During a Write operation, transistor 015 is on, but one or both of the NLECEG and 
NLWMXG waveforms are low. Therefore, the output of U10-8 is high, inhibiting U11-8 and 
preventing RWECG from going high. 

5.5 LOGIC PCBA 

The following paragraphs describe the Logic PCBA installed in the 03000 Series Disk 
Drive. Refer to Schematic No. 108165 and Assembly No. 108166. 

The Logic PCBA is approximately 393.7 mm (15.5 inches) long by 273.1 mm (10.75 inches) 
high. Figure 5-7 illustrates the placement of each connector, test point, and adjustable 
component on this PCBA. J104 and J105 connect to the Servo PCBA via 3M flat cable. 
J108, J109, J110, J111, and J112 are Molex connectors which also connect to the controls, 
indicators, and sensors. J103 connects to the ReadlWrite PCBA via 3M flat cable. J101 
provides for connection between the 03000 and a controller or another drive. J102 provides 
connection to the PCC PO I/O terminator PCBA or another drive. 

For ease of understanding, the description of this PCBA is addressed on a sheet-by-sheet 
basis beginning with sheet 3. Note that signals are cross referenced between sheets and 
within a sheet by numbers appearing under the associated logic term mnemonic. For 
example 12-7E, the 12 refers to the schematic sheet number; the 7E refers to the zone on 
that page. 

5.5.1 SHEETS 3, 4, 5 AND 6 (SCHEMATIC 108165) 

Sheet 4 of the Logic PCBA schematic contains the Start/Stop Control Logic portion of the 
drive function control logic. Refer to the functional description and simplified block 
diagram contained in Paragraph 4.7 in conjunction with this discussion. 

The output of crystal oscillator Y1 (zone 6-7B) is fed to the clock countdown circuitry and 
can be monitored at TP14. The clock countdown circuitry consists of cascaded 4-bit binary 
counters operating in a binary countdown mode. The first counter of the countdown chain 
is a synchronous counter, the remainder are rippie counters. The ciock signais derived 
from the clock countdown chain are square waves which are fed to various parts of the 
logic to provide the primary timing. 

One of the clock signals is used in the spindle speed control logic to determine the disk 
speed, and functions as the primary time reference for the spindle speed control. Another 
of the clock signals, LC09F (U305-11 zone 6-3C) is ANDed with the Sequence Timing Pulse 
F/F (U345 zone 3-3H) output pulse at AND gate U284-13 (zone 4-7F) to produce the gated 
clock to the Purge Cycle F/F (U344 zone 4-4G) and the Load Heads F/F (U344 zone 4-3G). 
The frequency and the period of each one of the clock signals is listed in Table 5-1 which 
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Table 5-1 

Clock Countdown 

Frequency (in Hz) Period 

5000000.0 200 nsec 

2500000.0 400 nsec 

1250000.0 800 nsec 

625000.0 1.6 flsec 

312500.0 3.2 flsec 

156250.0 6.4 flsec 

78125.0 12.8 flsec 

39062.5 25.6 flsec 

19~31.25 51.2f.1S€c 

9765.625 102.4 flsec 

4882.8125 204.8fJ.sec 

2441.40625 409.6fJ.sec 

1220.703125 819.2 flsec 

610.3515625 1.6384 msec 

305.17578125 3.2768 msec 

152.5878906250 6.5536 msec 

76.2939453125 13.1072 msec 

38.14697265625 26.2144 msec 

19.073486328125 52.4288 msec 

9.5367431640625 104.8576 msec 

shows that each successive clock signal is one-half the frequency and twice the period of 
the previous signal in the clock countdown. 

NOTE 

Generated clock signals are listed in Table 5-1 to aid in 
troubleshooting; however, all of these signals are not 
used in the 03000. 

The major states of the Start/Stop Control Logic are defined by the Run Flip-Flop U364 
(zone 4-6H), End Of Run Flip-Flop U364 (zone 4-5H), Purge Cycle Flip-Flop U344 (zone 4-4H), 
Load Heads Flip-Flop U344 (zone 4-3H), Sequence Control Flip-Flop U384 (zone 4-5E), 
Brake Cycle Enable Flip-Flop U384 (zone 4-4E), Emergency Unload Flip-Flop U345 (zone 
3-2E), and Disk Rotation Detector Counter U283 (zone 3-20). 

A delay counter is mechanized by taking the last of the Clock Countdown, LC21 F, and 
applying it to the input of binary counter U325 (zone 3-7G). The delay counter, in 
conjunction with Sequence Timing Pulse F/F U345 (zone 3-3G) and the appropriate 
combinational logic, generate timing sequence pulses at specific time intervals according 
to the states of the logic. The counter is controlled by resetting it with a pulse via U267-9 
(zone 6-2C). 

NOTE 

External commands, directly or in conjunction with the 
combination of external commands and the present 
states, may affect the next state of the Start/Stop Control 
Logic. Refer to the block diagram of the digital sequential 
machine (Figure 4-9) used to mechanize the Start/Stop 
Control Logic. 
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The logic is initialized during power ON and power OFF events by the Power Clear Signal 
(SPCSA) from the Servo PC8A at J105 pin 31 (zone 3-8E). SPCSA is an analog signal which 
is converted into logic levels by U286-9 (zone 3-7E). It should be noted that when the output 
of U286 pin 9 is high, power to the machine is either off or below the minimum acceptable 
value as determined by the Power Clear circuit on the Servo PC8A. 

SPCSA clears Disk Rotation Detector Counter U283-1 (zone 3-2D), presets Emergency 
Unload F/F U345-2 (zone 3-2F), clears End of Run F/F U364-8 (zone 4-5G), and Sequence 
Timing Pulse F/F U345-8 (zone 3-3H). SPCSA assures that the logic is properly initialized 
during power turnon and that the logic assumes the correct states in the event of power 
removal. 

Commands which can cause the Start/Stop Control to execute either a start or a stop 
sequence are obtained from the RUN/STOP control signal (CRSSS) connected to J110, 
pins 2 and 3 (zone 4-88). A cross-coupled inverter latch U447 is used to clean up the input 
signal and eliminate the problem of switch contact bounce. The output of this latch is tied 
with the inverted Start/Stop Disk Drive (ISSDR) of U85 (zone 3-78) and then fed directly to 
U328 (zone 4-68). The output of U328, pin 11, is the input to Start/Stop Pulse Register U347 
(zone 4-68). A level change occurring either from an assertion of the Start/Stop Disk Drive 
line or from actuation of the RUN/STOP control is edge-detected by the Start/Stop Pulse 
Register. The Start/Stop Pulse Register is a shift-register type of edge detector whose 
purpose is to produce a pulse having a period of one clock time upon detection of the 
leading edge of a level change propagating through the register. 

The one-clock period pulse output from U346 is the Run Switch Pulse (LRPXG) used for 
clocking Run F/F U364 (zone 4-6H). In addition, the Start/Stop Pulse Register generates the 
Start Drive Motor (NLSDMG) signal if, and only if, the Run F/F is one-set as a result of the 
level change propagating through the Start/Stop Pulse Register. This will be the case when 
the Run F/F has been properly enabled and is one set to commence a start sequence. The 
NLSDMG pulse initializes flip-flops in the Spindle Speed Control logic shown on sheet 7 
(zone 3G) of the schematic. 

The Delay Counter Decode logic (zone 3-7G) is enabled by the outputs of the Sequence 
Control Logic as well as the Sequence Control F/F. Delay Counter Decode decodes 
specific values of delay by ANDing various bits from the Delay Counter according to the 
states presented by the Sequence Control Logic and the Sequence Control F/F. 

The Sequence Timing Pulse F/F U345 (zone 3-3H) is used to generate a pulse with a period 
of one clock interval, when a high level is applied to the J input from Delay Counter Decode 
Logic. The sequence timing pulse is used to define the timing of events during the start 
sequence and stop sequence. It also tests the states of certain signals during the start 
sequence for the purpose of determining if an emergency condition exists. 

The timing of two of the flip-flops is accomplished by using the sequence timing pulse to 
gate the clock to the Load Heads F/F and the Purge Cycle F/F. This is done to ensure 
clocking these flip-flops only at the end of specific delay intervals. 

The Disk Rotation Detector Counter is used to detect disk rotation for purposes of 
interlocking, and to determine the duration of the brake cycle. Additionally, the Disk 
Rotation Detector Counter provides a time delay at the end of the power clear condition. 

The Sequence Control Logic (zone 4-3G) is employed to decode the states of the Purge 
Cycle F/F and the Load Heads F/F. This provides signals for steering the start sequence 
and for initializing the position monitor circuit in the Position Control Logic, The signal 
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outputs from the Sequence Control Logic are also used to enable the tests in the 
Emergency Unload Logic (zone 3-5C). 

The Run F/F (zone 4-6H) will be zero-set by any Run Switch Pulse (LRPXG) if it is alread.y 
one-set. If the Run F/F is previously zero-set, then LRPXG will one-set the flip-flop only if 
proper interlocking has occurred. Detection that the disk cartridge is correctly inserted 
interlocks the Run F/F: Gate U346-3 (zone 4-6G) ANDs the Cartridge Correctly Inserted 
(LCCIG) signal with the Clear Or Unload (NLCOUG) signal to clear the Run F/F if either or 
both of these signals are low. LCCIG is developed from the states of the cartridge inserted 
switch. N LCOUG is the OR condition of the Power Clear Signal and the output of the 
Emergency Unload Logic. 

Determination of correct cartridge insertion is accomplished by one switch in top load 
models and one in front load models. These switches connect to J109 (zone 4-8G) and 
operate the Cartridge Inserted Latches. The output of the Cartridge Inserted Latches 
generates the LCCIG signal. The latches are cross-coupled inverters in the same 
configuration as those used at the input to the Start/Stop Pulse Register. In front load 
models, one of the latches is held permanently in the correct state by a jumper at P109. 

The Run condition is defined as any time the disk is rotating and a stop sequence is not in 
progress, i.e., Run F/F is one-set. The Run F/F cannot be one-set by a Run Switch Pulse 
signal unless the J input to the flip-flop is at a logic one level. The signal that enables the 
Run F/F J input is NLLCMG, which is the result of combinational logic containing the 
remaining interlocking signals. These interlocking signals are: Heads Retracted (SHRXG) 
which prevents entering a run condition unless the heads are retracted; Not Disk Rotating 
(NLDRXG) from the Disk Rotation Detector Counter, which prevents entering a run 
condition unless the disk is stationary; Not Brake Cycle (NLBCFF) from the Brake Cycle 
F/F, which prevents entering a run condition if a brake cycle is in progress; and finally, the 
logic condition resulting from the combination of the state of the Sequence Control F/F 
(LSCFF) and the Run F/F (LRFFF) which are combined in U385 (zone 4-40). NLLCMG is 
used in the interlocking control portion of the logic. The use of this arrangement prevents 
reentry into a run condition (Run F/F one-set) unless a correct stop sequence has been 
executed. 

As previously mentioned, there are two basic sequences executed by the Run/Stop 
Control Logic; the start sequence and the stop sequence. A start sequence begins when 
the Run F/F is one-set and progresses through the one-setting of Purge Cycle F/F U344 
(zone 4-4G), the one-setting of Load Heads F/F U344 (zone 4-3G), and finally, the one
setting of Sequence Control F/F U384 (zone 4-5E). One-setting the Run F/F defines the run 
condition. The Purge Cycle F/F then defines that portion of the start sequence when the 
disk speed is increased to 10 percent above the nominal speed. This is done to increase 
the air flow across the disk(s) prior to loading the heads. The Load Heads F/F is used to 
define that state when the heads are loaded onto the disk(s). The Sequence Control F/F 
defines the state which indicates the successful completion of a start sequence, or the 
beginning of a stop sequence. 

A stop sequence begins with zero-setting the Run FiF. This causes one-setting the End Of 
Run F/F which causes the Sequence Control F/F to be preset in the event that it has not yet 
been one-set. To complete the stop sequence, the Brake Cycle Enable F/F is one-set at the 
same time that the Sequence Control F/F is zero-set. The stop sequence ends with zero
setting the Brake Cycle Enable F/F. The End Of Run F/F is used to detect the high-to-Iow 
transition of the Run FiF when it is zero-set. The End Of Run FiF, therefore, acts as an edge 
detector which is used to force a preset condition to the Sequence Control F/F. This 
guarantees correct entry into the stop sequence. The Brake Cycle Enable F/F is then one
set to define that portion of time when braking current is supplied to the disk motor to stop 
the disk. 
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The Emergency Unload F/F U345 (zone 3-2F) defines the condition which causes the 
emergency unload relay to disconnect the positioner servo from the positioner coil and 
connect the positioner coil to the emergency unload network. This is done when executing 
an emergency unload, or for preventing the connection of the positioner coil to the servo 
electronics, prior to the time when the drive logic is capable of detecting certain positioner 
electronic faults. 

The Emergency Unload Logic is comprised of three basic parts: U266 (zone 3-60) which 
ANDs the Sequence Timing Pulse F/F with outputs from the Sequence Control Logic and 
the specific signals to be tested for emergency condition indications during a start 
sequence. The signals tested by U266 logic are NLPMXG, and LSOTF. The ANDing of 
these signals generates, respectively, Head Loading Error (NLHLEG) and Disk Starting 
Fault (N LDSFG). 

Position Transducer Failure (SPTFG) from the Servo PCBA is ORed with Write Emergency 
Condition (RWECG) from the Read/Write PCBA at gate U327 (zone 3-70) to produce 
NLEOFG, which is the Emergency Or Failure condition. 

These signals plus Position Limit Error (NLPLEG), Disk Speed Error (NLDSEG), and Seek 
Time Error (NLSTEG) from other portions of the logic are combined in OR gate U306 (zone 
3-5C) to produce Any Emergency (LAEXG). Assertion of LAEXG by one or more of the 
emergency situations detected by the Emergency Unload Logic results in clearing the Run 
F/F and aborting the run condition. This presets the Emergency Unload F/F U345-2 (zone 
3-2E) causing emergency retraction of the heads. 

Lamp drivers U406-5, U386-5 (zone 4-2C,B), and U406-3 (zone 3-20) provide drive to the front 
panel indicator lamps for the SAFE, RUN, and READY lamps, respectively. 

The Ready signal is combined with the Selected signal at U385 (zone 3-3C) to obtain the 
Selected And Ready condition for gating the line receivers and drivers for the 110 interface. 

The decade counter consists of two independent logic sections of divide by five and divide 
by two. The counters U205, U305 and U285 are used to count down the 10 mHz clock to 
obtain clocks which are used in the Position Control Logic. 

Sheet 5 shows four of the I/O interface lines that control drive functions which are routed 
directly to the Holding Register (U308 zone 5-6H) on the Logic PCBA. These lines are: Head 
Select (IHSXR), Platter Select (lPSXR), Track Offset Plus (ITOPR), and Track Offset Minus 
(ITOMR). Note that Selected And Ready (NLSARG) is brought to the holding register load
input. When NLSARG is low, the states of these 110 interface lines will be copied into the 
register. Thus, the state on the register will correspond to the state at the 110 interface line 
and will change accordingly for any changes on the 110 interface line. 

When the drive is deselected, N LSARG will go high causing the holding register to trap the 
last value of the inputs from the 110 interface. The register will then hold that state until the 
next time the drive is selected. Note that Ready (N LRXXG) is used as the clear input to the 
Holding Register 308-14 (zone 5-6G). When high, NLRXXG causes the register to be cleared 
to the all-zeros condition on each of its outputs. This condition will occur at any time the 
machine is in the Not-Ready condition. In other words, the predetermined states of logic 
zero on each of the output lines from the Holding Register determine specific states for 
the Upper Head Select (NLUHSG), Upper Platter Select (NLUPSG), Track Offset Plus 
(NLTOPG), and Track Offset Minus (NLTOMG) lines on the Logic PCBA. 

NLUHSG is routed directly to the Read/Write PCBA for head selection according to the 
state in the Holding Register. LUPSG and its complement, NLUPSG, are connected to 
various circuits on the Logic PCBA. These circuits are the Write Protect Logic for 
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determining which Protect switches will be sampled, and the Multiplexer Control Logic for 
determining which platter information will be multiplexed to the I/O interface output lines. 
In addition, NLUPSG is routed to the Read/Write PCBA for selecting a specific storage 
surface. 

NAND gates U32S (zone 5-2G) combine the Track Offset signals from the Holding Register 
with NLOOAG (via NOR gate U327~13 zone 6-7C) from the Position Control Logic. The 
results are that the Track Offset signals will not be asserted to the ReadlWrite PCBA and 
the Servo PCBA during the time that the positioner is busy. The outputs of these NAND 
gates are connected to the Servo PCBA and the ReadlWrite PCBA via pins 22 and 23 of 
J103 (zone 6-1G) and pins 26 and 25 of J104. 

NOTE 

These signals contra/ change of gain in the read amplifier 
on the Read/Write PCBA when both signals are asserted. 
The signals are also fed to the Servo PCBA and are used 
to assume operation of the Track Offset circuitry. 

The Write Double Frequency Data Retransmitter (U70 zone 5-6F) functions as a line 
receiver and a line driver. The Write Data Signal (IWOSR) from the I/O interface (J101 pin 
A-28, zone 5-8F) is received by U70 acting as a line receiver. IWDSR is the double frequency 
encoded write data from the I/O interface which must be transmitted to the Read/Write 
PCBA. Transmission of the write data signal is also accomplished by U70. Acting as a line 
driver, it drives the NLWDFT signal to the Read/Write PCBA through J103 pin 27 (zone 5-1G) 
where it is used by the Read/Write electronics. 

The Unit Select Logic and the Busy Output Logic are shown on sheet 6 in zone 6-7G 
through 6-5G. The Unit Select Logic is the decoding arrangement and the Busy Output 
Logic is an encoding arrangement. Four separate Unit Select lines (IUS1 R-IUS4R) are 
provided at the I/O interface and are presented to the circuit via J101 (zone 6-8G). This 
allows selection of one of four drives on the common I/O bus. Internally, it is necessary for 
the drive to provide a signal which indicates that it is being selected by the I/O interface. 

Since there are four separate and distinct lines presented to the drive, they must be 
decoded. The Unit Select lines are brought through J101, J102, and are decoded according 
to the state of the Unit Number Selector Switch, which connects to J110, pins 5, S, 9, 6, and 
7, by U448, and US9 to produce the Select Signal (LSXXG). When the Unit Number Selector 
Switch on the front panel is set to one of the position numbers (1 through 4), one and only 
one of the signals at U44S-4, U448-10, U448-S, and U44S-6 (zone 6-6D,E,F) will be high. This 
will result in LSXXG being generated only when there is an assertion on the specific Unit 
Select line that corresponds with the number as designated by the Unit Number Selector 
Switch on the operator's panel. 

The busy output utilizes the same signals developed from the Unit Number Selector 
Switch to gate the Busy Signal from the Position Control Logic onto the specific busy 
seeking line that corresponds to the particular setting of the Unit Number Selector Switch. 
This is accomplished by US6-6, U86-3, U86-S, and US6-11 (zone 6-50,E). The common inputs 
to these NAND gates are enabled by the AND condition of the Busy Signal (from the 
Position Control Logic) and the Ready signal. When the drive is Ready, NLRXXG will be 
low, enabling U126-10 (zone 6-70) to provide a high output level whenever the Busy Signal 
(NLBSXG) is low. This condition causes the Busy Signal to be transmitted on that line 
selected by the setting of the Unit Number Selector Switch. U68 and U69 (zone 6-30,F) are 
line drivers for driving the Busy Seeking signals onto the respective I/O lines. 
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The Read/Write Control Logic controls the Write, Erase, and Read signals to the 
Read/Write PCBA. These signals depend upon the conditions of the input interface lines 
and certain signals generated on the Logic PCBA. 

The Write Enable (IWEXR) and Erase Enable (IEEXR) signals are received and gated with 
NLSARG by U48-1 and U48-4 (zone 5-6E). These gates provide outputs only if the drive is 
selected and ready. The outputs of U48-1 and U48-4 are then gated by the AND condition of 
Position Mode (N LPMXG) and Write Protect Mode (LFPM L). These signals are then routed 
to the Read/Write PCBA via J103. The Write and Erase signals to the Read/Write PCBA will 
be asserted if, and only if, the respective signal is received from the I/O interface, the drive 
is selected and ready, the drive is not in a file protect mode, and the positioner is in the 
position mode. 

If either IWEXR, IEEXR, or both, is present, the low active Write Or Erase signal (NLWOEG) 
wi II be generated at the output of U48-13 (zone 5-6E). This signal is used in the Run/Stop 
Control Logic to prevent clearing the Load Heads F/F when either a Write or Erase 
operation is in progress. The Read Enable signal (IREXR) from the I/O interface is gated 
only by LSARG at NAND gate U87-8 (zone 5-6E) before being supplied to the Read/Write 
PCBA at J103. 

The File Protect Logic performs several functions on the Logic PCBA. It provides front 
panel indication via the Protect Lamp indicators as to the state of the Protect Switches. 
The Write Protect Switches connect to J108 and their states are sampled by the Protect 
Switch Latches (U446 zone 5-7B) and the Protect Lamp Drivers (U426 zone 5-3A). Drive is 
provided to the front panel Protect Lamp indicators according to the states of the 
respective Protect Switch Latches. For those machines not fitted with Write Protect 
switches, jumpers in P108 will permanently disable both Write Protect Switch Latches. 
The state of the Protect Switch Latches is decoded according to the specific disk selected 
by the interface. This is accomplished by U405 (zone 5-6B). LRCSG and NLRCSG are inputs 
to this AND/OR gate and determine the specific Protect Switch Latch which is to be 
sampled and fed to the File Protect Mode Latch (U88 zone 5-5B). 

The state of the respective Protect Switch Latch is fed to the File Protect Mode Latch if, 
and only if, a Write or Erase operation is not in progress. This is the result of NAND gates 
U88-11 and U88-3 (zone 5-58). This is to provide a signal that indicates the specific disk 
protected from Write and/or Erase operations. The state of the File Protect Mode Latch is 
driven onto the File Protected (IFPXD) I/O interface line by the File Protected Status driver 
(U44 zone 5-1C) according to the state of a File Protect Mode Latch. 

Also included on sheet 5 are line drivers for several of the interface output lines. The Read 
Signal Drivers (U67 zone 5-3D) take the Read Clock Signal (NRRCSG) and the Read Data 
Signal (NRRDSG) from the ReadlWrite PCBA via J103 (zone 5-8D) and drive these signals 
onto the Read Clock (IRCXD) and Read Data (IRDXD) interface lines via J102 (zone 5-1 D). 

The Malfunction Signal Driver (U65 zone 5-3D), and associated gate U403 provide an 
indication when an internal malfunction is detected. The Malfunction Detected (IMDXD) 
line is pulsed when an internal malfunction is detected. This is accomplished by NAN Ding 
the Delayed-Ready Condition (LDRCG) with the Emergency Unload F/F (LEUFF) at NAND 
gate U403-3 and driving the resulting signal onto the IMDXD line at J102. 

Assuming that the drive is in the Ready condition as evidenced by the high level of LDRCG 
at pin 2 of U403 (zone 5-3E), any emergency will cause the Emergency Unload F/F to one
set, which causes the other input to U403 to go high. The high level at pin 2 will persist for 
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a short period of time even though the drive will go Not-Ready as soon as the Emergency 
Unload F/F is one-set. This is true since the transition from Ready to Not-Ready will take a 
short period of time to propagate through the Delayed Ready Condition circuit. Therefore, 
for that length of time, both inputs of U403 will remain at the high logic level. 

As soon as the Ready to Not-Ready transition has propagated through the Delayed Ready 
Condition circuit, pin 2 of U403 will go low. This terminates the Malfunction Detected 
pulse that is applied to the interface output by line driver U65-5. 

Double Track Drive (IDTDD) is indicated by driving the Selected (NLSXXG) signal onto this 
interface line. Illegal Cylinder Address (\lCAD) is indicated at the interface by driving that 
line with NLlAXG via U3 (zone 5-3C). NLlAXG is generated in the Position Control Logic. 

A split-quad (emulates two duals in one drive) drive is indicated at the interface by driving 
the Dual Platter Drive line with the Dual Platter signal (NLDPSG) via U45 (zone 5-38). 
NlDPSG is made up in Programming Array plugged into J125 (sheets 9 through 12 of the 
Logic PC8A schematic) from either a steady logic-one signal or the low active N LSXXG 
signal depending on whether the machine is a quad-disk or a split-quad drive.· 

The Termination Voltage Power Supply is shown in zone 5-1 E of the schematic. This is a 
nominal + 3.5v source which is provided to the interface for those models requiring 
compatibility with D5000 termination voltage. This supply is derived by using diodes CR1 
and CR2 in conjunction with R10 to provide a voltage drop from the internal + 5v supply for 
supplying termination voltage to connector J102. Likewise, CR3 and CR4, in conjunction 
with R11, provides a reduced voltage from the + 5v supply at J101. For those versions of 
the Logic PC8A that do not use the Termination Voltage Power Supply, pins A45 and 845 
on J102 are wired to like pins on J101 by jumper W3. This provides feed-through of the 
termination voltage when this voltage is suppl ied by the controller. In that case, CR1, CR2, 
R10, CR3, CR4, and R11 are omitted. 

The Special Signal Driver (U44 zone 5-2C) is a line driver reserved for driving special 
interface signals in those machines having that option (see Paragraph 3.17.13). 

The Chassis Ground Connection is sh~wn in zone 5-6C of the schematic. For drives having 
ordinary grounding, W5 connects the I/O ground directly to the chassis. For machines 
requiring ground isolation, W21 is omitted and the I/O ground is connected to the chassis 
ground through a complex impedance consisting of R14 and C3, W4 and W6. 

5.5.2 SHEET 7 (SCHEMATIC 108165) 

Sheet 7 of the schematic pertains to the speed control electronics. The purpose of this 
circuitry is to compare the time of occurrence of the positive transition of the LPLFF flip
flop square wave with the time reference obtained from the crystal oscillator countdown 
(refer to Paragraph 5.8.1). The result of the comparison is two signals, one indicating the 
Instantaneous Motor Speed error (NLIMSI) and, if appropriate, another signal which will 
indicate a gross malfunction of the speed control, Speed Out of Tolerance (LSOTF). 

When the Drive Motor Enable (LDMEG) signal is high and the drive motor is enabled, Speed 
Sequence Register U244 (zone 7-7D), Increase Motor Speed F/F U243 (zone 7-2G), and 
Speed Out Of Tolerance F/F U243 (zone 7-2F) are released to operate. The Speed Sequence 
Register, in conjunction with gates U165-6 and U223-3, functions as an edge detector. It 
also establishes the sequencing of the events in determining the disk speed. For each low 
to high transition of the Phase Lock F/F signal (LPLFF), a one-clock-time pulse, Transfer 
Speed Count (L TSCG), is generated. One clock time thereafter Speed Count Reset 
(NLSCRG) is generated to reset the speed counting logic. The clock frequency utilized by 
the Speed Sequence Register is the same clock frequency counted by the Speed Control 
Counter and is determined by the Speed Control programming array plugged into J121 
(zone 7-8G). This selects one of three possible clock signals from the clock countdown. 
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At the time L TSCG is generated, the states held in Speed High Limit F/F U143 (zone 7-4H), 
Disk Speed Low F/F U242, and Speed Low Limit F/F U242 are transferred into Increase 
Motor Speed F/F U243 (zone 7-2G) and Speed Out Of Tolerance F/F U243 (zone 7-2F). 
Specifically, the state of the Disk Speed Low F/F is transferred to the Increase Motor 
Speed F/F. Either a one-set condition of the Speed High Limit F/F, or a one-set condition of 
the Low Limit F/F is transferred to the Speed Out Of Tolerance F/F if either of those flip
flops were one-set. This would be the case only if a gross speed error is being detected. 

The Speed High Limit F/F, the Disk Speed Low Limit F/F, and the Speed Low Limit F/F are 
referred to as the speed value flip-flops. The specific values stored in these flip-flops are 
the result of the previous speed count. After the values stored in the speed value flip-flops 
are transferred to the speed status flip-flops (Increase Motor Speed and Speed Out of 
Tolerance F/F) by the Transfer Speed Count (L TSCG) pulse, then, one-clock time later the 
speed control logic is reset by N LSCRG which is a one-clock period low active pulse. This 
resets the Disk Speed Low F/F, the Speed Low Limit F/F, and presets the Speed High Limit 
F/F to establish the initial conditions at the speed value flip-flops for the next count. Also, 
the Speed Control Counter is loaded with a predetermined number from the Disk Speed 
Count Programming array plug J122. This determines the disk speed count programming 
according to the state of the Purge Cycle F/F. 

The speed control counter, U202, U221, and U241 (zones 7-7F, 7-6F, and 7-5F) counts from 
the value loaded until the next Transfer Speed Count pulse occurs. The count rate is 
determined by the specific clock signals selected by the Speed Control Programming 
array plug, J121. If a count condition occurs in the Speed Control Counter which satisfies 
the decode of either U223-8 or U223-11, then that value will be stored in the respective 
speed value flip-flop. At the time of the next Transfer Speed Count pulse, the value 
decoded and stored in the speed value flip-flop will then be transferred to the speed status 
flip-flops. Note that two different values may be loaded into the Speed Control Counter at 
the time of a Speed Count Reset pulse. One is the normal running speed which will occur 
when the Purge Cycle F/F is zero-set, and the other value is a 10 percent overspeed which 
will be loaded when the Purge Cycle F/F is one-set. 

The state of the Speed Out of Tolerance F/F is directly tested during a start sequence to 
determine if there is a gross speed error prior to loading the heads. Once the machine has 
reached the ready condition, an occurrence of a logic one at the Speed Out of Tolerance 
F/F output (LSOTF) will be gated by U262 with the Ready signal (LESDG) producing the 
Disk Speed Error (NLDSEG) signal at pin 8 in U262 (zone 7-2G). Disk Speed Error can 
therefore occur only during the time that the drive is Ready. 

The state of the Increase Motor Speed F/F at the end of each speed count interval will 
indicate a basic binary error derived from the comparison of the time reference to the 
actual speed. This flip-flop will be preset by the Start Drive Motor (NLSDMG) pulse as a 
means of initializing the speed status during a start sequence. Note that the result of the 
time-speed comparison is a single binary digit that can have only two possible states; one 
or zero, indicating that the speed is either too fast or too slow. If it is too slow, the Increase 
Motor Speed F/F will be in the one-set condition indicating that the motor speed should be 
increased. Conversely, if the speed is too fast, the Increase Motor Speed F/F will be zero
set, indicating that it is unnecessary for the motor speed to be increased and allowing the 
motor to coast down through the desired speed value. 

5.5.3 SHEETS 8 AND 9 (SCHEMATIC 108165) 

Sheet 8 of the Logic PCBA schematic contains the Position Control Logic. Refer to the 
fun~tion~1 de~cript!on. and ~implified block diagram contained in Paragraph 4.7 in 
conjUnction Vilth tiiiS diScussion. 
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The overall purpose of the Position Control Logic is to accept cylinder addresses from the 
I/O interface and control the positioning and holding of the positioner at these addresses. 
The subsidiary function of this logic is to execute Restore operations and to control 
loading and unloading of the heads. The actual control functions within this logic are 
performed by the Load Address Logic, 8usy Logic, Mode Control Logic, and Operation 
Control Logic. 

The Mode Control portion of the Position Control Logic consists of the Position/Velocity 
Mode Logic (zone 8-4A), the Forward Slow Mode F/F (zone 9-3C), and the Reverse Siow 
Mode F/F (zone 9-3D). The Position/Velocity Mode Logic determines when the positioner 
servo should be operated in the Position Mode and when it should be operated in the 
Velocity Mode. This logic also supplies the Position Mode (LPMXG) signal and the Velocity 
Reference Enable (NLVREG) signal to the Servo PC8A. 

The Forward Slow Mode F/F U167 (zone 9-3D) determines the state of the Forward Slow 
Mode (NlFSM1) signal on pin 24 of J104 (zone 9-10), which is supplied to the Servo PCBA, 
to cause the positioner servo to operate in the Forward Slow Velocity Mode. Likewise, the 
Reverse Slow Mode F/F U207 (zone 9-3C) functions to store and provide a state which 
asserts Reverse Slow Mode (NLRSM1) to the positioner servo for operating the positioner 
in the Reverse Slow Velocity Mode. The Forward Slow Mode is used when loading heads 
and during the last portion of a Restore operation. The Reverse Slow Mode is used when 
unloading heads and during the first portion of a Restore operation. 

The Forward Slow Mode F/F U167 is released for operation when the Load Heads F/F 
(LLHFF) is one-set. Prior to loading, the heads will be retracted. This condition is indicated 
by Heads Retracted (SHRXG) being high, which in conjunction with one-setting the Load 
Heads F/F, results in a high logic level from U187-4 (zone 9-4D). A high output at U187-4 
causes the Forward Slow Mode F/F to be preset to commence loading the heads. 

When performing a Restore operation, presetting the Forward Slow Mode F/F is controlled 
by the setting of the Restore Operation F/F U207 (zon-e 9-38). The Restore Operation F/F 
determines whether the address as asserted by the interface will be examined or whether 
it will be disregarded and a Restore operation performed. 

The Restore Operation F/F U207 will be preset by the low active pulse from U49·6 (zone 
9-4D). This pulse will occur if the Restore Initial Cylinder (IRICR) line is active at the time 
that a Cylinder Address Strobe (ICASR) is supplied from the I/O interface. At that time, pins 
4 and 5 of U49 will be high, presetting the Restore Operation F/F. When this flip-flop is 
preset, U187-10 is enabled to preset the Forward Slow Mode F/F by the negation of 
Position Transducer Index (SPTIG) during the latter portion of a Restore operation. 

The Forward Slow Mode F/F is zero-set by the first high-to-Iow transition of Position 
Quadrature Clock (SPQCG) that occurs after the change-of-state of SPTIG during loading 
of the heads. Since this occurrence must follow after the change-of-state of SHRXG, both 
SHRXG and SPTIG are ANDed by U187-1 (zone 9-4D). 

The Reverse Slow Mode F/F U207 (zone 9-3C) is preset at the same time that Restore 
Operation F/F U207 (zone 9-38) is preset when a Restore operation is commanded. The 
Reverse Slow Mode F/F can also be one-set when the Load Heads F/F is zero-set. This 
results from NLLHFF being high, enabling the J input of the Reverse Slow Mode F/F. The 
Reverse Slow Mode F/F is cleared when the Forward Slow Mode F!F is preset. 

When either of the slow mode flip-flops are one-set, the demand address clear condition 
will occur via U165 (zone 9-2D). This will clear Demand Address Registers U301, U321, and 
U302 (zone 8-6F,G,H). In addition, Demand Address Clear, in the form of a low active signal 
(NLDACG), will disable Count Clock Detector Register U323 (zone 8-6B) by clearing it to an 
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all zeros condition and will cause the Current Address Counter, U322, U381, and U342 
(zone 8-4D) to load all ones. NLDACG also forces NLVREG to the high logic level via U403-8 
(zone 8-3B) disabling the velocity reference and forcing Not Position Mode (NLPMXG). In 
this manner, the logic is initialized and conditioned during the time the heads are being 
loaded or retracted, or during execution of a Restore operation. 

When a demand address clear condition does not exist (both the Forward Slow Mode and 
Reverse Slow Mode F/Fs zero-set), the Count Clock Detector Register U323 (zone 8-6B), 
Demand Address Registers U301, U321, and U302, and Current Address Counter (zone 
8-4D) will be released. The Velocity Reference Enable and Position Mode signals will be 
under control of the other gates. 

In the Position/Velocity Mode Logic when Not Demand Address Clear (NLDACG) is high (a 
Demand Address Clear condition is not occurring), the Position Mode signal will be 
asserted when the address difference is zero and the Position Quadrature Clock is low. 
This will be the case when the Current Address Counter contents agree with the Demand 
Address Register contents and the positioner is within one-quarter track of the true-track 
center line. 

The purpose of the Load Address Logic is to generate a low-active pulse, Load Address 
(NLLAXG), when a Cylinder Address Strobe (lCASR) is received from the I/O interface and 
the address on the Cylinder Address Lines is a valid address. Another function of this 
circuitry is to generate a Busy Signal to the I/O interface when a Strobe is received, or 
when the positioner is Busy Seeking. Another function of this logic is to generate an illegal 
address indication to the I/O interface when the address on the interface lines is invalid at 
the time that a Strobe is received. 

ICASR is received via J101, inverted, and shifted through the Strobe Shift Register U108 
(zone 9-6G). When the level change first occurs at bit A of the strobe shift register, the Hold 
Busy Time F/F U128 (zone 9-4G) is caused to one-set, which results in immediate assertion 
of the Busy Signal to the interface. This also releases the previously cleared Hold Delay 
Shift Register U147 (zone 9-3F). The Hold Delay Shift Register, however, does not 
propagate logic ones because the A bit IS still in the logic one condition. The strobe 
trailing edge is edge-detected by the combination of U127-4 and U127-1 to generate 
Address Pulse (LAPXG zone 9-5H). LAPXG samples the state on the Restore Initial 
Cylinder Line (IRICR) at U49-6 (zone 9-4D) to determine if the Restore Operation F/F and 
Reverse Slow Mode F/F should be preset to commence a Restore operation. 

The Address Pulse also enables the input (pin 1) of U107 (zone 9-5H) and, if the cylinder 
demand address is valid (as determined by the Valid Address Decoder), and if the 
positioner is not seeking (as determined by the state of the Busy Time F/F), then the Load 
Address Pulse (NLLAXG) will be generated. This pulse causes the Demand Address 
Register to load the address that is present on the Cylinder Demand Address Lines. 

NLLAXG also clears the Illegal Address F/F U167 (zone 9-2G) if it was one-set from any 
previous illegal address condition. When Strobe Shift Register Bit A goes low, at the time 
of the trailing edge of the Strobe, this causes logic ones to propagate through the Hold 
Delay Shift Register. This level change propagating through the register will result in zero
setting the Busy Hold Time F/F U128 (zone 9-4G). This removes the Busy Signal from the 
interface if the positioner has not gone busy. This would be the case if an illegal address or 
an address that is the same as the current position has been received. 

It is important to note that the Strobe Shift Register is able to accept Cylinder Address 
Strobes from the I/O interface only when it is released for operation by a high-logic level on 
the Selected And Ready (LSARG) iine. Note also that the Iliegai Address F/F U167 (zone 
9-2G) is clocked by the high to low transition of the Strobe Shift Register, bit A. If the J 

5-28 



input of the flip-flop is a logic one at the time of that transition, then the Illegal Address F/F 
will be one-set. This would be the case if the Busy Time F/F is one-set, or if the output of 
the Valid Address Decoder is at the low logic level, indicating an invalid address. 
Therefore, the Illegal Address F/F will indicate an illegal address if the positioner is 
already busy, or if the address is invalid at the time of a Cylinder Address Strobe. Notice 
that the Illegal Address F/F can be cleared by either unloading of the heads (LLHFF goes 
low), or by a valid address being accepted (NLLAXG generated), or by one-setting the 
Restore Operation F/F when a restore operation is commenced. 

The Illegal Address (NLlAXG) signal from U107 (zone 9-1G) is supplied to the interface by a 
line driver (sheet 5, zone 3C) only if LSARG is at a logic one level. Also, during the time that 
the Strobe Shift Register, bit B, is in the logic one condition, the illegal address signal to 
the interface is disabled by U107-11 (zone 9-1G). If an address is loaded into the Demand 
Address Register (zone 8-6G) which is different than the address stored in the Current 
Address Counter (zone 8-4E), then an address difference will be produced. This difference 
results in the Position Mode (LPMXG) signal going low (zone 9-6E). This will cause 
presetting of the Busy Time F/F which indicates that the positioner will be busy executing 
a seek. This signal is supplied to the I/O interface. Additionally, the Settle-Time Delay 
Register U109 (zone 9-5E) is cleared in preparation for determining the settling time at the 
end of the seek. 

Notice that the Busy Signal (NLBSXG) to the I/O interface from the Hold Busy Time F/F 
U128 (zone 9-4G) and the Busy Time F/F U128 (zone 9-5F) is enabled only when these flip
flops are released by a high logic level of the Ready signal (LRXXG). As the positioner 
completes the seek, the address difference will reach zero and the positioner will reach a 
position that is within a quarter-track of the true-track center line. At this time, Position 
Mode will be asserted causing LPMXG (zone 9-6E) to go high. Since LPMXG is applied to 
the Settle-Time Delay Register, it will commence propagating logic-ones through the 
register. After the delay, determined by the register propagation time, the End Busy 
(LEBXG) signal will cause zero-setting of the Busy Time F/F and the Restore Operation F/F. 
This terminates the Busy Signal to the interface and also terminates any restore operation 
status in the Operation Control portion of the Position Control Logic. 

The Settle-Time Delay Register U109 ~one 9-5E) is clocked by LC13F from the clock 
countdown. Therefore, the delay time established by the Settle-Time Delay Register is 
determined by the clock frequency and the number of bits that must be propagated after 
the level change on the Position Mode (LPMXG). 

The validity of a demand address on the I/O interface lines is tested by the Valid Address 
Decoder (zone 8-6E). The Valid Address Decoder is a combinational logic configured to 
provide an output signal that will be high if the input Cylinder Demand Address is within 
the legal range of values, and to provide a low logic level output when the Cylinder Demand 
Address lines have an address outside the legal range. The range of legal addresses for 
406 cylinder models is from 000 to and including 405. 

As previously described; the Demand Address Register (U301, U321, and U302 zone 8-6G) 
will either hold the last value, load a new value if the NLLAXG pulse occurs, or will be 
cleared and held if a Demand Address Clear condition occurs. Therefore, the contents of 
the Demand Address Register will either be all zeros or the last Demand Address loaded. 
The contents of the Demand Address Register therefore specify the present cylinder 
demanded. 

The current position of the positioner is stored in the Current Address Counter (zone 8-4D). 
The Current Address Counter is an up/down counter. The direction and amount of the 
count is determined by the count control on the basis of the Position Reference Clock 
(SPRCG) and the Position Quadrature Clock (SPQCG) signals from the Servo PCBA. These 
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digital signals are derived from the outputs of the position transducer. During loading of 
the heads, the Current Address Counter is first loaded to a condition of all ones and then 
counted by one upcount clock to an all zeros condition to initialize the Current Address 
Counter at cylinder 000. 

Each high-to-Iow transition of SPQCG is edge detected by the Count Clock Detector 
Register U323 (zone 8-6B). A one-clock time pulse is generated for each high-to-Iow 
transition of SPQCG and this pulse, via U383-4, is used to strobe the Up/Down Count Logic. 
If during the time of the count clock pulse, SPRCG is high, the Current Address Counter 
will be counted down. If, however, SPRCG is low during the time of a count clock, the 
Current Address Counter will be counted up. An UP count increases the value in the 
address counter indicating that the positioner is moving toward the spindle, and a DOWN 
count clock decreases the value stored in the address counter indicating that the 
positioner is moving away from the spindle. 

During a seek, the positioner servo is operated as a velocity type of servo. A particular 
velocity level is determined on the basis of the amount of difference between the current 
address and the demand address. This difference is specified to the Velocity Function 
Generator on the Servo PCBA by the Address Difference lines (NLAOOG through NLA07G, 
including NLADEG) (zone 8-1G). 

The address difference, that is the difference between the Current Address Counter 
contents and the Demand Address Register contents, is obtained by performing a ones
complement arithmetic subtraction on the binary values of those counter and register 
contents. This subtraction process is performed by the Subtractor (zone 8-3G) and 
Complementor (zone 8-2G). The actual subtraction is mechanized using an integrated 
circuit binary full-adder. 

Since the arithmetic is ones-complement arithmetic, an end around carry is used. This 
carry is under control of the Carry Control Logic (zone 8-20). The algebraic sign of the 
velocity is determined on the basis of the binary value of the carry which specifies the 
binary state that is on the Forward Direction Line (LFDX1). 

The end around carry circuit can be traced on the schematic starting at U402 (zone 8-3H) at 
the pin 14 output and proceeding to U361, pins 2 and 13, and from there through the Carry 
Control F/F U341, pin 15, and then to the input of U382. Note that the input to the Carry 
Control F/F determines the state on LFDX1. 

As shown on the schematic, the integrated circuit binary full-adder is connected in a 
ripple-carry fas~ion to close the remainder of the end around carry loop. Notice also that 
the input to the least significant adder from the output of the Carry Control F/F U341-15 
also controls the Complementor. 

The Complementor circuit is required for the situation where negative arithmetic is being 
performed. The Complementor provides conditional inversion of the outputs of the 
Subtractor according to the state of the carry into the Subtractor. 

When the heads are being loaded, it is necessary to force the carry to a particular state. 
This is accomplished by the Carry Control on the basis of the states from certain bits in the 
Current Address Counter. U361-6 (zone 010) essentially decodes all-ones states in the 
most significant bits of the Current Address Counter and forces the carry to a specific 
state during the time that the heads are being loaded. Only during that time will the 
Current Address Counter have logic ones in the most significant positions of the counter. 
By forcing the carry during the loading of the heads, a least significant velocity reference 
level is specified by NLADOG, such that between the time when the Forward Siow Mode 
operation is ended and the Position Mode is commenced, the positioner servo is operated 
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as a true velocity servo with a least significant velocity reference. The three most 
significant bits of the Current Address Counter are buffered by U441 and U443 (zone 8-2E) 
and sent to the Temperature Compensation PCBA via J114. 

The Error Check Logic (zone 9-6B) performs two types of checks concerned with the 
operation of the positioner. The first check determines if the positioner has completed a 
seek within the maximum allowable time. This is done by the Seek Time Error Check 
Counter U287 (zone 9-7C). This is a gross type of check to determine that the positioner has 
not become stalled due to a fault. While each seek is checked by the circuit, it does not 
verify that a specific distance moved was accomplished within the specific time 
associated with that length of seek. Rather, it determines that the positioner has not 
become stalled while attempting a seek. 

The Seek Time Error Check Counter is enabled to count the LC17F clock, from the clock 
countdown, whenever the Busy Time F/F is one-set. This is a result of Not Busy Time 
(NLBTFF) being fed to the input of U247 pin 9 (zone 9-7B). 

If the counter has not counted up to the state where the carry-out has occurred, then the 
inputs at pins 9 and 10 of U247 will be high when the positioner is not busy. This causes 
U247-8 to go low, loading all zeros into the Seek Time Error Check Counter U287. When all 
zeros are loaded into the counter and the load input is held at the low level, the counter is 
locked up and cannot count the LC17F clock. However, when the positioner goes busy, 
NLBTFF goes low causing U247-8 to go high, releasing the counter and allowing it to count 
the LC17F clocks. 

If the Busy Time ends before the counter has counted up to the carry-out condition, then 
the seek has been completed well within the maximum allowable time, the Busy F/F will 
again load zeros into the counter before the carry-out has occurred. Should the positioner 
become stalled however, or other faults develop which cause the Busy signal to exist for a 
sufficient period of time for the counter to count to the carry-out condition, then the carry
out U287 pin 12 will go low indicating a Seek Time Error (NLSTEG). This results in 
execution of an Emergency Unload. 

Notice that the Restore Operation F/F (LROFF) is fed to the clear input of the Seek Time 
Error Check Counter. This signal clears the counter during the time of a Restore operation. 
It is not desirable to check Seek Time during a Restore operation. 

The other check performed by the error check logic is to determine that the positioner has 
not traveled outside the legal range of travel. This is performed by the Position Limit 
Monitor circuitry shown in zone 9-6B. This circuit generates a Position Limit Error signal 
(NLPLEG) if the positioner exceeds the normal range of travel. This check is performed 
only during the time that the heads are loaded on the disk. 

The Position Limit Monitor F/F U267 (zone 9-6B) is cleared by NLLPNG. This signal will be 
low and therefore clear the flip-flop whenever the Purge Cycle F/F and the Load Heads F/F 
are both zero-set. This wil! occur vvhen the drive is not in a Run Condition or it is in the Run 
Condition but not yet in a Purge Cycle. This can be seen by examining the logic shown on 
sheet 4 of the Logic PCBA schematic. 

When loading heads, the Load Heads F/F will be one-set, thus assuring that the Position 
Limit Monitor F/F is released for operation. Note that the J input of the Position Limit 
Monitor F/F is continuous logic one, and therefore any high-to-Iow transition on the clock 
input of the flip-flop U267 pin 1 will clock the flip-flop into a one-set condition. The flip-flop 
will remain one-set until it is cleared by NLLPNG going to the low-logic level. 
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During the loading of the heads, the Restore Operation F/F will be zero-set. As the 
positioner moves forward, SPTIG will come to the high logic level causing pins 4 and 5 of 
U247 (zone 9-78) to be high, thus causing a low-to-high transition at U267 pin 1. As the 
heads load, SPTIG will go from high back to low, which wHI cause U267 pin 1 to go from a 
high to a low. This will one-set the Position Limit Monitor F/F, arming the monitor. 

When the Position Limit Monitor F/F one-sets, the NAND gate U247 (zone 9-58) is enabled 
at its input on pin 12. A positioner fault may be indicated by either an occurrence of SPTIG, 
or by the occurrence of Heads Retract, after the heads have been loaded. If SPTIG goes 
high, it indicates that the positioner has traveled outside of its legal range. This will cause 
U247 pin 2 to go low which in turn will result in U247 pin 11 going low, thus indicating 
Position Limit Error (NLPLEG). 

The other method for detecting a fault is if SHRXG goes high. This will force U247, pin 1 
(zone 9-6A), to the low logic level, and again U247, pin 11 will go low, indicating NLPLEG. 
Either condition results in emergency unload. The success of emergency unload will 
depend on the nature of the fault that originally caused the occurrence of SPTIG or 
SHRXG. 

If a multiple SPTIG occurs during the loading of the heads, this circuit will detect that 
occurrence and immediately commence an emergency unload before allowing completion 
of loading the heads. Likewise, this circuit will detect faults in the position transducer. 

5.5.4 SHEETS 10, 11 AND 12 (SCHEMATIC 108165) 

Sheet 10 of the Logic PC8A schematic contains the Sector Electronics portion of the 
D3000 logic. Refer to the functional discussion and simplified block diagram contained in 
Paragraph 4.7 in conjunction with this discussion. 

The purpose of this circuitry is to provide pulses at the I/O interface for electrically 
subdividing the storage surface into sectors. In addition to the pulses provided, the 
specific number of the sector passing under the ReadlWrite heads is also transmitted as a 
sector count which is used for addressing data stored on the disk. An index pulse is 
provided as an output. This provides a signal which is a pulse occurring once per 
revolution of the disk that can be utilized to define the sector reference. \ 

There are two basic types of sectoring; mechanical and electronic. The electronic type 
may be further classified into electronic sectoring with the index-only type of cartridge, 
and electronic sectoring with a mUlti-notch cartridge. 

The primary inputs to the sector circuits are derived from two sensors located in the drive, 
and from clock signals derived from the Clock Countdown (sheet 6). The Drive/Motor 
Enable signal is also used in the sector electronics circuits. The Upper Platter Select 
signal and Selected And Ready signal are employed to control the output multiplexer. 
These signals are also obtained from the Start/Stop Control Logic. 

The outputs of the sector electronics are the Sector Pulse (lSPXD), the Index Pulse (IIPXD), 
zones 10-1C and 10-1A, and the Sector Count (ISCOD-ISC6D), zone 12-1A-D. 

ISPXD provides a train of pulses at regular intervals during each revolution of the disk. 
These pulses divide the disk surface into In' equal segments, where In' is the number of 
pulses and the number of sectors. 

IIPXD is a pulse train with a single pulse occurring once per revolution of the disk. This 
pulse always occurs just prior to sector zero. 
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The Sector Count lines specify the sector count, which is presented to the 1/0 interface in 
a binary format. This count indicates the particular segment of the disk surface currently 
under the Read/Write heads. The signals on these lines are, in essence, the states of a 
binary counter and in all cases correspond only to the respective disk as selected by the 
Platter Select line. 

The particular type of sectoring for which a drive is configured is determined by the 
programming arrays that are installed in the Logic PCBA. The parameters that are 
programmed into these arrays determine the nature of the sectoring. These parameters 
are: type of sectoring, number of sectors, and related disk speed. 

The type of sectoring is programmed by the programming array plug installed in J125 (zone 
11-1 D). The values for the Upper and Lower Demultiplexer Counters, which are relative to 
the speed of the disk, are programmed by J121 (zones 11-2H and 11-2E). 

The number of sectors for electronic sectoring for the lower and upper platters is 
programmed by J126 and J127, respectively, shown on sheet 12.The PLL sectoring is 
configured by the programming array plug installed in J123 shown on sheet 10. These 
arrays determine certain parameters of the electronic sectoring. 

The Upper Sensor Detector (zone 11-6G) and the Lower Sensor Detector (zone 11-6D) 
receive signals from the upper and lower sensors via J112 (zone 11-BD-G) and convert 
these analog signals into digital form. The Lower Sensor Detector circuit is similar to the 
Up'per Sensor Detector except that it has the additional capability of changing thresholds. 

The Upper Sensor Detector has two amplifiers, U429 and U3B9, which are not required in 
the Lower Sensor Detector. Otherwise, the circuit functions are similar. The Upper Sensor 
Detector receives the signal derived from sensing the upper cartridge sector ring or 
armature plate and converts it into a digital pulse train. The Lower Sensor Detector 
converts the analog signal obtained from the Lower Magnetic Sensor, which senses the 
Phase Lock Ring into a digital pulse train. 

NOTE 

The removable cartridge may be sectored either electroni
cally or mechanically. The lower disk is always sectored 
electronically. 

Standard top loading cartridges are fitted with an armature plate having one notch which is 
the Index notch. Some specially modified top loading cartridges will also have notches 
used for mechanical sectoring. 

Standard front loading cartridges have slots for mechanical sectoring, and a single index 
slot. The sector slots and index slot are located in the sector ring. Some specially 
designed front-load cartridges have only an index slot in the sector ring. 

Front 10adinQ models of the 03000 employ a photoelectric type of sensor for the upper 
sensor. Top -loading models use a magnetic transducer for the upper sensor. On all 
models, the lower sensor is a magnetic transducer. The upper sensor for front loading 
models connects to J112 pin 9 (zone 11-BG). For top loading models, the upper sensor is 
connected to J112 pin 6 (zone 11-BG). 

U429 (zone 11-7G) serves as a fixed voltage gain amplifier when the magnetic sensor is 
connected and functions as a current-to-voltage converter when the photoelectric sensor 
is connected. Gain for the circuit is established by R51, R52, and R53 (or W24) for the 
magnetic sensor connection and by R50, R52, and R53 (or W24) for the photoelectric 
sensor. C22 determines bandwidth. C20 and C21 decouple power supply voltages for U429. 
The signal from U429 is coupled to voltage follower U3B9 by an R-C network, C23 and R54. 
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The output of voltage follower U389 is fed directly to a Schmitt trigger comprised of one 
section of U408. The Schmitt trigger threshold is determined by R57, R56, R55, and the 
+ 5v power supply voltage. The output of the Schmitt trigger is buffered by U407-8 and fed 
to the Upper Time Demultiplexer. The signal at this pOint will be a pulse train with one 
pulse per slot, or notch, detected by the sensor. Power for operating the photoelectric 
sensor for front load machines is supplied via connector J112 (zone 11-1G). 

The lower sensor detector functions in a manner similar to the upper sensor detector. The 
lower magnetic sensor connects to J112 pin 4 (zone 11-8D). The output of this sensor is 
filtered by R61 and C27, then fed directly to a Schmitt trigger consisting of the other half of 
U408 (zone 11-6D). The threshold for the high threshold mode is determined by R66, R68, 
R64, R62, and R63. For the high threshold mode, the output of U446-10 (zone 11-6C) will not 
be conducting; therefore, R67 will be essentially open circuited. In the low threshold 
mode, which will be the case whenever Drive Motor Enable (LDMEG) is low, the end of R67, 
which is connected to U446-10, will be connected to ground. Therefore, the threshold for 
the low threshold mode will be determined by R66, R67, R68, R64, R62, and R63. The outut 
of the Schmitt trigger is buffered by U407-4 and U222-8 and fed to the Lower Time 
Demultiplexer. U407-4 also feeds the Lower Detector Pulse (LLDPT) to the Disk Rotation 
Detector Counter (sheet 3) for detecting disk rotation. 

The pulse trains obtained from the Sensor Detectors will have an index pulse intermixed 
with the other pulses if the sensor is detecting multiple notches. This will be the case at all 
times for the Lower Magnetic Sensor which senses the Phase Lock Ring. However, the 
pulse obtained from the index notch from the Upper Sensor will be interspersed with the 
pulses obtained from the sector notch only if it is a multi-notch cartridge. In the case of an 
index-only cartridge, the pulse train will be comprised entirely of index pulses. The pulse 
obtained from the index notch must be separated from the sector notches as appropriate. 
This function is performed by the time demultiplexers for those situations requiring 
demultiplexing. The pulse obtained from the index notch is placed on a line separate from 
the other pulses. 

