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Figure 1 HEAD CARRIAGE RETRACT SWITCH

Page 6-9, Section 6.6.5.1, Items 6, 7, 8, and 11; Change to read:

6. Place the disk drive in the RUN mode.

7. Depress the carriage retract microswitch, which is the top
microswitch at the rear end of the bail.
8. Apply power to the drive. The carriage will move forward.

11. Repeat steps (5) through (9) urtil the clearance hetween the —

cone round surface and the alignment bar is 0.006 inches
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Page 6-9, Section 6.6.5.2, first paragraph and items 3 and 5;
change to read:

To align the Head Positioner with the Spindle Assembly, i£ is
necessary to use the Alignment Bar (P/N 16438) and the Spindle
Cone (P/N 15171). Proceed as follows:

3. Delete item 3. . (The tool mentioned is not available or nec-
essary for proper head positioner adjustment).

5. Adjust the Head Positioner until the clearance between the
bar and the round portion of the cone is 0.002 inches +.001
inch.

Page 6-10, Figure 6-23 ALIGNMENT BAR AND CONE

Delete the reference to the "Head Positioner Alignment Tool".




PREFACE

This Maintenance Manual provides the user of a Diablo Series
40 Disk Drive with complete specifications, systems interface
information, instailation and operation instructions, principies of
operation, and maintenance procedures.

All schematic diagrams will be found in a separate booklet
entitled “SCHEMATIC DIAGRAMS”. This booklet will include
only those diagrams applicable to a specific Series 40, and each
booklet will be labeled with model and serial numbers identifying
it as belonging with that particular machine.

Information in this manual is current as of the date shown on
the title page. Applicable change information will be furnished by
Diablo Customer Service in the form of revision addenda, and/or
Field Service Aid publications. Unless otherwise indicated, all
technical specifications are in English terms {(inch/pound). Direc-
tional or location designations such as ‘‘front”, “rear’, “left”,

“right”, etc. apply to the component in operating position, as
observed from the front of the unit. When referring to connec-
tions on multi-pin components, the component’s PCB location
code is given first, followed by a dash and the pin number. When
referring to a flip-flop, the pin number for the “Q" output is
used. If the flip-flop has two outputs, with neither clearly
indicated as the ““Q’ output, then both pins are used, such as FF
H15-6/8.

Information in this manual is proprietary, and is not to be
reproduced or disseminated in any form without prior written
consent of Diablo Systems, Inc. U.S.A. and foreign Diablo
products are covered by U.S. and foreign patents and/or Patents
pending.

“Diablo’ is a trademark of Diablo Systems, Inc.
© Copyright 1975 by Diablo Systems, Inc. Hayward, Ca. 94545

Printed in the United States of America
Publication No. 81603 — Second Edition
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SECTION 1
GENERAL DESCRIPTION

1.1 OPERATIONAL CHARACTERISTICS

The Diablo Series 40 Disk Drive shown in Figure 1-1 provides
large on-line random access storage and unlimited off-line storage
for small, general-purpose digital computers. Its design incorpo-
rates features which ensure a high degree of flexibility, reliability,
speed of access, and data integrity. It uses both a fixed disk and a
removable Type 5440 top loading disk cartridge, for a capacity of
up to 100 megabits of data at a recording density of 2200
bits-per-inch (BP1) and an average access time of 38 milliseconds.

The Series 40 Disk Drive is available in two configurations.
Model 43 has a lateral track density of 100 tracks per inch (ipi),
for a total capacity of 50 megabits. Model 44 has a lateral track
density of 200 tpi, for a total capacity of 100 megabits. In
addition, several options are available with either model. These
are described in Paragraph 1.3, along with a description of the
various accessories also available.

The Series 40 consists of six functional groups:

* The Spindle Assembly rotates the recording disks, and
provides ventilation for the drive.

* Four Read/Write Head Assemblies “‘write’’ data onto, or
“read’’ from the two disks.

* The Head Positioner Assembly moves the read/write heads
to the disk track locations commanded by the using system.

* Controls, Indicators, and Interlocks provide the means for
front panel operation of the drive, and prevent improper
operating sequences.

= The Electronics group accepts, processes, generates, and/or
supplies the electrical signals necessary for the disk drive to
parform its intended function.

* An external power supply converts AC line power to the
several DC operating voltages required by the drive. Nor-
mally, this consists of the Diablo Systems, Inc., Model 429
Power Supply furnished with each Series 40 Disk Drive.

The spindle drive motor is mounted on the spindle shaft,
eliminating belts, pulleys, and idler systems. This eliminates belt
wear and pulley tolerances as factors in spindle speed control, as
well as a major source of internal contamination. Spindle speed is
controlled electronically, and is independent of normal fluctua-
tions in line voltage or frequency. The air blower for the
ventilation system is also mounted on the spindle shaft, elimi-
nating the need for a second motar. Disk contamination from
outside sources is virtually eliminated by passing all air drawn
into the unit through an absolute no-by-pass air filter. This filter
retains 99.97% of all particles 0.3 microns or larger. Filtered air is
then directed into both disk areas and through them to cool the
electronics areas before exhausting at the rear of the machine. In

addition, each disk surface is swept with a cleaning brush each
time the drive is powered up.

The head-positioning system’s case is designed to contain the
strong magnetic field of its drive coil. This reduces stray magnetic
flux at the read/write heads to a negligible level, eliminating a
common cause of disk system data error. System design also
includes temperature compensation to enhance accuracy. This
includes appropriate materials selection, component locations to
achieve common environment conditions, and, for the 200 tpi
drives, electronic compensation for second-order temperature
effects.

Head loading is accomplished gently, with no head-to-disk
contact, by dashpot regulated solenoid controlled release of
compression springs acting directly on the head assemblies. In the
event of power failure, the solenoid return spring easily over-
powers the head loading springs to unload the heads automatical-
ly, providing protection for heads, disks, and data. A system of
interlocks also prevents damage to heads or disk surfaces due to
operator error.

1.2 GENERAL SPECIFICATIONS

General specifications for the Series 40 Disk Drive are listed in
Table 1-1.

1.3 OPTIONS AND ACCESSORIES

The following options and accessories may be included in any
Series 40.

Options

* 1500 RPM SPINDLE (100 tpi only) — provides a choice of
bit transfer rates. The btr at 1500 rpm is 1.562 mHz, with
an average latency of 20 ms.

* ADDRESS COUNTER AND SECTOR MARK — furnishes
output signals showing the sector location of the read/write
heads at any instant, and generates a pulse to the using
system whenever a sector slot on the hub of the disk
selected by DISK SELECT npasses its transducer.

* WRITE PROTECT — prevents inadvertant writing (record-
ing) over previously recorded data. Either or both disks
may be protected.

* VFO — enhances data retrieval reliability by eliminating
data errors caused by clock pulse jitter, and provides
data/clock separation permitting operation with systems in
which missing clock pulses occur, such as Systems 3
hardware.

+ DESK-TOP INTERLOCK — provides interlock protection
against unsafe cartridge removal in desk top models, similar
to that which prevented equipment drawer opening in rack
mounted models.

Figure 1-1. Diablo Systems, Inc., Series 40 Disk Drive

* SERIES 30 COMPATIBILITY — provides index and sector
marks of 5 us duration, and reduces addressing response to;
Address Acknowledge and Logical Address Interlock occur-
ring 35 (£ 10) us for 5 (* 2) us after the leading edge of
Strobe. Logical Address Interlock is a pulse, not a dc level.

* UNSEPARATED DATA — provides unseparated read data
and clock pulses to the using system.

Accessories

* CABLES — disk drive interconnect cabies are available for
use when the daisy chain method of operation is used. A
controller-drive interconnect cable is also available. All are
50-conductor flat cables.

* TERMINATORS — one per system is required, to be
installed in the output |/O connector of the last drive in the
system chain.

TYPE 5440 CARTRIDGE — available with or without
sector slots.

POWER SUPPLY — one Diablo Model 429 Power Supply is
furnished with each Series 40 Disk Drive, and provides the
dc power necessary to operate one drive. The Model 429
operates on either 115 or 220 Vac, 50 or 60 Hz. Additional
Model 429 supplies are available as accessories.

ALIGNMENT CARTRIDGE — necessary for performing
adjustments as described in Section 6 of this manual.

MODEL 500 PROGRAMMABLE TESTER — exercises all
seek, read, write functions of the Series 40. It greatly
facilitates the performance of alignments described in Sec-
tion 6 of this manual. Unit can be programmed for use with
a standard Series 40, or for use with a Series 40 utilizing
Address Mark type format (VFO Option).
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Table 1-1.
Specifications

Parameter

Model 43

Model 44

Storage Medium:
Type
Diameter
Lateral Track Density

Recording Techniques:
(double frequency)
Tracks

Cylinders

Capacity, Bits:*
Per drive
Per disk
Per inch (innermost track)
Per cylinder
Per track

Access Time:
Track-to-track
Average
Full Stroke

Disk Rotation:**
Average Latency

Bit Transfer Rate

Power Requirement:

Heat Dissipation:

Environment (operating):
Temperature
Temperature Change Rate
Relative Humidity
(non-condensing)
Maximum Altitude

Environment (storage):
Temperature
Relative Humidity
{non-condensing)

Physical:
Width
Height
Weight (w/cartridge)

Type 5440 cartridge and a fixed disk.

15 inches.
100 tracks per inch.

816 (200 plus 4 spares on each
surface of each disk.

204 (four tracks per cylinder,
two per disk.

50,000,000
25,000,000
2200
250,000
62,500

10ms
38ms
70ms

2400 rpm *2%
12.5ms

2500kHz

+24Vdc 5%, 6A
~24Vdc £5%, 5A
+5Vdc 5%, 4A

900 btu/hr

50°F to 104°F
15°F per hour

20% to 80%
6000 ft

-40°F to 150°F

5% to 95%

17-1/2 inches
10-5/16 inches
136 lbs

Type 5440 cartridge and a fixed disk.

15 inches.
200 tracks per inch.

1632 (400 plus 8 spares on each

surface on each disk.
408 (four tracks per cylinder,
two per disk).

100,000,000
50,000,000
2200
250,000
62,500

8ms
38ms
70ms

2400 rpm 2%
12.5ms

2500k Hz

+24Vdc 5%, 6A
-24Vdc £5%, bA
+5Vdc £5%, 4A

900 btu/hr

60°F to 90°F
15°F per hour

20% to 80%
6000 ft

-40°F to 150°F

5% to 95%

17-1/2 inches
10-5/16 inches
136 lbs

*The figures shown are nominal. Actual capacity will depend on formatting and data checking methods used.
**1500 rpm available as an option. With 1500 rpm the average latency is 20ms and the transfer rate if 1562kHz.



SECTION 2
INSTALLATION

2.1 DISK DRIVE DIMENSIONS AND CLEARANCES

Figure 2-1 shows the basic dimensions of the Series 40 Disk
Drive, including its slide rails for mounting in a standard 19-inch
rack cabinet. Rail spacings from 27-1/2 to 28-5/8 inches can be
accommodated. The Series 40 1/0 connector box remains station-
ary when the drive is extended, making provision for cable
movement unnecessary. The drive extends approximately 20
inches from the rack when opened for disk cartridge insertion or
removal, and approximately 31 inches when opened for service.

2.2 UNPACKING

The Series 40 is packed for shipment as shown in Figure 2-2.
Remove the machine from the inner packing container, and
remove the plastic dust cover. Packing materials should be
retained for possible future use. Referring to Figure 2-2, remove
the four 7/16" x 4" bolts, washers, and stand-off pillars securing
the unit to the plywood base. These are accessible from under-
neath.

NOTE
DO NOT turn the disk drive upside down!

Next, remove the four slide clamps holding the rack slides to
the base. The drive can now be lifted clear of the base.

- 30.125 OVERALL LENGTH —»
- 28,250 > |- 1.250
.___—_— l'\ ~ - L - ]
| i ;il\ | [ )
19,062 i
OUTSIDE BRACKET
. FLANGE
17,625
OUTSIDE
SLIDES
_ _ @ 4 18.875
FRONT PANEL
17.250
{
]
v L - - -
;— L’ - e e e — .. __| I '
i i
Lo .4
[ 1
.188
0 10,312
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r-.‘
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SLIDER CLAMP,
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7 TOP COVER
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I, b

<
J “d"

u
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NOTE.
1. TYPICAL PACKING MATERIALS
ARE SHOWN. THESE MAY VARY

PLYWOOD TOP
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4 PLACES
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y i \ ,

AS SUPPLIES DICTATE. N/ ?! / y Z ’
N
) .
WOODEN RUNNER, 2 PLACES—" ' CORNER PAD

SIDE PANELS /

STANDOFF
PACKING PILLAR

INNER CARTON

Figure 2-1. Series 40 Basic Dimensions

Figure 2-2. Series 40 Packing Shipment
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2.3 PREPARING THE SERIES 40 FOR USE

The following four steps may be performed in any order to
prepare the disk drive for installation and use.

Check Drawer Interlock Switch Actuator

Referring to Figure 2-3, lift the left hand drawer latch, as
shown, and observe the position of the drawer interlock switch
actuator arm. The solid line illustration shows the correct posi-
tion for this arm. If the arm is out of position and wedged beside
the stricker plate as shown, move it to its correct position.

Remove the Shipping Clamp

A shipping restraint is installed prior to shipment, to prevent
movement of the head assemblies. This restraint must be removed
prior to connecting the disk drive to its using system. Referring to
Figure 2-2, remove the four screws holding the top rear cover,
and remove the cover. Next, loosen the securing screw for the
data channel box shown in Figure 2-4, and tip this box up to the
right to expose the read/write head area.

Figure 2-5 shows the location of the shipping restraint clamp
and its mounting screw. Remove both of these, and store for
possible future use. Reposition the data channel box and tighten
its securing screw, replace and screw down the top cover.

Installing Select and Attention Line Jumpers

Series 40 Disk Drives are shipped with the select line and
attention line jumpers installed in the No. 1 position. If it is
desired to change these jumpers, first remove the terminator if
installed (see Figure 2-2). Next, remove the /O Box cover
(behind the terminator) by removing the two screws and washers,

WRONG POSITION

LATCH

STRIKER PLATE f

Figure 2-3. Drawer Interlock Switch Position

and gently prying the cover off. The Select And Attention Line
Jumpers may now be seen as shown in Figure 2-6. They may be
pulled out and replaced easily. Each jumper is to be installed with
one of its pins in the center socket, and the other in the socket
corresponding to the number assigned to the drive by the user.

NOTE
Both jumpers must be installed in corresponding positions.
(1&1/2& 2/etc.)

When the jumpers have been properly installed, replace the
cover and reconnect the terminator or 1/O cable connector as
required.

SHIPPING CLAMP

SECURING SCREW

DATA CHANNEL BOX

S

SECURING SCREW

Figure 2-4. Data Channel Box

Figure 2-5. Shipping Clamp

2.4. INSTALLATION — RACK MOUNT

The Series 40 may be installed in a standard 19-inch rack with
27-1/2 to 28-5/8 inch rail spacings as follows:

1. Carefully examine the two side mounted rack slides, while
referring to Figures 2-3 and 2-7. Locate the drawer latches.
Raise the LH latch to release the slide, and extend the slide
(with the 1/O Assembly attached) to the rear until it stops.
Locate the intermediate stop under the slide center, press it
in, and continue to extend the slide to its maximum
extension or maintenance position.

2. Referring to Figure 2-7, identify the severai parts of the
assembly, and note carefully how they fit together:

+ 1/O Card Cage Assembly (LH only) .

* 1/O Assembly Clamp Screws (LH only)

* Nut Plates {front and rear on each side)

* Mounting Brackets {2 each side)

» Slide Assembly Mounting Screws

3. Fully extend the RH slide, remove the two slide assembly
mounting screws, and remove the slide from the drive.

4. Fully extend the LH slide. Remove the four {4) 1/0
Assembly Clamp Screws, while holding the 1/0 Assembly in
place.

5. Carefully move the 1/0 Assembly away from the extended
slide, and gently push it back inside the drive into the area
it normally occupies. Retrieve the two nut plates from
beneath the top lip of the extended slide member.

6. Remove the LH slide's two mounting screws, and remove

-

(=]

11.

12.

the slide from the drive.

. Install the two slides in the rack per system definition.

Adjust the rear mounting brackets as necessary to fit the
rack rails. To prevent mounting slippage, use at /east three
(3) screws to attach each mounting bracket to its rail.

. Position the unit on the fully extended slides.

. Place the two nut plates in position under the top lip of the

LH slide. Gently remove the |/0O Assembly from the drive’s
rear compartment, move it into position on the LH slide,
and install the four {4) clamp screws. Adjust assembly and
nut plate locations as necessary for hole alignment.

. Siide the unit fully into the rack, and check for proper

operation of the drawer latches. Adjust the latch stricker
plate (RH) and/or 1/0 Assembly (LH) as necessary for
proper latch operation. Refer to Section 6.6.3.2.

Check shock absorber height adjustment for proper base-
to-bottom pan clearance. Adjust the shock absorbers as
required. See Figure 2-8.

Make necessary 1/O Panel connections to complete installa-
tion. See Section 4.

CAUTION
The Series 40 Disk Drive weighs approximately 150
pounds. Make sure the rack, if free standing, has enough
counter weight to prevent it from tipping forward when the
unit is placed on the slides.

Adjust the slide locations as needed for hole alignment, and
install the four (4) slide assembly mounting screws to
secure the Series 40 to the slides.
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SECTION 3
OPERATING INSTRUCTIONS

3.1 OPERATING PRECAUTIONS
Disk Drive Operation

To obtain the best performance and reliability from the Series
40, and to prevent equipment damage, the following precautions
should be observed:

* Do not connect or disconnect power or 1/O cables while
power is turned on.

* Keep the equipment drawer closed to prevent airborne
contamination. Either a disk cartridge or the dust cover
should be in place in the bowl at all times.

* The drive should be left in the RUN mode whenever
possible so that clean filtered air will be supplied to the
interior of the machine.

* A sustained audible ““tinging’” or “’scratching’’ sound may
be caused by head-to-disk contact. If it persists, discontinue
machine operation and investigate the cause.

* Do not force or attempt to override any interlock. Inter-
locks are safety devices, included to prevent injury, equip-
ment damage, and loss of data.

Cartridge Handling and Storage

The following precautions should be observed when handling
or storing disk cartridges:

* Cartridges are magnetically recorded records. They MUST
be kept away from strong magnetic fields, such as large
rotating electrical machines, high current buss bars or
cables, welding equipment, etc.

* The cartridge dust cover should be in good condition, and
kept on the cartridge while it is out of the disk drive. This
ensures a positive dust seal, and immobilizes the disk inside.

+ Cartridges may be stored on edge or flat. When stored flat,
avoid stacking more than five (5) high. Cartridges should
never be stored in direct sunlight, or in very dusty or dirty
areas.

* Any Disk Cartridge that has been dropped should be
inspected by the disk cartridge manufacturer before at-
tempting to use it.

* Refer to the cartridge manufacturer’s instructions for main-
tenance and cleaning procedures.

3.2 CONTROLS AND INDICATORS

Standard Series 40 Disk Drives have one front-panel control
and four front-panel indicators:

LOAD/RUN switch
LOAD indicator
READY indicator
CHECK indicator
POWER indicator

LHECK PRUTESY:

Table 3-1.
Controls and Indicators

CONTROL/INDICATOR

FUNCTION

LOAD/RUN Switch

A two position rocker switch that provides a means for starting and stopping the disk drive.
Cartridges may be removed and inserted when the switch is in the LOAD position and the
LOAD light is on. With a cartridge inserted, and the drawer closed, switching to the RUN
position starts the disk drive and brings the disk up to its normal operating speed in about 60
seconds. When the switch is moved toc the LOAD position, the disk decelerates to a stop in
about 15 seconds, after which the LOAD light turns on, and the equipment drawer can be
opened.

NOTE: Does not control power to the drive.

LOAD

A white indicator light which shows that cartridges can be loaded or unloaded. The light is
on only when the LOAD/RUN switch is in the LOAD position, the disk is not rotating, the
brushes are retracted, and power is on..

READY

A yellow indicator light which shows that the drive has completed its start-up sequence. The
light comes on when the disK is rotating at its correct speed, heads are in position and no
other conditions are present which would prevent a seek, read, or write command from
being executed. The light remains on through a seek, read, or write operation. The light
extinguishes when the LOAD/RUN switch is set in the LOAD position.

CHECK

An orange indicator light which shows that due to some abnormal condition the Series 40
may be incapable of writing. When the abnormal condition no longer exists, the Series 40 is
reset by moving the LOAD/RUN switch to LOAD position and then back to RUN.

PROTECT
(located in POWER
light position)

A red indicator light that is on when operating power is present.

A red backlighted momentary-contact pushbutton switch that is installed in place of the
POWER indicator on those disk drives that are equipped with the Write Protect option. The
switch glows and writing is inhibited whenever the LOAD/RUN switch is changed from RUN
to LOAD, and this condition remains when the switch is returned to the RUN position.
Write Protect is also set when the using system sends a Write Protect command. To allow
writing, Write Protect is turned off by the operator depressing the PROTECT switch. The
operator can set Write Protect at any time by moving the LOAD/RUN switch to LOAD and
then back to RUN. Write Protect is also set when the drive is first turned on.

Figure 3-1. Front Panel, Series 40 Disk Drive

If the Write Protect option is installed, the POWER indicator is
replaced by a lighted PROTECT switch.

The controls and indicators are shown in Figure 3-1, and
depict a drive with the Write Protect optior installed. Table 2.1
summarizes the functions of the controls and indicators.

3.3 INTERLOCKS

The disk drive equipment drawer is locked shut while equip-
ment power is off, or while the spindie is rotating. The operator

-should never attempt to force the equipment drawer open, or to

defeat any interlock. This practice could lead to equipment
damage. The cartridge clamps cannot be operated while the heads
or disk cleaning brushes are positioned over the disk surface, or
when equipment power is off. The spindle motor wili not rotate
if the equipment drawer is open, if the cartridge dust cover is not
installed, or if the cartridge clamps are open. With the desk-top
interlock option installed, the cartridge clamps assume the same
interlock function as the equipment drawer interlock does on a
standard drive. This is in addition to their normal interlocking
function.
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3.4 TYPICAL OPERATING PROCEDURES
Initial Checkout

NOTE
The Series 40 must be removed from its plywood shipping
base prior to initial checkout and alignment. If not installed
in a rack or cabinet, place the unit on a stable flat surface.

Check for proper supply voitages prior to connecting the
power cable to the Series 40 Disk Drive. Completely connect the
drive to its power source before applying power. Set the drive’s
front panel LOAD/RUN switch to the LOAD position and apply
power. For standard drives, verify that the POWER indicator is
on. For drives with the Write-Protect option installed, the
PROTECT light may or may not be on, depending on disk
selection and system input. Verify that the front-panel LOAD
indicator came on within 60 seconds after applying power.

* Open the equipment drawer by pulling out on the door
handle as shown in Figure 3-2.

* Open the two cartridge clamps located on each side of the
spindle bowl.

* Refer to Figure 3-3. Slide the tab on the cartridge handle to
the left, raise the handle, and lift the cartridge clear of its
""dust cover”’ lower half.

* Place the opened cartridge over the spindle hub oriented so
that its handle would fold toward the rear. Lower the
cartridge into place with a gentle back and forth rotary
motion to ensure that its lower notches engage the align-
ment tabs inside the bowl. Lower the cartridge as far as it
will go, then lower its handle to lock it in place.

* Place the cartridge ‘‘dust cover’” upside down inside the
drive’s cartridge bowl on top of the cartridge just installed,

and close the two cartridge clamps.

*+ Slide the drive back into its compartment until the latches
engage the slides.

« Set the LOAD/RUN switch to RUN. Verify that the front
panel LOAD light goes out.

- Allow the equipment about 60 seconds to complete its
start-up cycle. Verify that the READY light comes on at
the completion of this cycle.

Figure 3-2. Opening the Equipment Drawer

NOTE
If the Write Protect option is installed, the PROTECT light
will also be on, and must be depressed to extinguish the
light before attempting to “write”” on the disk.

Further checkout or operation as appropriate to the using
system may now be performed.

NOTE
If data bases which require interchangeability are to be
generated, align the R/W heads as described in Section 6
after installation of the disk drive.

When disk operation is complete, or when it is desired to

exchange cartridges, the following steps are to be followed:

+ Set the LOAD/RUN switch to LOAD. Wait for the LOAD
light to come on (about 15 seconds).

+ Open the equipment drawer (Figure 3-2), and slide the
drive out to its first stop.

+ Open the cartridge clamps and lift off the cartridge dust
cover.

@ sLibeE TAB

(@ RAISE HANDLE

@ vuiFT

CARTRIDGE SHOWN CLOSED

CARTRIDGE
DUST COVER

ORIENT TOWARD REAR OR
DRIVE WHEN INSTALLING

CARTRIDGE SHOWN OPENED

Figure 3-3. Opening the Type 5440 Disk Cartridge

» Slide the tab on the cartridge handle to the left, raise the
handle to disengage the cartridge from the spindle, and lift
the cartridge clear. of the drive.

* Invert the dust cover, lower the cartridge into it, and fold
the handle down all the way to engage the cover magnets
and release the tab. The cartridge is now ready for storage.

» Install another cartridge and dust cover, close the equip-
ment drawer, and place the drive in the RUN mode or
completely deenergize the system.

NOTE

If no cartridge is to be installed at this time, cover the

spindle bow! area with a plastic sheet or other lint-free

cover.



SECTION 4
INTERFACE INFORMATION

4.1 POWER AND INTERFACE REQUIREMENTS

Series 40 Disk Drives require +24 Vdc £ 5% @ 6A average, —24
Vdc £ 5% @ 5A average, and +5 Vdc + 5% @ 4A. These voltages
are normally supplied by the Diablo Model 429 Power Supply
furnished with each drive. The Series 40 does not include
provision for power control. All power to the unit must be
controlled by the using system.

If the user wishes to utilize a different power supply, several
precautions must be observed. In the Series 40, 24 Vdc power is
distributed separately to the high current drive and low current
logic circuits. To avoid common impedance problems, separate
leads must be used for these high and low level circuits. If the
power cable must exceed 6 feet in length, a 30,000 uF 50 wVdc
buffer capacitor should be used in each lead, and located within
2-1/2 feet of the disk drive. Conductors used for the power
circuits should not be lighter than 16 AWG, and common flat
braid 14 AWG should be used for the 24 volt circuit ground
returns. A separate 16 AWG conductor should be used for the
B-volt return. These leads should be twisted together.

Power connector part numbers are given in Table 4-1, and
power cable pin assignments are given in Table 4-2 below.

4.2 SIGNAL INTERFACE
Interface Connector

In addition to the power connector, each standard Series 40
Disk Drive has two interface connectors on its 1/0O box. The top
connector is considered to be the input connector, receiving input
information from a controller or from another disk drive pre-
ceding it in a “daisy chain’’ system. The bottom connector is
considered to be the output connector, providing circuit connec-
tion facilities for a succeeding disk drive in a “daisy chain”
system. If this is the last drive in a “‘daisy chain’ system, or the
only drive in the system, the bottom connector receives the
required terminator. Table 4-3 shows the part numbers for the
1/0 and mating cable connectors.

Table 4-1.
Power Connector Part Numbers

Power Cable Connectors

Shell: Winchester MRAC
14 SJTCH, Diablo #10524-10.

Socket Contacts: 100-0919S,
Diablo #10525-11.

Power Connectors

Shell: Winchester MRAC
14 PJ, Diablo #10524-11.

Pin Contacts: 100-0919P,
Diablo #10525-10.

Table 4-2.
Power Connector Pin Assignments
Power Function Pins

Ground (for 24V circuits) R
—24 Vdc for Spindle Drive A
~24 Vdc for Servo and R/W Circuits L&H
+24 Vdc for Spindle Drive C
+24 Vdc for Servo and R/W Circuits N & K
+ 5 Vdc return P
+ 5Vdc M

line, when ““true’’, qualifies all of the drive’s other interface
lines except ATTENTION. SELECT and ATTENTION
jumpers must correspond.

DISK SELECT — this line selects the disk to be used in a
forthcoming operation. ““True” selects the removeable cart-
ridge disk, while “‘false’” selects the fixed disk.

HEAD SELECT -- this line selects the upper or lower head
for use with the selected disk. “True” selects the upper
head, while ““false’’ selects the lower head.

TRACK ADDRESS — these lines accept 8-bit (9-bit for
200 tpi) binary absolute cylinder addresses. When strobed,
their content is supplied to an internal address register to
control head movement. These lines must be settled prior
to application of the strobe signal, and should be held until
the trailing edge of the strobe signal.

STROBE — this line is used to enable the track address and
restore lines. Strobe should be applied only after the
appropriate signal lines have settled, and must be held until
at least the leading edge of the ADDRESS ACKNOWL-
EDGE signal. Rise and fall times are to be compatible with
commercially available DTL and TTL integrated circuits.
The strobe pulse is “‘true”.

RESTORE — this line carries the “'head positioner restore
to 0 eommand”. When this command has been completed,
the heads are located over cylinder O, the address registers
have been set to address 0, and the Seek Incomplete
condition is reset. The RESTORE line must have settled to
* 10% of its steady value prior to the application of the
strobe signal. The restore pulse is ““true”’.

WRITE GATE — signals on this line enable write current in
the selected head, and, in conjunction with ERASE GATE,

Interface Pin Assignment Summary

Interface connector pin assignments are summarized in Table
4-4, and are defined in the paragraphs immediately following.