The Lower Time Demultiplexer (zone 11-2D) separates the pulse obtained from the index 
notch on the Phase Lock Ring from th~ phase lock pulses. The phase lock pulses will be 
demultiplexed and output at U183 pin 13 (zone 11-2C). The index notch pulse is output at 
U183-10 (zone 11-2C). Only a single clock frequency is utilized by the Lower Time 
Demultiplexer; this is LC08F (zone 11-4C), obtained from the clock countdown in the 
Start/Stop Control Logic (sheet 4). 

In index-only cartridges, the Upper Time Demultiplexer outputs the pulse obtained from 
the index notch at U183 pin 4 (zone 11-2F). Since there are no sector notches, there will be 
no output at U183 pin 1. 

When using a multi-notch cartridge, the Upper Time Demultiplexer will output the 
demultiplexed index pulse at U183 pin 1 (zone 11-3E) and the demultiplexed sector pulses 
at U183 pin 4. The clock frequencies used with the Upper Time Demultiplexer are 
determined by a jumper installed at W20, W19, orW21 (zone 11-4F). Clock LC08F, LC09F, or 
LC10F from the clock countdown is available at W20, W19, and W21, respectively. 

For both time demultiplexers, the specific value of the demultiplexing gate time is 
determined by the programming array installed in J121 (zone 11-2E). The time 
demultiplexer functions by generating a gate time according to the value loaded into the 
demultiplexer counter. The Upper Time Demultiplexer Counter (Upper Demux. Counter) is 
U184 (zone 11-2G) and the Lower Time Demultiplexer Counter (Lower Demux. Counter) is 
U164 (zone 11-20). The value loaded into these demultiplexer counters is determined by 
the programming array plug in J121. 
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Generation of the demultiplexer gate is controlled by the respective Demultiplexer Control 
F/F U203 (zone 11-4G) for the Upper Time Demultiplexer and U163 (zone 11-30) for the 
Lower Time Demultiplexer. The outputs of U203 and U163 are fed to the Upper and Lower 
Time Demultiplexer Gate F/Fs, respectively. The actual demultiplexer gate is obtained 
from the respective demultiplexer gate flip-flop. The output of the respective 
demultiplexer flip-flop is the enabling input to demultiplexing gates U183-4, U183-1, 
U183-10, and U183-13 (zone 11-3F and 11-2C). 

The time demultiplexer functions on the principle that for a pulse occurrence, a gate is 
generated. If, during the time of that gate, another pulse occurs, that pulse is derived from 
the index notch. All other pulses are taken as being derived from other than the index 
notch. The specific demultiplexed pulses are connected to the Sectoring Selection 
Programming array at J125 (zone U-11 B-F). The outputs of the Sectoring Selection 
Programming array are fed to pulse formers and sector number counters. 

The puls.es obtained from the time demultiplexers or from the electronic sectoring 
electronics are unsuitable for direct output at the I/O interface; therefore, they must be 
formed into pulses compatible with the interface requirements. This is accomplished by 
the Pulse Formers shown in zones 10-5C and 10-5B. There are four pulse formers; one for 
the Upper Sector Pulse, one for the Lower Sector Pulse, one for the Lower Index Pulse, and 
one for the Upper Index Pulse. 

The pulse formers are essentially shift registers (U22, U2, U23, and U43) connected as 
delays and edge detectors. The actual pulse forming is accomplished by NOR gates U63. 
The clock used for determining pulse timing and delay is LC04F, which is obtained from 
the clock countdown in the Run/Stop Control Logic. 

The outputs of the Upper and Lower Sector Pulse Formers are multiplexed onto the single 
Sector Pulse line (ISPXD) U62-8 (zone 10-20). The pulse driven by U64-5 (zone 10-20) 
depends upon the particular disk selected by the interface. Likewise, the outputs of the 
Upper and Lower Index Pulse Formers are multiplexed by the Index Pulse Multiplexer 
U62-6 and fed to the single Index Pulse line (IIPXD), according to the particular disk 
selected by the interface. 

The Sector Pulse Multiplexer and the Index Pulse Multiplexer are controlled by the 
Multiplexer Control Logic (zone 10-5A) which also controls the Sector Count Multiplexer 
according to the states of the Platter Select line (LUPSG) and the Selected And Ready line 
(NLSARG). NLSARG enables the Multiplexer Control gates only when the drive is selected 
and ready. Thus, the output of the Multiplexer Control Logic is gated with NLSARG. 

The specific multiplexer (upper or lower) enabled is determined at the input to the 
Multiplexer Control Logic by the states on NLUPSG and LUPSG. These signals are derived 
from the LUPSG input to the Disk Drive Function Control Logic, as shown on sheet 5 of the 
schematic. 

When the drive is not selected~ or not ready; then both LUMEG and LLMEG will be low; 
disabling the multiplexers. When the drive is selected and ready, then either LUMEG or 
LLMEG will be high, according to whether the upper or lower disk is being selected by 
LUPSG. Thus, the action of the Multiplexer Control Logic is to determine which of the 
pulse and sector count outputs will be enabled and supplied to the I/O interface, J102. 

The pulses obtained from the Sectoring Selection Programming array at J125 are also 
applied to the Sector Number Counters and the Count Control Logic to generate the sector 
count. The Upper Sector Number Counter (zone 12-50) and the Upper Count Control F/F 
(zone 12-60) generate the upper sector number count. U144 and U145 are the Upper Sector 
Number Counters, and the count is controlled by the Upper Count Control F/F U83. The 
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Lower Sector Number Counter (zone 12-58) and the Lower Count Control F/F (zone 12-78) 
generate the sector number count for the lower disk. U125 and U124 are the Lower Sector 
Number Counters, and the count is controlled by the Lower Count Control F/F U83. 

The contents of the particular sector number counter are multiplexed onto the Sector 
Count lines (ISCOO-ISC60) through the Sector Count Multiplexer (zone 12-3C) according 
to the control signals generated by the Multiplexer Control Logic. U104 and U105 form the 
Sector Count Multiplexer. One or the other of the sector number counter contents will be 
selected and supplied to the line drivers according to the control signals from the 
Multiplexer Control Logic. For each sector count line, there is a separate line driver. The 
specific sector number count multiplexed onto the sector count lines is determined by 
which disk is selected by LUPSG and will only be presented to the I/O interface if the drive 
is selected and ready. 

The mechanization of the Upper Sector Number Counter and Upper Count Control is 
identical to that used with the Lower Sector Number Counter and Lower Count Control. 
Therefore, only the Upper Sector Number Counter and Upper Count Control F/F will be 
explained. 

The sector number count is represented by the binary value contained in the sector 
number counter. The QA output of U145 (zone 12-50) is the least significant bit and the QC 
output of U144 (zone 12-40) is the most significant bit. The counter is clocked, or counted 
up, by the raw sector pulse obtained from the Sectoring Selection Programming array plug 
at J 125 (zone 11-18-F). For each pulse, the counter will be incremented by one count. The 
Index Pulse, which occurs once per disk revolution, is defined as occurring during the 
sector just prior to sector zero; i.e., during sector N minus one where N is the maximum 
number of sectors. Therefore, at the time of occurrence of the Index Pulse, U83, the Upper 
Count Control F/F (zone 12-60) will be preset by the occurrence of the Index Pulse. 

This will cause the Q output of U83 pin 7 to go low enabling the load inputs (LO) of U145 
and U144. However, the counter will not load zeros until the next sector pulse. At that time, 
instead of incrementing the count, it will be clocked to load all zeros. At the time that this 
clocking occurs, the Upper Count Control F/F will be zero-set since the K-input of the flip
flop is enabled at all times. This will remove the enable from the load inputs of the Upper 
Sector Number Counter and allow it to be incremented or clocked by the raw sector pulse. 
The Sector Pulse immediately following an Index Pulse defines the beginning of sector 
zero. At the time of that Sector Pulse, the Sector Count lines will present a zero value as 
the result of having loaded the Sector Number Counter with all zeros. Thereafter, the value 
will be incremented until the maximum count is achieved. The maximum count that will 
occur is N minus one, where N is the number of sector pulses. 

Recall from the previous discussion that the lower disk is always sectored electronically in 
dual-disk machines. Recall also that the removable cartridge in either dual-disk or quad
disk machines may be sectored electronically. The exception to this is if the cartridge has 
an index-only notch, then it must be sectored electronically. 

Electronic sectoring is selected by the Sectoring Selection Programming array installed in 
J125. When electronic sectoring is selected, the output of the electronics is connected to 
the Upper Sector Pulse Former, the Upper Sector Number Counter, and the Upper Count 
Control F/F. 

NOTE 

The Lower Sector Number Counter, Lower Count Control 
and Lower Sector Pulse Former are connected to the 
electronic sectoring electronics at al/ times since the 
lower disks are always sectored electronically. 
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Electronic sectoring requires that the drive generate pulses electronically for sectoring in 
lieu of the mechanical slots normally used for sectoring. Since the lower disk is sectored 
electronically regardless of the mechanical configuration, pulses must always be 
generated for sectoring the lower disk. These pulses are generated by counting down (with 
an electronic counter) the output of a high frequency oscillator. Because the sector pulses 
must be synchronous with the instantaneous speed of spindle rotation, it is necessary to 
phase lock this high frequency oscillator to the spindle. 

The high-frequency osciliator is a voltage controlled oscillator (VeO) which is part of the 
Sector Phase Lock Loop. The function and purpose of the Phase Lock Loop is to phase
lock the voltage controlled oscillator frequency to the phase lock pulses obtained from the 
Phase Lock Ring through the Lower Time Demultiplexer. The sector phase lock loop is 
shown in zones 10-1G-8G on the schematic. The input to the Sector Phase Lock Loop is 
from U183 pin 13 (zone 11-2C), which is the phase lock pulse output from the Lower Time 
Demultiplexer. Recall that the phase lock pulses are separated from the lower index pulse 
by the Lower Time Demultiplexer. 

It is necessary to count down the output of the high-frequency voltage controlled 
oscillator to obtain the desired number of pulses per revolution for sectoring. This is 
accomplished by the Upper and Lower Sector Countdown Counters shown in zones 12-4G 
and 12-4F, respectively. Also associated with these counters are the Upper and Lower 
Electronic Sector Programming arrays that are installed in J126 and J127 respectively. 
These programming arrays determine the particular number of sectors. 

Since it is necessary to synchronize the countdown with the index for the respective disk, 
there is a synchronizer for each counter. These are used to synchronize the count with the 
index pulse. The index pulse is obtained from the respective time demultiplexer. In the 
case of the lower disk, the index notch on the Phase Lock Ring generates a pulse which is 
separated by the time multiplexer and is applied to the Lower Synchronizer. In the case of 
the upper disk, the index notch generates a pulse which is separated as necessary by the 
Upper Time Demultiplexer and applied to the Upper Synchronizer. 

The output of the respective countdown counter is a pulse, which is the raw sector pulse, 
for use by the pulse formers and the Sector Number Counter when electronic sectoring is 
employed. 

The Sector Phase Lock Loop is, in essence, an electronic servo loop designed to servo the 
voltage controlled oscillator frequency to phase lock that frequency to the pulse train 
derived from the demultiplexed phase lock ring notches. 

The Sector Voltage Controlled Oscillator (Sector VCO), which consists of 01, R43, R42, 
U209, C14, C15, C16 or C17, R41 and R46. C13 and C12, are used only to decQuple the 
power supply voltages that are supplied to U209. The voltage controlled oscillator is an R-C 
oscillator with part of the resistive component comprised of 01, which is made variable by 
the voltage applied to the gate of 01. The output of the oscillator is derived from 01 and 
directly coupled into a Schmitt trigger. The Schmitt trigger consists of one section of U268 
with its threshold established by R48 and R49. The output of the VCO is at U268 pin 4. 
Thus, U268 converts the output of the oscillator into a digital signal that is suitable for use 
by the counters. In order to phase lock the VCO frequency to the phase locked pulses 
derived from the spindle, it is necessary to detect the phase difference between the Sector 
veo and the phase lock pulses to produce a control voltage to servo the frequency of the 
Sector VCO to the proper value. This is accomplished using a Phase Comparator and 
Filter, shown in zones G7-G5 sheet 10. 
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The phase lock pulses are applied to the clock input of the Phase Lock F/F U129 (zone 
10-7H). The Phase Lock F/F divides the frequency of the phase-lock pulse train by a factor 
of 2 and converts it into a square wave. This square wave is then applied to the Phase 
Comparator and Filter. Additionally; the Phase Lock F/F, Q output (LPLFF), is also fed to 
the Spindle Speed Control Electronics as previously described. 

The other input to the Phase Comparator is the output of the VCO, suitably counted down. 
The countdown of the Sector VCO is accomplished by the Sector PLL Countdown Counter. 
The particular division ratio obtained with this countdown counter is determined by the 
programming which results in wiring the A, 8, C, and D inputs to U106, U146 and U166 
(zone 10-7,6,5E). 

The output of the Sector PLL Countdown Counter is fed to the clock input of the Sector 
Countdown Divider F/F U129 (zone 10-7F), which converts the output of the Sector PLL 
Countdown Counter into a square wave. This square wave is the other input to the Phase 
Comparator and Filter. The Phase Comparator is comprised of U149 (zone 10-6G), R26, R27, 
R28, and R21. 

The output of the Phase Comparator is filtered and applied to the input of the Sum-And
Difference Amplifier U209 (zone 10-5G). The filter is comprised of R32, R31, R23, R24, C5, 
R29, R23, R22, R30, and C6. The particular filter characteristics required are programmed 
by part of J123 depending upon the disk speed utilized in the particular drive. 

R23, R24, R25, and R34 determine the characteristics and gain of the Sum-And-Difference 
Amplifier, U169. C9 and C8 decouple the power supply to U169. Adjustment of the PLL is 
accomplished by R42 (zone 10-3H). The combination of R41, CR5, and VR1 provide a bias to 
the Sector VCO. 

The output of the Sum-And-Difference Amplifier, U169 pin 6, is the control voltage to 
control the frequency of the Sector VCO. It is filtered by R36 in conjunction with C11. This 
control voltage causes the Sector VCO frequency to become phase-locked to the pulse 
train derived from the Phase Lock Ring. 

The output of the VCO through Q1 and the Schmitt trigger is the input to the Countdown 
Counter and the VCO divider flip-flop, U143 (sheet 11, zone 38). The Divider F/F divides the 
frequency of the Sector VCO by a factor of 2 for use as an alternate input to the Countdown 
Counters depending upon the desired number of sectors. Whether the output of the VCO 
Divider F/F, or the output of the VCO directly is applied to the Sector Countdown Counter, 
is a function of the particular programming array installed in J125. 

The Lower Sector Countdown Counter consists of U121, U161, and U181 (zone 12-5,4,3E). 
These are 4-bit binary synchronous counters that may be loaded with one of two different 
values obtained from the Lower Electronic Sector Programming array installed at J127. 
The value loaded is determined by the Lower Synchronizer Register and associated 
circuitry which generate the I and NI signals applied to the Lower Electronic Sector 
Programming array, pins 5 and 6, respectively. The Lower Sector Countdown Counter is 
clocked by the signal obtained from the Sectoring Selection Programming array which will 
be either the output of the VCO Divider F/F or the output of the Sector VCO directly. 

When the Lower Sector Countdown Counter is counted from the value loaded until a carry
out occurs at U181 (zone 12-3E), a pulse will be output at U122 pin 4. This pulse train output 
has a frequency which corresponds to the number of desired sectors. This pulse train will 
be synchronized with the index by the Lower Synchronizer Register U182 (zone 12-7E) and 
the associated synchronizing circuitry. That circuitry consists of the Lower Synchronizer 
Register U182, U162-12, and U122-1, which edge detects the pulse obtained for the lower 
disk index by the Lower Time Demultiplexer, which outputs from U183 pin 10 (zone 11-2C). 
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The output of U122-1 (zone 12-6E) is applied to the Lower Electronic Sector Programming 
array for purposes of determining the value loaded into the Sector Countdown Counter. 

As previously discussed, the output of U122 pin 4 (zone 12-2F) is the raw sector pulse 
which is utilized by the Sector Number Counter, Count Control, and the Sector Pulse 
Former. 

5.6 MOTOR CONTROL PCBA 

The following paragraphs describe the Motor Control PCBA installed in the 03000 Series 
Disk Drives. Refer to Schematic No. 103570 and Assembly No. 103571. 

The Motor Control PCBA is approximately 101.6 mm (4 inches) square and is physically 
located on top of the power transformer. This PCBA is one of the subassemblies which 
comprise the Power Supply Chassis. The circuitry contained on the Motor Control PCBA 
performs a ground isolation function and provides the drive current necessary for 
controlling a triac, which, in turn, switches power to the drive motor. This PCBA is one of 
the functional elements in the spindle speed control. 

Figure 5-8 illustrates the placement of the six molex connectors located on the face of the 
PCBA. These connectors are used to provide inputs to the circuit board consisting of the 
line voltage, the line voltage common, a reference voltage derived from a secondary 
winding on the main power transformer, and a trigger from the speed control circuitry on 
the Servo PCBA. 

Additionally, the connectors and jumpers on the face of the Motor Control PCBA are used 
to provide an alterable interconnection scheme for selecting different connections to the 
motor capacitors and the drive motor depending upon the type of line voltage operation 
desired. Therefore, the connectors which connect to the Motor Control PCBA, plus the 
jumpers on the face of the board, provide a switchable junction box to allow alternation of 
the connections of the drive motor windings and the motor capacitors. This can be 
visualized by referring to the Power Supply Schematic, Drawing No. 103580. 

Note that there are two classes of line voltage operation, i.e., 110v and 220v. When a 
particular drive is configured for operation on nominal line voltages between 95v and 125v, 
P403 is connected to J403 on the Motor Control PCBA and jumpers W1, W3, W4, and W5 
are installed. P403 is the plug from the motor capacitors and P405, P406 are the plugs from 
the drive motor. For operation on nominal line voltages of 190v to 250v, P403 connects to 
J404, and jumpers W2 and W6 are installed. Nominal line voltage of 95v to 125v is defined 
as 110v operation classification; nominal line voltage of 190v to 250v is defined as 220v 
operation classification. Refer to Paragraph 4.8 for the functional details of 110v and 220v 
operation of the drive motor. 

Other than the interconnection arrangement previously described, all circuitry on the 
Motor Control PCBA is dedicated to switching the triac and suppressing any transients 
that result from this switching. A dc power supply voltage is required to provide current to 
the gate of the triac and must be developed with respect to the line voltage common. This 
is a function which is performed by a special power supply made up of CR1, R8, and C1 
(zone 06,7). The voltage is negative dc with respect to the ac common (pin 3 of J402). An ac 
signal of approximately 8v rms is provided to pin 5 of J402 from a separate secondary 
winding of the main transformer mounted on the power supply chassis. The voltage 
provided by this winding is rectified by CR; and charges C; to provide a relatively steady 
dc voltage; current limiting is provided by R8. 

The trigger from the Servo PCBA is supplied to the Motor Control PCBA at J401 (zone E7). 
This trigger is the output of the Motor Speed Control circuitry on the Servo PCBA and is, in 
essence, a transistor switch closure to ground when the trigger is asserted. 
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Figure 5-8. Motor Control PCBA Test Point and Connector Placement 

When the transistor switch on the Servo PCBA is conducting and the trigger is asserted, 
current from the + 5v supply flows through R1 (zone E7) and a Light Emitting Diode (LED), 
which is part of U1. U1 is an optical isolator consisting of a LED optically coupled to a 
phototransistor. When current passes through the LED, it causes the LED to emit light; 
this light is coupled to the phototransistor causing it to conduct. Conduction of the photo
transistor in U1 causes a base current to flow in 01 (zone E6) which, in turn, causes a base 
current in 02. 02 conducts and provides the current to triac SCR1 (zone E5). Gate current 
flowing in SCR1 results in the triac conducting current through the motor winding. 
Conversely, when the trigger signal is absent, there is no current flow through the LED in 
U1; therefore, the voltage across R2 causes 01 to turn off and the voltge across R7 causes 
02 to turn off. Therefore, there is no current into the gate of the triac and conduction will 
stop as soon as the current through the triac passes below the holding current value, a 
characteristic of the device. 

Resistors R3, R6, R4, and R5 provide the proper values of current in the collectors of 
transistors Q1 and 02, and into the gate of the triac. R9 ensures that the gate current is 
sufficiently low that the triac will stop conducting. C2 and R10 (zone 05) provide a network 
for compensating for the fact that the drive motor is an inductive load. This means that at 
the time the current falls below the holding current value and the triac ceases to conduct, 
there will exist a certain voltage across the triac. If this voltage appears too rapidly, the 
triac will resume conduction and control is lost. In order to achieve control with such an 
inductive load, the rate of rise in voltage (dc/dt) must be limited by a series R-C network 
across the triac. The capacitor will then limit the rate of change of voltage across the triac. 
The resistor is necessary to limit the surge of current from the capacitor when the triac 
fires and to damp the resonance of the capacitor with the load and circuit inductance. 

5.7 TEMPERATURE COMPENSATION PCBA 

5.7.1 TEMPERATURE COMPENSATION CIRCUITRY 

The Temperature Compensation PCBA is located adjacent to the ReadlWrite PCBA and is 
approximately 203.2 mm (8 inches) long by 101.6 mm (4 inches) high. The Temperature 
Compensation PCBA operates in conjunction with two externally mounted thermistors to 
provide thermal compensation. Control circuitry for the Emergency Unload mode is also 
included in this PCBA to protect the heads and media from possible damage during an 
emergency unload condition. Refer to Schematic No. 108175 and Assembly No. 108176. 
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The switched current resistors (R24, R26, R28) receive their commands from the Current 
Address Counter on the Logic PCBA via J503 (zone 0-C8). The three most significant bits 
are employed to provide off-track compensation and are comprised of LCA E1, LCA 71, and 
LCA 61 (zone C,08), in order of declining bit weight. 

Figure 5-9 illustrates the placement of the five connectors on the Temperature 
Compensation PCBA. These connectors provide power to the PCBA in addition to 
providing input and output signal paths between this PCBA and the Logic PCBA, the Servo 
PCBA, and the two externally mounted thermistors. 

There are two temperature sensing thermistors, one for the removable cartridge, the other 
for the fixed disk(s) ambient surface temperature. On top load drives, RT2 is mounted on 
the rear right side of the adapter bowl and protrudes through a port into the interior of the 
bowl. On front load drives, RT2 is mounted so that it extends through the rear flapped 
opening of the cartridge and extends above the surface of the disk when the cartridge is 
fully seated in position. 

The fixed disk(s) sensor, RT1, for both top and front load models, is mounted on the 
positioner base as part of the head ramp. The thermistor extends into the fixed disk area 
immediately adjacent to the heads and is positioned above the outer surface of the disk. 

RT1 is connected to the input of amplifier U1 (zone F7) via pin 1 of J505. RT2 is connected 
to the input of amplifier U3 via pin 6 of J505. The outputs of U1 and U3 are applied 
simultaneously to pins 2 and 6 of U7. 

The output of U7 pin 7 (zone F5) drives a multiplexer digital-to-analog converter which 
consists of three FETs in U6 pins 3, 11, and 14 (zone G,E6). The fourth FET (at U6 pin 6) is 
driven by the output of U7 pin 1 when the Transient Compensation signal (NLTPCG) is 
active. 

The NLTPCG signal from the Transient Compensation circuitry (sheet 3, zone 01) drives 
FET U6 pin 6 (zone 06) whose output is applied to the summing junction of U4 pin 6 along 
with three outputs of FET U6 at pins 1,9 and 16. The output of the summing amplifier is the 
Servo Compensation signal which is sent to the Servo PCBA via J504 pin 2 (zone C3). 

• • • • 
TPl TP2 TP3 TP4 

Rl PROVIDED BUT NOT USED 

TP5 TP6 TP7 TP8 TP9 TP10 TPll TP12 TP13 . . . . . . . . . ,--------, 
J506 UPPER AND LOWER PLATltR 

SELECT, AND INDEX/SECTOR 
MARK 

J504 ltMPERA TURE COMPENSA nON 

J502 POWER 

J505 TI-lERMISTOR INPUTS AND 
REFERENCE VOL TAGE 

1'--J503 CYLINDER DEMAND ADDRESSES I FROM LOGIC PCBA 

~----------------------I 3041 

Figure 5-9. Temperature Compensation PCBA Test Point and Connector Placement 
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Sheet 4 shows the Emergency Unload circuitry which, although physically located on the 
Temperature Compensation PCBA, is electrically associated with the Servo PCBA. 

The voltage drop across R164 (sheet 3, zone F5) on the Servo PCBA (drawing 108130) 
appears on J504 pin 4 which is the input to U16 (zone F5). This input is compared with the 
voltage divider network consisting of R56 and R55. 

The output of U16 drives the base of 01 which uses VR5 in its emitter circuit to limit the 
voltage at the base of 02. When 02 is on, current is applied to the positioner coil via J504 
pin 1, and Relay K1 on the Servo PCBA. 

Addressing of the removable cartridge is detected in U12 from the Lower Platter Select 
(N LLPSG) and Upper Platter Select (N LUPSG) signals. Immediately after the removable 
cartridge is either selected or deselected, U13 (sheet 3, zone F5) serves a a one shot to 
mask index and sector signals and also read signals (for soft-sectored formats) for 
approximately 10 msec. This allows the positioner to recover from the position transient 
caused by the change in the temperature compensation signals. 

The Delayed Index And Sensor (NLDISG) signal (sheet 3, zone F1) is sent to the Logic 
PCBA to mask the Index and Sector Count signals. 

The Temperature Compensation Read Enable (NTTREG) signal (sheet 3, zone E1) is sent to 
the ReadlWrite PCBA to disable the Read Enable circuitry. 

In addition to the Temperature Compensation electronics, the Temperature Compensation 
PCBA contains a time delay circuit. This circuit consists of a monolithic timer, U8, a 4-bit 
binary counter, U10, and associated components. A low on U8 pin 4 (zone C4) resets the 
timer. The timer will free run, generating one pulse per 2 minutes as determined by R52, 
R53, and C7. The binary counter is clocked by each pulse and counts eight of these pulses 
before an output is delivered at J506 pin 10. This 16-minute timer circuit allows the internal 
temperature of the drive to stabilize before disabling the differential temperature 
compensation and the index and sector mask of U13~ The timer circuit operates after the 
RUN indicator illuminates on the drive control panel. 

Jumper W2 (zone C4) is used for test purposes only. 

5.7.2 EMERGENCY UNLOAD CONTROL CIRCUITRY 

During an unload condition, the sudden acceleration of the pOSitioner assembly 
sometimes causes the heads to torque and thereby gouge the media. Sheet 4 of the 
Temperature Compensation schematic, 108175, shows the circuitry that controls the 
speed of the positioner during the unload mode. 

Controlling positioner speed means applying sufficient current to the voice coil to limit 
the speed of the positioner as it reaches the unload ramp and then to apply a higher level 
of current to the voice coil to allow the heads to fully unload. 

During an unload condition, pOSitioner current is sensed at U16-3 via the line on J504 pin 4 
(zone F7). A current threshold is established by the divider network, R55 and R56. When the 
pOSitioner current is below threshold, U16-6 will be positive, 01 will turn on and VR5 will 
conduct. 02 will open and the limit current will be transmitted to the emergency unload 
driver via J504 pin 1 (zone E2). 

If the positioner current reaches the threshold current, U1 will be negative at U1~6, VR5 will 
cease to conduct and R59 will bias 04 to saturation and establish the high limit of the 
current to the emergency unload driver via J504 pin 1 (zone E2). 
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SECTION VI 

MAINTENANCE AND TROUBLESHOOTING 

6.1 INTRODUCTION 

This section provides information necessary to perform electrical and mechanical 
adjustments, parts replacement, and troubleshooting. Sections IV and V contain the 
theory of operation of components and circuits for reference. 

6.2 FUSE REPLACEMENT 

The four fuses which protect the disk drive electrical components are located under the 
left rear corner of the base casting. Fuse identification and types are listed in Table 6-1. 

6.3 SCHEDULED MAINTENANCE 

The disk drive is designed to operate with a minimum of maintenance and adjustments. 
Part replacement is planned to be as simple as possible. Repair equipment is kept to a 
minimum and only common tools are required in most cases. A list of hand tools required 
to service the drive is given in Paragraph 6.30. 

6.3.1 MAINTENANCE PHILOSOPHY 

To ensure reliable operation of the disk drive at its optimum design potential a scheduled 
preventive maintenance program is recommended. 

The objective of any maintenance program is to provide maximum machine readiness with 
a minimum of downtime. To provide this type of reliability, it is necessary to perform 
preventive maintenance at the specified intervals. This schedule is given in Table 6-2. 

In general, it is not necessary to alter any adjustment on equipment that is performing in a 
satisfactory manner. 

6.3.2 GENERAL MAINTENANCE 

Perform a visual inspection of the disk drive for loose electrical connections, dirt, cracks, 
binding, excessive wear, and loose hardware while conducting any maintenance function. 

Cleanliness is essential for proper operation. Minute particles of dirt trapped between the 
flying heads and the disk causes the disk surface to become scored. This condition may 
result in an unusable disk or head damage, or both. 

Table 6-1 

Fuse Requirements 

I Function Type 

F1 Line Fuse 10 Amp, 3AG, SB, 125v and below 
5 Amp, 3AG, SB, 190v and above 

F2 + 25v de 10 Amp, 3AG, FB 
(Unregulated) 

F3 - 25v de 10 Amp, 3AG, FB 
(Unreg u lated) 

F4 + 10v de 10 Amp, 3AG, FB 
(Unregulated) 
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Table 6·2 
Preventive Maintenance Schedule 

Interval* Item Paragraph 
Reference 

1000 Hours** Clean Heads and Disks 6.4.1, 6.4.2 

1000 Hours* * Clean Pre-filter 6.26.1 

2000 Hours Check Belt for Wear and Proper Tension 6.19 

2000 Hours or 6 Months * * Replace Air Filter 6.26 

2000 Hours Lubricate Catch Assembly Ball Studs in Bezel 6.17.2 

2000 Hours or 6 Months Clean Spindle Magnetic Chuck and Cone 6.4.4 

4000 Hours or 12 Months Clean Positioner 6.4.5 

1000 Hours or 3 Months, Check CE Alignment 6.14 
and when Unit is moved 

4000 Hours or 12 Months Clean Base Casting and Inspect Machine 6.4.6 

24,000 Hours Replace Drive Motor, Replace Spindle 6.29 

*The listed preventive maintenance frequency is based on operating hours. Typically, 
about 200 hours operating time per month will be accumulated for the average 
installation. When operating hours are less than the specified time interval, perform the 
maintenance on the basis of time interval only if stated in the table above. 

**More frequent servicing may be required if operating in an abnormally dirty environment 
or if a high rate of cartridge loading is encountered. 
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Accumulated foreign matter can also cause the heads to fly at an excessive distance from 
the disk surface. This will severely impair the retrieval of data and result in writing errors. 

6.3.3 GENERAL PRECAUTIONS 

Any work performed on the drive should be accomplished with the power off and 
preferably, with the power cord disconnected from the power line unless otherwise 
necessary. 

CAUTION 

THE DISK DRIVE POSITIONER ASSEMBLY CONTAINS A 
PERMANENT MAGNET; KEEP ALL ITEMS MADE OF FER
ROUS MATERIALS (TOOLS, WRIST WATCHES, RINGS, 
ETC.) A WA Y FROM THIS AREA. 

WARNING 

AVOID PLACING HANDS IN VICINITY OF CARTRIDGE 
OR VOICE COIL WHEN DRIVE IS OPERATING. AN EMER· 
GENCY UNLOAD OF MAGNETIC HEADS COULD CAUSE 
SERIOUS INJURY TO MAINTENANCE OR OPERATING 
PERSONNEL. 

CAUTION 

CIGARETTE SMOKE AND TOBACCO ASHES ARE A 
COMMON CAUSE OF PROBLEMS INDUCED DURING 
SERVICING. AVOID SMOKING WHEN SERVICING THE 
DRIVE WITH THE COVER OFF OR AIR FIL TER REMOVED. 

NOTE 

Avoid operating the drive with top cover removed unless 
maintenance cannot be performed otherwise. If the drive 
must be operated with dust cover off, use a work cartridge. 
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6.4 CLEANING THE DISK DRIVE 

The disk drive requires cleaning in these major areas: heads, disks, spindle, positioner, 
base casting, dust cover, and filters. Details are given in Paragraphs 6.4.1 through 6.4.5, 
and 6.26. 

The following cleaning materials are recommended for use when cleaning the disk drive. 

(1) Lint-free wipes such as Absorband TX404 * or Kaydry Disposable Wipes 34720* *. 

(2) Isopropyl alcohol, 91 percent by volume. 

CAUTION 

DO NOT USE ISOPROPYL ALCOHOL, OR ITS EQUIVA
LENT, ON ANY PART OF THE DRIVE OR ITS CARTRIDGE 
UNLESS SPECIFICALL Y INSTRUCTED TO DO SO IN THIS 
MANUAL 

CAUTION 

USE ONL Y 91 PERCENT ISOPROPYL ALCOHOL TO 
CLEAN DISK AND HEADS. USE OF ANY OTHER TYPE OF 
CLEANER OR SOLVENT, SUCH AS CARBON TETRA
CHLORIDE OR TRICHLORETHYLENE MAY RESULT IN 
DAMAGE TO THE DISKS OR HEADS. DO NOT USE CON
TAMINA TED ALCOHOL WHICH COULD CONTAIN ANY 
FORM OF RESIDUE. 

WARNING 

THE 91 PERCENT ISOPROPYL ALCOHOL SOLUTION IS 
A FLAMMABLE LIQUID. KEEP THE BOTTLE CONTAIN
ING ISOPROPYL ALCOHOL STORED IN A SEALED 
METAL CONTAINER EXCEPT WHEN IN USE. 

WARNING 

WHEN SHIPPING 91 PERCENT ISOPROPYL ALCOHOL, 
COMPL Y WITH THE APPROPRIATE REGULA TlONS FOR 
SHIPMENT OF FLAMMABLE LIQUIDS. 

(3) Two disk cleaning wands, Texwipe Part No. TX800*, PCC PO Part No. 623-0002. 

(4) Cotton swabs such as Q-Ti ps * * * . 

(5) Masking tape 1/2 -inch or %-inch wide. 

6.4.1 CLEANING THE HEADS 

Remove the cover from the drive and raise the Logic PCBA to the extended position. 
Instructions for removal of the drive cover are contained in Paragraph 2.2. 

NOTE 

The Read/Write PCBA should be removed prior to per
forming the head cleaning operation. 

Use a dental mirror and a suitable light source (such as a penlight) to inspect each head 
before and after cleaning. It is important that all debris be removed from the head. 

* Available from Texwipe Co., Hillsdale, New Jersey 07642 
* * Available from Kimberly-Clark 

* * *Chesebrough-Ponds, Inc., Greenwich, CT 06830 
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Examples of slider defects and head contamination are shown in Figures 6-1 and 6-2 with 
explanations for each example. If the contamination shown in Figure 6-1 cannot be 
removed with alcohol without scratching slider surface, affected heads must be replaced. 

Any physical damage to the gimbal spring, load spring, slider, or the load pin will 
necessitate replacement of the head assembly. 

Use the following procedure for cleaning each head. 

(1) Remove a cleaning Q-tip from its container, without touching the cotton swab. 

(2) Saturate the Q-tip cotton swab with 91 percent isopropyl alcohol. 

NOTE 

Do not dip the swab into the isopropyl alcohol, but pour it 
over the swab so as not to contaminate the alcohol. 

CAUTION 

DO NOT TOUCH THE FACE OF THE MAGNETIC HEADS 
WITH YOUR FINGERS. ACIDS EMITTED FROM THE SKIN 
CAN CAUSE PERMANENT DAMAGE TO THE HEAD. DO 
NOT BLOW ON THE HEADS AS MOISTURE WILL CON
TAMINATE THE HEADS. 

(3) Carefully clean the slider surface and edges of the heads. 

NOTE 

To facilitate cleaning the heads, the positioner may be 
moved forward from its fully retracted position about 1/2 

to 3/4 -inch. This will cause the head pairs to separate, thus 
allowing more space between the heads. 

(4) Clean the two bleed holes in the head by rotating the cotton swab at each hole 
opening (this will clear any loose oxide or contamination that may be trapped at 
the edge of the holes) - make sure you do this from the slider face of the head -
not from the back. 

(5) Wipe the slider face dry using a second cotton swab before the alcohol has 
evaporated. 

(6) Inspect each head after all have been cleaned. Repeat the cleani'1g process if 
necessary. 

6.4.2 INSPECTING AND CLEANING THE FIXED DISK 

Remove the cover from the drive and raise the Logic PCBA to the extended position. 
Instructions for removal of the drive cover are contained in Paragraph 2.2. Also remove the 
disk cartridge, if necessary. 

Use a dental mirror and a suitable light source (such as a penlight) to inspect each disk 
surface before and after cleaning. It is important that all debris be removed from the disk 
surface. 

Use the following procedure for cleaning each disk surface. 

(1) For front load models only, gain access to the lower fixed disk(s) by removing the 
access cover plate on the side of the lower disk cover. 

(2) Prepare two cleaning wands as follows. 

• Insert a lint-free pad* into the barbed slot of wand. 

*Some pads, such as Texpads (from the Texwipe Co., Hillsdale, NJ 07642) come packaged 
in a sealed container already saturated with 90% isopropyl alcohol. 
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SLIGHT OXIDE ACCUMULATION 

ON SLIDER SURFACE 

FINGERPRINTS ON SLIDER SURFACE 
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Figure 6-1. Slider Defects and Head Contamination which Require Cleaning Action 
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SLIDER SURFACE HAS A HEAVY 

OXIDE ACCUMULATION IN POLE 

TIP AREA WHICH CANNOT BE 

REMOVED 
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CORE FACE OR POLE TIPS 
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Figure 6-2. Slider Defects and Head Contamination which Require Head Replacement 
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• It is important to rotate the wand counterclockwise, thereby wrapping the pad 
completely around the wand. Take care not to contaminate the pad. 

(3) Saturate the pad with 91 percent isopropyl alcohol. 

NOTE 

Do not dip the lint-free pad into the alcohol but pour the 
liquid over the pad so as not to contaminate the alcohol. 

(4) While rotating the spindle chuck CCW, insert the cleaning wand parallel to the 
disk far enough to cover the innermost track. The lint-free pad should lightly 
contact the surface of the disk and should point directly at its center. 

(5) After the disk surface has been subjected to the alcohol treatment, and with the 
disk still spinning, quickly withdraw the wand with a steady motion lifting it gently 
from the disk surface. 

(6) Using the procedure in Step (4), wipe the disk surface dry with the second cleaning 
wand. Remember that you are gently drying the disk - not polishing it. This 
operation must be done before the alcohol evaporates to prevent puddles and 
solvent spots from forming on the disk surface. 

CAUTION 

EXCESSIVE WAND PRESSURE CAN CAUSE DRY FRIC
TION HEAT WHICH CAN DESTROY RECORDED DATA. 

CAUTION 

DO NOT ALLOW ALCOHOL TO DRY ON DISK SURFACE. 
DO NOT TOUCH DISK WITH FINGERS. ACIDS EMITTED 
FROM SKIN CAN CAUSE PERMANENT DAMAGE TO 
DISK SURFACE. 

(7) As the disk continues to spin, withdraw the cleaning wand with a steady motion, 
lifting it gently from the disk surface. 

(8) Inspect each disk surface after cleaning; repeat the cleaning process if necessary. 

(9) Reinstall the plate and hardware removed in Step (1 )'. 

6.4.3 REMOVABLE DISK CARTRIDGE CLEANING 

The 2315 and 5440-type removable disk cartridges must be cleaned periodically. PCC PD 
recommends the use of a mechanical disk cartridge cleaner; there are several of these 
cleaners available on the commercial market. Additionally, there may be media cleaning 
and refurbishment services available locally. 

6.4.4 CLEANING THE SPINDLE 

Wipe the spindle cone and the magnetic chuck with a dry lint-free wiper. Metal particles 
that have become attracted to the magnetic chuck may be removed using masking tape. 

6.4.5 CLEANING THE POSITIONER 

The positioner shaft and scale can be cleaned with a lint-free wiper slightly moistened with 
isopropyl alcohol. Carefully wipe the surfaces to remove any accumulated matter. 

CAUTION 

DO NOT WET THE SHAFT, SCALE, OR WIPER WITH AN 
EXCESSIVE AMOUNT OF ISOPROPYL ALCOHOL AS IT 
COULD SEEP INTO CARRIAGE BEARINGS CAUSING 
BREAKDOWN OF THE BEARING LUBRICANT. 

CAUTION 

DO NOT DISASSEMBLE POSITIONER FOR CLEANING. 
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6.4.6 CLEANING THE BASE CASTING, DUST COVER AND FILTERS 

The base casting and associated areas, including the dust cover, should be cleaned using 
a vacuum cleaner. (The procedure for cleaning the filters is described in Paragraph 6.26.) 

CAUTION 

DO NOT USE COMPRESSED AIR AS THIS WILL BLOW 
DIRT INTO THE DISK CHAMBERS AND AIR SYSTEM. 

6.5 PART REPLACEMENT ADJUSTMENTS 

Table 6-3 defines the adjustments that may be necessary when a part is replaced in 
the disk drive; details are given in Paragraphs 6.6 and 6.7. 

6.6 ELECTRICAL ADJUSTMENTS 

In addition to the tools listed in Paragraph 6.30, the following equipment (or equivalent) 
will be required for electrical adjustments. 

(1) Oscilloscope, dual trace, having at least a 50 MHz bandwidth. Vertical and 
horizontal sensitivity specified to ± 3 percent accuracy. 

(2) Three calibrated X10 test probes with ground clips. 

(3) One X1 test probe with ground clip. 

(4) Digital Volt Meter, Fairchild 7050 (± 0.1 percent specified accuracy) or equivalent, 
with test leads. 

(5) Disk Exerciser and 6-foot extender cable. 

(6) Counter Timer, Monsanto Model 100B (± 0.1 percent specified accuracy) or 
equivalent. 

(7) Jumper, not to exceed 6 inches in length, with alligator clips on each end. 

(8) Reticle Adjustment Tool, PCC PD Part No. 103659. 

(9) Emergency Unload Bypass Jumper Plug, PCC PD Part No. 103608. 

(10) Voice Coil Polarity Tester, PCC PD Part No. 103607. 

(11) Circumferential Adjustment Tool, PCC PD Part No. 103609, or equivalent (required 
for front load models only). 

(12) Head Installation Tool, PCC PD Part No. 108231-01. 

6.6.1 ADJUSTMENT PHILOSOPHY 

Acceptable limits are defined in each adjustment procedure, taking into consideration the 
assumed accuracy of the test equipment specified in Paragraph 6.6. When the measured 
value of any parameter is within the specified acceptable limits, NO ADJUSTMENTS 
should be made. Should the measured value fall outside the specified acceptable limits, 
adjustments should be made in accordance with the relevant procedure. 

NOTE 

Some adjustments may require corresponding adjust
ments in other parameters; en3ure these adjustments are 
made as specified in the individual procedures. The + 5v, 
- 5v, + 12v, and - 12v voltages must be checked prior to 
attempting any electrical adjustments. 
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Table 6-3 

Part Replacement Adjustments 

Time 
Required Paragraph 

Part Replaced Auxiliary Adjustments (Hrs) Reference 

Spindle Sector PLL Adjustment, Circum- 2:00 6.11,6.14, 
ference Alignment, Radial Alignment 6.14.5 or 6.14.7 

Servo PCBA Servo, Power Supplies, and Spindle 1:00 6.6.2, 6.6.3, 
Speed Control 6.7,6.9 

Position Transducer Assy Servo Readjustment, CE Alignment 1:00 6.7,6.9,6.14 

Logic PCBA Sector PLL Adjustment 0:45 6.11 

Read/Write PCBA RPN Pulsewidth Adj., One-shot Adj., 1:00 6.12 
Read Asymmetry Adjustment 

Magnetic Transducer, Upper Magnetic Transducer Gap, CE 0:35 6.18.1,6.14 

Magnetic Transducer, Lower Magnetic Transducer Gap 0:35 6.18.2 or 6.18.3 

Photoelectric Sensor, Upper Circumferential Alignment 0:30 6.14 
(Front Load Only) 

Cartridge Interlock Switch Interlock Adjustment 0:30 6.15,6.16 

Cartridge Interlock Solenoid Splenoid and Interlock Adjustment 0:30 6.15, 6.16 

Head CE Alignment*, Data Reliability 1:00 6.14 

Fixed Disk Check Data Reliability 1:00 -

Power Supply Power Supply Adjustment 1:00 6.6.2 

Bezel Assembly Solenoid and Interlock Adjustment 0:30 6.15 
(Front Load Only) 

* Applies to removable media heads only. 

When adjustments are made, the value set should be the exact value specified, to the best 
of the operator's ability. 

CAUTION 

PRIMARY POWER SHOULD BE REMOVED FROM THE 
DRIVE WHEN ACCESS IS REQUIRED EXCEPT IN CASES 
OF ELECTRICAL TESTING AND ADJUSTMENTS. 

Allowable line voltage variation is ± 10 percent of nominal. See Figure 4-14 for transformer 
primary connections. Allowable line frequency variations are: 

C 50 Hz line 

• 48 Hz minimum 

• 52 Hz maximum 
o 60 Hz line 

• 58 Hz minimum 

• 62 Hz maximum 
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6.6.2 12V AND 5V REGULATORS 
The 12v and 5v regulator circuitry is located on the Servo PCBA. The 12v sources are 
established by 12v regulators and cannot be adjusted. The + 5v source is adjustable by 
means of potentiometer R30 on the Servo PCBA. However, the - 5v source is established 
by the - 5v regulator and is not adjustable. 

NOTE 

When a new Servo PCBA is installed, or any change is 
made to the power supply circuitry, do not perform the 
following tests, but go directly to the adjustment 
procedure, Paragraph 6.6.2.4. 

6.6.2,1 Test Configuration 
(1) Connect the drive to appropriate ac power source and set ONIOFF switch to the 

ON position. 
(2) All test points mentioned in Paragraphs 6.6 through 6.11 are located on the Servo 

PCBA unless otherwise noted. 

6.6.2.2 Test Procedure, 12v 
(1) Using a DVM (Fairchild 7050 or equivalent), connect the positive test lead to TP20 

and the common test lead to TP26. 
(2) Acceptable limits (+ 12v) 

• + 12.8v maximum 
• + 11.2v minimum 

(3) Change the positive DVM test lead connection to TP17. 
(4) Acceptable limits (-12v) 

• - 12.8v maximum 
• - 11.2v minimum 

NOTE 

In the event the readings obtained in Steps (2) and (4) fall 
outside the acceptable limits, remove power from the 
drive and disconnect isolation plugs P209, P210, and P211 
from the Servo PCBA. Apply power to the drive and 
proceed to troubleshoot using schematic contained in 
Section VII; the measurements will now be made with 
P209, P210, and P211 removed. 

6.6.2.3 Test Procedure, 5v 
(1) Establish test configuration described in Paragraph 6.6.2.1. 
(2) Verify that isolation plugs P209, P210, and P211 are installed. 
(3) Using a DVM, connect the positive test lead to TP30 and the common test lead to 

TPi 5, on the Logic PCBA 
(4) Acceptable limits (+ 5v) at TP30 

• + 5.10v maximum 
• + 4.90v minimum 

(5) Change the positive DVM test lead connection to TP24 on the Servo PCBA. 
(6) Acceptable limits (+ 5v) at TP24 

• + 5.25v maximum 
• + 4.75v minimum 

(7) Change the positive DVM test lead connection to TP7 on the Servo PCBA. 
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(8) Acceptable limits (-5v) 

• - 5.30v maximum 
• - 4.70v minimum 

6.6.2.4 Adjustment Procedure 
When the acceptable limits are exceeded or a new Servo PCBA is installed, the following 
adjustments are performed. 

(1) Remove power from the drive and remove isolation plugs P209, P210, and P211 
from the Servo PCBA. 

(2) Apply power to the drive. 
(3) Connect positive test lead of the DVM to TP24 and the common test lead to TP26, 

both on the Servo PCBA 
(4) Adjust potentiometer R30 to + 5v as observed at TP24. 
(5) Remove power from the drive and replace. isolation plugs P209, P210, and P211. 
(6) Apply power to the drive and recheck the + 12v and - 12v measurements (see 

Paragraph 6.6.2.2). 
(7) Perform recheck of + 5v and - 5v power supply under load, i.e., jumper plugs 

P209, P210, and P211 re-installed. 
o Acceptable limits at TP24 on the Servo PCBA 

• + 5.25v maximum 
• + 4.75v minimum 

o Acceptable limits at TP7 on the Servo PCBA 

• - 5.30v maximum 
• - 4.70v minimum 

(8) If the limits established in Step (7) are exceeded, readjust R30 to obtain + 5v at 
TP30 on the Logic PCBA. Since no adjustment can be made to the - 5v supply, 
remove power from the drive and disconnect isolation plugs P209, P210, and P211. 
Apply power to the drive and proceed to troubleshoot using the schematic 
contained in Section VII; the - 5v measurements will be made with P209, P210, 
and P211 removed. 

6.6.2.5 Related Adjustments 
When adjustment is made to the + 5v supply, tests and/or adjustments are required in the 
AC Motor Speed Control (Paragraph 6.6.3) and Static Positioner (Paragraph 6.8). 

6.6.3 AC MOTOR SPEED CONTROL 
The speed control adjustment for the ac drive motor is made to establish the correct 
spindle speed (1500 or 2400 rpm) within a ± 1 percent tolerance. 

NOTE 
The + 5v Regulator voltage must be checked and 
adjusted prior to adjusting the AC Motor Speed Control. 

6.6.3.1 Test Configuration 
(1) Remove power from the drive. 
(2) Connect oscilloscope Channel 1 probe to TP2. 
(3) Connect the ground clip of the oscilloscope probe to TP26. 
(4) Set oscilloscope as follows. 

• Voltage sensitivity to 2v per division. 
• Select dc input mode. 
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• Sweep rate to 0.1 msec per division. 
• Set to normal trigger mode. 
• Use internal sync and set to trigger on negative slope. 

6.6.3.2 Test Procedure 
(1) Establish test configuration described in Paragraph 6.6.3.1. 
(2) Select Channel 1 on the oscilloscope. 
(3) Apply power to the drive. 

6.6.3.3 Adjustment Procedure 
(1) Establish test configuration described in Paragraph 6.6.3.1. 
(2) Observing the waveform displayed on Channel 1 (TP2), adjust potentiometer R201 

so that the hysteresis effect occurs between 0.20 msec and 0.70 msec as shown in 
Figure 6-3. Ensure the oscilloscope is still synced on the positive-going edge of 
the pulse. The hysteresis effect should be centered 0.45 msec from the positive
going sync pulse. Readjustment of R201 may be necessary to center the 
hysteresis effect at 0.45 msec. 

(3) Remove power from the drive. 

6.7 POSITIONER SERVO CALIBRATION 

Paragraphs 6.8 and 6.9 describe the test configurations, test procedures, and adjustment 
procedures relevant to both static and dynamic operation of the 03000 Positioner Servo. It 
is important to note that if static positioner adjustments are performed, the dynamic 
positioner adjustments must also be performed. 

To ensure accurate calibration of the positioner, the preliminary tests and adjustments 
described in Paragraph 6.7.1 must be performed prior to calibration of the positioner. 

NOTE 

The only ground reference test point to be used for 
measurement purposes is TP26. All test pOints referred to 
are located on the Servo PCBA unless otherwise noted. 

6.7.1 . POSITIONER PREPARATION FOR STATIC TESTS 
The following functions are required to prepare the positioner for calibration. 

(1) Remove power from the drive. 
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Figure 6-3. AC Motor Speed Control Signal Pulsewidth 
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(2) Disconnect connector P205 from the Servo PCBA. 
WARNING 

TO PREVENT INJURY TO SERVICE ENGINEER DUE TO 
INADVERTENT ACTIVATION OF POSITIONER DRIVE, 
CONNECTOR P205 MUST BE REMOVED FROM SERVO 
PCBA PRIOR TO ANY SERVO TESTS OR ADJUSTMENTS. 

(3) Install Emergency Unload Bypass Jumper plug at connector J128 on Logic PCBA. 
(4) Apply power to the drive. Observe that the SAFE indicator is illuminated, and that 

the bulb in the lamp/lens assembly (see Figure 7-7 and Table 7-7) is illuminated. 
(5) Insert a disk cartridge into the drive. 
(6) Measure + 12.0 ± 0.8v between TP20 and TP26. 
(7) Measure -12.0 ± 0.8v between TP17 and TP26. 
(8) Measure regulated + 5.Ov ± 0.25v between TP24 and TP26. 
(9) Measure regulated - 5.0v ± 0.30v between TP7 and TP26. 

(10) Voltages in Steps (6) through (9) must fall within the limits specified. In the case 
where voltages fall outside these limits, perform the test and adjustment 
procedures described in Paragraph 6.6.2. 

(11) Manually move the positioner carriage back and forth and check that the reticle-to
scale gap across the full length of the scale is 0.127 ± 0.025 mm (0.005 ± 0.001 
inch). A mylar shim (Pertec Part No. 104476-02) can be used for this measurement. 
The SAFE indicator will extinguish when the shim is in place between the reticle 
and scale. Do not load heads onto the disk at this time. If scale-to-reticle spacing 
is within tolerance, continue with Step (16). 

NOTE 

The Read/Write PCBA may be removed, if power is OFF, 
to facilitate access to the scale. Perform Steps (12) 
through (14) only if gap is not within tolerance. 

(12) Loosen the horizontal hex-head screw at the base of the receiver post. This will 
loosen the receiver post and allow it to be raised and lowered when the Allen-head 
screw located inside the hollow of the receiver post is rotated. 

(13) Position the receiver post so that the reticle-to-scale gap is within 0.127 ± 0.025 
. mm (0.005 ± 0.001 inch). 

(14) Partially tighten the horizontal Allen-head screws loosened in Step (12). 
(15) Withdraw the mylar shim to the point where the SAFE light becomes illuminated. 

The shim can be left in this partially wilhdrawn position. 
(16) Depress and release the RUN/STOP switch. Manually advance the carriage about 

one inch from its fully retracted position. The drive will come up to speed and after 
2 minutes the READY indicator will be illuminated. 

(17) Manually load the head onto the disk and check the reticle-to-scale gap, with the 
mylar shim, as the positioner carriage is manually moved through its full forward 
and return strokes. 

NOTE 

Perform Steps (18) through (20) only if the reticle-to-scale 
gap throughout the length of the scale is not approxi
mately O.OOS-inch when using the mylar shim. 

(18) Loosen three Allen-head screws that hold the scale to the side of the carriage. The 
scale will pivot slightly around its locating pin. Position the angle of the scale so 
that the reticle-to-scale gap remains 0.127 ± 0.025 mm (0.005 ± 0.001 inch) as the 
positioner carriage travels through its full forward and return strokes. 
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(19) Partially tighten the Allen-head screws. 
(20) Remove the mylar shim. 

NOTE 

The foregoing reticle-to-scale gap adjustments are 
preliminary. Additional adjustments will be required 
during static positioner adjustment (Paragraph 6.8). 

6.7.1.1 Initiai Potentiometer Settings, Servo PCBA 
The following procedure defines the initial setting of potentiometers located on the Servo 
PCBA. It is important to note that the initial potentiometer settings are required only when 
the Servo PCBA, Positioner, or Position Transducer have been replaced, or when repairs 
have been made (parts replaced) in the 12v power supplies or the Positioner Servo circuit. 

(1) Velocity Feedback Potentiometer. Rotate potentiometer R136 fully CCW, then 
adjust 7 turns in the CW direction. 

(2) Current Feedback Potentiometer. Adjust potentiometer R163 to the center of its 
range, i.e., approximately 10 turns from full CCW or CW position. 

(3) X + 0 Offset Potentiometer. Adjust potentiometer R57 to the center of its range, 
i.e., approximately 10 turns from full CCW or CW position. 

(4) Velocity Offset Potentiometer. Adjust potentiometer R145 to the center of its 
range, i.e., approximately 10 turns from full CCW or CW position. 

6.8 STATIC POSITIONER ADJUSTMENTS 
The following static measurements and adjustments are required to check the integrity of 
the position transducer signals (amplitude and polarity), and the voice-coil polarity. The 
test and adjustment procedures given in Paragraphs 6.8.1 through 6.8.8 should be 
performed in the order presented. 

NOTE 

The + 5v Regulator voltage must be checked and 
adjusted prior to making Static Positioner adjustments. 

6.8.1 X + 0 GAIN AND BALANCE 

6.8.1.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.7.1, Steps (1)-(5), and (16). 
(2) Remove J215 from the Servo PCBA. 
(3) Set oscilloscope Channel 1 sensitivity to 2v per division. 
(4) Connect oscilloscope Channel 1 X10 probe to TP21. Connect ground lead to TP26. 
(5) Set oscilloscope horizontal sweep rate to 2 msec per division. 
(6) Set oscilloscope trigger control to Line and Auto. 
(7) Manually load the heads onto the disk. 

NOTE 

A ground reference sweep trace is obtained by centering 
the trace on a particular graticule line with vertical input 
mode switch of oscilloscope set to ground position. 

6.8.1.2 Test Procedure 
(1) Manually move the positioner carriage slowly, and at a constant rate, back and 

forth through its full stroke. Do not unload the heads from the disk. 
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(2) Monitor TP21 on oscilloscope Channel 1 and observe the Position Reference 
(X + 0) waveform shown in Figure 6-4 as the positioner is being moved. The peak
to-peak voltage observed throughout the full stroke of the positioner must fall 
within the acceptable limits listed in Step (3) and balanced about ground within 
± 0.25v. If the acceptable limits are exceeded, perform the adjustment procedures 
in Paragraph 6.8.1.3 before continuing this procedure. 

(3) Acceptable limits: 

• 4.25v (maximum) peak-to-peak 

• 3.75v (minimum) peak-to-peak 

(4) Monitor TP21 and observe that the peak-to-peak envelope variations should be 
less than 0.5v throughout the full stroke of the positioner. If the voltage variation 
envelope is greater than 0.5v, perform the scale-flatness adjustment in Paragraph 
6.8.1.4. 

6.8.1.3 Adjustment Procedure 

(1) Adjust potentiometer R60 (X + 0 Gain) to attain a 4v peak-to-peak sine wave at 
TP21 on the oscilloscope screen while the positioner carriage is being slowly 
moved back and forth through its full stroke by hand. 

NOTE 

Clockwise rotation of R60 will increase amplitude. 

(2) If the 4v peak-to-peak sine wave cannot be attained, perform the Signal polarity and 
quadrature checks in Paragraph 6.8.3. 

(3) Adjust potentiometer R57 (X + 0 Balance) to center the waveform equally about 
ground within ± 0.25v. 

(4) Perform the X + 90 Gain and Balance procedure detailed in Paragraph 6.8.2. 

6.8.1.4 Scale-Flatness Adjustment 

(1) Loosen the three Allen-head screws that hold the scale assembly to the side of the 
carriage. The scale will pivot slightly around its locating pin. 

(2) Manually move the pOSitioner carriage back and forth slowly (at a constant rate) 
through its full stroke while monitoring the waveform at TP21 (X + 0) (refer to 
Figure 6-4). 

(3) Adjust the horizontal angle of the scale so that the amplitude of the waveform at 
TP21 remains constant throughout each full stroke of the positioner carriage. 

(4) Tighten the Allen-head screws loosened in Step (1). 

(5) Perform the adjustment procedure detailed in Paragraph 6.8.1.3. 

6.8.2 X + 90 GAIN AND BALANCE 

The X + 0 Gain and Balance checks and adjustments in Paragraph 6.8.1 must be 
performed before the X + 90 Gain and Balance tests. 

6.8.2.1 Test Configuration 

(1) Prepare the positioner and oscilloscope as described in Paragraph 6.7.1, Steps 
(1 }-(5), and (16). 

(2) Remove connector P215 from the Servo PCBA. 

(3) Connect oscillosope Channel 1 X10 test probe to TP15 and ground lead to TP26. 

(4) Set oscilloscope Channel 1 sensitivity to 2v per division. 

(5) Set horizontal sweep rate to 2 msec per division. 

(6) Set oscilloscope trigger control to Line and Auto. 
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(7) Manually load the heads onto 'the disk. 

NOTE 
A ground reference sweep trace is obtained by centering 
the trace on a particular graticule line with vertical input 
mode switch of oscilloscope set to ground position. 
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6.8.2.2 Test Procedure 

(1) Manually move the positioner carriage slowly, and at a constant rate, back and 
forth through its full stroke, i.e., cylinder 000 to cylinder 405. Do not unload the 
heads from the disk. 

(2) Monitor TP15 on oscilloscope Channel 1 and observe the X + 90 Position 
Quadrature waveform shown in Figure 6-4 as the positioner is being moved. The 
peak-to-peak voltage observed throughout the full stroke must fall within the 
acceptable limits listed in Step (3) and balanced about ground within ± 0.25v. If the 
acceptable limits are exceeded, perform the adjustment procedure detailed in 
Paragraph 6.8.2.3. 

(3) Acceptable limits: 

• 4.25v (maximum) peak-to-peak 

• 3.75v (minimum) peak-to-peak 
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6.8.2.3 Adjustment Procedure 

(1) Adjust potentiometer R69 (X + 90 Gain) to attain a 4v peak-to-peak sine wave at 
TP15 on the oscilloscope screen while the positioner carriage is being slowly 
moved back and forth through its full stroke by hand. 

NOTE 

Clockwise rotation of R69 will increase amplitude. 
(2) Adjust potentiometer R66 (X + 90 Balance) to center the sine wave equally about 

ground within ± 0.25v. If required, reposition the ground-referenced sweep trace 
to the center graticule line. 

(3) Perform X + 0 and X + 90 Signal Polarity and Quadrature check detailed in 
Paragraph 6.8.3. 

6.8.3 X + 0 AND X + 90 SIGNAL POLARITY AND QUADRATURE CHECK 

The following procedure will verify the correct polarity of the X + 0 and X + 90 signals and 
their correct phase relationship. 

6.8.3.1 Test Configuration 

(1) Prepare the positioner as described in Paragraph 6.7.1, Steps (1)-(5), and (16). 
(2) Set the oscilloscope to the chopped mode. 
(3) Connect Channel 2 X10 test probe to TP19. 
(4) Connect Channel 1 X10 test probe to TP21. 
(5) Set Channel 1 sensitivity to 2v per division. 
(6) Set Channel 2 sensitivity to 2v per division. 
(7) Position the ground-referenced sweep trace of both channels to the center 

graticule line. 
(8) Manually load the heads onto the disk. 

6.8.3.2 Test Procedure 

(1) Observe the signal at TP19 on Channel 2 while manually moving the positioner 
carriage through its full stroke. 

NOTE 

Channel 2 output should be a digital signal of approxi
mately Ov to 5v. If the digital signal cannot be observed, 
repeat X + 90 Balance procedure (Paragraph 6.8.2). 

(2) Readjust the sensitivity of Channel 2 to 5v per division. 
(3) Set Channel Select switch to Add mode (Channel 1 plus Channel 2). 
(4) Sync internally off of Channel 1 on the positive portion of the analog signal. 
(5) Manually move the positioner carriage back and forth, at a constant rate, through 

its full stroke. 
(6) Observe that the X + 90 digital signal, added to the X + 0 analog signal, appears 

on the positive and negative peak of the sine wave as illustrated in Figure 6-5. 
(7) While moving the positioner carriage forward (toward the spindle) verify that the 

added digital signal (X + 90) has its trailing edge on the positive peak of the sine 
wave (see Figure 6-5). 

NOTE 

The signal observed might not be balanced about ground 
due to adding the two signals together. 

(8) If the trailing edge of the digital signal is not on the positive peak of the sine wave, 
or the oscilloscope pattern does not correlate with Figure 6-5, perform the 
adjustment procedure detailed in Paragraph 6.8.3.3. 
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Figure 6-5. X + 0 Analog Signal Added to X + 90 Digital Signal 

6.8.3.3 Adjustment Procedure 

CAUTION 

IN PERFORMING THIS PROCEDURE, DO NOT LOOSEN 
ALLEN-HEAD SCREW THAT CLAMPS THE THERMAL 
BLOCK TO THE BASE CASTING. 

(1) Loosen the horizontal hex-head screw on the thermal block. This will loosen the 
receiver post upon which the reticle is mounted. 

(2) Check that the reticle arm is approximately at right angles to the scale. 

(3) Manually move the positioner carriage back and forth through its full stroke, while 
monitoring the waveform at TP19 and TP21. At the same time (using a wide-edge 
screwdriver in the grooves provided at the top of the receiver post) rotate the 
reticle CW or CCW until the waveform of Figure 6-5 is achieved. Observe that this 
waveform will occur at more than one angular position of the reticle. Set the reticle 
at the position which results in the waveform as shown in Figure 6-5 and with 
maximum amplitude. 

(4) Partially tighten the hex-head screw, loosened in Step (1), to the point where self
rotation of the receiver is inhibited. 

NOTE 

This prepares the receiver post for the Dynamic Reticle
to-Scale Adjustment contained in Paragraph 6.9.3. 

(5) Perform the Heads Retracted Signal Check described in Paragraph 6.8.4. 

6.8.4 . HEADS RETRACTED SIGNAL CHECK 

The Heads Retracted Signal Check is made to ascertain the approximate position at which 
the signal occurs and to determine if the voltages generated are within acceptable limits 
and have the correct polarity. 

6.8.4.1 Test Configuration 

(1) Prepare the positioner as described in Paragraph 6.7.1, Steps (1)-(5), and (16). 
(2) Connect Channel 1 test probe to TP28. 

(3) Connect Channel 2 test probe to TP13. 

(4) Set Channel 1 sensitivity to 2v per division. 

(5) Set Channel 2 sensitivity to 2v per division. 

(6) Use automatic or normal sync, internal trigger mode, and trigger on positive slope. 
(7) Set sweep rate to 20 msec per division. 

(8) Manually load the heads onto the disk. 
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6.8.4.2 Test Procedure 

(1) Move the positioner carriage to its fully retracted position. Note that the spindle 
speed decreases as the heads are unloaded. 

(2) Select Channel 1. 

• Check that the dc level of the signal at TP28 is equal to or more negative than 
- 3v (refer to Figure 6-4). 

• Slowly move the positioner carriage approximately V2-inch toward the spindle 
and at the same time observe that the signal at TP28 changes in dc level from 
- 3v or more negative to + 3v or more positive. 

• Continue to move the positioner carriage slowly toward the spindle all the way 
to the front stop. Check that the signal voltage remains at + 3v as shown in 
Figure 6-4. 

NOTE 

There may be some crosstalk present on the signal; 
however, voltage tolerances specified above must be met. 

(3) Select Channel 2. 

• Return the positioner carriage to its fully retracted position. 

• Observe that the digital signal at TP13 is a high state. 

• Slowly move the positioner carriage approximately V2-inch toward the spindle 
and at the same time observe that the digital signal at TP13 changes from a high 
to a low state. 

• Continue to move the positioner carriage slowly toward the spindle, all the way 
to the stop. Note that the signal always remains in the low state. 

NOTE 

If the limits of Steps (2) and (3) are exceeded, refer to 
Adjustment Procedure in Paragraph 6.8.4.3. 

(4) Perform the Index Balance procedure detailed in Paragraph 6.8.5. 

6.8.4.3 Adjustment Procedure 

Repeat the tests and adjustment procedures contained in Paragraphs 6.7.1 through 6.8.4.2. 
In the event that test limits given in Paragraph 6.8.4.2 are exceeded after repeating these 
tests, replacement of the positioner carriage or the Servo PCBA may be required. 

6.8.5 INDEX BALANCE 

The index area is located very close to where the heads are either loaded or unloaded from 
the ramp. This load/unload position is within 1/4-inch from the outside rim of the disk. 

6.8.5.1 

(1 ) 

(2) 
(3) 

(4) 

(5) 

(6) 

(7) 
(8) 

Test Configuration 

Prepare the positioner as described in Paragraph 6.7.1, Steps (1)-(5) and (16). 

Connect Channel 1 probe to TP27. 

Position Channel 1 ground-referenced sweep trace to the center line of graticule. 

Connect Channel 2 probe to TP16. 

Set Channel 1 sensitivity to 2v per division. 

Set Channel 2 sensitivity to 2v per division. 

Use automatic or normal sync, internal trigger mode, and trigger on positive slope. 

Set sweep rate to 20 msec per division. 
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6.8.5.2 Test Procedure - Channel 1 

(1) Select Channel 1. 

(2) Manually move the positioner carriage back and forth within the index area (within 
the first 1/4-inch after the heads are loaded onto the disk). 

(3) Check that the signal at TP27 changes from + 3v to - 3v or more negative (refer to 
Figure 6-4). Adjust potentiometer R75 (Index Balance) to obtain an equal balance 
of the + and - dc levels with respect to ground. 

NOTE 

Clockwise adjustment of R75 will shift signal more positive. 

(4) Continue to adjust R75 until the transition region is approximately centered about 
ground. 

NOTE 

If crosstalk is observed, R75 must be adjusted to ensure 
that it does not exceed the limits specified in Step (3). 

(5) Fully retract the positioner carriage. 

(6) Slowly move the positioner carriage approximately V2-inch closer to the spindle. 

(7) Observe on Channel 1 at TP27 a signal change from - 3v or more negative to + 3v 
(refer to Figure 6-4). 

(8) Moving the positioner carriage further forward toward the spindle through the 
index area (heads now loaded) will again reverse the signal from + 3v to - 3v or 
more negative. 

(9) Check that the signal remains at - 3v or more negative as the positioner carriage 
is moved through the full stroke and that this condition is maintained to a point 
just prior to touching the front end of the positioner assembly at approximately 
cylinder 406. 

(10) Note that at approximately the point where the positioner carriage touches the 
front end of the positioner, which is approximately cylinder 408, the signal 
reverses once again from - 3v to + 3v. Also observe that at each transition point 
only a single transition from high to low or low to high occurs. 

NOTE 

If a transition does not occur, adjustment of the trans
ducer assembly position is required. Refer to Paragraph 
6.8.5.4 for adjustment procedure. 

6.8.5.3 Test Procedure - Channel 2 

(1) Select Channel 2. 

(2) Fully retract positioner carriage to the back stop. 

(3) Slowly move the positioner carriage V2-inch toward the spindle. 

(4) Observe on Channel 2 that the digital signai at TPi6 changes from a iow to a high 
state. 

(5) Observe, as the positioner carriage is moved forward through the index area (head 
now loaded), the signal changes from a high to a low state. 

(6) Obseive that the signal remains lovv as the positioner carriage is moved further 
toward the spindle. Ensure that this condition is maintained to a point just prior to 
touching the front end of the positioner assembly. 

(7) At approximately the end of the forward stroke of the positioner, the signal 
reverses again from a low to a high state. Also note that at each transition point, 
only a single transition of the logic state (from low to high or high to low) occurs. 
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6.8.5.4 Adjustment Procedure 

In the event that the voltage transitions do not occur according to the tests performed in 
Paragraphs 6.8.5.2 and 6.8.5.3, repeat the test and adjustment procedures detailed in 
Paragraphs 6.7 through 6.8.5.4. 

6.8.6 POSITIONER VOICE COIL POLARITY CHECK 

This test will establish that the electrical connections to the positioner voice coil have the 
correct polarity. 

6.8.6.1 Test Configuration 

(1) Prepare the positioner as described in Paragraph 6.7.1. 

(2) Connect the Voice Coil Polarity tester (Pertec Part No. 103607) onto connector 
P205. 

(3) Maintain the drive in the operating mode with the heads loaded onto the disk. 

6.8.6.2 Test Procedure 

(1) Manually move the positioner carriage forward toward the spindle in a brisk 
manner. Observe that the red indicator on the voice coil polarity tester becomes 
illuminated. Also note that the red indicator becomes extinguished and remains 
extinguished as the positioner carriage is moved away from the spindle. 

NOTE 

If the red indicator on the voice coil polarity tester 
remains extinguished when the positioner carriage is 
moved toward the spindle and becomes illuminated when 
the positioner carriage is moved away from the spindle, 
perform the adjustment procedure in Paragraph 6.8.6.3. 

(2) Return the carriage to the retracted position. 

(3) Remove power from the drive. 

(4) Disconnect the voice coil polarity tester from connector P205. 

6.8.6.3 Adjustment Procedure 

(1) Reverse the wiring at P205 between pins 1 and 4, and between pins 2 and 5. 

(2) Check operation by repeating the test procedure in Paragraph 6.8.6.2. 

(3) Perform the Power-Down procedure detailed in Paragraph 6.8.7. 

6.8.7 POWER-DOWN PROCEDURE 

It is important that the Dynamic Positioner Adjustments detailed in Paragraph 6.9 and the 
Performance Checks detailed in Paragraph 6.10 be performed subsequent to performing 
the Static Positioner Adjustments specified in Paragraph 6.8. 

(1) Manually return the positioner carriage to its fully retracted position. 

(2) Place the power ON/OFF switch to the OFF position. 

(3) Replace the Read/Write PCBA. 

(4) Remove the emergency unload connector P128 from the Logic PCBA. 

(5) Replace connector P205 and connector P215 on the Servo PCBA. 

(6) Complete the Dynamic Positioner adjustments detailed in Paragraph 6.9. 

6-22 



6.9 DYNAMIC POSITIONER ADJUSTMENTS 

The dynamic tests and adjustments required to ensure proper operation of the Positioner 
Servo are contained in the following paragraphs. Although these tests and adjustments 
may be performed independent of the static tests and adjustments, they must be 
performed when the procedures contained in Paragraph 6.8 are performed. 

6.9.1 POSITIONER PREPARATION, DYNAMIC TESTS 
The following functions are required to prepare the positioner for calibration. 

(1) Remove power from the drive. 
(2) Verify that connector P205 is connected to the Servo PCBA. 
(3) Remove Emergency Unload jumper plug P128 from the Logic PCBA. 
(4) Remove the interface connector and terminator board from connectors J101 and 

J102 located on the Logic PCBA. 
(5) tnstal1 pee PD Hand-Hetd Exerciser Mode1 TE-002 (or equiva1ent) into interface 

connector J101. 
(6) Disconnect connector P215 from the Servo PCBA. 
(7) Apply power to the drive and allow it to come SAFE. 
(8) Insert a disk cartridge into the drive. 
(9) Depress the RUN/STOP switch once and observe that the positioner loads the 

heads after approximately 65 seconds. 
(10) Observe that the drive comes to READY in approximately 110 seconds. 

CAUTION 
ALL DYNAMIC CAL/BRA TlON TESTS REQUIRE THAT THE 
DRIVE ROTATE THE DISKS AT THEIR DESIGN SPEED; 
OPERA TlON AT ANY OTHER SPEED CAN CAUSE 
DAMAGE TO DISK RECORDING SURFACES AND HEADS. 

6.9.2 DYNAMIC ADJUSTMENTS 

6.9.2.1 Test Configuration 
(1) Prepare the positioner as descri bed in Paragraph 6.9.1. 
(2) Set the oscilloscope as follows. 

• Position ground reference sweep trace of Channels 1 and 2 to center graticule 
line. 

• Set Channel 1 sensitivity to 1v per division. 
• Connect Channel 1 X10 test probe to TP21. 
• Set Channel 2 sensitivity to 1v per division. 
• Set vertical input (Channels 1 and 2) to dc. 
• Connect Channel 2 X10 test probe to TP15. 
• Using a X10 piobe, connect External Trigger Input to TP11 on the Logic PCBA. 

• Set the horizontal sweep rate to 2 msec per division. 
• Use normal sync, external trigger mode, and trigger slope negative. 

(3) Set the disk exerciser to perform a one-track repetitive seek from cylinder 000 to 
f"'\Ilinrior nn1 
VJ III 1"""''-'1 \..IV I. 

(4) Set the disk exerciser to the ON or SEEK mode. 

6.9.2.2 Test Procedure 
(1) Select Channel 1. 
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(2) Observe the amplitude of the waveform at TP21 as shown in Figure 6-6 while 
performing a one-track repetitive seek. 

NOTE 
Careful observation of the X + 0 signal at TP21 will show 
a small disturbance near the forward and reverse wave
form peaks. This disturbance is normal and occurs at the 
point where the Servo switches into the Position mode. 

(3) Acceptable limits: 

• 4.25v (maximum) peak-to-peak 
• 3.75v (minimum) peak-to-peak 

(4) If the acceptable limits are not met, perform the adjustment given in Paragraph 
6.9.2.3, Step (1), before continuing this procedure. 

(5) Check that the waveform at TP21 is balanced about ground as shown in Figure 6-6. 
(6) If the waveform is not balanced about ground within ± 0.25v, perform the 

adjustment given in Paragraph 6.9.2.3, Step (2), before continuing this procedure. 
(7) Check that the start of the waveform is balanced about ground (Figure 6-6). 
(8) If the start of the waveform is not balanced about ground, perform the adjustment 

given in Paragraph 6.9.2.3, Step (3), before continuing this procedure. 
(9) Select Channel 2 (probe to TP15). 

(10) Observe the amplitude of the waveform at TP15 (Figure 6-7) while performing a 
one-track repetitive seek. 

(11) Acceptable limits: 
• 4.25v (maximum) peak-to-peak 
• 3.75v (minimum) peak-to-peak 

(12) If the acceptable limits are not met, perform the adjustment given in Paragraph 
6.9.2.3, Step (4), before continuing this procedure. 

(13) Check that the waveform is balanced about ground as shown in Figure 6-7. 
(14) If the waveform is not balanced about ground, perform the adjustment given in 

Paragraph 6.9.2.3, Step (5), before continuing this procedure. 
(15) Select Channel 1 (probe to TP21). 
(16) Observe that the waveform at TP21 is symmetrical about ground as shown in 

Figure 6-8; Figure 6-9 is given as an example of unbalanced crossover points. 
(17) If the crossover point does not occur at ground within ± 0.25v, perform the 

Dynamic Reticle-to-Scale Phase Adjustment procedure given in Paragraph 6.9.3 
before continuing this procedure. 

(18) Check that the X + 0 waveform at TP21 meets all requirements shown in Figure 
6-6, i.e., waveform amplitude, symmetrical start, waveform balanced about ground, 
correct crossover point. If the waveform does not meet these requirements, repeat 
Steps (1) through (17) of this procedure. 

(19) If the Static Positioner Adjustments (Paragraph 6.8) were performed prior to 
performing the Dynamic Positioner Adjustments, tighten the hex-head screw on 
the thermal block loosened in Paragraph 6.8.3.3, Step (1). 

NOTE 
Ensure, by observing the waveform on TP21, that 
tightening the hex-head screw on the thermal block has 
not disturbed or altered the crossover point. 

(20) Proceed with the Current Adjustment in Paragraph 6.9.4. 
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Figure 6-7. Analog Waveform Limits, One-Track Repetitive Seek (TP15) 
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6.9.2.3 Adjustment Procedure 
The following adjustments are directly referenced in Paragraph 6.9.2.2 and should be 
performed only as specified. 

(1) Observe TP21 and set R60 to attain a 4v peak-to-peak envelope. 
(2) Observe TP21 and set R57 so that the waveform is balanced about ground (Figure 6-6). 
(3) Observe TP21 and set R145 so that the start of the waveform is balanced about 

ground (Figure 6-6). 
(4) Observe TP15 and set R69 so that amplitude of the waveform is 4v peak-to-peak. 
(5) Observe TP15 and set R66 so that the waveform is balanced about ground (Figure 6-7). 

6.9.3 DYNAMIC RETICLE-TO-SCALE PHASE ADJUSTMENTS 
Adjustment of the reticle is required when the position mode waveform does not have the 
crossover point at ground (Figure 6-9). 

CAUTION 

ONL Y SLIGHT ADJUSTMENT OF THE ANGLE BETWEEN 
THE RETICLE AND THE POSITION TRANSDUCER SCALE 
IS REQUIRED. OVER-ADJUSTMENT WILL CAUSE A LOSS 
OF TRANSDUCER SIGNALS AND THE POSITIONER TO 
GO UNCONTROLLED; PERFORM SIGNAL POLARITY 
AND QUADRATURE CHECKS IN PARAGRAPH 6.8.3. 

6.9.3.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.9.1. 
(2) Establish oscilloscope settings as described in Paragraph 6.9.2.1, Step (2). 

6.9.3.2 Test Procedure 
(1) Set exerciser for a 000 to 001 track seek. 
(2) Set exerciser to DN or SEEK mode. 
(3) Slightly loosen the horizontal hex-head screw at the base of the receiver post; this 

will allow the receiver post to be rotated horizontally. 

6.9.3.3 Adjustment Procedure 
(1) Insert a screwdriver blade into the slot at the top of the receiver post and adjust 

the reticle so that the waveform observed at TP21 is positioned with its crossover 
point at ground as shown in Figure -B-9(A). 

(2) Tighten the hex-head screw loosened in Paragraph 6.9.3.2, Step (3). Check the 
waveform at TP21 to ensure that tightening the screw has not disturbed or altered 
the crossover point. 

(3) Observe the amplitude of the waveform at TP21 (Figure 6-6). 
(4) Acceptable limits: 

• 4.25v (maximum) 
• 3.75v (minimum) 

(5) If the acceptable limits are not met, adjust R69 to obtain a 4v peak-to-peak 
envelope at TP21. 

(6) Check that the waveform at TP21 is balanced about ground as shown in Figure 6-6. 
(7) If the waveform at TP21 is not balanced about ground, adjust R57 until the 

waveform is balanced. 
(8) Check that the start of the waveform at TP21 is symmetrical about ground as 

sho'vvn in Figuie 6-6. 
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(9) If the start of the waveform is not symmetrical, adjust R145 to obtain the correct 
waveform. 

(10) Select Channel 2 and check that the amplitude of the waveform at TP15 is 4.0v 
± 0.25v peak-to-peak as shown in Figure 6.7. Adjust R69 if necessary to obtain the 
peak-to-peak amplitude. 

(11) Check that the waveform at TP15 is balanced about ground as shown in Figure 6-7. 
Adjust R66 if necessary to balance the waveform about ground. 

6.9.4 CURRENT ADJUSTMENT 
The following current adjustment procedure is made to ensure that the positioner carriage 
will perform a 134-track seek within an average time interval of 38.5 msec. 

6.9.4.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.9.1. 
(2) Set the oscilloscope as follows. 

• Set the Channel 1 sensitivity to 0.2v per division. 
• Set the sweep rate to 1 msec per division. 
• Connect Channel 1 X10 test probe to TP30. 

(3) Set the disk exerciser to produce a 134-track repetitive seek from cylinder 000 to 
cylinder 134. 

(4) Set the disk exerciser to DN or SEEK mode. 

6.9.4.2 Test Procedure 
(1) Select Channel 1. 
(2) Observe the current waveform at TP30 as shown in Figure 6-10. 
(3) Acceptable limits: 

• 1.54v (maximum) 
• 1.26v (minimum) 

(4) If the acceptable limits of the waveform at TP30 are not met, the adjustment 
procedure detailed in Paragraph 6.9.4.3 must be performed. 

6.9.4.3 Adjustment Procedure 
(1) Observe the current waveform at TP30. 
(2) Adjust potentiometer R163 until the waveform observed has a peak-to-peak 

ampl itude of 1.4v (Figure 6-10). 

6.9.5 SEEK-TIME ADJUSTMENT 

6.9.5.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.9.1. 
(2) Set the oscilloscope as follows. 

• Set Channel 1 sensitivity to 1v per division. 
• Set sweep rate to 5 msec per division. 
• Connect Channel 1 X10 test probe to TP12 on the Servo PCBA. 

6.9.5.2 Test Procedure 
(1) Using the oscilloscope Channel 1 test probe, observe that the waveform at TP12 

appears as shown in Figure 6-11. 
(2) If the waveform and timing at TP12 does not appear correctly, perform the 

adjustments in Paragraph 6.9.5.3; otherwise, proceed with the Overshoot and 
Settling Response Tests in Paragraph 6.9.6. . 
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Figure 6-11. Velocity Feedback Waveform, TP12 

6.9.5.3 Adjustment Procedure 
(1) Observe the waveform at TP12. 
(2) Adjust potentiometer R136 to obtain both forward-and-reverse seek times of 38.5 

± 1.5 msec. 
NOTE 

Average seek time is the average between the forward 
and reverse strokes; see Figure 6-11. 

(3) If the average seek time cannot be attained, perform the Current Adjustment 
procedure in Paragraph 6.9.4. 

6.9.6 OVERSHOOT PROCEDURE 
The following steps are used to measure the overshoot of the positioner. 

6.9.6.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.9.1. 
(2) Set the osci lIoscope as follows. 

• Set Channel 1 sensitivity to O.5v per division. 

• Connect Channel 1 test probe to TP21. 

• Set Channel 2 sensitivity to 2v per division. 

• Connect Channel 2 X10 test probe to TP10 on the Logic PCBA (Busy Time Signal 
NLBTFF). 

• Set sweep rate to 2 msec per division. 

• Set Channel Select switch to Chopped mode. 

• Set internal sync to Channel 2 and trigger on negative slope. 
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(3) Set the disk exerciser as f<;>lIows. 
'_. 

• Set exerciser for a repetitive one-track seek (000-001). 
• Set Data mode switch to DN or SEEK. 
• Set exerciser to Auto. 

6.9.6.2 Test Procedure 
(1) Observe the waveform at TP11 (on the Logic PCBA) and TP21 (on the Servo PCBA); 

refer to Figure 6-12. 
(2) If overshoot exceeds ± 0.5v, or excessive undershoot is evident, perform 

Overshoot Adjustment in Paragraph 6.9.7. 

6.9.7 OVERSHOOT ADJUSTMENT PROCEDURE 
The following steps are used to adjust the overshoot of the positioner. 

6.9.7.1 Test Configuration 
(1) Prepare the positioner as described in Paragraph 6.9.1. 
(2) Set the oscilloscope as follows. 

• Set Channel 1 sensitivity to 0.5v per division. 
• Connect Channel 1 X10 test probe to TP21. 
• Set Channel 2 sensitivity to 1v per division. 
• Connect Channel 2 X10 test probe to TP15. 

GROUND ~r?--'-':~-~-k._----

---------+O.5V 

GROUND -~--+-------l'f-~---- OV 

EXCESS IVE OVERSHOOT 

GROUND~4~ 
V V LEXCESSIVE UNDERSHOOT 

2215 

Figure 6-12. X + 0 Waveforms 000-001 Repetitive Track Seek 
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• Using an X10 test probe, connect external trigger input to TP10 on Logic PCBA. 

• Set sweep rate to 2 msec per division. 

• Use normal sync, external trigger mode, and trigger slope negative. 
(3) Set the disk exerciser to perform a one-track repetitive seek from cylinder 000 to 

cylinder 001. 

6.9.7.2 Adjustment Procedure 
(1) Select Chopped mode on the oscilloscope. 
(2) Observe waveforms at TP21 (Figure 6-12) and TP15 (Figure 6-7) while performing 

one-track seek. 
(3) While adjusting R66 for minimum overshoot (Figure 6-12), ensure that the positive 

peak of the waveform at TP15 is > + 1.5v and that the negative excursion is more 
negative than - 1.5v (Figure 6-7). 

6.9.8 INDEX TO QUADRATURE CLOCK RELATIONSHIP 
This adjustment is used to correctly establish the relationship between the trailing edge of 
the Quadrature Clock (SPQCG) with respect to the trailing edge of the Index Logic Signal 
(SPTIG) as shown in Figure 6-13. 

6.9.8.1 
(1 ) 

Test Configuration - Step 1 
Set the oscilloscope as follows. 
• Set sensitivity of both channels to 2v per division. 
• Connect Channel 1 test probe to TP16. 
• Connect Channel 2 test probe to TP19. 
• Sync internal on Channel 1, use positive trigger slope. 
• Set sweep rate to 0.5 msec per division. 
• Set channel select switch to Chopped mode. 

(2) Set exerciser to operate in the repetitive Restore mode. 

\ TRANSITION A 

PLOT A jr---'I:-I~ 

SPRCG I SIGNAL (TP14) _____ L.....--____ .....J 

r-----l 
I I 
I I 
I I 
I I 

'--_---'I L 

-+r-
"::"G B ICH 1) Jr---------,r-TRANSITION B 

SIGNAL(TP16).__ '-______________ _ 

~--'1---1tJTRANSITION C 

PLOT C (CH 2) 1"""": --------- I 
SPQCG I 
SIGNAL (TP19) • - J '------

Figure 6-13. SPRCG, SPTIG, SPQCG Signals, Repetitive Restore Mode 
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6.9.8.2 Test Procedure - Step 1 
(1) Observe the relative position of the high-to-Iow transition of signal SPQCG on 

Channel 2 (TP19) in relation to the high-to-Iow transition of signal SPTIG on 
Channel 1 (TP16). The waveform relationship must be approximately as shown in 
Figure 6-13, Plots Band C. 

NOTE 
There must be exactly two high-to-Iow transitions and one 
low-to-high transition of SPQCG after the high-to-Iow 
transition of SPTIG. 

(2) Connect Channel 2 test probe to TP14. Observe SPRCG on Channel 2 in relation to 
the high-to-Iow transition of SPTIG (see Figure 6-13, Plots A and B) . 

. NOTE 

After the high-to-Iow transition of SPTlG, there must be 
either one or t"!o low-to-high transitions and either one or 
two high-to-Iow transitions of SPRCG. 

NOTE 
Stable nulls for either of two distinct tracks may occur as 
a result of this procedure. A CE check should be made 
after an index adjustment. If the CE track has shifted and 
fixed disk information is not required, readjust the heads; 
if fixed disk information is required, readjust the index. 

(3) The high-to-Iow transition of SPTIG (Transition B of Figure 6-13) should occur at or 
after the low-to-high transition of SPRCG (Transition A of Figure 6-13), i.e., time t2 
should be greater than or equal to zero seconds. 

(4) If the requirements of Steps (1), (2) and (3) are not satisfied, perform the adjustment 
procedure outlined in Paragraph 6.9.8.3, then repeat the foregoing steps prior to 
continuing this procedure. If adjustments to satisfy the above requirements 
cannot be made, replacement of position transducer scale may be necessary. 

(5) Changp. the oscilloscope settings established in Paragraph 6.9.8.1, as follows. 
• Connect Channel 2 test probe to TP19. 
• Sync internal on Channel 1, use negative trigger slope. 

NOTE 
It may be necessary to change the sweep rate to a more 
desirable setting. 

(6) Observe the first high-to-Iow transition of SPQCG (TP19) with respect to the high
to-low transition of SPTIG (TP7); see Figure 6-14. 

NOTE 
The high-to-Iow transition of SPQCG (Transition C of 
Figure 6-14) should occur after a time delay (t1 of 300 
± 100 lJSec after the occurrence of the high-to-Iow 
transition of SPTlG (Transition B of Figure 6-14). See 
Figure 6-13, Plots Band C, and Figure 6-14. 

6.9.8.3 Adjustment Procedure - Step 1 
(1) Adjust Index Balance potentiometer R75 to position the trailing edge of SPTIG 

(TP16) to occur prior to the trailing edge of SPQCG (TP13) as shown in Figure 6-13. 
(2) Change the oscilloscope settings established in Paragraph 6.9.8.2, as follows. 

• Set sweep rate to 50 ,",sec per division. 
• Sync internal on Channel 1, use negative trigger slope. 
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Figure 6-14. Correct Relationship Between SPQCG and SPTIG Signals, Expanded 

(3) Continue to adjust potentiometer R75 so that the high-to-Iow transition of SPTIG 
occurs approximately 300 ± 100 I-lsec before the high-to-Iow transition of SPQCG 
as shown in Figure 6-14. 

6.9.B.4 Test Configuration - Step 2 
(1) Set oscilloscope as follows. 

• Set Channel 1 sensitivity to 1v per division. 
• Connect Channel 1 test probe to TP27. 
• Set sweep rate to 1 msec per division. 
• Sync internal on Channel 1, use positive trigger slope. 
• Set Channel 1 ground-referenced sweep trace to the center line of graticule. 

(2) The exerciser remains operating in the repetitive Restore mode. 

6.9.B.5 Test Procedure - Step 2 
(1) Select Channel 1. 
(2) Observe that the Index signal. at TP27 makes a transition from a point more 

negative than - 3v to a value greater than Ov as shown in Figure 6-15. 
(3) If the waveform observed at TP27 is within limits, perform the Overshoot and 

Settling Response procedure detailed in Paragraph 6.9.9. If the observed waveform 
does not fall within the specified limits, perform the adjustments in Paragraph 
6.9.B.6. 

6.9.B.6 Adjustment Procedure - Step 2 
(1) Adjust the Index Balance potentiometer R75 to obtain a minimum of - 3v 

transition of the index waveform from ground as shown in Figure 6-15. 
(2) Ensure that the relationship between SPQCG and SPTIG established in Paragraph 

6.9.B.3, Step (3), is maintained. 
(3) Repeat the SPOCG and SPRCG Test Procedures, Paragraph 6.9.B.2 
(4) Repeat the Analog Index Balance Test Procedure, Paragraph 6.9.B.5. 
(5) If the waveform at TP27 still does not fall within the specified limits, replacement 

of the transducer assembly may be required. 
NOTE 

If crosstalk is observed, it must not appear within the 
+ 3v, - 3v area shown in Figure 6-15. If the limits of Step 
(6) are exceeded and crosstalk appears in this area, repeat 
the adjustment procedure in Paragraph 6.9.8.6. 
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Figure 6-15. Index Signal, TP27, Repetitive Restore Mode 

6.9.9 OVERSHOOT AND SETTLING RESPONSE OFFSET PROCEDURE 
The following steps are used to measure the overshoot and settling response of the 
positioner. 

6.9.9.1 
(1 ) 

(2) 

Test Configuration 
Prepare the positioner as described in Paragraph 6.9.1. 
Set the oscilloscope as follows. 
• Set Channel 1 sensitivity to O.5v per division. 
• Connect Channel 1 X10 test probe to TP21. 
• Set Channel 2 sensitivity to 2v per division. 
• Connect Channel 2 X10 test probe to TP10 on the Logic PCBA (Busy Signal 

NLBSXG). 
• Set sweep rate; refer to Table 6-4, Step 1. 
• Set channel select switch to Chopped mode. 
• Set inte'rnal sync to Channel 2. 

(3) Set disk exerciser as follows. 
• Set exerciser to perform a repetitive one-track seek; refer to Table 6-4, Step 1. 
• Set Data mode switch to R/W. 
• Set exerciser to Auto. 

6.9.9.2 Test Procedure 
(1) With the exerciser set to the appropriate track seek, observe both the overshoot 

and settling response; refer to Figure 6-16. 
(2) Check that the overshoot is less than ± O.5v. 
(3) Check that the X + 0 settling response offset in the settling band is less than 

O.25v. 
(4) if either the overshoot or the settiing response observed is outside the limits 

specified, perform the adjustments in Paragraph 6.9.9.3. 

6.9.9.3 Adjustment Procedure 
(1) Move Channel 2 test probe to TP15. 
(2) Set Channel 2 sensitivity to 1v per division. 
(3) Using an X10 test probe, connect external trigger input to TP10 on the Logic PCBA. 
(4) Use normal sync, external trigger mode, and trigger slope negative. 
"1) Set sweep rate according to Table 6-4, Step 1. 

6-33 116E 



116E 

(6) While observing waveforms at TP15 and TP21 simultaneously (TP15 in Figure 6-7 
will be superimposed on TP21 in Figure 6-16), adjust R66 so that the overshoot at 
TP21 is less than 0.5v while waveforms at TP15 do not exceed established limits. 

NOTE 
For one-track seeks, use Figure 6-8 as a waveform 
reference to TP21; for longer than one-track seeks, use 
Figure 6-17. If R66 is readjusted, the index-to-quadrature 
relationship will be altered; therefore it will be necessary 
to repeat the Test Procedure in Paragraph 6.9.8. 

(7) Repeat test procedure in Paragraph 6.9.9.2 using Steps 2 through 6 in Table 6-4. 
NOTE 

If the adjustment cannot be achieved, replacement of the 
Positioner Carriage or the Servo PCBA may be required. 

Table 6-4 

Repetitive Track Seek Settings for Overshoot and Settling Response Tests 

Exerciser Oscilloscope 
Track-Seek Time Seek-Time 

Step Range Base Limits 

1 000-001 5 msec/div 10 msec 

2 200-201 5 msec/div 10 msec 

3 404-405 5 msec/div 10 msec 

4 000-134 5 msec/div 40 msec 

5 000-405 10 msecldiv 65 msec 

6 Increment 2 msec/div 10 msec 

SETTLING BAND 

·1 
+2V - -- ----

fP21 (ON SERVO PCBA) 

...---------TP10 (ON LOGIC PCBA) 

GROUND -- H-I-·tp.._==-_----SETTLING RESPONSE «O.25V) 

OVERSHOOT 

-2V ---

Figure 6-16. X + 0 Overshoot and Settling Response Waveforms 

+-1.5 (NOTE 1) ------

GROUND----t++ 

-1.5 (NOTE 2) ----

NOTE: 
1. POSITIVE ENVELOPE MUST EXCEED +1.5V. 
2. NEGA fiVE ENVELOPE MUST EXCEED -1 .5V. 

Figure 6-17. X + 90 Waveform for Long Track Seeks 
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6.10 PERFORMANCE CHECKS 
The performance checks detailed in this section should be made after making any 
positioner adjustments. These checks ensure that the access and settling time of the drive 
meet the design specifications. 

6.10.1 SERVO AND POSITIONER TEST 
The tests used to verify the integrity of the position transducer signals, and to confirm the 
calibration adjustment of the Servo PCBA potentiometers are given in Paragraph 6.9.2, 
Dynamic Adjustments, and Paragraph 6.9.9, Overshoot and Settling Response. These 
procedures should be performed after making any mechanical or electrical adjustments or 
alterations to the Servo PCBA or positioner. 

6.10.2 SPINDLE SPEED ACCURACY TEST 
This test verifies the spindle speed control accuracy and is a functional integrity check of 
the control loop. 

6.10.2.1 Test Configuration 
(1) Apply power to the drive. 
(2) After the SAFE indicator becomes illuminated, insert a disk cartridge. 
(3) Actuate the RUNISTOP switch once and observe that the drive comes to READY in 

approximately 110 seconds. 
(4) Connect an electronic counter to TP7 (IIPXD) on the Logic PCBA using an X10 

oscilloscope probe. 
(5) Use TP15 on the Logic PCBA as a ground reference. 
(6) Set the counter as follows. 

• Period measurement with 1 J..tsec (1 MHz) time base. 
• Trigger at maximum readable sampling rate (use negative slope, if applicable). 

6.10.2.2 Test Procedure 
The minimum and maximum readings obtained during a 30-second observation should be 
within the spindle speed limits, as follows. 

o 1500 rpm models 
• 39,600 J..tsec (minimum) 
• 40,400 J..tsec (maximum) 

o 2400 rpm models 
• 24,750 J..tsec (minimum) 
• 25,250 J..tsec (maximum) 

6.10.2.3 Adjustment Procedure 
If the spindle speed requirements are not as specified, perform the ac motor speed control 
adjustment procedure detailed in Paragraph 6.6.3. 

6.11 SECTOR PHASE·LOCK·LOOP ADJUSTMENT 
The sector phase-lock-loop adjustment establishes the correct relationship between the 
phase-lock-pulse signal and the Voltage Controlled Oscillator (VCO) countdown signal. 
This relationship is shown in Figure 6-18. 

NOTE 
Each signal should be of the same frequency but 90 0 out 
of phase, and should correspond on a cycle-to-cycle basis. 
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CHANNEL 1 
TPll 

CHANNEL 2 
TP12 

Figure 6-18. Quadrature Relationship Between Sector Phase-Lock-Loop Square Waves 

6.11.1 TEST CONFIGURATION 
(1) Set oscilloscope as follows. 

• Set vertical sensitivity of both channels to 2v per division. 
• Set channel select switch to the Chopped mode. 
• Trigger internal from Channel 1; use positive trigger mode. 
• For 1500 rpm drives, set the sweep at 0.5 msec per division, for 2400 rpm drives, 

set the sweep rate at 0.2 msec per division. 
(2) Connect test probe ground clips to TP2 on the Logic PCBA. 
(3) Connect Channel 1 test probe to TP11 on the Logic PCBA. 
(4) Connect Channel 2 test probe to TP12 on the Logic PCBA. 
(5) Apply power to the drive. When the SAFE indicator becomes illuminated, insert a 

disk cartridge. Depress the RUNISTOP switch once and allow the drive to come 
Ready as indicated by the READY indicator being illuminated. 

NOTE 
A square wave should be observed on Channels 1 and 2 as 
the drive comes up to speed. 

6.11.2 TEST PROCEDURE 
(1) Adjust Channel 1 trigger to display the low-to-high transition waveform. Adjust the 

sweep rate and horizontal position controls to position the leading and trailing 
edge of the waveform exactly 10 divisions apart. Refer to Figure 6-18. 

(2) Observe the waveform on Channel 2. The transition edge should occur at the 
center vertical graticule line within ± 1/2 of a major division. Refer to Figure 6-18. 

NOTE 
This relationship is specified for an ambient (room) 
temperature of 23± 5° C (73.4 ± go F). 

(3) If the relationship is not correct, and the spindle speed accuracy has been verified, 
perform the adjustment procedure detailed in Paragraph 6.11.3. 

6.11.3 ADJUSTMENT PROCEDURE 
(1) Adjust the Sector Phase Lock Loop centering potentiometer R47 on the Logic 

PCBA to position the transition edge of the waveform on Channel 2 (TP12) to the 
center vertical graticule line. 

(2) Refer to Figure 6-18 for the correct positioning of the waveform. 
NOTE 

This adjustment should be made at a room temperature of 
23 ± 5° C (73.4 ± go F). 
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6.12 READ DECODE CIRCUIT ADJUSTMENTS 
Read decode test and adjustment procedures for 2200 bpi models (Read/Write Assembly 
No. 108141) are contained in Paragraphs 6.12.1 through 6.12.3; all test points are located on 
the Read/Write PCBA unless otherwise specified. 

NOTE 

The oscilloscope time base must be calibrated either via 
exterior calibration device or using the 10 MHz oscillator 
on the Logic PCBA. 

6.12.1 RPN PULSEWIDTH ADJUSTMENT 

6.12.1.1 Test Configuration 
(1) Remove the interface connector and Terminator PCBA from connector J101 and 

J102 on the Logic PCBA. 
(2) Connect a disk exerciser having read/write capability to J101 or J102 on the Logic 

PCBA. 
(3) Apply power to the drive. Observe that the READY indicator is illuminated; allow a 

5-minute warmup period. 
(4) Write an all-zeros pattern via the disk exerciser. 
(5) Connect oscilloscope Channel 1 probe to TP9. Connect the test probe ground clip 

to ground reference TP1. 
(6) Position sweep trace 1 division below centerline of graticule. 
(7) Set oscilloscope Channel 1 sensitivity to 1v per division. 
(8) Set sync to internal, normal mode. 
(9) Set oscilloscope to trigger on the positive slope of RPN. 

(10) Set oscilloscope sweep to 0.1 JAsec per division. 

6.12.1.2 Test Proced u re 
(1) Establish test configuration described in Paragraph 6.12.1.1. 
(2) Observe RPN waveform on oscilloscope Channel 1 (TP9) as shown in Figure 6-19. 
(3) Adjust oscilloscope so that the leading edge of the RPN coincides with the center 

graticule line. 
(4) Press the X10 MAG switch on oscilloscope to display 10 nsec per division. 
(5) Measure RPN pulsewidth at the 1v level on oscilloscope centerline. 

TP9 ~,--~,,--------:: 
RPN 

~------------------~~ TP10~ 

i' 
I __ OL. / 

- OV 

I 
I 
1 

I /,-----~\. -3V 
I K,------- lV 

TPll I' I ' ov 
~oo~ I I 
PATIERN I I 

I ONES WINDOW I 
i4-1---- ADJUSTED ------I-I 

! INTERVAL I 3371 

Figure 6-19. Read Pulse Narrow/lOnes' Window 
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(6) Acceptable limits: 
D 1500 rpm 

• 50 nsec (minimum) 
• 60 nsec (maximum) 

D 2400 rpm 

• 40 nsec (minimum) 
• 50 nsec (maximum) 

6.12.1.3 Adjustment Procedure 
When the acceptable limits are exceeded, the following adjustment is performed. 

(1) Establish test configuration detailed in Paragraph 6.12.1.1. 
(2) Adjust R69 on the Read/Write PCBA to 55 nsec (for 1500 rpm) or 45 nsec (for 2400 

rpm). 

6.12.2 'ONES' WINDOW SETTING 

6.12.2.1 Test Configuration 
(1) Remove the interface connector and Terminator PCBA from connector J101 on the 

Logic PCBA. 
(2) Connect a disk exerciser having read/write capability to J101 on the Logic PCBA. 
(3) Apply power to the exerciser and the drive. Observe that the READY indicator is 

illuminated; allow a 5-minute warmup period. 
(4) Write an all-zeros pattern via the disk exerciser. 
(5) Connect oscilloscope Channel 1 probe to TP10. Connect the test probe ground 

clip to ground reference TP1. 
(6) Position sweep trace 1 division below centerline of graticule. 
(7) Set oscilloscope Channel 1 sensitivity to 1v per division. 
(8) Set sync to internal, normal mode, on Channel 1, and trigger on the negative slope. 
(9) Set oscilloscope to trigger on the positive slope of RPN. 

(10) Connect osci lIoscope Channel 2 probe to TP11. Connect the test probe ground 
clip to ground reference TP1. 

(11) Position sweep trace 1 cm below centerline of graticule. 
(12) Set oscilloscope Channel 2 sensitivity to 1v per division. 

6.12.2.2 Test and Adjustment Procedure (Long) 
(1) Observe 'ones' window on oscilloscope Channel 2 (TP11) as shown in Figure 6-19. 
(2) Measure the time between the leading edge of RPN TP10 to trailing edge of 'ones' 

window TP11. 
(3) If the pulsewidth is not within adjusted tolerance listed in Table 6-5, adjust R83 for 

the specified value. 

6.12.2.3 Test and Adjustment Procedure (Short) 
(1) Write all-ones pattern via the disk exerciser. 
(2) Observe 'ones' window on oscilloscope Channel 2 (TP11) as shown in Figure 6-19. 
(3) Measure the time between the leading edge of RPN TP10 to trailing edge of 'ones' 

window (TP11). 
(4) If the pulsewidth is not within adjustment tolerance listed in Table 6-5, adjust R79 

for the specified vaiue. 
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Table 6-5 

RPN 'Ones' Window Pulsewidth Values 

Adjustment 
Speed Zeros Ones Tolerance 

1500 rpm 485 nsec 445 nsec ± 8 nsec 

2400 rpm I 300 nsec I 270 nsec ± 5 nsec 

6.12.3 DATA AND CLOCK PULSEWIDTH ADJUSTMENT 

6.12.3.1 Test Configuration 
(1) Remove the interface connector and terminator PCBA from connector J101 and 

J102 on the Logic PCBA. 
(2) Connect a disk exerciser having read/write capability to J101 on the Logic PCBA. 
(3) Apply power to the exerciser and the drive. Observe that the READY indicator is 

illuminated; allow a 5-minute warmup period. 
(4) Write an all-ones pattern via the disk exerciser. 
(5) Connect oscilloscope Channel 1 probe to TP12 (Read Clock). Connect the test 

probe ground clip to ground reference TP1. 
(6) Position sweep trace 1 cm below centerline of graticule. 
(7) Set oscilloscope Channel 1 sensitivity to 1v per division. 
(8) Set sync to internal, normal mode. 
(9) Set oscilloscope to trigger on the negative slope of Channel 1. 

(10) Connect oscilloscope Channel 2 probe to read data TP13. Connect the test probe 
ground clip to ground reference TP1. 

(11) Position sweep trace 1 division below centerline of graticule. 
(12) Set oscilloscope Channel 2 sensitivity to 1v per division. 

6.12.3.2 Test Procedure 
(1) Observe Read Data TP13 (and Read Clock TP12) on oscilloscope Channels 1 and 2, 

respectively, as shown in Figure 6-20. 
(2) Measure and note the pulsewidth. 
(3) Acceptable limits: 

D 1500 rpm 

• 130 nsec (minimum) 
• 170 nsec (maximum) 

D 2400 rpm 

• 100 nsec (minimum) 
• 120 nsec (maximum) 

6.12.3.3 Adjustment Procedure 
When the acceptable limits are exceeded, the following adjustment is performed. 

(1) Establish test configuration detailed in Paragraph 6.12.3.1. 
(2) Adjust R86 (Read Data TP13) or R82 (Read Clock TP12) for the correct timing within 

the acceptable limits. 
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Figure 6-20. Read Clock/ Read Data Pulsewidth 

6.12.4 SQUARING AMPLIFIER (U2) BALANCE ADJUSTMENT 

6.12.4.1 Test Configuration 
(1) Disconnect P310 on Read/Write PCBA. 
(2) Connect DVM (2v dc range) between TP4 and TP5 on the Read/Write PCBA. 
(3) Apply power to the drive. 

6.12.4.2 Test Procedure 
(1) Measure dc voltage differential between TP4 and TP5. 
(2) Acceptable limits: 

• O.Ov + 0.01v (maximum) 
• O.Ov - 0.01v (minimum) 

6.12.4.3 Adjustment Procedure 

(1) Adjust R59 to zero volts between TP4 and TP5. 
(2) Reconnect P310 on the Read/Write PCBA. 

6.13 TEMPERATURE COMPENSATION 
The following paragraphs describe test configurations and test procedures for the 
Temperature Compensation PCBA. There are no adjustments for this PCBA. 

6.13.1 TEMPERATURE COMPENSATION TESTS 
The Temperature Compensation PCBA operates in conjunction with two thermistors 
mounted in the area of the removable disk and fixed disk(s). Thus, a signal is provided 
which is proportional to the temperature difference between the two temperature 
monitored areas and offsets the heads accordingly. 

NOTE 

All test points referred to in Paragraph 6.13 are located on 
the Temperature Compensation PCBA unless otherwise 
specified. 

6.13.1.1 Test Configuration 
(1) Prepare the drive to receive a disk cartridge as detailed in Paragraph 3.3. 
(2) Insert the test disk cartridge. 
(3) Operate the drive in the Ready mode for a minimum of 15 minutes. 

6.13.1.2 Test Proced u re 
(1) Using a digital voltmeter, connect the positive lead to TP and the common test 

lead to TP8 (ground). 
(2) Acceptable limits: 

• + 0.1v (maximum) 
• - 0.1v (minimum) 
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(3) If the acceptable limits of the voltage at TP2 are not met, continue to (4) below. 
(4) Place a temperature probe between the upper two heads adjacent to the head-lift 

tower and allow 1 minute for temperature stabilization. 
NOTE 

Temperature measuring equipment should have a range 
from 20°C to 31°C (68°F to 87.8°F) with an error limit not 
greater than + 0.5 °C (+ 1°F). 

(5) Using the digital voltmeter, move the positive lead to TP4 and keep the common 
test lead at TP8 (ground). 

(6) Monitor the voltage on TP4 and note the reading on the temperature probe. 
(7) Use the temperature probe reading to determine the RP4 voltage value graphed in 

Table 6-6. 

(8) Acceptable limits are indicated for each temperature probe reading in Table 6-6. 
(9) Repeat Steps (5) through (8) using TP1 instead of TP4. 

(10) If the test point voltage is not within acceptable limits, begin troubleshooting 
techniques with U1 or U3 and work backwards to U2. 

Table 6-6 

Output from Thermistors TP1 and TP4 Versus Temperature 

VOLTAGE 

/ 
/ 
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6.14 CE ALIGNMENT PROCEDURE 

NOTE 

The steps for temperature compensation (Paragraph 6.13) 
must be performed before any CE alignment is attempted. 

The circumferential and radial alignment of the disk drive is accomplished using a special 
CE disk cartridge that can usually be identified by a special top color andlor label. The CE 
cartridge contains pre-recorded cylinders which are used to adjust the read/write head 
radial alignment and the index-to-data circumferential alignment. 

CE alignment procedures for a front load disk drive differ from those used with a top load 
model. Primarily, the differences are due to the top and front load CE cartridge 
configurations. The alignment tracks used are at different locations and the read data 
patterns for radial alignment are different. Therefore, separate CE alignment procedures 
are given for front and top load drives. 

Paragraphs 6.14.1 and 6.14.2 provide descriptions of front and top load CE disk cartridges, 
respectively; Paragraph 6.14.3 describes the envi ronmental stabi I ization requirements. The 
test configuration for top and front load drives is given in Paragraph 6.14.4. 

Paragraphs 6.14.5 and 6.14.6 describe the radial and circumferential alignment procedures, 
respectively, for front load models; Paragraphs 6.14.7 and 6.14.8 describe the radial and 
circumferential alignment procedures, respectively, for top load models. 

6.14.1 FRONT LOAD CE DISK CARTRIDGE 

The front load CE disk cartridge contains two pre-recorded cylinders (190 and 200) which 
are used during adjustment procedures to the headlarm carriage assembly and to the 
upper photoelectric sensor. 

CAUTION 

CARE SHOULD BE TAKEN TO ENSURE THAT CYLINDERS 
180 THROUGH 210 ARE NOT INADVERTENTL Y WRITTEN 
ON; WRITING ON THESE CYLINDERS WILL CAUSE THE 
PRE-RECORDED DA TA TO BE DESTROYED. 