Input Lines

The following input lines are found on the standard Series 40
configuration. Unless otherwise stated, the signals on control
input lines must be held for the duration of the function
controlled. Signals levels are 0 voits nominal for “true”, and +3.5
volts nominal for “’false”.

* SELECT LINES — the interface has four lines assigned to
the unit-select function, in order that the controller may
select one particular drive in a system where more than one
drive is used. As previously described, the line to be used is
jumper selected inside the drive’s I/O box. The selected

Table 4-3.
1/0 Connector Part Numbers
Top 1/0 Connector Bottom 1/O Connector
Shell Pins Shell Pins

170 Box Diablo 1066707 10583-01 1066702 10583-02
Connector Winchester MRAC 50 PJ6 1024P MRAC 50 SJ6 1024S

1/0 Cable Diablo 10670-02 10525-13 10670-01 10525-12
Connector Winchester MRAC 50 SJTDH 100-0927S MRAC 50 PJTDH 100-0917P

Tabie 4-4.
Interface Pin Assignments
Signal Function Pin Signal Function Pin

—Select Unit 1 L —File Ready . . . . . . U
—Select Unit 2 R —Ready to Seek, Read, Write F
—Select Unit 3 \" —Address Acknowledge p
—Select Unit 4 V4 —Logical Address Interlock y
+Disk Select AA —Seek Incomplete u
*Head Select . . a —Index Mark . Y
—Track Address Bit 1 . N —Write Check . h

Bit 2 . s —Read Clock . A

Bit 4 .d —Read Data S 4

Bit 8 - X +Attention1 . . . . . . . . . . . . . CC

Bit 16 f +Attention2 . . . . . . . . . . . . . DD

Bit 32 T +Attention3 . . . . . . . . . . . . . EE

Bit 64 b +Attention4 . . . . . . . . . . . . . FF

Bit 128 BB Write protect status . P

@** Bit 256 m +5 volts for terminator . r
—Restore w Ground . S
—Strobe t Ground . X
—Write Gate e Ground . . HH
—Read Gate E —Sector Mark (see note) w
—Write Data & Clock B —Sector Bit 1 (see note) c
—Erase Gate K —Sector Bit 2 (see note) i
—Write Protect Input H —Sector Bit 4 (see note) k
Unused at this time D —Sector Bit 8 (see note) n
Designated for future use . M | —Sector Bit 16 (see note] . v
*Unused at this time z ‘
**_200 tpi line 2 : *100 tpi only ?
Unused at this time . d ‘: **200 tpi only ;
i @Hold ""false’” on 100 tpi drives
|

NOTE: These lines are unused on disk drives without Sector Counter options.
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disable the read gate circuits. The signal must be applied at
least 2 us prior to writing the first flux transition, and held
for the duration of the write operation. The write gate is
“true’” for current on.

- ERASE GATE — this line, when “true’’, enables erase
current to the selected head and, in conjunction with
WRITE GATE, disables the read gate circuits.

* WRITE DATA & CLOCK — this line accepts multiplexed
data and clock pulses for double frequency or phase
encoding type recording, one complete pulse for each
recorded” flux reversal. Pulses must have a minimum width
of 100 ns, and pulse leading edge must have a transition
time of not more than 50 ns. This line is held at +3.5 volts
when not writing. Pulses are negative going to 0 volts.

* READ GATE — when “true”’, this line enables the READ
CLOCK and READ DATA output lines. The read gate must
be held “true’” during the desired read operation.

Output Lines

* FILE READY - this line supplies a maintained ““true’’ level
as long as all of the following conditions are met:

Power on

. Cartridge loaded

Equipment drawer closed

. LOAD/RUN switch in RUN position

Start-up cycle complete

WRITE CHECK false

FILE SELECT true

e ~® 00 o

* READY TO SEEK, READ, OR WRITE — (Ready to
S/R/W) — a “true’’ level on this line indicates that the disk
drive is in File Ready condition, and is not in the process of
executing a seek operation. Following a seek ‘command’’
to a valid address (new address received other than present
address), or a Restore command, the READY to S/W/R line
goes ‘‘false” within 1 us after leading edge of the Strobe
signal. This line goes ‘‘true’’ when the seek (or restore)
operation has been completed, the heads are fully settled,
and the drive is ready to read, write, or seek to another
address. This line does not change when the present
cylinder address is re-addressed.

*+ ADDRESS ACKNOWLEDGE — a “‘true’’ level on this line
indicates that a valid command to move the heads (seek
command) had been accepted, and the heads have begun to
move. An ADDRESS ACKNOWLEDGE signal (1 us “"true”)
is issued b00 ns after the leading edge of the Strobe, even if
there is no change from the previous address. This signal
will not be issued if a command to move to a track position
greater than 203 (407 for 200 tpi drives) is received. In this
case, execution of the command is suppressed, and a
Logical Address Interlock signal is issued on another line.

* LOGICAL ADDRESS INTERLOCK — a “true” level on

this line indicates that a track address (seek command)
greater than 203 (407 for 200 tpi drives) has been received,
and that the command can not be executed. The seek
command is suppressed. Logical Address Interlock has the
same timing relationships as the Address Acknowledge, and
is reset with the next valid Address Acknowledge signal or
Restore command.

SEEK INCOMPLETE — a ““true’” level on this line indicates
that a malfunction has caused an incomplete seek opera-
tion. This signal level is maintained until a Restore com-
mand has been received and executed by the drive.

INDEX MARK — this line supplies one ‘true’’ 40 us pulse
(5 us for drives with the Series 30 Compatibility Option)
per disk revolution as the mechanical index slot on the disk
hub of the selected disk passes its transducer.

WRITE CHECK — a “true’’ on this line indicates that one
or more of the following conditions exist: '

a. WRITE GATE “‘true’” without write current

b. Write current without WRITE GATE “"true”

c. Write and select of multiple heads

d. Erase current without ERASE GATE “‘true”

e. ERASE GATE "‘true’ without erase current

When WRITE CHECK is “true’’, execution of all external
commands is suppressed, and the front panel CHECK light
is on. The operator may reset Write Check by moving the
LOAD/RUN switch to LOAD and then back to RUN.

WRITE CHECK is also used to signal out-of-tolerance
power supply conditions. In this event, reset is not re-
quired.

READ CLOCK — this line carries clock pulses separated
from data pulses during reading. Pulse width is 100 ns =50
ns. The ieading negative-going edge must be used for
reference. For drives with the Unseparated Data Option,
there is no output on this line.

READ DATA — this line carries data pulses which have
been separated from clock pulses during reading. Pulse
width is 100 ns * 50 ns. The leading negative-going edge
must be used for reference. For drives with the Unseparated
Data Option, both clock and data pulses appear on this line.

ATTENTION LINES — the interface connector has four
lines assigned to the attention function, in order that the
controller may be signaled by the selected unit in a system
where more than one drive is used. Attention Line output is
a logical combination of pulses used to inform the using
system when the drive is ready, completes seek, fails to
complete seek, accepts a seek command to the present
address, or receives an invalid address. As with the Select

Lines, the Attention line to be used is jumper selected
inside the drive’s 1/O box. Also, SELECT and ATTENTION
jumpers must correspond.

*+ 200 TPl LINE — this line, used only on 200 tpi drives,
notifies the controller that the drive is a 200 tpi machine.
Output is “false’ until the drive is selected, and the heads
are loaded.

Optional Input

* WRITE PROTECT — a “true” signal on this line, with a
minimum duration of 350 ns sets the write protect circuit
on drives with this option installed. Write Protect is also set
whenever the LOAD/RUN switch is moved from LOAD to
RUN. This option prevents inadvertent writing on the disk
by disabling the write amplifier. Write Protect is selectable
for either or both disks internally.

Optional Output

* WRITE PROTECT STATUS — this line provides a signal
indicating write protect status, where a “‘true’” indicates the
drive’s write capability is inhibited. The operator may
release write protect by depressing the front panel PRO-
TECT lighted push button switch to extinguish the light.
Reset of write protect status requires either a controller
supplied Write Protect signal, or an operator LOAD/RUN
switch movement.

+ SECTOR MARKS — this line supplies one “‘true’” 40 us (5
us for Series 30 Drive compatible machines) pulse for each
sector slot on the disk hub of the selected disk as it passes
its transducer.

+ SECTOR ADDRESS — these 5 lines continuously define, in
binary form, the sector address under the heads. The
counter in use is advanced by the leading edge of each
sector mark, and is reset to O by the leading edge of the
first sector mark following the index mark.

Output Line Drive Capability

An output driver circuit for the READ CLOCK and READ
DATA lines is shown in Figure 4-1, for the standard configura-
tion. All other lines are shown in Figure 4-2.

Figure 4-3 shows the READ CLOCK and READ DATA lines
when the VFO option is installed.

Input Gates

The Series 40 Disk Drives use an 8836 type NOR gate as the
input circuit. This device has a higher input threshold in the
“low” logic state than most commercially available DTL or TTL
circuits, assuring a higher noise margin on all input lines. Input
hysteresis of the 8836 gates further increases noise immunity.
Low input current, even with no Vcc, prevents a Series 40 with
power down from affecting other drives in a daisy chain system.
In addition the 8836 input circuit loads the signal transmission
lines with significantly less input current under operating condi-
tions, causing less local reflections on the line.

The input of the 8836 circuit has to be “‘pulled up” in the
“high’’ logic state, and cannot be driven by an open collector
driver stage without collector resistance. The Series 40 applica-
tion has this resistance located in the terminator, which must be
installed on the last disk drive in the daisy chain, or on any drive
used singly. Figure 4-4 shows the input circuit used in the Series
40.

+5V

lr'"'"ﬁigb" -

— 820, 820
T_ : T 300pf
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TO CONTROLLER OR
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INTERNAL -
LOGIC :
1

[P |

Logic " Low" Output Level = Max +0.5V at 100 milliamp sink current
Logic" High" Output Level= Min +3.5V with external pull —up resistor

“DAISY CHAIN" BUS.

Figure 4-1. Output Driver — Read Clock and Read Data
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Figure 4-2. Output Driver Circuit
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Figure 4-3. Output Driver Circuit
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Logic “Low” Input Threshold=Min +1.05V; no current load.
Logic "High' input Threshold=Max +2.5V; |80 microamp max current load (pull up).

Figure 4-4. Standard Input Circuit

Figure 4-5. Interface Connector Assembly

4.3 INPUT/OUTPUT CABLES

Two types of cable may be considered for use with the Series
40. One type is the conventional round cable consisting of
twisted pairs for each signal, with a PVC jacket. The other type is
a PVC flat cable with a flexible ground plane.

Flat Cable

Because of the uniform transfer characteristics and production
efficiency, a flat cable type is recommended. The flat cable,
ordered by option number from Diablo, has the following
physical characteristics: ‘

Number of conductors 50

Wire size 30 AWG solid

Shieid Flexible ground plane
Insulation PVC

The characteristic wave impedance is 80 Ohms, with the shield
plane grounded on both ends.

Round Cable Twisted Pair

For those applications where, in spite of the drawbacks, a
round cable is preferred, the type recommended is made of
twisted pairs insulated with head sealed overlapping MILENE
tapes. Physicai characteristics of round cables are:

Number of twisted pairs 50

Wire size 28 (7/36) AWG
Nominal OD of insulated wire .023"

Nominal OD of PVC jacket .370”

Underwriters’ Laboratory rating  Style #2384

The characteristic wave impedance of one single twisted pair is
approximately 85 Ohms. If all ground leads of the twisted pairs
are grounded on both ends, the wave impedance is reduced to 75
Ohms. If the twisted pairs are jacketed by an overall braided
shield, the wave impedance drops to approximately 45 Ohms,
which results in excessive current from the drive circuits. Individ-
ually shielded twisted pairs cable is not recommended.

Figure 4-5 shows one practical method of dressing the twisted
pair wires at the cable end.

Cable Lengths

Maximum recommended cable length between the controller
and the first drive is nine (9) feet. Cables between drives in a
daisy chain system should not exceed six (6) feet in length. One
nine (9) foot cable, between the second and third disk drive,
would be permissable where the drives are located in separate
cabinets. The total cable run in a daisy chain configuration should
not exceed 30 feet.

4.4 TERMINATING RESISTORS

The signal lines carrying pulses transmitted by any disk drive
will cause reflection on both ends of the cable if the cable is not
properly terminated. Figure 4-6 shows two waveshapes taken on
the terminated end of a cable when the other end was left
unterminated. The negative going leading edge is not affected
significantly, and can be used as an input to logic circuits if
properly handled. The trailing edge, however, is determined by
the time duration of the pulse, and the length of the cable. Those
lines carrying signals of short duration should always be termi-
nated on both ends. No satisfactory system performance can be
achieved, even with relatively short cable lengths, if the signal
lines are not properly terminated on both ends.

4-3
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Figure 4-6. Waveshapes

A typical circuit for termination of the cables is shown in
Figure 4-7. Cable terminators matched to Diablo supplied flat
cable are available.

4.5 DOUBLE FREQUENCY RECORDING

In double frequency recording, a clock bit is recorded at the
beginning of each “’bit cell time’. Recording a clock bit in each
bit cell time results in the read back data being self-clocking.

To write a series of logical zeros, only the clock bit is recorded
at the beginning of each bit cell time. To record a “one” bit, a
flux reversal, or bit, is inserted in the center of a bit cell time. To
write a series of ones, a clock bit and a data bit will be recorded
in each bit cell time. It then can be seen the frequency of bits for
a series of ones is twice the frequency for a series of zeros. Hence
the method is called Double Frequency Recording.

Figure 4-8 shows the bit and time relationship for recording
and reading back a data bit series of “0-0-0-1-0-1-1-1"". Nominal
pulse width for the system in 100 ns.

Multiplexed data and clock pulses are sent to the drive on one
line; each pulse received on the line results in one current and
flux reversal.

In standard Series 40 drives, the read signal’s data and clock
pulses are sent to the controller on separate interface lines. With
the Unseparated Data Option, the combined data and clock
pulses are forwarded to the controller on the READ DATA line
only.

4.6 DISK FORMAT

Prior to consideration of the disk format information in this
paragraph, the reader should become familiar with the basic
functioning of the disk drive, as described in Section 5.

Details for the field shown in Figure 4-9 are as follows:

PREAMBLE 1 — all clock bits. Allows for differences in index
transducers, alignment cartridge differences, synchronization of
data separation circuits, and read amplifier recovery time. There
is an overlap of these tolerances within system considerations.

SYNC 1 — a known bit pattern (typicaiiy 03 gy or 03(16))'
detected within the controller and used to allow gating following
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Figure 4-7. Daisy Chain and Terminator

Figure 4-8. Double Frequency Recording

pulses into the using system. The amount of preamble read is
variable, because of tolerance. The detection of the SYNC-1 field
is required to signai the end of PREAMBLE-1.

HEADER — This field is typically recorded with the cylinder,
head, and sector address located beneath the R/W heads. This
field is generally compared with the address to which the heads
were addressed by the controller to insure the seek operation was
successfully completed. This field might also contain masking bits
to indicate track surface condition.

CHECK SUM 1 — a check character developed within the
controller during the write cycle and recorded on the disk. This
check character is compared with the character developed within
the controller during the read cycle to insure that the preceeding
field was read accurately.

PREAMBLE 2 — all clock bits. This is an optional field that is
used as a preamble to the data field. It is used in system
applications when a virgin disk surface is initialized (to write all

headers) only on the first pass. On subsequent data write
operations the header field is not rewritten. When this gap is not
used, the headei and data field are rewritten during subseguent
data write operations.

SYNC 2 — a field required to signal the end of PREAMBLE-2,
and the beginning of meaningful data (typically 03(8) or

DATA FIELD — the data recorded to be transferred.

CHECK SUM 2 — a check character developed within the
controller during the write cycle and recorded on the disk. This
check character is compared with the character developed within
the controller during the read cycle to insure that the preceding
field was read accurately.

POSTAMBLE — all clock bits recorded until the following sector
mark is detected. The postamble allows for write/erase gap
placement, disk rotation speed, and write clock frequency varia-
tions.



To summarize, typical write format, write data and read
operations are described below. Table 4-6 and Figure 4-9 should
be used as references with the following explanations.

1. Typical Write Format operation.

Detect leading edge of sector mark “0"'.

Enable Write/Erase Gate.

Write Preamble 1 (zeros pattern).

Write Sync 1, typically 0316 or 038.

Write Header and Check Sum 1.

Write Preamble 2, Zeros pattern.

Write Sync 2, Data Field and Check Sum 2. Typically a

zero's pattern or Header/Check Sum 1 information will

be written in the Data Field during format operations.

Sync 2 is typically 0316 or 038.

h. Write Postamble, zero’s pattern until the leading edge
of the next sector mark is detected.

i. During format operations Write/Erase Gate would not
be disabled until the last sector of that particular track
is formatted. Each sector would follow the same
format, with only Header and Check Sum 1 informa-
tion changing. This same track should be read on the
next revolution to verify a proper formatting opera-
tion. Timing considerations would be identical to a
Read Data operation.

@~ a0 o

2. Typical Write Data operation.
a. Detect the leading edge of the desired sector mark.
b. Wait for one-half of Preamble 1 and enable Read Gate.
c. Read zero’s preamble to synchronize data separator
circuit.
d. Read Sync 1 and Header/Check Sum 1 to verify that
the correct sector has been found.
Disable Read Gate after last bit of Check Sum 1.
Wait one byte/word time, then enable Write/Erase
Gate.
Write Preamble 2, Zero's pattern.
Write Sync 2.
i. Write Data Field/Check Sum 2.
j. Disable Write/Erase Gate at the leading edge of the
next sector mark.
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3. Typical Read operation.
a. Detect the leading edge of the desired sector mark.
b. Wait for one-half of Preamble 1 and enable Read Gate.
c. Read zero's preamble to synchronize Data Separator
circuit.
d. Read Sync 1, Header/Check Sum 1 to verify that the
correct sector has been found.
e. Disable Read Gate after last bit of Check Sum 1.
f. Wait for one-half of Preambie 2, then enabie Read
Gate.
Read zero's preamble to sync Data Separator circuit.
Read Sync 2, Data Field/Check Sum 2.
i. Disable Read Gate.

@

Each track on the disk is divided into a number of sectors of
equal length, as shown in Figure 4-9. This is accomplished by
means of slots on the disk hub, or electronically in the using
system. The time between index marks is equal to the time of one
disk revolution. This is nominally 25ms (40ms for 1500 rpm
units). The time duration of each sector is then the time between
index marks divided by the number of sectors. If the disk
rotation speed varies, the sector time varies by the same percent-
age. The spindle motor speed tolerance is * 2% (* 1% for 1500
rpm units), and the sector time can therefore vary by this
amount. Other manufacturing and adjustment tolerances also
affect sector time. '

Formatting of the disk is the organized placement of data
zones and guard zones in each sector, the placement of clock
pulses and/or data pulses within these zones. The data zones are
those areas within each sector where data is to be recorded or
read. To provide disk interchangeability and reliable read recov-
ery of data, these data zones must contain a constant number of
data cells, even in the presence of disk speed variation and other
tolerances described below. The guard zones are variable in
length, and ensure a constant number of data cells in each data
zone by absorbing variations in sector time.

Each guard zone is a series of recorded clock pulses. The guard
zone is recorded at the beginning and ending of each data zone,
and is normally defined as a preamble {when at the beginning of
the data zone) and as a postamble (when at the end of the data
zone). The length of each guard zone must be adequate to allow
for a reliable reading of each data zone even under worst-case
conditions of tolerances. Each data zone typically contains
synchronizing, header, data, and check information. A guard zone
and a data zone are defined as a sector, and typically are recorded
by a combination of hardware and software control. When sector
slots on the disk hub are used, a sector mark format method is
commonly employed. Sector mark formatting is explained in
paragraph 4.6.1 below. When only the index slot is on the disk
hub, it is common to use address mark format. The address mark
is a unique recorded pattern on the disk which is detected by the
R/W heads. It serves the same function as the sector slots.
Address mark format is explained in paragraph 4.6.2.

4.6.1 Sector Mark Format

A typical sector mark format is shown in Figure 4-9 for an
eight-sector disk. Typical field size for sector mark format is
shown in Table 4-5 for the common numbers of sectors.

As previously explained, the preamble and postamble are
required to absorb system tolerances, so that the data field will be
constant. Factors contributing to the required allowance for
system tolerances include physical separation of the erase and
write coiis, variation in the spacing of sector slots, alignment of
the index transducers, sector jitter, alignment cartridge variance,
disk rotational speed variations, write clock frequency, read
amplifier recovery time, and variations in the transducers and
their associated circuitry.

TOP VIEW OF DISK

DETAIL OF ONE TRACK ON TYPICAL SECTOR

GUARD ZONES.

1) SHADED AREAS INDICATE
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INDICATES SECTOR MARK.
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Figure 4-9. Typical Sector Format
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Table 4-5.

Field Size
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REVOLUTION o » I o N n [a] [3) :
8 96.0i4s 6.4Us 6.4 6.4 19.2 6.4  2902.53 64 =2 , ADDRESS
é = ) GAP 5 GAP1 MARK GAP 2 IDENTIFIER GAP 3 DATA  §...... SECTOR O
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SE¥
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INDEX — Starting point for every track. Derived from physical slot on disk hub. ﬁ
% Gap 1 — (nominal 260 us) 40 bytes of “/1’s” followed by 7 bytes of ““0’s"’. Only g
8 153.6 10.24 10.24 10.24 30.72 10.24 4644.05 10.24 w after INDEX. z
g § Address Mark — Two bytes of hex F2 with missing clock pulses. Refer to Figure 4-11.
12 2977.38 %2 Gap 2 — Sync character — Hex OE. Nominal 5.12 us.
8; 1.D. — Six bytes total. 1 flag byte, 2 address bytes, and 3 bytes of check characters.
16 2144.05 & F ¥ Gap 3 — 10 bytes of all “1's”, 4 bytes of ’0's’’ and 1 byte Sync character Hex OE.
<@ < 1500 RPM Data — 256 bytes of data and 3 bytes of check characters.
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' ' ' v ' ' T3 o Gap 5 — all “1's"”" until INDEX detected. Only recorded after Sector 23.
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Wao ) ) .
24 153.6 10.24 10.24  10.24 30.72 10.24 1310.72 1024 2 Ju Identifier field explanation.
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3 .
;gg Flag Byte - Bits O - 5 not used
- Track condition is indicated in bits 6 and 7.

0 0 = Good track

Table 4-6 shows some nominal values of typical system
tolerances. The format shown in Figure 4-9 using the time per
field shown in Table 4-5 will allow for these variations with a
reasonable margin for safety.

4.6.2 Address Mark Format pof V5S¢ %

When the Address Mark Format is used, sector slots on the
disk hub are not used. Instead, an address mark is recorded in
each sector. The address mark serves the same purpose as the
SECTOR MARKS described in 4.6.1. This format is characterized
by missing clock pulses in the address mark word, and is used
with a Series 40 having the Unseparated Data or VFO Options. In
this case, the system tolerances affecting disk interchangeability,
which are described in 4.6.1, are accounted for in the gaps. Figure
4-10 shows the address mark format.

The format is written while preparing or testing a new disk.
Data recorded during subsequent write data operations is written
only between gaps 3 and 4.

A write format command will always write the entire track
and will always start at the index. Two bytes of “F2” with 2
clock bits missing are recorded for Address Marks. Refer to

Figure 4-11. Cyclic code and bit count appendage characters are
written at the end of an 1.D. and Data Field. A read verify
command, which checks the cyclic code and bit-count appendage
characters, is used to check for write errors after the Write
Format command.

Table 4-6.
Typical System Tolerances
Maximum Sector Time
ltem Reduction in microseconds
2400 rpm 1500 rpm
Sector Slot Placement 29 MS 45 /1,,‘5'
Transducer Differences 12 18 -
Transducer Alignment 7 10
Alignment Cartridge
Differences 3 5
Write/Erase Gap Placement 16 25
Disk Rotation Speed 63 50
Data Separator Circuit 6 6
Read Amp Recovery Time 25 25

1 0 = Defective track
0 1 = Alternate track
1 1 = Defective alternate track

Address Bytes — Byte 1, Bits 0-7 contain the binary number of the cyli
Byte 2, Sector Address
Bit O is head number O = upper surface
1 = lower surface
Bits 1-5 are sector address
0 to 23 = upper surface
32 to 55 = lower surface
Bits 6-7 are not used should be “0's”

Check characters — Bytes 1 and 2 are Cyclic Check Character.
Byte 3 is Bit Count Appendage.

Figure 4-10. Address Mark Format




4.6.2.1 Data Write lines low and high, respectively. These lines could have been set
: up prior to time ty but have no internal effect until the FILE
A typical data write operation on a formatted disk would SELECT line goes true.

proceed as follows:

1 1 1 1 0 0 1 (o}
) c D c D D D c c c D c c
Since the disk drive is now ready and no seek is taking place,
1. Seek to desired track. the READY TO S/R/W output goes true. The disk drive can now Hex F2 | I I l I I | | l—l I I l | l_] I | | I | I | |
accept any valid command to seek, read, or write. At time ty the \ ) / L ]

2. Read for address mark. appropriate Track Address Lines corresponding to the desired Missing clock bits
track go low. These are shown collectively in the figure, rather
3. Detect address mark and Sync Character. than showing all nine track address inputs separately. When the
Track Address Lines have settied, at time to, the STROBE input
4. Compare ldentified field with desired address. Figure 4-11. Address Marks
b. Six byte times after desired address had been located write ot t 1 +ot 1 t t 1 '
o T2 13 4 5 eslz g 9 10 I 12 13 14 15
four bytes of F.F., four bytes of 00 and sync character | |
(0.E.). FILE SELECT | s — -~
6. Write Data field of 256 data bytes with cyclic check and
bit count appendage. FILE READY —/
7. Terminate write operation at end of bit count appendage. L
HEAD SELECT ~— | . . o
- 4.6.2.2 Data Read i
A typical data read operation on a formatted disk would DISK SELECT | T  f—
proceed as follows:
1. Seek to desired track. READY TO S/R/W | - ; % |
2. Read for address mark. f o B
TRACK ADDRESS LINES | | |

3. Detect address mark and Sync Character.

STROBE ' 77 | | 1] | T L1 L1 | |

4. Compare ldentifier field with desired address.

5. Detect Sync Character after desired ldentifier, at end of ADDRESS ACKNOWLEDGE [ ’ [ 4 l | l | | |
gap 3. |
6. Read data field of 256 data bytes with cyclic check and bit READ GATE ¢ ] o |

count appendage.

7. Terminate read operation at end of bit count appendage. ERASE GATE l , o | -
4.7 TYPICAL SIGNAL TIMING AT THE INTERFACE —_— —
WRITE GATE L, j
Figure 4-12 shows the timing relationship at the interface for
a typical write and read sequence using the single sector format LOGICAL ADDRESS TNTERIOCK — —
described in 4.6.2. in the following description the terms “‘input’ 0 S
and "output” refer to input to, and output from, the disk drive.
. ) o SEEK INCOMPLETE T n ; '
Assuming that the disk drive is in the run mode, and that the | |
start-up cycle is complete, a FILE SELECT true input at time t | . o
K b g 7 r

establishes a file ready condition. The FILE READY output goes RESTORE
true when the disk drive is selected.

At this time the controller selects the upper head of the lower
disk by making the HEAD SELECT and DISK SELECT input Figure 4-12. Typical System Timing




goes low. The appropriate Track Address Lines must remain low
during the Strobe Pulse. About 500 nanoseconds after the leading
edge of the Strobe Pulse, the ADDRESS ACKNOWLEDGE
output goes true indicating that the command to move the heads
to a specific cylinder address has been accepted, and that seek has
commenced. Since a seek is in process, the READY TO S/R/W
output goes false. This occurs at time t3, which is within 1us after
the leading edge of the Strobe Pulse. At time ty, the heads have
settled at the desired cylinder address, and the disk drive is now
ready to read, write, or seek to another address. This is indicated
by the READY TO S/R/W output going true. In our example, the
controller now makes the READ GATE input true, so that the
address mark can be read prior to writing (see 4.6.2 item 2). The
read gate could have been made true prior to time g, but the
internal read circuitry of the disk drive will not accept a read
command unless READY TO S/R/W is true.

When the desired address is reached, at time tg, the controller
sets READ GATE false, and WRITE GATE and ERASE GATE
true. Multiplexed data and clock pulses are now furnished by the
controller to the WRITE DATA AND CLOCK input. (Write data,
read data, and clock pulses are not shown in Figure 4-12).

Writing continues until time tg- Since the intervals between
time 1g and time tg and between time t11 and tqqp are several
hundred times larger than other intervals shown, they are not
drawn to scale.

At time ty the controller selects a different disk and head, and
codes a new address on the Track Address Lines. In our example,
the controller has commanded an invalid address (greater than
203 for 100 tpi drives, or greater than 407 for 200 tpi drives),
and the LOGICAL ADDRESS INTERLOCK output informs the
controller of this fact by going true. The ADDRESS ACKNOWL-
EDGE output remains false. READY TO S/R/W remains true,
indicating that the drive is ready to accept a valid address.

At time tg the controller codes a valid address onto the disk
drive’s TRACK ADDRESS LINES. Application of the STROBE
starts the seek operation and at time ty5 READY TO S/R/W goes

false, ADDRESS ACKNOWLEDGE goes true, and the LOGICAL
ADDRESS INTERLOCK is reset. When the heads have settled at
time t;4, READY TO S/R/W goes true and a read operation is
commenced.