6.14.1.1 Cylinder 200 

Cylinder 200 is used for adjustment of the head/arm location. The alignment pattern for 
front load is identical to that for top load models; refer to Paragraph 6.14.2.1 for 
description. 

6.14.1.2 Cylinder 190 

This cylinder has a single flux transition marker recorded approximately 180 degrees from 
the centerline of the index slot. To assist in identifying this marker, a burst of flux 
transitions occurs 10 /-isec after the marker. 

Cylinder 190 is used for circumferential adjustment of the upper photoelectric sensor. 
Information recorded on this cylinder is similar to that recorded on the top load CE 
cartridge in cyl i nder 010. 
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6.14.2 TOP LOAD CE DISK CARTRIDGE 
The top load CE disk cartridge contains two pre-recorded cylinders (010 and 146) which are 
used during adjustment procedures to the head/arm carriage assembly and to the upper 
magnetic transducer. 

CAUTION 
WHEN USING 200 TPI CE PACKS, ENSURE THAT CYLIN
DERS 008 THROUGH 012 AND 142 THROUGH 150 ARE 
NOT INADVERTENTL Y WRITTEN ON. WRITING ON 
THESE CYLINDERS WILL CAUSE PRE-RECORDED DATA 
TO BE DESTROYED. 

6.14.2.1 Cylinder 146 
For 200 tpi CE packs, cylinder 146 is used for adjustment of the head/arm location. Two 
concentric cylinders, either side of cylinder 146, are spaced 0.025 mm (0.010 inch) apart 
and are eccentric to the center of rotation of the disk by 0.0381 mm (0.0015 inch). The 
cylinders are written with slightly different frequencies. Radial adjustment of the head is 
carried out by monitoring the beat frequency at cylinder 146. A head that is correctly 
centered over track 146 gives an oscilloscope trace with an equal amplitude 2-lobe fringe 
pattern. Due to the amount of eccentricity, when a head is reading the pattern and the head 
is misaligned from the true cylinder radius, a lobed envelope pattern will be prodcued. 

6.14.2.2 Cylinder 010 
For 200 tpi CE packs, cylinder 010 is used for circumferential adjustment of the upper 
magnetic transducer. The cylinder has a single flux transition marker recorded 
approximately 180 degrees from the centerline of the index notch. To assist in identifying 
this marker, a burst of flux transitions occurs 10 /lsec after the marker. 

6.14.3 CE CARTRIDGE STABILIZATION 
Prior to attempting alignment, the CE cartridge must be conditioned in the same 
environment in which the drive (to be aligned) is located. This conditioning must not be 
less than 2 hours. In addition to this stabilization period, the CE cartridge must be 
operated for at least 30 minutes with the drive in the Run condition; this allows the 
cartridge to reach the proper temperature for performing the alignment. 

6.14.4 TEST CONFIGURATION 
The following procedure is used to establish the test configuration for CE alignment of top 
and front load drives. 

(1) Remove the cover from the drive and open the circuit boards to their fully 
extended positions. 

(2) Remove the I/O cable and terminator PCBA from interface connectors J101 and 
J 1 02 on the Logic PCBA. 

(3) Connect a disk exerciser with read/write capabilities to interface connector J101 
or J102. 

(4) Set the upper disk Write Protect switch to the ON position. 
(5) Connect the drive to ac power and set the ON/OFF switch to ON. 
(6) When the SAFE indicator is illuminated, insert the special CE disk cartridge. 
(7) Depress the RUN/STOP switch once to allow the drive to become Ready. Allow the 

diive to waim up fOi at least 30 minutes befoie pioceeding. 
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(8) Disconnect the emergency unload capacitor connector P206 from the Servo 
PCBA, thereby deactivating the emergency unload system. If the disk speed slows 
noticeably due to loss of ac power or other malfunction, the heads must be 
manually unloaded. 

NOTE 

It is the responsibility of the person performing the CE 
alignment to perform the emergency unload function 
when P206 is disconnected. 

(9) A dual trace oscilloscope having a 50 MHz vertical bandwidth or greater is required 
to perform CE alignment procedures. 

NOTE 

Depending on the type of oscilloscope utilized and its 
grounding arrangement, it may be necessary to use a 
differential measurement of the Read/Write PCBA signal 
in lieu of a single channel method. This will usually be the 
case when a ground loop exists between the scope and 
the drive. Refer to the applicable scope manual for 
differential measurement setup, if necessary. 

(10) One X1 probe is required for single-ended measurement; two X1 probes are 
required for differential measurement. 

CE alignment procedures for front load drives are outlined in Paragraphs 6.14.5 and 6.14.6; 
top load alignment procedures are outlined in Paragraphs 6.14.7 and 6.14.10. 

6.14.5 RADIAL ALIGNMENT - FRONT LOAD DISK DRIVES 

6.14.5.1 Test Procedure 
The test configuration detailed in Paragraph 6.14.4 must be performed prior to performing 
this procedure. Values given in this procedure are for 1500 and 2400 rpm front load drives. 

(1) Set up oscilloscope as follows. 
• Connect oscilloscope vertical input to TP2 on the Read/Write PCBA (see Figure 

5-5); use TP1 for ground reference. 
• Set vertical sensitivity to 50 mv per division and select the ac input mode. 
• Connect an X10 test probe from the external trigger input of the oscilloscope to 

TP7 (Index) on the Logic PCBA. 
• Use external trigger and normal sync, ac coupled, on the negative trigger slope. 
• Set sweep rate to 5 msec per division. 

(2) Set exerciser to position the heads to cylinder 200. 
(3) Select head 0 (upper surface of upper platter). 
(4) Observe the waveform at TP2 on the Read/Write PCBA and compare the waveform 

to the relevant waveform shown in Figure 6-21 (when using the IBM or 3M-type CE 
cartridge), or Figure 6-22 (when using the CDC-type CE cartridge). 

(5) Select head 1 and repeat Step (4). 
NOTE 

If no waveform or the improper waveform is observed, go 
directly to the adjustment procedure, Paragraph 6.14.5.3. 

(6) Change vertical sensitivity to 20 mv per division and change vertical positioning to 
observe the edge of the waveform envelope. 

(7) For each head selected, observe the edge of the waveform and compare it to the 
relevant wavefoim shown in Figuie 6-23. 
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IBM CE Cartridge 3M CE Cartridge 

Figure 6-21. Approximately Aligned Heads, Front Load Disk Drive 

CDC/CFI Cartridge 
2148 

Figure 6-22. Head Aligned, Front Load Disk Drive 

6-45 116E 



Heads Too Far Back Heads Too Far Forward 

2280 

Correct Alignment 

Figure 6-23. Head Alignment (IBM CE Cartridge) Track 200, Front Load Disk Drives 

116E 6-46 



6.14.5.2 Adjustment Procedure 
if radial alignment is required, perform the following adjustment procedure. 

(1) Allow the drive to stabilize in the Ready mode for 30 minutes (minimum). 
(2) Maintain the oscilloscope setting established in Paragraph 6.14.5.1, Step (1), 

except change Channel 1 sensitivity to 50-100 mv per division; perform Steps (2) 
through (7). 

(3) Observe the waveforms shown in Figure 6-24 and determine which direction the 
heads must be moved. 

(4) Locate the two radial positioning screws on the selected head. 
(5) By loosening one screw and tightening the other, position the selected head until 

the waveform in Figure 6-24(C) is obtained. Without disturbing the adjustment, 
tighten both screws. 

(6) Align both heads in the same manner. 
(7)* Using the exerciser, position the heads to cylinder 000, then reposition them to 

cylinder 210 and observe that the waveform still appears as in Figure 6-24(C). This 
ensures that the heads have not been aligned to cylinder 210 which is a duplicate 
of cylinder 200. 

NOTE 
If a head cannot be adjusted to obtain the minimal lobe 
pattern, the head may not be flying correctly. This 
condition can be caused by either a dirty disk or head, 
incorrect head load force, or damaged head(s). 

6.14.6 CIRCUMFERENTIAL ALIGNMENT - FRONT LOAD 

-6.14.6.1 Test Procedure 

Values given in this test procedure are for 1500 rpm front load disk drives. 
(1) Set oscilloscope as follows. 

• Connect oscilloscope Channel 1 vertical input to TP2 on the Read/Write PCBA 
(see Figure 5-5). ' 

• Connect oscilloscope Channel 1 ground to TP1 on the Read/Write PCBA. 
• Set Channel 1 vertical sensitivity to 1v per division. 
• Connect oscilloscope Channel 2 X10 probe to TP7 on the Logic PCBA. 
• Set Channel 2 vertical sensitivity to 2v per division. 
• Set Channel Select to Alternate mode. 

• Use internal sync and negative sync on the leading edge of Index signal on 
Channel 2. 

• Set the sweep rate to 5 f-lsec. 

NOTE 
Depending on the type of oscilloscope utilized and its 
grounding arrangement, it may be necessary to use a 
cfiff.erential '!1easurement of the Read/Write PCBA signal 
m lieu of a smgle channel method. This will usually be the 
case when a ground loop exists between the scope and 
the drive. Refer to tl1e applicable scope manual for 
differential measurement setup, if necessary. 

• ~djust ~ori~ontal p~sition. to place start of sweep on left-most vertical graticule 
Ime. ThiS Will establish a time-zero reference to be used in lieu of actual viewinr 
of the negative transition of the index pulse. 

*Only applicable on cartridges with dual circumferential tracks. 
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A. Heads Too Far Back B. Heads Too Far Forward 

c. Heads Aligned 

Figure 6-24. Radial Alignment 
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Take care not to disturb the horizontal position during the measurement. (This 
technique assumes that the start of the sweep corresponds to the triggering of 
the sweep; verify this if in doubt.) 

(2) Set exerciser to position heads to cylinder 190. 
(3) Select head O. 
(4) Observe the waveform at TP2 on the ReadlWrite PCBA (see Figure 5-5) with 

respect to the leading edge of the Index signal (time-zero reference). 
(5) The first pulse of the waveform at TP2 should occur 30 ± 5 f.isec from the negative~ 

going edge of the Index signal (time-zero reference). See Figure 6-25. 
(6) Select head 1. 
(7) Observe the waveform at TP2. The first pulse should occur 30 ± 5 /Asec from the 

negative-going edge of the Index signal (time-zero reference). 
(8) Alternately switch between heads 0 and 1 and observe the relative displacement of 

the pulse for each head. The total displacement (separation) between pulse 
positions must be 10 /Asec or less. See Figure 6-26. 

6.14.6.2 Adjustment Procedure 
If circumferential alignment is required, perform the following steps. 

NOTE 

If the separation between pulses, as measured in Step (8), 
Paragraph 6.14.6.1, exceeds 10 /Asec, remove power from 
the drive and remove upper two heads. Check for foreign 
material or burrs on head seating surfaces. Replace one 
or both heads if a head problem is suspected. Reinstall 
heads and perform radial alignment procedure. 

(1) Maintain the oscilloscope and exerciser according to Paragraph 6.14.6.1, Steps (1) 
and (2). 

(2) Insert a Phillips-head screwdriver into the circumferential alignment adjusting 
screw (viewed facing the front of the drive, the screw is located under the cartridge 
receiver, toward the right). 

NOTE 

It may be necessary to lift the receiver slightly so the tool 
can be inserted. 

CAUTION 

CARE MUST BE TAKEN WHEN LIFTING THE RECEIVER; 
LIFTING IT TOO HIGH WILL CAUSE THE SPINNING DISK 
TO COME INTO CONTACT WITH THE CARTRIDGE 
HOUSING. 

NOTE 

Rotation of the tool in the CC W direction increases the 
pulse delay from Index. 

(3) Select either head 0 or 1 and, while obse"rving the waveform at TP2 on the 
ReadlWrite PCBA (see Figure 5-5), turn the adjusting screw until the first pulse 
after the falling edge of Index (Channel 2) falls within the 30 ± 5 /Asec 
specifications. 

(4) Select the other head and ensure that the specification detailed in Step (3) is met. 
A compromise adjustment may be required to meet the 30 ± 5 /Asec requirement 
for both heads; see Figure 6-26. 
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Figure 6-25. Circumferential Alignment, Front Load Drives 
(Not to Scale) 

Figure 6-26. Compromise Circumferential Alignment, Front Load Drives 
(Not to Scale) 
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(5) Turn the Phillips-head screwdriver slightly in the opposite direction of the last turn 
to cause the adjusting screw to relax the force on the mechanism (Le., mid-range 
of the screw backlash). 

(6) Recheck heads 0 and 1 to verify that the measurement is still within tolerance. 
Repeat Steps (3), (4), and (5), as necessary. 

(7) Remove the Phillips-head screwdriver and bring the drive to the SAFE condition, 
then remove the CE disk cartridge. Return the drive to its former configuration. Do 
not forget to reset the write protect switch if the protect is not desired, and 
reconnect P206 on the Servo PCBA. 

6.14.7 RADIAL ALIGNMENT - TOP LOAD 
Paragraph 6.14.7.1 describes the test procedure for radial alignment of top load drives. 

6.14.7.1 Test Procedure 
(1) Set up oscilloscope as follows. 

• Connect oscilloscope vertical input to TP2 on the ReadlWrite PCBA (see 
Figure 5-5). 

• Connect oscilloscope ground to TP1. 
• Set vertical sensitivity to 50 mv per division and select the ac input mode. 
• Connect an X10 test probe from the external trigger input of the oscilloscope to 

TP7 (Index) on the Logic PCBA. 
• Use external trigger, and normal sync, ac-coupled on the negative trigger slope. 
• Set sweep rate to 5 msec per division. 

(2) Set the exerciser to position heads to cylinder 146. 
(3) Select head O. 
(4) Observe the waveform at TP2 on the ReadlWrite PCBA (Figure 5-5) and compare it 

to the waveform shown in Figure 6-27. 
(5) Select head 1 and repeat Step (4). 

NOTE 
If no waveform or the improper waveform is observed, go 
directly to the adjustment procedure, Paragraph 6.14.7.2. 

6.14.7.2 Adjustment Procedure 
If radial alignment is required perform the following procedure. 

(1) Set up oscilloscope as follows. 
• Connect oscilloscope vertical input to TP2 on the ReadlWrite PCBA (Figure 5-5); 

use TP1 for ground reference. 
• Set vertical sensitivity to 20 mv per division and select the input ac mode. 
• Connect an X10 test probe from the external trigger input of the oscilloscope to 

TP7 (Index) on the Logic PCBA, 
• Use external trigger and normal sync, ac-coupled on the negative trigger slope. 
• Set sweep rate to 10 msec per division. 

(2) Observe the waveforms shown in Figures 6-28 and 6-29 and determine which 
direction the heads must be moved. 

(3) Locate the two radial positioning screws on the selected head. 
(4) By loosening one screw and tightening the other, position the selected head until 

the waveform of Figure 6-30 is obtained; without disturbing the adjustment, 
tighten both screws. 
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Figure 6-27. Radial Alignment, Head Aligned Figure 6-28. Heads Too Far Back 

Figure 6-29. Heads Too Far Forward Figure 6-30. Heads Aligned 
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(5) Align both heads in the same manner. 
(6) Set exerciser to position the heads to cyli nder 146. 
(7) Select head O. 
(8) Observe the waveform at TP2 on the ReadlWrite PCBA and compare it to the one 

shown in Figure 6-30. 
(9) Select head 1 and repeat Step (8). 

NOTE 

if a head cannot be adjusted to obtain the minimai iobe 
pattern, the head may not be flying correctly. This 
condition can be caused by either a dirty disk or head, 
incorrect head load force, or damaged head(s). 

6.14.8 CIRCUMFERENTIAL ALIGNMENT - TOP LOAD 

6.14.8.1 Test Procedure 
(1) Set up oscilloscope as follows. 

• Connect oscilloscope Channel 1 vertical input to TP2 on the ReadlWrite PCBA 
(see Figure 5-5). 

• Connect oscilloscope Channel 1 ground to TP1. 
• Set Channel 1 vertical sensitivity to 1v per division. 
• Connect oscilloscope Channel 2 X10 probe to TP7 on the Logic PCBA. 
• Set Channel 2 sensitivity to 2v per division. 
• Set sweep rate to 5 ",sec per division. 
• Set Channel Select to Alternate mode. 
• Use internal sync and negative sync on the leading edge of Index signal on 

Channel 2. 
NOTE 

Depending on the type of oscilloscope utilized and its 
grounding arrangement, it may be necessary to use a 
differential measurement of the Read/Write PCBA signal 
in lieu of a single channel method. This will usually be the 
case when a ground loop exists between the scope and 
the drive. Refer to the applicable scope manual for 
differential measurement setup, if necessary. 

• Adjust horizontal position to place start of sweep on left-most vertical graticule 
line. This will establish a time-zero reference to be used in lieu of actual viewing 
of the negative transition of the index pulse. 
Take care not to disturb the horizontal position during the measurement. (This 
technique assumes that the start of the sweep corresponds to the triggering of 
the sweep; verify this if in doubt.) 

(2) Set exerciser to position heads to cyiinder DiD. 
(3) Select head O. 
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(4) Observe the waveform at TP2 on the ReadlWrite PCBA (Figure 5-5) with respect to 
the falling edge of the Index signal (time-zero reference). 

(5) The first pulse of the waveform should occur 30 ± 5 /-lsec from the negative-going 
edge of the Index signal (time-zero reference). See Figure 6-25. 

(6) Select head 1. 
(7) Observe the waveform at TP2. The first pulse should occur 30 ± 5 /-lsec from the 

negative-going edge of the Index signal (time-zero reference). 
(8) Alternately switch between heads 0 and 1 and observe the relative displacement of 

the pulse for each head. The total displacement (separation) between pulse 
positions must be 10 /-lsec or less. See Figure 6-26. 

6.14.8.2 Adjustment Procedure 
If circumferential alignment is required, perform the following steps. 

NOTE 

If the separation between pulses, as measured in Step (8), 
Paragraph 6.14.8.1, exceeds 101JSec, remove power from 
the drive and remove upper two heads. Check for foreign 
material or burrs on head seating surfaces. Replace one 
or both heads if a head problem is suspected. Reinstall 
heads and perform radial alignment procedure. 

(1) Maintain the oscilloscope and exerciser according to Paragraph 6.14.8-1, Steps (1) 
and (2). 

(2) Insert a Phillips-head screwdriver into the circumferential alignment adjusting 
screw (viewed facing the front of the drive, the screw is located under the cartridge 
receiver, toward the right). 

(3) Select either head 0 or 1 and, while observing the waveform at TP2 on the 
ReadlWrite PCBA (see Figure 5-5), turn the adjusting screw until the first pulse 
after the falling edge of Index (Channel 2) falls within the 30 ± 5 /-lsec 
specifications. 

(4) Select the other head and ensure that the specification detailed in Step (3) is met. 
A compromise adjustment may be required to meet the 30 ± 5 /-lsec requirement 
for both heads; see Figure 6-26. 

(5) Turn the Phillips-head screwdriver slightly in the opposite direction of the last turn 
to cause the adjusting screw to relax the force on the mechanism (i.e., mid-range 
of the screw backlash). 

(6) Recheck heads 0 and 1 to verify that the measurement is still within tolerance. 
Repeat Steps (3), (4), and (5), as necessary. 

(7) Tighten the locking screw that was loosened in Step (3) above. 
(8) Recheck heads 0 and 1 to verify that the measurement is still within tolerance. 

Repeat Steps (2) through (7), as necessary. 
(9) Remove the Phillips-head screwdriver and reinstall the bezel. 
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6.15 CARTRIDGE INTERLOCK SYSTEM - FRONT LOAD MODELS 
The front load disk drive is protected against physical damage by an electromechanical 
interlock system. This system, described in Paragraph 3.11, prevents the operator from 
removing a disk cartridge unless the drive is in the Safe condition, the spindle has stopped 
rotating, and the heads have been fully retracted. Two solenoids limit the opening of the 
front door until these conditions have been satisfied. 

The interlock system also inhibits the start sequence if a disk cartridge has not been 
properly inserted by the operator. This condition is sensed by the interlock switch. The 
interlock is actuated by appropriate logic and driver circuits located on the Servo and 
Logic PCBAs. 

CAUTION 

BEFORE ATTEMPTING TO START A FRONT LOAD DISK 
DRIVE, THE DOOR MUST BE FULLY CI.OSED. 

6.15.1 CHECKING THE INTERLOCK SYSTEM 
Proper adjustment of the interlock system may be verified as follows. 

(1) Prepare the drive to receive a disk cartridge as detailed in Paragraph 3.3. 
(2) Install an approved disk cartridge as detailed in Paragraph 3.4.1. Depress the 

RUN/STOP switch. 
(3) When the READY indicator is illuminated, pull on the door handle with a force of 

approximately 10 pounds. 
(4) If the unit continues to function normally, as evidenced by continuous illumination 

of the READY indicator, the interlock system adjustments are within tolerance. If 
the Ready condition is not maintained, perform the relevant adjustment 
procedures detailed in Paragraph 6.15.2. 

6.15.2 ADJUSTING THE INTERLOCK SYSTEM 

6.15.2.1 Test Configuration 
(1) Withdraw the drive forward to the full extent of the slides. 
(2) Remove the dust cover; refer to Paragraph 2.2, Step (5). 
(3) Apply power to the drive and allow it to come to SAFE. 
(4) Determine if a cartridge is installed in the drive by following the unloading 

instructions contained in Paragraph 3.4.2, Steps (1) through (4). 
(5) Remove the cartridge from the drive if one is installed. 
(6) Remove power from the drive. 
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6.15.2.2 Solenoid Plunger Clearance Test and Adjustment 
When a solenoid plunger is manually depressed, the clearance between the right and left 
door link arms and the end of each solenoid plunger should measure between 0.040 to 
0.060 inch. See Figure 6-31. 

Solenoid adjustments are made as follows. 
(1) Right-hand solenoid. Back off the two mounting screws and slide the solenoid 

toward or away from the link arm to decrease or increase the gap as required. 
Securely tighten solenoid adjusting screws. 

(2) Left-hand solenoid. This adjustment is made with the door open using a long 
shank Phillips screwdriver to loosen the adjusting screws. Slide the solenoid 
toward or away from the link arm to decrease or increase the gap as required. 
Securely tighten the adjusting screws. 

NOTE 
To reach forward adjusting screw, shank of screwdriver 
must pass between top edge of bezel and left edge of 
switch bracket. Avoid scratching either surface. 

6.15.2.3 Interlock Switch Test 
The cartridge interlock switch is a leaf-actuated snap-action switch that is part of the 
upper sector sensor assembly attached to the top of the lower disk cover. The actuating 
leaf arm of the switch extends upward through the front center of the cartridge receiver 
and contacts the. cartridge case. 

DOOR LINK 
ARM 

SECTION A-A 
LOCKED POSITION 

DOOR LINK 
ARM 

0.25 mm (0.01 inch) MINIM~ 

1.18 mm (0.07 inchi MAXIMUM 

Figure 6-31. Solenoid Location and Clearance 
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The switch senses the correct location of the cartridge in the drive; this ensures that the 
cartridge is properly located upon the spindle and is ready for operation. The switch is 
electrically connected to control circuits on the Logic PCBA via connector P109. 

To test for correct operation, perform the following. 
(1) Remove power from the drive. 
(2) Elevate the Logic and Servo PCBAs to the maintenance position. 
(3) Remove connector P109 from the Logic PCBA. 
(4) Connect a suitable continuity indicating device, such as an ohmmeter, to pins 1 

and 2 of P109. 
(5) Apply power to the drive. 
(6) When the SAFE indicator becomes illuminated, open the front door and install a 

disk cartridge. 
(7) Slowly close the door and note where the switch establishes continuity. 

NOTE 
The cartridge must not have completed its travel at this 
point and should not be completely seated. 

(8) Reinstall P109 onto the Logic PCBA. 
(9) If the requirements of Step (7) are not met, perform the adjustment procedure 

contained in Paragraph 6.15.2.4. 

6.15.2.4 Interlock Switch Adjustment 
(1) Remove the disk cartridge. 
(2) Adjust the actuating leaf of the interlock switch by bending the leaf with a pair of 

long-nose pi iers. 
(3) Return the disk cartridge into cartridge receiver and perform the test procedure 

contained in Paragraph 6.15.2.3, Steps (1) through (7). 

(4) Open and close the door several times with the disk cartridge in place to ensure 
reliable operation. 

(5) Disconnect the indicating device connected to P109 in Step (4) of Paragraph 
6.15.2.3. 

(6) Reinstall P109 onto the Logic PCBA. 
(7) Lower the Logic PCBA from the maintenance position to the normal operating 

position. 
(8) Replace dust cover and return the drive into enclosure. 

6.16 CARTRIDGE INTERLOCK SYSTEM - TOP LOAD MODELS 
The top load disk cartridge is protected against physical damage by an electromechanical 
interlock system. This system, described in Paragraph 3.11, prevents the operator from 
removing a disk cartridge unless the drive is in the Safe condition, the spindle has stopped 
rotating and the heads have been fully retracted. It also inhibits the Start sequence when 
the cartridge has been improperly installed by the operator. 

The interlock mechanism is located on the rim of the cartridge adapter assembly and 
consists of a cartridge lock arm, a snap-action interlock switch, and a solenoid. When 
properly positioned, the arm and the solenoid prevent cartridge removal. The interlock 
switch senses when a disk cartridge is properly installed. 

In addition to the interlock mechanism, suitable logic and drivers are provided on the 
Servo and Logic PCBAs to control the system. Electrical connections are made via 
connector P109 to the Logic PCBA. 
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6.16.1 CHECKING THE INTERLOCK SYSTEM 
Proper adjustment of the interlock system may be verified as follows. 

(1) Prepare the drive to receive a disk cartridge as outlined in Paragraph 3.3. 
(2) Install a disk cartridge as detailed in Paragraph 3.4.3. Depress the RUN/STOP 

switch. 
(3) When the READY indicator is illuminated, apply approximately a 5-pound torque to 

the cartridge lock arm in the unlocking direction. 
(4) If the drive continues to function normally, as evidenced by continuous 

illumination of the READY indicator, the interlock system upper limit adjustments 
are within tolerance. 

(5) Actuate the RUN/STOP switch. When the SAFE indicator is illuminated, remove 
the disk cartridge and reinstall the lower cover of the cartridge, and then lock the 
arm. 

(6) Actuate the RUN/STOP switch. If the solenoid does not lock in place, the interlock 
system lower limit is within tolerance. 

CAUTION 

SHOULD THE ARM LOCK, IMMEDIATEL Y REMOVE THE 
POWER AND MAKE CORRECTIVE ADJUSTMENTS. 

6.16.2 ADJUSTING THE INTERLOCK SYSTEM 

6.16.2.1 Test Configuration 
(1) Extend the drive fully forward out of the rack; remove the disk cartridge and 

remove the source of power by disconnecting the line cord. 
(2) Remove the dust cover as described in Paragraph 2.2, Step (9). Elevate the Logic 

PCBA to the maintenance position. 

6.16.2.2 Solenoid Stroke Test and Adjustment 
Check the stroke adjustment of the solenoid. With the solenoid plunger manually 
depressed and the lock-arm unlocked, the distance from the end of the plunger to the 
curved surface of the lock-arm body must be from 0.25 to 1.78 mm (0.01 to 0.07 inch) as 
shown in Figure 6-33. If adjustment is required, loosen the adjusting screws and position 
the solenoid body until the proper clearance is obtained. 

6.16.2.3 Lock-Arm Travel Test and Adjustment 
Check the lock-arm travel by rotating the lock arm to the locked position; attempt to insert 
a 0.762 mm (0.03 inch) thick feeler gauge between the neck of the lock arm and the adapter 
casting as shown in Figure 6-32. If the clearance is greater than 0.25 mm, adjust to correct 
clearance by loosening the retaining screws and sliding the solenoid body laterally across 
the mounting bosses until the clearance is less than 0.76 mm. After completing the 
adjustment, determine that the solenoid plunger is not binding against the lock arm body 
and is free to engage and disengage under its own spring force. Ensure that the stroke 
adjustment detailed in Paragraph 6.16.2.2 has not changed. 

6.16.2.4 Snap Action Switch Test and Adjustment 
(1) Remove power from the drive. 
(2) Remove P109 from the Logic PCBA. 
(3) With a suitable continuity indicating device, monitor the switch closure between 

pins 1 and 2 in the connector. 
(4) Install adapter bowl setup tool, PCC PD Part No. 103619-01, onto the spindle cone. 

See Figure 6-34. 
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SOLENOID 

BODY 

ADAPTER CASTING 

ADJUSTING SCREWS 

Figure 6-32. Retracted Solenoid Plunger and Lock-Arm Clearance 

0.25 mm (0.01 inch) MINIMUM 

1.78 mm (0.07 inch) MAXIMUM 

Figure 6-33. Adapter Casting and Lock-Arm Clearance 

ADAPTER BOWL 
SET UP TOOL 103619-01 

TRANSDUCER GAP~ (i) ~~ALlBR~TlO~'" 
UPPER MAGNETIC VALUE - O.XXXX 

TRANSDUCER 

W 
Figure 6-34. Upper Magnetic Transducer Gap 
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(5) Manually depress the solenoid plunger and rotate the lock arm to the locked 
position over the NO-GO position marked on the tool. See Figure 6-35. There 
should be no switch closure observed between pins 1 and 2. 

(6) Retract the lock arm and move the tool to the GO position. 
(7) Manually depress the solenoid plunger and rotate the lock arm to the locked 

position over the GO portion of the tool. Contact closure should be observed 
between pins 1 and 2. 

(8) Adjust the closure point, if required, by loosening the No.2 machine screws 
securing the switch in place and sliding the switch body vertically until the 
previously established requirements are met. Remove the tool. 

(9) Reinstall P109 onto the Logic PCBA. 
(10) Return the Logic PCBA to the normal position. 
(11) Reinstall the dust cover and return the drive to the enclosure. 

6.16.2.5 Cartridge Thermistor Mechanism Test and Adjustment 
(1) Extend the drive fully forward out of the rack; remove the disk cartridge and 

disconnect the line cord. 
(2) Remove the dust cover as described in Paragraph 2.2, Step (9). Elevate the Logic 

PCBA to the maintenance position. 
(3) Remove a disk from its cartridge. 
(4) Place the disk on the spindle so that it is seated normally, but without cartridge. 
(5) Observe the gap between the thermistor edge and the edge of the upper disk. 
(6) Acceptable limits: 

• 0.76 mm (0.03 inch) (minimum) 
• 1.27 mm (0.05 inch) (maximum) 

ADAPTOR BOWL 
SET UP TOOL ---. 

LOCK ARM DROPS I 
OPEN CIRCUIT, 

GO NO GO 

DIRECTION OF TOOL MOVEMENT ~ 

ADAPTOR BOWL ----. 
SET UP TOOL 

r-rTT"T7"TT771t LOCK ARM LIFTS 

GO NO GO 

.-DIRECTION OF TOOL MOVEMENT 

Figure 6-35. GO/NO GO Adjustment Tool, End View 
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(7) If the acceptable limits are not met, adjustment can be made by loosening the four 
mounting screws at the base of the assembly and moving the whole thermistor 
assembly. 

(8) Connect the power cord to the voltage source. 
(9) Place the ONIOFF Power Switch to ON. 

(10) Allow drive to come to the SAFE condition. This will cause the upper disk 
thermistor solenoid to activate. 

(11) While the thermistor solenoid is activated, observe the tip of the thermistor in 
relation to the inside wall of the adapter bowl. 

(12) If the tip of the thermistor is recessed less than 0.76 mm (0.03 inch) below the 
inside wall of the adapter bowl, loosen the two hex nuts holding the solenoid coil 
and adjust the tip of the thermistor so that it is recessed 0.76 mm or more below 
the inside wall of the adapter bowl. 

(13) Remove power from the drive. This will deactivate the thermistor solenoid. 
(14) Confirm that the gap between the edge of the thermistor and the edge of the upper 

disk is still within acceptable limits. 
(15) Return the Logic PCBA to the normal position. 
(16) Reinstall the dust cover and return the drive to the enclosure. 

6.17 BEZEL AND POWER SWITCH 

6.17.1 REMOVAL OF BEZEL 
Removal or adjustment of the bezel is made by loosening six socket-head countersunk 
Allen machine screws securing the assembly to the ~ase assembly. 

NOTE 
The holes through which the screws pass are slotted to 
allow for bezel removal without removing screws. 

To remove the bezel, proceed as follows. 
(1) Back off the six machine screws enough to clear bezel supports on each side of 

the bezel. 
(2) Pull the assembly forward and away from the deck assembly. 
(3) Access to parts requiring replacement or adjustment is now available. 

6.17.2 INSTALLATION OF BEZEL 
To install the bezel, proceed as follows. 

(1) Ensure that the six machine screws are backed off enough to clear the bezel 
support on each side of the bezel. 

(2) Carefully position the bezel to the deck assembly and secure the bezel mounting 
screws. 

6.17.3 REMOVAL OF POVVER SVVITCH BRACKET 
Remove the bezel as outlined in Paragraph 6.17.1. Access to three switch bracket screws 
is now available. Two mounting screws are located below the bracket and one is located to 
the right side of the bracket. See Figure 6-36. 

6.18 MAGNETiC TRANSDUCER GAP 

Magnetic transducers are used in one place on front load models and two places on top 
load models. In each case, the distance between the transducer pole tip and its respective 
rotating surface must be precisely controlled to produce acceptable signal levels. 
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~-SVlIITCH BRACKET ASSEMBLY 

SWITCH BRACKET---J 
MOUNTING SCREWS AIR FILTER RETAINING BARS 

Figure 6-36. Switch Bracket and Air Filter Retaining Screw Locations 

1825 

Paragraphs 6.18.1 and 6.18.2 describe the test and adjustment procedures for the upper 
and lower transducers, respectively. 

6.18.1 UPPER TRANSDUCER TEST AND ADJUSTMENT - TOP LOAD MODELS 
Extend the unit forward out of the rack and install the Adapter Bowl Setup Tool (PCC PD 
Part No. 103619-01) onto the spindle cone. Ensure that cone and tool are clean. 

CAUTION 

WHEN GAUGING GAP CLEARANCE, ENSURE THAT NO 
DAMAGE IS DONE TO THE SENSING TIP OF THE TRANS
DUCER BY THE FEELER GAUGE. 

A feeler gauge is used to measure the gap distance between the transducer pole tip and 
the tool (see Figure 6-34). Each adapter bowl setup tool will have marked on it a calibration 
value to be added to the normal feeler gauge value. 

The nominal feeler gauge value is given in Table 6-7. The calibration value for the particular 
tool is added to the value obtained from the table and rounded to the nearest half mil to 
obtain the actual feeler gauge thickness to be used. A single feeler gauge blade, or two or 
more stacked, may be used to obtain the thickness required. Use clean, dry blades. 

If the gap clearance requires adjustment, slightly loosen the No. 4 machine screws 
securing the transducer clamp (see Figure 6-37). Position the transducer body to the 
required clearance and retighten the screws. Recheck gap clearance and perform the 
circumferential alignment procedure detailed in Paragraph 6.14.6 or 6.14.8. 

6.18.2 LOWER TRANSDUCER ALIGNMENT - FRONT LOAD AND TOP LOAD MODELS 
The gap clearance between the transducer pole tip and the phase-lock ring located on the 
spindle should be 0.18 ± 0.05 mm (0.007 ± 0.002 inch). See Figure 6-38. A feeler gauge is 
used to establish the clearance between the transducer pole tip and the center of a phase 
lock ring segment located on the spindle. 

CAUTION 

WHEN GAUGING GAP CLEARANCE, ENSURE THAT NO 
DAMAGE IS DONE TO THE SENSING TIP OF THE TRANS
DUCER BY THE FEELER GAUGE. 

When the gap clearance requires adjustment, slightly loosen the No.4 machine screws 
securing the transducer clamp. Position the transducer to establish correct gap clearance 
and retighten clamping screws. Recheck gap clearance. 
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Table 6-7 

Upper Transducer Calibration Data 

Allowable Maximum 
Adapter Bowl Nominal Nominal Allowable Allowable 

Setup Tool Armature Plate Feeler Gauge Armature Plate Armature Plate 
Revision Level Notch Width Value Diameter Runout (TIR*) 

A 2.032 mm 0.48 mm 145.75 + 0.13 mm 0.254 mm 
(0.080") (0.019") (5.738 + 0.005") (0.010") 

B 2.032 mm 0.23 mm 145.75 + 0.05 mm 0.076 mm 
(0.080") (0.009") (5.738 + 0.002 ") (0.003") 

and 1.016 mm 
(0.040") 

subsequent O.058mm 
(0.020") 

2.032 mm 0.74 mm 145.75 + 0.13 mm 0.254 mm 
(0.080") (0.029") (5.738 + 0.005 ") (0.010") 

2.03mm 0.74 mm 145.75 + 0.13 mm 
(0.079") (0.029") (5.738 + 0.005") 

*Total Indicated Runout 

n:&f? t 
L REFER TO TABLE 6-7 

NO.4 MACHINE SCREW MAGNETIC TRANSDUCER 

1826 

Figure 6-37. Upper Transducer AI ignment, Top Load Only 

~I 
~ L O.18 ±O.05mm <0.007 ±o.o02INCHI 

NO.4 MACHINE SCREW ~MAGNETIC TRANSDUCER 

1827 

Figure 6-38. Lower Transducer Alignment, Front and Top Load 
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6.19 DISK DRIVE PULLEY SYSTEM 

The drive utilizes a flat belt and crowned pulleys to operate the spindle and blower at 
correct speeds. Operation at 1500 and 2400 rpm is obtained at 50 or 60 Hz by changes of 
pulley sizes and belt length. Refer to Table 6-8 for identification of belt and pulley 
combinations. 

6.19.1 BELT REMOVAL 
Location of pulleys and direction of rotation is indicated in Figure 6-39. To replace a belt, 
proceed as follows. 

(1) Remove four No. 10 machine screws securing the belt guard in place. 
(2) Slide the belt guard forward until it drops away from the base. 
(3) Insert a large shan ked screwdriver between the tension idler plate and the base. 

Compress the tension idler spring until the belt is released from the motor pulley. 
(4) Remove the belt from the area. 

6.19.2 BELT REPLACEMENT 
The following sequence is followed when replacing a drive belt. Refer to Figure 6-39 for 
threading pattern. 

(1) Loop one end of drive belt around spindle pulley. Center the belt on crown of 
pulley and, by hand, hold the remainder of belt taut until Step (2) is completed. 

(2) Feed the remainder of the belt loop under the idler tension roller arm. 
NOTE 

At this point the outside face of the belt contacts the 
crown of the tension roller. 

(3) Feed the remainder of the belt loop again under the tension roller arm and up 
toward the blower pulley. 

(4) Loop the belt around the blower pulley. Release the loop and extend the remainder 
of the belt loop to the drive motor pulley. 

NOTE 

At this point the inside face of the belt contacts the 
traction area of the blower pulley. 

(5) Continue the remainder of the belt loop up to the drive motor pulley. Spread the 
belt apart to form a loop which can be slid down and around the traction area of the 
drive motor pulley. 

(6) With a large shank screwdriver (used as a crowbar), pry the tension arm forward by 
compressing the tension arm spring toward the front of the base. This action will 
establish enough slack in the belt to allow the belt loop mentioned in Step (5) to be 
slipped down around the drive motor pulley. Release pressure on the tension arm. 

(7) Inspect the belt for location on all driven surfaces and also determine that the belt 
does not contact any surface that will cause belt abrasion. 

(8) By hand, pull the belt through several revolutions of the drive system in order to 
allow the belt to seek its normal operating path. This action will also establish the 
correct tension of the belt between pulley spans. 

NOTE 

If the belt comes in contact with any structural member, 
either raise or lower the drive motor pulley on the motor 
shaft until the belt clears the obstruction. 

(9) Inspect the static discharge contact that touches, located on the end of the 
spindle shaft (see Paragraph 6.20). 

(10) Reinstall the belt guard and return the drive to the enclosure. 
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Table 6-8 

Pulley and 8elt Identification 

Motor Pulley Blower Pulley 
Disk Line PIN and PIN and 

Speed Frequency Crown Dia. Crown Dia. 

1500 rpm 60 Hz 102636-01 102722-01 
43.69 mm 43.69 mm 
(1.720") (1.720") 

1500 rpm 50 Hz 102636-02 102722-01 
54.43 mm 43.69 mm 
(2.143") (1.720") 

2400 rpm 60 Hz 102636-02 102722-02 
54.43 mm 54.43 mm 
(2.143") (2.143") 

2400 rpm 50 Hz 102636-03 102722-02 
65.10 mm 54.43 mm 
(2.563") (2.143") 

*Inside circumference + 3.175 mm (+ 0.125") 
• Tension Roller PIN 102609-01; 49.53 mm (1.950") Dia. 
• Drive Motor PIN 103579-01 

\ hi f,IVE MOTOR 0~~LLEY 

Spindle Pulley 
PIN and 

Dia. 

102635-02 
88.14 mm 
(3.470") 

102635-02 
88.14 mm 
(3.470") 

102635-01 
68.22 mm 
(2.686") 

102635-01 
68.22 mm 
(2.686") 

Figure 6-39. 8elt Threading Pattern 
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Belt 
PIN and 

Inside Circum. * 

102634-01 
1071.56 mm 
(42.1875") 

102634-02 
1086.64 mm 
(42.7812") 

102634-01 
1071.56 mm 
(42.1875") 

102634-02 
1086.64 mm 
(42.7812") 
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6.20 STATIC DISCHARGE CONTACT 
The static discharge Rulon contact assembly is mounted on the belt guard. This conto.w 
provides a ground path from the spindle shaft to ground. Continuity is maintained by the 
tension of the metal spring on which the Rulon contact is mounted. Grounding of the 
spindle shaft thus prevents a buildup of static electricity on the disk surface. 

Inspection is made as follows. 
(1) Remove the four No. 10 machine screws securing the belt guard in place. 
(2) Slide the belt guard forward until it is free of the base. 
(3) Inspect the static discharge Rulon contact for wear. 

NOTE 
If the Rulon contact shows signs of excessive wear from 
the pointed end of the spindle shaft, replace the belt 
guard (PCC PO Part No. 102748). 

(4) Reinstall the belt guard and return the drive to the enclosure. 

6.21 CARE AND HANDLING OF HEADS 
Figure 6-40 shows examples of proper care and handling of the magnetic heads. Peak 
performance of the drive cannot be expected unless proper care is taken when handling 
these heads. 

Figure 6-41 shows examples of improper handling of the magnetic heads; these examples 
are only a few of the ways a head can be damaged by improper care. 

6.21.1 LOAD PIN SEATING 
Proper seating of the load pin is essential to ensure gimbaling and flying characteristics of 
the ceramic slider. Examples of correct and incorrect positions of the load pin are shown 
in Figure 6-42. 

CAUTION 
IF ANY HEAD IS MISHANDLED (FIGURE 6-41), OR IF ANY 
GIMBAL SPRING IS DAMAGED, THE HEAD ASSEMBL Y 
MUST BE REPLACED, OR DISK DAMAGE MA Y OCCUR. 

6.22 HEAD REMOVAL AND INSTALLATION 
Removal of a head is occasioned by mechanical damage, electrical failure, or for the 
purpose of cleaning. In the event one head needs attention, it is recommended that all 
heads be removed from the carriage, inspected, and cleaned. It is also recommended that 
data stored on the lower platter(s) be transferred to a cartridge prior to any head removal. 

6.22.1 HEAD REMOVAL PROCEDURE 
The magnetic head is removed as follows. 

(1) Disconnect the drive from the power source. 
(2) Extend the drive fully forward from the enclosure, if necessary. 
(3) Remove the dust cover (refer to Paragraph 2.2). 

(4) Disconnect head connectors from the Read/Write Selection Matrix PCBA. 
NOTE 

The steel protective sheath on each connector lead is 
magnetic and will allow the connectors to be laid on the 
side surface of the magnet, thus preventing damage to 
the connectors while removing other components. 
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Figure 6-40. Examples of Proper Care and Handling of Heads 

(5) Disconnect all connectors from the Read/Write PCBA and Read/Write Selection 
Matrix PCBA; remove only the Read/Write PCBA from the drive. 

(6) Prepare four lint-free pads, approximately 1-inch square and 1/8-inch thick. Lay a 
lint-free wipe on a clean flat surface on which to lay the heads when they are 
removed from the carriage. 

(7) Refer to Figure 6-43 for parts identification. 
(8) Insert between the ceramic sliders of each pair of heads the pads prepared in Step 

(6); these pads will protect the ceramic sliders from clashing together as they are 
being removed. 

(9) Install positioner tie-down screw to anchor the positioner carriage. 
(10) Loosen the four recessed Allen-head cone-pointed setscrews in the clamp plate to 

a position \,Ivhere the point of each screVJ is recessed belo'v·" the surface of the 
clamp plate. 

CAUTION 

CARRIAGE MUST BE FULL Y RETRACTED AND REMAIN 
RETRACTED WHILE REMOVING HEAD ASSEMBLIES. 
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Figure 6-41. Examples of Improper Care and Handling of Heads 

(11) Loosen the two Allen-head retaining screws from the clamp plate. Remove the 
clamp plate and screws from the carriage. 

(12) Loosen and remove the Allen-head screw and clamp washer from each of the 
remaining three pairs of head-support arms that are anchored to the carriage (see 
Figure 6-43 A and B). 

(13) Remove the heads in the following sequence: head 0 (top), head 1 (second), head 2 
(third), head 3 (fourth), head 6 (fifth), head 7 (sixth), head 4 (seventh), and head 5 
(eighth). 

CAUTION 

EXERT EVERY PRECAUTION TO PREVENT DAMAGE TO 
THE GIMBAL SPRING AND CERAMIC SLIDER WHILE 
REMOVING AND HANDLING THE HEADS. 
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~SLID," 

LOAD PIN PROPERLY IN CONTACT WITH SLIDER 

~SLlD," 

LOAD PIN NOT CONTACTING THE SLIDER 

LOAD PIN IMPROPERLY SEATED ON FLEXURE ARM 
1831 

Figure 6-42. Load Pin Seating 

• Using thumb and forefinger, apply sufficient pressure to the head end of the 
support arm to separate the body of the support arm from the ramp. Push the 
head arm approximately 3lB-inch straight forward into the disk cavity by 
applying pressure to the die cast positioning arm while holding positioning arm 
flat against the carriage mounting surface until the arm is free of the carriage 
slots. Again, use extreme caution not to allow the gimbal spring or the ceramic 
slider to come in contact with any other surrounding part. 

• When a head is free, place it on a lint-free wipe in the clean area with the 
ceramic slider facing up. 

• Remove other heads in succession, observing equal precautions for each head. 

6.22.2 HEAD INSTALLATION PROCEDURE 
Installation of the heads after cleaning, or replacing a damaged head, is accomplished as 
follows. 

(1) If required, perform the necessary Steps (1) through (5) of Paragraph 6.22.1. 
(2) Prior to installing heads, inspect carriage and surrounding area for any foreign 

material that could contaminate heads or interfere with installation. Clean the 
head mounting area with 91-percent isopropyl alcohol. 

NOTE 
Use only 91-percent isopropyl alcohol to clean disks and 
heads. Use of any other type of cleaner or solvent, such as 
carbon tetrachloride or tiichloiethylene may result in 
damage. Do not use contaminated alcohol which could 
contain any form of residue. 

Examine the carriage slots into which the supporting arm of the head is placed for 
any nicks or burrs that would obstruct installation or alignment. 

6-69 116E 



116E 

BALANCE WEIGHT 

HEADO 

HEAD 1 

SCALE 

CLAMP PLATE ALLEN-HEAD 
RETAINING SCREWS 

ASSEMBL Y ---L--=================~======~='ht~ 
HEAD 2 

HEAD 3 

HEAD 6 

HEAD 7 

CLAMP WASHER 

(A) LEFT-51 DE VI EW 

ALLEN-HEAD RETAINING SCREW 

POSITIONER CARRIAGE REFERENCE 

(B) RIGHT-SIDE VIEW 

Figure 6-43. Heads Installed on Positioner Carriage 
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(3) Examine the ceramic slider of each head for cleanliness. Also inspect gimbal 
spring and slider pivot for proper alignment. Refer to Figure 6-42. 

(4) Prepare four lint-free wipe pads, approximately 1-inch square and 1/8-inch thick; 
these pads will be used to separate each pair of heads to prevent possible damage 
to the ceramic slider during installation. 

(5) Note that there are two V-shaped indentations on the side of the die-cast support 
arm. Fore and aft head alignment of several thousandths of an inch can be made 
when the pointed screws in the clamp plate engage with the V slots in the support 
arm. Figure 6-43 illustrates the support arm used in all models. 

6.22.2.1 Installation of Head-to-Carriage Slots 
(1) Insert the support arm for head 7 into the Head Installation Tool (PCC PD Part No. 

104839). 
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(2) Locate the threaded holes on the carriage used for the clamp plate(s) retaining 
screws. 

CAUTION 

CARRIAGE MUST BE FULL Y RETRACTED AND REMAIN 
RETRACTED WHILE INSTALLING HEAD ASSEMBLIES. 

NOTE 

When installing heads, it is recommended that the 
bottom head be installed first, progressing up to the top 
head. 

CAUTION 

CARRIAGE MUST NOT BE MOVED FROM THE FULL Y 
RETRACTED POSITION UNTIL ALL HEADS ARE 
SECURED IN PLACE BY THE CLAMP PLA TE. 

(3) Carefully guide the bottom head into place with the ceramic slider facing upward 
and insert the die-cast body of the support arm into the carriage slots part of the 
way. Figure 6-44 shows the position of the head support arm in relation to the 
carriage slot(s). 

(4) Visually position the support arm Vs to be approximately on center with the two 
retainer clamp screw holes. 

NOTE 

Improper horizontal positioning of the head into the 
carriage slot may result in improper loading of the head. 
Make sure that the end-protruding tab of the head support 
arm is inserted into the carriage slot so that the head-to
carriage distance shown in Figure 6-44 is obtained. 
Ensure that the head support arm does not contact the 
loading/unloading ramp during a Restore operation. 

CARRIAGE 

CARRIAGE SLOT(S) 

HEAD-TO-CARRIAGE 

DISTANCE, 

3.57 ± 0.50mm 

(0.14 ± 0.02 inch) 

~HEAD SUPPORT ARM 

Figure 6-44. Head to Carriage Adjustment 
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(5) Firmly press the support arm back against the carriage surface and at the same 
time position the flange of the head on the underside of the lower ramp. 

CAUTION 

DO NOT OVER-STRESS HEAD GIMBAL SPRING DURING 
INSTALLA TlON. 

(6) Place a lint-free wipe protective pad on the ceramic slider. 
(7) In succession, install the other heads in the manner described in the preceding 

steps (refer to Figure 6-43(A) and (B) for head identification). 

6.22.2.2 Installation of Clamp Plate and Clamp Washers 
When all heads are in place on the carriage, proceed as follows. 

NOTE 

As a precaution, before installing the clamp plate, 
determine that all pOinted setscrews are recessed below 
the surface of the clamp plate. 

(1) Install the upper pair and lower pair of retaining screws through the holes in the 
clamp plate for heads 1 and O. 

NOTE 

Under no circumstances should a clamp plate screw or a 
spacer be substituted for the original hardware. 

(2) Tighten clamp plate retaining screws. Torque to approximately 10 to 12-inch 
pounds. 

(3) Install the clamp washers and Allen-head screws removed in 6.22.1 Step (13). 
CAUTION 

WHEN TIGHTENING THE CLAMP RETAINING SCREWS, 
CAUTION MUST BE TAKEN NOT TO OVER-TORQUE THE 
SCREWS. OVER-TORQUEING CAN CAUSE THREADS IN 
THE CARRIAGE CASTING TO STRIP. 

6.22.2.3 Head Positioning 
(1) Starting with heads 1 and 0, run in each pair of pointed setscrews so that each 

engages with a side of the V on the support arm to an approximate equal depth. Do 
not allow points of setscrews to bottom out in the V on the arm. 

NOTE 

Horizontal position of Heads 2 through 7 is not critical. 
(2) Maintain the position of heads 3 through 7 as installed in 6.22.2.2, Step (3). 

(3) Inspect installation; install the connectors to the ReadlWrite PCBA. 
(4) To correctly position head 1 and head 0, a CE alignment must be made; refer to 

Paragraph 6.14 for procedure. 
(5) After satisfactory CE alignment is made, return the drive to original configuration. 

6.23 LAMPILENS ASSEMBLY REMOVAL AND INSTALLATION 
The Lamp/Lens Assembly is located between the upper pair of recording heads and the 
positioner scale, and is mounted to the base assembly. 

Removal of the Lamp/Lens Assembly is occasioned by mechanical damage to the lens or 
electrical failure of the lamp. 
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6.23.1 LAMP/LENS ASSEMBLY REMOVAL 
(1) Remove the Phillips head screw that anchors the Lamp/Lens Assembly to the 

Sensor Receiver Assembly. 
(2) Remove tie wraps as necessary to free Lamp/Lens Assembly connecting leads. 
(3) Disconnect P203 from the Servo PCBA and extract pins 10 and 12 from P203 using 

a Molex pin extractor (Mfg. Part No. HT2285); the wires on these pins are 
connected to the Lamp/Lens Assembly. 

(4) Remove the Lamp/Lens Assembly and discard. 

6.23.2 LAMP/LENS ASSEMBLY INSTALLATION 
(1) Align the Lamp Assembly in such a manner that the locating pins on the assembly 

fit into the appropriate holes on the Sensor Receiver Assembly. 
(2) Replace the Phillips head screw removed in Paragraph 6.23.1, Step (1). 
(3) Insert pins 10 and 12, at the end of the leads connected to the Lamp/lens 

Assembly, into mating pin holes of P203 and reinstall P203 onto the Servo PCBA. 
(4) Replace the tie wraps removed in Paragraph 6.23.1, Step (2). 
(5) Perform the positioner servo calibration procedures in Paragraphs 6.8 and 6.9. 

6.24 RETICLE REMOVAL AN 0 INSTALLATION 
Removal of the reticle is occasioned by mechanical damage to this component. The reticle 
is an integral part of the Sensor Receiver Assembly and is located immediately below the 
positioner scale, vertically in line with the Lamp/Lens Assembly. If the reticle is damaged, 
the entire Sensor Receiver Assembly (Part No. 104500-02) must be replaced. 

6.24.1 RETICLE REMOVAL 
(1) Remove the Lamp/Lens Assembly according to the procedure in Paragraph 6.23.1, 

Steps (1) and (2). 
(2) Loosen the horizontal hexagonal head screw located on the thermal 

compensation block, but do not loosen the thermal block itself. This will loosen 
the receiver post so that it can be rotated. 

(3) Rotate the receiver post clockwise until the reticle is clear of the Scale Assembly. 
CAUTION 

WHEN ROTA TlNG THE RECE/VER POST, ENSURE THE 
RETICLE DOES NOT CONTACT ANY PART OF THE 
SCALE ASSEMBLY. 

(4) Remove tie wraps from wires connecting the reticle and P203 on the Servo PCBA. 
(5) Disconnect P203 from the Servo PCBA. Extract leads 1,2,3,6,7,8,10, and 12 with 

their pins from P203 using a Molex pin extractor (Mfg. Part No. HT2285). 
(6) Remove the Sensor Receiver Assembly. 

6.24.2 RETICLE INSTALLATION 
The reticle is an integral part of the Sensor Receiver Assembly and is installed in the drive 
in accordance with the following procedure. 

(1) Insert leads 1,2,3,6,7,8,10, and 12 with their pins into the mating holes in J203 on 
the replacement Sensor Receiver Assembly, reinstall onto the Servo PCBA. 

(2) Vvith the reticle arm pointing toward the rear of trle drive, insert the sensor receiver 
post into the hole provided in the thermal compensation block. 
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(3) Rotate the Sensor Receiver Assembly counterclockwise until the reticle is directly 
under the scale. If this cannot be done, adjust the Phillips head screw inside the 
sensor receiver assembly post so that the bottom of the Phillips head screw is 
fl ush with the bottom of the post. 

CAUTION 

WHEN ROTA TlNG THE SENSOR RECEIVER ASSEMBLY, 
ENSURE THE RETICLE DOES NOT CONTACT ANY PART 
OF THE SCALE ASSEMBLY 

(4) Tighten the horizontal hexagonal head screw on the temperature compensation 
block until it is possible to rotate the post. 

(5) Adjust the Phillips head screw inside the sensor receiver post so that the 
clearance between reticle and the scale is 0.005 inch. A 0.005-inch mylar shim can 
be used for this purpose (PCC PD Part No. 104476-02). 

(6) Replace the Lamp/Lens Assembly according to the procedure in Paragraph 6.23.2. 
(7) Replace the tie wraps removed in Paragraph 6.24.1, Step (4). 
(8) Perform the positioner servo calibration procedures in Paragraphs 6.7 through 6.9. 