After the read operation is completed a new seek is started at
time o In our example, some malfunction causes an incomplete
seek, and the SEEK INCOMPLETE output goes true. The
controller then places a low on the RESTORE input at time tg
The subsequent STROBE input causes the heads to drive to track
zero, where they are ready for another seek command at time
g Figure 4-12 shows another write operation at time Y6

4.8 VFO SEPARATOR OPTION

The VFO option can be used either in the standard configura-
tion (address mark format) or with the sector-mark option
installed. In performihg the data/clock separation function the
VFO provides the following features:

1. Generates a clock signal that is synchronized to the read
data.

2. Removes most of the jitter caused by pulse crowding and
spindle speed variations.

)

Provides increased timing tolerances over the standard
single-shot separator.

4. Provides missing clock bits for single-sector {Address Mark)
format systems.

The VFO consists of a phase-locked loop and a data separator.
The phase-locked loop provides a stable clock signal which is used
to generate a data gate. The data pulse is aligned within this gate.
In order to accommodate any synchronizing pattern, a High-gain
Control circuit is included to increase loop gain. This circuit
provides the high gain gate for 2Qus after the start of VFO
CLOCK. Phase lock and frequency correction of the phase-locked
loop are accomplished during the high-gain gate. It should be
emphasized that this phase locking and frequency correction 20us
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missing clock
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READ CLOCK

Figure 4-13. VFO Timing Chart

after VFO clock starts applies only to the phase-locked loop.
Subsequent to this, the single-sector data separator must be
phased correctly, as later described.

The VFO is turned on and synchronized with the file data by
a start-lock control circuit. This insures phase lock within one bit
cell time. The remaining lock-in time is used to correct frequency.
Turn on of the VFO is controlled by the READ GATE. When
READ GATE goes true, the start/lock control circuit turns on the
VFO when the next file data bit occurs.

One of two different data separators is used with the VFO,
depending on whether single-sector or sector-mark format is being
used. Additional circuitry is required for the single-sector format

______

due to the all-bit synchronizing pattern. With this type of

synchronizing pattern the data separator may be phased incor-
rectly, since it cannot distinguish a data bit from a clock bit. The
circuitry which corrects the phasing of the data separator is
labeled Zeros Detector. This circuitry looks for any eight consec-
utive zeros. Once these zeros are found any place in the format
(after the high-gain gate), the data separator is phased correctly
and data is then gated out to the using system.

It should be noted that the VFO will not detect an Address
Mark. The missing clocks will appear on the Interface, and it is
the user’s responsibility to detect the Address Marks. The VFO
will guarantee good data on the Interface. Figure 4-13 shows
tynical timing. Qutput line drivers for the READ DATA and
READ CLOCK lines are as shown in Figure 4-3.



SECTION b
PRINCIPLES OF OPERATION

5.1 BASIC DISK DRIVE OPERATION

The circuits in the Series 40 Disk Drive can be divided into 6
functional groups. These groupings contain the circuits necessary
to: rotate the disks at the proper speed; select the desired disk
surface and head; position the heads over the proper disk cylinder
address (location); write data; read data; and perform miscella-
neous control and indication functions. Refer to Figure 5-1 for
Block Diagram description.

5.1.1 Disk Rotation

The spindle assembly, with integral two-phase induction
motor, rotates the disks at 2400 rpm (or optional 1500 rpm).
One disk {lower) is permanently fixed to the spindle shaft, while
the other disk (upper) is contained in a type 5440 removeable
disk cartridge. The removeable disk is held to the spindle
assembly during operation by a magnetic ring. Spindle speed is
maintained within * 2% by means of a crystal-controlled 2 mHz
oscillator whose output is divided, shaped, and split into two 80
Hz (50 Hz for 1500 rpm) square waves, 90° out of phase with
each other. These square waves are amplified and applied as
driving power to the spindle motor. Since the spindle motor is
very lightly loaded, it runs at its approximately synchronous
speed of 2400 rpm (or 1500 rpm).

5.1.2 Surface (Head) Selection

Each disk surface has its corresponding read/write head. The
surface-select logic receives DISK SELECT and HEAD SELECT
signals from the controller which together enable the designated
head.

5.1.3 Head Loading and Positioning

Head loading refers to the positioning of the read/write heads
at the proper distance from the recording surface, as shown in
Figure 5-2. In the Series 40, this distance is 2 microns (80
microinches). When loaded, the heads can then be moved to the
proper address on the disk surface as explained in the following
paragraph. The heads are loaded by a solenoid-operated mecha-
nism, and are maintained there by spring pressure. Initial loading
of the heads is controlled by start-up logic, and occurs when the
disk reaches 90% of its normal rotational speed. The heads are
unloaded if a power failure occurs, or if disk rotation drops below
normal.

5.1.4 Cylinder and Track Addresses

The heads are mounted on arms, which in turn are mounted
on a head carriage. The carriage moves the heads radially from the
disk periphery toward its center. With the disk rotating and the
head stationary, the position of the head describes a circular track

on the disk surface, as shown in Figure 5-3. During a write
operation, this track is magnetically recorded on the disk surface.
The track consists of data signals and other signals which allow
the accurate recording, retrieval, and identification of data as
explained in Section 4 of this manual.

Similarly, the head can be positioned over a recorded track
during a read operation. It can be seen from the representation in
Figure 5-1 that there are four tracks, and that these tracks are in
line vertically. The four circular tracks together describe a
cylinder. If the head carriage moves in toward the center of the
disks, a smaller cylinder is described by the four tracks. The
position of the carriage, then, is referred to as the cylinder
address. The combination of the cylinder address, disk select
signal, and head select signal constitutes the track address.
However, since the address logic in the Series 40 is used to
position the head carriage, the term “‘address” is used in this
manual to mean cylinder address.

Referring again to Figure 5-1, the head positioner servo
system compares the latest address command with the current

cylinder address, and supplies an error signal to the head carriage

drive if these two addresses do not correspond. The polarity of
this error signal controls direction of head movement. The
magnitude of the error signal depends on the distance the head
must move, and decreases as the proper address is approached.

The new address register receives the required address from the
controller in a 8-bit binary form (9-bit for 200 tpi). When a new
address is strobed into the address register, an address acknowl-
edge pulse is issued. As a linear motor moves the head carriage,
each cylinder centerline is detected by the head positioner
transducer. An ‘up/down counter in the head positioner servo
system is adjusted with each of these centerline detections. As the
up/down counter is adjusted, it changes instructions to the servo
circuitry, so that the error signal to the drive varies, and the
carriage will slow down as the correct address is approached.

If an invalid address is received from the controller, a logic

~ address interlock is generated in place of an address acknowledge.

5.1.5 Writing

The layout of a read/write head is shown in Figure 5-4. The air
holes provide the aerodynamic characteristics necessary for the
heads to maintain their proper flying position when loaded. Each
head assembly contains three separate precisely mounted coils;
i.e., two erase coiis and one read/write coil. The erase coils limit
the physical width of the data tracks on the disk surface.

In a write operation, a single input line delivers multipiexed
clock and data puises; one complete pulse corresponding to each
flux transition. The write circuits, activated by a write gate from
the controller. will allow current to pass through the write head
and write one flux transition for each pulse. The erase coil,
activated by an erase gate, will trim the written track to a
nominal 0.0039" width (0.007" for 100 tpi drives). The read/
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Figure 5-2. Head Positioning

write circuits perform the amplification and signal conditioning
necessary for the translation between interface data signal volt-
ages and head currents.

Certain conditions, if they occur, are likely to result in faulty
or invalid data being recorded on the disk. These conditions are
monitored and if they should occur, the write check interface line
is made true and the CHECK indicator lamp is turned on. A write
check condition will occur if the supplied voltage drops below the
specified 5% or if certain write or erase current faults are present.
A write or erase fault will be present, and the write check
condition will be set, if write or erase current is flowing when the
corresponding gate interface line is false, or if write or erase
current is now flowing when the corresponding gate interface line
is true. The other write check condition is a multiple head
selection when the write or erase gate interface line is true. The
write check condition caused by a voltage variation will last only
for the duration of the faulty voltage. Any other write or erase
fault will set an internal latch that is reset by the operator placing
the LOAD/RUN switch in the LOAD position and then back to
RUN.

5.1.6 Reading

The read circuitry is enabled by a read gate from the
controller. The flux transitions on the disk surface induce head
current pulses as they pass the head read/write coil. The read
circuits amplify, shape, and separate these pulses into distinct
clock and data pulse streams before delivering them to the
interface lines.

5.1.7 Control and Indication Functions
5.1.7.1 Daisy Chain Operation

The daisy chain feature allows the controller to select a
particular disk drive in a system where more than one drive is
used. By means of a jumper on the I/O Box, a disk drive can be
designated as Unit 1, 2, 3, or 4. Figure 5-1 shows the jumper
installed on a drive designated as Unit No. 3. All interface lines
except attention on a Series 40 Drive are inactive until a select
signal is applied to the proper select line. The attention-line

~ jumper must correspond with the select-line jumper.

Figure 5-3. Track Layout

5.1.7.2 Start-Up Logic

The start-up logic performs two basic functions; it controls
operation of the equipment, including the brush cycle and head
load operation, during the start-up cycle, and it also controls the
operation of various interlocks used to protect data and equip-
ment. When the disk drive is placed in the RUN mode, power is
applied to the spindle motor, starting disk rotation, and a brush is
passed over each disk surface to remove any contamination. The
hub of each disk contains an index slot, which is sensed by a
stationary transducer as the slot passes the transducer. The index
mark outputs of the transducers, therefore, occur once per disk
revolution. The frequency of the lower disk index mark is used
by the start-up logic to determine when the spindle is rotating at
the proper speed, after which time the heads can be loaded. The
index mark of the selected disk is also furnished to the controller
interface.

The heads are retracted beyond the disk surface when power is
initially applied or when the LOAD/RUN switch is in the LOAD
position. The interlocks and safety devices controlled by the
Start-up Logic minimize the possibility of accidental data loss, in
routine operation or emergency shut-down. Interlocks are des-
cribed in Paragraph 3.3.

5.1.7.3 Write Protect Option

The Write Protect Option is used to reduce the possibility of
inadvertently writing over recorded information. The option
consists of a backlighted momentary-contact front panel switch,
an interface input command line, and an interface output status
line.

The Write Protect Option functions in the following manner.
The disk drive, during its start-up cycle, sets write protect on.
Write and erase circuits are now inhibited, the PROTECT switch
glows red, and the write protect status line is true. If writing is to
be performed, the operator must depress the front panel PRO-
TECT switch to extinguish its light. This switch depression also
resets an internal flip-flop that enables the writing process and the
write protect status line is made false, indicating to the interface
that the recording surfaces are no longer protected.

Write protect status may be re-established at any time by a
pulse on the write protect interface line. The write protect
feature may be established or reset on the removable cartridge,
the fixed disk, or all surfaces. This selection, by a provision on
the Read/Write Amplifier PCB, is field changeable.

5.1.8 Sector Counter Option

In addition to the index slot described in 5.1.7.2, the 5440
disk cartridge is also availabie with equally spaced sector siots cut
around the periphery of the disk hub. The more common
numbers of sector slots available are 8, 12, 16, 20, or 24. The
fixed disk has 24 sector slots in addition to the index slot. The
sector slots are sensed by the index transducers, and the resulting

R/W GAP
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Figure 5-4. Head Configuration

sector marks are electronically separated from the index marks.
With the Sector Counter Option installed, the sector marks from
the selected disk are furnished to the controller interface and to a
sector counter in the Series 40. The sector counter furnishes to
the interface a 5-bit binary coded signal indicating which sector is
currently passing under the R/W heads. The sector slots, there-
fore, divide each track into a number of equal segments for disk
formatting purposes as described in 4.6. The sectors for an
8-sector disk are shown in Figure 5-b. For clarity, only one track
is shown; its width is greatly exaggerated.

5.2 FUNCTIONAL DESCRIPTION
5.2.1 Location of Electronic Assemblies

Electronic circuit boards are contained in five areas in the
Series 40 as follows:

1. Input/Output (I/0) Card Cage—this card cage accommo-
dates six pluggable PCBs. Two circuit boards (RDR1 and
RDR2) contain line drivers and line receivers, and are
installed in all disk drives. A third slot holds either the
Data/Clock Separator {D/CS) PCB in standard configura-
tion disk drives, or the Variable Frequency Comparator
(VFC) PCB if the VFO Option is installed. The remaining
slots hold optional PCBs as follows:

a. Sector Counter (SC)

b. Variable Frequency Interface (VFI) or Variable Fre-
qguency Sector (VFS)

c. Variable Frequency Oscillator (VFO)

The 1/0 Card Cage also contains the I/O Mother Board, into
which the PCBs listed above plug. The I/O Card Cage is
attached to the rear of the left-hand slide assembly of the
Series 40.
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Figure 5-5. Disk Sector Layout

2. Main Electronics Card Cage—this card cage contains the
following pluggable PCBs:
MO1 — Spindle Drive (SD)
MO02 — Oscillator (OR)
MO4 — Temperature Compensation (TC) (200 "tpi drives
-only)
MO05 — Sequence Logic (SL)
MO06 — Sensor (SR)
MO7 — Servo (SO)
M08 — Address Logic 2 (AL2)
M09 — Address Logic 1 (AL1)

3. Read/Write (R/W) PCB—this circuit board is mounted in a
sealed Data Channel Box above the head-positioner linear
motor.

4, Head Sink Assembly—this assembly consists of the Heat
Sink (HS) PCB, the power transistor heat sink, and the
Servo Inhibit (SI) PCB. The Heat Sink Assembly is mount-
ed on the left side of the Main Electronics Card Cage.

5. Panel Distributor PCB—this board is mounted on the rear of
the front panel.

5.2.2 Start-up and Interlock Logic

5.2.2.1 Power-Off Condition

With no power applied to the Series 40, the drawer interiock
solenoid, the disk-pack safety sclencid, and the head-ioad sole-
noid are deenergized. In the deenergized condition, the drawer
“interlock solenoid prevents the drawer from opening, and the
disk-pack safety solenoid prevents the cartridge retaining clamps
from opening and the head carriage from moving out of the fully
retracted position. However, the cylinder location of the heads is

undefined with power off since the head positioner requires
power to hold the heads in position; previous maintenance
operations may have left the heads extended. With the head-load
solenoid deenergized, the heads are unloaded.

If power was turned off during a previous start-up cycle while

the disk cleaning brushes were over the disk surface, they will
remain in that position until power is reapplied.

5.2.2.2 Initial Power-On

When power is first applied to the Series 40, the following
functions occur:
* voltage monitoring
* initial reset {conditions circuitry for initial operation of the
disk drive)
* head and brushes retract
* drawer unlock

5.2.2.2.1 Voltage Monitoring

The external power supply supplies +24 Vdc, —24 Vdc, and +5
Vdc to the Series 40. Circuitry within the disk drive also requires
+15 Vdc and —15 Vdc, which are obtained from the 24V supply
lines by means of a 6030 IC regulator circuit on the Heat Sink
PCB.

Some of the circuits in the Series 40 must be disabled
whenever out-of-tolerance voltage exists. This occurs when power
is first applied, but could also occur during operation if, for
example, line voltage were to fall below certain limits. For this
reason, the 24V, 15V, and 5V lines are monitored. The monitor
circuitry also serves to initialize the Series 40 when power is first
applied, in preparation for the receipt and proper execution of
the first seek command. This is called initial reset.

Figure 5-6 shows a functional representation of the voltage
monitor, which is located on the Sensor PCB. When power is first
applied to the Series 40, the voltage monitor senses an out-of-
tolerance condition, and causes transistors B14.and B17 to
remain cut off. Capacitor A27 charges to 5 volts. When all three
supplies are within tolerance, B14 and B17 conduct, A27 dis-
charges, and the waveform shown in Figure 5-6 is produced. If
any of the voltages supplied to the monitor drop out of tolerance,
B14 and B17 cut off, and the collector of B14 again goes high
and remains high during the out-of-tolerance condition.

5.2.2.2.2 Initial Reset

As shown in Figure 5-6, a positive signal is sent to the Initial
Reset amplifier when power is first applied to the Series 40. A
negative signal appears at the output, and is sent to the address
logic circuits, the Sequence Logic PCB, and the Read/Write
Amplifier PCB. It is also used to reset circuits on the Sensor and
Sequence Logic PCBs. As previously stated, the purpose of the
initial reset signal is to initialize the disk drive circuits in
preparation for initial seek as explained later.

In the event that the voltage monitor detects an out-of-
tolerance condition, another initial reset signal is generated and
held until the voltage is back in tolerance.

On the Sensor PCB, the initial reset signal activates the spindle
drive cutoff and servo hold, and resets the Servo Hold and Seek
Incomplete F/F. It should be noted that this flip-flop is also reset
by a RESTORE command. The purpose of spindle drive cut-off

and servo hold is to ensure that the spindle motor and the linear
motor are not driven during a period when voltage is out-of-
tolerance. As shown in Figure 5-6, servo hold and seek incom-
plete are also activated if a high-current condition in the linear
motor is sensed.

5.2.2.2.3 Head and Brushes Retract

The initial reset signal is taken to the AL-1 PCB where it
causes a “‘retract speed” signal and a ‘‘reverse direction’ signal to
be generated and sent to the AL-2 PCB. On AL-2, the “retract
speed’’ signal disables all linear motor speeds except minimum
and the “‘reverse direction” signal causes the linear motor to move
in the retract direction. When the heads are fully retracted, a
micro-switch on the Head Positioner Assembly removes the drive
to the linear motor.

Switches located near the disk cleaning brushes pivot-point are
connected to toggle brush cycle flip-flops on the Sequence Logic
PCB to indicate whether the brushes are retracted or are extend-
ed. One output of these flip-flops is furnished to a NAND gate,
together with an internally generated 60 Hz square wave which is
present whenever power is applied to the Series 40. The output of
the NAND gate is amplified and drives the brush motor. If the
brushes are not fully retracted when power is first applied to the
disk drive, the output of the flip-flop will furnish a high to the
NAND gate, whose output will then be a 60 Hz square wave,
driving the brush motor. When the brushes reach the full retract
position, the brush switches toggle the flip-flop, and the brush
motor stops.
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Figure 5-6. Voltage Monitoring and Initial Reset
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5.2.2.2.4 Drawer Unlock

Retract switches located just in front of the linear motor are
connected to toggle a flip-flop on the Sequence Logic PCB to
indicate when the heads are fully retracted. The output of this
flip-flop is furnished to a NAND gate, whose other input comes
from one of the brush cycle flip-flops previously mentioned. The
output of the NAND gate energizes the drawer unlock solenoid
which, through mechanical linkage, lifts the drawer latches. It
should be remembered that the preceding discussion refers only
to the initial power-on stage; it will be seen later that other
conditions are necessary to energize the drawer unlock solenoid
when the disk drive is already in operation.

5.2.2.3 Cartridge Loading

With the drawer open, a cartridge can now be loaded. There is
a disk-pack interlock switch which is open whenever a cartridge
and its top cover are installed in the bowl. This switch prevents
loading of the heads when no cartridge is installed and also
prevents movement of the brushes out of the fully retracted
position.

NOTE
It does not prevent movement of the brushes into the fully
retracted position.

5.2.2.4 Start-up Sequence

There is a drawer interlock switch which is closed whenever
the equipment drawer is not fully shut. This switch is wired in
parallel with the disk-pack interlock switch. Therefore, the
drawer must be closed and the cartridge and dust cover must be
in place before the brush motor, spindle drive, and head loading
can be activated.

Figure 5-7 is a simplified functional block diagram showing the
start-up sequence from setting of the LOAD/RUN switch to the
RUN position until generation of the FILE READY signal, at
which time the drive can accept its first seek command. The
following description is based on the assumption that the brushes
and heads are fully retracted, that a disk cartridge and cover are
installed, that the drawer is closed, that initial reset has occurred,
and that the LOAD/RUN switch is in the LOAD position.

The sequence of events can be summarized as follows:
1. Set LOAD/RUN switch to RUN.

2. Spindle drive motor energized; heads move to Track Zero;
drawer locks; brush cycle starts.

3. Spindle reaches 50% of rated speed; full current applied to
spindle drive motor.
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Figure 5-7. Start-Up and Interlock Logic

4. Spindle reaches 86% of rated speed; head load enable F/F
sets.

5. Brush cycle completes, heads load.

6. FILE READY signal is generated.

The remainder of this subparagraph describes how the fore-
going six events occur.

Referring to Figure 5-7, the following conditions exist:
* Completion of the previous brush cycle has reset Brush
Cycle | F/F and Brush Cycle Il F/F.

* The heads-retracted switches have reset the Heads-
Retracted F/F. The output is ‘'NANDed’ at “G’* with the
output of the Brush Cycle | F/F to provide a —UNLOCK
DRAWER signal to the Sensor PCB. It is there ANDed with
several other interlock functions, to be described later, and
energizes the drawer unlock solenoid. The low —DRAWER
UNLOCK signal is also applied to a three-input NAND gate
at “A”, disabling the gate.

* Initial reset has set the Load/Run F/F and reset the Spindle
Drive F/F, as well as conditioned the Up-to-Speed F/F and
the integrator circuitry.

* The disk-pack interlock switch and the drawer interlock
switch, together with the Heads Retracted F/F, have condi-
tioned a three-input AND function at ““A"".

When the LOAD/RUN switch is set to RUN, the Load/Run
F/F is reset, which provides a third high to the AND function at
“A". The Spindle Drive F/F is set. Its Q output is NANDed at
“D" with the Q output of the Brush Cycle Il F/F. The low
output at ‘D" is gated through "“C” and then gates the brush
motor drive circuit. The other input to the brush motor drive
circuit is a 60 Hz square wave generated by dividing the output of
a crystai osciiiator on the Osciiiator PCB. The outpurt of the brush
motor drive circuit is two 60 Hz square waves 180° out of phase
with each other. They are fed to a sine-wave generator on the
Heat Sink Assembly. The 60 Hz sine-wave output of the genera-
tor drives the brush motor, and the brushes start their cleaning
cycle over the disks.

When the Spindle Drive F/F was set by the action of the
LOAD/RUN switch, its Q output was NANDed at ““H*’ to provide
the +SPINDLE DRIVE ON signal. This is fed to the Spindle Drive
PCB where it applies power to the spindle drive motor, to be
explained later.

The +SPINDLE DRIVE ON signal is also sent to the Address
Logic 1 PCB, where it initiates movement of the heads to Track O
at minimum speed, as later described. When the heads leave the
fully retracted position, the Heads Retracted Switches set the
Heads Retracted F/F, removing the —UNLOCK DRAWER signal.

When the brushes started their cycle, the brush switches set
the Brush Cycle | F/F and the Brush Cycle Il F/F. The low Q
output of the Brush Cycle | F/F maintains drive to the brush
motor through the NOR function at *’C"". With either the Brush
Cycle | F/F or the Heads Retracted FF set and providing low
signals to the NAND function at ““G"”, drive to the Drawer Unlock
Solenoid is removed, and the drawer is locked. It can be seen that
the drawer cannot be unlocked while either the head or brushes
are out of the full retract position.

As the brushes complete their cycle, the Brush Cycle | F/F and
the Brush Cycle Il F/F are reset, removing the drive to the brush
motor through the NAND function at “C"".

With the spindle rotating, index marks are fed to integrator
circuitry on the Sequence Logic PCB. When the spindle reaches
approximately 50% of its designed speed, the frequency of the
index marks is sufficient to cause the integrator circuit output to
trigger one section of the Up-to-Speed F/F. One output of the
Up-to-Speed F/F is the +SPEED OK signal. This is sent to the
Spindle Drive PCB, where it enables full current input to the
spindle drive motor, bringing it to full rated speed.

Another output of the Up-to-Speed F/F is triggered by the
integrator when the spindle reaches approximately 90% of its
designed speed. It is at this speed that the heads can be safely
loaded. This signal is sent to a three-input NAND gate function
shown at “E’”. Meanwhile, the heads have moved to Track 0. A
shutter on the head carriage prevents the light from a light-
emitting diode from falling on a photosensor when the heads are
over the disk. The output of photo sensor, amplified and gated on
the Sensor PCB, produces a tHEADS OVER DISK signal. This
provides another input to the NAND function at “'E" in Figure
5-7. The third input to the gate was furnished when the Brush
Cycle | F/F was reset by the brushes reaching the fully retracted
position. The output is ANDed at “B" with the output of the
Brush Cycle Il F/F. The output at “E" furnishes the —HEAD
LOAD ENABLE signal and also triggers the Head Load One-Shot,
whose output is the 700 ms +HEAD LOAD PICK signal. The
—HEAD LOAD ENABLE signal and the +HEAD LOAD PIiCK
signal are sent to the Heat Sink Assembly where they drive the
transistors which energize the Head Load Solenoid. The pick
signal pulls the solenoid in with a 48-volt pulse, while the enable
signal maintains the energized condition with 24 volts.

An output of the Head Load One-Shot is also ANDed with the
—HEAD LOAD ENABLE signal at “F”. The "“F" output condi-
tions the Heads Loaded Signal F/F, so that the next index pulse
will cause the +HEADS LOADED signal. In addition to maintain-
ing the +SPINDLE DRIVE ON signal at “H”, the +HEADS
LOADED signal is sent to the R/W Amplifier PCB, where it is
ANDed with the NOT WRITE CHECK signal. The NOT WRITE
CHECK signal is present in the absence of certain write faults
later described.

The FILE READY signal is sent to the interface to inform the
controller that the disk drive is ready for its first seek command.
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Figure 5-8. Spindle Drive Signals

FILE READY is maintained as long as heads are loaded and there
is no write check. FILE READY is also sent to the Address Logic
2 PCB and the Sensor PCB as explained later.

5.2.3 Spindle Drive and Speed Control

Drive signals for the spindle drive motor originate on the
Oscillator PCB, where a 1.92 MHz crystal-controlled oscillator
operates whenever power is applied to the Series 40. The output
of the oscillator is divided into two 80 Hz square waves (50 Hz
for 1500 rpm drives} which are 90° out of phase referred to as
Phase 1 and Phase 2. These square waves are sent to the Spindle
Drive PCB, where an inversion of each phase is also developed.
These four signals are shown in their proper phase relationship in
Figure 5-8. When properly gated on the Spindie Drive PCB as
explained in this paragraph, these four signals drive two push-pull
type power amplifiers on the Heat Sink Assembly. The output of
each amplifier drives one phase of the two-phase spindle drive
motor.

Figure 5-9 is a simplified functional block diagram showing the
sequence of operation of the spindle drive and speed control
circuits from setting of the LOAD/RUN Switch to the RUN
position, through the spindle up-to-rated-speed condition, until
stopping of the spindle after placing the disk drive back in the
LOAD mode.

The sequence of events can be summarized as follows:

1. Set LOAD/RUN switch to RUN; +SPINDLE DRIVE ON
goes high.

2. Outputs of the four phase amplifiers are enabled; Speed
Sense F/F and Phase 1 F/F are set; Phase 1 and Phase 2
signals from Oscillator PCB are gated to the four phase
amplifiers; Spindle Drive Motor starts rotation.

3. SPEED OK signal from Sequence Logic PCB allows motor
to draw full current; spindie comes up to rated speed.

4. Set LOAD/RUN switch to LOAD; +SPINDLE DRIVE ON
goes low; output of Phase 2 amplifiers grounded, grounding
Phase 2 motor winding.
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Figure 5-9. Spindle Drive Speed Control

5. Speed Sense F/F grounds Phase 1B output and keeps Phase
1A output high, braking the motor to stop in approxi-
mately 15 seconds.

6. When motor stops, Speed Sense F/F grounds outputs of
Phase 1 amplifiers.

The remainder of this subparagraph describes how these six
events occur. Where a signal or power frequency of 80 Hz is
reffered to, a frequency of 50 Hz applies for 1500 rpm disk
drives.

Referring to Figure 5-9, the following conditions exist with
power on and the disk drive in the LOAD mode:

* The —INITIAL RESET line is high

* PHASE 1 and PHASE 2 80 Hz square waves are present at
the input of the Spindle Drive PCB

* The +SPINDLE DRIVE ON line is low
* The outputs of the four phase amplifiers are grounded.

When the disk drive is placed in the RUN mode, +SPINDLE
DRIVE ON goes high, as described in 52.2.4. This is gated at
“A" and again at D" to remove the grounds from the four
amplifier outputs. The output at “A” also gates the Phase 2
square wave through '‘B”, driving the Phase 2B and Phase 2A
amplifiers. These in turn drive the Phase 2 Power Amplifier on
the Heat Sink Assembly, energizing the Phase 2 winding of the
motor.

Meanwhile, the output of the AND function at “A’’ has reset
the Phase 1 F/F, conditioning one input of a three-input AND
function at “F". Another input was conditioned by the
+SPINDLE DRIVE ON signal gated through “E”. Phase 1 square
waves are now gated through “F’" and ““C"’ to the Phase 1
amplifiers. With both windings energized, the Spindle Drive
Motor begins rotating.

When the motor has reached approximately 50% of its rated
speed, the +SPEED OK signal is generated as described previ-
ously. This signal is gated to the Spindle Motor Current Control
circuitry where a ground is furnished to two Triac switches on the
Heat Sink Assembly. For clarity, only the Triac for Phase 1 is
shown. The Triacs fire, bypassing resistances in the motor
winding leads. The motor now operates on full current and
attains its rated speed.

When the LOAD/RUN switch is set to the LOAD position,
+SPINDLE DRIVE ON goes low. Through gate functions ‘A’
and “B” in Figure 5-9, drive to the Phase 2 amplifiers is removed,
and their outputs are grounded. The outputs of the Phase 1
amplifiers are not immediately grounded since a high output at
OR function D" is maintained by a high input from the Speed
Sense F/F. This F/F also maintains a high input to the "‘F" gate
through “E”. Removal of the +SPINDLE DRIVE ON signal has
removed the force reset of the Phase 1 F/F, which is a two-
section F/F. To insure that the triacs are off prior to initiation of
the braking mode, the Phase 1 F/F counts two Phase 1 puises
before removing its high input to “F". The Phase 1 amplifiers
now go into the braking mode with Phase 1B output low and
Phase 1A output high. This passes a DC current through the Phase
1 motor winding which acts as a brake. The motor stops in about
15 seconds.

As the motor decelerates, the SPEED SENSE signal decreases.
As the motor approaches a complete stop, SPEED SENSE drops
to zero, and the Speed Sense F/F toggles. This removes the drive
to the Phase 1B amplifier through “C”, and grounds the output
of the Phase 1 ampilifiers through “D"".

5.2.4 Servo System

The servo system has two modes of operation, speed control
mode and detent mode. |t operates in the speed control mode
during head positioning operations and in the detent mode when
the heads are held stationary between positioning operations.

When the servo is in the speed control mode, it provides
controlled drive current to the head positioning motor. The
amount of drive current supplied determines head velocity. The
drive current’s polarity determines the direction of head motion.

When operating in the detent mode, the servo system provides
current to the motor as required to counter any drift or forced
movement of the heads away from the detent position.

In either mode, the motor drive current is controlled by an
analog signal generated by the servo system. This control signal,
designated Servo Drive Signal, operates as an error voltage. lts
amplitude and polarity represent deviations of the heads from
specified velocity or position conditions.

During head positioning operations (speed control mode) the
positive or negative amplitude of Servo Drive Signal represents
the difference between desired head velocity and actual head
velocity. The signal’s polarity specifies the direction of head
motion. This difference is translated into motor drive current of a
value and polarity necessary to bring the actual velocity to the
specified level.

Actual head velocity will be less than desired velocity during
the acceleration stage of a head positioning operation. On longer
seeks, when actual head velocity reaches the maximum specified
velocity, Servo Drive Signal returns to zero potential, the drive
current is removed and the heads positioner coasts. As friction
reduces positioner velocity to below the specified level, the
positive or negative amplitude of Servo Drive Signal increases
sufficiently to bring the velocity back to the desired level.

As the heads approach the destination cylinder, the velocity
requirement is reduced by increments. At each reduction, the
specified head velocity drops below the actual head velocity. At
those times, Servo Drive Signal increases in amplitude, with a
polarity opposite to the one used for acceleration. This causes the
motor drive current to act as a brake, decelerating the heads until
their velocity equais the new target velocity.

Figure 5-10 provides a conceptual graph of actual versus
specified velocity curves for a 10-cylinder seek. These curves do
not represent any actual signals. The desired velocity curve for
any given seek is determined by cylinder addressing control logic
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on AL1 and AL2 circuit boards. This logic is discussed in Sections
5.2.5, 5.3.14 and 5.3.15.

In the detent mode, any movement of the heads away from
the detent position causes the amplitude of SERVO DRIVE
SIGNAL to become more positive or more negative, depending
on the direction of head motion. The resulting potential produces
a motor drive current that acts to counter the undesirable head
motion and brings the heads back to the detent position.

SERVO DRIVE SIGNAL is produced by summing the voltage
levels of two analog signals. This summing junction is illustrated
in Figure 5-11.

One input to the summing junction is the speed control term.
Its amplitude represents the velocity at which the heads should be
moving and its polarity specifies the direction of motion. The
other input is the feedback term. Its amplitude represents actual
head velocity and its polarity indicates the complement of the
direction the heads are moving.

The polarities of the two summing junction input terms are
both determined by direction information supplied by the head
position transducer. Servo system logic assures that the two terms
always have opposite polarities.

Since the amplitudes of the two summing junction inputs are
not directly related, they have different values at different stages
of a head positioning operation. During the acceleration stage, the
speed controller term’s amplitude exceeds the amplitude of the
feedback term. During deceleration, each time the velocity
requirement is incrementally reduced, the feedback term is
temporarily greater.

These imbalances in signal levels appear at the summing
junction as a positive or negative potential. The polarity of the
error signal at the summing point depends on which direction the
heads are moving in and whether actual head velocity is less than
or greater than the specified velocity.

The resulting signal at the summing junction is inverted by an
operational amplifier and sent out as SERVO DRIVE SIGNAL.

The polarity of SERVO DRIVE SIGNAL is such that it has
the effect of bringing the error voltage at the summing junction
to zero potential. It does this by causing the heads to accelerate
or decelerate until the feedback term matches the speed control
term in amplitude.

When the two summing junction input terms have equal
amplitudes, SERVO DRIVE SIGNAL is at zero potential. This
occurs when the heads are actually moving at the specified
velocity or when the heads are detented.

In the detent mode, the speed control and feedback terms are
both at zero potential so long as the heads remain stationary. If
the heads move away from the detent position, the two terms
develop opposite polarities and different amplitudes, bringing the
summing junction into an imbalance. The resulting SERVO
DRIVE SIGNAL acts to move the heads back to the detent
position.

Figure 5-12 illustrates the major functional elements of the
servo system in block diagram form. These elements, and the
principal propagation paths through the servo system are discuss-
ed in the following subsections.

5.2.4.1 Power Driver Circuit

The motor drive current is provided by a Power Driver Circuit
of the push-pull type. This circuit is on the HS circuit board. The
amount of current and its polarity are controlled by SERVO
DRIVE SIGNAL, an analog input that originates at the SO circuit
board. The development of SERVO DRIVE SIGNAL is described
in the following subsections.

A Current Limiting Circuit, which is in series with the motor
current’s feedback path, limits the amount of current the Power
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Figure 5-11. Servo System Main Summing Junction

Driver Circuit can supply to the motor. This circuit is also located
on the HS circuit board.

If the positioning motor attempts to draw excessive current, a
Current Detector Circuit senses the high current and causes the
Servo Disable/Seek Incomplete latch to set. This latch, which is
located on the SR circuit board, disables the Servo Driver Circuit.
A restore or initial reset operation will reset the flip-flop and
return the Power Driver Circuit to normal operation.

5.2.4.2 Head Positioning Transducer

The servo system uses the output of an induction-type printed
circuit transducer to develop head position and velocity informa-
tion. It also decodes this transducer output into cylinder count
pulses. These pulses are used by the cylinder addressing control
logic to increment or decrement the Present Address Counter.

In this transducer, the primary coil consists of a printed
conductor pattern. This member of the transducer, called the
slider, is located on the underside of the head positioning
carriage. It moves with the carriage during head positioning
operations.

The transducer's secondary coil is formed by a pair of
interleaved conductor patterns. These patterns are printed on an
epoxy glass substrate, which is bonded to the top surface of an
aluminum alloy plate. The plate is mounted on the carriage way
facing the slider. This secondary member of the transducer,
referred to as the scale, is stationary.

The transducer primary is driven by a 480 KHz signal. This
signal originates at 1.92 MHz crystal oscillator. The oscillator’s
output frequency is divided by four. The resulting 480 KHz signal
is integrated. The output of the integrator circuit drives the
primary coil of a transformer. The signal appearing at the

transformer’s secondary coil drives the transducer’'s primary
element.

Figure 5-13 provides a conceptual view of the transducer. To
simplify the illustration, the slider and scale are shown as if they
were opposite pages of an open book. In reality, the slider moves
along a path directly above the scale.

During head positioning, the motion of the slider with respect
to the scale varies the degree of primary-to-secondary coupling
that occurs in each secondary trace. This motion produces a pair
of modulated sine wave signals on the transducer’s two output
channels. The channel A and channel B output wave shapes are
represented in Figure 5-14.

The 90° phase displacement between the channel A and
channel B modulation envelopes shown in the drawing is a
function of the relative spacing between the secondary traces.
This phase information is used by the servo system to detect
which direction the heads are moving, and to develop track
crossing information.

When the heads are detented, the channel A and channel B
envelopes have constant amplitudes. If the heads move away from
the detent position, this motion shows in the amplitude modula-
tion that occurs on the envelopes.

The channel A and channel B signals are applied to ampli-
fier/demodulating logic on the SO circuit board.

5.2.4.3 Amplifier Demodulation Network

The heart of the servo system’s demodulation logic consists of
a pair of monolithic balanced modulator devices operating in the
demodulation mode. Two differential video amplifiers at the
inputs to the demodulation devices amplify the channel A and
channel B signals before demodulation is performed.
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Each demodulating device provides both true and complement
outputs. These demodulated output signals are amplified and
distributed to various functional elements of the servo system.

The four amplified outputs, designated A, A, B and B, are used
by these elements to perform a variety of related functions.

1. They are used by the Reference FET Network to develop a
speed control reference input to the Speed Control FET
Network.

2. They are also applied to the Differential Circuits to develop
the differentiated wave shapes A’, A’, B' and B’. These are
used by the Feedback FET Network to develop the feed-
back input to the summing junction.

3. A pair of sequence control signals, designated C and D, are
developed by logical summation gates acting on A, B and B.
The resulting C and D signals are square waves, with a 90°

phase relationship.

5.2.4.4 C and D Summing Networks

These networks simply consist of one of the Demodulation
Network’s outputs A being tied at separate summing points to
two other Demodulation Network outputs, B and B. See Figure
5-15.

The resulting summation signals are inverted by a pair of
operational amplifiers to become SERVO LOGIC CONTROL
LEVEL C and SERVO LOGIC CONTROL LEVEL D.

Together, these phase-related square waves provide position
and direction information about the heads as they move from
cylinder to cylinder. Specific level transitions indicate that the
heads have reached a new cylinder position. The order in which
the level transitions occur represents the direction of head travel.

These CD pulse trains are sent to CD Decode logic on AL2 to
develop the gate control signals @ 1 through @ 4 and Pick A
through Pick B. The CD Decode logic is described in the
following subsection.

SERVO LOGIC CONTROL LEVEL C and SERVO LOGIC
CONTROL LEVEL D are also sent to the Present Address
Counter Control logic on AL1. There, they are used to generate
count up or count down pulses for the Present Address Counter.

5.2.4.5 CD Decode

This logic develops gate control signals for use by the Feed-
back FET Network and Reference FET Network.

During head positioning operations the ¢ 1 through ¢ 4
outputs are generated in a sequence determined by the order of
transitions occurring on the C and D inputs. They are issued to
the Feedback FET Network where they are used to control the
commutation of the differentiated wave shapes A., A.B ,B.
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Figure 5-15.

Derivation of C and D Signals from A, B and B

The PICK outputs are generated in a similar fashion except
that the generation of these signals involves two stages of
multiplexing.

One stage controls the sequencing of PICK outputs to provide
the proper sequence for forward and reverse head positioning
operations.

The other multiplexing stage controls the selection of the
PICK output for detenting.

Details regarding the CD Decode logic are provided in Section
5.3.14.2, CD Decode.

5.2.4.6 Differential Circuits

These Differential Circuits consist of four capacitor/resistor
pairs. Each pair is connected in series with one of the Demodula-
tion Network outputs.

The capacitance in each of these series circuits produces an AC
signal that lags the driving signal by 90° and whose amplitude is
directly proportional to the transducer modulation frequency.
See Figure 5-16.
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The differentiated wave shapes, A’, A’, B’ and B, are used by
the Feedback FET Network to develop the feedback input to the
summing junction.

5.2.4.7 Feedback FET Network

The Feedback FET Network provides an analog input to the
summing junction. The positive or negative amplitude of this
input is directly proportional to actual head velocity. Its polarity
represents the complement of the direction of head travel.

This velocity feedback term is derived from the four outputs
of the Differential Circuits through a process of commutation.
The positive or negative peaks of A’, A’, B. and B are sequen-
tially gated through the Feedback FET Network to the summing
junction by @ 1, @ 2, @ 3 and @ 4. All other segments of the four
signals are blocked at the FET switches.

When the heads are moving forward, the positive peaks are
selected by @ 1, @ 2, @ 3 and @ 4; during reverse head motion,
the negative peaks are selected. This commutation process is
direction sensitive because the wave shape produced by each
differentiated signal during reverse motion is the complement of
the forward motion wave shape.

Since the differentiated input signals are also velocity sensitive,
the amplitude of the Feedback FET Network’s output is directly
proportional to head positioner velocity.

These signals and the segments gated through the Feedback
FET Network are represented in Figure 5-17. This figure also
illustrates the resulting feedback term that appears at the sum-
ming junction during head positioning.

The sample feedback signal shown in Figure 5-17 represents a
portion of a forward seek during which the heads move at a
constant velocity and then decelerate. This drawing is a concep-
tual illustration only; no scale relationship to an actual wave
shape is intended.

When the heads are detented, the Feedback FET Network's
output is at zero potential so long as the heads remain stationary.
If they move away from the detent position, the feedback term
changes amplitude. The polarity of this amplitude depends on the
direction of head motion.

5.2.4.8 Reference FET Network

During head positioning operations, the Reference FET Net-
work provides the Speed Control FET Network with a speed
control reference term. This rippled DC level serves as a reference
voltage for the speed control switches, permitting the active
switches to contribute a speed control input to the summing
junction. The amplitude of the speed control reference term is
constant. Its polarity depends on which direction the heads are
required to move. For forward motion, the output of the
amplifier shown in Figure 5-12 is negative; for reverse motion,
TP3 is positive.

When operating in the detent mode, the speed control refer-
ence term functions as a position reference term. As long as the
heads remain stationary at the detent position, the Reference
FET Network’s output is at zero potential.

If the heads begin to move away from the detent position, the
speed control/detent reference term changes to a positive or
negative amplitude. Head motion toward the spindle {forward)
causes TP3 to become negative; if the heads move away from the
spindle (reverse), TP3 becomes positive. The resulting DC level is
used by the Speed Control FET Network to generate a position
correction input for the summing junction.

The speed control reference term is generated through a
commutation process equivalent to the one used to generate the
feedback term (refer to Section 5.2.4.7 Feedback FET Network).
The principal difference between the operations of the two
networks is in the characteristics of their respective inputs.

The Feedback FET Network performs the commutation oper-
ation on the differentiated wave shapes, A’, A’, B’ and B'. The
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Figure 5-17.
Feedback FET Network Input/Output Signals

Reference FET Network acts directly on the demodulated wave
shapes A, A, BandB.

Consequently, the feedback term’s amplitude is directly pro-
portional to head velocity while the speed control reference term
is rippled DC level, that leads the velocity by 90°

In addition, the two network outputs have a 90° phase
displacement with respect to each other. This shift is significant
in detent operations where the lag between the two terms in
arriving at zero potential has a damping effect on the positioning
motor. Because the system detents in a critically damped fashion,
the heads are moved directly to the detent position instead of
oscillating around the position.

During head positioning operations, the positive or negative
peaks of A, A, B and B are sequentially selected by the four
commutation control inputs Pick A, Pick A, Pick B and Pick B.
For forward head motion, the negative peaks are selected; when
the heads are moved away from the spindle (reverse motion), the
positive peaks are selected.

The order in which PICK A, PICK A, PICK B and PICK B are
generated determines which peaks are selected. CD Decode logic
on AL2, which is the source of these commutation control
inputs, is responsible for controlling their sequencing. Details
regarding their origin are presented in Section 5.3.14.2, CD
Decode. Figure 5-18 shows the relationship between the four
PICK signais and the demoduiation envelopes for forward and
reverse seeks.

When the servo system enters the detent mode, the PICK
sequence is interrupted and the most recent PICK signal gener-
ated by the CD Decode logic is maintained.

This is the PICK signal required for detenting because the
selected envelope is approaching its zero crossing rather than its
peak. As the heads approach the detent position, the selected
demodulation envelope moves along the slope and arrives at the
zero crossing just as the heads reach the detent position. i

Detenting always occurs at the zero crossing of a positive
slope. When the servo system enters the detent mode, the system
is conditioned for forward head motion. Consequently, the
positive slope of a selected envelope during a reverse head
positioning operation becomes a negative slope when the servo
system enters the detent mode.

This envelope remains selected until a new head positioning
operation begins. ‘At that time, the CD Decode logic initiates a
new sequence of PICK signals as required for a forward or reverse
seguence.

5.2.4.9 Speed Control FET Network

The Speed Control FET Network's output specifies the ve-
locity characteristics of head motion for any given head position-
Ing operation as well as the direction of head motion. The output
amplitude represents the velocity at which the heads shouid be
moving and its polarity determines the direction of motion.

When the servo system is operating in the detent mode, this
network generates a position correction signal if the heads
attempt to move away from the detent position.
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Figure 5-18. Reference FET Network Input/Output Signals

During head positioning operations, the Speed Control FET
Network’s output is controlled by eight speed command inputs
(including MINIMUM SPEED) and a speed control reference
signal. The speed commands originate at the Speed Increment
Decoder on AL2. The speed control reference term is provided by
the Reference FET Network. A ninth input, POSITION TERM
controls the network’s output in the detent mode. Its function is
described later in the subsection when the detent mode is
discussed.

Each speed command controls a separate FET switch in the
network. During head positioning, one or more of the inputs will
gate the speed control reference signal through the network to
the summing junction. The amplitude of the FET network output
depends on how many switches are enabled.

The number of active speed commands at any given time is
directly related to the velocity at which the heads should be
moving at that time. That velocity requirement is determined by
the Speed Increment Decoder on AL2 (refer to Section 5.3.14 for
details).

Figure 5-19 illustrates the changes in SERVO DRIVE SIGNAL
caused by enabling and disabling speed commands during a four
cylinder seek. The effect of the feedback term on SERVOQO
DRIVE SIGNAL is also shown. ’

5.2.4.10 Summing Junction

The servo system’s main summing junction is formed by
coupling the output of the Speed Control FET Network to the
output of the Feedback FET Network. This connection is made
by printed wire on the SO board at the inverting input to the
board's output driver.

Any signal appearing at the summing junction results from the
amplitudes of the two inputs to the summing junction being
unmatched. Any such error voltage is inverted and amplified by

the amplifier and sent to the Power Driver Circuits as SERVQ

DRIVE SIGNAL.

The effect of SERVO DRIVE SIGNAL on the Power Driver
Circuits is to either accelerate or decelerate the heads, whichever
will tend to return the summing junction to zero potential.

The following paragraphs describe how the potential at the
summing junction is affected by changes to the speed control and
feedback terms during head positioning and detent operations.
Refer to Figure 5-19, Speed Command vs. Servo Drive Signal in

‘Section 5.2.4.9.

At the start of a seek operation, the appropriate number of
speed command inputs to the Speed Control FET Network are
activated by Speed Increment Decoder. This causes the speed
control input to the summing junction to swing from zero
potential to some positive or negative level.

Since the heads are stationary at the start of a seek, the
feedback input to the summing junction is at zero potential (test
points 17 and 19).

NOTE
These are test points for two of the differentiated signals
(B’ and A’) as they appear at the outputs of their respective
FET switches. To simplify the illustration, the feedback
signal trace is drawn as if all four differentiated signals were
sampled.

SERVOQ DRIVE SIGNAL increases in amplitude at the maxi-
mum rate initially to start the heads moving. As the heads
accelerate, the feedback term appears at the summing junction,
causing SERVO DRIVE SIGNAL's amplitude to decrease.

The increasing feedback term continues to reduce the ampli-
tude of SERVO DRIVE SIGNAL until the feedback term
matches the speed control term in amplitude. At this point,
SERVO DRIVE SIGNAL is at zero potential.

As the heads approach the destination cylinder, the active
speed control FET switches are turned off in sequence. One
switch is disabled each time the decreasing difference count
crosses one of the speed increment thresholds. Disabling these
switches reduces the speed control term amplitude by increments.

Each time the value of the speed control term falls below that
of the feedback term, a new SERVO DRIVE SIGNAL is gener-
ated, with polarity needed to brake the motion of the positioning
motor. This polarity is opposite that used to accelerate the head
positioner at the beginning of the operation.

With the resulting current acting as a brake, the heads
decelerate until the decreasing feedback term matches the new
speed control term. At that point SERVO DRIVE SIGNAL again
returns to zero potential.

This braking action occurs at each speed increment threshoid.
When the difference count equals zero, the last switch (MINI-
MUM SPEED) is disabled and the speed control term returns to
zero potential. The resulting SERVO DRIVE SIGNAL slows the
heads to zero velocity.

Just before the heads reach the detent position, the servo
system enters the detent mode. Operation of the Speed Control
FET Network in the detent mode is described below.

When the servo system transfers to the detent mode, a ninth
switch in the Speed Control FET Network is turned on by
POSITION TERM. This input to the FET network is provided by
Speed Increment Decode logic on AL2.

The POSITION TERM switch gates whatever signal is present

on the speed control reference line through to the summing
junction. When the servo system is in the detent mode, CD
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Decode logic on AL2 causes the speed control reference term to
be held at zero potential. This is done by selecting whichever one
of the four differentiated wave shapes {A, A, B and B) will be at
the zero crossover of its positive slope when the heads are at the
detent position. This selection is made in the Reference FET
Network, causing its output, speed control reference term to hold
at this zero crossover point.

Details regarding the origin of the speed control reference term
are given in Section 5.2.4.8, Reference FET Network and Section
5.3.14.2, CD Decode. .

If the heads begin to move in either direction away from the
detent position, the speed control reference term moves up or
down the selected slope. This change in amplitude causes a
corresponding change in the speed control input to the summing
junction.

As a result, an error voltage is produced at the SERVO DRIVE
SIGNAL output, which brings the heads back to the detent
position.

Movement of the heads also causes the feedback term to
assume a positive or negative polarity (always the complement of
the speed control term). Use of the feedback term in detenting
serves to damp the action of the positioning motor. In this way,
the heads are brought directly to the detent position.

5.2.5 Head Positioning Control

Direct control of head motion is provided by the servo system,
as described in the previous section. However, the servo itself
receives instructions for moving the heads from a section of logic
referred to in this manual as the head positioning control logic.
This area of logic has the following responsibilities.

1. It stores the cylinder address received from the controller.
This is the address of the cylinder to which the drive is
instructed to move the heads.

2. It checks the destination address for validity. If the address
is too large, it notifies the controller (with LOGICAL
ADDRESS INTERLOCK).

3. It stores the address of the cylinder at which the heads are
presently located and keeps this register updated as the
heads move from cylinder to cylinder.

4. 1t computes the difference between the present cylinder
address and the destination address. The result represents
the distance the heads must travel and the direction of
motion.

5. It issues speed commands to the servo system’s Speed
Control FET Network. These commands specify the maxi-
mum head velocity for each stage of a head positioning
operation.

6. It provides direction control to the servo system’s CD
Decode logic to control the direction of head motion.

7. It specifies the mode of operation for the servo system (i.e.,
speed control mode or detent mode).

8. Initiates restore operations and controls head speed and
direction during restore.

9. Initiates retract operations and controls head speed and
direction during the operation.

10. Controls head speed and direction of motion when heads
are moved from the fully retracted position to the head
loading position. This operation is referred to as the preload
head advance.

The four head positioning operations mentioned above, seek,
restore, retract and preload head advance, are described in flow
chart form in Figures 5-20 through 5-23.

Figure 5-24 illustrates the nine functional blocks that comprise
the head positioning control logic. Each functional element
shown in that diagram is discussed in the following subsections.

5.2.5.1 Cylinder Address and Command Receivers

These line receivers buffer the cylinder address information
present on the I/O cable. The receiver devices are gated by a
select from the controller. Gating is also conditioned by an
internal requirement for the heads to be loaded.

The Strobe and Restore commands issued by the controller are
also buffered by gated line receivers. These two inputs are gated
by the same conditions that control the cylinder address re-
ceivers.

5.2.5.2 Address Inhibit Gates

These gates are used to force all cylinder address inputs to the
logical ZERO state during any sequence that moves the heads to
cylinder O (e.g., during restore operations) or that moves the
heads to their retracted position. The address word provided by
the controller is gated through to the Address Check Logic and
Destination Address Register during seeks to addressed cylinders.

5.2.5.3 Address Check Logic

This logic tests the cylinder address at the outputs of the
Address Inhibit Gates to determine whether or not its value
exceeds the maximum legal address for the disk drive. If the
address value exceeds 203 for the Model 43 or 407 for the Mode!
44, a Logical Address Interlock condition results.

5.2.5.4 Destination Address Register

This register holds the address of the next cylinder to which
the heads must be moved.

c
D
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I, 1 FEEDBACK INPUT TO SUMMING JUNCTION
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I - - —— —
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/ \
/ e
yd \
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0 VOLTS 1 :
]
SERVO DRIVE SIGNAL ! é
r——-'
I
1
[ ]
i P e
] 1
I
H i
e
A SPEED CONTROL
INPUT TO
SUMMING JUNCTION

@REMOVE POSITION TERM AND TURN ON MINIMUM SPEED, SPEED INCREMENT 1 AND SPEED INCREMENT 2.
@REMOVE SPEED INCREMENT 2.

@REMOVE SPEED INCREMENT 1.

@REHOVE MINIMUM SPEED COMMAND AND TURN ON POSITION TERM COMMAND. (1/4 CYLINDER AWAY FROM DETENT).

@DETENT.

Figure 5-19. Speed Commands vs. Servo Drive Signal



| + RETRACT SPEED (FALSE) |
| CAUSES + INPUT = INHIBIT

| TO BE FALSE. -

| SEE PARA 5.3.14.1 |

| DWG 11407 I

b e e e J
——————— =y

ADDR IS VALID IF |

OR I
408 (MODEL 44) |

-TT 7"

204 (MODEL 43) | __ _

——————— -

| INITIAL CONDITION :
READY TO S/R/W IS

| SEE PARA 5.3.7
! & 5.3.15.6

NEW ADDR RECEIVED
FROM CONTROLLER ON
1/0 CABLE.

SEE PARA 5.3.7
DWG 11645 OR 11647

!

|
-

+ INPUT INHIBIT(FALSE)
GATES NEW ADDR THROUGH
ADDR INHIBIT GATES TO
ADDR CHK LOGIC AND TO
DAR.

SEE PARA 5.3.15.1
DWG 11404

ADDR VALID?

————————————— NO

SEE PARA 5.3.15.2
DWG 11404

-STROBE FROM CONTROLLER
CLOCKS NEW ADDR INTO DAR

SEE PARA 5.3.15.6
DWG 11404

4

DAR CLK INPUT
IS DISABLED.

SEE PARA 5.3.15.2

DWG 11404

LOGICAL ADDR INTERLOCK
IS GENERATED.

SEE PARA 5.3.15.2
DWG 11404

T

y

ADDR ACKNOWLEDGE IS
SENT TO CONTROLLER.

SEE PARA 5.3.7
DWG 11404

WAIT FOR NEXT
INSTRUCTION
FROM CONTROL~-

LER.

SUBTRACTOR ADDS TWO'S
COUPLEMENT OF DAR TO
PAC,

SEE PARA 5.3.15.5
DWG 11404

-DIRECTION CONTROL |
IS LOW AT MOS-E. |

DAR/PAC
DIFFERENCE EQUAL 0?

SEE PARA 5.3.15.5
DWG 11404

BIT OUT OF \ VES -

SUBTRACTOR

DIRECTION CONTROL LOGIC
CONDITIONED FOR FORWARD
OPERATION.

SEE PARA 5.3.15.5
DWG 11404

DIRECTION CONTROL LOGIC
CONDITIONED. FOR REVERSE
OPERATION.

SEE PARA 5.3.15.5
DWG 11404

| <~DIRECTION CONTROL 1|
| IS HIGH AT MO9-E. |
-

-DIRECTION CONTROL(TRUE)
CAUSES SERVO SYSTEM TO
MOVE HEADS FORWARD.

SEE PARA 5.3,.14.2
DWG 11407 & 11402

TRUE OUTPUT OF SUBTRACTOR
IS GATED THRU DIFF COUNT
MPXR.

SEE PARA 5.3.14.1
DWG 11407

COMPLEMENT OUTPUT OF
SUBTRACTOR IS GATED
THRU DIFF COUNT MPXR.

SEE PARA 5.3.14.1
DWG 11407

- DIRECTION CONTROL (FALSE)
CAUSES SERVO SYSTEM TO MOVE
HEADS IN REVERSE.

SEE PARA 5.3.14.2
DWG 11407 & 11402

DWG 11407

SPEED INCREMENT DECODER
GENERATES SPEED COMMANDS.

SEE PARA 5.3.14.1

LEGEND:
PAC= PRESENT ADDRESS
COUNTER
DAR=DESTINATION ADDRESS
REGISTER

Figure 5-20.A Seek Operation Flow Chart
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DIFF COUNT MPXR OUTPUT
CAUSES COUNTER INTER-
LOCK & POSITION TERM
TO GO FALSE.

- — s — o]

SEE PARA 5.3.14.1
DWG 11407

SPEED CONTROL FET NETWORK
USES REFERENCE VOLTAGE AND
SPEED COMMANDS TO DEVELOP
SPEED CONTROL INPUT TO MAIN
SUMMING JUNCTION.

SEE PARA 5.3.13.3
DWG 11633

COMPARISON OF FEEDBACK

COUNTER INTERLOCK INPUT TO SUMMING JUNC-

COUNTER INTERLOCK (FALSE) POSITIO TERM (FALSE)

(FALSE) SETS SEEK
FF (B51-15/14),

SEE PARA 5.3.14.1

SELECTS OUTPUT OF CD DE-
CODE LOGIC AT PICK PULSE
MPXR (H39 ON AL-2). THIS
PROVIDES THE CORRECT PICK

DISABLES POSITION

TERM SWITCH IN SPEED
CONTROL FET NETWORK.