6.25 SCALE ASSEMBLY REMOVAL AND INSTALLATION 
Removal of the Scale Assembly is occasioned by mechanical damage to the scale frame, 
or in the event that the glass scale is cracked or broken. 

6.25.1 SCALE ASSEM BL Y REMOVAL 
(1) Remove all magnetic heads by following the procedure in Paragraph 6.22.1. 
(2) Remove the Lamp/Lens Assembly by following the procedure in Paragraph 6.23.1, 

Steps (1) and (2). 
(3) Remove the three Allen-head screws and the scale clamp that holds the Scale 

Assembly to the carriage. The Scale Assembly will still be held in place by the 
locating pin on the carriage. 

(4) Remove the Scale Assembly by carefully applying sufficient pressure to 
disengage it from the locating pin. 

CAUTION 

WHEN REMOV/NG THE SCALE ASSEMBL Y, ENSURE 
THAT IT DOES NOT CONTACT THE RETICLE. DO NOT 
TOUCH ANY PORTION OF THE GLASS SCALE. 

6.25.2 SCALE ASSEMBLY INSTALLATION 
(1) Align the hole in the frame of the replacement Scale Assembly with the locating 

pin on the carriage. 
CAUTION 

WHEN REPLACING THE SCALE ASSEMBL Y, ENSURE 
THAT IT DOES NOT CONTACT THE RETICLE ASSEMBL Y. 

(2) Press Scale Assembly firmly against the carriage so the locating pin is firmly 
seated. 

(3) Replace the scale clamp but do not tighten the three Allen-head screws removed 
in Paragraph 6.25.1, Step (3). 

(4) Replace the Lamp/Lens Assembly removed in Paragraph 6.25.1, Step (2). 
(5) Disconnect connector P205 from the Servo PCBA; this removes power from the 

linear motor so that the heads can be positioned manually. 
(6) Apply power to the drive and observe that the SAFE indicator becomes 

illuminated. The carriage can now be manually extended and retracted. 
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(7) Extend the carriage fully toward the drive spindle. 
(8) Adjust the Scale Assembly so that the clearance between the reticle and the glass 

scale is 0.127 mm (0.005 inch) at both ends of the carriage travel. A 0.127 mm 
(0.005-inch) mylar shim can be used for this purpose. 

(9) Connect an oscilloscope's Channel 1 test probe to TP21 on the Servo PCBA, use 
TP26 as ground. 

(10) Set channel sensitivity to 2v per division. 
(11) Set horizontal sweep rate to 0.5 msec per division. 
(12) Observe the peak-to-peak amplitude. 
(13) Move the carriage back and forth over its full stroke; the peak-to-peak amplitude 

(envelope) noted in Step (9) should remain constant. 
NOTE 

If the voltage obtained varies more than ± 100/0, rotate the 
Scale Assembly about the pin until the voltage observed 
over the full carriage stroke remains within ± 100/0. 

(14) Tighten the three Allen-head screws on the Scale Assembly. 
(15) Replace the heads by following the procedure detailed in Paragraph 6.22.2. 

NOTE 
Do not replace P205 at this time. 

(16) Perform the static and dynamic positioner procedures given in Paragraphs 6.8 and 
6.9, respectively, and also the CE alignment given in Paragraph 6.14. 

6.26 AIR FILTER 
The filter assembly consists of two parts~ the pre-filter, which is a fine-meshed open-cell 
foam material covering the air intake area of the absolute filter, and the absolute filter. The 
absolute filter consists of a labyrinth of small metallic separators forming the filter path 
between the filter media. 

The absolute filter is encased within a plastic frame for ease of handling and preventing 
damage to the internal structure. Handle the absolute filter by the edges of the plastic 
framework. Use caution not to compress the sides or center of the filter, as puncturing of 
the filtering media could result, thereby lessening the effectiveness of the filter. 

6.26.1 PRE-FILTER CLEANING 
(1) Remove the bezel as described in Paragraph 6.17.1. 
(2) The pre-filter is removed by lifting one corner of the meshed material and gently 

pulling it away from the front surface of the absolute filter. 
NOTE 

The pre-filter may be washed in soap and water and 
reused. It must be completely dry and free from any 
cleaning residue before replacing it on the front of the 
absoiute fiiter. 

6.26.2 REMOVAL OF ABSOLUTE FILTER 
(1) Remove the bezel (refer to Paragraph 6.17.1) and observe two retaining bars marked 

THIS SIDE OUT (see Figure 6-36). Remove the two retaining bars that are purposely 
curved to hold the absolute filter under tension against the base casting. 

(2) Withdraw the absolute filter from the air duct cavity in the base by grasping the 
two edges and pulling straight forward. After removing, inspect for any plastic 
chips or other matter remaining in the air duct cavity. 
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(3) Discard the used absolute filter. 
NOTE 

Always replace the absolute filter rather than attempting 
to clean it. 

6.26.3 REPLACEMENT OF ABSOLUTE FILTER 
Before installing a new absolute filter, inspect the plastic framework for any 
contamination. Especially inspect for plastic flashing clips or excess plastic that could be 
shaved off the edges by the air duct during installation. If the filter is not easily inserted 
into the air duct, or its shape is distorted, there is a likelihood that the filter is defective 
and should not be used. 

CAUTION 

TOBACCO ASHES AND SMOKE WILL CONTAMINATE 
THE AIR SYSTEM AND THE ABSOLUTE FILTER. 
HANDLE THE FILTER IN THE CLEANEST ENVIRON
MENT AVAILABLE. 

Inspect the air duct leading up to the blower for any other matter that could have passed 
through the filter system. Clean with a lint-free cloth, if required. Replace the filters and 
secure the assembly into place. Be sure the retaining bars are correctly installed with the 
THIS SIDE OUT showing (see Figure 6-36). 

6.27 POWER SUPPLY 
The power supply is a removable module located on the underside of the base assembly. 

6.27.1 REMOVAL OF POWER SUPPLY 
WARNING 

VOLTAGES MAY BE PRESENT IN THE POWER SUPPLY 
AREA WHICH ARE CONSIDERED DANGEROUS TO LIFE. 
THE EMERGENCY UNLOAD AND MOTOR START 
CAPACITORS MA Y REMAIN CHARGED FOR A CON
SIDERABLE LENGTH OF TIME, EVEN THOUGH POWER 
HAS BEEN REMOVED. OBSERVE EXTREME CAUTION. 

(1) Disconnect power. 
(2) Extend the unit out of the cabinet and remove the dust cover (refer to Paragraph 

2.2, Step (9). 
(3) Position the Logic and Servo PCBAs to the maintenance position. 
(4) Disconnect the power switch cable connector J501. 
(5) Disconnect the power supply cables P212 and P213 at the Servo PCBA. 
(6) Remove the high voltage cover from the Motor Control PCBA; disconnect P401, 

P402, P403, or P404, and fan leads. 
(7) Remove the belt guard; refer to Paragraph 6.19.1, Steps (1) and (2). 
(8) The Read/Write PCBA and Temperature Compensation PCBA, with retaining 

hardware, should be removed as needed prior to power supply removal. 
(9) Remove the eight No. 10 screws securing the power supply chassis to the base. 

Carefully lower the power supply chassis out and away from the base. 
CAUTION 

AVOID SQUEEZING ANY CABLES BETWEEN THE BASE 
AND CHASSIS DURING REMOVAL, AS DAMAGE TO THE 
CABLING CAN RESUL T. 
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6.27.2 POWER SUPPLY INSTALLATION 
WARNING 

VOLTAGES MAY BE PRESENT IN THE POWER SUPPLY 
AREA WHICH ARE CONSIDERED DANGEROUS TO LIFE. 
THE EMERGENCY UNLOAD AND MOTOR START 
CAPACITORS MAY REMAIN CHARGED FOR A CON
SIDERABLE LENGTH OF TIME, EVEN THOUGH POWER 
HAS BEEN REMOVED. OBSERVE EXTREME CAUTION. 

(1) Verify that power is removed from the drive. 
(2) Extend the unit out of the cabinet and remove the dust cover; refer to Paragraph 

2.2, Step (9). 
(3) Position the Logic and Servo PCBAs to the maintenance position. 
(4) Check connections at power transformer primary and ensure that it is connected 

for the correct line voltage (refer to Figure 4-14 for line voltage connections). 
(5) Secure the power supply in place using the screws removed in Step (9) of 

Paragraph 6.27.1. 
(6) Inspect all wiring extended through casting to the upper deck area for crushed or 

abraded wi res. 
(7) Install the belt guard. 
(8) Reconnect all cables disconnected in Steps (4) and (5) of Paragraph 6.27.1. 
(9) Remount the Read/Write PCBA, Temperature Compensation PCBA, and retaining 

hardware. 
(10) Lower the Logic and ServoPCBAs into operating position. 
(11) Inspect the interior of the drive for any items or parts that could interrupt 

operation. 
(12) Return the drive to normal operating condition. 

6.28 EXHAUST FAN REMOVAL AND INSTALLATION 
Removal of the exhaust fan is occasioned by mechanical damage to the fan blade, fan 
cage, or if the fan becomes electrically inoperative. The fan is located at the extreme rear 
left side of the drive immediately over the smaller of the two heat sinks and must be 
removed from the rear in accordance with the following procedure. 

(1) Make sure all power is removed from the drive, then position the Logic and Servo 
PCBAs to the maintenance position. 

(2) Disconnect the voltage line connector (P2) from the top of the fan cage. 
(3) While facing the rear of the disk drive, loosen the two Phillips screws in each 

upper corner of the fan cage. 
(4) Note the position of the plastic cable anchor and the hinged standoff that is 

fastened to the metal base strip of the Logic PCBA. 
(5) Remove both screws that were loosened in (3) while making sure the Logic PCBA 

remains in an upright position. 
(6) Note the position of the printed arrow on the top side of the fan cage. The arrow 

should be pointing to the rear of the drive. 
(7) Loosen and remove the two bottom corner Phillips screws. This will free the 

exhaust fan assembly so that it can be removed. 
NOTE 

The hinged standoff supports part of the weight of the 
Logic PCBA. As the exhaust fan assembly is removed, 
make sure that the Logic PCBA does not sag to one side. 
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(8) Insert a new exhaust fan assembly (Part No. 518-0005) making sure that the printed 
arrow on the top of the fan cage points to the rear and the four mounting holes line 
up with those on the drive base. 

(9) Install the two Phillips screws removed in Step (7). 
(10) Insert the two Phillips screws, making sure the hinged standoff and plastic cable 

anchor are installed as noted in Step (4). 
(11) Tighten each corner Phillips screw. 
(12) Connect the voltage line connector removed in Step (2). 
(13) Lower the Logic and Servo PCBAs into their operating pOSition. 

6.29 DRIVE MOTOR 

6.29.1 DRIVE MOTOR REMOVAL 
(1) Refer to Figure 6-45. Pull the drive forward to the full extent of the slides; remove 

the dust cover as described in Paragraph 2.2. 
(2) Raise the Servo and Logic PCBAs to the maintenance position. 
(3) Remove the cover from the Motor Control PCBA. 
(4) Carefully remove cable ties from the cable bundle terminating at connectors on 

the Motor Control PCBA and to the point where wiring to the drive motor breaks 
out of the cable bundle. 

CAUTION 

DO NOT CUT OR NICK ANY WIRES IN CABLE BUNDLE. 

(5) Disconnect connectors P405 and P406 from the Motor Control PCBA and separate 
out of the cable to the drive motor (Figure 6-46). 

(6) Remove the belt guard; remove belt from motor pulley only (refer to Paragraph 
6.19.1). 

(7) Remove the motor pulley from the motor shaft. 
(8) Use a thin-shank Phillips head screwdriver to remove four motor mounting screws 

from the motor mounting plate; refer to Figure 6-45. 
(9) Remove the ground wire connected to the top of the drive motor housing. 

(10) Remove the drive motor from the mounting plate and from the drive. 

6.29.2 DRIVE MOTOR INSTALLATION 
From the top side of the drive, proceed as follows. Refer to Figure 6-45. 

(1) Position the motor so the motor cable exits from the motor frame as shown in 
Figure 6-46. 

(2) From beneath the drive, install four motor mounting screws through the motor 
mounting plate. See Figure 6-45. Secure motor to plate. 

(3) Install the drive motor pulley on the motor shaft. 
(4) Replace belt as noted in Paragraph 6.19.2. 
(5) From the top side of the drive, route the motor cable as shown in Figure 6-46. 

Install connectors P405 and P406 to the Motor Control PCBA. 
(6) Retie the motor cable into the existing cable bundle. 
(7) Secure the motor cable to the motor frame with a tie wrap. 
(8) Replace the ground wire removed in 6.29.1 Step (9). 
(9) Replace the cover on the Motor Control PCBA. 

(10) Lower the Servo and Logic PCBA into operating pOSition. 
(11) Reinstall dust cover and return drive to enclosure. 
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Figure 6-45. Drive Motor Replacement 
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Figure 6-46. Drive Motor Cable Routing 
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6.30 MAINTENANCE TOOLS 
The following is a list of tools required to maintain the disk drive. All tools, except the PCC 
PD testing equipment aligning and adjustment tools, may be obtained from local sources. 

(1) Hex socket key set, 1116- through 5/32-inch sizes. 
(2) Thickness gauge. 
(3) Open-end wrenches, sizes 3/16, 1/4, 5/16, and 31B-inch. 
(4) Long-nose pliers. 
(5) Phillips screwdriver set. 
(6) Standard blade screwdriver set (heavy shank). 
(7) Soldering aid. 
(8) Soldering iron. 
(9) Small diameter (3/16-inch shank, 8-inch long) No.1 Phillips screwdriver. 

(10) Lint-free wipes, e.g., Microwipes TX500. 
(11) Lint-free cloth. 
(12) Cotton swabs. 
(13) Isopropyl alcohol (91 percent). 
(14) Torque wrench, 0-15 inch-pounds. 
(1"5) Molex pin extractor (Molex Products, Inc. Part No. HT2285). 
(16) Voice Coil Polarity Tester, PCC PD Part No. 103607. 
(17) Adapter bowl setup tool, PCC PD Part No. 103619-01. 
(18) Head Installation Tool, PCC PD Part No. 104839-02. 
(19) Temperature Probe, e.g., Fluke Model 80T150. Range: 20°C to 31°C (68°F to 

87.8°F) with an error limit not greater than + 0.5°C (+ 1°F). 
(20) Disk Exerciser, PCC PD Model TED02, PCC PD No. 895540-01. 
(21) Six-foot extension for Model TED02 Disk Exerciser, PCC PD No. 895035-01A. 
(22) Mylar shims 0.127 mm (0.005 inch), PCC PD Part No. 104476-02. 
(23) Ball tip hex driver, 9/16-inch. 
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SECTION VII 

PARTS LISTS AND SCHEMATIC/ASSEMBLY DRAWINGS 

7.1 INTRODUCTION 

This section contains the illustrated parts lists, recommended spare parts lists, inter
connect and programming array lists, and schematic/assembly drawings. 

7.2 ILLUSTRATED PARTS BREAKDOWN (IPB) 

Figures 7-1 through 7-8, used in conjunction with Tables 7-1 through 7-8, respectively, 
provide identification by PCC PD part number of the mechanical and electrical 
components of the D3400 Series Dual and Quad Disk Drives. Notations are made when 
parts do not apply to all model configurations. 

7.3 RECOMMENDED SPARE PARTS 

Table 7-9 provides a list of the recommended subassembly spare parts for the D3400 
Series Dual and Quad Disk Drives. The Customer should always furnish the model number 
and the serial number of the disk drive when ordering parts. 

An additional recommended spare parts list containing the part number, description, 
current price for component parts, subassembly parts, and special tools is also available. 
This list can be obtained by providing the unit part number, from the ID label on the disk 
drive, to the Logistics Section, PCC PD, 9600 Irondale Avenue, Chatsworth, CA 91311. 

7.4 PART NUMBER CROSS REFERENCE LIST 

Table 7-10 provides a cross reference from PCC PD component series part numbers to the 
basic part identification. 

7.5 INTEGRATED CIRCUIT PIN SUMMARY 

A summary of the power and ground pins for the various integrated circuits employed in 
the disk drive is contained in Table 7-11. A summary of the function control for certain 
integrated circuits is listed in Table 7-12. 

7.6 PCBA INTERCONNECTIONS 

Interconnections between PCBAs installed in the disk drive are listed in Table 7-13 and 
illustrated in Figure 7-9*. 

*Foldout drawing, see end of this Section. 

7-1 116E 



3167 

Figure 7-1. D3000 Extension Disk Drive, Photo Parts Index, Front View 
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Table 7-1 

03000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-1 

1 102644-01 Door Handle (Front Load Only) 

2 102643-01 Door 

3 102647-01 Accent Panel White with Logo 
102647-02 Accent Panel White without Logo 
102647-03 Accent Panel Clear with Logo 
102647-04 Accent Panel Clear without Logo 

4 102703-01 Bezel Assembly (Front Load Only) 
102704-01 Bezel Assembly (Top Load Only) 

5 506-1816 ON/OFF Power Switchllndicator 

6 103663-30 PROT/PROT Switch Assembly 
659-0730 Lamp, Switch 

7 103663-28 SAFE Switch Assembly 
659-0730 Lamp, Switch 

8 104616-01 Switch Panel Cover 

9 102759-01 Unit Selector Switch 

10 103663-27 RUN/STOP Switch Assembly 
659-0730 Lamp, Switch 

11 103663-29 READY Switch Assembly 
659-0730 Lamp, Switch 

12 103746-01 Dust Cover (Front Load Only) 
103747-01 Dust Cover (Top Load Only) 
615-0084 Screw (8) 
612-1022 Washer (8) 

Not Shown 103670-01 Slide Assembly with Hardware 
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Figure 7-2. 03000 Extension Disk Drive, Photo Parts Index (Front Load Models) 
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Table 7-2 

03000 Extension Disk Drive Photo Parts Index (Front Load Models) 

Figure and Part 
Index No. Number Description 

Figure 7-2 

1 104501-03 Scale Assembly 

2 108266-02 Left Head Cam 

3 103486-01 Pivot Support 

4 103472-01 Cartridge Receiver Wire Form Assembly 

5 108222-02 Spindle Assembly 

6 103488-01 Receiver Spring 

7 102627-02 Cartridge Su pport Post 

8 102626-01 Cartridge Pin 

9 615-4997 Ball Stud 
604-2600 Hex Nut 

10 102658-04 Write Protect Plate 

11 102761-02 Write Protect Switch Assembly 
506-0001 Rocker Switch 

12 103481-01 Sector Sensor Assembly (Photo-Electric) 

13 104621-06 Transducer Assembly (Magnetic Only) 

14 102669-01 Air Screen 

15 103474-01 Air Duct Gasket 

16 103478-03 Lower Disk Cover 

17 102683-03 Disk Guide 

7-5 116E 



Figure 7-3. 03000 Extension Disk Drive, Photo Parts Index (Top Load Models) 
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Table 7-3 

D3000 Extension Disk Drive Photo Parts Index (Top Load Models) 

Figure?nd Part 
Index No. Number Description 

Figure 7-3 

1 108230-01 Thermistor Mechanism Assembly 
517-0003 Solenoid Only 
101110-01 Spring 

2 103479-01 Cartridge Retainer 
600-0806 Screw 

,3 108222-02 Spindle Assembly 

4 615-4997 Ball Stud 
604-2600 Nut 

5 103467-01 Sector Adjust Plate Assembly 

6 102764-02 Transducer Assembly (Upper and Lower) 
104621-06 Transducer Assembly (Lower Only) 
104621-07 Transducer Assembly (Upper Only) 

7 102754-02 Solenoid Assembly 
517-0001 Solenoid Only 
101110-01 Spring 

8 102762-02 Cartridge Lock Switch Assembly 

9 102612-02 Cartridge Lock Arm 

10 104503-04 Cartridge Adapter Assembly 

11 102658-01 Write Protect Name Plate 

12 506-0001 Rocker Switch 
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Figure 7-4. 03000 Extension Disk Drive, Photo Parts Index 



Table 7-4 

03000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-4 

1 103432-01 Head Clamp Plate 
102853-01 Clamp Plate Spacer 
602-0614 Socket Head Screw 
603-3604 Screw 

Not Shown 104070-01 Lower Head Clamps (3) 
602-0612 Socket Head Screw 

2 108279-01 Counter Weight 
602-0608 Socket Head Screw 

3 102666-01 Protective Cover 

4 108220-01 Voice Coil Assembly 

5 108141-* Read /Write PCBA 

6 102709-01 Standoff 

7 108176-* Temperature Compensation PCBA 

8 108230-01 Thermistor Mechanism Assembly 
517-0003 Solenoid Only 
101110-01 Spring 

9 108146-* Matrix Select PCBA 

10 108224-01 Carriage Scale Assembly 
104501-03 Scale Only 

11 104514-02 Position Transducer Assembly 
104500-02 Sensor Receiver Assembly 
103499-01 Lamp and Lens Assembly 

12 526-** Read/Write Head 

13 104512-01 Flex Strip Assembly 

14 103579-02 Drive Motor Assembly 

*Order as indicated on PCBA. 
* * Refer to Table 7-9 for specific part numbers. 
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Figure 7-5. 03000 Extension Disk Drive, Photo Parts Index, 
PCBAs in Extended Position 
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Table 7-5 

03000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-5 

1 XXXXXX-* Logic PCBA 

2 108131-* Servo PCBA 

3 502-1243 Relay 
502-6113 Relay Socket 

4 615-0082 Clevis Pin 
609-5901 Pin 

5 102755-01 Interboard Cable Assembly 

6 102755-04 Interboard Cable Assembly 

7 108176-* Temperature Compensation PCBA 

8 108141-* Read/Write PCBA 

9 108146-* Matrix-Select PCBA 

10 103571-01 Motor Control PCBA, 90-125v ac 
103571-02 Motor Control PCBA, 190-250v ac 

11 108284-01 Standoff 

12 108270-01 Bracket 

13 102801-* I/O Terminator PCBA 

14 108271-01 Strain Relief 

*Order as indicated on PCBA. 
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Figure 7-6. 03000 Extension Disk Drive, Photo Parts Index, Bottom View 
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Table 7-6 

D3000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-6 

1 658-2038 Fuse Holder, Panel Mounted, 3AG Miniature 

2 663-3700 Fuse, F1, 10A, 250v, Sio-Blo, 95-125v Operation 
663-2052 Fuse, F1, 5A, 250v, Sio-Blo, 190-250v Operation 

3 663-3100 Fuse, F2, F3, F4, 10A, 32v, 3AG, Fast-Blo 

4 103642-01 Drive Motor Pulley, 1500 rpm 60 Hz Drives 
103642-02 Drive Motor Pulley, 2400 rpm 60 Hz Drives or 1500 rpm 50 Hz drives 
103642-03 Drive Motor Pulley, 2400 rpm 50 Hz Drives 

5 102634-01 Drive Belt, 60 Hz Operation 
102634-02 Drive Belt, 50 Hz Operation 

6 108256-01 Idler Arm 
615-0107 Screw 
616-0011 Spring 

7 102637-01 Tension Idler Assembly 
615-0083 Screw 

8 102722-01 Blower Pulley, 1500 rpm Drives 
102722-02 Blower Pulley, 2400 rpm Drives 

9 134-6293 Capacitor 

10 108263-01 Belt Guard 
103764-01 Static Discharge Kit 
600-0007 Screw 
605-0000 Lock Washer 

11 102635-01 Spindle Pulley, 2400 rpm Drives 
102635-02 Spindle Pulley, 1500 rpm Drives 

12 102667-01 Spring 

13 103584-01 Thrust Washer - Teflon 
103584-02 Thrust Washer - Steel 
615-0107 Screw 
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Figure 7-7. 03000 Extension Disk Drive, Photo Parts Index, Rear View 
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Table 7-7 

03000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-7 

1 518-0005 Fan 

2 518-0006 Fan Grill 

3 400-0323 Linear IC 

4 200-6058 Transistor 

5 108190-01 Power Cord Assembly, 95-125v ac, 50/60 Hz 
108190-02 Power Cord Assembly, 190-250v ac, 60 Hz 
108190-03 Power Cord Assembly, 190-250v ac, 50 Hz 

6 200-6051 Transistor 

7 200-3055 Transistor 

8 103466-02 Pivot Standoff 
612-1017 Pivot Sleeve 
616-0026 Spring 
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Figure 7-8. 03000 Extension Disk Drive, Photo Parts Index (Power Supply Assembly) 
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Table 7-8 

D3000 Extension Disk Drive Photo Parts Index 

Figure and Part 
Index No. Number Description 

Figure 7-8 

1 320-1010 Rectifier Bridge 

2 511-3600 Power Transformer 

3 103571-01 Motor Control PCBA, 90-125v ac 
103571-02 Motor Control PCBA, 190-250v ac 

4 131-2051 Capacitor 

5 108190-01 Power Cord Assembly, 95-125v ac, 50/60 Hz 
108190-02 Power Cord Assembly, 190-250v ac, 60 Hz 
108190-03 Power Cord Assembly, 190-250v ac, 50 Hz 

6 140-1003 Capacitor, 1500 rpm Units 
140-1203 Capacitor, 2400 rpm Units 
661-0004 Tie Wrap 

7 134-4792 Capacitor 
661-0013 Tie Wrap 

8 134-3393 Capacitor 
661-0013 Tie Wrap 

9 103-4715 Resistor 

10 692-0787 Fan Plug and Cord Assembly 
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Table 7-9 

Recommended Spare Parts List 

Description 

Logic PCBA 

Servo PCBA 

Read/Write PCBA 

Temperature Compensation PCBA 

Matrix-Select PCBA 

Disk Platter 

Lamp and Lens Assembly 

Drive Motor Assembly 

Motor Control PCBA, 95-125v ac 
Motor Control PCBA, 190-250v ac 

Head, Lower, 2200 BPI, 200 TPI, 1500 rpm (RA) 
Head, Upper, 2200 BPI, 200 TPI, 1500 rpm (RA) 
Head, Lower, 2200 BPI, 200 TPI, 1500 rpm (RO) 
Head, Upper, 2200 BPI, 200 TPI, 1500 rpm (RO) 
Head, Lower, 2200 BPI, 200 TPI, 1500 rpm (RO) 
Head, Upper, 2200 BPI, 200 TPI, 1500 rpm (RO) 
Head, Lower, 2200 BPI, 200 TPI, 2400 rpm (RA) 
Head, Upper, 2200 BPI, 200 TPI, 2400 rpm (RA) 
Head, Lower, 2200 BPI, 200 TPI, 2400 rpm (RO) 
Head, Upper, 2200 BPI, 200 TPI, 2400 rpm (RO) 
Head, Lower, 2200 BPI, 200 TPI, 2400 rpm (RO) 
Head, Upper, 2200 BPI, 200 TPI, 2400 rpm (RO) 

Sensor Receiver Assembly 

Scale Assembly 

Fuse, 10A, 250v, Sio-Blo, 95-125vac 
Fuse, 5A, 250v, Sio-Blo, 190-250v ac 

Fuse, 1 OA, 32v, 3AG, Fast-Blo 

Filter (Air) 

ON /OFF Power Switchllndicator 

RUN/STOP Switch Assembly 

SAFE Switch Assembly 

READY Switch Assembly 

PROT / PROT Switch Assembly 

Lamp, Switch 

*Order as indicated on PCBA. 
RA = Radially Aligned 
RO = Rad ially Offset 

7-18 

Part Number 

XXXXXX-* 

108131-* 

108141-* 

108176-* 

108146-* 

522-0016 

103499-01 

103579-02 

103571-01 
103571-02 

526-0314 
526-0315 
526-0034 
526-0035 
526-0036 
526-0037 
526-0316 
526-0317 
526-0038 
526-0039 
526-0040 
526-0041 

104500-02 

104501-03 

663-3700 
663-2052 

663-3100 

614-0006 

506-1816 

103663-27 

103663-28 

103663-29 

103663-30 

659-0730 



Table 7-10 

Part Number Cross Reference 

Pertec Part No. Manufacturer Manufacturer Part No. *lDescription 

Composition Resistors (Comply with MIL-R-ll) 

100-0395 3.9 ohms ±5%, 1f4w 

100-1005 10 ohms ±5%, 1f4W 

100-1015 100 ohms ±5%, 1f4w 

100-1025 1.5k ohms ± 5%, 1f4w 

100-1055 1 meg ohm ± 5%, 1f4w 

100-1235 150 ohms ±5%, 1f4W 

100-1525 1.5k ohms ±5%, 1f4w 

100-1535 15k ohms ±5%, 1f4w 

100-1815 180 ohms ±5%, 1f4w 

100-1825 1.8k ohms ±5%, 1f4W 

100-1845 180k ohms ±5%, 1f4w 

100-2215 220 ohms ± 5%, 1f4W 

100-2225 2.2k ohms ±5%, 1f4W 

100-2235 22k ohms ±5%, 1f4w 

100-2705 27 ohms ±5%, 1/4W 

100-2725 2.7k ohms ± 5%, 1f4w 

100-3305 33 ohms ±5%, 1f4w 

100-3315 390 ohms ±5%, 1f4w 

100-3325 3.3k ohms ± 5%, 1f4 W 

100-3925 3.9k ohms ± 5%, 1f4w 

100-4705 47 ohms ±5%, 1f4w 

100-4715 470 ohms ±5%, 1f4w 

100-4725 4.7k ohms ±5%, 1f4W 

100-5625 5.6k ohms ±5%, 1/4W 

100-6805 68 ohms ±5%, 1/4W 

100-6815 680 ohms ± 5%, 1f4w 

100-8215 820 ohms ±5%, 1f4W 

100-8235 82k ohms ± 5%, 1f4w 

101-1025 lk ohms ± 5%, 1f2W 

101-1505 15 ohms ± 5%, 1hw 

101-1515 150 ohms ± 5%, 1f2W 

101-2205 22 ohms ± 5%, 'hw 

101-2715 270 ohms ± 5%, 1f2W 

101-3305 33 ohms ± 5%, 1f2W 

101-3325 3.3k ohms ± 5%, 1f2W 

101-3915 390 ohms ± 5%, 1f2W 

101-4715 470 ohms ± 5%, 1f2W 

101-6805 68 ohms ± 5%, 1hw 

101-8205 82 ohms ± 5%, 1f2w 

102-5615 560 ohms ± 5%, lw 

102-8205 82 ohms ± 5%, lw 

103-1215 120 ohms ± 5%, 2w 

103-1815 180 ohms ± 5%, 2w 

103-4705 47 ohms ± 5%, 2w 

Precision Resistors 

104-1000 100 ohms ±1%, 1f4w 

104-1001 1 k ohms ± 1 %, 1f4 W 

104-1002 10k ohms ± 1 %, 1f4 W 
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Table 7-10 

Part Number Cross Reference (Continued) 

Pertec Part No. Manufacturer Manufacturer Part No. ·,Description 

Precision Resistors (Cont.) 

104-1003 100k ohms ± 1%, 1/4W 

104-1100 110 ohms ± 1 %, 1!4W 

104-1101 1.1k ohms ± 1%, 1/4W 

104-1102 11k ohms ± 1%, 1/4W 

104-1211 1.21k ohms ± 1%, 1/4W 

104-1330 133 ohms ± 1 %, 1/4W 

104-1331 1.33k ohms ± 1%, 1/4W 

104-1332 13.3k ohms ± 1 %, 1!4W 

104-1623 162k ohms ± 1%, 1!4W 

104-1781 1.78k ohms ± 1%, 1/4W 

104-1782 17.8k ohms ± 1%, 1/4W 

104-1961 1.96k ohms ± 1%, 1/4w 

104-1962 19.6k ohms ± 1%, 1/4W 

104-2151 2.15k ohms ± 1%, 1/4w 

104-2152 21.5k ohms ± 1%, 1/4w 

104-2370 237 ohms ± 1%, 1/4W 

104-2610 261 ohms ±1%, 1/4W 

104-2611 2.61k ohms ± 1%, 1/4W 

104-2612 26.1k ohms ± 1%, 1/4W 

104-2870 287 ohms ± 1%, 1/4W 

104-3481 3.48k ohms ± 1 %, 1/4 W 

104-3831 3.83k ohms ± 1 %, 1/4 W 

104-3832 38.3k ohms ± 1 %, 1/4 W 

104-3833 383 ohms ± 1%, 1/4W 

104-3482 34.8k ohms ± 1 %, 1/4 W 

104-3483 348k ohms ± 1%, 1/4W 

104-4220 422 ohms ± 1 %, 1/4W 

104-4221 4.22k ohms ± 1 %, 1/4 W 

104-4222 42.2k ohms ± 1%, 1/4W 

104-4641 4.64k ohms ± 1 %, 1/4 W 

104-4753 475k ohms ± 1%, 1!4W 

104-5110 511 ohms ± 1 %, 1/4w 

104-5111 5.11k ohms ± 1 %, 1/4W 

104-5113 511k ohms ± 1%, 1/4W 

104-5620 562 ohms ± 1 %, 1/4w 

104-5621 5.62k ohms ± 1 %, 1/4 W 

104-6192 61.9k ohms ± 1%, 1/4W 

104-6811 6.81k ohms ± 1%, 1/4W 

104-6812 68.1k ohms ± 1%, 1/4W 

104-7500 750 ohms ± 1%, 1/4w 

104-8252 82.5k ohms ± 1%, 1/4W 

104-9090 909 ohms ± 1%, 1!4W 

104-9092 90.9k ohms ± 1%, 1J4W 

104-9093 909k ohms ± 1%, 1!4W 

107-1000 100 ohms ± 1 %, 1/8w 

107-1001 1k ohms ± 1 %, 1I8w 

107-1002 10k ohms ± 1 %, 1/8w 

107-1003 100k ohms ± 1 %, 1/8w 

107-1101 1.1k ohms ± 1 %, 1I8w 
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Table 7-10 
Part Number Cross Reference (Continued) 

Pertec Part No. Manufacturer Manufacturer Part No. */Description 

Precision Resistors (Cont.) 

107-1102 11kohms ±1%, 1IBw 

107-1211 1.21k ohms ± 1%, H8w 

107-1332 13.3k ohms ± 1 %, 1/Bw 

107-1471 1.47k ohms ± 1 %, 1/Bw 

107-17B1 1.7Bk ohms ± 1%, 1/Bw 

107-17B2 17.Bk ohms ± 1 %, 1/Bw 

107-1961 1.96k ohms ± 1%, 1IBw 

107-1962 19.6k ohms ± 1%, 1IBw 

107-1963 196k ohms ± 1 %, 1/Bw 

107-2152 21.5k ohms ± 1%, 1/Bw 

107-2611 2.61k ohms ± 1%, 1IBw 

107-2612 26.1k ohms ± 1%, 1/Bw 

107-2B70 2B7 ohms ± 1 %, 1/Bw 

107-34B2 34.Bk ohms ± 1%, 1/Bw 

107-3483 34Bk ohms ± 1%, 1/8w 

107-3B32 3B.3k ohms ± 1%, 1/Bw 

107-4221 4.22k ohms ± 1%, 1/Bw 

107-4222 42.2k ohms ± 1%, 1/Bw 

107-5110 511 ohms ± 1%, 1/Bw 

107-5111 5.11k ohms ± 1%, 1IBw 

107-5112 51.1k ohms ± 1%, 1/Bw 

107-5113 511k ohms ± 1%, 1/Bw 

107-5620 562 ohms ± 1 %, 1IBw 

107-6192 61.9k ohms ± 1%, 1/Bw 

107-6811 6.B1 k ohms ± 1 %, 1I8w 

107-6B12 6B.1k ohms ± 1 %, lIBw 

107-8252 82.5k ohms ± 1 %, 1/8w 

107-9090 909 ohms ± 1 %, 1IBw 

109-0003 0.10 ohms ±3%, 5w 

113-0111 10ohms±1%,1w 

Variable Resistors 

121-1020 Beckman 79PR1K, Variable, 1k ohms ± 10%, 3.4w 

121-1030 Beckman 79PR10K, Variable, 10k ohms ± 10%, 3/4 W 

121-5020 Beckman 79PR5K, Variable, 5k ohms ± 10%, 3.4w 

123-5020 Spectrol 53-1-1-502, Variable, 5k ohms ± 10%, V2W 

Dipped Mica Capacitors (Comply with MIL-C-5) 

130-1005 10 pf ± 5%, 500v dc 

130-1015 100 pf ± 5%, 500v dc 

130-1515 150 pf ± 5%, 500v dc 

130-2205 22 pf ± 5%, 500v dc 

130-2215 220 pf ± 5%, 500v dc 

130-3305 i 33 pf ± 5%, 500v dc 

130-4705 47 pf ± 5%, 500v dc 

130-4715 470 pf ± 5%, 500v dc 

130-5605 56 pf ± 5%, 500v dc 

130-6805 68 pf ± 5%, 500v dc 

130-7515 750 pf ± 5%, 500v dc 
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Table 7-10 
Part Number Cross Reference (Continued) 

PCC Part No. Manufacturer Manufacturer Part No. * /Description 

Mylar Film Capacitors 

131·1020 TRW 663uw series, 0.001 /-Ifd ± 10%, 100v dc 

131·1030 TRW 663uw series, 0.01 /-Ifd ± 10%, 100v dc 

131·1040 TRW 663uw series, 0.10 /-Ifd ± 10%, 100v dc 

131·2220 TRW 663uw series, 0.0022 /-Ifd ± 10%, 100v dc 

131·4720 TRW 663uw series, 0.0047 /-Ifd ± 10%, 100v dc 

Solid Tantalum Polarized 
Capacitors 

132·1062 Mallory TIM106M010POW, 10 /-Ifd ± 20%, 10v dc 

132·2752 Mallory TIM275M035POW, 2.7 /-Ifd ± 20%, 35v dc 

139·2244 Kemet T310A225M020AS, 2.2 /-Ifd ± 20%, 20v dc 

139·2262 Kemet T310B226M015AS, 22 /-Ifd ± 20%, 15v dc 

139·3352 Kemet T310A335M015AS, 3.3 /-ltd ± 20%, 15v dc 

I 
Aluminum Foil Polarized 
Capacitor 

I 134·2680 Mallory TOW282N025N1R3P, 2600 /-ltd + 100% -10%, 20v dc I 
I 

Ceramic Capacitors 

135·1002 Centralab 00·102,0.001 /-ltd ± 10%, 1000v dc 

135·4742 Erie 8131·050651·474M, 0.47 /-Ifd ± 20%, 50v dc 

Transistors 

200-3053 RCA 2N3053, NPN, Silicon Annular, TO·5 

200-3055 I RCA 2N3055, NPN, Silicon Power, TO·3 

200-3251 Motorola 2N3251, PNP, Switching, TO·18 

200·3771 RCA 2N3771, NPN, Silicon Power, TO·3 

200-4123 Motorola 2N4123, NPN, Silicon, TO·92 

200·4125 Motorola 2N4125, PNP, Silicon, TO·92 

200·4400 Motorola 2N4400, NPN, Silicon, TO·92 

200·4402 

I 

Motorola 2N4402, PNP, Silicon, TO·92 

200·5321 RCA 2N5321, NPN, Silicon, TO·5 

200·5323 

I 

RCA 2N5323, PNP, Silicon, TO·5 

200·6051 Motorola 2N6051, PNP, Power Darlington, TO·3 

200·6058 Motorola 2N6058, NPN, Power Darlington, TO·3 

200·6282 
I 

Motorola 2N6282, NPN, Power Darlington, TO·3 

200·6285 Motorola 2N6285, PNP, Power Darlington, TO·3 

Field Effect Transistors 

I 
204·4943 National 2N43~3, N·Channel, Switching, TO·18 

Diodes 
I 300·4002 Motorola 1N4002, Rectifier, 1A, 100 PIV, 00·41 

I 300·4446 

I 

Components, Inc. 1 N4446, Switching, 75 PIV, 00·7 

Zener Diodes 

I 300·0475 Motorola 1 N4732A, Zener, 4.7v dc ± 5%, 1w, 00·41 

I 330-0515 I Motorola I 1N4733A, Zener, 5.1v dc ± 5%, 1w, 00·41 
I I 

0 ; ~. .1 ; t r i + - .1 ~30 .005 Mo.o.ola 1N4740A,Zener, 10v _5Y", Iw, D04, 
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Table 7-10 
Part Number Cross Reference (Continued) 

PCC Part No. Manufacturer Manufacturer Part No. */Description 

Zener Diodes (Cont.) 

330-1205 Motorola 1N4742A, Zener, 12v ± 5%, 1w 

331-0275 Motorola 1N5223B, Zener, 2.7v dc ±5"10, 500mw, 00-7 

331-0395 Motorola 1N5228B, Zener, 3.9v dc ± 5%, 500mw, 00-7 

331-0515 Motorola W5231B, Zener, 5.1v dc ± 5%, 500mw, 00-7 

331-0605 Motorola 1N5233B, Zener, 6v dc ±5"10, 500mw, 00-7 

Light Emitting Diode 

301-0055 Optron OR133W·3, Light Emitting, Infra Red, TO-46 

Operational Amplifiers 

400-0307 National LM307N, IC, Op Amp 

400-0319 National LM319N, IC, Dual Comparator 

400·0592 Signetics NE592A, IC, Op Amp 

400-2741 National LM741CN, IC, Op Amp 

400-5558 National LM1458N, IC, Dual Op Amp 

Relays 

502-1244 Potter & Brumfield R10E-3725-2, 12v dc, 4PDT, Contact Rating 7A at 28v dc 

Inductors 

515-1015 Delevan 1537-76,100 f.lH ± 5%,4.5 ohms 

515-3305 Delevan 1537-52,33 f.lH ± 5%,2.9 ohms 

515-6805 Delevan 1537-68,68 f.lH ± 5%,3.3 ohms 

Crystals 

524-0002 Northern Eng Lab NE12, 10.00 MHz ± 0.005 

Adhesives 

667-0050 DuPont RTV 732, Silastic 

*or equivalent 
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Type 

715 

733 

741 

7400 

7402 

7404 

7405 

7410 

7413 

7430 

7450 

7476 

7483 

7486 

7493 

7496 

74161 

74164 

74193 

75107 

75451 

Type 

7476 

74H106 

7493 

7496 

74161 

74164 

74193 

116E 

Table 7-11 

IC Power and Ground Pin Summary 

Gnd +5V -5V 

- - -
- - -
- - -
7 14 -
7 14 -
7 14 -

7 14 -
7 14 -
7 14 -
7 14 -
7 14 -

13 5 -
12 5 -

7 14 -
10 5 -
12 5 -
8 16 -
7 14 -
8 16 -
7 14 13 

4 8 -

Table 7-12 

Function Control Summary 

Clocking Clearing 
Transition Level 

H to L Low 
H to L Low 
H to L High 
L to H Low 
L to H Low 
L to H Low 
L to H I High 

7-24 

+V -v 

13 10 

10 5 

11 6 

- -
- -
- -

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

Loading 
Level 

-
-
-

High 

Low (and clock) 

-
Low 



Table 7-13 
PCBA Interconnections 

Logic PCBA 

J101 Interface Connector 

J102 Interface Connector 

J103 Interboard Connector (R/W PCBA J305) 

J104 Interboard Connector (Servo PCBA J201) 

J105 Interboard Connector (Servo PCBA J202) 

J106 Power Link Cable (Servo PCBA J21 0) 

J107 Power Link Cable (R/W PCBA J304) 

J108 Write Protect Switches 

J109 Cartridge Switch / Door Lock Solenoids and Cartridge Lock Solenoid 

J110 Control Panel Switches 

J111 Control Panel Lamps and Temperature Compensation PCBA 

J112 Upper Index (Sector) Sensor/Lower Index (Phase) Sensor 

J114 Current Cylinder Address to Temperature Compensation PCBA 

Servo PCBA 

J201 Interboard Connector (Logic PCBA J104) 

J202 Interboard Connector (Logic PCBA J105) 

J203 Position and Velocity Transducer 

J204 Heatsink No.1 

J205 Positioner Coils 

J206 Emergency Unload Capacitor 

J207 Cartridge Lock Solenoid 

J208 Heatsink No.2 

J210 Power Link Cable to Logic PCBA 

J212 Unregulated Power from Power Supply 

J213 Trigger to Motor Control PCBA 

J214 Emergency Unload Driver 

J215 Temperature Compensation PCBA Offset 

J216 + 5v dc Auxiliary Regulator on Heatsink 

J217 + 5v dc Auxi I iary Power to Log ic PCBA J11 0 

Read/Write PCBA 

J304 Power Link Cable from Logic PCBA 

J305 Interboard Connector (Logic PCBA J103) 

J306 Interboard Connector (Temperature Compensation PCBA J506) 

J310 R/W Data Signals to Matrix PCBA J610 

J311 Head Select Signals from Matrix PCBA J611 

Motor Control PCBA 

J401 Trigger from Servo PCBA (Servo PCBA J213) 

J402 AC Power from Power Supply Circuits 

J403 Motor Capacitor (115v Operation) 

J404 Motor Capacitor (220v Operation) 

J405 Drive Motor (115v Operation) 

J406 Drive Motor (220v Operation) 

Temperature Compensation PCBA 

J502 Logic PCBA - Power Link Cable 

J503 Logic PCBA Current Address 

J504 Servo PCBA Temperature Compensation Offset 

J505 Thermistor Cable Assembly 

J506 Interboard Connector (R/W PCBA J306) 

R/W Selection Matrix and Preamp 

J600 1 Thru Head 0 through Head 7 

J607 

J610 Read Signals, Write Drivers 

J611 Head Select Signals 
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Figure 7-9. PCBA Interconnections 
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APPENDIX A - 03000 MNEMONICS 

A 03000 mnemonic term consists of a six-character field and is defined in Figure A-1. 
Figure A-1 should be used in conjunction with Tables A-1 and A-2 for interpretation of the 
03000 mnemonics scheme. The 03000 mnemonics are listed in Table A-3. 

D D D D D L Six-character Field . 

Signal Type Classification Code Letter (see Table A-2)* 

~--Abbreviation of Alphanumeric Logic Term consisting of the initial 
letter of each word of the logic term. (An X Character is placed in 
unused character positions.) 

a..-.--Functional Group Classification and Source Location Code (see Table A-1) 

To denote a complement signal, the letter N is prefixed to the mnemonic, i.e., a 
signal which, when true, represents the negation of the descriptor condition. 

NOTE: The numeral zero (0) has no slash through it; the alphabet a has a slash through it 
and is presented as D. 

Figure A-1. Mnemonic Construction 
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Table A-1 

Functional Group Classification 

Prefix 
Symbol Definition 

I Interface 

R Read IWrite PCBA 

C Components Group (Base Assy Components) 

S Servo PCBA 

L Logic PCBA 

Table A-2 

Signal Type Classification 

Suffix Definition 
Symbol 

F Flip-Flop Output 

L Latch Flip-Flop Output* 

G Gate Output, Active Pullup or Open Collector 
with Pullup to + 5v; Includes Transistors 

S Switch or Relay Contact Generated Signals 

A Analog Signals and Returns, Shields and 
Similar Signals 

1,2,3,etc. Buffering Levels of 1 through 9 

R Receiver, Line Receiver Input 

D Driver, Line Driver Output 

T Translator, Open Collector Gate Output wit.hout 
Pullup, or Pullup to Other than + 5v such as 
Special Logic Levels 

* i i r -Used only.f latch .s mechanized by ClOSS couplegates. 
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Mnemonic Logic Term Name 

CCR1S Cartridge (Switch) Return No. 1 
CCS1S Cartridge Switch No.1 
CCS2S Cartridge Switch No.2 
CCSIS Cartridge Correctly Inserted 
CLMRA Lower Magnetic (Sensor) Return 
CLMSA Lower Magnetic Sensor Signal 
CLPOS Lower Protect (Switch) On 
CLSRS Lower (Protect) Switch Return 
CLSSA Lower Sensor Shield 
CRSRS Run/Stop (Switch) Return 
CRSSS Run/Stop Switch 
CSSRS (Unit) Selector Switch Return 
CUESA Upper Electronic Sensor Signal 
CUMSA Upper Magnetic Sensor Signal 
CUPOS Upper Protect (Switch) On 
CUS1S Unit Selector (Switch) No.1 Position 
CUS2S Unit Selector (Switch) No.2 Position 
CUS3S Unit Selector (Switch) No.3 Position 
CUS4S Unit Selector (Switch) No.4 Position 
CUSRA Upper Sensor Return 
CUSRS Upper (Protect) Switch Return 
CUSSA Upper Sensor Shield 
CUSXS Unit Selector (Switch) No. 1-4 
IAAXD Address Acknowledge 
IAEUR Activate Emergency Unload 
IAIXD Address Interlock 
IAU1D Attention Unit 1 
IAU2D Attention Unit 2 
IAU3D Attention Unit 3 
IAU4D Attention Unit·4 
IBS1D Busy Seeking No.1 
IBS2D Busy Seeking No.2 
IBS3D Busy Seeking No.3 
IBS4D Busy Seeking No.4 
ICASR Cylinder Address Strobe 
ICDOR Cylinder Demand (Address) Bit 0 
ICD1R Cylinder Demand (Address) Bit 1 
ICD2R Cylinder Demand (Address) Bit 2 
ICD3R Cylinder Demand (Address) Bit 3 
ICD4R Cylinder Demand (Address) Bit 4 
ICD5R Cylinder Demand (Address) Bit 5 
ICD6R Cylinder Demand (Address) Bit 6 
ICD7R Cylinder Demand (Address) Bit 7 
ICDER Cylinder Demand (Address) Extension 
IDPDD Dual Platter Drive 
IDTDD Double Track Drive 
IEEXR Erase Enable 
IEGXR Erase Gate 
IEPLD Extension Line (Status) 
IESLR Extension Select Line 
IFPXR File Protected 
IFRXD File Ready 
iHDiD High Density indication 
IHSXR Head Select 
IICAD Illegal Cylinder Address 
IIMXD Index Mark 
IIPXD Index Pulse 
ILAID Logic Address Interlock 
IMDXD Malfunction Detected 
IPLFF Phase-Lock Flip-Flop 
IPSER Platter Select Extension 
IPSMD Pseudo Sector Mark 
IPSXR Platter Select 

Table A-3 

D3000 Mnemonics 

Mnemonic 

IQPDD 
IRCXD 
IRDXD 
IREXR 
IRGXR 
IRICR 
IRTRR 
IRXXD 
ISCOD 
ISC1D 
ISC2D 
ISC3D 
ISC4D 
ISC5D 
ISC6D 
ISISD 
ISIXD 
ISMXD 
ISPXD 
ISRWD 
ISSDR 
ISTRR 
ITAOR 
ITA1R 
ITA2R 
ITA3R 
ITA4R 
ITA5R 
ITA6R 
ITA7R 
ITAER 
ITOMR 
ITOPP 
IUS1R 
IUS2R 
IUS3R 
IUS4R 
IWCKD 
IWDSR 
IWDXR 
IWEXR 
IWGXR 
IWPIR 
IWPSD 
L1PSG 
L2PSG 
L3PSG 
LOWPG 
L1WPG 
L2WPG 
L3WPG 
LA13G 
LADOG 
LAD1G 
LAD2G 
LAD3G 
LAD4G 
LAD5G 
LAD6G 
LAD7G 
LADEG 
LADXG 
LAEXG 

A-3 

Logic Term Name 

Quad Platter Drive 
Read Clock 
Read Data 
Read Enable 
Read Gate 
Restore Initial Cylinder 
Restore Initial Cylinder 
Ready 
Sector Count Bit 0 
Sector Count Bit 1 
Sector Count Bit 2 
Sector Count Bit 3 
Sector Count Bit 4 
Sector Count Bit 5 
Sector Count Bit 6 
Special Interface Signal 
Seek Incomplete 
Sector Mark 
Sector Pulse 
Ready to Seek, Read, or Write 
Start/Stop Disk Drive 
Strobe 
Track Address Bit 1 
Track Address Bit 2 
Track Address Bit 4 
Track Address Bit 8 
Track Address Bit 16 
Track Address Bit 32 
Track Address Bit 64 
Track Address Bit 128 
Track Address Extension Bit 256 
Track Offset Minus 
Track Offset Plus 
Unit Select 1 
Unit Select 2 
Unit Select 3 
Unit Select 4 
Write Check 
Write Data Signal 
Write Data and Clock 
Write Enable 
Write Gate 
Write Protect Input 
Write Protect Status 
Platter Select No. 1 
Platter Select No.2 
Platter Select No.3 
No. 0 (Platter) Write Protect 
No. 1 (Platter) Write Protect 
No.2 (Platter) Write Protect 
No.3 (Platter) Write Protect 
Address 1 or 3 
Address Difference Bit 0 
Address Difference Bit 1 
Address Difference Bit 2 
Address Difference Bit 3 
Address Difference Bit 4 
Address Difference Bit 5 
Address Difference Bit 6 
Address Difference Bit 7 
Address Difference Extension Bit 
Address Difference 
Any Emergency 
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Table A-3 

03000 Mnemonics (continued) 

Mnemonic Logic Term Name Mnemonic Logic Term Name 

LAPXG Address Pulse LLCMG Lock Cartridge Mechanism 
LATSG Auto Start LLDPG Lower Detector Pulse 
LAU1G Attention Unit 1 LLDRA LED Return 
LAU2G Attention Unit 2 LLHFF Load Heads Flip-Flop 
LAU3G Attention Unit 3 LLMEG Lower Multiplexer Enable 
LAU4G Attention Unit 4 LLNPG Load • Not Purge 
LAVCG Address Valid Code LLOL1 Logic One Level (No.1) 
LBCEG Brake Cycle Enable LLOL2 Logic One Level (No.2) 
LBCFF Brake Cycle Enable Flip-Flop LLOL3 Logic One Level (No.3) 
LBSXG Busy Signal LLOL4 Logic One Level (No.4) 
LBTFF Busy Time Flip-Flop LLOL5 Logic One Level (No.5) 
LCAE1 Cylinder Demand Address Extension LLOL6 Logic One Level (No.6) 
LCA61 Cylinder Demand Address Bit 6 LLOL7 Logic One Level (No.7) 
LCA71 Cylinder Demand Address Bit 7 LLOL8 Logic One Level (No.8) 
LCAX1 Current Address Bits 6, 7, & E LLOL9 Logic One Level (No.9) 
LC01F Clock No. 01 LLOX1 Logic One (No.1) 
LC02F Clock No. 02 LLOX2 Logic One (No.2) 
LC03F Clock No. 03 LLOX3 Logic One (No.3) 
LC04F Clock No. 04 LLOX4 Logic One (No.4) 
LC08F Clock No. 08 LLOX5 Logic One (No.5) 
LC09F Clock No. 09 LLOX6 Logic One (No.6) 
LC09G Clock No. 09 LLOX7 Logic One (No.7) 
LC10F Clock No. 10 LLPLT Lower Protect Lamp (Drive) 
LC13F Clock No. 13 LLPNG Load and Purge Not 
LC17F Clock No. 17 LLPOS Lower Protect On (Switch) 
LC20F Clock No. 20 LLPSG Lower Platter Select 
LC21F Clock No. 20 LLPXG Load • Purge 
LCCIG Cartridge Correctly Inserted LLSCK Lower Sector Clock 
LCOUG Clear or Unload LLSEG Latched Seek Error 
LDACG Demand Address Clear LODAS Offset Disable 

I LDAMG Demand Address Most (Significant) Bit LNLPG Not Load • Purge 
I LDAWG Track Number 256 LNRSG Not Run • Sequence Not 

LDISG Disable Index & Sector LWOEG Write or Erase 
LDIDG Disk Initial Delay LP05A Plus 05 Volts Power Indicator Voltage 
LDMEG Drive Motor Enable LP5VA Plus 5 Volts Signal 
LDPSG Dual Platter Signal LP10VA Plus 10 Volts Lamp Power 
LDRCG Delayed Ready Condition LP12VA Plus 12 Volts Signal 
LDRXG Disk Rotating LPCFF Purge Cycle Flip-Flop 
LDSEG Disk Speed Error LPCXG Power Clear 
LDSFG Disk Starting Fault LPIRA Power Indicator Return 
LEBXG End Busy LPLEG Position Limit Error 
LECEG Erase Current Enable LPLFF Phase Lock Flip-Flop 
LEOFG Emergency or Failure Condition LPMXG Position Mode 
LERFF End (of) Run Flip-Flop LPSMF Pseudo Sector Mark 
LESCG Electronic Sector Clock LPSRS Lower Protect Switch 
LESDG Enabled Selected Drive Detection LRCSG Removable Cartridge Select 
LEUCG Emergency Unload Command LRECG Read Enable Control 
LEUEG Emergency Unload Enable LRERG Reset End of Run 
LEUFF Emergency Unload Flip-Flop LRFFF Run Flip-Flop 
LEXSG Extension Status LRLDT Ready Lamp Driver 
LFDX1 Forward Direction LROFF Restore Operation Flip-Flop 
LFPML File Protect Mode LRPXG Run Switch Pulse 
LFSM1 Forward Slow Mode LRSCG Reset Counter 
LHLEG Head Loading Error LRSM1 Reverse Slow Mode 
LHRXG Heads Retracted LRSPG Run Switch Pulse 
LlAXG Illegal Address LRSSS Run/Stop Switch 
LlESG Interrupt Enable Signal LRXDT Run (Lamp) Driver 

LlMS1 Increase Motor Speed LRXXG Ready 
LlSMG Index or Sector Mark LSARG Selected and Ready 
LL1DA LED No.1 Drive LSCEG Sequency Control Enable 
LL2DA LED No.2 Drive LSCFF Sequence Control Flip-Flop 
LLAIG Logical Address Interlock LSCRG Speed Count Reset 
LLAXG Load Address LSDDG Start Disk Drive 
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Table A-3 

D3000 Mnemonics (continued) 

Mnemonic Logic Term Name Mnemonic Logic Term Name 

LSDMD Start Drive Motor 
LSDMG Start Drive Motor 
LSLDT Safe Lamp Driver 
LSNHG Sequence • Not Heads Retracted 
LSOTF Speed Out (of) Tolerance 
LSRNG Select, Ready, No Write Fault 
LSSDG Start/Stop Drive 
LSTEG Seek Time Error 
LSTPF Sequence Timing Pulse Flip-Flop 
LSXXG Selected 
LTOMG Track Offset Minus 
LTOPG Track Offset Plus 
LTPCG Temperature Compensation 
LTSCG Transfer Speed Count 
LUDPG Upper Detector Pulse 
LUHSG Upper Head Select 
LUICK Upper Index Clock 
LUMEG Upper Multiplexer Enable 
LUPLG Upper Protect Lamp 
LUPLT Upper Protect Lamp Drive 
LUPOG Upper Protect On (Switch) 
LUPSG Upper Platter Select 
LUSCK Upper Sector Clock 
LVCO Voltage Control Oscillator 
LVREG Velocity Reference Enable 
LVSCG Voltage Sector Control 
LWCKG Write Check 
LWDFT Write Double Frequency 
LWMXG Write Mode 
LWOEG Write or Erase 
LWPDG Write Protect Delay 
LWPTG Write Protect 
RRCSG Read Clock Signal 
RRDSG Read Data Signal 
RRGCG Reduce Gain Control 
RWECG Write Emergency Condition 
S10SS 10 Volts Switched 
S12SS Switched -12 Volts 
SCLSG Cartridge Lock Solenoids 
SFWDG Forward Direction 
SHRXG Heads Retracted 
SL11G Logic One No.1 
SL12G Logic One No.2 
SPCSA Power Clear Signal 
SPCXG Power Clear 
SPQCG Position Quadrature Clock 
SPRCG Position Reference Clock 
SPTFG Position Transducer Failure 
SPTIG Position Transducer Index 
SVRVA Velocity Reference Velocity Mode 
T5RTT + 5-Volt Timer 
TDIDG Disk Initial Delay 
TDISG Disable Index and Sector 
TRHCG Ready Hold Control 
TTPCG Top Platter Compensation 
TTREG Temperature Read Enable 
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15 14 13 12 II 10 9 

ITJ TABLE I CD TABLE [ 

rl 
: ASSEMBLY VERSION 

I 

1111141 CHARACTER- C3 CIS, 17 

VERSION ISTIC 

PART NO_ REFERENCE DESIGNATION 

IIIHOO5 Rll 

PART NO. REFERENCE DES IGNATION 

4OIHJ5'I2 Ul 

NO, 

J I VALUE 
i 

PART NO, VALUE PART 

-{II 2200 BPI/ --- I OMIT i I ,1l22 
I 

I3I-Z 1500 RPM 

1(1)-1015 R42 

I(I)-I~ RI, 3, 5, 7,15,16,19,24,25,27,29,33,37, n, 40, 44,~, 
50, flO, 61, 64, 65, 68,72,7S 80 

1(1)-10015 R51 
515-6805 1l,2, 3,8, 9 

-<Ii! 228BIPI/ ---
I 

OMIT 
! 