SINCE THE HEADS :
ARE NOT MOVING |
AT THE START OF |
A SEEK, ACCELER-

TION WITH SPEED CONTROL
INPUT CAUSES HEADS TC
ACCELERATE TO PRESCRIBED

I
DWG 11407 OUTPUT TO THE REFERENCE SEE PARA 5.3.13.3 ATION IS AT THE : _ veLocrry.
FET NETWORK SO BOARD FOR DWG 11633 MAXTMUM, SEE PARA 5.2.4 & 5.3.13
INITIATING MOTION. L 4 DWG 11633 & 11631
& v SEE PARA 5.3.14.2
, DWG 11407
SEEK FF DISABLES SEEK FF GATES SPEED
READY TO S/R/W. COMMANDS FROM AL-2
SEE PARA 5.3.14.1 _TO SO BOARD.
DWG 11407 SEE PARA 5.3.14.1 AS HEADS BEGIN TO MOVE,
DWG 11407 D DECODE LOGIC PRO- THE HEAD POSITION XDUCER
VIDES PICK &  OUT- OUTPUT IS DECODED INTO
C D SQUARE WAVES. THESE
PUTS TO THE REFERENCE
AND FEEDBACK FET NET- PROVIDE POSITION &DIREC-
WORKS TION INFORMATION TO C D
] DECODE LOGIC & PAC CON-
SEE PARA 5.3.14.2 TROL LOGIC.
DWG 11407 SEE PARA 5.2.4, 5.3.13
& 5.3.14.2
DWG 11633, 11404 & 11407
PICK & $ OUTPUTS CONTROL COM- +
MUTATION OF UNDIFFERENTIATED l‘
& DIFFERENTIATED SINE WAVES.
(A, A, B, B,& A", A', B', B )
TO DEVELOP A REFERENCE VOLT- PAC CONTROL USES AS HEAD VELOCITY INCREASES,
AGE & VELOCITY FEEDBACK IN-| DECODED. XDUCER FEEDBACK INPUT TO SUMMING
PUT TO THE MAIN SUMMING JUNC- r 1 JUNCTION INCREASES & RESUL-
TION. | EACH COUNT PULSE | OUTPUT TO DEVELOP TING ERROR VOLTAGE DECREASES,
————————————— | EQUALS 0.005 ] COUNT UP OR COUNT DRIVE CURRENT TO POSITIONING
SEE PARA 5.3.13.2 & 5.3.13.5 | INCHES OF HEAD I~~~ 7~ 7~ DOWN PULSES FOR MOTOR DECREASES AS ERROR
| WG 11633 | TRAVEL. J | PAC. VOLTAGE DECREASES,
! bommm - SEE PARA 5.3.15.4 SEE PARA 5.3.13.7

—

Figure 5-20.B Seek Operation Flow Chart




-
! IN MOD 43 DRIVES
: PAC ACTS AS A

| DIV BY 2 COUNTER
| TO MATCH COUNT
| PULSES TO THE

: 0.010 INCH TRACK
-

PAC IS INCREMENTED
IF FORWARD SEEK OR
DECREMENTED IF RE-
VERSE SEEK.

SEE PARA 5.3.15.4
DWG 11404

v

SPEED CONTROL INPUT TO
SUMMING JUNCTION IS RE-
DUCED.

SEE PARA 5.3.13.3
DWG 11633

BRAKING CURRENT IS
APPLIED TO POSITION-
ING MOTOR TO DECEL-
ERATE THE HEADS.

SEE PARA 5.3.13.7
DWG 11633

DOES
FEEDBACK INPUT

DOES

DIFF COUNT

CROSS SPEED INCREMENT
THRESHOLD?

SEE PARA 5.3.14.1

DWG 11407

'

HIGHEST ORDER ACTIVE
SPEED COMMAND IS DIS-

SEE PARA 5.3.14.1
DWG 11407

EQUAL SPEED CONTROL
INPUT?

SUBTRACTOR
OUTPUT EQUAL
ZERO?

NO

YES

DOES
FEEDBACK INPUT
EQUAL SPEED. CONTROL
INPUT TO SUMMING
JUNCTION?

MINIMUM SPEED OUTPUT
IS DISABLED. COUNTER
INTERLOCK AND POSITION
TERM ARE GENERATED.

SEE PARA 5.3.14.1
DWG 11407

l

ALL DRIVE CURRENT IS
REMOVED FROM POSITION-
ING MOTOR & THE HEADS
COAST.

COUNTER INTERLOCK FIRES
SETTLING 0S-1 AND SETTLING
0S-2 (F50 ON AL-2).

SEE PARA 5.3.14.1
DWG 11407

POSITION TERM ENABLES
POSITION TERM SWITCH
IN SPEED CONTROL FET
NETWORK.

SEE PARA 5.3.13.3
DWG 11633

l

SETTLING 0S-1 RESETS
SEEK FF. THIS DISABLES
SPEED COMMAND GATES.

SEE PARA 5.3.14.1
DWG 11407

READY TO S/R/W 1S
SENT TO THE CON-
TROLLER.

SEE PARA 5.3.14.1
DWG 11407 & 11645
OR 11647

@

COUNTER INTERLOCK SELECTS
BINARY CODE OF TWO LSB
OUTPUTS OF PAC AT PICK
PULSE MPXR (H39 ON AL-2).
THIS PROVIDES CORRECT PICK
OUTPUT TO REFERENCE FET
NETWORK FOR DETENING HEADS.

SEE PARA 5.3.14.2
DWG 11407

SETTLING 0S-2 RESETS
CARRIAGE POSITIONING
FF-2. THIS FUNCTION
IS REDUNDANT FOR SEEK
OPERATIONS SINCE FF-2
IS NOT SET.

Figure 5-20.C Seek Operation Flow Chart

5-14



RESTORE CMD
RECEIVED FROM
CONTROLLER.

SEE PARA
5.3.6 & 5.3.7.6

'

'STROBE FROM CONTROLLER

GATES RESTORE CMD INTO
HEAD POSITION CONTROL

SEE PARA 5.3.7.6

GATED RESTORE CMD
SETS DIRECTION CONTROL
TO REVERSE & CAUSES
RETRACT SPEED TO GO
TRUE.

SEE PARA 5.3.7.6

Y

GATED RESTORE CMD FIRES ONE SHOT
THAT CLOCKS FF THAT CONTROLS AD-
DRESS ACKNOWLEDGE OUTPUT&LOGICAL
ADDRESS INTERLOCK OUTPUT GATES.
SINCE OUTPUT OF ADDR CHK LOGIC

MUST BE HIGH FOR RESTORE OPERA-

TIONS, FF WILL SET & ADDRESS AC-
KNOWLEDGE OUTPUT WILL BE TRUE.

SEE PARA 5.3.15.2

DWG 11404

v

RETRACT SPEED DIS-
ABLES COUNTER INTER-
LOCK & POSITION TERM.

SEE PARA 5.3.14.1

DWG 11407

COUNTER INTERLOCK
(FALSE) SETS SEEK
FF.

SEE PARA 5.3.14.1
DWG 11407

-

RETRACT SPEED SETS
CARRTAGE POSITION-
ING FF-2, CAUSING
INPUT INHIBIT TO GO
TRUE AND READY TO
S/R/W TO GO FALSE.

SEE PARA 5.3.14.1
DWG 11407

y

INPUT INHIBIT FORCES
DATA INPUTS TO DAR
TO ALL ZEROS.

SEE PARA 5.3.14.1
DWG 11407

&

'

RETRACT SPEED AND
SEEK FF DISABLE
ALL SPEED COMMANDS
EXCEPT MINIMUM
SPEED.

SEE PARA 5.3.14.1
DWG 11407

SPEED CONTROL FET

NETWORK USES REF-
ERENCE VOLTAGE &

SPEED COMMANDS TO
DEVELOP SPEED CON-
TROL INPUT TO MAIN
SUMMING JUNCTION,

SEE PARA 5.3.13.3
DWG 11633

l

COMPARISON OF FEEDBACK
INPUT TO SUMMING JUNC-
TION WITH SPEED CONTROL
INPUT CAUSES HEADS TO
ACCELERATE TO PRESCRIBED
VELOCITY(MINIMUM SPEED).

SEE PARA 5.2.4 & 5.3.13
DWG 11633 & 11631

SEEK FF DISABLES
READY TO S/R/W.

SEE PARA 5.3.14.1
DWG 11407

RETRACT SPEED CLEARS PAR

& CLOCKS ZEROS INTO DAR.

SEE PARA 5.3.15.4
DWG 11404

AS HEADS BEGIN TO MOVE,
THE HEAD POSITION XDUCER
OUTPUT IS DECODED INTO
C D SQUARE WAVES, THESE
PROVIDE POSITION &DIREC-
TION INFORMATION TO C D
DECODE LOGIC & PAC CON-
TROL LOGIC.

SEE PARA 5.2.4, 5
& 5.3.14
DWG 11633, 11404 & 11407

|
.

—

T

v

COUNTER INTERLOCK(FALSE)
SELECTS OUTPUT OF CD DE=
CODE LOGIC AT PICK PULSE
MPXR (H39 ON AL2). THIS
PROVIDES THE CORRECT PICK
OUTPUT TO THE REFERENCE
FET NETWORK ON SO BOARD
FOR INITIATING HEAD MO-
TION,

SEE PARA 5,3.14,2
DWG 11407

CD DECODE LOGIC PRO-
VIDES PICK & ¢ OUT-
PUTS TO THE REFFRENCE
AND FEEDBACK FET NET-
WORKS .

SEE PARA 5.3.14,2
DWG 11407

]

Y

POSITION TERM (FALSE)
DISABLES POSITION
TERM SWITCH IN SPEED
CONTROL FET NETWORK.

SEE PARA 5.3.13.3
DWG 11633

PICK & # OUTPUTS CONTROL COM-
MUTATION OF UNDIFFERENTIATED
& DIFFERENTIATED SINE WAVES.
(A, A, B, B,& A', &', B', B")
TO DEVELOP A REFERENCE VOLT-
AGE & VELOCITY FEEDBACK IN-~
PUT TO THE MAIN SUMMING JUNC-
TION.

SEE PARA 5.3.13.2 & 5.3.13.5
DWG 11633

Figure 5-21.A Restore Operation Flow Chart
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CYLINDER O
DETECTED BY

DWG 11411

|

DIRECTION CONTROL
SET TO FORWARD &
RETRACT SPEED IS
DISABLED.

SEE PARA 5.3.15.6
DWG 11404

Y

RETRACT SPEED (FALSE)
DISABLES MINIMUM SPEED
& ENABLES COUNTER INTER-
LOCK & POSITION TERM.

SEE PARA 5.3.14.1
DWG 11407

AS HEAD VELOCITY INCREASES,
FEEDBACK INPUT TO SUMMING
JUNCTION INCREASES & RESULT-
ING ERROR VOLTAGE DECREASES.
DRIVE CURRENT TO POSITIONING
MOTOR DECREASES AS ERROR
VOLTAGE DECREASES.

SEE PARA 5.3.13.7
DWG 11633

DOES
FEEDBACK
INPUT EQUAL SPEED
CONTROL INPUT TO SUM-
MING JUNCTION?

y

ALL DRIVE CURRENT IS
REMOVED FROM POSITION-
ING MOTOR & THE HEADS
COAST.

COUNTER INTERLOCK
SETTLING 0S-1 &
SETTLING 0S-2(F50

POSITION TERM ENABLES
POSITION TERM SWITCH
IN SPEED CONTROL FET

ON AL-2). NETWORK.
SEE PARA 5.3.14.1 SEE PARA 5,3.13.3
DWG 11407 DWG 11633
0s-1 0s-2
3.5 MSEC 10 MSEC
y |

SETTLING 0S-1 RESETS
‘SEEK FF. THIS DISABLES
SPEED COMMAND GATES.

SEE PARA 5.3,14.1
DWG 11407

COUNTER INTERLOCK SELECTS
BINARY CODE OF TWO LSB
OUTPUTS OF PAC AT PICK
PULSE MPXR (H39 ON AL2)
THIS PROVIDES CORRECT
PICK OUTPUT TO REFERENCE
FET NETWORK FOR DETENING
HEADS.

SEE PARA 5.3.14.2
DWG 11407

SETTLING 0S-2 RESETS
CARRIAGE POSITIONING
FF-2. THIS DISABLES
INPUT INHIBIT & EN-
ABLES READY TO S/R/W.

READY TO S/R/W IS
SENT TO CONTROLLER.

SEE PARA 5.3.14.1
DWG 11407 & 11645
OR 11647

Figure 5-21.B Restore Operation Flow Chart
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YES

INITIAL
RESET PULSE TRUE?

NO

!

INITIAL RESET PULSE RESETS
CARRIAGE POSITIONING FF-1.
THIS CAUSES DIRECTION CON-
TROL TO GO HIGH (REVERSE)

& RETRACT SPEED TO GO TRUE.

SEE PARA 5.3.15.6
DWG 11404

SEE PARA 5.3.12.1
DWG 11411

LOSS OF SPINDLE DRIVE
ON WHILE HEADS ARE IN
CARTRIDGE AREA (HEAD
RETRACTED IS FALSE),
CAUSES DIRECTION CON-
TROL TO GO HIGH (RE-
VERSE) & RETRACT
SPEED TO GO TRUE.

SEE PARA 5.3.15.6

RETRACT SPEED, FILE READY
(FALSE), REVERSE DIRECTION
CONTROL AND SEEK FF TOGE-

THER DISABLE ALL SPEED

COMMANDS EXCEPT MINIMUM

SPEED, SPEED INCREMENT 1

& SPEED INCREMENT 2.

_—— e e ————

SEE PARA 5.3.14.1
& 5.3.15.6
DWG 11407 & 11404

'

SEEK FF DISABLES
READY TO S/R/W.

SEE PARA 5.3.14.1
DWG 11407

RETRACT SPEED CLEARS
PAR & CLOCKS ZEROS
INTO DAR.

SEE PARA 5.3.15.4
DWG 11404

SPEED CONTROL FET
NETWORK USES REF-
ERENCE VOLTAGE &
SPEED COMMANDS TO
DEVELOP SPEED CON-
TROL INPUT TO MAIN
SUMMING JUNCTION.

SEE PARA 5.3.13.3
DWG 11633

COMPARISON OF FEEDBACK

INPUT TO SUMMING JUNC-

TION WITH SPEED CONTROL

INPUT CAUSES HEADS TO

ACCELERATE TO PRESCRIBED
VELOCITY.

SEE PARA 5.2.4 & 5.3.13
DWG 11633 & 11631

DWG 11404
> |
RETRACT SPEED DISABLES RETRACT SPEED SETS
COUNTER INTERLOCK & CARRIAGE POSITIONING
POSITION TERM. FF-2, CAUSING INPUT
————————————— INHIBIT TO GO TRUE
352 fi§375'3°14‘1 AND READY TO S/R/W
TO GO FALSE.
TSEE PARA 5.3.14.1
DWG 11407
COUNTER INTERLOCK
(FALSE) SETS SEEK
FF. . :
—_—————— — INPUT INHIBIT FORCES
SEE PARA 5.3.14.1 DATA INPUTS TO DAR TO
DWG 11407 ALL ZEROS.
| 4 SEE PARA 5.3.14.1

DWG 11407

!

AS HEADS BEGIN TO MOVE,
THE HEAD POSITION XDUCER
OUTPUT IS DECODED INTO
C D SQUARE WAVES, THESE
PROVIDE POSITION &DIREC-
TION INFORMATION TO C D

DECODE LOGIC & PAC CON-
TROL LOGIC. :

SEE PARA 5.2.4, 5.3.13
& 5.3.14.2
04 & 11407

WG 11633, 114

l

—

.

COUNTER INTERLOCK(FALSE)

SELECTS OUTPUT OF CD DE-

CODE LOGIC AT PICK PULSE

MPXR (H39 ON AL2). THIS

PROVIDES THE CORRECT PICK
OUTPUT TO THE REFERENCE

FET NETWORK ON SO BOARD

FOR INITIATING HEAD MO-

TION.

SEE PARA 5.3.14.2
DWG 11407

CD DECODE LOGIC PRO-
VIDES PICK & § OUT-
PUTS TO THE REFERENCE
AND FEEDBACK FET NET-

SEE PARA 5.3.14,2
DWG 11407

'

'

POSITION TERM (FALSE)
DISABLES POSITION
TERM SWITCH IN SPEED
CONTROL FET NETWORK.

SEE PARA 5.3.13.3
DWG 11633

PICK & § OUTPUTS CONTROL COM-
MUTATION OF UNDIFFERENTIATED
& DIFFERENTIATED SINE WAVES.
(A, &, B, B,& A', A", B', B")
TO DEVELOP A REFERENCE VOLT-
AGE & VELOCITY FEEDBACK IN-
PUT TO THE MAIN SUMMING JUNC-
TION. - -

DWG 11633

Figure 5-22.A Retrack Operation Flow Chart
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THREE LOW ORDER- SPEED AS HEAD VELOCITY INCREASES,

COMMANDS CAUSE SERVO TO FEEDBACK INPUT TO SUMMING .
¥g¥gGgE:g§A OUT OF CAR- JUNCTION INCREASES & RESULT- COUNTER INTERLOCK POSITION TERM ENABLES COUNTER INTERLOCK SELECTS
o onbek ARBA. ] ING ERROR VOLTAGE DECREASES. SETTLING 0S-1 & POSITION TERM SWITCH BINARY CODE OF TWO LSB
SEE PARA 5.2.4, 5.3.14.2 DRIVE CURRENT TO POSITIONING SETTLING 0S-2(F50 . IN SPEED CONTROL FET OUTPUTS OF PAC AT PICK
& 5.3.13 ”Ozoi DEEREASESS AS ERROR ON AL-2). NETWORK. PULSE MPXR (H39 ON AL2).
DWG 11633 & 11407 JOLTAGE DECREASES.  _ _ __ T SEE PARA 5.3.14.1 SEE PARA 5.3.13.3 THIS PROVIDES CORRECT
SEE PARA 5.3.13.7 DWG 11407 DWG 11633 PICK OUTPUT TO REFERENCE
DWG 11633 FET NETWORK FOR DETENING
HEADS.
SEE PARA 5.3.14.2
DWG 11407
05-1 0s-2
3.5 MSEC 10 MSEC
DOES
FEEDBACK | J | |
HEADS INPUT EQUAL SPEED :
RETRACTED SWITCH CONTROL INPUT TO SUM- SETTLING 0S-1 RESETS SETTLING 05-2 RESETS
CLOSED ? MING JUNCTION SEEK FF. THIS DISABLES CARRIAGE POSITIONING
? SPEED COMMAND GATES, FF-2. THIS DISABLES
SEE PARA 5.3.11.7 S oo INPUT INHIBIT. READY
DWG 11471 SEE PARA 5.3.14.1 TO S/R/W REMAINS DIS-
DWG 11407 ABLED BY FILE READY
(FALSE).
YES

ALL DRIVE CURRENT IS

REMOVED FROM POSITION-
ING MOTOR & THE HEADS

COAST.

HEADS RETRACTED SIGNAL
SETS DIRECTION CONTROL
TO FORWARD & DISABLES
RETRACT SPEED.

SEE PARA 5.3.15.6
DWG 11404

NOT RETRACT SPEED DIS-

& ENABLES COUNTER INTER~
.LOCK & POSITION TERM.

SEE PARA 5.3.14.1
DGW 11407

Figure 5-22.B Retrack Operation Flow Chart
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INITIAL CONDITIONS AT
AL-1: DIRECTION CON-
TROL-FWD, RETRACT SPEED
FALSE, HEADS RETRACTED-
TRUE, SPINDLE DRIVE ON=-
FALSE, HEADS OVER TRACKS-
FALSE.

SPINDLE DRIVE ON GOES
TRUE, CAUSING lus PULSE
TO FORCE SET . CARRIAGE
POSITIONING FF-1.

SEE PARA 5.3.15.6

DWG 11404

RETRACT SPEED GOES TRUE.
DIRECTION CONTROL REMAINS
IN FORWARD STATE.

-—— o —— e ———— . — — —_—— — —

SEE PARA 5.3.15.6
DWG 11404

Y

RETRACT SPEED DIS-
ABLES COUNTER INTER-
LOCK & POSITION TERM.

SEE PARA 5.3.14.1
DWG 11407

COUNTER INTERLOCK
(FALSE SETS SEEK

SEE PARA 5.3.14.1
DWG 11407

SEEK FF DISABLES
READY TO S/R/W.

SEE PARA 5.3.14.1
DWG 11407

y

RETRACT SPEED CLEARS PAR
& CLOCKS ZEROS INTO DAR.

SEE PARA 5.3.15.4
DWG 11404

Y

RETRACT SPEED SETS
CARRIAGE POSITION-
ING FF-2, CAUSING
INPUT INHIBIT TO GO
TRUE AND READY TO
S/R/W TO GO FALSE.

SEE PARA 5.3.14.1
DWG 11407

'

INPUT INHIBIT FORCES
DATA INPUTS TO DAR
TO ALL ZEROS.

SEE PARA 5,3,14.1
DWG 11407

¥

'

RETRACT SPEED, FILE READY
(FALSE), DISK PACK SAFETY
SW & SEEK FF TOGETHER EN-
ABLE MINIMUM SPEED INCRE-
MENT 1 & SPEED INCREMENT
2. ALL OTHER SPEED COM-
MANDS ARE DISABLED.

SEE PARA 5.3.14.1
& 5.3.15.6
DWG 11404 & 11407

SPEED CONTROL FET
NETWORK USES REF-
ERENCE VOLTAGE &
SPEED COMMANDS TO
DEVELOP SPEED CON-
TROL INPUT TO MAIN
SUMMING JUNCTION.

SEE PARA 5.3.13.3
DWG 11633

I

COUNTER INTERLOCK(FALSE)
SELECTS OUTPUT OF CD DE-
CODE LOGIC AT PICK PULSE
MPXR (H39 ON AL2). THIS
PROVIDES THE CORRECT PICK
OUTPUT TO THE REFERENCE
FET NETWORK ON SO BOARD
FOR INITIATING HEAD MO-
TION.

SEE PARA 5.3.14.2
DWG 11407

'

POSITION TERM (FALSE)

DISABLES POSITION
TERM SWITCH IN SPEED
CONTROL FET NETWORK.

SEE PARA 5.3.13.3
DWG 11633

CD DECODE LOGIC PRO-
VIDES PICK & § OUT-
PUTS TO THE REFERENCE
AND FEEDBACK FET NET-

SEE PARA 5.3,.14,2
DWG 11407

'

COMPARISON OF FEEDBACK

INPUT TO SUMMING JUNC-

TION WITH SPEED CONTROL

INPUT CAUSES HEADS TO

ACCELERATE TO PRESCRIBED
VELOCITY.

SEE PARA 5.2.4 & 5.3.13
DWG 11633 & 11631

PICK & § OUTPUTS CONTROL COM-
MUTATION OF UNDIFFERENTIATED
& DIFFERENTIATED SINE WAVES,
(A, &, B, B,& A", &', B', B")
TO DEVELOP A REFERENCE VOLT-
AGE & VELOCITY FEEDBACK IN-
PUT TO THE MAIN SUMMING JUNC-
TION.

SEE PARA 5.3.13.2 & 5.3.13.5
DWG 11633

|
'

AS HEADS BEGIN TO MOVE,
THE HEAD POSITION XDUCER
OUTPUT IS DECODED INTO
C D SQUARE WAVES. THESE
PROVIDE POSITION &DIREC-
TION INFORMATION TO C D

DECODE LOGIC & PAC CON-
TROL LOGIC,

SEE PARA 5.2.4
& 5.3
DWG 11633, 114

, 5.3.13
16,2
04 & 11407

:

Q

&

Figure 5-23.A Preload Head Advance Operation Flow Chart

5-19



CARRIAGE

CLEAR OF DISK PACK »N2

SAFETY SWITCH?

AS HEAD VELOCITY INCREASES,

FEEDBACK INPUT TO SUMMING

JUNCTION INCREASES & RESULT-
ING ERROR VOLTAGE DECREASES.
DRIVE CURRENT TO POSITIONING
MOTOR DECREASES AS ERROR

VOLTAGE DECREASES.

SEE PARA 5.3.13.7
DWG 11633

DISK PACK SAFETY SW(FALSE)
DISABLES SPEED INCREMENT
1 & 2. RETRACT SPEED AND
SEEK FF CONTINUE TO ENABLE
MINIMUM SPEED.

SEE PARA 5.3.14.1
& 5.3.15.6
DWG 11404 & 11407

HEADS

OVER TRACKS & ZERO
TRACK SENSING INPUTS
TO AL-1 TRUE?

CARRTAGE POSITIONING FF-1
CLOCKED RESET. DIRECTION
CONTROL REMAINS 1IN FWD
STATE. RETRACT SPEED GOES

SEE PARA 5.3.7.6

DOES
FEEDBACK
INPUT EQUAL SPEED
CONTROL INPUT TO SUM-,

MING JUNCTION
?

ALL DRIVE CURRENT IS
REMOVED FROM POSITION-
ING MOTOR & THE HEADS
COAST . )

RETRACT SPEED (FALSE)

DISABLES MINIMUM SPEED

& ENABLES COUNTER INTER-
LOCK & POSITION TERM.

SEE PARA 5.3.14,1
DWG 11407

l

COUNTER INTERLOCK
SETTLING 0S-1 &
SETTLING 0S-2(F50
ON AL-2).

SEE PARA 5.3.14.1
DWG 11407

'

l

POSITION TERM ENABLES
POSITION TERM SWITCH
IN SPEED CONTROL FET
NETWORK.

SEE PARA 5,3.13.3
DWG 11633

05-2
16 MSEC

L |

COUNTER INTERLOCK SELECTS
BINARY CODE OF TWO LSB
OUTPUTS OF PAC AT PICK
PULSE MPXR (H39 ON AL2)
THIS PROVIDES CORRECT
PICK OUTPUT TO REFERENCE
FET NETWORK FOR DETENING
HEADS.

SEE PARA 5.3.14.2
DWG 11407

SETTLING 0S-1 RESETS
SEEK FF. THIS DISABLES
SPEED COMMAND GATES.

SEE PARA 5.3.14.1
DWG 11407

SETTLING 0S-2 RESETS
CARRIAGE POSITIONING
FF-2. THIS DISABLES
INPUT INHIBIT & EN-
ABLES READY TO S/R/W.

READY TO S/R/W IS
SENT TO CONTROLLER.

SEE PARA 5.3.1l4.1
DWG 11407 & 11645

Figure 5-23.B Preload Head Advance Operation Flow Chart
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Figure 5-24. Head Positioning Control Logic Functional Block Diagram
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The register consists of eight quad-D latches and a D-type
flip-flop that stores the least significant address bit. In the Model
43 (100 tpi), the least significant address input is disabled.

5.2.5.5 Present Address Counter and Counter Control

The contents of this counter equal the address of the cylinder

at which the heads are located whenever the heads are over the
disks.

The counter consists of two four-bit binary counters and a JK
flip-flop; the JK flip-flop represents the most significant address
bit. Pulses for incrementing or decrementing the counter are
provided by a pair of NAND gates in the counter control logic.
One gate generates a count up pulse for each 0.005 inch the heads
travel in a forward seek; the other gate generates count down
pulses at the same intervals during reverse seeks.

The counter control logic develops these counter increment
and decrement strobes from a pair of phase related pulse inputs,
which are designated SERVO LOGIC CONTROL LEVEL “C”
and SERVO LOGIC CONTROL LEVEL “D". These inputs are
provided by logic on the Servo PCB.

The phase relationship of the “C” and ’D" inputs is used by
the counter controi iogic to determine when the read/write heads
reach a new cylinder position as they travel across the disk
surface. A network of NOR and NAND gates decodes the phase
relationship of these position reference signals, providing a 1us
pulse for every 90°of head movement in either direction.

5.2.5.6 Subtractor

This functional element compares the contents of the Destina-
tion Address Register with the contents of the Present Address
Counter. The result of this comparison represents the distance (in
cylinders) the heads must move to reach the new address). The
carry out term specifies the direction the heads must move. A

lacio 1 o ; i
ogic 1 carry represents a reverse motion requirement.

If the carry out term indicates a forward seek, the difference
count is represented by the true form of the Subtractor output.
In a reverse seek, the complement of the difference count is
represented at the subtractor output.

5.2.5.7 Difference Count Multiplexer

This logic multiplexes the true and compiement forms of the
Subtractor output. A direction control bit determines which form
of the difference count will be used to develop speed increment
commands.

If the direction bit specifies a forward seek, the set of true
Subtractor outputs is gated through to the Speed Increment
Decoder logic. If the direction bit specifies a reverse seek, the
complemented Subtractor outputs are selected.

5.2.5.8 Speed Increment Decoder

This logic examines the selected Subtractor output and gener-
ates a set of speed increment commands, which are used by the
Servo Logic to develop a drive signal for the head positioning
motor.

These commands consist of two to eight signals. One of the
eight commands, designated MINIMUM SPEED, is generated for
any head positioning operation. For seek operations, one or more
of the other seven commands is also issued; the number of
commands generated for a given seek depends on the length of
the seek {as represented by the value of the difference count).

MINIMUM SPEED is the sole speed command issued for
restore operations. During head retract operations, MINIMUM
SPEED and the second and third least significant speed com-
mands move the heads back to the fully retracted position. These
same three commands move the heads away from the fully
retracted position toward cylinder 0. As soon as the carriage
clears the Disk Pack Safety switch, the heads are moved by
MINIMUM SPEED alone. This extra drive is required to compen-
sate for special complications encountered by the head position-
ing system when the positioning motor coil is moving outside the
main field of the motor’s permanent magnet.

At the conclusion of any head positioning operation, the speed
control portion of this logic is held disabled and the signal
POSITION TERM is sent to the Servo. Position Term is used to
detent the heads and hold them in position.

5.2.5.9 Cylinder Addressing Control and Interface Status Output
Drivers

This set of logic performs a variety of control functions for the
cylinder addressing logic. These control functions include the
following:

* Strobes the new address into the Destination Address
Register.

* Generates a DIRECTION CONTROL level, which serves as
the select input to the Difference Count Multiplexor.

* Develops a RETRACK SPEED signal. This is the signal used
to control head travel speed whenever the heads are moved
to cylinder O or to their retracted position.

* Provides reverse speed control to the Servo after the initial
reset period to hold the heads in the retracted position.

* Forces the outputs of the Address Inhibit Gates to the
logical ZERO state whenever the heads are moved to
cylinder O or whenever they are retracted.

» Provides status information to the controller regarding
cylinder addressing conditions in the disk drive. This infor-

mation includes: ADDRESS ACKNOWLEDGE, LOGICAL
ADDRESS INTERLOCK, SEEK INCOMPLETE and
READY TO SEEK/READ/WRITE. An output line indi-
cating track density is also provided and, if the Attention
option is used, an ATTENTION output is available to the
controller from this logic.

5.2.6 Disk and Surface Select Logic

By use of the DISK SELECT and HEAD SELECT interface
lines the system controller makes two selections on the standard
Series 40. These selections are as follows:

1. Index Mark selection—the interface receives the index mark
from whichever of the disks is selected.

2. Read/Write Head selection—one of the four heads is en-
abled for a read or write operation, while the other three
heads are disabled.

The DISK SELECT signal also selects the disk whose Write
Protect function is enabled, as described in 5.3.17.

Figure 5-25 is a simplified functional block diagram showing
the selection logic. The output of the AND gate at A" in the

figure conditions either the upper or lower index mark NAND
function (B’ or “C"), depending on which disk is selected by
the controller. The selected index mark is thereby gated to the
interface. Since the lower disk hub has sector slots as well as an
index slot, the index mark must be separated from the sector
marks prior to gating. |f the upper disk also has sector slots, these
are separated on the Sector Counter PCB, as explained in 5.3.2.

The R/W heads are enabled by removing a —1V level from the
center tap of the selected head’s winding. This is accomplished by
furnishing a low to the appropriate Head Driver as shown in
Figure 5-25. The output of the disk select AND gate at A"
conditions either the upper two NAND functions (“D’* and “E")
or the lower two (“F" and “G”), depending on which disk is
selected by the controller. The output of the head select AND
gate at ““H” then .selects which head of the selected disk is
enabled.

5.2.7 Read/Write Circuits

One head is always enabled for reading or writing. In addition
to enabling the selected head as described in 5.2.6, the head
driver circuit places the selected head’s centertap at +1V for
reading or +23V for writing.

UPPER INDEX XDUCER

SELECTED INDEX MARK

LOWER INDEX XDUCER | INDEX MARK |
SEPARATOR
{ "°D_ |
L SENSOR PCB |
DISK SELECT —\ 3
TLOW" FOR UPPERDISK 9| A N HEAD UPPER
0 ] r DRIVER s
| UPPER
DISK
FILE SELECT | HEAD
TLOW" FOR SELECTED E DRIVER LOWER
| y HEAD
o
2\
—c
MEAD SELECT | H ) —— Heap || ueper 3
"LOW" FOR UPPER HEAD “l—er/ y HEAD 3
L Lower
DISK
HEAD LOWER
Dbl §
o’

RDR1 PCB B

R/W PCB

—

Figure 5-25. Disk and Surface Select Logic
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Figure 5-26. Write and Erase Block Diagram

5.2.7.1 Write Circuits

Figure 5-26 is a simplified functional block diagram of the
write and erase circuits. When the gating circuits shown at ““A’" in
the figure furnish +5V to the head driver, the driver places the
center tap of the selected head at +23V for writing data. No input
to the head driver places the center tap at +1V for reading data.
Similarly, the gating circuits at “’A"’ cause the Erase Driver circuit
to conduct, allowing erase current to flow in the selected erase
head. The head and erase drivers are turned on through the gates
at A" when the following conditions exist:

1. —WRITE GATE true
2. —ERASE GATE true
3. —“WRITE CHECK false
4. Write protect not set

5. —READY TO SEEK, READ, OR WRITE true

~

6. Heads are ioaded

The last two of these conditions also allow data and clock
pulses to be gated through “B'' to the Write F/F. When this F/F is
conditioned by an input from the ‘A" gating circuits, each data
or clock pulse clocks the Write F/F, driving the Write Driver.
Each clock or data pulse, therefore, causes current to flow in

alternate windings of the selected head, causing a flux reversal to
be written on the disk for each data or clock pulse.

Referring to Figure 5-26, inputs to the Write Check circuits
cause —WRITE CHECK to be true when any of the following

conditions exist:

* Write current without a true WRITE GATE line or
—ERASE GATE line.

* Write and select of more than one head.
* Erase current without a true —ERASE GATE line.
* —ERASE GATE line true without erase current.

5.2.7.2 Read Circuits

Figure 5-27 is a simplified functional block diagram of the

read circuitry. In the absence of a true WRITE GATE and
ERASE GATE, the selected head is enabled for reading. Each
flux reversal on the disk surface represents one data or clock
pulse. Each reversal induces a voltage pulse in the heading
winding as it passes under the head. These voltages are applied to
a buffer amplifier whose output drives a three-section read
amplifier providing preamplification, equalization, and final am-
plification. The read amplifier output waveform is approximately
symmetrical around the zero-volt level, and is applied to a
zero-crossing detector. This detector is a one-shot multivibrator,

Figure 5-27. Read Circuitry Block Diagram

whose output is a square-wave pulse with a pulse width of
approximately 100 ns. The one-shot is triggered each time the
input crosses the zero level in either direction. An output pulse,
therefore, occurs for each flux reversal on the disk surface under
the selected head. Figure 4-8 shows this relationship. As shown in
Figure 5-27, the output of the zero-crossing detector is enabled
by the —READ GATE from the interface. Read Data and Read
Clock pulses are then furnished to the Data/Clock Separator PCB
in the Standard Series 40, or to the VFC PCB if the VFO option
is installed, where the data pulses are separated from the clock
pulses, and presented to the interface on separate lines. If the
Data/Clock Separator PCB is used, the Unseparated Data Option
is available, in which the data and clock pulses are not separated,
but are both presented to the interface on the —READ DATA
line.

5.2.7.3 Data/Clock Separation

Figure 5-28 shows the Data/Clock Separator block diagram
and associated waveforms. This circuit is also referred to as the
one-shot separator, to distinguish it from the VFO circuit which
also separates data and clock puises. Assuming that the +DATA/
CLOCK GATE, which is derived from the —READ GATE line,
has conditioned the NAND gates at ““C" and ‘D", operation of
the Data/Clock Separator is as follows:

Prior to arrival of the first data or clock pulse, the Q outputs
of the one-shot multivibrators are high, as is the output of NAND
gate "A’"". The output of NAND gate “’E"" is therefore low, which
clears the Data Gate Trigger F/F. Its Q output is low, as shown by
the waveform in Figure 5-28. Its Q output is high, conditioning
NAND gate ‘“B" for the arrival of the first pulse. For purposes of
this description, the first puise is assumed to be a clock pulse. It
will be subsequently seen that if the first pulse is a data pulse,
circuit action becomes the same as described within three puises.

The positive-going edge of the first clock pulse, in addition to
being gated to the interface by “B’ and D’ is applied to the
clock inputs of the one-shot multivibrators. The Long O/S is

active, since there has been no low preset input to the Ones
Trigger F/F. The Long O/S therefore times out, removing the low
clear input to the Data Gate Trigger F/F. The trailing edge of the
first clock pulse, inverted by NAND gate ““B”, clocks the Data
Gate Trigger F/F. As shown by the waveform in Figure 528, the
Q output conditions NAND gate “A’" for receipt of a data pulse.
If the bit cell contains a data pulse, the output of A" goes low
during the window. This is furnished to the interface as a data
pulse, and also to the Preset input of the Ones Trigger F/F,
making the Short O/S active and the Long O/S inactive. The
absence of a pulse in the bit cetl will keep the Long O/S the active
one. When the active one-shot times out, the Data Gate Trigger
F/F is reset through NAND gate ““E’’. Table 5-1 shows times for
the one-shot multivibrators. It can be seen that the Short O/S will
close the window at A’ prior to receipt of a clock pulse
following a data pulse.

Table 5-1.
Data/Clock Separator Timing
Item 2400 rpm 1500 rpm
Bit cell 400 ns 640 ns
Long O/S 290 ns 470 ns
Short O/S 280 ns 450 ns

5.2.8 Variable Frequency Oscillator (VFO)

The VFO Option is an alternative to the standard One-Shot
Data/Clock Separator in that its primary purpose is also to
separate the READ DATA pulses from the READ CLOCK pulses.
The VFO accomplishes this separation by use of a highly stable
phase-locked data window which is synchronized with the read
data. This allows greater timing margins and provides immunity
to missing clock bits for single-sector data format.

Figure 5-29 is a block diagram of the VFO, which consists of a
Phase-Locked Loop and a Data Separator. The Phase-Locked
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Figure 5-28. Data/Clock Separator Block Diagram

Loop includes a pulse slimmer, start-lock control circuit, high
gain control circuit, Phase Comparator, filter, and a voltage-
controlled oscillator (VCO).

The Phase Comparator consists of lead and lag detectors and a
bi-directional current source. ‘‘Lead”’ or “lag” refers to the phase
error of the read data or clock pulses with respect to the VCO 2F
Clock output. “Lead” indicates that the data or clock pulses are
of a higher frequency than the VCO clock, while “’Lag’” indicates
a lower frequency. The BiDirectional Current Source furnishes an
error signal to correct the frequency of the VCO Clock whenever
lead or lag exists.

The Phase Comparator samples all bits coming from the disk,
and does not distinguish between a data bit and a clock bit. Since
sampling occurs oniy when bits are present, missing bits do not
confuse the Phase Comparator. Missing clock pulses therefore do
not disturb the VFO.

The filter and amplifier provide the proper low-frequency
response required to minimize noise jitter and provide proper
loop dynamics, such as damping factor, locking range, and
locking time.

The VCO is a triangular wave VCO rather than the conven-
tional ramp type. This design prevents high frequency noise and

loop instability during ramp fly back. An RS flip-flop and voltage
comparator circuit converts the triangular wave to the square
wave VCO 2F Clock. The nominal frequency is 5.083 MHz
(3.177 MHz for 1500 rpm drives).

The Data Separator separates the double frequency recorded
pulses into data and clock bits. A data window is generated from
the VCO output for separation of these bits.

A pulse slimmer is used to slim the incoming data and clock
pulses to 15 ns pulses. This maximizes the Phase Comparators
lock-in range.

In order to minimize phase lock time, the VFO is turned on
and synchronized with the input pulses by the start-lock control
circuitry. This insures phase lock within one bit-cell time. The
remaining lock-in time is used to correct frequency. Turn on of
the VFO is controlled by READ GATE. With READ GATE false,
the VFO is turned off, and all outputs are quiescent. With READ
GATE true, the VFO is turned on by the next input pulse. The
separator is phased under the assumption the first bit is a clock
bit.

The lock-in time and capture frequency depend on the bit rate
of the input. In order to accommodate an all ““ones’’ as well as an
all “‘zeros’’ synchronizing pattern, a high-gain feature is provided.

The high-gain control circuitry increases the total loop gain by a
factor 5, thereby making the loop more sensitive to phase error
and insuring frequency lock.

The Data Separator furnishes read data and read clock pulses
which are highly stable and properly timed even if the input to
the VFO is experiencing considerable jitter. Figure 5-30 shows
waveforms which accomplish this separation. When the Phase-
Locked Loop becomes phase locked to the data and clock pulses,
these pulses will occur at approximately the positive peaks of the
triangular waveform. By a system of voltage comparators and a
flip-flop as part of the VCO circuitry, the triangular wave is
converted into the 2F Clock square wave shown in Figure 5-30.
The 2F Clock is sent to the Data Separator, where its positive-
going edge triggers a flip-flop to produce the Data Gate. The Data
Gate is inverted to produce the Clock Gate window. These two
gates are logically ANDed with the input read data and clock
pulses to generate Separated Clock and Separated Data pulses. At
this point both the input and separated data can have excessive
jitter, mainly due to pulse crowding. To eliminate this jitter, a
clock latch and a data latch are set by the separated clock and
data pulses, respectively, as shown in Figure 5-30. These latches
are reset 1/4 bit-cell time later. Their outputs are logicatly ANDed
with the stable 2F clock to provide the stable clock and data
outputs of uniform width.

The VFO accommodates either a sectored format, in which
case the Sector Counter Option is normally also used, or a

single-sector format of the System 3 type. In the latter case,
additional circuitry is required to handle the frequency synchro-
nizing pattern consisting of all “‘ones”. With this type of pattern
the Data Separator may be bhased incorrectly, since it cannot
distinguish between a data bit and a clock bit. The additional
circuitry is contained on the VFI PCB, and includes a “’Zeros
Detector”’. This detector corrects the phasing of the Data Separa-
tor, if necessary, by looking for eight consecutive zeros. When
these zeros are found in the format, the VFI corrects the Data
Separator phasing, and data is then gated out to the controller.

5.3 CIRCUIT BOARD DESCRIPTIONS
5.3.1 1/0-1, Receiver Driver Circuit 1 (RDR1) PCB

The RDR1 PCB contains the circuits necessary to accomplish
the following:

* Receive the —FILE SELECT signal from the controller, and
use this signal to gate all other interface signals, both input
and output, which are received by, or sent from, the RDR1
PCB.

* Upon receipt of the —FILE SELECT signal from the
controller, distribute the —SELECTED signal to the RDR2
and Sector Counter PCBs for gating signals to and from the
controller. (Note: All interface signals except the
+ATTENTION LINE are gated by the —FILE SELECT line.
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Figure 5-29. VFO Block Diagram
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Additionally, many other functions within the Series 40 are
enabled only on receipt of the —SELECTED signal from
RDR1.)

< When selected, receive certain interface signals from the
controller, including write data and clock, and furnish
certain interface signals to the controller.

+ If either a +WRITE FAULT or +VOLTAGE CHECK signal
is received from the Read/Write Amplifier PCB, furnish a
+WRITE CHECK to the RDR2 PCB to inhibit the READY
TO S/R/W line, and furnish the —WRITE CHECK signal to
the interface.

* If the Sector Counter Option is installed, receive the upper
index and sector marks from the Sensor PCB, and use these
marks to trigger a one-shot multivibrator which permits
gating the sector and index pulses separately to the Sector
Counter PCB.

The seven gated line receivers are type 8836 NOR gates
connected functionally as negative logic AND gates as shown on
the RDR1 schematic. They are gated by the —FILE SELECT line
which also uses an 8836 as a receiver. The file select line is
connected by a jumper on the 1/0 mother board to one of the
four SELECT line pins on the interface connector, so that
interface signals are gated to and from a particular Series 40 only
when the SELECT line which is jumpered to RDR1 receives a
low.

In cases where the outputs of the line receivers must be
reinverted, type 380 NOR gates are used.

The circuits with inputs from the controller are simple gates
and inverters, as shown on the RDR1 schematic. Circuits with
outputs to the controller are also gated by the —FILE SELECT
line. However in the case of the —INDEX MARK line, the —FILE
READY signal is also necessary for gating the —INDEX MARK
signal through A20-5.

if the Interrupt Option is installed, there is no connection at
A5, and a 10 resistor is installed at A10. The —FILE READY
line is therefore no longer gated by the —FILE SELECT signal
from the controller. With the Interrupt Option installed without
the Sector Counter Option, a 1052 resistor is installed at D10, so
that index marks can be gated by the —FILE SELECT signal.

With no Sector Counter Option installed, index marks of the
selected disk are gated to the interface through F15-13 and
A20-5. The outputs to the Sector Counter PCB, pins X and J,
serve no function if there is no Sector Counter PCB installed.

If the disk drive has the Sector Counter Option installed,
combined index and sector marks from the upper disk are
received from the Sensor PCB on pin R of the RDR1 PCB, and
the jumper at E22 in the —INDEX MARK output line is removed.

Index marks and sector marks are gated through F15-13, and
are applied to NAND gates at B15-2 and B15-5. For purposes of
this description, assume the first pulse to be a sector pulse. The
one-shot multivibrator at F3 is in its stable state, with its Q
output low and its Q output high. The Q output therefore has
conditioned NAND gate B15-4 for the receipt of a pulse, and
B15-1 is disabled. The arriving sector pulse is gated through B
15-6, inverted at B 15-8, and is sent to the Sector Counter PCB
where it advances the sector counter as described in 5.3.2. The °
pulse at B15-6 also fires the one-shot multivibrator, which has a
period of approximately 850 us. Therefore, B15-1 is now enabled
and B15-4 is disabled. 1f a pulse arrives during this 850 us period,
it must be an index pulse, since sector-marks are at least 1 ms
apart (1.04 ms for 24 sectors, 2400 rpm). The index pulse will be
gated to the Sector Counter PCB via the —UPPER INDEX PULSE
line, where it will reset the sector counter. At the end of the 850
us period, the one-shot will recondition B15-4 for the arrival of
the next sector pulse.

5.3.2 1/0-3, Sector Counter (SC) PCB

The purpose of the Sector Counter Option is to provide the
interface with an absolute binary signal which continuously
indicates the current sector location of the selected head. Sector
and index marks from both disks are furnished to the Sector
Counter PCB, which contains a counter for each disk. As each
sector mark occurs, its counter is advanced one count, except
that the first sector mark after the index mark resets the counter.
The outputs of both upper and lower sector mark counters are
furnished to a two-section multiplexer. By means of the DISK
SELECT line, the controller gates the counter output of the
desired disk out of the multiplexer. The multiplexer also receives
the sector marks and index marks of each disk directly. The DISK
SELECT line also gates these out of the multiplexer for the
desired disk.

The following description pertains to the upper sector-mark
counter. Operation of the lower sector-mark counter is identical.

The upper sector-mark counter circuit consists of a four-bit
binary counter at D15, an upper reset F/F at F3-5, an upper
bit-16 F/F at H15-5, and associated gates and inverters. The type
7493 counter is connected as a four-bit ripple-through counter,
with the counter input at pin 14, and reset inputs at pins 2 and 3.
The binary output counts up with each input pulse at pin 14. The
fifth bit of the sector address is provided by the upper bit-16 F/F
at H15-5, which is toggled by the bit-8 output of the counter
when it goes low at the next count after a binary count of 01111.
For reset simultaneous highs must exist at both reset pins of the
binary counter.

Assume that the next pulse to be received is the —UPPER
INDEX PULSE. This pulse is applied to the preset input of the
reset F/F at F3-4, resulting in a high Q output. This high is
applied to one reset input of the upper counter. At the trailing
edge of the index pulse, the preset input at F3-4 again goes high,
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enabling the F/F to toggle at the next positive going pulse at the
clock input. _

When the next sector mark occurs, it is applied to the counter
at D15-2 directly, and to the clock input of the F/F at F3-3 after
inversion. The reset F/F does not toggle on the leading edge of
the sector pulse, because a type 7474 F/F toggles on positive-
going edges. Therefore the Q output is still high when the
+UPPER SECTOR PULSE is applied to the other reset input to
the counter at D13-2. The counter resets to zero. Note that the
two high reset signals that are applied to the counter are also
applied to the bit-16 F/F through NAND gate J15-3, resetting Q
output (the bit-16 output) to zero. On the trailing edge of the
sector mark, the reset F/F is toggled, and its Q output removes
the high reset from the counter’s pin 3.

Each succeeding sector mark is applied to the counter input,
advancing the output one count. When the bit-8 output at pin 11
of the counter goes high at count 01000, the clock input to the
bit-16 F/F goes low. This has no effect since the F/F toggles only
on positive going clock inputs. At this time the Q output, preset
input, and clear input are all high, so that the Q output will go
high when the next positive-going clock is applied. This occurs
when the count goes from 01111 to 10000, and pin 11 of the
counter goes low. This sets the bit-16 F/F whose Q output is
appiied to the muitipiexer. Counting continues untii the next
index-mark/sector-mark sequence occurs, at which time the coun-
ter and the bit-16 F/F are reset as previously described.

The lower sector counter operation is identical to that of the
upper. The outputs of the upper sector counter are applied to the
“A'" inputs to the multiplexers at B15 and E15, while the lower
sector counter outputs are applied to the "B’ multiplexer inputs.
When the “‘select” inputs to the multiplexers are low, the “A’’
inputs are gated to the outputs. High “select”” inputs gate the ““B"”
inputs out. This is accomplished by an inversion of the DISK
SELECT signal from the interface.

A combination of —=SELECTED from the interface and —FILE
READY OUTPUT from the Read/Write PCB gates the index
mark, sector mark, and sector count to the interface.

As described in 5.3.12, the Sensor PCB requires the separated
sector marks of both disks. The lower index and sector marks are
separated on the Sensor PCB itseif. The separation for the upper
disk occurs on the RDR1 PCB, and the sector marks are furnished
to the Sensor PCB via pin Y of the Sector Counter PCB interface.

5.3.3 1/0-4, Variable Frequency Sector (VFS) PCB and
Variable Frequency Interface (VFIl) PCB

With the VFO Option installed in the Series 40, Slot 1/0-4
holds either the VFS PCB or the VFI PCB. The VFS PCB is
installed if a sector-mark format is to be used, while the VFI is
used with the single-sector format.

As shown on the VFS schematic, the purpose of the VFS PCB
is merely to conduct data and clock pulses from the VFC PCB to
the interface connector, and to provide a constant +5V to the
—SET PHASE input to the VFC PCB, as described in 5.3.5.3.

The purpose of the VFI PCB is to

* detect a field of eight consecutive data zeros to determine if
the data separator on the VFC PCB has properly identified
which file data pulses are clock pulses and which are data
pulses.

+ issue a —SET PHASE signal to the data separator if it has
improperly identified data and clock pulses,

+ shift the data pulses so that the leading edge of a “one”
read data pulse is coincident with the trailing edge of the
previous clock pulse, and

* gate read data and read clock pulses to the interface.

The zeros detector consists of two type 7493 four-bit binary
counters and associated gates and flip-flops. The counters are
connected with the A’ output feeding the “B’ input, so that a
straight count from zero to 15 is achieved. The counter at E15 is
advanced by the —READ DATA pulses and reset tc zero by the
—READ CLOCK pulses. Conversely, the counter at F3 is ad-
vanced by —READ CLOCK pulses and reset to zero by —READ
DATA pulses. Prior to receipt of data or clock pulses, the
+START OSC line is low, as described in 5.3.5. Therefore the
three flip-flops F15-5, F15-9, and A3-5 are conditioned as shown
in Table 5-2.

Table 5-2.
VFI Initial Conditions
Pin F15-5 F15-9 A3-5
Preset H H L
Clear L L H
J L L L
K L L L
9 L — H
Q H H L

continue until a field of data zeros is encountered, at which time
one of the counters will be continuously reset and the other will
count up. However, since the data separator cannot distinguish
between data and clock pulses with the single-sector format, the
count up of clock pulses could occur on either counter. For
purposes of this description, assume that the data separator is out
of phase, and that the clock pulses are therefore arriving on the
—READ DATA line. Counter F3 will be reset with each pulse
while E15 will count up. At the eighth clock pulse, pin 11 of the
counter will go high {binary 1000}, placing a high on the J input
of F/F F15-5. At the next positive-going edge of the —2F REF
signal, F15-5 will toggle, placing a high on pin 10 of NAND gate
E3-8. Since the Q output of F/F A3-5 is already high, the —2F
REF pulse will be gated through E3-9, setting the phase of the
data separator correctly. Meanwhile, the Q output at F15-6 has
placed a high at A3-2, so that the next —2F REF signal will toggle
A3-5. This locks out further —SET PHASE signals and resets both
counters. As A3-5 goes low, A3-6 goes high, enabling NAND gates
D3-5 and D3-3 for the gating of ~READ DATA and —READ
CLK signals through to the interface.

If the data separator is correctly phased when the field of
zeros starts, counter F3 will count up while E15 will be
continuously reset. At a count of 8, F3-11 will go high. At the
next positive-going edge of the —2F REF signal, the Q output at
F15.7 will go tow. This low is gated through B15-6, so that at the
next negative-going edge of —2F REF, F/F A3-5 is toggled. As
previously described, E3-8 will now be disabled on pin 11 (as well
as on pin 10}, and D3-5 and D3-3 will be enabled.

The four JK flip-flops at A15 and B3, together with NAND
gates B15-8 and B15-11, constitute a standard shift-register which
in effect delays each clock pulse by +1F REF, resulting in a time
coincidence of the leading edge of a data “‘one” and the trailing
edge of the previous clock pulse.

5.3.4 1/0-5, Data/Clock Separator (D/CS) PCB

The D/CS PCB is used in the Series 40 disk drive when the
VFO Option is not installed. This PCB accepts unseparated read

data and read clock pulses, separates the data and clock pulses,
and, when the —READ GATE signal is received from the
controller, gates the data and clock pulses to the interface.

The Data/Clock separator consists of a data gate trigger F/F at
F15-5, a ones Trigger F/F at F15-9, a Short one-shot multi-
vibrator at B3, a Long one-shot multivibrator at D15, and
associated gates and circuitry. The period of the one-shot multi-
vibrators varies between 2400 rpm disk drives and 1500 rpm disk
drives. The following discussion assumes a 2400 rpm disk drive.
For a 1500 rpm disk drive, see the D/CS schematic for multi-
vibrator periods. '

Prior to arrival of the first —READ DATA AND CLOCK pulse,
the low output of OR gate H15-8 disables NAND H15-6, H15-3,
E15-6, and E15-12. The outputs of these four gates are therefore
high. The Q outputs of the multivibrators are also high. The
output of the NAND gate at E15-8 is therefore low which clears
the data gate trigger F/F at F15-1. The Q and Q outputs of this
F/F are low and high, respectively. The high Q output conditions
the NAND gate at H15-2 so that the next data or clock pulse will
be gated. The outputs of the Ones Trigger F/F enable the Long
0/S and disable the Short O/S. Assume that +DATA/CLOCK
GATE is high, conditioning E15-4 and E15-1. These initial
conditions are summarized in Table 5-3.

Table 5-3.
Data/Clock Separator Initial Conditions

Data Gate Ones Short Long
Trigger F/F Trigger F/F 0/s 0o/s

Preset H H — -
Clear L H - —
D H L - -
Clock H H H H
Gate - - L H
Q L L - -
[e} H H H H

When the VFC PCB receives the second file data pulse (data or
clock) the +START OSC input to the VFI PCB goes high, making
both clear and preset inputs to the flip-flops of Table 5-2 high,
thereby conditioning them for the receipt of clock inputs. All
three flip-flops get their clock input from the —2F REF or —F
REF signals.

Both counters are maintained in the reset to zero condition
through E3-3 and E3-2 until +START OSC goes high, at which
time the counters are enabled. Assume that file data consists of a
series of logical ones, i.e., alternate clock and data pulses. Each
counter will alternately count to one and then be reset. This will
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Figure 5-31. Data/Clock Separator Timing
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For purposes of this description, assume that the first pulse is
a clock pulse. It can be seen that if the first pulse is a data pulse,
circuit action becomes the same as described within three pulses.
Figure 5-31 shows timing relationships.

The leading edge of the first clock pulse is gated through
E15-2 to the read-clock half of the 75450 line driver, which
furnishes a —READ CLOCK pulse to the interface. It is also gated
through H15-3 to the clock inputs of the data gate trigger F/F
and both multivibrators. The data gate trigger F/F does not set at
this time, since it toggles on positive going clocks. The Long O/S,
being enabled previously by the Q output of the Ones Trigger
F/F, is clocked, and its aoutput goes low for approximately 290
ns. This low is applied to the NAND gate at E15-9, whose output
now places a high on the clear input at F15-1. This F/F can now
be set by its next clock input. This occurs at the trailing edge of
the first clock pulse. As shown in Figure 5-31, the Q output at
F15-5 goes high. Pins 4 and 5 of NAND gate E15 are now high, so
that an incoming data pulse at pin 3 would be gated through to
the interface.

The Long O/S times out after 290 ns, prior to the receipt of
another clock pulse. If there was no data pulse in the bit cell, the
Data/Clock Separator returns to its initial conditions as shown in
Table 5-3, and awaits another clock pulse. If there was a data
pulse in the bit cell, this puise, in addition to being gated to the
interface, places a low on the preset input to the Ones Trigger
F/F. This enables the Short O/S and disables the Long O/S, so
that the next pulse at H15-3 will result in a 280 ns high at the
clear input of F15-1, rather than a 290 ns high. It can be seen
that the Short O/S would close the data window prior to receipt
of a clock pulse following a data pulse.

5.3.5 1/0-5, Variable Frequency Comparator (VFC) PCB

The VFC PCB is used on Series 40 disk drives having the VFO
Option installed. Referring to Figure 5-29, the VFC PCB contains
the Phase Comparator, Start-Lock Control, Pulse Slimmer, and
High-Gain Control circuits of the Phase-Locked Loop, as well as
the Data Separator circuits. Specifically, the VFC PCB contains
the circuits necessary to accomplish the following:

* Turn on and synchronize the VCO with the file data pulses

* Increase the gain of the Phase-Locked Loop during the first
20 ms of a read operation

* Compare the frequency of the file data with that of the
VCO 2F CLOCK pulses, and generate error signals if the
frequencies differ

* Separate the read data puises from the read clock pulses,
and furnish stable read data and clock pulses of uniform
width to the interface.