_ms I 131-1 2«DRPM 

1(1)-1515 RD,IS 

1(1)-1525 Rll,2lI I 
1(I)-22Il5 R77 

G 1(I)-2ZZ5 Rn 700--0116 U2 
1(1)-3315 RI4 

71JO-«J1O UI5, 16 
1(1)-3915 H2O 7(1)-4W U9,17 
1~05 R9, 10,11, 12,~, S5,II6,61 

~Cl US,I' 
1~15 R34,35, 38,", f1 700--7400 UI0 
1~25 RZ, 4, 6, 8, 74 7(1)-70 UI3 

ASSEMBLY 

\ 

VERSION 

1111141 CHt.RACTER- LU lli,7 

1 VERSION 

I 

ISTIC 

NO, 

100-5625 R41 

10Q-6815 R52,53 
7(1)-7404 06,12 

7(1)-7416 03,8 

7(1)-1010 U7 

V,o.U.{ PART NO, VALUE PART NO, 

-{II 2200 BPI/ 43 UH 515-43(15 24UH Si>-2«b 1500 RPM 

11111805 R7l 

1111-8205 R45,76 
.. 

711l-1«D U4 
F 

-12 2200 BPI/ Z/ijjj ~H19S 15UH SiS-I505 !, i 12400 RPM 
7111--7420 Ul1 

111)--1~4 Ul4 

104-1100 RI7 

104-42Z0 RZO,21 

101-1212 RSS 

101-1961 R70 

101-3&31 R56,57.62.63 

10I~1ll R81,as 

10I-15m RCl 

121-5(2) Rsq,69, 19, 82, &3,86 

l3l-IIBO C4,~ 

i3J-1O!Q C9 

D 

135-10111 CZ7,29,30,42 
1.3!>- 4711 ,6 

REFERENCE DES IGN.l,TlONS 

139-2244 CI,2, 7, 8,10, Il,12, 14,19,ZO,2O,28,3I,12, 34,35,38 LAST USED i NOT USED DELETED TYPE of! 

41 NE59ZA 
C42 C13 ---=:::---- ----- ----

7416 ~ 
CR11 

7400 I. 
L9 

74510 I 
ZOO--Z219 QI,& 020 

74514 I' 
200-3053 015 R86 

7"-5118 I' 
200-4123 QIO,I3,17,ZO TPl3 

70 I 
~1Z5 01 THRU 6,9,11,14,19 

2OO--4Q) Q12,16 I ~~: 
WIO ! 

741)1 I 

74.SZO I, 

74.574 1, 

8TZOB I. 

IOIl6 II 

Z04-{)0I4 018 74123 
~-

B ~ CRI THRU 11 

HO--iJ'J65 VR4 

BIHIM5 VRl,3 

I :130-1005 VRI 

I~ 13 12 II IJ 



14 13 12 II 10 9 8 7 6 5 

m T~BLf I CD T~BL£ I o T~BL£ IT 

P~RT NO, REFERENCE DESIGNATlCJ; 

IIJHOO5 RZ2 

IID-IOI~ R42 

IID-I~ RI, 3, 5, 7, 15,16, 19, Z4, 25, zr, 29, n, 37, 39, «1, .. ,4'1, 
~ 60, 61, 64, 65,68,72,75,80 

lID-liltS R51 

P~RT NO, REFERENCE DES IGNATlCJ; 

4QO-<J5'I2 UI 

515-<>805 ll, 2, l, 8, q 

I ~SSEM8LY VERSICJ; 

11II14J CNARACTER- C3 CI5,I7 
i 

CI6 CI8 ClI C22,23 C24,25 C33 C36,37 C39,.40 
VERSICJ; ISTIC 

I I NO, 

I VALUE 1 PART NO. VALUE : PART NO, j V~WE P~RT NO, VALUE P.o.II'NO, 
I 

VALUE P.o.RT NO, VALUEj PART NO, VALUE PART NO, V~LUE PART NO, VAllIE PART NO, VALUE PART NO, 

-ill Z200 BPI! ---
1 

OMIT i ,1112 
I 

lli-Z2JQ 68Pf DO-<>805 I 39 Pf 1l0-39O'i ! 39 PF 
! 

llG-39O'i ig~;2 I 131-2220 68 PF 130-<>805 22 PF IJo-Z205 150 PF 130-1515 33 Pf 130-3305 
I 

1500 RPM 
I I I 

IID-m5 R13,18 

IID-I525 R23,21 I 

Z288 8PI/ J I I I 
I 22 Pf 

.001 I 
1 ~ 2«10 RPM --- OMIT , OJ) 131-1530 39PF 130-39O'i 15 Pf 130-1505 130-2205 1 Kv I 1l~11D! 41 PF 139-4705 15 PF 130-1505 ; 68Pf 130-<>805 22 PF 1l0-2205 

IID-Z205 R77 

IID-2225 R73 1!XHl116 UZ 
lID-DIS RI4 

10l-4010 UI5,I6 
IID-3915 R26 l00-41D U9, II 
llIH705 R9, 10, 11, 12,54, 55,",61 l11H74J U5,11 
lIIH715 R34, 35, 33, 46,11 

llIH725 R2, 4, 6, 8,74 
100-1«10 UJO 

700-7& UD 
[1 TAgLE II (CCt~T' Dl 

IID-5625 R41 

100-6815 R5Z,53 

1111-<>805 R71 

11l1-~ R~,76 

100-1«14 U6,12 

lID-7416 Ul,a 

7ID-8Il21J U7 

.. 
710-7«10 U4 

ASSEMBLY I VERSION I 

I I 

I 

1111141 I C""RACTER- L4,5 L6,7 
i 

R10 R31,12 R36 I R4B R7B,84 

'lERSICJ; 15TIC 
i NO. 

VALUE I VALUE PART NO, VALUE PART NO, VALUE PART NO, VALUE PART NO, PART NO, VALUE PART NO. VALUE PART NO, 

-ill Z200 BPII 43 UH 515-4lO5 24 UH 515-24ai L2IK 
I 

101\-121\ 147 104-1470 I 560 
I 

1111-5615 IK 107·1001 1 4. 64K 107-.1641 1500 RPM 

710-7420 U1l 

1I1r7114 UI4 
~ 22!IJ BPI! zr UH 51>-2705 IS UH 51H505 L21J< I I1lH2}J 141 104-W{) i 160 

:1 

102·5615 IK 1 107-1001 5,62K ICI-56iI 
J 2«lORPM 

I 

101-1100 Rll 

104-4220 R21I,21 

107-1212 R58 

107-1961 R70 

107-3831 R56, 57, 62, 6l 

107-5111 R81,85 

107-1>01 R43 

121-501D R59, 69, 79, 82, 83, 86 

131-1180 C4, ~ 

133-71160 C9 

lJ5-11D! Czr,2'l,lO,42 o TABU.N m TABLE 1r !ill TABLf TI 

US· 4731 CG 

REfERENCE OESIGNATlCJ;S VOlTAGE AND SPARE LOGIC ElEMENTS CCJ;FIGURAliON 

~-- GROUND PIN NO, 

13HZ .. CI, 2, 7, 8, 10,11,12,14,19, ZO,26, 28,11,32,34,35,18 
41 

LAST USED 
j 

NOT USED DElETED 

C42 C13 

CRII ! 

TYPE REFERENCE DES IGNAliON 

7416 UBF, UBA 

7~74 UI88 

7400 UI~ 

READ AlWAYS ENABLf 

SYNCHRCJ;OUS READ ENABLf 

ASSYNCHRONOUS READ ENABLf 

PULSE DATA, PULSE CLOCK 

TYPE ¥>V GND +6J3'" -b.SV 

NE5'I2A 3 10 

~. 14 7 

7400 14 7 
L9 

745lO 14 7 74S14 USA 
LfVEl CHANGE DATA, PULSE CLOCK 

ZOD-ZZl9 Ql,8 QZO 
74574 14 1 7*l4 UI2£ 

COMPOSITE DATA ONLY 

Z<»-3053 QI5 R86 
74LSB8 14 1 I«'S2O UIIA 

i'OO-4l2J 010,13,11, ZO TPI3 
7«R I. 7 

~125 01 THRU 6, 9,11,14,19 U18 
7404 14 7 

2IJIHQ) 012,1. VR4 
7«'S21I 14 I 

WIO 
74L574 14 1 

1JT2tIB 16 8 

10116 16 8 

ZOHKJ74 OIB 1412J ,-1 --

~ CRI THRU 11 

)3()-{J565 VR4 

JJIHU5 Vl!2,l 

I JJo-IOO5 VRI 

14 !3 12 II IJ 8 7 5 



10 9 8 7 6 5 4 2 
alVISIONS 

m TABLE IT 
-I DISCIt.IPTION lo.nl"~ ;.,e 9-Vk ,l$" ~l.¥ KUL:/.:-L W U< 
B !IX ~~ :J3C':C 3[:2JPJ 

i ASSEMBLY \IEIISICIII lERN ')-TR. PROf") REL ~1"nlc..J ~ - H 
. 1111141 CHAII"CTER- C3 C15.ll CI6 CI8 C21 C22.23 C24.25 C33 C36.37 C39.-4() I 

\IEIISICIII ISTIC 
i 

NO. 
: VAWE VALUE I , 

VAlUE PART NO_ VALUE PART NO. PART NO. PAil NO. 
I 

VALUE PART NO. ' V ... LUE . PART NO. VALUE PART NO. V ... LUE P"RT NO. V ... UUE PART NO. VALUE PART NO -
1200 8PI/ 

OMIT .1112 13D-6r05 39 Pf 13!}-391:1.i 
_0022 

~I 15tIlRPM --- 131-2230 
I 

68 PF 39 Pf l3O-391:1.i 100V l3l-Z220 ,68 PF l3D-6ro5 22 PF 131}-22!li 150 PF I31}-1515 33 PF Bl}-ll05 

2288 IPI! 

I 

i I .00' 
;J! 

Z«llRPM --- OMIT 
I 

• 015 131-1530 39 PF I31}-3905 15 Pf i BI}-I505 22Pf l3O-22!li • <v 135-10:2 47 PF l34Nl05 15 PF 13!}-1505 68Pf 
I 

13D-6r05 22 Pf 131}-2205 

G 

IT:! TA.BlE II !C~T'D\ 

I 
! 

T r--
... SSEMBlY VERSICIII 

1111141 CHAII"CTER- L4,5 l6,l 
i 

R30 R31.32 R36 R.\8 I R78.84 

VERSICIII ISTIC I 

NO. 

i 
VALUE PART NO. V ... LUE PART NO. V ... LUE PART NO. VALUE PART NO. VALUE PART NO. V ... LUE PART NO. VALUE PART NO. 

1200 BPI/ 104-1211 
I 

I 560 i i 

F -1l1 15tIl RPM CUH 515-C05 24UH 515-2405 12IK 147 104-1470 11l!-5615 IK 
I 

107-1001 4.641< 101-.1641 

;J! 1200 BPI/ 27 UH 515·27115 15UH 515-1505 121K 104-1111 147 i 104-1470 560 11l!-5615 IK i 107-11Xll I 5.62K ; 107-5621 I I2«llRPM 

r--

E 

r--

= 

D 

CD T ... BLE Ill: IT) TABLE II @] TABU 1lI 

REFERENCE OESIGNATlCIIIS VOlT ... GE ... ND 
I GROUND P IN NO, 

SPARE LOGIC El£MENTS CONF IGUR ... TlON JUMPERS 

READ ... LWAYS ENABU 1'11+1'19 -TYPE -.J5V GND ~6.ev -6.8~ TYPE REFERENCE DESIGNATlCN NOT USED DEl£TED 
~-- --- c---

'0 
SYNCHRONOUS READ ENABU WB+W1Q 

NE5'12A 3 1416 UBF. UaA 
C13 ~- AS SYNCHRONOUS RE ... D ENABU 1'19+1'110 

14 1 74574 Ul8B 
PULSE D ... TA. PULSE CLOCK 

7400 14 7 7400 UIIII. 
1'13+1'15 

LEVEl CHANGE OAT .... PULSE CLOCK 1'13+1'16 @ fOR JUMPER CONfiGURATIONS IREFlJ03\ REFER TO TABLE 'IT FOR PROGRAMM ING 
74510 14 7 74S74 U5A ARRAYS REfER TO 104134 .. COMPOSITE DATA ONLY W~+W5 14574 14 7 1~ U1ZE II. SIGNALS ARE CROSS-1lEF BETWEEN SHEETS AND WITHIN A SHEET BY NUMBERS APPEARING C 
14.S98 14 1 741S20 UllA WITH THE ASSOCIATED LOGIC TERM MNEMONIC. THE FIRST NO. ISTHE~EETNO.ANDTHE 

, 

14111 14 7 SEC~D NO. IS THE ZONE NO. 

1401 14 1 10. DIODES ARE IN444l 

74.SZIl 14 I I 9. PNP TRAN.ISTURS ARE 2N4125_ 

14.S14 14 1 8. NPN TRANS I STURS ARE 2N~123. 

moe 16 8 1. CAPAC ITOR VALUES ARE IN MICROfARADS. ZIl"'. z()V. t--
10116 16 I 8 6. RESISTOR VALUES ARE IN OHMS. 5"'. 1/4'11. AU I"'ARE 1/81'1. 

74lZ3 I CD FOR SPARE LOG IC ELEMENTS. SEE TABU'll. 

[J FOR I.C. GENERIC TYPE NO. AND GROUND/VOlTAGE PIN NOS. SEE TABU IV 

j IKESti<VEOi 

0- fOR VALUE. PART NUMBER AND USAGE Of COMPONENTS AffECTED BY VERSICN NUMBER. a >EE TABU n. 

GJ FOR PART NUMBER Of COMPCIIIENTS NOT AFFECnD BY VERSICtI NUMBER SEElABLE I. 
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L3 
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0 5% IOOV 2 
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5% IO':~ 
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6.Bv 
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"~ 
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15 
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IK 
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15 
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47 

R56 
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1% 
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1% 
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500J 
e25 
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47 
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IW 
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14 

14 
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5.6Y 
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I IK 
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IK 

13 

13 

R62 

3.83K 
1% 

R63 
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I~ 

R65 
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i2 

TP4 

R66 

47 

R77 

22 

12 

R67 

47 

R68 
IK 

6 

13 

.3 

4' 

G32 

22 ~ 

ii 

C33 

r?J~v 
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Ii 

II 

iO 9 

±4 
~~ 

2 DPRQ~ 

,--2.f-'1< 74lS74 
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I 

10 9 
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+ 5V 
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C.36 1
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6J_ ~ 500V 7 U9 r - - -- l 

~I'l: 
V' 

~I 112 
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t 

1 
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i 
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+ 

1 I) 

I I 
III 1 
L- _~..:{ ____ J 

7412.3 

+5V 

cw .3 R83 
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I .3/41'1' 

R84 0 C37 1% 
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r~i 21 1 
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+5'1 
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68uH 
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10 
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F-D 
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5.111( 
C.39 1% 

GI_~ ~v UI7 

I 
I 

III -.J 
L_ - ----- 7412.3 
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f 
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CLR I ---+---+-----,---- 3
1 
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o 
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"',eo J '" 
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TPI3 

19 

17 
34 

.33 
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I 

RRECGJ 
2-110 

3 

RWECG 

NRRDSG 

POSITION MODE 
lNDExjHCTOR PULSE 

10 MS TIMER 

10MIN TIMER 

NTTREG 
2 -II D 

NLUPSG 
2-116 

NLLPSG 
2-11 H 

+SV 
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I 
! 

I 

2 
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OF 
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I 
2 

.3 
4 

5 

9 

10 

6 
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16 
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18 

19 

20 
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13 

14 
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NTTREG 
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D 
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G 
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B 
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8 7 6 5 4 3 
+ 12v 

PART OF 1 
~~~-------------------------------, 

: ~L:-~I~-!?--~--+~'~l~~~-z---~<R-'i---------------+------~------------------------------------------------------r-----1_----------------------------------------~----~---
2 R2 ) 20Y < RS n RB n RII 

IK IK < IK 

IK a~ ~ R4,-. < 

12VDC 

WRT MOD 

+12VF 

) 3.3K r jW"" R:" if RIO 

,---------~--1_---' az a~ I~~ - 12V 3.3K a~ 

1 "rCR2 CI .0022 '1r. 
~

"OOY- -0% C CRI L-________ -+ 
1000V 

\7 

RS 
12K -12Y 

HDSEL4 14 ~----------------------t_--t_----t_----t_--------------t_----------._--+_--------------t_------~------+_--------------+_----------, 

HDSEL3 15 ~----------------------t_--t_----t_----t_----------._--t_----------t_--+_--------------t_------~------t_----------, 

~DSEL2 15r----------------+--~--~r-~------_+--+_------~~----------_r----~1~ 
HD SEL I I 

PLAT SEL I 10 r--------------, 

READ SW 13 1---------, 

PLAT SEL 2 7 r------

PART OF j J610 

WRT DRV I'~r-------~----' 

2 r--

V' R30 

o 

+12V 

R31 
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R32 
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II 1--------------' 
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-
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~ .. 
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3.3K 

R24 
470 

CR21 a12l{? 

"r CR22 ~ 

4 

"r '1r 
f1:R23 

R25 
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~,. CR25 r~ 

~r ~r 
j1:R2G 

R27 
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J610 
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I READ SJ(l I 
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SP~ES 
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TilBLE I (!J 

G G ~P_~_T __ N_O.~ _____ RE_F_E_R_E_NC_~_D_E_S_IG_N_AT_I_O_N _______ I 

100-1025 RZ, 3. 5, e, II 

100-1035 R31. 3Z 

100-IZ35 R6. 9, 41, 43. 45.47,49,51,53,55 ! 

100-3325 R4, 7, 13, 15, 17, 19,21,23,25,27 

- 100-4715 RI, 12, 14, 16, 18,20, 22, 24, 26 

100-4725 RIO 

101-1025 R35 

F 
107-1002 R2B, 29, 040, 42, """, -4G, 48. 50. 52. 54 

107-1781 R33,34 

135-1031 C3,5 

135-2272 CI -

139-2Z""" C2 

200-4402 QI iHRU QJ3 

E 
E 

300-44-4G CRI THRU 27,29,5/THRU 66 

300<115 CR 28,30 THRU 56 

400-0592 UI 

515-1015 LI .. 

D D 

-

C C 

-

B B 

-

A A 

NOTES: UNLESS OTHERWISE SPEC1FIEC 

-- 8 I 7 I 6 

5 t 4 

VERSION VERSION C4 C6 R30 

NUMBER CH~ACTERISTIC 
VALUE PART NO. 135-4731 VALUE PART NO. 

-01 2200 BPI / 1500 RPM 22PF 130-2205 USE 1.01< 100-1025 

-02 2200 BPI /2"i00 RP!.4 OMIT OMIT USE I.OK 100-1025 

-03 

-04 

REFERENCE DESIGNATIONS 

DELETED 

CR66 

LZ 

013 

R55 

UI 

I I 

I 5 4 

3 

TilBLEII0 

R31i R37,38 R39 

VALUE PART NO. VALUE PART NO. 

OMIT 422 107-4220 68 100-6805 

OMIT 422 107-4220 68 100-6805 

r 108146 I D36 EXT 
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REV I OESCRIPTION-~-·---"·--··-·-~;TE· ··~-TCHK 00 
/I ERN 3,::PPRE PROD RELEASE '"", •• ".{ ,91l->.1.$~ 

g I :;;' ~~:-: ",,,000. R"'''~sc 5::;',ti!i IP. ~ 
2. E~N 1~I9 '77~"- iVm:l7 H 
CJ ECt--J 13\1:..3 t6/;t.I, .""P ~ ~"'I'" 

L2 

VALUE TOl PART NO. 

33UH 5 °/0 515-3305 

15UH 10 010 515-1500 

~ CR28,30 THRU 56 ARE PERTEC pIN 300-0115. 

B. ALL DIODES ARE IN"""46. 

7. fRESERVEDl 

6. ALL TRANSISTORS ~E 2N4"iD2. 

5. CAPACITOR VALUES ~E IN !.4ICROFARAOS. 20Y., 100V. 

4. RESISTOR VALUES ARE IN OHMS, 5Y., 1/4W. All 
1% RESISTORS ARE II8W. 

3. fRESERVED) o FOR VALUE. PART NO. AND USA6E OF CO!.4PONENTS AFFECTED BY 
VERSION NUMBER, SEE TABLE II o fOR PART NO. OF CO!.4PONENTS NOT AFfECTED BY VERSION NU!.4BER, 
SEE TABLE L 

NOTES: UNLESS OTHERWISE SPECIFIED 
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B1 GENERAL 

APPENDIX B 

FAULT·ISOLATION PROCEDURES 

Appendix 8 contains troubleshooting procedures which can be used as an aid in fault 
isolation. The required test equipment for use with these troubleshooting procedures is 
listed in Paragraph 82. The Troubleshooting Procedure chart appears in Paragraph 83 as 
Table 8-2. 

All references to paragraph numbers preceded by the letter 8 refer to paragraphs in this 
Appendix, as do references to figures and tables. All references to the manual refer to PCC 
PD Manual No. 108116, Models D3300 and D3400 Disk Drives. Table 8-1 is a Trouble 
Location Guide listing specific problems 'and their location, by problem number, in the 
Troubleshooting Procedure chart. 

Table 8-1 

Trouble Location Guide 

Operational Problems 

Emergency Unload 

NOTE: An emergency unload is one of the following: 

a. The positioner retracts during operation. 

b. Pressing the RUN/STOP pushbutton does not start 
the disk drive motor. 

c. The positioner does not load the heads. 

Specific Problems: 

1. SAFE lamp does not light. 

2. Pressing RUN/STOP pushbutton does not start 
motor. 

3. Emergency Unload relay, K1 on Servo PCBA, does 
not engage. 

4. Spindle speed does not change to purge cycle 
during startup. 

5. Heads do not load properly. 

6. Disk Drive does not go into ready state. 

7. READY lamp lights but positioner does not seek. 

8. Heads unload when trying to write. 

9. Disk Drive does not read data properly. 

10. Disk drive has incorrect sector count. 

11. Positioner seeks to wrong track iocation. 

12. Heads crash. 

8-1 

Table 8-2 Reference 

Problems 13-22 which 
provide instructions for 
locating specific cause 
of trouble. 

Problem 1 

Problem 2 

Problem 3 

Problem 4 

Problem 5 

Problem 6 

Problem 7 

Problem 8 

Problem 9 

Problem 10 

Problem 11 

Problem 12 

116E 



1"!6E 

82 TEST EQUIPMENT REQUIRED 

Test equipment required for testing and troubleshooting are: 

(1) Oscilloscope, dual trace, with at least 100 MHz bandwidth and a horizontal module 
with a Delayed Sweep mode. 

Minimum sweep rate: ~50 ns/division. 

Vertical and horizontal sensitivity: ± 3 percent accuracy. 

(2) Three calibrated X10 test probes with ground clips. 

(3) One X1 test probe with ground clip. 

(4) Digital Multimeter, Fluke Model 8030A-01 (± 0.1 percent specified accuracy) or 
equivalent, with test leads. 

(5) PCC PD Hand-Held Disk Exerciser, Model TE-D02. 

(6) PCC PD Emergency Unload Status Monitor, Part No. 895490-01. 

83 TROUBLESHOOTING PROCEDURE CHART 

Table B-2, Troubleshooting Procedure Chart, lists common problems, probable causes, 
and recommended repairs. 

84 POWER SUPPLY FAULT·ISLOATION PROCEDURE 

This section will aid the technician in pinpointing power supply faults down to the specific 
component. 

(1) Check fuses F1, F2, F3, and F4. Refer to Power Supply assembly drawing 108151 
for fuse locations. 

(2) Refer to Servo PCBA drawing number 108130 for test point locations. Use an 
oscilloscope or digital multimeter to check voltages as follows. 

Test Point Voltage 

TP24 + 5v dc ± 0.25v dc 

TP7 - 5v dc ± 0.25v dc 

TP20 + 10v dc ± 0.8v dc 

TP17 - 10v dc ± 0.8v dc 

(3) If voltage at TP24 is incorrect, ~djust variable resistor R30. 

(4) If any voltage cannot be correctly adjusted, check the input voltages at J212, as 
follows. 

J212-8 

J212-11 

J212-3 

+ 10v dc 

+ 25v dc 

- 25v dc 

- 0.5 + 5v dc 

- 3.0 + 5v dc 

- 5.0 + 3v dc 

(5) If any voltage specified in Step (4) is not present, replace the power supply; 
otherwise, go to Step (6). 

(6) If one of the voltages is not correct, disconnect all boards that are powered from 
the Servo PCBA. If voltages are correct after the boards are disconnected, begin 
reconnecting boards one at a time until an incorrect voltage is measured. Replace 
the board that caused the incorrect voltage to appear. 

8-2 
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(7) If voltage at any test point is incorrect after the preceding tests, refer to Figure B-1 
and continue troubleshooting procedure. 

• If voltage at TP20 is incorrect, check 01 on the heatsink. If 01 is defective, 
replace it. If 01 checks good, replace the Servo PCBA. 

• If voltage at TP17 is incorrect, check 02. If 02 is defective, replace it. If 02 
checks good, replace the Servo PCBA. 

• If voltage at TP24 is incorrect, check 03. If the transistor is defective, replace 
it. If the transistor checks good, replace the Servo PCBA, 

• If voltage at TP7 is incorrect, replace the Servo PCBA. 

B5 READ/WRITE TROUBLESHOOTING GUIDE 

Read/Write errors are indicated by a computer printout (or other output indication) 
specifying this type of error. Use the PCC PD Model TE-D02 Disk Exerciser to locate the 
Read/Write error source. Insert the exerciser plug ~nto J 102 (Logic PCBA); refer to the PCC 
PD Model TE-D02 Disk Exerciser manual (PCC PD Part No. 895321) for exerciser switch 
settings and test instructions. (If an exerciser is not available, use the computer to provide 
the required test Signals.) 

Read/Write problems in the disk drive normally originate from three sources. These are the 
heads, the disk, or the Read/Write PCBA. Refer to Paragraph 6.12 in the manual, Read 
Decode Circuit Adjustments. If the ReadlWrite problem is an error occurring on one track 
location on the same disk surface, the disk surface is defective. Replace the disk. If 
adjustments cannot be made properly, replace the Read/Write PCBA. 

Ql FAN GRILL 

Q2 

05 03 

04 

HEAT SINKS POWER CORD- HEAT SINKS 
3369 

Figure 8-1. Rear View of Disk. Drive 
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PROBLEM 

1. SAFE lamp does not light. 

2. Pressing RUN/STOP push-
button does not start motor. 

Table 8-2 

Troubleshooting Procedure Chart 

PROBABLE CAUSE RECOMMENDED REPAIR 

1. Defective lamp. 1. Replace lamp. 

2. Positioner has moved out, 2. Push positioner back to fully retracted position. 
away from fully retracted 
position. 

3. Power supply voltages not 3. Refer to Power Supply Fault Isolation Procedure, Paragraph B4. 
within tolerances. 

4. Disk rotation detector counter 4. Check U283-15 on Logic PCBA. If U283-15 is low when the disk 
circuitry (on Logic PCBA) con- has stopped rotating, and U284-2 is also low, replace the Logic 
tinues to indicate rotation after PCBA. If U283-15 is low and U284-2 is high, refer to Recom-
disk has stopped. mended Repair column, Problem 21. 

5. Brake cycle enable flip-flop 5. If U384-15 is low when U384-3 is high, replace Logic PCBA. 
U384-15 on Logic PCBA does 
not go high; therefore, the 
brake cycle enable circuit is 
not enabling the safe mode. 

1. Cartridge interlock switch is 1. Check cartridge interlock switch; check cartridge interlock 
defective or other problem system. Refer to Paragraph 6.15 in manual, Cartridge Interlock 
exists in interlock system. System -Front Load models; or Paragraph 6.16 for Top Load. 

Check logic level at J109-2 (Logic PCBA). If low, replace Logic 
PCBA. If high, replace the RUN/STOP pushbutton. 

2. Emergency unload abort. 2. Check logic level at U306-8 on Logic PCBA. If high, see Recom-
mended Repair column, Problem 14. A low at U306-8 indicates an 
absence of the emergency unload condition. 

3. RUN/STOP pushbutton does 3. Check logic level at U447-13 while pressing RUN/STOP push-
not set U364-15 high. button. If U447-13 stays high, replace RUN/STOP pushbutton. 

Replace the Logic PCBA if the following conditions occur 
simultaneously: 
a. U447-13 is low (Logic PCBA). 
b. U364-15 stays low (Logic PCBA). 
c. An emergency unload is not present. 
d. The SAFE lamp is lit. 

- --
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PROBLEM 

3. Emergency unload relay, K1, 
on Servo PCBA, does not 
engage. 

4. Spindle speed does not 
change to purge cycle dur-
ing startup. 

ei. Heads do not load properly. 

Table 8-2 

Troubleshooting Procedure Chart (Continued) 

PROBABLE CAUSE RECOMMENDED REPAIR 

1. Emergency unload condition 1. Refer to Recommended Repair column, Problem 14. 
being activated prevents K1 
relay (Servo PCBA) from 
engaging during purge cycle. 

2. Defective relay or defective 2. Replace relay K1 (Servo PCBA). If still not engaging, check logic 
relay engage circuit. level at J202-32. If low, relay driver circuit is defective; replace 

the Servo PCBA. If J202-32 is high and does not go low when 
going into purge cycle, replace the Logic PCBA. 

3. - 20v dc at J212-3 (Servo 3. Refer to Power Supply Fault Isolation Procedure, Paragraph B4. 
PCBA) out of tolerance. 

1. Lower magnetic transducer 1. Refer to Paragraph 6.1S.2 in manual for alignment instructions 
misaligned. for Front Load and Top Load models. 

NOTE: Purge cycle refers to a 10% increase in spindle speed 
within 25 seconds after startup. To see if disk drive goes into 
purge cycle, check the waveform at TP3 (Logic PCBA) with 
oscilloscope. 

1500 rpm = 40 msec between pulses 
Purge cycle = 36 msec between pulses 
2400 rpm = 25 msec between pulses 
Purge cycle = 22.5 msec between pulses. 

(Spindle speed returns to normal after heads are loaded and 
before READY lamp lights.) 

2. Lower magnetic transducer 2. Check magnetic transducer voltage waveform on oscilloscope at 
output out of tolerance. U40S-2 (Logic PCBA). Positive swing must be + 600 mv or more 

positive. Negative swing must be - 400 mv or more negative. If 
the output is out of tolerance (output too low), replace magnetic 
transducer assembly. 

3. Purge cycle flip-flop U344-15 3. If run flip-flop U364-15 (Logic PCBA) goes high and U344-15 stays 
on Logic PCBA stays low low for more than 25 seconds, replace the Logic PCBA. 
beyond 25 seconds. 

1. Positioner shipping restraint 1. Remove shipping restraint. 
is not removed. 

2. Positioner is not adjusted 2. Adjust positioner. Refer to Paragraph 6.S in manual, Static 
correctly. Positioner Adjustments. 

3. Emergency unload. 3. Refer to Recommended Repair column, Problem 3. 
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Table 8-2 

Troubleshooting Procedure Chart (Continued) 

PROBLEM PROBABLE CAUSE RECOMMENDED REPAIR 

6. Disk drive READY lamp 1. Defective READY lamp. 1. Replace READY lamp. 
does not light. 

2. Defective ready circuit on 2. Replace Logic PCBA. 
Logic PCBA. 

7. READY lamp lights but 1. Disk drive thumbwheel Unit 1. Rotate Unit Select Switch to proper setting. Setting number 
positioner does not seek. Select Switch is not set on must match computer select interface line number. (If the 

proper unit number. TE-D02 Exerciser is used, unit 1 is automatically selected.) 

2. Disk drive is not selected 2. If the Unit Select Switch is set correctly and U49-8 is low (Logic 
although Unit Select Switch is PCBA), replace Unit Select Switch. If problem remains, replace 
set to the correct number. Logic PCBA. 

3. Busy logic circuit (Logic PCBA) 3. Check logic level at U126-8 (Logic PCBA). If low, the drive is 
does not go into non-busy constantly busy. Therefore, the exerciser is not allowed to send 
state. new track information to the drive. This causes the positioner to 

stop seeking. Replace the Logic PCBA. 

8. Heads unload when trying 1. Write emergency condition 1. Replace the head that is selected when drive unloads. Refer to 
to write. when going into Write mode. Paragraph 6.22 in manual for head replacement instructions. If 

problem persists, replace the Read/Write PCBA. 

9. Drive does not read data 1. If Exerciser Model TE-D02 is 1. Set exerciser switches to 1500 rpm and 2200 bpi, or to 2400 rpm 
properly. used, exerciser switches set to and 2200 bpi. 

wrong values. 

2. Read/Write PCBA misaligned. 2. Refer to Paragraph 6.12 in manual, Read Decode Adjustments. 

3. Defective circuit on Read/Write 3. Replace Read/Write PCBA. 
PCBA. 

4. Incorrect index and sectoring. 4. Check for index indication and correct number of sectors. Set 
exerciser switch to select upper disk. On Logic PCBA, check 
index indication at TP7. Correct 1500 rpm indication is one pulse 
per 40 msec, correct 2400 rpm indication is * pulses per 25 
msec. Check sector count at TP8. Correct 1500 rpm sector count 
is * pulses per 40 msec, correct 2400 rpm sector count is * 
pulses per 25 msec. If the wrong number of sectors is observed, 
check output waveform of upper photoelectric transducer for 
possible out-of-tolerance output. Positive swing shall be + 1.5v 
or more positive. Negative swing shall be - 1.0v or more 
negative. If output is out of tolerance, replace transducer. If out-
put is within tolerance but trouble persists, replace Logic PCBA. 

*Number of pulses IS the same as the sector count for the unit used. 
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Table B-2 

Troubleshooting Procedure Chart (Continued) 

PROBLEM PROBABLE CAUSE RECOMMENDED REPAIR 

9. Drive does not read data Set exerciser switch to select lower disk. Check index indication 
properly. (Continued) at TP7. Correct 1500 rpm indication is one pulse per 40 msec, 

correct 2400 rpm indication is one pulse per 25 msec. Check sec-
tor count at TP8. Correct 1500 rpm sector count is • pulses per 
40 msec, correct 2400 rpm sector count is • pulses per 25 msec. 
If the wrong number of sectors is observed, check phase lock 
loop as instructed in Paragraph 6.11 in manual. If the phase lock 
loop cannot be adjusted, check the lower magnetic transducer 
output voltage waveform on oscilloscope. Positive swing must 
be + 600 mv or more positive. Negative swing must be - 400 mv 
or more negative. If output is out of tolerance, replace magnetic 
transducer assembly. If output is within tolerance but trouble 
persists, replace Logic PCBA. 

5. Defective Read channel. 5. Refer to Paragraph B5 - Read/Write Troubleshooting Guide. 

110. Disk drive has incorrect 1. Front Load Models - Upper 1. Check upper photoelectric transducer output waveform at U429-6 
sector count. Correct sec- photoelectric transducer has on Logic PCBA. Positive swing shall be + 1.5v or more positive. 
tor count is indicated by incorrect output. Negative swing shall be - 1.0v or more negative. If output is out 
waveform at TP8 on Logic of tolerance, replace transducer. If output is within tolerance, 
PCBA as follows: replace Logic PCBA. 

1500 rpm = ·pulses per 40 
Top Load Models - Upper Check upper magnetic transducer output at U429-6. Positive msec 

2400 rpm = ·pulses per 25 magnetic transducer has in- swing shall be + 1.5v or more positive. Negatiive swing shall be 
msec correct output. - 1.0v or more negative. If output is out of to'lerance, replace 

magnetic assembly. 

2. Sector electronics on Logic 2. Replace the Logic PCBA. 
PCBA has malfunction. 

3. Disk cartridge has defective 3. If sector ring has scratches on outer edges, replace the disk 
sector ring. cartridge. 

4. Lower magnetic transducer 4. Check the magnetic transducer voltage waveform on 
output out of tolerance. oscilloscope at U408-2. The positive swing must be + 600 mv or 

more positive. Negative swing must be - 400 mv or more 
negative. If the output is out of tolerance, replace magnetic 
transducer assembly. 

5. Defective sector phase lock 5. Adjust phase lock loop as Instructed in Paragraph 6.11 in 
loop (Logic PCBA). manual. If the adjustment cannot be made, replace the Logic 

PCBA. 

*Number of pulses IS the same as the sector count for the Unit used. 



CD 
m 

PROBLEM 

11. Positioner seeks to 
wrong track location. 

12. Heads crash. 

13. Emergency unload caused 
by speed out-of-tolerance 
error. 

14. Emergency unload caused 
by head loading error. 

Table 8-2 

Troubleshooting Procedure Chart (Continued) 

PROBABLE CAUSE RECOMMENDED REPAIR 

1. Positioner improperly adjusted 1. Refer to Paragraph 6.7 in manual, Positioner Servo Calibration. 
on Servo PCBA. 

2. Address logic on Logic PCBA 2. Replace Logic PCBA. 
does not count track location 
correctly. 

1. Dirty heads and/or dirty disk 1. Clean heads and disk surfaces. Refer to Paragraph 6.4.1 in 
surfaces. manual, Cleaning the Heads, and Paragraph 6.4.2, Cleaning the 

Fixed Disk. If heads cannot be cleaned, replace heads. If disk 
surfaces cannot be cleaned, replace disk. 

1. Defective RUN/STOP push- 1. If logic level at U447-13 (Logic PCBA) is high, replace RUN/STOP 
button. pushbutton. 

2. Defective Logic PCBA. 2. If logic level at U447-13 is low, and logic level at U385-11 is low, 
replace Logic PCBA. 

If logic level at U447-13 is low, and U385-11 is high, and TP22 
(Logic PCBA) is also high, replace Logic PCBA. 

3. Defective Servo PCBA. 3. If U447-13 is low, U385-11 is high, TP22 is low, and TP2 (Servo 
PCBA) is low, replace Servo PCBA. 

4. Defective Drive Motor and/or 4. If U447-13 is low, U385-11 is high, TP22 is low, and TP2 is high, 
Motor Control PCBA. and the drive belt is not binding, replace Motor Control PCBA. If 

problem persists, replace Drive Motor. 

If the drive belt binds, readjust it (refer to Paragraph 6.19 in 
manual). 

1. Plug P205 on Servo PCBA. 1. Check if P205 is properly connected to J205. 

2. Defective flex strip on posi- 2. Replace flex strip. 
tioner. 

3. Defective Logic PCBA. 3. Press RUN/STOP pushbutton. If logic level at U364-15 on Logic 
PCBA is low, replace Logic PCBA. If logic level at U364-15 does 
not go high within 25 seconds after pressing RUN/STOP push-
button, replace Logic PCBA. 

4. Positioner binding. 4. Free the binding positioner. 
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PROBLEM 

15. Emergency unload caused 
by disk spe·ed error (after 
drive is in Ready mode). 

16. Emergency unload caused 
by Position Transducer 
Lamp failure. 

Table B-2 

Troubleshooting Procedure Chart (Continued) 

PROBABLE CAUSE RECOMMENDED REPAIR 

1. AC motor speed out of 1. Adjust ac motor speed control (refer to Paragraph 6.6.3;3 in 
tolerance. manual). 

2. Defective Logic PCBA. 2. Check transducer output at U408-2 on Logic PCBA. If output is 
+ 600 mv or more, or - 400 mv or more negative, and pulse train 
is not present at TP22 (Logic PCBA), replace Logic PCBA. 

3. Defective Motor Control PCBA 3. If pulse train is present on TP22, check pulse train at TP2 (Servo 
and/or Drive motor. PCBA). This should be 100 Hz for 50 Hz units and 120 Hz for 60 

Hz units. If observed pulses are correct, replace Motor Control 
PCBA. If trouble persists, replace Drive Motor. 

4. Defective Servo PCBA. 4. If observed pulses are not as stated above, replace Servo PCBA. 

5. Lower magnetic transducer gap 5. If voltage at U408-2 is within tolerance, check that lower 
out of tolerance. magnetic transducer gap is within tolerance (refer to Paragraph 

6.18.2). 

If needed, set gap within tolerance according to Paragraph 
6.18.2. If gap cannot be set properly, replace lower magnetic 
transducer. 

6. AC voltage output of magnetic 6. Check if speed control adjustment is within tolerance (refer to 
pickup out of tolerance. Paragraph 6.6.3 in manual). Readjust speed control (R201) on 

Servo PCBA according to Paragraph 6.6.3.3 if necessary. 

7. Defective Logic PCBA. 7. If speed control is within tolerance and the problem persists, 
replace Logic PCBA. 

8. Defective lower magnetic 8. Check if lower transducer gap is within tolerance (refer to Para-
transducer. graph 6.18.2 in manual). If transducer gap cannot be set properly, 

replace lower magnetic transducer. 

1. Defective Logic PCBA. 1. Check logic level at U327-2 .. If low, replace Logic PCBA. 

2. Defective Servo PCBA. 2. Check Position Transducer Lamp. If lamp is lit, replace Servo PCBA. 

3. Defective Position Transducer 3. If Position Transducer Lamp is not lit, check voltage on J203-10. 
Lamp and/or defective Power If voltage is within + 11.5v and - 9.3v, replace transducer lamp. 
Supply. If voltage on J203-10 is not within tolerance, refer to the Recom-

mended Repair column, Problem 3. 
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PROBLEM 

17. Disk tries to write through 
two heads simultaneously. 

18. Write or erase current is 
on but not enabled. 

19. To determine if an emer· 
gency unload is internal or 
external to the disk. 

20. Positioner takes longer 
than 200 msec to complete 
a seek to a new track loca· 
tion (Seek Time Error). 

21. Loss of power (power clear 
emergency unload). 

22. Emergency unload caused 
by Position Limit error. 

Table 8-2 

Troubleshooting Procedure Chart (Continued) 

PROBABLE CAUSE 

1. Defective Read/Write PCBA or 
defective heads. 

1. Defective Read/Write PCBA 
or defective heads. 

1. Computer/compiler, external to 
disk, defective. 

2. Defective Logic PCBA. 

1. Foreign matter on voice coil 
and/or scale. 

2. Defective bearing on Positioner 
Assembly or defective Logic 
PCBA. 

1. + 5v dc and ± 20v dc out of 
tolerance. 

1. Misadjusted index balance, 
defective Servo PCBA, or 
defective Transducer 
Assembly. 

2. Defective Positioner Scale. 

3. Defective 04/05. 

RECOMMENDED REPAIR 

1. If a low logic level exists at U306-12, check heads for shorts or 
opens. If heads are good, replace the Read/Write PCBA. 

1. Check heads for shorts or opens. If heads are good, replace the 
Read/Write PCBA. 

1. Check logic level at U50-13 (Logic PCBA). If U50-13 is low, trouble 
is in the external device. 

2. If U50-13 remains high while U306-3 (LogiC PCBA) is low, replace 
the Logic PCBA. 

1. Remove foreign matter from voice coil and/or scale. 

2. Check for any obstruction that would prevent free movement of 
carriage. If problem persists, replace Logic PCBA. 

1. If U286-8 (Logic PCBA) is high, determine whether the + 5v and 
± 20v dc are within tolerance (refer to Paragraph 6.6.2 in manual). 
If voltages are out of tolerance, refer to Recommended Repair 
column, Problem 3. 

If voltages are within tolerance, the Power Clear circuit is mal· 
functioning. Replace the Servo PCBA. 

1. Check that a low level exists on TP3 from tracks 0-406. 
Adjust Index balance according to Paragraph 6.8.5. If Index 
balance cannot be achieved, replace Servo PCBA. If Index 
cannot be adjusted, replace Position Transducer Assembly. 

2. If a high level exists on TP27 from tracks 0-406, check to see if 
scale is scratched. Replace scale according to Paragraph 6.7 in 
manual. 

3. Connect jumper from Grd to U423-3 on Logic PCBA (this locks 
positioner into Position Mode). If positioner does not lock, check 
04 and 05 on the heat sink. If either 04 or 05 is defective, 
replace it. If 04 and 05 check good, replace the Servo PCBA. 

~----------------------~-----------------------,----~------------------------------------------------~ 
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H o TABLE I ill TABLE I ill TABLE I 

PART NO. REFERENCE DES IGNATIoo 

11l:l-{B95 RI16 

IIXHOO5 RV3,114, lO4,z'" 

P ... RT NO, REFffiENCE DESIGNATloo 

101-56.20 RI(li 

101-uB10 RI'12 

PART NO. REFffiENCE OES IGNAT 100 

3~ CR25, 26, 28, {/ 

300-4446 CRS THRU 24,21,30 THRU 42 

ASSEMBLY 
VffiSloo 108131 C3 

VERSION CHARACTERISTIC 
VALUE I PART NO. NO. 

-01 BASIC -- 1 OMIT 

100-1015 , RI6,61.70.78,83,86,91.94.147,I50,I81,238 10I-uB11 R98 \ 

l!lH!l2S 1 R79, ao. 81, 81, 88, &<I, 122,154, 170,182, 183, 185, 

I RI93, 200, 222, 230, 232, 241, 
R243, 255,256 

100-1035 R45, 130,I'I4,21O,ZZ6,m, 242, 

10I-uB12 R123 

101-9091 R118 

101-9093 RI46 330-0565 VR4,7 

331J-(lj85 VRI,2,5, 6 G 
100-1055 RB5 

330-1001 VRI7 
100-1235 

I 

R55,132 

1IY.l-l515 Rm,11), 11' 

1(1)-1525 R54,13l 

109-0002 RI,9 

IIl'HlOIB R156,172 

10)·2715 RBn 

330-1205 VR20 

100-2255 R77 
1(I)-22!l5 RI60 

1.00"2215 R121,151, llIl,191,l46,l60 

100-2225 RlI5,ll7,IZ8,159,221 

100-2235 R233 

100-3305 R5,6,19, Z0,21, 22,32. 33 

1(1)-3315 R229,236,245,265 

l00-33Z5 R92 

llO-ollll RI64 

121-1020 R30,163 

121-1030 R51.~.75, 145 

121-2041 R60, 69 

121-5IJ2Q R201 

331-0215 VRI9 

331-U!35 VRI2 

331-!B95 VRS,9,I6 

331-0512 IiR3 

331-(li05 VRIO,I1,13 

33!-1li25 VRI4 

ASSEMBLY VERSloo R2 
108131 CHA RACTER I ST I C VERSloo VALUE I PART N~ NO, 

, 
-01 BASIC -- I OMIT 

F 
10:r3335 R59,flll 

~07 IlB 
1(1)-3345 R84 400-0301 U33,34 
100-3915 R21l2 400-0305 U21 
ICll-4705 :DB 

100-4715 R8, 24, 39,56,62, 64,11, 73, 82, 90, 115,205,199,2.12 
R251, 262, 263, 264 

130-1005 C26,29 

liID-I015 C31,33 

4OIHBJM' U8,U, 14,15,16,17,22,21,30,37,38 

4OIHBZ6 UI8 

100-4125 R lOI,I01, 109 ,Ill, 133, 135, 138, 198, 2(li, 2il 

100-4735 RI9IJ,IW,209 

100-4745 Rl6 

130-3305 C25,28 

130-4715 C27, 30, 32, 36 

130-7515 C38 

400-5558 U12 ASSEMBLY VERSION I Rm 1(13131 
VERSloo CHARACTERISTIC 

I VAWE IPART NO. NO, Vi 

IIXJ-6805 R231,234,237 

100-6815 Rl53,IM, 223, 224 

IClJ-6825 R158 

1(1)-8235 Ri29 
13l-l030 C42,57,61 

131-2221) C19,41 

403-0002 U23,26 

I 

502-1243 KI 

-01 BASIC ! 9!l1jJ( 111l7:91J92 9 
E 

131-4720 C37 

IIll-1015 RZ61 
131-4130 C46,I03 

13I-us20 C45.4l' 
I 

515-1015 L1 
lOl-o125 R3,4,IO,ll 

IIll-!B35 R18,93 
_ .. .,---

101-0565 RI4,I5 

101-1025 Ri6I,Z59 

101-15Z5 R15I, 152,165, 166, 225,239 

101-1815 R7 

132-1041 CIO, 14, 53, 59,62 

132-1062 C3.9;4.0' 

132-2262 C56, 65, 68, ... 75 

100-5101 UI,6, 19,20 

700-7404 U9,25,32 

7(1)-7416 U24 o 
10l-Z225 RZ40 

101-3315 R23 

101-4705 R21,38 

132-2152 I C54; 55,70,76.TRllU. 98, roo, 101, 4 8,10~ 

; 

700-7438 I UIO 

100-7450 ! 1131 @l TABLE:TI 
--

101-680; R1BO 
135-1002 CI02 PART NO, REFERENCE DES IGNATIooS 

135-4742 CZl, 5~ 52, 53,t!O, 66,74 710-4164 1135,36 21XJ-3055 QI,2 

710-7400 U28,4O,44 200-6051 Q4 

710-7402 U4Z 200-6058 i Q3,5 

710-7404 1139 

104-1960 R34,35 
139-2261 C13,ZO 

13<t-4751 C63 

710-7474 U4", 43 

710-7486 U29 
i 

c 
104-3480 R13 

139-6845 CZ, 4, 5, 8, 9,18 

101-1000 R42,65,74 
142-11l70 CI,15 

101-1001 R37, 43, 63,12,m 

101-1002 R44,46, 99,100, 103,104, 126,127,1" 

101'-1003 R1l6,125,I43,I44 
200-1460 Q2 

10?-11m Rl!!5 
2OO-4lI7 Q6 

101'-1331 R41 

lli'-1411 R31,162 

101'-1413 RI20 

101'-1961 RI96, 211!, 228 

llU-l962 RI48, 149, 188,195, ZIJ7 

200-4123 Q15, 18,26 THRU ;3.1 

200-4125 09,10,12,13,16,17, 24,15 

zoo.4Ol QZ,O~2\36 

200-4402 QI, 3, 4, 5, 8, 19,25,34 

200-5323 Q33 

B 

101-1963 R'16 

101'-2151 RI89' I i I I 
10I'-3lJI Rll4,2tB 

ill-MIl R184 

101-3482 RW 

201-0J26 I SCRI,2,3 

I 
llU-4ZZ1 RZ44 

10I'-4ZZ2 R124 
204-m'4 QI1,14 

lli'~1l1 R1l9 

llU-5112 IW> 
205-4010 SCR5 

A 
101'-5113 R53,67 I 

14 13 12 II 10 9 
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ASSEMBLY VERSION C3 C6 C7 C11 CI2 I08Bl 
VERSI!IN CHARACTERISTIC 

VALUE 1 PART NO. VALUE IPART NO. VALUE 1 PART NO. VALUE 1 PART NO. 1 PART NO. @. 
VALUE 

-01 BASIC -- 1 OMIT -- j OMIT -- I OMIT -- I OMIT -- I OMIT 

ASSEMBLY VERSION R2 RI2 R17 R25 R26 
I08Bl CHARACTERISTIC 

VERSION VALUE IPART NO. VALUE 1 PART NO. VALUE I PART NO. VALUE IPART NO. VALUE 1 PART NO. NO. 

-01 BASIC -- 1 OMIT -- i OMIT -- J OMIT 10 1100-1005 470 1 101-11115 

ASSEMBLY VERSION RI12 R134 R136 RI37 
I 

R139 
108131 CHARACTERISTIC 

VERSION 
VALUE iPART NO. VAWE 1 PART NO. VALUE IPART NO. VALUE 1 PART N0l VALUE 1 PART NO. NO. 

-01 BASIC 911 'II< i101.:cxm 9.0'1(( 1I00-'1091 2K 1121-zreu 8. 25K I 107-8251 i 9.ll'lK 1101-9091 

~ TABL£:'II 

PART NO. REFERENCE DES IGNATIONS RlTIRENCE DESImlAT11l1f.; 

200-3055 QI.2 LAST USED NOI USED DEl£TED 

2~1 04 

201Hi[!;8 Q3,5 
BASIC [~ BASIC (13J I BI\SIC .@. 

ClO4 C34,35 8 
CR47 ! ~ 
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Ll I r--
05 0 036 

R265 ~ 
SCR5 . SCR4 

TP30 TPI.~,25 

I UM UI 181 UI 

I vR20 

WI4 I fEi1 
XKI i I I 

10 9 8 

6 5 4 

o TABL£ II 

cm C17 C24 C43 CM C61 C69 

VALUE I PART NO. VALUE 1 PAI!l' 1'«). VAWE I PART NO. VALUE I PART NO. VALUE 1 PART NO. VALUE 1 PART NO. VALUE 1 PART NO. 1 1 
.0047 I Bl-mo .001 1l3l-1llO -- I OMIT .001 .l !31-1llO -- 1 OMIT --- I OMIT -- 1 OMIT 1 1 

tIl TABlE II ICONTDI 

R28 I g2'1 R4D R41 R48 R49 R50 R51 R52 R53 

VALUE 1 PART NO·1 VALUE 1 PART NO. VALUE lPART NO. VAlUE 1 PART NO. VAWE 1 PART NO. VALUE IPART NO, VALUE .1 P~RT NIl, VALUE .1 PART NO. VALUE lPART NO. VALUE IPART NO. 

.15 1118-00131 147 1 104-0147 5. 11K J 107-51l1 6.8IK 11OH811 III( I 101-1001 16.21< 1101-1622.. 19. 61< 1 101-1962 34. 11K J Ur-3842 6L 9K IIIIHI'l2 90.'11< 111I"'l!l'I2. 

m TABL£ II ICONTOI 

R140 R141 RI42 
I 

R2l5 VRJ5 VRI8 

VALUE 1 PART NO. VALUE IPARTNO. VALUE I PART N0·1 VALUE I PART NO. I 1 . V"LUE IPIIRT NO. VALUE 1 PARr NO • 1 1 

68.1K IIOH812 1 OMIT 56..ZK I 107-5622: 100 j l00-lOlS I 1 16.DV /331-1605 16.0V j 331-16115 I I 

rJ}ABL£ 11: 

SPARE LOGIC ELEMENTS 

I SPARES RESERVED FOR TIMER CIRCUIT ONLY 1 I 
I I ! 

7:s-'BIi I I 
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I I 

~ 
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~ I 
1 1 
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I I --~--I 
1 , I 

-- - 1 -------'-------- I 

TYP ICAL DECOUPLING NETWORK 
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7 6 5 4 
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I L 
I 1 

RIIl2 Rloo 

VALUE 1 PART NO. VALUE 1 PART NO. 
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1 
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2 

MY DESCRIPTION 

B EC.N .~2~" 
CERN 9522 
o ECN '3'821"" 

-'~H 
(l. 
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i= E.CN' OSI S 
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J EeN 11817 
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@j f6bM~: ~ ~oi\PbN1:Js MOUNTED EXTERNAL TO PCBA, SEETABL£ "iI. 
!2. IRESERVEDI 

It SIGNALS ARE CROSS-REF BETWEEN SHEETS AND WITlIIN A SHEET BY NUMBERS APPEAR ING 
UNDER THE ASSOCIATED LOG IC TERM IYtIEMOOIC. THE FIRST NO. IS THE SHEET NO. AND THE 
SECOND NO_ IS THE ZONE NO. 

III 0 lODES ARE IN44<16. 

9. PNP TRANS I STORS ARE 2N4125. 

8. NPN TRANSISTORS ARE 2N4123. 
7. CAPACITOR VALUES ARE IN MICROfARADS. 20'10, 35V. 

6. RESISTOR VALUES ARE IN OHMS, '''', 1/4W.IlUIl.AREl/8W). 

m FOR SPARE LOGIC ElEMENTS. SEE TA1IL£ Y 
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m 
o 

(RESERVED, 

IRESERVEDI 

FOR VALUE, PART NUMBER AND USAGE CJf C~OOS AFF£CTED BY VERS ION NUMBER. 
SEETABL£ II. 
fOR PIIRTNUMBfR of COMPONENfS NOT AFF£CI£D BY VERSIoN NiJMB~R. SEETABLE I. 

NOlES: UNL£SS OlHERWISE SPECIFIED 

A S SEMBI. Y NUMBER loom 
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PART OF J201 

-----------------f7l +25V R/W 
.I----o-l SUPPLY 

n OF 
09 
- - -, 
9 I 

I 112 
I 

l-J 

+12V 

J210 
IKEYI,3,51 

+12V 

GND 

r OF 
'I 
---, NC-l 9 - SV SENSE 

3 I ; 6 -5V ~b~14~~------------------: 

~6Lc--~JJ! I..QO __ '-,;~r','----------1-- 'I" 

'OF +Sv 
9 
- -1 

I ~! 

J217 

~+5VIAUXI 
! LJ T~o~g~IC 

-12V 

i 
I 

I 

I 
NCi2 +SV SENSE 

1 17 ----l-L --------T T 

;u ! ,J -J7 
)." 8 

10 

c- J 

IIIGNDSENSE 

~ I 

'7, " 
Gill ~4 i 1 

i !SIJGND 
------------_1 LJ 

8 7 

TC 
_OGle 

BOARD 

6 

6 
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OF 

J201 IKEY 341 

+12V 

-R4--::-0------

'ILADEG ,32 
CRG 

~~----------~C~R~5~--~------~----~--r_--_r~1 ~ 
U44 ~ 

--------~I~--' )' ~ii, 
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13 
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12 
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SPARE 81 

I 
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NC 

74 LS 00 

R56 
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R48 rgJ 
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1% 
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U32 
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REFERENCE 
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~ ~04 
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SPQCG 
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I 
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4 3 
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o 
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OF 
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I~ 
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POSI T ION , COI'IJITIONE:.RS TRANSDuCER SIGNAL 
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R70 
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TPel ! (X.J-OI . 
i U32 R~ 9!~::: 8 
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l3t< 2JOt< 7 7404 
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-------,' R62 

2: - :6 470 
I ,U33 

~
301A 3: + 

~ L T! -~8 
V LJ

26 :; 151 ICO PF 
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.Xf90 
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GISI 

R65 
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1% 
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l ~~ I 

II R64' 027 I 
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I 8 75107 
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I III _ 1 1 
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VR9 , '- - - ~~2 , IN~~:t, ~ 
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1% 

R 116 
lOOK 
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220 'f 

! I 

---------------,--------~--------~--------~------~:-------~~--~----~I-10 9 8 

LLCMG 

PART 
OF 

J202 

6 

Gill 

R255 
IK 

P,257 
470 

5 

R256 
IK 

+5V 
CARTRIDGE LOCK 
SOLENOIDS DRIVER 

I I""'EE S>1T 1 I I ~- I 
IH 

i 
I 

r 
i 
I 

IG 

I 
I 
i 

F 

E 

D 

c 

J207 

IKEY21 

I 

2 JSCLSG 
TO 

CARTRIDGE 
LOCK SOLENOIDS 

~~--------~~--------------------------------------------------------------r-1 5 }-20~~R 
6 -25VUR -20VUR 

OR 
-25VUR 

B 

4 .., 
v 2 

i 

~ 
I 
i 
I,; 

P" I--r -108130 I M I 
iCAl( DONOTsu.u:D'NC j5HE£T4 CF 4 

I I 



8 

IT) TABLE II 

I 
I 
1 CI6 CIS C21 

VAWE PART NO. VALUE PAIt NO. VALUE 

i 68 pf 131H1ro5 3Qpf 130-3'105 39 pf 

I 39 pf 130-3'105 15 pf 130-1505 22pf 

0 TABLE II 

i i I R30 R3I,32 I R36 
1 

VALUE PART NO. 

L2IK 1114-l211 

12IK 11l&-1211 

CD TABLE m: 

VOlTAGE lIND 
CROUND PIN NO. 

! 

I 
VALUE 

141 

1011 

CND 1+68\1 i -6.8V i 
. --r-----tl--~--ilr---",o:-_--tl +r ' ; t·--~~1 

7 

-'----'-----'----

s 

PART NO. 
i 

VALUE 
I 

1114-1410 I 560 

11M-147 0 
1

560 

I 

7 

C22,23 

PART NO. VALUE: PART NO. ! VALUE 

.0022 
I31H'I05 'OOv 131-2220 68 PF 

ICONT'DI 

I 

I 

PART NO. 

102-';615 

102-5615 

,001 
IKV 

VALUE 

IK 

IK 

i 

13HOO1 IIflPF 

~ 

I 
R48 

PART NO. VALUE 

101-1001 4.64K 

101-1001 5.r.21< 

6 

C24,25 

PART NO. VALUE 

13~ 22pf 

15 pf 

RIS.84 

PART NO. 

i 1111-4641 

I 

i 101-5621 

tIl TABLE 1[ 

I 

I 

SPARE LOGIC ELEMENTS 

TYPE REfERENCE DESIGNATI(Jj 

1416 i ll!F.Uu. 
14514 i UI8B 

1400 UIQI, 

1457. U~ 

1$)4 UI2E 

5 

C33 C36,37 C3Q,-4Q 

PAlH NO. VALUE I PART NO. VALUE 

Utr2205 150 Pf I 13tr 151) 33 Pf 13(}-3305 

13trl505 68 pf I 131H1ro5 22 PF Utr2205 

@J TABLE 1lI 

CONFIGURATION 

READ ALWAYS ENA81£ 

SYNCHRONOUS READ ENABLE 

ASSYNCHRONOUS READ ENABLE 

PULSE DATA, PULSE CLOCK 

LEVEL CHANGE DATA, PULSE CLOCK 

COMPOSITE DATA ONLY 

141.S20 UllA 
.-.----~ 

L-____ ~L_. ________ _ 

7 o 5 

4 3 

JUMPERS 

I Wl+W~ 

1'/8+ Wiry 

W3+W5 

W3+W6 

1'14+1'15 

4 

2 

1_, 

1
6 !JX tJ :;l:S~ 

ltRN ')- HZ PR01J RLL. 

@ !~:~~:~E~~6~~~:TIONSIR[FJ3!31 REfER TOTABLE 1ll fOR PROGRAMMING 

II. SIGNALS ARE CR05S~Ef BOWEEN SHEETS AND WITHIN A SHEET BV NUMB£RS APPEARING 
WITH THE ASSOCIATED LOGIC TERM MNEMONIC. THE fiRST NO. IS THE ~EET NO. AND THE 
SECOND NO. IS T1I: ZONE NO 

10. DIODES ARE _ 

Q. PNP TRAN~ISTORS ARE 2N4125. 

8. NPN TRANSISTORS ARE 2N4123. 

I. CAPACITOR VALUES ARE IN MICROfARADS. 20 ... roV. 

6. RESISTOR VALUES ARE IN OHMS. Sf" 1/41'1. AU 1" ARE 1/8W 

tIl fDR SPARE LOG Ie ELEMENTS. SEE TABLE'll. 

[J fOR I. C. GENERIC TYPE NO. AND GRQI.J\IDIVOlTAGE PIN NOS. SEE TABLE Ill. 

3. IRESERVEDI 

ill ~~ T~~~~\;ART NUMBER AND USAGE Of COMPONENTS AFfECTED BY VERSION NUMBER, 

GJ fDR PART NUMBER Of COMPONENTS NOT AffECTED BY VERSION NUMBER. SEE TABLE [ 

NOTES· UNLESS OTHERWISE SPECifiED 

AS SEMBL Y DWG. NO. I~I.I 

RUERENCE DRAIiINGS 

:;: PSi I ec: 
I'I!RI_fW. E~"" OMSION 

I::;~& ":".'Hd.
TlTU 

S:"HEt\1AIIC, 
l---_-:-:"'_~".,...~'-"I R::::AD/WRITf:. 

-

G 

f--

F 

-

E 

I--

D 

--

I J8'~ DYl( CJEX FIN'''' 
-.~----.-- ~,n--"r!JSI401B 

I......... """'ICIU'DWC .--,' -

I 



H 

G 

F 

E 

o 

c 

B 

12 II 10 9 8 7 6 

PART 

Jg6s ~151 5HE~~~T r-____ ~I~ 
NLLP5G 321-- 1 uS 741~_ ~~~=====================~=~============~_~=======:I=====5~====~1====~4~=====1~==~ ~-~~-~-------JL--~I 2 U3 

1 r--. T~ L 13 12 ...... 

2".' ',""G "'ORF T 

3 
h I 3-20 7404 

, ~ "" oJ, : r=i '" .,,' n '"'''' , 
1 

T l 
II f--
12 f--
13 I--
14 I---< 

16 f--J 

NlUt-i Sb 25 r----- J. 

+5V 

,--NLUPSG 
3-2E 

UI2 
21 r------~3 4 5 UIO 74-:-0--4---t-+-----~{J-LOAMG 

UIZ 7400 

NLECEG 29 r-----~I 

NLREC 

spes", 

Z N2219" 

+5v 
R38 

I 

470 

U6 
13 12 

740 4 

7 

MdLT HD 5EL 

+511 

i 
1l.44 

16~1 IK 

+5'/ ~ QI7 f----

I j---(' 
R41 f U 8 56K C42r--- -')()I..l, ~ R 7 

~ __ ~9~ I !. 10%'1 --

I 
LV (,6 1 I~V R43 ' 

i 7416.047 ::::., ::J c5K 
10% ' 1% 

5011 , 

\7::; 

13 UIO 

12 

7400 

:3 



8 7 6 5 4 5 2 
I'YIlIONS 

"'ART DIICI •• TION 
OF 

--::. ~\LE::. T I J311 H ec""" 
H 

1 10 PLAT SEL 

+12V 

I I 
RI 1 

8 
! 

IK 
Qt 

I 
12 

R3 

R2 IK 

G 4.7K 

+12JIF~ R4 "'H tl2VOC IK 
4.7K R7 

II< 
04 ,----< Ei 

R6 -12VIF~11 -12VDC 4.7K 
R8 I 
4.7K RI2 I 

! I HEAD SlLl vV\. 
47 

RII 
, 16 HEAD SEL2 

RIO 47 

VII"'. 15 f'EAD SEL3 
U8 

R9 47 
F ~ 14 "EAD 5EL4 

47 
WRT MODE 

7416 

U8 
6 

13 READ SW 

7416 +5v 4 ERASE DRII 

MULT HD 5EL 
CI It RI? 

RI8 ~ RI6 2.2-L 110 

~D 
1% 150 

IK 

CRI 2N2213A E 

PART VRI OF 
R20 , J310 
422 ,,{ w I~ 1% 

IN4740A 

CR4 f r---, 
i3 WRT DR'J I I 0 0 

C2 B: R21 2.2~+ 1 
422 : 

1% 

I.~ WRT DRV2 
) 

-12v 

L 

27 R.33 R34 
470 K R30 R31 II< 

Q9 0 ~ QII 
[} 1% 

QIO 

R32 

C R29 ~ 
II< 1% R.35 

470 

+51/ 
TP.3 

R37 i +51/ 

"" f I K R38 
IK 

R42~ 
100 

.. Sv 1 

B 
uS 

R43 
(,6 7.5K 

7416.047 1% 

10% 
-12V SOl/ 

V::; 
R40 

IK UIO 

A 
7400 

"'" j 

8 7 6 5 4 3 



9 8 

+ 5v 

t ~3 ~\ cw I ~;«\W 

R7a 
C 36 '.-1> [g) 

6~1~~]7 US rJ-~-- l 

r-----..:..~:..:.:-Q/ n : 
112 

I I 
II! I 

L- --4,--- - J 
14123 

+5" 
I 

Cw R83 
5K 

t IO%' 
I 3~w 

R84 m C37 1% 

r--i 5'1< 
141 m:rov 115 U9 
r-----~l 

SHORT 
ONESHOT 

LONG 
ONE5HOT 

1 :II 
L-______ ~-----------+----~---'~I~, i 

21 1 

9 

i 
I 

14 

31 I 
~---- ~ J 

1 L ~1~6I ~~Q 74123 

2k-~, 
Cl 

s 

7 6 

TPIO 

T 

TPII I 

'--------i' I 

74510 

7 6 

745.0 

+5v 

R80 
IK 

2 UIE> 

5 

+-SV 

3 
CW z 
I 

• 
R8' 

5.111< 
C39 1% 

6G~V r- ---
'l UI7 

4 3 

TPI2 PART Of 
J305 

2 
•• "11.0.' 

_ ••• ca.,TION 

::-'Ee SHE.,T • 

H 

9 1 

I 
Is 

Q~~----------------------------~'-~b~----~----------------~20 NRRCSG 

+ 5V 

Cw 

t 
RSSI 
5111( 

C40 I'; 

74123 

PART OF 
@J303 

113 (,1 -ws -ill 
Q~----------------~I~-- I 

r-__ -=-5;-lo-W6 .12 
L _-.=.-_J 

! (41 +5V 
16

1 , 8 74123 L;r-B---l 
l + I 

5 

74510 

I 
~~~~G ---t 30 RWEC6 