5.3.5.1 Start-Lock Control and High-Gain Control

The Start-Lock Control and High-Gain Control circuits ensure
that the VCO starts in phase-lock synchronization with the file

data pulses, that frequency correction occurs within 20 ms of the
first file data pulse, and that no read data or clock pulses can be
gated to the interface until after the 20 ms frequency correction
period has elapsed.

Referring to the VFC schematic, the Start-Lock Control
circuit consists of JK F/F F3-5, one-shot multivibrator J15, Start
F/F H15-6/8, and associated circuitry.

When power is applied to the unit, the low +DATA/CLOCK
GT at F3-15 resets F/F F3-5. When the controller makes the
READ GATE true, +DATA/CLOCK GT goes high, enabling the
F/F to be set by the trailing edge of the first file data pulse.

When F3-5 receives the first file data pulse, its Q output
conditions the Start F/F at H15-4 so that when the second file
data pulse is gated through NAND gate H15-11, the Start F/F will
be set. The first file data pulse is not gated through H15-11
because the Q output of F3-5 does not become high until the
trailing edge of the first data pulse. Since the K input at F3-2 is
grounded, the F/F will remain set until the controller makes the
READ GATE false.

When the second file data pulse sets the Start F/F, its outputs
furnish +OSC START and —OSC START. The +OSC START
signal goes to the VFI PCB, is used, where it enables the counters
to start count-up as described in 5.3.3. The —OSC START signal
is furnished to the VFO PCB, where it turns the VCO on. Since
the Start F/F is set by a file data pulse it is here that the
synchronization of the VCO with the second file data pulse
occurs; the VCO starts coincident with a file data pulse, as
described in 5.3.6.

As previously explained, the trailing edge of the first file data
pulse sets F/F F3-5. Its Q output triggers the 20 ms one-shot
multivibrator J15. Its output, the —HI GAIN signal, goes low.
This is sent to the VFO PCB where it increases the gain of the
Phase-Locked Loop by a factor of about five for 20 ms as
described in 5.3.6. This allows frequency correction to be
accomplished within 20 ms. The output of the 20 ms one-shot
also is applied to JK F/F F3-12, keeping its Q output low for the
first 20 ms of VFO operation. This prevents the separated
—READ DATA and —READ CLK pulses from being gated
through to the interface until after frequency correction has been
accomplished.

5.3.5.2 Phase Comparator

The Phase Comparator compares the time of occurrence of
each file data pulse with the negative-going edge of the 2F REF
clock signal, and issues a iead or lag error signai if the file data
pulse arrives early (lead) or late {lag). The error signals are sent to
the VFO PCB where they adjust the frequency of the VCO as
described in 5.3.6.

The Phase Comparator consists of a pulse slimmer circuit, a
Lead-Latch F/F, a Lag-Latch F/F, and associated circuitry.

The pulse slimmer narrows the file data pulses to about 15 ns,
and includes four inverting amplifiers at H3, an RC network, and
NAND gate H15-3. Between pulses, capacitor J6 charges to
approximately 4.5V. An incoming file data pulse results in a high
at pin 1 of NAND gate H15 and a low at H3-4. However, NAND
gate H15 will gate the first part of the pulse through until
capacitor J6 discharges to below the threshold level of the NAND
gate. This results in a file data output pulse of about 15 ns at
H15-3.

The Lead Latch F/F consists of A15-3 and A3-6. At the
beginning of a read operation, the F/F is reset at A3-3 when the
second file data pulse sets the Start F/F. After that the Lead-
Latch F/F is set by the file data pulse at A15-2 and reset by —2F
REF at A3-4. If the low file data pulse arrives at A15-2 while
—2F REF is high, the F/F is reset and the —LEAD ERR will go
low. If there is no lead error, —2F REF will hold A3-4 low and
A3-6 high even during a file data pulse at A15-2.

The Lag Latch F/F consists of A15-8 and A15-6. It is set by
file data pulses and is automatically reset after a delay of
approximately 160 ns, which is one-half the period of —2F REF.
This delay is initiated when the +LAG LT signal is sent to the
VFO PCB, as explained in 5.3.6. At the end of the delay, the
—RST LAG LT signal from the VFO PCB resets the Lag Latch
F/F at A15-10. Any lag error signal must be gated through A3-8,
whose inputs are the inverted reset output of the Lag Latch F/F,
—2F REF, and the —LEAD ERR signal. When the file data pulse
sets the Lag Latch F/F, A3-10 is conditioned so that if —2F REF
goes high prior to the end of the delay period, a —LAG ERR
signal will be gated to the VFO PCB. If there is no lag error, the
—RST LAG LT will reset the F/F prior to a high —2F REF signal.
The —LEAD ERR input to the NAND gate at A3-9 is necessary
to prevent a large lead error from appearing as a lag error to the
Lag Latch F/F.

5.3.5.3 Data Separator

The Data Separator consists of divide-by-two JK F/F E3-G, a
data latch at E15-8 and D15-8, a clock latch at D15-3/6, and
associated gates.

Once the Phase-Locked Loop is phase locked to the file data
pulses, these pulses will occur at the negative-going edges of the
+2F REF signal. Clock pulses will occur every other +2F REF
cycle. Data pulses will also occur every other +2F REF cycle (in
the case of ones), but between the clock pulses. The clock and
data pulses are separated by applying the file data pulses to two
NAND gates at H15-13 and H15-2, and applying a data window
to one of the NAND gates and a clock window to the other
NAND gate, the two windows being 180° out of phase. The data
and clock windows are generated by divide-by-two F/F E3-9.
Normally both the preset and clear inputs are high. The clear
input is high when the second file data pulse sets JK F/F F3-5,
The preset input at E3-10 comes from the VFS or VFI PCB,
whichever is in use. The VFS PCB holds E3-10 high at all times.
The VF!I PCB holds E3-10 high except when the VFI determines

that it has clock pulses and data pulses confused, as described in
5.3.3, at which time it applies a low pulse to E3-10, toggling the
F/F. With highs on both preset and clear, E3-9 is connected to
toggle on the negative-going edge of each +2F REF pulse.
Although the Q output at E3-9 divides the +2F REF frequency
by two, the signal is madified by the —DATA GT INHIBIT signal
at D3-10. As explained in 5.3.6, the —DATA GT INHIBIT signal
is a negative pulse of about 100 ns duration, which is centered in
time at the negative peaks of the VCO output. Therefore, the
other input to the NAND gate at D3-10 is low during the first 50
ns of the high output from E3-9. This results in the positive half
of the square wave at D3-8 being about 50% wider than the
negative half. The positive half will be the clock window as it is
applied to E15-1. The wider clock window is required because
clock pulses can move more than data pulses.

The output at D3-8 is applied to E15-1 as the clock window.
Its inversion is applied to E15-12 as the data window. With file
data being applied to E15-13 and E15-2, the output of E15-11 is
separated data pulses, and the output of E15-3 is separated clock
pulses. The data pulses are applied to a data latch at E15-8 and
D15-8, while the clock pulses are applied to a clock latch at
D15-3/6. The data latch and the clock latch are set by the
separated data and clock pulses, respectively, but their outputs
are not gated through B15 pins 6 and 12 until approximately 1/2
bit time later by the stable —2F REF pulse which enables the
three-input NAND gates at B15-2 and B15-3. Jitter can cause a
variation in the time the latches are set prior to the positive-going
edge of —2 REF puise, but since this —2F REF signal gates the
latch outputs, the signals to the PCB interface are stable and of
uniform width. Figure 5-32 shows data separator timing.

5.3.6 1/0-6, Variable Frequency Oscillator (VFO) PCB

The VFO PCB contains the circuitry necessary to accomplish
the following:

* Generate the triangular wave. This is accomplished by the
voltage-controlled oscillator (VCO).

* Convert the VCO output to the 2F REF square wave (VCO
Clock).

* Receive, filter, and amplify the lead or lag error signal from
the comparator.

* Apply the lead or lag error signa!l to the VCO to correct the
VCO frequency.

* Generate the —RST LAG LT signal to reset the lag latch in
the phase comparator.

* Generate the —DATA GT INHIBIT signal.

Figure 5-33 shows the VCO in block diagram form. A
bi-directional current source, shown as +! and —|, is used to
charge a capacitor with constant current first in one direction and
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Figure 5-33. VCO Block Diagram

then in the other, resulting in a triangular waveform across the
capacitor. Each cbmparator is triggered when the voltage across
the capacitor reaches the comparator’s reference level, —E or +E.
Upon triggering of a comparator, the VCO F/F is set or reset,
depending on which comparator has triggered. Each time the F/F
is toggled, the direction of current flow through the capacitor is
reversed. A square wave of the same frequency as the triangular
wave is available at the output of the F/F as the 2F REF signal.

Referring to the VFQ schematic, the bi-directional current
source consists of transistors D22, D21, D23, F20 and F22. The
capacitor across which the triangular wave is generated is F16.
The —E comparator consists of transistors J21 and J22, while
transistors J16 and J17 form the +E comparator. These compara-
tors are differential amplifiers, with the reference voltages being
determined by a voltage divider consisting of precision resistors at
K21, K13, K20 and K12. The voltage divider provides an accurate
reference for all comparators on the VFO PCB. Therefore, any
drift in voltage affects all comparators uniformly, cancelling out
any effort. The VCO F/F consists of two negative logic OR gates
at H6-6/8.

Transistor D22 is the reference current source, which adjusts
the magnitude of the current through capacitor F16, and,

therefore, the frequency of the triangular waveform. An error
voltage from the Phase Comparator is applied to the base of D22
as explained later. This error voltage, together with emitter
resistors B23 and B22, determine the current magnitude at any
given time. Transistors D23, D21, F20, and F22 constitute the
current switch, with D23 being the current source transistor and
the other three acting as sinks. D21 and D23 act as switches
controlled by the H6-6/8 F/F. Transistors F20 and F22 provide
the bi-directionality of the current through capacitor F16. With
D21 cut off and D23 conducting, F20 and F22 are cut off,
allowing a positive current flow through capacitor F16. The
triangular waveform across the capacitor is applied to the base of
emitter follower H23, whose output is applied to J21 of the
differential amplifier comparator. When the signal reaches the
reference amplitude, H6-6 of the F/F goes low, causing D21 and
D23 to change states. With D21 conducting and D23 cut off, F20
and F22 are conducting. Since the base to emitter voltages are
closely matched, the current through F20 will be matched by an
equal current through F22. Therefore, F22 collector current will
flow through F16 in the reverse direction. For purposes of this
description, this current is considered negative. As with the
positive half cycle, the output of the emitter follower H23 is
applied to the input of the comparators at J16 and J21. The F/F
is toggled by the low at H6-9 when the signal at the base of J16
reaches the reference level.
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—2F REF and +2 REF are taken from the F/F and furnished
to the VFC and, in the case of —2F REF, to the VFI. As
described in 5.2.8, these signals are used to produce stable clock
and data pulses.

The operation of the VCO is initiated by the —OSC START
signal applied to the base of F3. This signal originates in the
Start-Lock Control circuit on the VFC PCB, and occurs when the
second data or clock pulse is received on the VFC as described in
5.3.5. Proper phase synchronization within one data or clock bit
is provided by transistor F3. When —OSC start goes high, F3
conducts, placing the base of D21 at approximately 5V. D21 cuts
off, insuring that the triangular waveform across capacitor F16
always starts in the positive direction.

As previously mentioned, the magnitude of capacitor F16's
charging current is controlled by transistor D22, whose collector
current is controlled, in turn, by the error signal applied to the
base. This error signal originates on the VFC PCB as described in
5.3.5. Referring to the VFO schematic, the lead or lag error signal
is applied to the base of transistor B5 and A6, respectively.
Transistors B5, B8, AB, and A8 constitute a current switch which
determines whether capacitor B13 charges through A6 or dis-
charges through A8. As will be seen, the charging or discharging
of capacitor B13 determines the polarity of the error signal
applied to the base of the current reference transistor D22.
During the 20 ms high-gain period described in 5.3.5, the input to
the base of transistor B6 causes it to conduct. This effectively
places its emitter resistor D7 in parallel with the current switch
resistor A7, increasing the current through B13 by a factor of
approximately 5 during the time any error signal is present. This
greatly increases the sensitivity of the VCO to error signals during
the first 20 ms, and frequency correction is more rapidly
accomplished. After initial lock-on, the VCO tracks easily with-
out the high-gain feature. Transistor D5 merely acts as a clamping
diode.

The lead or lag error signais applied to B5 or A6 of the current
switch are narrow pulses, whose width is proportional to the
magnitude of the phase error between the 2F REF signai and the
incoming data or clock bits. Therefore, the charge or discharge
time of capacitor B13 is proportional to the phase error.

The combination of B13, B11, and A5 constitutes a filter.
Transistors A12, A17, and A22 amplify and shift the level of the
error signal applied to the base of A12 by the current through
B13. The amplifier has a gain of approximately 3.

At the emitter of A22, the error signal is a voltage level which
varies around a nominal +2.8V in accordance with the lead or lag
error. This error signal is applied to the base of D22. It is also
applied to the base of D20. Transistors D20, D14, D16, D12, and
D15 constitute a current source and switch for charging and
discharging capacitor D17 in much the same manner as the VCO
charged and discharged capacitor F16. Since the emitter resistor
of D12 is significantly different from the emitter resistor of D15,

the signal at the emitter of F6 will not have equally sloping edges,
and will be flattened, as shown on the schematic. The —RST LAG
LT signal at the collector of F6 resets the lag latch F/F as
described in 5.3.5.2.

The —DATA GT INHIBIT signal is generated by transistors at
J11 and J12. Transistor J11 is cut off during the negative peaks
of the VCO output. This causes J12 to be driven rapidly into
saturation, resulting in the negative pulse on the collector of J12.

5.3.7 1/0-2, Receiver/Driver Circuit 2 (RDR2) PCB

The circuits on this PCB fall into two general categories: 1)
line receivers. which condition cylinder address information and
two of the commands received from the controller and 2) line
drivers and associated logic, which provide information to the
controller about cylinder addressing activities in the disk drive.

5.3.7.1 Line Receivers

Nine gated line receivers buffer the cylinder address present on
the 1/O cable when the disk drive is selected and the heads are
loaded over the disks. Two other gated line receivers on this PCB
accept —STROBE LINE and —RESTORE LINE pulses issued by
the controller.

All 11 line receivers are gated by the ANDing of —SELECTED
and +HEAD LOADED. This AND function is provided by F3-3,
E3-3 and F3-13. —SELECTED originates at the controller as
—SELECT LINE X({X=1, 2, 3 or 4) and is propagated to RDR2
by way of RDR1. +HEADS LOADED is generated by SL logic
when the heads are loaded into flying position over their disks;
this occurs just after the sensor circuits detect that the heads are
over the disk surface. The circuit that produces +HEADS LOAD-
ED is described in Section 5.3.11.

The line receivers are 8836 type NOR gates. The high-true
levels at their outputs are inverted back to low-true levels by 380
type NOR gates. These low-true outputs are applied to the
Address Inhibit Gates on AL1 (see Sheet 2 of AL1 diagram).

The ninth (and least significant) address receiver gate has no
logic function in Model 43 disk drives, since that line is not
continuous through the cylinder addressing logic.

5.3.7.2 Line Drivers

—ADDRESS ACKNOWLEDGE LINE is a 1 us pulse that
notifies the controller that the requested seek has begun. This
pulse is generated by NANDing —ADDRESS ACKNOWLEDGE
OUTPUT (inverted by F15-8} with the high level present at E3-3.
E3-3 is enabled by —SELECTED and +HEAD LOADED.

—ADDRESS ACKNOWLEDGE QUTPUT is the gated Q out-
put of a D-type flip-flop on AL1. This flip-flop sets at the
beginning of a seek if the Address Check logic determines that the
address received from the controller is valid. The leading edge of

—ADDRESS ACKNOWLEDGE OUTPUT, which is gated by a
one-shot on ALT, occurs approximately 500 ns after the leading
edge of —STROBE is received. The circuit that produces
—ADDRESS ACKNOWLEDGE OUTPUT is described in Section
5.3.15.

If the Address Check logic rejects the cylinder address pro-
vided by the controller, RDR2 responds with —LOGICAL
ADDRESS INTERLOCK instead of —ADDRESS ACKNOWL-
EDGE Line. In this case, the high level at E3-3 gates the set
output of R/S flip-flop F15-6/H15-8. This flip-flop is set by
—~LOGICAL ADDRESS INTERLOCK QUTPUT.

—~LOGICAL ADDRESS INTERLOCK OUTPUT originates as
the gated Q output of the D-type flip-flop on AL1 that produces
—ADDRESS ACKNOWLEDGE OUTPUT. This flip-flop is reset
by the Address Check logic if the address provided by the
controller exceeds the legal address. The leading edge of
—LOGICAL ADDRESS INTERLOCK OUTPUT is gated by a
one-shot approximately 450 ns after —STROBE arrives at the
drive interface.

--LOGICAL ADDRESS INTERLOCK OUTPUT is also
NANDed by H15-6 on RDR2 with a high level on —ADDRESS
ACKNOWLEDGE OUTPUT and —READY TO S/R/W QUTPUT
(inverted by F15-3). —READY TO S/R/W OUTPUT is the result
of NANDing four conditions on AL2. These conditions are
—SEEK INCOMPLETE (NOT), +FILE READY, the reset state of
the Seek FF and the reset state of the Carriage Positioning FF-2.
The generation of —READY TO S/R/W QUTPUT is described in
Section 5.3.14.

The low level at H15-6 enables H15-12. H15-12 is inverted
twice (by F15-11 and D16-3) to result in +ATTENTION LINE.
+ATTENTION LINE is available at pin 10 of RDR2 if the
Attention option is implemented.

—READY TO S/R/W LINE informs the controller that the
drive is in the File Ready condition and that a seek is not in
progress. This output is generated by D16-5.

One input to D16-5 is provided by J15-4, which is enabled by
—READY TO S/R/W OUTPUT and +WRITE CHECK (NOT).
+WRITE CHECK is low if no write fault is detected by the R/W
logic and if no voltage check occurs.

The other input to D16-5 is provided by either E3-3 or J15-10,
depending on whether or not the Series 30 Compatibility Inter-
rupt option is used. If the Interrupt option is not used, jumper
B20* is in place and jumper B21 is not. This causes —-READY TO
S/RAN LINE to be 2 function of ~SELECT. If the Interrupt
option is in use, B21 is substituted for B20*. This allows
—~READY TO S/R/W LINE to be generated whether or not the
drive is selected.

—SEEK INCOMPLETE LINE notifies the controller that the
drive was unable to successfully reach the addressed cylinder.

“320 is the designator used for this jumper on Model 44 drives (RDR2 drawing

In Model 43 drives (RDR2 drawing 11645), this jumper is deMgnated D21.

This output is generated in the same manner as —READY TO
S/R/W LINE, except for its origin as —SEEK INCOMPLETE
OUTPUT. —SEEK INCOMPLETE OQUTPUT is generated by SR
logic, which is described in Section 5.3.12,

The —200 TRACKS PER INCH output is made available to
the controller by this PCB in Model 44 disk drives. This output
results from ANDing +HEADS LOADED (inverted) with
—SELECTED. The AND function is provided by F3-3, E3-3, and
A16-5. —200 TRACKS PER INCH identifies the disk drive as a
Model 44; use of this output is intended for applications where
the system includes a mix of Model 43 and Model 44 disk drives.

5.3.8 M/O-1, Spindle Drive (SD) PCB

The Spindle Drive PCB contains the circuitry necessary to
accomplish the following:

* unlock the equipment drawer when all necessary interlock
conditions have been met

* control rotation of the Spindle Drive Motor, including
dynamic braking.

5.3.8.1 Drawer Unlock

On the standard Series 40 disk drive, the drawer unlock
solenoid cannot be energized unless all of the following condi-
tions exist:

1. The brushes and heads are fully retracted, producing a
—UNLOCK DRAWER signal at the input to the Spindle
Drive PCB.

2. The LOAD/RUN switch is in the LOAD position, removing
the +SPINDLE DRIVE ON signal.

3. Spindle rotation has stopped, resulting in no input to the
speed sense amplifier. This produces a low at Speed Sense
F/F H15-4, resetting the F/F.

4. The —INITIAL RESET line is high, indicating that the disk
drive supply voltages are in tolerance.

When all of these four conditions exist, all inputs to NAND
gate H39-6 are high. The low output from this NAND gate,
—~DRAWER UNLOCK ENABLE, is supplied to the Heat Sink
PCB through Spindle Drive interface pin 2, where it causes the
drawer unlock drive transistor to conduct. This places 24V across
the drawer uniock solenoid in series with a 3052 resistor. This is
sufficient to keep the solenoid energized. but it is pulled in by
bypassing the 30£2 resistor for 700 ms, allowing increased current
through the solenoid.

Bypassing the 3082 resistor is done by the +DRAWER INTER-
LOCK PICK signal. When the four interlock conditions previously
listed were met and H39-6 went low, one=shot multivibrator A39
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was triggered through A27-3. The period of this one-shot is 700
ms. lts output is fed through NAND gate A27-6, and it causes
transistor A13 to cut off. The high signal on the collector is
supplied to the Heat Sink PCB where it is used to short out the
302 resistor for 700 ms.

Referring to the Spindle Drive PCB schematic, NAND gate
H39-6 does not drive the OR gate at A27-3 on disk drives with
the Desk Top Interlock Option installed. Rather, the drawer
unlock signal comes from H51-8 through a jumper installed at
E56 instead of E48.

5.3.8.2 Spindle Control

In the following description, reference to 80 Hz signals applies
to 2400 rpm drives. For 1500 rpm drives, the frequency is 50 Hz.

5.3.8.2.1 Start-up

For purposes of this description consider that the disk drive is
in the LOAD mode, with the spindle stopped. The +SPINDLE
DRIVE ON signal from the Sequence Logic PCB is low. This low
is inverted three times through F15-3, A27-8, and B27-10,
causing a high on the base of the transistor at J17. The transistor
conducts, and the PHASE 2B and PHASE 2A lines are effectively
grounded through diodes at D21 and D31. Similarly, the PHASE
1B and PHASE 1A lines are grounded by transistor J21 conduct-
ing. The high on the base of J21 is obtained by a high output of
NAND gate H15-11 which in turn is caused by a low onH15-3.
Both inputs to OR gate H15-3 are high, since the low +SPINDLE
DRIVE ON signal is inverted by F15-11. The resulting high is
applied to H15-1 and also resets the Speed Sense F/F at H15-6
placing a high on H15-2 also.

When the LOAD/RUN switch is set to the RUN position,
+SPINDLE DRIVE ON goes high. Since —INITIAL RESET is
already high, the +SPINDLE DRIVE ON signal is gated through
F15-3, A27-8 and B27-10 to remove the ground from the outputs
of the Phase 2 ampiifiers. The +SPINDLE DRIVE ON signai is
also gated through F15-11, H15-3, H15-11, and B27-11 to
remove the ground from the outputs of the Phase 1 amplifiers. In
addition to ungrounding the amplifier outputs, the +SPINDLE
DRIVE ON gates the 80 Hz drive signals to the amplifier inputs.
The 80 Hz Phase 2 square wave from the Oscillator PCB is gated
through F27-3, inverted at F39-4, and applied to the Op Amp at
E39-2. The output of the NAND gate at F27-3 is also inverted at
F27-6, reinverted at F39-2, and applied to the Op Amp at E39-6.
Since the square wave at E39-6 has experienced one more
inversion than the signal at E39-2, the two inputs (and hence the
outputs) are 180° out of phase. These Phase 2 amplifiers drive
power amplifiers on the Heat Sink Assembly which, in turn, drive
the Phase 2 winding of the spindle drive motor.

The 80 Hz Phase 1 square wave is also furnished to Op Amps
as two signals 180° out of phase. However, since the Phase 1
winding of the motor is also used for dynamic braking, gating of

the Phase 1 square wave is different than that of Phase 2. The
+SPINDLE DRIVE ON signal, after being inverted at F15-3, is
applied to the clear inputs of the Phase 1 flip-flops, J39-5 and
J39-9. The low Q output at J39-9 drives H39-10 high. The pin
12/13 input to this NAND gate also went high when the
+SPINDLE DRIVE ON signal was inverted at F15-11 and gated
through H15-3. The 80 Hz Phase 1 square wave applied to H39-9
is gated through H39-8 and F27-11. Phase splitting is accomplish-
ed in the same manner as for Phase 2. The spindle drive motor
now has both windings driven, and is coming up to rated speed.
When it is within 50% of rated speed, the +SPEED OK signal is
generated on the Sequence Logic PCB as described in 5.3.11. This
is applied to a NAND gate at F15-9 on the Spindle Drive PCB,
where it is NANDed with the +SPINDLE DRIVE ON signal. The
output at F15-8, after inversion at B27-3, is applied to the base of
a transistor at AB, causing the transistor to conduct. The collector
is placed effectively at ground. This fires a triac on the Heat Sink
Assembly, bypassing two resistors in series with the Phase 1
winding of the motor. The resistors in series with the Phase 2
winding are similarly bypassed by a low on the base of the
transistor at A9 on the Spindie Drive PCB. With these four
resistors bypassed, the spindle drive motor comes up to rated
speed. The output of the Speed Sense Op Amp at H8-7 is high,
which has reset the Speed Sense F/F (H15-6 low, A27-11 high).

5.3.8.2.2 Spindle Motor Braking

When the LOAD/RUN switch is set to the LOAD position, the
spindle drive motor is braked to a stop in approximately 15
seconds. This is accomplished by grounding the Phase 2 winding
and passing a DC current through the Phase 1 winding.

Referring to the Spindle Drive PCB schematic, the +SPINDLE
DRIVE ON signal goes low when the LOAD/RUN switch is set to
the LOAD position. This has the immediate effect of turning off
the full-current transistors A5 and A9, and blocking the drive to
the Phase 2 amplifiers by means of lows on F27-2 and F27-5.
This grounds the Phase 2 amplifier outputs through a high on
B27-10. The inputs to the Op Amps at E29-6 and E30-2 are low,

Drive to the Phase 1 Op Amps is not immediately removed.
When +SPINDLE DRIVE ON went low, a high was applied
through F15-3 to the clear inputs of the Phase 1 flip-flops at J39,
allowing them to toggle with the next clock input (Phase 1 drive)
from the Oscillator PCB. The F/Fs count two Phase 1 pulses and
then remove the low from H15-9. Since H15-10 is also high,
NAND gate H39-10 is disabled by the low on pin 10, and no
further 80 Hz drive reaches the Phase 1 amplifiers. Delaying Phase
1 turn-off for two cycles is necessary to insure that the triacs are
off before dynamic braking starts. With H39-8 high, F27-11 is
held high, resulting in a low input to pin 2 of the Phase 1A
amplifier. The low on pin 2 sets the output on pin 1 high. The
input to the Phase 1B amplifier is kept high at this time through
Speed Sense F/F H15-6, OR gate H15-3, NAND gate H15-11, and
NAND gate F27-8. The high on D39-6 drives the output at pin 7
low, and a DC braking current is passed through phase 1 of the

spindle drive motor. It should be noted that the outputs of the
Phase 1 amplifiers are not yet grounded, since transistor J21 is

still held cut off by the output of the Speed Sense F/F at H15-6.

As the spindle drive motor stops, the voltage between the
SPEED SENSE B AND SPEED SENSE A inputs to the PCB drops
to zero. At this point the Speed Sense F/F is set by a low input at
H15-4. The high at H15-2 causes the input to the Phase 1B
amplifier to go low and transistor J21 to ground the amplifier
outputs.

5.3.9A M/0-2, Oscillator (OR) PCB No. 11414

The purpose of the Oscillator PCB is to furnish the stable
square waves of several frequencies for use in other Series 40
circuits. Specifically, the frequencies and uses are as follows:

480 kHz to drive the carriage position transducer.

* 480 kHz for demodulation of the carriage position trans-
ducer output.

* 60 Hz for the brush motor.

* 80 Hz, 2 phases, for the spindle drive motor (560 Hz for
1500 rpm disk drives).

The frequency determining element on the Oscillator PCB is a
1.92 MHz crystal-controlled oscillator, consisting of the crystal,
two NOR gates at A15-2 and A15-3, and associated circuitry. The
oscillator oscillates as fong as power is applied to the Series 40.
The oscillator output is applied to a divide-by-four circuit
consisting of two D-type flip-flops at B15-56 and B15-9. The 480
kHz output is inverted at B4-8, and applied to the carriage
position transducer driver. It is also supplied to the Servo PCB,
where it is used to demodulate the position transducer output.

Elsewhere in this manual, the frequency of the Phase 1 and
Phase 2 spindle drive motor power has been specified as approxi-
mately 80 Hz for 2400 rpm disk drives and approximately 50 Hz
for 1500 rpm disk drives. These are the synchronous frequencies
for the drive motor if no slip were present. However, since a
minor amount of slip does occur, the frequency actually furnish-
ed to the Spindle Drive PCB is 84 Hz or 51 Hz, selectable by
installation of a jumper on the Oscillator PCB. The 84 Hz or 51
Hz is obtained by applying the output of the 1.92 MHz oscillator
to a series of three divider circuits.

Referring to the Oscillator PCB schematic, the first divider
consists of two four-bit binary counters at E39 and E51, a ‘D"’
type F/F at J27, two 8-input NAND gates at F39 and J39, a latch
at H39-3/11, and associated gates and other circuitry. Without
the special gating circuit involving the 8-input NAND gates, the
combination of the two binary counters and the flip-flop would
divide by 512 (16 x 16 x 2). However, the circuit is arranged so
that a count down of 392 is available at F39-8 for use in 1500

rpm drives, and a count down of 380 is available at J39-8 for use
in 2400 rpm drives. The presense or absence of a jumper at H22
determines which of the two 8input gates drives the latch
through H39-8. For 2400 rpm drives, the jumper is installed, and
the resulting low at F39-2 disables the 1500 rpm gate. The low at
H27-13 is inverted and applied to J39-2, enabling the 2400 rpm
gate. On 1500 rpm drives, the jumper at H22 is removed, and the
8-input NAND gate at F39-8 is enabled.