TPI3 

p=------+---------------~ 19 NRROSG 

14SI0 
,---------1 17 POSIT/ON MODE 

.------.... 34 INOEX/bECTOR PULSE 

.B 10 M5 TIMER 

31 10MIN TIMER 
PART 

OF 
J306 

1r<(Y 151 

I 

I ~ 

F 

} '0' om 
NTTREG -J ~ 

2-110 ' NTTREG 

L-+-______________ j 9 

NLUPSG I 10 
2-116 ------j 6 

N2l:.~iHSG 8 

16 

+SV 

.7 

18 

19 

20 

-Sv 

uS II 

12 

'3 

14 

" CK 
.~ 

CL 
10 

13 

7404 

3 2 

TO 
TEMP COIolP 

PCS" 

D 

c 

B 

L 
I 
IA 

Izr ... -~~08<40 I~I 
• __ c-.lCIIlIICjWf $_ 



8 I 7 I 

H 

-

G 

\,653-2011 
\ 13PLCS 

-

F 

-

E 

+ 

D 

-

c 

-

B 

-

'i-

o 
J

M
'311 

503-0044~ •• 
2 PLCS : - -:. 

o MARK WITH PART NO. I08141,VER510N NO. JAND 
VERSION ISSUE LETTER IN NOTED AREA. 

m REMOVE PIN 15 FORJ305ANDJ306 CONNECTOR KEYING. 

4, 

N= :.cJ 

A I 0:~'gl1i~~~~hl:r'"'' MOO' 'ROM 'Rocm 8"RO ,,""-0' eo, B 

I .~ __ ~SSEMbl€ PER STANJARD MANUFACTURING METHODS. 

~; lINL.ES$ OTHERWISE SPECIFIED 

.w 8 I 7 I 

\ 

6 

6 

I 5 

503-2561 
8PLC5 

4 I 

/

503-2560 
4PLCS 

~ r I I_ l \ /L / \ 

n ~668-7717 
~ 3PLCS 

TYPI CAL FOR 
I Q7, 8,151 

1 5 t 

j 

4 

PERTEC 
READ WRITE 
I08141rJ 

I 

3 I 

~ 
~ 

SECTION A-A 

2 I 
R!VISIONS 

REV DESCRIPTION DATE DR 011( APPR. 

1 A £;:< t-.J 9-CK PRE PROD. RE.L£A~E. 'r ..... """ I~ 

o EeN 13746 "1"'10 /.RfI ~ ,.. 

El\ EeN 14810 1fIJo/""I'E I~ ~ 

MTG DETAIL FOR J305ANDJ306 

i'''!'l 
L~ 

689-8822_~ 
SECTION BB 

WI AND W2 

SCHEMATIC: 108140 
REF DRWG. 

t--

G 

I--

E 

D 

c 

PART NO I0814L-U[ REV c:...( 
r'O;.;;,"","'--i-PAR- T-""-, -"T"'" 1---DESCJ!=IP---TION---u-rr-",-... -",,-~-"--I-tM-TOO-Al-'-IF-IN~';'--REF-' -O£S.-..,., I~d~ I--

A 

'E'I""''''''''HO IOWG

ib8141 I'Di 
.. r 

3 2 I 



8 1 7 I 6 I 5 ... 4 I 3 I 2 I 1 
REVISIONS 

REV> OESCRJPTION DATE DR CHK APPO 

;J ERN 3,:YPRE PROD RELEASE ,i.,,> 1!'fI !i::!:iB< 
8 =-C.~J /0/01 .,~ }\ z,( 

eA'.</ 9-TS ""eo£) REL.:51..s-e- ,s-t'I .. , IChl YA 
- t E."':N :£l.\~ >7: t-"- ~lWi H 
CI i ECN 131~3 i 16/7 '11 ,"1P t"lJl} 

r---

TABLE 10 
PART NO. REfERENC!, DESIGNATION 

G 
100-1025 R2. 3. 5. 8. II 

100-1035 R31.32 
I 

100-1235 R6. 3. "II. 43. 45. '17. '19. 51. 53. 55 i 

100-3325 R4. 7. 13. 15. 17. 19.21.23.25.27 I 

100-"1715 • RI. 12. 14. 16. 18. 20. 22. 2'1.26 TABLE 110 r---
100-'1725 RIO 

VERSION VERSION C4 C6 R30 R36 R37,38 R39 L2 

I 

NUMBER CH'-'RACTERI5TIC 
VALUE PART NO. 135-4731 VALUE PIIRT NO. VALUE PART NO. VALUE PART NO. VALUE TOl PART NO .. 

101-1025 R35 
, 

-01 2200 BPI / 1500 RPM 22Pf 130-2205 USE I.OK 100-1025 OMIT 422 107-4220 68 100-6805 33UH 5 % 515-3305 

-02 2200 BPI /2'100 RPM OMIT OhllT USE I.OK 100-1025 OMIT 422 107-4220 68 100-6805 15UH 10 °/0 515-1500 F 
107-1002 R28, 29. 40. 42, 44, 46, 48, 50. 52. 54 

-03 
107-1781 R33,3<1 

-04 
I 

135-1031 i C3, 5 

135-2272 CI c------

I I 
: 139-2244 ' C2 I 

200-<1402' 01 THRU 013 

300-_ CRI THRU 27,29,57 THRU 66 E 
30:)-::5 (1'.26,30 THRU 56 

400-0592 UI 

515-1015 LI .. 
0 

r-

0 (P,2S,3D THRU 56 AqE PERTE( PIN 300-0115. C 
8. ALL DIODES lIRE IN4446. 

7. IRESERVEDI 

6. ALL TRANSISTORS ARE 2N4402. 

5. C.-.pACITOR VALUES ARE IN I.tICROFAR...aS, 20:1.. 100V. 

REFERENCE DESIGNATIONS 'I. RESISTOR VALUES ARE IN OHI.tS. 5Yo. I/'IW. "LL --=-IYo RESISTORS "RE I/8W. h) 
L...sT USED DELETED 3. IRESERVEDI r-

C6 0 FOR VALUE. PART NO. AND USAGE OF COMPONENTS AFFECTED BY "' '1" 

eR66 
VERSION NUMBER. SEE T ABLE II ~ro 

L2 0 rOR PIIRT NO. OF COMPONENTS NOT "FrECTED BY VERSION NUMBER. (2 
SEE TABLE I. r-

QI3 B 
R5S 

NOTES: UNLESS OTHERWISE SPECIFI ED 

UI 

PCB .... NO: 1081-+6 

REFERENCE DWGS: 

r-
~I PAAT NO. ! DESCRiPTION I MATERIAL I "NI REF. DES I '~M 

~1>1 OF MATUIAI,. 

n..",~ __ ..... ~'" SIGNATURES 1""" !'9tTK:aJIIIlORATJON. ... pertlllnol .. 
dao ........... ..-.....-.oId<-.!.,..dor 

'" H._SOH". !,.el"*, PBlJEC PERIPHERALEQUIPIV1ENT ;;;::;;- opal" ~"Mn .. 

'"';\""';?,W i'X, 

~ 
TITLE 

Xl( ~ It _"""L"" /{. ft.I"h~ SCHEMATIC, R/W A 

y= ;,':,,",~J ~?J ~NQI SELECT. MATRIX 

I 
8..PREAMP 

I 1081'16 I D36 EXT 

~ ~ SET"''''''' "'IOWG 10 8 145 
i<.iOV 

mxrMn lIT U5IO ON CI 
NOTES: UNLESS OTHERWISE SP[CIFIED 

APPlICATIOi'oI ""'" NONE 00 NO":" SCA:..E owe ,"<IT I '" l 

... -~ 8 7 1 ... ! c t .4 ! :3 ! 2 I 1 g 01 



D 

-

c 

B 

-

A 

I 

8 I 7 6 5 

@}-. 
8 PLCS \ 

615-0177,\ \ NEARSIDE 
r503-0044 

o 0). o--R2l-<to-R20-00+So-R49-e \ •• \ • 
\, •• • oCRISa.tOtMCRI70 04CRG30 0 © 

• • oCRI6 ~ 011 0- R48-o 
• : o-R23--oo-R?2--o.---.0- R5i-G 0 Rjw SELECTI(IJN 
• 02RI8~"CR200 '-0-' OIiICR640 0 MATRIX 

04 • • 0 R19~ Q6 o-R50--o MCR31 or+---~ 
~: • o-RI3 -OO-RI2-o~o-R{.t1 -0 04CR280 .lh0 50 ,li8 PERTEC 

'--::->::---::.~ 0 CR3 '-0" CR5 0 ~ O<4CR590 0 0 0 0 co 108146 -c ~ 
o-R8-O oCR4" 07 o-R<1O-o OIIICR3 0 ·1 2 3 J J 

0- R7 --0 o-RI5 -00- RI4---o~o-R43--G "CR340~ 
0- R9 -0 0 CR6.-004CR8 0 '-0-' 04CR600 O4IIICR32 0 00000 (3 
0- RG -0 0 CR 7.-0 08 o-R42-o 04CF{330· ~ 
0- R~ -0 0- R 17 -oo-R 16 -0...----.0- R45----0 04CR370 
~ R ,-:., 0 CR~~04CRII 0'-0-' "CRGI 0 .. CR35 0 

05~ RII =;03 =-C~119~o-RI8--o;;':~~j =: OIIICR360 . , 
o-RIO-o OCRI2~"CI{140t~CMCR620 _"CR.3C8R4000/ 00 ~i 

o CRI3~ QI2 o-R46-o"", .0 0 O~ 
0- LI -0 o-R25-0o- R24---o.---.o-R53--G O<IICR390 J 

0- R35 -0 oCR21"04CR230 '-0-' 04CRG50 "CR490~0 8 
o CR22" 013 o-R52 ~ 04CR470. 0 0 0 \.0 

615-0177~ t- R2,=: o-R27-O __ R25 -o.---.o-R55-o ~CR480 J 

NEARSIDE "---"",- "C~I -0 o-CR24~04 CR26-o L.o-J 04CR660 HCR5201 0 0 123 
~ oJ:- C2-GQ2o-CR25"o- C5 ~I o-R54-o "CR500 •. 0 0 O~ 

~ ~QI~°c?l~J9'1 0'-:: JGIO r"CR51 0 ~O b l~o-R3 -0 o-k3 -0 •• =2~2~: .0 0 0\.0 
O-CR5~o-CG -- •• 0-- R3l-o J 

o-CR5S.-oo- L2 -G •• 0- R32--o --'-'---",--' 
0- R28-o • • 0- R3<J-o \ 
0- R29-o 0- R36-o ••• 0- R34-O I \ 
0 .... CR560 0- R38 --0 (0 0 ;;:JR30-oO<lCR~40 J 
0"'C~550 0- R37 -O"V+ I C3 -o~CRt:30 

~PLCS [ 503-00,03 \\L 500-011 0 

[§:] ALTERNATE DIODE F1'N 300-4446 MAY BE 
SUBSTITUTED FOR F1'N 300-0115 ONLY WITH 
PRE-WRITTEN ENGINEER ING APPROVAL. 

@] HEAD CON N ECTOR NJM BE R 1 tJ'~ ISSHOWr~ FOk H>::F ONLY. 

mMARK VERSION NO·AND VERSION ISSUE LETTE.R IN AREA 0rlOWtL 

mTH1S ASSEMBLY SHALL BE MADE F~OM PR.oCESS BOARD 108147-01 hE"/ D. 
'ArW SU BSEQUE NT. 

I. A,:; SE\~ BLE P=: ~ S -J~roJDAR 0 MA.NU FACTURI N5 METHODS. 

~OTES: UNLESS OTHERW!SE SPEC!FIED 

I 7 I 6 

8 PLCS 

I 5 

4 I 

o o 
o o 

4 

3 I 

o 
o o 

2 I 
REVISIONS 

REV DESCRIPTIDN 

B ECN S:.==-.J 
C- I1;-N '] 7/9 

E E:N 0,,\1,) 
~-

~15-0177 

~EARSIDE 

! 

1 

DATE DR : CHK AP~R 

S:':r-'~tJ~lIC: /08145 

REF [VI J: 

BREAK ALL SHARP CORNERS 
APPROX .• 010 

L jD34COEXT FINISH: 

I NEXT ASSY 1 15T USED ON 

1 APPLICATION .' --

I 3 I 

v' 

PART f\Jo. 108146- vI REV F 

PCBA 
PRO). ENCR R/W SELECTIUN IAL\TI=<IX 

i 
MATl; SIZE ICODEIC.EN. TNO'IDWG NO. 

D 132097 I 108 i46 SEE L 1;1· 
-:: SCALE 2 / I J 00 NOT SCALE owe 1 SHEET I OF I 

2 I 1 

( 

B 

r-
~w -

CD 
q 

oJ 
o 





2 I 1 
R'VISIONS - DfSCR.PTJQN ...... DO 

CHI< _ 

A RN 9-t.lR PKt. "KOD Mt: ASE 1"'1'<6. T,,..llt JF 

8 EeN 10110 
RELEASE 

'J-~f ~ ERN 9-fP PROOUCTION 11 

C ECN 10330 'l..sm (J la<?'l II H 
; D "Ct-lIO~"",, I>+( -..(1 It H 

l ECN IO!Hi!o 111>1 d·!.. .:f. , 
-f.--~f~8': "·'1 "" ~ <t 

~ ~ 
It .;if;i·- '~.~. .. " 'I&- (~ 

-.ti-~)iiIi '''hs 4', .~ 
( 

J ~CN 11126 
---. 

'~I. .tt18 

Lli EC ... IIJ~3 J·n • . .- IA:: -< (eN ill € I """ --j.<'1 

V*-
~:: ~~ 1":;'£'1 .. _--_. -"'I' <'(rn ;P,'"j -K2 ECN 11511 ',..." H,":% 

11.3 EOI 119&1 '0/, " ... 'l:":. 
11.4 ECN 12335 :'-"'h1 HM 12"; 

L [CN 12~48 V~ MP 1\. 
LI ECN 13156 ~ MP "f 

V*- a a 

~ 
-

I~ 

F F 
2 
53 

t>- ----

E E 

~ APPROVED Al.TERHATE PART IS 700-415' (1'4151) WHEN SUBSTITUTED 

AS A (,ROUP; i.e.USE ALL 710-4158 (74LSI5') OR Al.L 700-4158(741511. 

00 HOT I HTERMIX ON SAME pOI.. 

@ SEE TABLE TI (DIGIT I) - 1/0 = QUAD; 
UNIT = SPLIT QUAD (OUAL UNIT EMULATE) -

~ JI26 IS NOT REQUIRED WHEN MECHANICAL SECTORING IS USED. 

15. JIZ8 IS USED fOR TEST PURPOSES ONLY. 

t:BI fOR JODI OPTION 150fT SECTORED fORMATI. 90NfiGURATION IS I\S SHOWN 
FOR 1016. 

[g] THE roLLOWING REfERENCE DESIGNATIONS ARE NOT USED' U4 THRU 
21. UZ4 THflU 40. US2 THflU 60. U73 THRU 80, USC THRU 100, UIOl, 
UIIO THflU 120. U121. UllO THAU 1-12. UI48, UISO THRU 160"U168, UI70 THAU 

D D 
180, UI88 THRU 201, U20-l, UZ06, U20B, U210 THRU 220, UZ25, U226, 
U229 THAU 240, U24S, U246, U248 THRU 260, U265, UZ69 THAU 2BI •. U288 THAU 
300. Ul07, Ul09 THAU l20, Ul29 THRU l40. Ul49 THAU 360, U366 
THRU 380. U387, U3B8, UlSO THAU 400, U409, U410 THAU 420, U424, U425. 
U427, U42B, U430 THflU 440, U449 &U-I5O. 

I§] fOR LOCATION 01' OPTION .AJIIPERS REfER TO TII8LES n, m 11.1'10=. 

11. SIGNALS lIRE CROSS-REF SEnEEN SHEETS ""ID WITHIN A SHEET BY NUMBERS -
APPEARING UNDER THE ASSOCIATED LodiC TERM MNEMONIC. THE flRST NO. IS 
THE SHEET NO. AND THE SECOND NO. IS THE ZONE NO. 

10. DIODES ARE IN4OO2. 

9. PNP TRANSISTORS ARE 2N4125. 

B. IRESERVEDI 

C 7. CAPACITOR VALUES lIRE IN MICRol'ARAIlS, lOX, IOOV. c 
6. RESISTOR VALUES ARE IN OHNS, SX, 1/" W. Al.L·IX ARE 1111 W. 

~ I'OR SPARE LOGIC ELEMENTS SEE TABLE V. 

Gl FOR I.C. GENERIC TYPE NO. AND GROUND/vOLTAGE PIN NOS. 
SEE TABLE IV. 

l. (RESERVEDI 

2. IRESERVEDl -m fOR PART NUNBER 01' COMPONENTS NOT AfFECTED BY VERSION NUMBER, 
SEE TABLE I. 

NOTES, UNLESS OTHERWISE SPECIFIED 

REI'ERENCE ORAWllles, B B 
ASSEIIIIL Y DII6 108 1&6 

SPECIfiCATION 108169 

JUIIPER OPTION LOCATOR 106234 

i--

5n:..-a:=-~.; ............. ........ 
PSI I a: "'f..'~, ~ 

~= oc ,"d:..r"" r"."7 PERIPHEPW. EQUIPMENT DMSION 

............. 1tIQCI 
... TITll 

....-.. --... - -. SCHEMATIC, A .... .-. 0; -- D3000 EXTENSION -.-... ~ LOGIC BOARD --
A 

-, _ ..... -1"---1':"- I081651Ci ~ 
~ ' ..... 10_ 

..... JCM,IOC I II 

I 2 I 1 

• 

~':;'""--t!' it ... $,.,$ "-Ii Ie; , 

7 

TABLE VI @1 

PERTEC CONl'llIURATION DIStT I 

• 

LOaiC BOARO JUMPERS V1~/ ~k~/ /...$" ~~ ~:....~ / 

~k ,f!j; ,V/ Ph / ~h 'j 'kk ~kk o~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

A X X 
IS XX X 
C X X X 
o X X 
E XX X 
r X XX 
H 

I 

J 

K 

L 

M 

N XX X X 
p xx xx 
Q 

R 

8 

X X X X X X 
X X X X X X 
X X X X X X 
X X X X xx x 
X X X X X xx 
xx x x x xx 

X xx x xx 
XX X'X x xx 

INPUTIOUTPUT 
INTERrACE 

CONfiGURATION 

MO. Of OPTIONS 

~~ 
D3XXX-XLXXX - XXX -XXXAAX 

CONfiGURATION L..::: DIGIT ., r: SECTOR ~§ILOIGIT6 
1=1500 RPM DIGI T 4 
ZZZ400 RPN 01 GI T 3 

DIGIT 2 
OH:l1T I 

5>5440 OUAL 
6=5440 WAD 
7'2l15 OUAL 

I 1<2315 QUAD 

L- 4'2200 &PI 200 TPI 
1=4400 &PI 200 TPI 

7 8 

xx X 
X xx x 

X xx x 
X 

x X 
XX 

x xx xx 
x XX 

& 

SECTOR CONfl G. 

MECHANICAL 

ELECTRONIC 

OR INDEX 

6 

4 

TABl.E VII @ 
PERTEC CONI'lGURATION DI81T 2 

~i~ 
l~# !<i ... t 

~'''-I ~ eJ ~i! ","' ... Iii JUNPERS 

~vlo. ~ "-J 
~i't!' I~ ~ 
.;t~~ '"$' ~" 

p~~!,,~%~Ph"'~ ~t ~I-~ ~ 
A X X X X 
IS XX X X 
C X X X X X X 
0 'X X X X X X 
E X X X X XX 
f X X X X X X 
H X X X X X 
I XX X X X 
J X X X xx x X 
K X X X xx x I x 
L X· XX XX XX 
M X Ix x xx x x 

JI21 JIZ2 JIZl 

TIME DEMULTIPLEXER & 
SPEEO COUNT 

SPEED OPTION 
SECTOR PLL. 

RPM SECTORS USE ARRAY NO. RPl/jUSE ARRAY HO. RPM JUSE ARRAY NO. 

1500 :<:32 103611-01 15001 103612-01 15001 1036ll-01 

ISOO >l2 .. 48 -02 24001 103612-02 2400 1 1036ll-02 

ISOO >48 .. 64 -03 

~4OO .. 24 -04 

iz..4OO >24': 32 -os 
~4OO >32 .. 48 -06 

~400 >48 .. 14 103611-07 

500 - 103611-01 

~400 - 103611-04 

4 

3 

TABLE 'llIT ~ 
PERTEC CONfiGURATION DIGIT 3 

2 

PROGRAMI/IN8 ARRAY INSTALLIITION 

JI25 

SECTORING SELECTION 

SfCTORSrB'! CONFIGURATION rn SECTOR CONrIGU/lATlON 

I DR 8 SPLIT QUAD MECHANICAL 

It OR. SPLIT QUAD INDEX ONLY ELECTRONIC 

6 OR. SPLIT QUAD ilUl TI-NOTCH ELECTRONIC 

:'10 SPLIT QUAD MECHANICAL 

:.10 SPLIT QUAD INDEX ONl.Y ELECTRONIC 

:.10 SPLIT QUAD ilUL TI-HOTCH ELECTRONIC 

lOR" QUAD MECHANICAL 

6 OR. QUAD INOEX ONLY El.ECTRONIC 

It OR. QUAD ilUL TI-NOTCH ELECTRONIC 

:'10 QUAD MECHANICAL 

:.10 QUAD INDEX ONLY ELECTRONIC 

:.10 QUAD NUL TI-NOTCH ELECTRONIC 

3 2 

1 

H 

a 

F 

E 

D 

JI26 IUPPER PLATTER I 
JIZ7 Il.C7iIER PLATTER I 

SECTOR USE ARRAY NO. 

USE ARRAY NO. 6 103616-01 

108195-01 8 -02 

-02 10 -ol 

-03 12 -04 

-04 14 -os 
-os II -06 c 
-06 IB -07 

-07 20 -08 

-os 24 -09 

-09 21 -10 

-10 30 -II 

-II 32 -12 

-12 36 -13 

-Il 40 -14 

-14 42 -15 

-15 48 -16 

-16 56 -17 B 
-17 60 -18 

108195-18 64 103616-/9 

A 



H 

G 

F 

E 

o 

c 

J 

8 7 8 

__ ~S~P~E~E~D~CO~U~N~T~R~E~S~E~T~ ______________________ :r-' 
~~- 2 4-IE 

_
__ ~L~O~A~D~'P~U~R~G~E~ _________________________ -~~~IIH~-' 

L.NL.PS _ I~ 4-21' 

6 

U3Z6 
74L.S54 

4 

U365 

3 

SEQUENCE TIMING 
PULSE 

2 1 

JI03 

0--
r--------------,26 SPSCI\ 

3-6E 

____ ~L~O~A~D~.~P~U~R~G~E~ _________________________ r_lr~13~~ __ ~ 
~ ~ 4-21'" 

~ = ~~ 7= 
)o"5'--_____ �~ >..:2------~13J,~\!-I'--1 _____ --j,....---j9 J P Qrll'----:=:--- LSTPI'" 

12 J 6 k TP21 3-60 
U+07 
7405 

3-6E 

- 3or---~L~O~A~D~'~P~U~R~G~E~-----------------------r_1~~54~~ L.L.NPS - L.iJ 
4-2E 

3-6E U325 
LRsca -------------------:2;111r---:I~21 74L.S393 

~:~~ ICL.R 2~~~ @-
·2 SEC I ae~ 

LC211' -----~-'-------l ....... --IIA :QC~ 
6-ze IQDJ-i 

DELAY COUNTER 
DECODER 

ZQA~II~II-_+ I ________ ~ i2A ~~~ J 
I ~I _'~I' I 

~KCL~rlo~-l+--- NL.STPI'" T "'I-8E 

r---------~-----~------::;~ua 

__ ---3~ ')_0-
4-* __ ........, 16 LEUrG 

JI05 

0--

NL.CO~ -----------~===========---------------------------========================t================== 4-51' 

U44G 
7405 

13 I~ 32 LEUE ----- :,>0-_*""--"'1 

r----- LPClCa 
4-58 

JI05 J121
8

-

12 

POWER CLEAR mf ~:: 
SPCSA ~~-~---.... ---1 ....... ---81D'>-.:9~------II-j :::0-1_0 

___ :~:gxa 

POSITION 
TRANSDUCER 
FAILURE 

14 r-------------

1-

JIZ8-14 

1 SPTra 18 >-----..... ---, 

JIZ8-13 

I 
RWECG 30 ~---_-~ 

JI03 

r'-1 

JIOI JI02 

r'-1 0--

AI 
150 ?' 

U327 
7402 

U50 
741-4 

U50 
1414 

JI28 3 J128-5 

N~:~:: ~~~~_-1~~~~~;~~~;~-~,0~6~--~--~I------~v 
4-21' 

\ 

LNLPS 
4-ZI'" 

LSOTI' 
7-21' 

LSTPI' 
3-311 

UZ66 
74LSIO 

10 

JI28-2 

-- ~J /~8 ________________ ~ 

NLEOl'a 

III 
5.6K 

+SY 

JI28-4 ~ 
U306 
7430 

13 D·>-1~2--II~DX>-1-0--9~ 

U286 1 ~ UI49 1414 12 

704O~85~---~ ....... --13-,D~~12~~-----------~~r_--
~ I 

LAEXO 

IAEUR e31 - e31 

ISSDR ~3O r-------~3O ~----~~ 

~9~9r- ~!~ 

Lsxxa 
6-48 

+5Y 

IK 

CI 'f ~~OPI' 
500V 

~
3 

W7 U-49 
r----, 7400 
~ . 

L ___ .J ~ 

POSITION LIMIT ERROR 

NL.PLEG 
9-5e 

JIZil5 
~ 

EMERGENCY 
UNLOAD 
LOGIC 

J128-7 JI28-8 

JI28-16 

] 

U304 
74LSOO 

4 ~ 

EMERGENCY 
UNLOAD 
F / F 

~G----------, U3~ 
21 ;~76 

~4~~LEUI'I' 
5-o4D 

-,CK 
NLPCI'I'" _____ .I'"1G K ~~14,--_____ - :~;~I'"f 

U303 4-4Ii TCL 
7404 

5 ~5'--------____1t------_- ~~~~z 

DISK ROTATIO N 
DETECTOR COUNTER 

U283 

r l5 

31 -ti 51 Gj HIGI I ::~:xa 
U2S"'I L.C201' -----t-~-...,;"ICK A EI COl ~ 

..l. 7402 6-IC,-t=:::J:j~ CY Uf'-15=----+--1-3~b_:o3 12 

'---~J.,---.....,),!I---------tIL.......4:\-'91 ~~ a,., Cle a.: Co J 7:: 
LI~~~g 141 131 121 II I 

NLESD8 
"'1-48 

U365 
7404 

READY LOGIC 

6 I ')().~2'-------<~--------~rr--' 2211 > ~~' ~i NLRLDT >-=~-----, ~ "----=V'r---------j i (REIIDY LAMP) 

~ LRxxa 
9-GE 

:::: :':;~ r- ' 
~-----------------------------~ 

U385 
7400 

5 

NLSilRG 
5-71' 

~B~+-__________________ ~~~a 
+5V 

365 
7404 R-4 

<:. 5.GK 

448 

740"'1 

TESTER POWER 

JIOI JI02 

0-- r---

LORCG 
5-4E 

aND 

,.--[e48 48 } 

~ &49t----lD-49 

r--~50 50 

+5Y 

A 

~----~~------'-------~7'--------'--------i8--------r--------m~------lI-------'4'-------lI--------33--------r-------~2.-------lI~~ct~~~~Ll 8 

H 

F 

E 

o 

c 

A 





H 

G 

F 

o 

c 

B 

A 

8 

JIOZ 
r--

7 

U71 
7414 

IHSXR AZ71---_--.1AZ71---------=5'--<lJ]" >-::..6 ____ ..., 

U71 
7414 

IP5XR 1ez7l------I!r-1Z7 11--4--____ --=3:.....;0' 

6 

U348 

!I ""-::;. ... _8 __ ---- LLOXI 

1-4~ 

5 t 4 3 2 

U3-48 

HOLDING HEAD ADDRESS 7404 JI03 
REGISTER I.------------------------------------------------------------~l~t:>~O_4~ __ ~N=LU~H=~=_ _____________ ~~~ NLU~ 

r U308 r--I8 

NI.~~ I ~p 74193 PLATTER ADDRESS U= 
~ I.D I.UPSG I Z NLUPSG 

NL~~: ~ CL r i 24 NLUPSG 

~~14 6-8D I~ I. QAF.:~----------I I U328 -1 7 

., 9 8 10 e Qce~6,.......--------------.....I ~5 7400 '\. 6 
ITOPR w~l-I -----il_IZ5Ic-+-------='--<lJ]" >-=--------;:::::::::T9'-1i~ ag h \328 p-::.--------------...... ---+ ___ ---4: NLTOPe 

A29L~--_4.A29~ U71 ,~,i7 ~ ___________________________________________________________________________ ~9~7~4OO~ + __ ~f-II-+I------'-I-cI;4142 III.~~~ -=--=r;J )p-=8-__________ ...... __ + ___ +~---1:~~ IILTOMG 

I I r------------------------------------------------~H~O~L~D~IN~G~--------------------------------------------------------------+-!-J---J--J,.!Z1 NLWD~T 
ITOIIR 

'I I i I' ~~I REGlSTEn ~n¥~~~ON U348 I H 16
Z 

IWDSR AZ8: 1AZ8>-+-------41 LL.OXI ~ ADDRESS 7404 H 1AZ31 I I >=-3 ____ -.J 7-6101 UZ64 r-___ ...:L::I.::..PSG=-___________ ~_----...!I!..I .J 10 I 

I IAn r---- Z UZ24 NL:~; ~ ~~N tp 74193 32 III..L.PSG 

IESLR "'-1 7404 NLRXXO L-___ ~14!.1 r-----------------+--------------------+--t--......jWze NLROXO : I IWI5 3-20 CL 

I

I u ---D~r-I-4-------...::.9.Q :>-'8 __________ ..:c6...:-8::D~ _______ __'~~~ Uf~ ~ I~ r-r-_-_-_-_-_-_-_-_-_-_-_-_-_-_-____ -_-_-_-_-_-_-_-_-_--t+--_-_-____ -_-_-_-_-_-_-_-_-_-_-_-_-_-_-____ -_-_-_-_-_-_-_-_-_-_-_-_~-_-_-_~l.. _-_-_-_-+.f-_~-J: :~::B 

I 
liLt!; L_~ !..D ag 7 UZ63 '\ 7 '"'--

READ / WRITE CONTROLLER U-48 !!II CY U87 6 \4 I.R~ft JI04 
IIEXR ezz 1--__ ---Ilez2i_-----------------ll'-Q-7""4O:,:2, 13 12 7400 5 ~ (""--
IEEXR A22 AZZ\-'-------------. III.SARII lJ )rl'-------"'1?---------------------------------~ZLI ....--... '\,..lJ 3 ";~~ --~'-G..1-4O-Z,/j ~I UIZl 10. 10-1.40 L------I26 "LTOPe 

3-IC U-48 ~ NLRC~ "---------125 NLTOMB 

Ig:~~ I 7402 404 S-7e rh-J4 

IEGXR ~24f-----I!IZ4i------..., II )o."!3~--< __ 111.110£11 

~ - -~ ~ '"'-- 5 740Z UB7 CRI CR2 r------l JIOZ 

U71 ~,..4'-----;;,...-------+-----------------------+!iIZ4--7-iOO....;,. IN~Z IN~ I r~1 I ("-

JI03 

""-

II 74!4
10 

~~ I,;l ~ ... -yr 1:10 I 6--t-!1 -r-·-..... f.·--l-------L---l: 1 
~--~.QJ]">-------------~9~~;p~8----_r' __________________ ~~-------~ 180 I I I rO" I ~ 

I.SARG 10J J U-48 CR4 CR3 I zs I 1~~3 I JIOI ~ TERMIIIATION 

/:~~ Nl.i~ii : 740Z 10 Z ~= L..U65--I-Nrz ..... --IN~,~~2--...... l-~~-~-ti-I----<>~:-J ,- --c;: I J ~'1r. 
LDR~ " 75451 

3-le J \..1>-=3 __ .... .:<.16 
I l' 5 

I.EU~~ 7 56 1------< 56 IMOXl) 

3-ZE 
MALFUNCTION SIGNAL 

US7 
75451 

- "171------<1117 

3 I 

NRRCS8 ~j-------------------------------------------------------------_i-------------------+----------------------________________________ ~~Z 
US7 
75451 

;r---------------+-4" 16 "16 IRCXD 

~A17 i"17 

5 
READ SIGNAL 
DRIVERS 

NRR~ 19r---------------------------------------------+------------~----______________________________ -J~~7 
U45 OOUBLE TRACK 

'1 1116~,!"1611RDXI) 
STATUS .------1 ~,AI AI 

JI08 

r--

WRITE PROTECT 
SWITCH LATCHES 

U446 
7405 

RI2 
IK 

+5V 

RI3 
IK 

CHASSIS GROUND CONNECTION 

11O~ 
IND 

I ·~1 I I I r- 6-+--+-1.407 117 IDTDD -----------ct>~:~ 7:451 NLSXXG ~ L _____ J 
6-48 ~451 ~ 1181-------I,1!8 

NLIAXe 
9-IG 

6 5 ILLEGAL ADDRESS STATUS I 
7 'T----------------------l--Je3 1------<1153 uel\[) 

U70 ' 
75451 I 

NLEX~ __________ ~7'_1 >5:......-----------If..--...jeIB 1------<ie18 IEPI.D 

llCUPOS 3 3 ><4*----....... --+-----,1 I.SARB 
3-IC 
9-7f' 

US7 
7400 

5 
12-20 U44 >-- AZ 1-----....,1 AZ 

75~ I 
3 FILE PROTECTED ST"TUS 1 

r---, 2 U44 SPECI"L SIGN"L AI I I' AI IrpXD 

<41 ~~6 _____________________________ ~1 

............. 

LUPOS Z 

1I1.~~~ ____ 4'-1----. 

Ig:~~ 5 

U405 
7460 

U88 
741.500 UIB 

13 741.500 U71 
7414 

l \..D-""--=a,--...... 
~6--__ --~13~1T~~IZ=--4_~IZ~_/1' 

NLRI'f'~ 

4-5F 

LI.CIIB 
4-20 

--;-0 I . I r-6 II I I i 
i r~nl G[>7 7.5

5
0451 DRIVER :--;1---1 I I I 

: .8: .-----------....... ....!.... ;::..------+-..... --1---+1-11 .4.31 1.4.3 ~fi~~~CE 

12-20 

----t=~j ;.~ ; 7"' DU" 'CATm STATUS l ____ J HII e7 \ I e7 ::AI. 

NCI.P05 

I.PI2A 

_ ,~h:.. I "n 

51--1_~-..;:5:.:-t 7:>~_4E--_-~_-~+--+----------' I Ln, ::' "" 
I "--_____________________________ Fc.clc:L=-=E:...Pc.cR~O~T~E:.:C::..;T~LO~G~I~C __ ~_!.soo_8 _____________________________________ ~_1.1& +,2 ~ NLUPI. T 

: U446 U4Z6 'y 4 ~ 
I 9 7~ I :>7=-~45 __ 1 ___ +--------------------------l 3 

CLPOS l:J Z " ~ NLLPL T 

~7 

8 7 6 5 4 3 2 

H 

G 

F 

E 

o 

c 

J 
III 

r-
.~ 
X-
B 

A 



2 

JI03 
HLVHS8 

)O--'----'---'------------lzs NLUHSG 

)o~_~N=LU~~~ __________________ ~~Z4 NL~ 

,I>='------------------.... -----t--i U NLTOPe 

,I>='------------.---i------t--iZ3 NLTOIIG 
--~~-/ I 

U3~ 

7404 

!II 

------~II~[:>~o~IO----------------r---r----+-~ 

U263 

NLlfCfT 

NLLPSO 

NLROXG 

NLECEe 

NRECO 

10"'-_--------- LRCSG 
10-8A 

NLRCSG 
5-7" 

I J~ 
~NLTOPe 

~--ff-
CR2 

1"4002 

CR3 
IN<4002 

JI02 

) J~f~fION 
1+3.5VI 

I 
------------------------i B6 r-----jK I ,~~ 

UG7 "17 f----~"17' 
75451 

r-----------------_r-t"IG I------I"IG IRCXO 

AI7 r-----jAI7 
=:AQ SIGNAL 
HVERS I I -------------------------+-1 --IIAI6 1------IA

Al

I6 IROXO 

U45 ~~~~cr~ ;:''!.~CL __ , HI M 

4)7 

7:451 : W2 I 

-"'------+-1 -6r- o--IIr--t--j A7 1------1 A7 10TOO 

L _____ J 

_EGAL ADDRESS STATUS 
-------------------------~-i: "3 f-----t 53 !lCAD 

I 
j 

U70 I 

~7 ~~545 __ 1 _________ -i-1'-" 

~ W: 1------1;": IEPLO 

II I! AI r-----i
l
! AI IfPXO 

U44 SPECIAL SIGNAL 

4)7 

755451 DRIVER :--;~--l I ! 

• I r-., I I I 
">=------+1 -00 6~+1--r-...j A3 A3 SPECIAL l ______ J I INTERf"ACE I I I SIGNAL 

_E PROTECTED STATUS 

AL PLATTER STATUS lb,-
Jill, U~ +~ 

~451 8 
Y!----------------------------+-----t!, I NLUPLT 

: 3 LPIZA 

----1------------------------------------1 Z NLLPL T 

2 

I 
I 

H H 

G G 

F F 

E 

o D 

c c 

,J 

B 

A A 

8 7 6 5 t 4 

JIOI JIOZ 

!l [J 
USI 

I 7';04 

, i 3 ~.. US9 

IUSIR !e-4"r--------f4Z

hr-------=--<ly >-· -'--------------------~Z531 7450 6 " 

I!HI~1I41, , I II~ 10 
'USZR 1M " f------iA4Z r-I --'-----<!y>-. --=------.------

I ; I I USI 4 UNIT I, U
7

;09
0 I Iii 7404 ~ 

I ' ,I i SELECT ~I 10 
MI'-, --~,A4I~ L.OGIC 8 
I; t, I II USI 9 -"'----.--------- LSXX6 

I 7<104 I ~~~ ~:~~ 
IUS3R b43~-43 ~:;, I UY-' 

I, I i 3 I NLSXXr3 

~4-4;------ieH 5-3C 

IUS4R 1M3 ~M3 
I' ~ 

I , rr-n ? 

JIIO 

r- ---, 
I I I WZ3 I 

I i l ____ -' 

RI7 
IK 

+5'( 

USI 
7404 

RZO 
IK 

10 

7~4 

NCUS4S lJ 
NLIISXB 

9-3E 

NLRXX6 
5-SG 

~
UI2S 

8 7402 , 
9 ~IO~ ____________________ ~ 

JI03 

U348 
NLDISt; 33 f------"-<r-____ 

p..------''-<.j 

NLDIDG 34 I----..... --=--<I 

+S'( 

>''---- NLDR6 
10-2" 

}-1:.:3 ___ NLODAG 

5-36 

UIS" 

10 

U86 

uas 
7400 

I 

UBS 
7400 

9 

10 

U205 
74161 

CY IS 

,..-----=-il IA 

L-------------~-~~r 
7-86 

;»"'------ NLAI3G 

U285 
7-4393 

OA 3 

all 4 

ac 5 

CLR 00 6 
2 

LeOS,. 
11-4C 

5-7F 

NLSI\RI3 
5-1>£ 

10-811 

CLOCK COUNTDOWN 

U305 
74LS393 

3 

OA f!'1i'--___ Le09,. 

13 2" 

LLOL2 
1-4E 

all 10 LelOf" 

4-B" 
4-7" 
11-4" 

RU,DY DRIVER 

U3 
75451 

2 

BUSY SEEKI NG 

JIOZ JIOI 

Y----------------l III r--------i III IRXXO 

I 

US9 
75-451 

Ii BZ r-I -----I liZ 

I I 

20 IIZO 

U6B I 

11I19~e19 111510 

7S451 I I 

r------------+--jl '" ", I ,.~. 
US9 
75451 

AZO AZO 

Y--------------+--<IIZI f----~IIZI le530 

I 

VSB I I 

75451 .& I 
:>=------------------IAZI f-----IAZI 1115 .. 0 

U305 
7~LS393 

,.-----, 
a ... 3 

aB 4 

LCI3" 
9-311 

LCZI,. 
3-86 

13 2 ... 

UZIiS 
74393 

aA II Le17" 

ae 10 

! 

9-7e 

Le20,. 
3-30 

L------~~_+----------------------------------------------------~--~LLOLl 

8 7 6 

3-3H 
JIOS 

7_ 

~-----------------------------------------------------14[:>~~2~)~(-------_______________________________ ~ ~ B 
L..... ________ LC03F 

L..... _____ LCOZf" 

LCD II'" 
9-711 

7-GI3 
B-ze 

5 4 3 2 

H 

G 

F 

E 

D 

c 

0() 

r-



G 

D 

c 

B 

AI 

LCD2F 
6-5A 

LC03F 
8-70 

LCD4F 
6-56 

10-B6 

8 

i 

l SPEED CONTROL i 
PROGRA MMING I 

PA RT OF JI21 
U224 U224 r-*-. 7404 7 ..... 04 

13~ C2:~14 3 4~2 ~C33C 

~C4 : 
I I 

740-4 

ff
lOlz 

: 
I I 
I I 
I I 
I I 

LPCFF 
4-4Ii 

I 
I 
I 
I 
I ___ ...J 

NLPCff ----------t----------+...., 
4-.o!G 

UZZ2 

~7 7404 

7 

SPEED CONTROL 

COUNTER 

6 5 t 4 3 2 

SPEED HIGH LIMIT I UI43 
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(KEY !,5,8) P212 J212 
(R-D)~n 

WHT F2 , (GRN) I 
--r-------O'\.p- + 25 V DC \RAW) ~ 1\ : i 

C91.+ 10A,FS ~ 12 12 
T 

r • I MAIN GND ~ 4 4 

0++ I EI
F3 

~ I: I: 
--l-----------6\.;r- - 2 5 V DC ( RAW) ~ 3 3 

IOA,FB ~ 6 6 

F4 ~ 88 

--<I.I>-+--~"""""6\.5>- + ! 0 V D C (R A W) ~ 9 9 

SERVO 

PCB A 
108131-01 

: ~ : ~ j-f--_N_L_AD_IG_-_-N-L-A-O(Kl--:::.:.:.::=.:.::=.=.=.-=-==.-==.=.=.-=-j : g i : ~ 
20 201------------ N LVREG -----------120 20 
21 21 f--lFDXI 2121 
22 221------- L PMXO ---------------122 22 
23 23 ~---------- N LRS"'! ----------\ 23 23 
2424 NlFSMI - 2424 
25 25 i- NLTOMG 2525 
26 261-------- Nl TOPG ------------------1 26 26 
27 27 ~--------- NLAD2G -----------1 27 27 
28 28 NLAD3G -- 28 28 
29 291- NLA04G 29- 29-
30 30 ~---- NLADSG -----------------1 30 30 
31 311------...;..--- NLA07G ----~ 31 31 
3232 NlAOEG - 32 32 
33 33 I- NLAD6G 33 33 
3434 NOT USED 3434 

J2~~02 10?755-Q 1 PI~~OS 
I~ I~ PIN .3 THAll 7-mH CPU! 2 NOT SE i g~g I'" 117 
18 18 t--SPTFG 18 18 
19 19 ~--- "LRSH 19 19 
20 201-------- NLDMEG 20 20 
2121 NUMS! --------12121 
22 22 f----------------- NLBMEG - 22 22 
2323r-,NLBCEG 2323 
25251----- SPTIt 2525 
2626 SPRCG 26 26 

i~ ~~ SPQCGSHRXG ~~I~J 
2929 NLC03G - 29129 
3030 t- LP5VA 30 30 
31 311----- SPCSA--------------------!31 i31 
32321-------- LEUEG -------------- 32 32 
33 331------------ LLCMG ----- 33 33 
3434 SI2SS- 34 34 

'---I-----" '--~ 
J~ P210 102767-01 PI~~OG 

3 +-;- I-- +I2V POWER (REO) . I I 

12 12 -12V POWER~ 2 2 
9 9-"- -!IV SENSE .l(!!\lVili~ ______________ _;_;=-:--_ 

~ ~ t-- GelD RETURN ruN} -5V POWER IBRNI 1 ~ 
II GND SENSE .f..S.Fl~ ~ II ~ 
5 I~ ~ QND RETURN nfU) GND RETURN ~ ~,~ 
~ ~ I-- +6V SENSE riELl 9' 9 "-

LOGIC peBA 

108161-01 (DIABLO) 

t08166-0~ (PERTEe) 

"
o 

JIOI 
r--

L 

JI02 

~ 
I 

I 

U 
7 7 , .. -::c., +5VPOWER.!-'(O:::.::R~N..:..}---110I\O 0 
8 I I-- +5V POWER .u.... II I I 

r'l r---::l [') ,-___________ --, ~ .--____________________ ~ !l) ,..-___ --, <t I ~~ II ~~~----------- + 5V PO W ER :...:IO"-'R.:..:.N)'---~\ 12 i 12 ~ ~ r:< <cr r--I ~ - I'-

~ I - '" r') I ~ I - '" ro ~ CD I ~ I ~ (f) (l) - N ~ (l) '" <j" i ~ I co '" ~ tD I ~ r W ~ '" N -1 ) I _ I "'--I ~ - I ~ ( :; I - ~ N I r1.:; r;l ~I ~ '" ~ ~ W N - -

L-----------------------------~2;,r-lr-~"'~r-~"'~:Jt----------------i~~r-l-N~---~~"'~---<D-+-l--------------~~~'~l"'---(l)~--(l)-----N---~---OJ--~~~7~+JI---~~,~l.N~"'~~"'-~~J--~~~lW~~~r'l~N--~~+-l~~~~~l;J-~----J ~----~«-o-~+-~~-r--~-+-l---~-N-~4-~~~~+-l:-J~~~S~;~l~~==Il)=~~-----~-~~=W==N=~=~=:-

II' CIZ1.+IOA,FB ~ 2 2 

--<~0--__ ---4II_8_L_K_ MAl N G ND (BlK) 5 5 
'--r--

,UPPLY 

-XX 

D) 

1'4) 

a.~~~ ~I ~I: : ~2 >cl dzlzi >=" ~1 ;::1;::1 I ~,' . I Iv8199-01 ~ I z~lo ~ ~ ~ zll 
is ~ ~ H ~ ~ ~ ~ U

1 

!1211~ ~ ~I ~1!1 I '----------------------------------------------- ~ e ~ ~ ~" 2~ ~ 
1-- IY IY '" Oil) 0 I I:' ;;; -«I'-«W<P« ~ ~ 
~ ~ ~ ~ + "'I + ';", ~ ~ 
~ <X) ~ I I lUJ' 1200-305~ il I I ~;R~ ~ ~~ I~ j !l-~~~~ ~~ 11 offi cARTRIDG-E_LOCKSoLENOID Iii 108196-01 ~- '" ~ ~frU).L....--------..Jw----~--LN----

r------------------------------~.:... +-t----::1---"'--~-+----, !02754-0! (FRONT LOAD) 200~;05S 00Q3 i I I I (BRN) P5~d4 81 - N ~J ~ I U) <D N 
( ) ~ 10"754 02(TOP . OAD) ~,---' ~ 111I I i I ! 1.;.1 ------EMER UNLOAD DRIVER III' Il) 1l)L--------------------

'=1 ________ . _____ _ 

KEY 3,5 P4~]~402 ~ - N I') J4rmO~' ~4~YEL I L lj-F L -12V REGULATOR +5V REGULATOR I II i ! G.O ___________ ~~~~c:.::..::~:.;.~-----------l 81 8 ""? .., 

==li MOTOR CONTROL 
I 

I I " EM[R UNLOAD CAP(-) 7 7 

peBA I I I ' OR i I POS CURRENT SENSE 414 .. -- 3
1 

3
1 

0 0 Q 3 3 I- BLU I MAI'J NO.1 I (YEL) 

I03571-XX W6 W4 W5 1 5 1 5 I-ORN I ~ I I L '------------------- (BLU) 9 9 

OR 

T 
ORS 

(90 -125V OPERATION) P403: J403 6 6 6 I ~ I ; ~ ~~:~~~K ~ , JL ~ ~ ~" J; .,"; ! I ,-I ___________________________ TE_III_P, C~MP OUTPUT NO.1 ----';'-":-'-R
H:..:;-'-;-----------I 2

1

2 

(190- 250V OPERATION) P404 i J404 w~ W'l2}3 ~ ~ Itjl -\ MAIN NO.2 ~ -T "~S~~~~ ---------~tW:::.:.H.:..T:....J!--------------llillJ683: I ~83 
A C COM M 0 N Y EL 6 6 biT H E R.MA L S W DR I V E /vi 0 TOR ASS Y a. ,-I - ~------------- .------------------- G NO S E R V 0 _________ ~( G:.:R.:.:Y~.) ___________ . 

r _ c-=; I (INSIDE MOTOR) I F ' 
~ :, J40e P406 ~. _1:...:0::..c3:::..5:::....:...7.::.9_-0:::...::::..2 P505 I J505 rL -h~ CI3

110 
220V ORN I I YEL /BLI< START NO.1 108229 - 01 (4400 BPI)} R~I RTI-I ___ (_Y_E_L_) __ ---<~~ 

, __ , LINE VOLTAGE ;3 3 3 3 RED I ~~ 108229 ( ELl 51 5 WHT __ --.-I II F F '-<~: - 02 (2200 BPI) . RTI-2 ---Y-:------1 4 4 

TEMP COMP 

PBCA 

108176-0 i 

~L_~" m 1'1' '" :T::1 L _ _ _ ",-,0" ,!8228-0' (fRONT LOAD) } R~ RT2-1 (VIO) 5 5 

AC COMMON 5 5 W6 OMIT USE ~ 9 9 BLK· I . ~ START NO.2 HEAT SI N K ASSY 1~8230-01 (TOP LOAD,2200 BPI) LI___ (VIO) 
i --s PART OF 108226-01 I~ 8230-02 (TOP LOAD,4400 BPI) RT2-2---'----'----I~~~ _____________________ _ 

18 17 16 15 14 13 12 II fO 9 



IV 9 
\RT OF 103481-01 
r~AONT' ..... ~, 011') I 
\.r' I I L.UMUJ (BI.:K);":"="~·~ 

r [1CLMSA -----'- 4 4 
I I 
I I (RED) 
L L CLMRA (SHU)) 2 2 

CLSSA ~ 5 5 

G'CUESA~ 9 9 
I I 
I I 
I I (BLK) 

3 ClJSRArSi=iLD) 3 

CUSSA(~ 8 B L LL'ZOA '-,-- 10 10 

(G RY) 
LLDRA -'---'- II II 

{- I 
I 

(RESERVED) - 7 7 
- 12 12 

5-0' pr04 :::= 
mJI04 GND I 

II ror'~8NOT USED) 7 
GND !7 

:~ I 18 
19 19 

- NLVREG 20 20 
21 21 
22 22 

- NLRSMI 23 23 
NLFSMI- 2424 LOGIC PCBA 

25 25 
26 26 108161-01 COlA BLO) 

- NLAD2G 27 27 
NLAD3G ==l ~~ 28 

29 108166-01 (PERTEC) 

I~? 30 
- NLAD7G 31 

NLADEG ---132 32 
33 JIOI JI02 33 

~ .----
USED 34 34 

Pl~ 1-yj0R \5-01 r--I--, 

I 2.~ NOT !,!SED) GND I I 
GND 17 17 

18 18 
19 19 

MEG 20 20 
-- NUMSl 21 21 

NLBMEG- 22122 
23123 

~~I~~ 
- SPQCG 27i27 
---- SHRXG 28

1

28 
NLC03G - 2929 

3030 
31 :31 

UEG 32

1

32 

I --- LLCMG 3333 
512SS- 34 34 

)2767-01 PIOG JIOG 1 

- -12V 'OWERili'!L- i I \ 
L 

...,- -5V POWER (BRN) 4;; 

~ 5 5 
-- GND SENSE (GRYj 6 6 

71 7 
-- GND RETURN~ 8 ,8 

, 91 9 "- lJ.. 
- +5V POWER (ORN) 10 10 0 0 

- +5V POWER lORN) 
i'1111 

~OR ~~ 
l- I"-

~ cc-~ 0 <1= <1= :;15?tOf'-. a...., <J' 0..-' <J' ~ 

~:~if ~~l'0 ",;L 0 
'" I"- ~ ~Ol 0- o -

1-0:: I- 0.. 

~I 
a: cc 

9-01 <I <! -;:::: 
~--

0.. 

~1;_~1~1 
a. J: 

~ 

i-
i-
u.J 

0 a:: - I"- W <S> ..J 

~I <I <I <I cc 0 
QUU ...l Z 

- -'...l..J Z Cl 

~M 
C\I I I 0 

6:[LO <D 

P5~G~t4 8~ ~Il/) <D 
(8RN) 

0{) 0{) 

(GRN) 
\ \ I ..., 

(ORN) I 8\ B 

I ~ : (YEL) 

(BLU) 
1 9 \ 9 (WHT) 

(GRYJ i Z 12 
I 3 3 

(WI-IT) ! t:: I":" TEMP COMP 
(GRY) 

~ 
------

PBCA P~05' J505 
---

(YEL) -f\ -
108176-0 1 

~RTI-l I 

(YEL) 
-,-RTI-2 4 4 ?-- RT2-1 

(VIO) 
5 5 

-- RT2_2_...:.(_V_IO";") __ -J G 6 

~o 9 

8 

J 108 
,--

1 

2 
3 
4 

5 
6 

'--
JIOS 

-
4 

5 
I 

2 
3 

6 

7 

PI08 
~ (BRN) 

1 -NClJSRS 

I~ - CUPOS 
(RED) 

2 (ORN) 
3 -NCUPOS 

4 - NCLSRS 
(YEL) 

O~ 5 - NCLPOS 
(GRN) 

(BLU) 
6 -CLPOS 

f-----' 
PI09 PART OF 103481 -01 (FRONT 

I---

~p PART OF 102762 -02 (TOP L 

(BRN) SI 
I f.-- NCCRIS 

(RED) 1::1 2 r--NCCSIS 
(ORN) 

3f.--CCSIS 

6 

WRITE PROTECT 

SWITCH ASSY 

102761-02 

LOAD) 

OAD) 

6 r - - - ---------, 

5 
r----, 

J311 P311 

I 

2 

3 3 
4 4 

5 

6 

4 
104246-06 

(4"4QO'BP'iY 
GND 

NLUHSG 

NLUPSG 

LLPSG 
NOT USED 

+ 25V SWITCHED 

7 7 LDAMG 

I 

2 
3 3 

4 4 

5 5 
6 6 
7 7 

8 8 

9 9 
8 8 T WRITE DRIVE 

9 9 - WRITE DRIVE 
ERASE 10 10 

+ 5VDC II II 
+ :;vDC 12 12 

NOT USED 13 13 

NOT USED 14 14 

3 

PART OF - f-----' PART OF 102765 -02 

~ (Q) PROT 

10 10 
I I II 

12 12 
13 13 

14 14 

15 15 
16 16 

GND -----J 15 15 

MULT HD SEL -1,16 16 

108193-01 

Jill ,--r---- P III (BRN) 
I I !-- NLUPLT 

2 2 !-- NLLPL T 
(RED) 

(ORN) 
3 3 f--- LP 12A 

5 5 f--- NLSLDT 
(GRN) 

6 6 

7 7 

8 8 f--- NLRXDT 
(GR Y) 

S 9 r-- MLRLDT 
(WHT) 

(Q) PRO 
I 

T 

:(@SAFE 
-.C 

I 

~r@RUN/STOP 
~ 

-.0 
y 

PART Of 

102773 -xx 

J310 P310 

2 2 
;:, 3 

(4400 BPI) P610 J610 

READ SIG 2 
GND 

I 

PART OF "----r- PART OF 
102766 -01 I 

4 4 

5 5 
G 6 
7 7 

8 8 
9 

+ 12 vDC 

SPARE 
+ WRITE 

- 6.8 VDC 
GND 

GND 

2 2 

3 ;:, 

4 4 

5 5 
6 6 

7 7 

8 B 

9 9 

10 10 

II II 

i2 12 

13 13 
14 14 

(D C\I = - r') (J) <Xl I 
(DN=-"'l(J)<cJ 

I l 
I 

N ,., 1 
C\I r') I 

8 

J 110 r-- r----- PliO 

;2 

n 
NC RSSS 

3 f--- CRSS5 

I NCRSRS 

5 '] f- NCUSIS 8 8 NCUS2S 
919 r-- NCUS3S , 
G 6 NCUS4S 
7 7 :-- NCSSRS 

(RED) ~ 
(ORN) : 
(BRN) 
(GRN) 

1~~\\1 
(~(~~JI 

L -

\ 
0 
0 
0 

- -

RUN/STOP 

~ 

UNIT 
SELECT 
SWITCH 

-l 

10 10 
II 

12 
13 

14 

+ 6.8 VDC 

-12V 

NOT USED 
SPARE 

GND 
READ SIG I 

~ 
JI*03 102755-0 4 P305,J305 J31l P311 

OR 

104246-06 

(2200 BPI) 

HEAD SEL I 
WRT MODE 

MULT I-ID SEL 

PGII J611 

16i" PINS I THRU 13 -GND 
17 17 NLPMYG 
18 18 
19

1

19 NRRDSG 
20 20 
21 21 LDAWG 
22122 
23 23 NLTOMG 
24;24 
25

1

25 NLUHSG 
26 26 
27 27 NLWDfT 
28 28 

i6!~5 NLECEG 

31 31' NLISMG 
32 32 
33 33 NLDISG 
34 34 
'--f-' 

108198-01 

GND 

GND 

+12'" 
512SS 

+5V 
-(2V 

- 5V 

+5V 

108194-01 
J500 P506 

r-- r---- PINS I THRU 4 - NOT USED 5 5 NTTREG 

G 6 NLUPSG 

7 7 NL!SMG 
e e NLLPSG 

9 ,9 NLDISG 

10 10 NLDIDG 

II :~ I PINS II THRU 15 - GND 
GND 

16 NLPMYG 

17 +5'1 
18 18 +5V 
19 19 - 5V 
20 20 - 5V 
'--~ 

7 

PIN ITHPUI4GND NOT USED 
LEUEG 18 16 

3 --------------117 17 
NLRECG -----------118 18 
----------------119 19 
NRRCSG -----------120 20 
--------------121 2.
NLTOPG -----------l22 22 
--------------12323 
NLUPSG ----------12424 
------------------125 25 
SPCSA----------I2626 
--------------127 27 
NLWMXG ---------128 28 
----------------129 29 
R WECG -----------130 30 

4 4 

5 5 
6 6 

7 7 
8 8 
9 9 
10 10 
II II 

12 12 
13 13 
14 14 

15 15 

16 16 

U\ASE DRIVER 

I 

2 2 

3 3 

4 4 

5 5 
6 6 
7 7 

8 8 
9 9 
10 10 

-N-L"":L-PS-G-----------------------------~---~-; ~~ ~~ 
---------------133 33 
NLD IDG ----------1 34 34 

GND 

-12 VDC 
PLAT SEL 2 

+12VDC 

+12VDC 

PLAT SEL I 

-'2~~~ ~:~ :~l 
READ SW 13 13 

HEAD SEL 4 14 14 

HEAD SEL 3 15 15 

HEAD SEL 2 16 16 
108193-01 

P304 J304 
RETURN (GRN) J310 P310 (2200 BPI) P610 J610 

RETURN (GRN) I I 
P"'0-W-E'-R=--(7R-E-=Dc7)-------1 2 2 
-------;-(W-H-':T):---------1 6 6 

..,.P-0-W-E-=R:----:(,.--O-R-N7)--------I 7 7 

-=p70:-'W"'E"'A:---;(-=S-:-L"'U..;-j-------1 9 9 
..,.P~O-W-E-::R-~{~B-R-N~)--------IIO 10 

-=P""0""W-=E:-:R:---;(""0""'R-:-N7) --------1 I I I I 
----------------112 12 

R/W 

PCBA 
3 
4 4 

(2200BPIl108141 }{Ol (1500 RPM) 5 
(4400BPI)108136 02(2400RPMl 6 6 

P306 J306 

7 7 

8 e. 
9 9 

\0 10 
II II 

12 12 

13 r3 

14 14 
---------------1 5 5, 

---------------1 6 6 

--------------1 7 7 
----------------1 8 8 

-----------~--l9 9 

READ SIG 1 

GND 
NOT USED 

GND 

NOT USED 

-6.8VDC 

GND 

GND 

+6.8VDC 

, I 

~ I ~ (~~~:~;)1;8~4~} 
4 I 4 (4400 BPI)108171 

5 5 {Ol (1500RPM) 
6 6 OZ(2400RPM) 

7 7 

8 8 
9 9 

NOT USED 10 10 

NOT USED ill II 
WRT DRIVER 2 -i 12 12 
WRT DRIVER I --! 13 13 

READ SIG 2' '14 14 

P600 THRU P607 J600 THRu J607 
CTYP) (TYP) 

(w+n) 

------------11:~ I:~ 
----------------116 16 R/W I 
---------------117 17 +--_'-----'--1 4 I 4 
------------------118 18 

---------------119 19 R/W 

------------------12020 

3 

6 5 4 3 

2 

DESCRIPTION 

H 

G 

F 

E 

D 

c 

B 

A 



H 

-

G 

-

F 

-

E 

o 

-

c 

-

B 

-

A 

8 7 

REFERENCE DESIGNATIONS 
LAST USED DELETED 

C2 
CRI 
J406 

LI 
0:2 
RIO 
SCRI 
UI 

W6 
TP2. TPI 

J401 
IKEY 3) 
.-

TRIGGER I r--

+5V 2 

TRIGGER 3 r--
~ 

6 5 4 

J403 
NO KEY 

-
r--------------------------~-; I 

,>RI ,>R2 01 
: 220 .>4.7K 2N4125 

fR' ~ > 3.9K 
I U I 5) • 

!~;------!3 '. 
R6 
390 

R7 

TP2 

< R4 
: 33 

2W 

> R5 
> 47 
> 2W 

2 

LI 
500UH, 10°;" 

seRI C2 
.1 
100;., 

3 

r-- 5 

MOTOR 
CAPACITOR 
110 VAC 

-
J404 

NO KEY 

I MOTOR 
3 CAPACITOR 

..... -------.-,5 220 VAC 

J405 
W 5 (gJ (K~3.9) ~ 

.--o-:--~ - rz:l T I 

~~~ 

W4 t]] 
L-o--- ~ 

3 

5 

7 

9 
'--

J406 
(K~5) 

[gJ WI 
I 

~ 

~ 

DRIVE 
MOTOR 

J402 
(KEY 3.51 

r--

L= -- ___ I. 
~+_-__ -----~2~ 6 4 < 

Q2 
470 

2N3053 

lffl 600V [?)~ W2:J =<>- __ .r. 3 

110/220 LINE VOLTAGE l-
5 

>- DRIVE 
MOTOR 

Ac COMMON 3 -~ CRI R8 CI 

REF 8 VAC 5 t-+-_+~LI4"" __ -",",IV\A~-----~I---~,,-------,3000 
I' v +75% '> R9 

'--- IN4002 1?3 % .... -10%> 470 
IW + 15V :> 

m TABLE I 

PART NO. REFERENCE DESIG 
100-2215 RI 
100-3915 R6 
100-3925 R3 
100-4715 R79 
100-4725 R2 

101-1015 RIO 

103-3305 R4 
103-4705 R5 

113-0103 R8 

131-1046 C2 

134-300C CI 

200-3053 02 
200-4125 01 

205-4010 seRI 

300-4002 CRI 

403-0001 UI 
103585-01 LI 

11ft DInP~CLfMII'IttJn''' I 7 I 8 6 I 

> RIO 
> 100 
;> 1/2W 

m ~~-J 
m TABLE n 

PART NO. 

100-0005 
WI 

W2 
W3 

W4 

W5 

W6 

5 

ASSY 103571 

-01 (90-125VACl -02 (190-250VAC) 
USE OMIT 

OMIT USE 

USE OMIT 

USE OMIT 

USE OMIT 

OMIT USE 

t 

~ 

7 

9· -

4 I 

L 

I 

3 

J 

2 
REVISIONS 

L Al E..~N IO-VA 
L 61 ECN 1252+ 

4. ALL CAPACITOR VALUES ARE IN MICROFARADS. 

3. ALL RESISTOR VALUES ARE IN OHMS, 5%,1/4W. 

[?J FOR VALUE,PART NO, AND USAGE OF COMPONENTS AFFECTED 
BY VERSION NO. SEE TABLE n. 

ill FOR PART NO.OF COMPONENTS NOT AFFECTED BY VERSION 
NO. SEE TABLE r. 

NOTES: UNLESS OTHERWISE SPECIFIED 

ASSEMBLY NO. 103571 
SPECIFICATION NO. 103574 

REFERENCE DRAWINGS: 

NIXT fU:fY I" USED ON Sf lau'W<T1DWG 
NO. 103570 16 

Al'Pl.ICATION """"'=====: j DONOT5CALlOWC ..... I .. I 

3 I 2 I 

H 

G 

F 

E 

D 

-

c 

I--

B 

A 



o 

c 

+ 

B 

A 

8 7 

503-2561 
14 REaD 

503-2560 
BREaD 

103575-01 

J401 

J 402 

J403 

J404 

J405 

o APPLY 665-000 I TO BOTH SIDES OF 668-0001. 

THiS ASSY SHALL BE MADE FROM PROCESS BOARD 
103572 -01 REV. F AND SUBSEQUENT. 

MARK PART NO 103571 lNCLUDING VERSION NO. AND VERSION 
ISSUE LE TTER. LOCATE APPROX AS SHOWN. 

I. ASSEMBLE PER STANDARD MFG METHODS. 

NOTES: UNLESS OTHERWISE SPECIFIED 

6 5 

A A 

6 5 

4 3 2 1 
RE\lISIONS 

RE\I DESCRIPTION DATE DR CHK API'R 

A !::RN b-\lA 

B ECN 7834 
C 'ECN 8382 
D ECN 12524 

661-0002 

t , ~:668-7717 A ___ .4_5_0 ...... MAX 

TO-5 TRANSISTOR + 
MTG CONFIG Q2 REF TO-92 TRANSISTOR 

MOUNTING HEIGHT 
al REF 

612 -1006 

650-0001 

600-0406 
(TORQUE TO 4 - 6 IN LBS) 

SECTION A-A 
SCALE: NONE 

103571 - 6/ REV {)j 
FOR ASSY VERSION INFORMATION SEE SCHEMATIC 103570. 

The information her4Ion Is the property of 
PERTEC CORPORATION. No portkln of this 

c 

B 

o 

data ",..1 be .. '-cd, d;odO>ed. used, or t--~:---:--:---+-~ 

~:~~,=O:=f= I--::!:~~~.......-----t'~ PEJlf'EC F£RIR-lERALEQUIPtvlENT 
~~UN~l~~s~o~~m~W~I~~S~~C~IFIE~D:j;;~~~~~~~~--------------------~A 

DIMENSIONS ARE IN INCHES TITLE 

4 

TOLERANC~: ~J.-----+------l PCBA 

1--------+---1 MOTOR CONTROL BOARD 

.XX ± ANGUl.AR 
.XXX ±: ±: 1/2· 

i:!: .j 
BREAK All SHARP CORNERS 
APPROX .. 010 

t--:-:::=-::=:--f-!=D=7..3~ClO~a~ FINISH: 
NEXT ~ 1 IT USED ON 

MATL: 

SEE LM 
APPLICATION 

3 2 1 

RE\I 

Ql 



TYP [SIGNAL 
14 RETURN 

PLCS SIGNAL 

•• "IIIONI 
.'" _ •• noN MIl .. all: 

.. ENN .... G..., PIrI:-PHODUCTlo,N ~ ~ #.OS ~ 
" £"HH~-YN'_'_~R~_ 
AI £eN 5906 
~B~.E~C~N~77W2~Z~ ____________ ~~~-~~~~~~~.~H 
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LAST USED DELETED 

BASIC REPETITIVE u:J BASIC REPETITIVE 
CI CI41 
R4 RI48 
TPI 
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t-- ;.--' 
TERMINATION VOt.:JrA_G_E_~IA_·4--l5.1------------------------+-~B4! TERMINATION VOLTAGE 

r-J. I--~ 
~~~~A~~7 ~_1~_W_2_CD_I _____ p_O_W_ER __ BU __ S ________________ ~ ~~SPARE 

1. ALL CAPACITORS ARE PERTEC PART NO. 132-2752 

6. ALL 120 OHM RESISTORS ARE PERTEC PART NO. 100-1215 

1 220 I I ! I 1 I 100-2215 
270.. • • 100 -2715 
330 100-3315 

rn CARD EDGE CONNECTOR 

4. ALL RESISTOR VALUES ARE IN OHMS !5% ,1/4W. 

3. CIRCUIT OIO'-IS TYPICAL OF CIRCUITS 020 THRU 140 

~ 3 DIGIT REFERENCE DESIGNATIONS ARE ASSIGNED 
TO REPETI TI VE CIRCU ITS 

(!J SEE VERSION TABLE, SHEET 2, FOR VALUE OR USAGE. 
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EA!H~-YK _''- ~1Z,r.#7 IJI!'it 

AI E'CIi "06 -
I-IVI SEE SlIT ~-

fI ECH 7722 ,.",- #J/f "''''.141 H H 

"'"- r-

-01 -02 -03 04 -05 -06 -07 -.Ot -02 -03 -04 05 -06 -07 
ROil OMIT OMIT 220 120 120 220 120 081 OMIT 220 220 120 270 220 120 

G 
ROI2 330 OMit _OMIT 330 OMIT 082 330 330 OMIT OMIT 330 OMIT 
ROl3 220 120 120 220 120 083 220 220 120 270 220 120 G 
ROl4 330 OMIT OMIT 330 OMIT !084 330 330 OMIT OMIT 330 OMIT 
ROl5 220 120 120 220 120 085 220 220 120 270 220 120 
ROIS 330 OMIT OMIT 330 OMIT 086 330 330 OMIT OMIT 330 OMiT 
ROI7. ,220 120 _120 220 _ 120 !087: 220 220 120 270 220 120 

r- ROla 330 OMIT OMIT 330 OMIT_ 088 330 330 OMIT OMIT 330 OMIT r-R021 220 120 120 220 120 091 220 220 120 270 220 120 
R022 330 OMJT OMIT 330 OMIT 092 330 330 OMIT OMIT 330 OMIT 

F 

R023 220 120 120 220 120 093 220 22D i20 270 220 120 
R024 330 OMIT OMIT 3.30 OMIT 1094 330 330 OMIT OMIT 330 OMIT 
R025 220 120 120 220 120 095 220 220 120 270 220 120 
R026 330 OMIT OMIT 330 OMIT 096 330 330 OMIT OMIT 330 .OMIT F 
R027 220 120 120 220 120 097 220 220 120 270 220 1.20 
0028 330 OMI+ OMIT ~ OMIT 098 330 330 OMIT OMIT 330 OMIT 

l-

R031 220 120 120 220 120 101 220 220 120 270 220 120 
R032 330 I OMIT OMIT 3.30 OMIT '102 330 . 330 OMiT OMIT 330 OMIT 
R033 220 120 120 220 120 :103 220 220 I 120 270 220 120 
ROM 330 OMIT OMit 330 OMIT '104 330 3.30 OMIT OMIT 330 OMIT I--
R035 220 120 120 220 120 105 220 220 120 270 220 120 
Rms 330 OMIT OMIT 330 -QMIT !106 330 330 OMIT OMIT 330 OMIT 
R037 ! 220 120 120 220 120 ~107 220 220 120 270 220 120 

E 
R038 330 OMIT OMIT 330 OMIT 1108 330 330 OMIT OMIT 330 OMIT 
R041 220 120 120 220 120 'II 1 220 220 120 270 220 120 E 
R042 330 OMIT O~IT ~ OMIT '''2 330 330 OMIT OMIT 330 OMIT 
R043 220 120 120 220 120 '113 220 220 120 270 220 120 
R044 .330 OMIT OMIT 330 OMIT !"4 330 330 OMIT OMIT 330 OMIT 
R045 220 120 120 220 120 1115 220 220 120 270 220 120 

l-
R046 330 OMIT OMIT 330 OMIT :,,~ 330 330 OMIT OMIT 330 OMIT 
R04 I 220 120 I 120 220 120 )117 220 220 120 270 220 120 -
R048 .330 . OMIT_10MIT 330 OMIT ~"8 330 330 OMIT OMIT 330 OMIT 
RD51 220 120 ' 120 220 120 ~121 220 220 120 270 220 120 
R052 I 330 OMIT OMIT 330 OMll ~122 330 330 OMIT OMIT 330 OMIT 
ROS3 220 120' 120 220 120 1123 220 1 220 120 270 220 120 

I: R054 330 OMIT OMIT 330 OMIT 1124 330 330 OMIT OMIT 330 OMIT ·D 
R055 I 220 120 120 220 120 (125 220 220 120 270 220 120 
R05S 330 'OMIT OMIT 330 OMIT 112G 330 330 OMIT OMIT 330 OMIT 
ROS7 220 120 120 220 120 1127 220 220 120 270 220 120 
ROSS j 330 OMIT OMIT 330 OMIT 1128 330 330 OMIT OMIT 330 OMIT 
ROO I 220 120 .120 220 120 1131 220 220 120 270 220 120 

f-- R062 330 OMIT OMIT 330 . OMIT 1132 330 330 OMIT OMIT 330 OMIT r-
R063 220 120 120 220 120 '133 220 220 120 270 220 120 

REFERENCE DESIGNATIONS R064 330 OMIT OMIT 330 OMIT 7134 330 330 OMlT ·OMIT 330 OMIT 

LAST USED DELETED ROG5 220 120 120 220 120 1135 220 220. 120 270 220 120 
BASIC REPETITIVE [i!J BASIC REPETITIVE ROS6 330 OMIT OMIT 330 OMIT !I36 330 330 OMIT OMIT 330 OMIT 

CI CI41 
C R4 RI46 

TPI 
W2 

R067 ~ 220 120 120 220 120 ~137 220 220 120 270· 220 120 

Rosa I 330 OMIT OMIT 330 OMIT ~138 330 330 OMIT OMIT 330 OMIT C 
R071 I I 220 120 120 220 120 1141 220 220 120 270 220 120 
R072 [ '330 OMIT OMIT 330 OMIT 1142 330 330 OMIT OMIT 330 OMIT 
R073 220 120 120 220 120 rt43 220 220 120 270 220 120 
R074 : 330 OMIT 'OMIT 3.30 OMIT 1144 330 330 OMIT OMIT 330 OMIT 

I- 0075 I 220 120 120 220 120 '145. 220 220 120 270 220 OMIT 
330 ~146 330 330 OMIT OMIT 330 .. OMIT I-

R076 330 OMIT ,OMIT OMIT 
R077 t ! 220 120 I 120 220 120 tl47 220 220 120 270 220 120 

rAGE I R078 IOt1f1tT OMIT' I I. 330 IOM!T ,OM!T I 330 IOM!T I tl48 330 330 OMIT OMIT 330 OMIT 

11 220 220 120 270 220 120 

B ?2 330 330 OMIT OMIT 330 OMIT 
13 220 220 120 270 220 120 B 
14 330 330 OMIT OMIT 330 OMIT 
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VOLTAGE 

10 

-;;;OWER-' 
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BlK 
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INPUT 
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I 
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I· 

LINE FILTER 

BRN 
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@ 

FL 1 

LOAD 

9 
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8 
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I 
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°1 I I 

rr1""Y46: 

I 

I 
"-__ -+-+.!!W""HC!.T_ 3 3 zJ 41l-_-=B:=L~U __ -I 

BlU 

1-

m TABLE I 

PART NO. REFERENCE DES IGNATION 

IIB-4715 RI,l,3 

1~1-1\J(5 R4,5 

134-3393 C9,10 

134-4792 Cll,12 

131-2051 C15,16 

320-1010 CRI,2 

101-3355 R6~ 
511-3600 Tl 

521-D006 FlI 

I 
663-3100 ! F2,3,4 

692-1J787 P2 

o TABLE II 

NOMINAL FROM 
liNE E27 

VOlTAGE TO 

ASSEMBLY I VERSION Al C13, 14 FI 

108151 I CfI'.RACTERISTIC 

VERS ION NO. I 

i

l 95 9 
I 

RPM liNE PAlHNO. VALUE PPIlTNO, VALUE PART NO. 
VOlTAGE GND 

-01 I 1500 95-LZ5VAC COMMON IIB571-0l 10 140-11XB 1(1\ 663-37tJJ 

-02 1500 95-125VAC ISOlATED 103571-01 10 140-1003 IIl'I 663-3700 100 2 

-03 2400 95-125VAC COMMON 10057I-(JI 12-5 140-12(8 IIl'I 663-3700 110 1 

l 115 2 

I 
125 1 

190 9 

-04 24D:l I 95-125VAC I ISOLATED 103571-01 12-5 140-LZIB IIl'I 663-3700 

-()5 
I 1500 19IJ-25ryJAC COMMON 103571-02 10 140-1003 SA 663-2ll52 

-0> 1500 I9IJ-25(NAC ISOLATED 103571-02 10 140-1003 SA 663-2ll52 

-IJ7 2400 I9IJ-25OV AC I COMMON . 103571-112 12-5 1<1O-lZ1l3 SA 663-21l'X 200 2 

-Ill 2400 190-25INAC ISOlATED 103571-112 12.5 140-lZ1l3 SA 663-2C62 210 ! 

215 I 2 

220 I 1 

225 2 

230 2 

235 

240 

250 

10 9 8 

7 

T0 FAN 

VEL 

ORN 

ORN 

o TABLE ill 

TRANSFORMER PRIMARY CONNECTIONS 

FROM JUMPER 
E28 FROM TO 
TO 

3 9 10 

3 2 6 

3 1 5 

4 2 6 

4 1 5 

7 3 10 

7 3 6 

7 3 6 

7 4 6 

7 3 5 

7 4 5 

I 
8 4 6 

1 

I 4 +-- 4~ 

i 5 

7 

I 

i 

6 5 a 3 

PZIZ 

IKEY 1,5,81 

~ TI REO 
r=~--~~~~~~------------------~--------~------------

RED Z5VACIPEAKI 

.3 

YEL YEL 

BLK 

ORN 

BLU 
BLK 

JUMPER 

F2 
WHT GRN 

i" 
1 2 

Rt C91+ 
10A,FB 

qO 

BLK 

R2 CIO 

470 
.33;']00

' 30v 
F3 

WriT GRN 

t 2 
10A,FB 

F4 
~~_~ ____ -. ________ ~ _____ ~W~H~T ____ -c" GRN 

+ ! 2 
Ro3 

470 

RED 

ORN 

YEL 

Clll + CI2 + 10A,FB 

4~OOO 47,000 
15V 15V 

BLK 

P402 J402 
IKEY3,5J 

REFERENCE 
OJ 8VAC RMS 

.3 .3 ACCOMMON 

I 1I0/220V 

II 

~12 
}+25 VDC tRAWl 

I 

: I}·""""" 10i 

I 
i 

! 

3} i -25 V DC: RAW ) 
6! 

8 }+IOVDCIRAWI 

: }MAIN GROUND 

TO 
SERVO BOARD 

(MOTOR START I 
CI3 

J~~.3t'EJ 
I I YEL 

11011 3 

. (?J ~0%,o3~ 
;;:-~ 

~ ___ O:::.R~N~ __ -=L=e-I-~ 
;--:: +-L
I T.3 

OPERATION 
YEL 

~~14 / 

LINE VOLTAGE 
J404 : 10%, 

o3030V 

P21.3. 
IKEY 1,.31 P401 

,KEY 31 J<.fOI [, BRN ! TRIGGER 

FROM 
SERvO 2 RED +5V 
BOARD 

.3 ORN 
3 3 TRIGGER 

~ 220V:3 6 

0"""0" S I§l 

J405 I P405 -- --------
.-t----. YEL I I 

7 7 
PUR 

3 :3 BLU 

5 5 ORN 

FROM TO REFERENCE DES IGIIAT ION S ,.--

3 7 LAST USED NOT USED I!ElETED 

3 7 Al 

3 7 CI6 CI THRU C8 

4 8 CR2 

4 8 E28 £4 THRU E26 

F4 

, 

! 

I eJ 

6 5 

AI 
PART 

OF 
MOTO R CONTROL 

BOARD 
lSCHEM 103570) 
(ASSY 103571) 

J4 

9 9 I YEl BLK 

"--t-- .1li 
06: P406 
r-+----

I I~ 

5 5 
wu-

9 9 Bll< 

7 7 BRN 

l ~'ED 
-------- -- ------ - -~ -- -----

4 3 
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~-I 
m ~~ 

~I I·~tt-I 

I TABLE I 

REFERENCE DES IGNATIOO 

1,2,3 

4,5 

:9,10 

11,12 

15,16 

:RI,2 

'2,3,4 

'2 

RPM 

1500 

1500 

m TABLE II 

VERSION 

CHARACTER I ST IC 

LINE 
VOlTAGE 

95-125VAC 

95-125VAC 

95-125VAC 

GND 

COMMON 

ISOlATED 

COMMON 

Al 

PAFT NO. 

11B571-Ol 

IIB57I-1J1 

IIB57HlI 

!400 1 95-125VAC I ISOlATED IIB571-Ol 

1500 190-25lNAC COMMON 11B57!-!£ 

~ J 190-251NAC ISOLATED IIB51I-il2 

14X1 I 19O-251NAC COMMON llB57l-D2 

14X1 I 19O-251NAC ISOlATED 11B571-D2 

I 

VALUE 

10 

to 
12.5 

12.5 

10 

10 

I 12.5 

12.5 

9 

Cl3, 14 

PMTNO. 

I<lHOIB 

I«l-IOIB 

140-1203 

14H203 

140-1003 

1«l-101B 

l«l-l2IB 
140-121B 

9 

FI 

VALUE 

1ll\ 

1ll\ 

Ill\ 

1ll\ 

PART NO. 

663-37':1J 

663-37!Y.l 

663 31!Y.l 

663-3100 

663-2052 

663-2052 

663-2052 

663-2052 

1 

8 

-, 
1 

T0 FAN 

YFI 

7 6 5 4 

P212 
IKEY 1,5,81 
,--~ T I ~R~E~D~ __ -'R~E=,=D~_--:--,-:;-::--::-=-.-____________ .':'.R',cED~ ____ ~=--________ I 25vACIPEAKI 

CI5 2.00%200..1 

~ II)"~ WHT F2 GRN III 
2 ,',.!B""L",K,-{)---, r-+_----=3«~R~:.!....1 ----~....-----r----------;_<>I ~ 2 T 

" ~- r I '+25VDCIRAWI 
/" ~ I . 10A,FB '------.12 J 

/" - ~ RI C91+ 

Il R4 10 V2W 2 qO ; T 
YEL YEL T 33,~~~ r--- 4 } 

I ~--4---JB~L~K~-----~-~--~-~------------r-~B~L~K--------~l~lJ --j71 MAIN GROUND 

I I' 10! 
< I 4~~ CIO '7'+ E IJ [!J I I 

/~ 1[1 L ________ 1 __ 3_.3~_g_~ .... j--------w-H-T-__;<o~.-:G-'-'R.:.:.ND-;13!} 
/ I '" 0'" ',o",~ 1'\ -25""""' 

: J ~ [:~').!,..-I' __ ~_-----t-_--,-,--,WHT-----;:..~4 GRNLI8'} 

5 ~ 1 I 2 +IOVDCIRAWI 

"~~ II ~I R3 CII + CI2 + 10A,FB 9 

RS 10 Y2W 2 . 470 47,oo~r 47,000 

0!2--.. I "B~L~U--o-___ -+_-"B""LU,,--_--,J 15V 15V 
~ BLK 

I ~-------'B~L:.!K~--_---~---------4-------~-----=:;:':":"-------Lr' : } MAIN GROUND 

YEL 

ORN '--

3 

TO 
SERVO BOARD 

(MOTOR START CAPACITORS) I ,----------
IKEY~~?:_~02 J4~~03 t§] YEL 

I RED 5 5 ~~~~R~~~E I I 

CI3 
IIi 10%, 330V r-=0 . 

~ 
~8 I 

II I OPERA~:g~ 3 3 i":~--~--------------------~O~R~N~--------------____________ ~ 3 3 ACCOMMON 
~--<':"':""--,I 

~_-----t-V-;;;P-"-12 ~J;;; 

c~ 

2~ 

ORN ~-f-I~-BLK 
J-____ -'Y-"E=L _____ I-_. ~-' -2 - 3 E2 

IIi CI4 
10%. 

J404: 330V 

220v~'1 ~ 
FROM 

P213 ., 
IKEY 1,31 

BRN 

P401 

IKEY~~OI 

I J TRIGGER 

OPERATION 5 

2 

[

r;' 

i~:~g 2 ~--------~R~E~D~--------~ 2 2 +SV J4~'h05 n ---- -- ---F -- ------.-------

NOMINAL 
LINE 

VOlTAGE 

FROM 
E27 
TO 

~ TABLE ill 

TRANSFORMER PR IMARY CONNECTIONS 

FROM 
E28 
TO 

JUMPER 

FROM TO 

JUMPER 

FROM TO 

95 9 3 9 10 3 7 

100 2 3 2 6 3 7 

110 I 3 1 5 3 7 

~ L-__ ~Jl~5 __ -L __ ~2 __ _+---~~ __ ~~2~~~~6--~---4~-+'--~8---
i 125 I' 4 1 I 5 i 4 8 

190 9 1 3 10 

~~ 2 1 1 4 5 I i 

2 8 4 6, I 

____ 23_5 ___ e _____ 1 ____ ~ 1 _._...,-__ ."-. -.-.-;:--.--r----------- : 
240 1 8, 4 --I 
250 1 I 8 I 4 i 5 I 

8 I 7 

LAST USED 

Al 

CI6 

CR2 

F4 

I 6 

REFERENCE DESIGMATIONS 

NOT USED 

CITHRU C8 

EA THRU E26 

I 

2.-f-____ -"O.:.:Rc:.:N'--____ -\~~ TRIGGER 

I 
I 

I 

mETED 

5 I 

AI 
PART 

OF 
MOTO R CONTROL 

BOARD 
lSCHEM 103570) 
(ASSY 103571) 

4 

I I YEL 

jMAIN 

3 

I 

PUR s1 NO.1 

BLU S 
3 f-~--------------~ ) MAIN 

5 !---'O""R..:,:Nc.:...-____ -, ~ NO.2 

5 f--!.'Wc..:HccT------LJ--_-_-_~ ___ ..!:S:...., 

F~ START 
NO.1 

~BL~K~--------------~F-' 

3 I 

DRIVE 
MOTOR 

IREF ONLYI 

(ASSY 103579) 

i , 

fJtSI DESCR.IPTJON ID',TE DR otIC APPR 

A EeUB-ZC "'''E PROD.1'2.E..'--"""SC '?<I,,118If1»~" 
8 £eN ~570 -'-' .. "'r: "I V~ 
C cCtU 97/J '>i¥~~:J at/!.. r/..- H 

ECN 10575 -- •. ,%1,,1,'1' Id- (i-

o ~";O -Cw ?~OOUC170N e:UASE I~ ,<' 1.<.1 ( 
E ECN 11538 1"1"~M.p.IR'A. if.«! 
FECI-.! 14985 8·"" I.S, U.~ --d, 

I 

10 

1

o 
!II 

'm 
I 

I 

A. 

o 

RIO To BE INSTALLED ONLY Wl-lt:N FILlER (i=LI; P .... RT NO. 
5~I-0006 IS I.lseo 

SEETOP ASSEMBLY FOR PART NO. AND USAGE. 

FOR-02;-O<!;{6,-(J! VERSION IGROUND ISOLATIONI DELETE THIS CONNECTION, EllMAIN 
GROUND TO CHASSIS GROUNDl. * 
P41B IS SHOWN FOR NOMINAL LINE VOLTAGE OF 95 TO 125 VOlTS. CONNECT P41B TO J404 
FOR NOM INAL LINE VOlTAGE OF 190 TO 250 VOLTS. 

«-FOR 190 TO 250 VOLTS OPERATION P~03TOBE IDENTIFIED AS P404. REF.) 

WIRING OF TRANSFORMER PRIMARY SHOWN FOR NOMINAL LINE VOLTAGE OF 115 VOLTS: 
SEE TABLE ill FOR CONNECTIONS UTILIZED FOR OTHER IIIOMINAlUNE VOUAGES. 

ALL RESISTOR VALUES ARE IN OHMS. :!: 5 '10, 2W. 

ALL CAPACITOR VALUES ARE IN MICROFARADS + 75~, -10'1'. 

FOR VALUE, PART NUMBER AND USAGE OF COMPONENTS AFFECTED BY VERS ION NUMBER, 
SEE TABLE IT. 

FOR PART NUMBER OF COMPONENTS NOT AFFECTED BY VERS ION NUMBER. SEE TABLE I. 
NOTES, UNLESS OTHERW ISE SPECIFIED 

ASSE.ftA9LY NO. lllU51 

WIRE LIST 108152 

REFERENCE DRAW INGS 

2 I 

IF 
<F } 

-

G 

F 

E 

I-

D 

c 

-

B 



H 

F 

E 

D 

( 

B 

A 

8 

R.6 ftgj 

7 

FAR'SIDE 

"'",9-7~~~ A7R-- _________ 
:~:~~gg} 2-i?EQ ---. 

r--IOe738 -01 ",&'1-0008 
I ';'00-0008 

/ &,04-2000 

} .r-- AI ~ 
/ /o8e84 -0I} e-REQ ./ 

/ <ole-oo;:s:c . ..//// 

, ;08190-~ 
6oo-2&'oCf c·REQ 

10Z"~-01 

2 IUQ£) {600-06tJS 
.0b-ObOO 

o USE c STRIPS of' 60,,7-0028 8ETWEEN Cl3 f"C!4_ 

10. TIE WRAP 1-14t'hESS PS5EI'I18UES I'IT <:.5"1"11'<;)( INTERVALS 

o 5J-1eINK SiEEVIN4 o;0"}-0038 OVER UMYSEO TEemll'M,-S (C!3¢CI4)_ 

o 4FTEIZ WIRINc:, FU5Ef./OLDeR,SI-IRIIVK 0;"''3-0083 IN PLACE ove-e 

,lCU5Ef./OLDER ,tlS SI-IOWN (1;1'1 ONI..Y). 

tiFTEI2 WIRIN4 TR>#VSFO,?I17ER Tcff/t;.WaLS COVEe IJt.t. TER/I1IN":;"c:_S BY 
Sf.lRI.Vt<'INq ~<b'3-0038 ,N PL"CE t?VFk TCRiJ?INilL.USE" TAPE 6 .. 7-054'3 If' 
NECESSIiRY TO COVER 4<L EXP06ElJ POI?TIONS Of' T/'/£ TER/I1IN~L _ 

6. TO 4SSUiZE REaLlIRElJ CLEAki<JNCE: FOR IVE,.\ T A55 Y, INSPECT 
WIT>-I SASE CASTIN!~ -5JI71L1,-.t.ITOJ? TOOL_ 

o FOR -Q2, -04, -0", -1-08 '/c.i?5iOI.)S( c;ND (SoU'moN) DeLETE CONNECTION 

reO(l1 EI TO CIO (+) (1i1111N c;NlJ TO CI-lIiS~/.5 qND)_ 

rYlIJI?K REFEI2ENCE IJE"SIqM4TION AS IIVDICATi!D ON RcCEPT/.JCLE, 

ORIe-NT ,4S 5MO"-'o\l_ 

lime;:: NEXT TO SLOTTED JlOi£s:qe:JUNO SCREW, 00 NOT eEIYiOvc_ 

e_ REFER-=NCE OE<'C,.v-.T;Olv:s may NOT I'IpPct4e ON tJCTU4,- CompONENTS_ 

[] fftt-.k'Y- h5EY WIT;'; %/0851 J~pP£~pe.,;rE VE!2510N Num8E/CJ~ND 
VEI_.o-.:) if IS=Je" L='"TEk APPROX. WHEeE SHoWN_ 

!\/ares : UNLE!5S OTI-IE.i?WI5= S,OeLfPIED 

7 

6 

1\", .. 1-0004 

! \ 656 -8140 ',. 
7-REQ ! 

/ 
\ / 

PelS 
~----~ 

''!- 17.50 r J.OO 

i / 
~1.001 

16_50 / 

!/ 
Vr' c2 

5 

<000-0006 
';'04-0000 
6~-0000 
b5",-geoO ;?-RcQ 

- ?OO:t"!.iXJ__.... 

- -----.c.~ --------""'. 

~/ 
", .. 1-0008 ~"'; PSOI 

~XF4 658-203[3 
F4 
~50 -003!3 Z-RcQ 

CRlli?eF 

4 

PINI~ 

Nllr~IN2 
£,.IT.TV&TJI " 

LOCK W..!lSJlER 

~1J8BER WtlSJlER 

DETAIL. B 
.5CALE ~ y, 

IJSc VENDOR SUPPLIES tlAeOIY41?c 
TYP 4-PLCS 

",5",-8141 
7PLCS 

eRe k!EF 

--£5" 

&.~9-01/8 

A/"e 8A:~S 

4.5"~-/4("'/}2 pus 
! ) G,O(}-~r..Otl. 

3 

VIEW C-C 
SC,(J,-E = ~ 

VI£W 0-0 
SOlie ~f; 

2 

XF3058-e038 
F3 
O;6~-00.38 Z-{i?cC/ 

3 ~ . ~ P3 
~-D-E-TJJ-IL-~-A-"--~/_ 503-0068 ~ 

SClkE - 'ii I ~ 2!J ! 503-0087 

NaT USEO ______________ _ 

e9.CIO 
~oo-aoo8 4 t;'eQO 
4"1 -0004 4PLC~ 
~li:.7-01 09 G/ PLCS b!:J 

I r -- lel",'1?-:)/ 

/ r-/?I,RZ,ES 

P3R5~ ~ 5~S;}~~/~ 4 

I ~~~~II· 11'/ :~ ~~~:0C'.w 
~ ~ __ ~E=1 

/' ! b5c-""'<?'" &,-PLCS PZIt? REF '-503-/5,J;0 
S-PI..CS 

603-1501-------.1·~ 
Z· 503-IS!J:,O 
I 

-------

R~ 71J BE INSTALLED ONLY WI-I€N FILTER "PARTNO. 521-0006 IS 

USED. WHEN IN:;TALLING R<f" RESI5TOR LEADS (.'lUST BE KEPT 

.//8 or. 050 AWAY FROM METAL BODY OF FILTER. 

RECORD VOLTAGE AND FREQUENCY WITH INK_ SEE S,o,LES ORDER 

FOR APPROPRIATE INFORMATlON_ 

SHRINK SLEEY1NG 66"'-70010 OVE-Ie t=;:N,IRE. TERMiNAL 

LOCflTlO)'!6 TO Be OCTeRAlfIN'EO L3Y ;f,{4iVLlFdCTLlRIVG. 

FOR 1">0 -0 2ED 10l1:, Of'i.!'AT,ON, IDE.NTIFY ~:, ')~. 

SEE TOP 4551' Foe fi'PPROPRI,rlTE POVVeR CoelJ 1'1551' 

FOe TiZHIVSFOi?/J'/EI2 Tt4P C.HHIVC,ES .4IssaC/4TED V'';II~ i]/.-=reee/\/,- LIN€ 

VOLTI<q£S SEE SC>-IEIr7ATlC 108150_ 

NOT USeD 

USE ,f,~7-0/0"i :SP4RINCjL l' aN m,t.·LC T>-IRC"ADS OF STANO-OFf' 108284-01 AND 600- 0008. 

lJURINq INSThu.,c,r;ON,C4R£ //JU~T 8E THk'EN TO SEe TH'l'ir CONTArY N4T10N 

H'H:: RC"EN RE!1'IOVcO FROIYJ 4LL mOUNT/Ne, 5URf',<)CE$ .<iIYO /7.IRT THESE 

SURF?CES DO NOT TR?P CONTAIi1IN4TION. COAT I710(PVTINC; SURFhCE OF 
320-1010 '0/1 T/..-t A TH/I,j ~/L.;n OF "or::::.5-00C2 COD:;Pr)·JIVC (qa~~ /1fINI,11UIY? 

COVERaqE) P2/012 TO ITiQJ'VTlNq _ TOIZQUE SCeEw5 TO lOre INCI-! POUNDS. 

WIPE EXCeSS ::,<=~--:;ooz c::JmPou .. vo FROI'r? CCJ/J'?Pt..cT~C "t1SSY. 

6 5 4 

PC'13RE,IC 

~~' 503-1500 
'Il 

A40IREr .503-1501 

-4t:
6G3-1560 

'" 3 -
2 

4 I 

P402 REF 503-1561 

P403REr 

NOT USED 

S03-15,J;1 
3-PLCS 

PIIJ INSERT/Ol.) END VIEWS 

5CliLE = 2/1 

3 2 

DESCR.IPTION DATE I DR CHI<: APPR 

C EeN 10399 

.XJ E~N 10515 
ERN rO-CW PRQbUC710N f?ELEA~£ 

t: €"cA./ I07<JO 

F EC-N 11538 

G Eel, jl~ ___ _ 

G\ E.eN \2.2.8 
1-1 £CN 1<2.508 
J EeN 13717 
I<. ECN 14985A 

.5CI-IS!I1IJT!C 
WIPE UST 

SEC L/1I1 

lOB 150 

108152 

H 

G 

F 

+ 

o 

c 

':Q 
co 
Q 

B 

A 
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