The output of the latch at H39-11 in addition to resetting the
divide-by-16 counters E39 and E51, drives the second of the
three divider circuits. This second circuit consists of a decade
counter at F27, a four-bit binary counter at E27, and three gates
at F15 (output pins 11, 6, and 8). The divider circuit has two
outputs. The first, at E27-11, provides division by 8, and is used
for 1500 rpm drives. The second output is at F27-11, and
provides division by 5 for 2400 rpm drives. The output to be
gated through to the next divider circuit is also selected by H22.
With the jumper installed F15-11 is disabled and F15-6 is
enabled, allowing the divide-by-five output to be gated through
F15-8.

The last divider circuit consists of two JK flip-flops at E15 and
two ‘D" type flip-flops at D15. This circuit divides the output of
F15-8 by 12, and furnishes two square waves 90° out of phase at
84 Hz or 51 Hz.

The A" output of binary counter E27 drives another divider
circuit consisting of two flip-flops at D27, whose output provides
the 60 Hz brush motor drive power.

5.3.9B M/0-2, Oscillator (OR) PCB No. 11873

The Oscillator PCB, P/N 11873, performs the following func-
tions:

1. Provides spindle motor drive signals with closed loop
spindle speed control.

2. Provides head positioner Transducer Drive and Demodula-
tor reference signals.

3. Generates brush motor signals.

In order to control spindle speed, there must be an accurate
means of determining speed at any given time. The Oscillator
Board contains a 1.920 MHz crystal oscillator (D50) whose
frequency is divided down by a binary counter. Counter F4Q is
connected so that its output becomes a clock to be used within
the board. The counter divides the crystal frequency by either
five or eight for spindle speeds of 2400 or 1500 RPM, respec-
tively. This allows the use of the same count translations and
board logic for both 2400 and 1500 RPM.

An Index Mark signal line is provided to the board where it is
synchronized with the board clock. This Synchronized Index
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signal is fed into a set of counters entitled INDEX PERIOD
COUNTER.

The INDEX PERIOD COUNTER begins running at the clock
frequency upon arrival of the trailing edge of the synchronized
index pulse. The counter continues to run until the leading edge
of the next index pulse. Therefore, monitoring the counter
content determines the time period between index pulses, and
thereby spindle rotational speed. This monitoring is done by a
gating network which translates the counter output into two
signals, —Slightly Overspeed and —Slightly Underspeed. The
presence of either of these signals indicates spindle speed is within
speed limits of +1/2, —1%.

Note that the high order translated bit of the INDEX PERIOD
COUNTER is labeled +This Index Slow. This line is inverted to
generate +This Index Fast. These two signals are used to generate

count-up and count-down clocks for an up-down counter entitled
the SPEED SLIP COUNTER.

The SPEED SLIP COUNTER contains a number which will be
a function of spindle motor efficiency and load at any given time.
The output of the SPEED SLIP COUNTER presets another set of
counters entitled the SPINDLE DRIVE COUNTER. Note that
this counter is connected so that a total carry will load in the
preset number. Therefore, this preset number will determine how
often the SPINDLE DRIVE COUNTER overflows.

The occurrence of an overflow clocks the QUADRATURE
PHASE GENERATOR, which produces two square waves with a
90° phase relationship. These output signals are routed from the
oscillator board to be amplified and drive the spindle motor.
Their frequency will determine spindle speed.

The SPEED SLIP COUNTER may be preset to a nominal slip
value. This is done whenever spindle speed was within +1/2, —1%
speed limits and has just passed out of these limits. By doing this,
speed overshoot during spindle startup is held minimal. When the
motor is first started and index marks appear, the time between
them is long. This causes the SPEED SLIP COUNTER to count to
maximum. The motor will increase in speed and tend to continue
increasing past optimum. To prevent as much overshoot as
possible, the overshoot condition is minimized by passing normal
counting and loading the preset counter to its nominal count.
This eliminates the necessity for the SPEED SLIP COUNTER to
count bit by bit from maximum to optimum. The SPEED SLIP
COUNTER is updated each Synchronized Index when spindle
speed is out of speed limits +1/2, —1%. When spindle speed is
within these limits, the counter is updated every sixteenth Index.
This is done to minimize hunting around optimum spindle speed.

The Transducer Drive and Demodulator signals have a fre-
quency of 480 kHz. This frequency is derived by dividing the
crystal frequency by four. This signal is amplified and fed into
two current switches, transistors E5 and E7 . The desired slope
of the output waveform is provided by capacitor E6. Two zener

diodes, F1 and F2, clip to the top and bottom of each cycle at
the zener voltage. Transistors E§ and E12 serve as buffers to send
the Transducer Drive signal out of the card. The demodulated
signal is simply the 480 kHz square wave which has been buffered
with hex inverter E29.

Brush motor signal generation is derived from a multivibrator
which consists of a 555 timer 1C connected for astable operation.
The signal is a square wave with a frequency of approximately 60
Hz. It is fed directly to the 1/O connector. .

5.3.10 M/0O-4, Temperature Compensator (TC) PCB

The TC board is used only in Model 44 drives. The circuits
used on this board sense the temperature of the air brought into
the drive and generate a head position correction signal, which is
a function of the drive’s ambient temperature.

This output, designated TEMP COMP VOLTAGE, is used to
offset the detent position of the R/W head positioning mecha-
nism when the drive’s ambient temperature is above or below
25°C. Offsetting the detent position compensates for any minor
differences in expansion characteristics among the various ele-
ments of the head positioning system that are not corrected by
the drive’s mechanical compensation.

The circuits responsible for generating TEMP COMP VOLT-
AGE include the following:

1. Thermistor, which serves as the variable resistance element
of a Wheatstone bridge, senses the temperature of the air
entering the drive and alters its resistance value as a
function of that temperature.

2. Operational amplivfier H10-7, which senses the error voltage
at the Wheatstone bridge. This amplifier is compensated for
an output of OV at an ambient temperature of 25°C.

3. A noise filter at the output of H10-7, consisting of an RC
network.

4. Operational amplifier H10-1. This amplifier's gain charac-
teristic is tailored to satisfy the amplitude requirements of
TEMP COMP VOLTAGE for its negative and positive
operating ranges {10°C to 25°C and 25°C to 40°C).

In order to monitor the drive’s ambient temperature, the
thermistor is located near the air intake port in the front of the
drive. At normal room temperature {25°C), the resistance of this
thermistor is 10KS2.

Resistor F15 is test selected to balance the bridge and to
compensate for the offset voltages of H10-7 so that the output of
that operational amplifier is OV for an ambient temperature of
25°C. Resistor F11 may also be test selected and added to the
ground leg of the circuit if zero offset cannot be established using
F15. Amplifier H10-7 has a gain of 10.

Noise filtering of the signal appearing at H10-7 is provided by
resistor F18 and capacitor F20.

The nonlinear feedback path of the second operational ampli-
fier, H10-1, consists of resistor J6 in parallel with the resistor-
diode pair J8 and J9.

When the ambient temperature is between 25°C and 40°C and
the required TEMP COMP VOLTAGE is positive, diode J9 is
reverse biased and the feedback path is formed by J6. For
temperatures in this range, J6 alone determines the amplitude
values of TEMP COMP VOLTAGE.

When the ambient temperature is between 10°C and 25°C and
the required TEMP COMP VOLTAGE is negative, J9 is forward
biased. For temperatures in this range, J8 is connected in parallel
with J6 through the forward biased diode J9 to determine the
negative amplitude values of TEMP COMP VOLTAGE.

The DC operating range of H10-1 was chosen to be large
enough relative to the forward voltage drop of diode J9 to assure
that the amplifier’s gain conditions are controlled by resistors J6
and J8. Since this range includes output voltages that are
significantly higher than the amplitudes required for TEMP
COMP VOLTAGE, the output of H10-1 is transmitted through a
voltage divider, consisting of resistors J12 and J14.

5.3.11A M/0-5, Sequence Logic (SL)
PCB No. 11471-00/-01

The Sequence Logic PCB controls the operation of the disk
drive during start-up and, to a certain extent, during the transi-
tion from the RUN mode to the LOAD mode. Most of the
inter-lock functions are controlled on the Sequence Logic PCB.
Specifically, the Sequence Logic PCB contains the circuitry
necessary to accomplish the following:

* Insure that the disk drive cannot be placed in the RUN
mode until a disk pack is installed and the equipment
drawer is closed.

* When all interlocks are satisfied and the LOAD/RUN switch
is set to the RUN position, initiate disk rotation, brush
cycle, and drawer lock, and cause the heads to move to

* When spindle rotation has reached 50% of rated speed,
cause full rated current to be applied to spindle drive
motor.

* When spindle rotation has reached 90% of rated speed,
cause the heads to load.

* When the LOAD/RUN switch is set to the LOAD position,
initiate spindle braking, head unloading and head retrac-
tion, and condition the drawer interlock circuits to unlock
the drawer when spindle rotation stops.

* lInsure that the equipment drawer cannot be unlocked
unless both the brushes and the heads are in the fully
retracted position (other drawer interlock functions occur
on the Spindle Drive PCB, as previously described).

5.3.11.1A Load-to-Run Sequence

With power on, a disk pack installed, and the drawer closed,
the disk drive is ready to be placed in the RUN mode. The
following conditions exist:

With the brushes fully retracted, the Brush Cycle | F/F,
consisting of H39-8 and H39-6, is reset, with the output at H39-8
high. The Brush Cycle Il F/F consisting of E51-11 and E51-8 is
also reset, with the output at E51-8 high. The disk-pack interlock
switch and the drawer closed switch, which are in parallel, are
both open, resulting in a high .at NAND gate input F39-4, the
Start Gate. The Load/Run F/F consisting of D39-12 and J39-6 is
reset, with D39-12 high and J39-6 low. The pin 5 input to the
Start Gate at F39 is low, causing the Spindle Drive F/F to be
reset, with E39-6 low. This low results in a high at the input to
the OR gate at E39-2. Since the other input to the OR gate at
E39-1 is low, the 60 Hz brush motor power from the Oscillator
PCB cannot be gated through B4-11. With the heads fully
retracted, the Heads Retracted F/F is reset, with H39-3 high.
Since both inputs to NAND gate E39-11 are high, its output is
low, resulting in a high at the pin 3 input to the Start Gate. Line
“A" of Table 5-4 summarizes the more significant conditions
existing on the Sequence Logic PCB with the disk drive ready to
be placed in the RUN mode.

Line “B" of Table 5-4 shows the more significant changes

track zero. which take place when the LOAD/RUN switch is set to RUN, but
Table 5-4.
Initial Conditions
Load Run F/F Start Gate Spindle Drive F/F Drawer Gate Brush Gate
Time | D39-2 J39-4,5 F39-6 F39-3 E39-4 D396 E39-13 E39-12 E391 E39-2

L H L H H H H H H

B H L H H L H H H L
H L H L L L L L H
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before the disk cleaning brushes start to move. Actuation of the
LOAD/RUN switch has set the Load/Run F/F, producing the
third high at the Start Gate input (F39-5). The output of the
Start Gate now sets the Spindle Drive F/F. The low at D39-6 is
gated through D39-8. The low at the output of NAND gate
D27-11, after inversion at F51-4, is sent to the Spindle Drive PCB
where it causes spindle drive motor rotation. It is also sent to the
Address Logic 1 PCB, where it causes the heads to move to Track
Zero.

The output of NAND gate D27-11 is also gated through
E27-13, and is sent to the Read/Write Amplifier PCB where it
resets the write-protect circuits on disk drives with this option
installed.

At the same time, the low at the Brush Gate input E39-2
conditions NAND gates B4-3 and B4-11. The 60 Hz square wave
pulses are gated through B4-11 and applied to the brush motor
drive gates B4-6 and B4-3. These gates drive two transistors at J8
and J4. Since one transistor is PNP and the other NPN, two 60 Hz
signals 180° out of phase are produced. These signals excite
drivers on the Heat Sink assembly, and the brush motor rotates.

The +SPINDLE DRIVE ON signal has caused the heads to
extend toward track zero. Line C of Table 5-4 summarizes the
conditions which exist as the brushes and heads start to move.
The Brush Cycle F/Fs have set, as has the Heads Retracted F/F.
The Brush Cycle | F/F low output at H39-8 has disabled the
Drawer Gate at E39-13, and the drawer unlock solenoid is
deenergized. It has also maintained power to the brush motors by
enabling E39-1, although the other input, E39-2, went high when
the setting of Brush Cycle |l F/F placed a low at E51-2. The
drawer gate was also disabled by the low at E39-12 when the
Heads Retracted F/F was set. The high output of the Drawer
Gate also disables the Start Gate, thereby conditioning the upper
half of the Spindle Drive F/F. This is required so that the
Load/Run F/F can later reset the Spindle Drive F/F through
E39-8.

At this point it should be noted that the NAND gate at E51-6
has had a low on one or the other of its inputs up to now, so that
its output has remained high.

As the brushes complete their cycle, the Brush Cycle | F/F is
reset. The Brush Cycle Il F/F is maintained in the set condition
by the low at E51-13. Resetting the Brush Cycle | F/F has placed
a high at E39-1, disabling the Brush Gate, and the brush motor
stops. With the Brush Cycle | F/F reset and the Brush Cycle Il
F/F set, a low now is present at the output of NAND gate E51-6.

5.3.11.2A Head Loading

The heads are loaded to their flying position over the disk by a
—HEAD LOAD ENABLE signal and a +HEAD LOAD PICK
signal. The pick signal, through a driver circuit on the Heat Sink
Assembly, pulls in the head-load solenoid with a 48V pulse, while
the enable signal, also through a driver circuit on the Heat Sink

Assembly, maintains the solenoid in the energized condition with
24V across the coil. In order for these signals to occur, the
following three conditions must exist:

* the heads must be over the disk
« the brushes must have completed their cleaning cycle

+ the disk must be rotating at more than 90% of its rated
speed.

Referring to the Sequence Logic PCB schematic these three
conditions are ANDed at F39-12. The +HEADS OVER DISK
signal, developed on the Sensor PCB, is applied to the NAND gate
at F39-1. The high at F39-2 occurs at the end of the brush cycle,
when the Brush Cycle flip-flops are reset producing highs at
H39-8 and E51-11. The —~HEAD LOAD ENABLE signal will then
be gated in the Q output of the Up-to-Speed F/F as D15-9 goes
high.

As the disk starts to rotate, index marks are generated on the
Sensor PCB, and are furnished to pin T of the Sequence Logic
PCB, where they drive a divide-by-two circuit consisting of F/Fs
at D15-3 and B27-11. The output at B27-8 drives an integrator
circuit consisting of three type 558 Op Amps and associated
circuitry. The capacitor at A25 is the integrating capacitor. As the
speed of disk rotation increases, so does the frequency of the
index marks. When the disk has reached approximately 50% of its
rated speed, the capacitor at A25 discharges enough to make the
input to the Op Amp at D52-6 go negative. The high output of
this amplifier is fed to the D input of the Up-to-Speed F/F at
J51-9, which was previously cleared by the —INITIAL RESET
signal. With high D input, this F/F is toggled by the next clock
pulse furnished from the Q output of divide-by-two F/F D15-5.
When the Q output of F/F J51-9 goes low, it generates the
+SPEED OK signal, which is sent to the Sensor PCB, where it is
used to apply full power to the spindle drive motor. When the
disk has reached approximately 90% of rated speed, the level of
charge on capacitor A25 will be sufficient to drive the output of
Op Amp A52-1 high. This high is appiied to the “D’ input of
Head-Load Enable F/F D15-9, which is then toggled by the next
clock pulse from the divide-by-two F/F D15-5. When the
Head-Load Enable F/F toggles, its Q output furnishes the
remaining high at the input to the NAND gate at F39-13, and the
—HEAD LOAD ENABLE signal is generated. The output of the
NAND gate at F39-12 is inverted and used to trigger a one-shot
multivibrator at A4. The Q output of the multivibrator is ANDed
with the high Head Load Enable signal at B4-8, and drives the
head load pick transistor at J12. This transistor conducts
furnishing the +HEAD LOAD PICK signal. At the end of the
period the Q output of the multivbrator goes high. This is ANDed
with the high Head Load Enable signal at D27-3, which is applied
as a low to the “D”" input of the Heads-Loaded Signal F/F B27-5.
At the next clock pulse, the Q output of B27-5 goes high. This is
ANDed at D27-8 with the high Head Load Enable signal and
results in the +HEADS LOADED signal at E27-2. This signal is
sent to the Read/Write Amplifier PCB, where it is ANDed with

the not-write-fault signal to produce +FILE READY. It is also
sent to the RDR2 PCB where it is used to condition various
functions.

The low output of the NAND gate at D27-8 is also sent to one
input of the OR gate at D39-11, where it is used to insure that
the +SPINDLE DRIVE ON and +SPINDLE ENABLE signals are
maintained while the heads are loaded.

5.3.11B M/0-5, Sequence Logic (SL) PCB
No. 11471-02/-03

The Sequence Logic PCB, P/N 11471, controls the operation
of the disk drive during start-up and, to a certain extent, during
the transition from the RUN mode to the LOAD mode. Most of
the interlock functions are controlled on the Sequence Logic
PCB. Specifically, the Sequence Logic PCB contains the circuitry
necessary to accomplish the following:

* Insure that the disk drive cannot be placed in the RUN
mode until a disk pack is installed and the equipment
drawer is closed.

= When all interlocks are satisfied and the LOAD/RUN switch
is set to the RUN position, initiate disk rotation, brush
cycle, and drawer lock, and cause the heads to move to
track zero.

* When spindle rotation has reached 95% of rated speed,
cause the heads to load.

* When the LOAD/RUN switch is set to the LOAD position,
initiate spindle braking, head unloading and head retrac-
tion, and condition the drawer interlock circuits to unlock
the drawer when spindle rotation stops.

Insure that the equipment drawer cannot be unlocked
unless both the brushes and the heads are in the fully
retracted position (other drawer interlock functions occur
on the Spindle Drive PCB, as previously described).

5.3.11.1B Load-to-Run Sequence

In the LOAD condition, the spindle and brush motors are
stopped, the heads are unloaded and retracted, and the Disk Pack
Interlock line is active. The following latches will be in the reset
state:

Heads Retracted latch F8-8/11 (zone G)
Load/Run latch F8-3/6 (zone C14)

Spindle Run E18-6/E18-12 (zone C12)

Notice the low output from pin 6 of the Spindle Run latch
combines with the —Reset signal in gate E18-8 at zone C11. The
resulting high from E18-8 goes to zones H4, J4, and K4 to
directly reset 3 ‘D’ type flip-flops in the speed control logic.
This assures Speed Greater Than 95%, Speed Within 2%, and the

Speed O.K. signals will always be in the reset condition when the
Run Sequence begins.

The Allow Brush Cycle latch at zone E12 is set by ANDing the
+Brushes Home signal and the high output of the Load/Run latch
F8-3. This is in preparation for the Run Sequence.

Transferring the LOAD/RUN switch to the RUN position sets
the Spindle Run latch at zone C12. (See Figure 5-33A for timing
sequence) The +Spindle Run line goes high, and combines with
+Allow Brush Cycle and No Reset in gate F18-8 at zone E11.
These conditions AND with Brushes Home in gate E18-11 to
provide the +Brush Motor On signal. This line AND’s with the
+60 Hz signal to provide a 60 Hz drive to the bases of transistors
B48 and B53 at zone D4. These transistors are driven 180° out of
phase, and provide 60 Hz current for the brush motor. Thus,
when the +Brush Motor On line goes high, the brush motor starts,
and the brushes begin their excursion over the disk. As they move
out, the brush transfers, Brushes Home latch D18-3/6 at zone
E14 resets, and the set output (D18-3) goes low to hold the
+Brush Motor On line high and active. Notice this line is inverted
by F29 at zone E10, and this low output disables AND gate B8-6
(zone G10) for Head Load Pick, thus preventing head loading
while the brushes are extended over the disk. When the brushes
complete the cycle and the brush switch transfers back to bring
the brushes home line high, AND gate E18-11 at zone E11 is
satisfied, and the +Brush Motor On output goes low. This output
will de-gate the 60 Hz line to the brush motor drivers. (The Allow
Brush Cycle latch cannot set again with +Brushes Home since the
Load/Run latch is in the Run state.)

When Spindle Run was activated and the brush cycle began,
the +Spindle Run line also triggered the 200 ms Head Retract
Delay at zone B10. The delay has no significance in the Start
Sequence, but is necessary when the LOAD/RUN switch is
transferred to the LOAD position. When Load becomes active,
(Stop Sequence), the Spindle Run latch resets and feeds a low
input to gate E18-8 at zone C11. The output of this gate (test
point 9) directly resets the three speed flip-flops. When the Speed
Equal to o Greater Than 95% fiip-flop resets, it disables the gate
providing Head Load Enable (test point 6) at zone G10, and the
heads unload. To insure complete unloading of the heads before
the disk rotation slows down, the Retract Delay is triggered when
the Spindle Run latch resets. This holds +SPINDLE ENABLE and
+SPINDLE DRIVE active (high) for 200 ms after the head load
enable goes inactive to unload the heads. At the end of the 200
ms delay, the Allow Brush Cycle latch sets, Spindle Run latch
resets holding a reset on the three speed flip-flops, the heads are
unloaded and retracted, and spindle drive goes off. Approxi-
mately 1 second later, the heads are fully retracted and the Heads
Retracted latch at zone G12 sets. This enables Unlock Drawer
gate A8-8 at zone ES. The output of this gate, ~UNLOCK
DRAWER, is sent to the Spindle Drive Board, MO1, as one enabie
to the drawer unlock solenoid driver. (The solenoid will pick
when the spindle has stopped rotation AND the —UNLOCK
DRAWER signal is active.) At this time the Stop Sequence is
complete.
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START

START/STOP SEQUENCE
PN 11471-02 & 03

STOP

——
+ RUN Fi3-¢

' 200ms ¥ 50ms
DELAY

i

+SPINDLE ENABLE CI8-i2

+SPINDLE DRIVE ON D29-6 BRUSH CYCLE COMPLETE
APPROX. 60 SEC.

— R

200ms ¥ 50ms

DELAY

+ BRUSH MOTOR ON EI8-II

APPROX. 50% RATED RPM

+ SPEED OK OUTPUT 14
APPROX. 98%
OF RATED RPM

|

+SPEED WITHIN +2% TP-3

—HEAD LOAD ENABLE OUTPUT 16

rc——»:—PICK l.4sec. 1200ms

+ HEAD LOAD PICK OUTPUT M

<+ HEADS LOADED OUTPUT R

S —

10 TO 12 SECONDS
AFTER +RUN GOES LOW

—

—UNLOCK DRAWER OUTPUT C

NOTES

. 200ms DELAY ON SPINDLE ENABLE AND SPINDLE DRIVE ON
IS TO ENSURE HEADS UNLOADED BEFORE SPINDLE TURNS OFF.

2. HEAD LOAD PICK= |.4sec.t200m.s.

o

Figure 5-33A. Start/Stop Timing Sequence

5.3.11.2B Spindle Speed Monitoring

Timing diagrams, showing both the normal and abnormal
speed conditions of the standard 2400 RPM and optional 1500
RPM spindie speed monitoring iogic, are provided in Figure 5-33B
through 5-33E.

Basic timing control for monitoring spindle speed is a clock
signal derived from a Type 555 free running multivibrator shown
at zone K16. Since the time period is critical, a one percent
tolerance resistor {(A43) is used for trimming. The resistance is
selected to provide a 195.3 £ 0.3 us time period. The clock signal,
(test point 2 at zone K15), is connected to the A’ input of bit
binary counter B40, shown at zone K14. Counter outputs QA,
QB, QC, and QD correspond to binary bits 1, 2, 4, and 8. This
counter divides the basic clock by 5 for 2400 RPM use, or by 8
for the 1500 RPM option. The bit 4 output, QC, goes through an
inverter and a gate to the A’ input of a second four bit counter,
D40. Notice this line also is connected to test point 10 at zone
L12. Each time the bit 4 output of B40 makes a complete
transition, (low to high to low), the second counter advances by
one. The bit 4 output of B40 also feeds one input of AND gate
F40 at zone L12. The second input to this gate is bit 1 of the
counter. When the counter advances to a count of 4, test point 10
will go low, and advance the second counter. When B40 reaches a
count of 5, the output of AND gate F40 goes fow and resets
counter B40. The counter thus counts to 5, resets itself, and
starts counting again. Each time it counts to 5, the second
counter advances by one.

If the drive has the 1500 RPM option, a 1082 resistor is placed
in location F49 at zone L13. This holds a low input on the reset
gate, thus, a count of 5 will not reset the counter. In this case,
B40 will count to 4, and the bit 4 line will go high advancing the
second counter. The bit 4 line will stay high through counts of b,
6, 7, and go low when the counter reaches 8. At this time the QD
output goes high, is inverted by F29-2, and resets the counter.
B40 then counts to 8, resets itself, and begins counting again.
During each count to 8, the second counter advances by one.

For the standard 2400 RPM machine, the time period for the
waveform at test point 10 is .975 to 0.978 ms. For the 1500 RPM
option, (divide by 8), the time period at test point 10 will be
1.560 to 1.565 ms.

D40 and C40 are connected as an 8 bit binary counter. Notice
the reset inputs of all three counters and the multivibrator reset
are all connected to the Index Mark line. This provides a binary
time count from the trailing edge of one index pulse to the
leading edge of the next. By transiating the counts between index
pulses, index time periods and disk rotational speed may be
determined. Three counts are translated and used in speed
monitoring. These counts are: 24, equal to or greater than 26,
and 64. Notice the QC output of C40 (bit 64) is inverted by
C18-4 and is ANDed with the divided clock signal by gate A8-3
{zone K12). When the disk first starts rotation, rotating speed is
slow and there is a long time period between index pulses. When
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2400 RPM SPEED MONITORING CIRCUIT
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Figure 5-33B. 2400 Spindle Speed Monitoring Logic Timing Diagram (Speed Not OK, < 96%)

the counter reaches a count of 64, clock inputs to the counter are
de-gated, and the counter stops at the 64 count. The inverted 64
line, (—Count > 64), is connected to the “D’’ input of flip-flop
C29 at zone H4. Clock input to this flip-flop is index. The next
index will reset the flip-flop, and the +SPEED OK line will go
inactive or low. This continues until the next index pulse occurs
before the counter reaches 64. At this time, the +SPEED OK line
will go active and high. This is used to shift the spindle drive
motor from a low speed mode to a high speed mode.

Two other /D'’ type flip-flops, A29-9/8 and A29-5/6, are also
clocked by index pulses. Significance of flip-flop A29-9/8 is
“Spindle Speed is Equal to or Greater Than 95% of full speed”.
(This will be used to time head loading.) The pin 5 output of
fiip-flop A29-5/6 will be high, or active, at any time spindie speed
is within £ 2% of full speed.

AND gate E29 at zone J6 translates “Counter Equal to or
Greater Than 26"'. (For standard 2400 RPM rotation, 0.975 to

0.978 ms pulses advance the counter.) The next clock pulse will
set “D" type flip-flop A18-5/6 at zone J6. Test point 5 will then
go low the determined time after the trailing edge of index. If the
next index pulse occurs after this time, the test point 1 flip-flop
will be reset, indicating that disk rotation is still less than 95% of
full speed. When the disk speeds up so that index pulses occur less
than 5% below full speed, the counter will not reach a count of
27, (count 26 plus one more clock pulse to set the test point 5
flip-flop), and test point 5 will be high when the next index puise
occurs. This will set the 95% speed flip-flop. As long as disk
rotation does not slow below 5% of the rated RPM, test point 1
will remain high, indicating speed is greater than 95%.

When the counter reaches 24, the “D” input of flip-flop
A29-5/6 will go high. if an index pulse occurs after this, the
flip-flop will set with index, and the Q output (test point 3) will
go high, indicating the disk is within 2% of full speed. Since the
“D" {pin 12) input to flip-flop A18-9/8 will be high only during a
count translation of 24, index pulses must occur within one

2400 RPM SPEED MONITORING CIRCUIT SPEED OK 2%
L N\ N
INDEX | \X !
| |
\—LFUUU'U'LFU'U'UU'l'__J'lJ'U'IﬂJ'UUUUlﬂIULFU‘L
1
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)
I 0 I 2 3 4 23 24 25 : ) I 2
1 ! 1 ) | B\ 1 | Il ML T
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l _\\_COUNT 24 COUNT 25 |
| —counTt 24 B29-8 AY) | | !
]
! 1
! 1
! A\ ]
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BN l I
2% WINDOW TP-4 AN
A\
\ X
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+SPEED 296% TP-1 A}
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Figure 5-33C. 2400 RPM Spindié Speed Monitoring Logic Timing Diagram (Speed Within +2%)

count time period for flip-flop A29-5/6 to set. Count pulses as
seen at test point 10 for the standard 2400 RPM machine will
have a 0.975 to 0.978 ms time period. If index pulses do not fall
within that range, test point 3 will go low, and cause the
+HEADS LOADED line at zone G5 to go low. This will cause the
File Ready line to go inactive, and turn the Ready Light on the
front panel off. If spindle speed slows to more than 5% below
rated speed, test point 1 will go low, disable the AND gate B8-6
at zone G10, and cause test point 6 and the —HEAD LOAD
ENABLE line to go high and unload the heads.

5.3.11.3B Head Load/Unload

When the Load/Run switch is in the Load Position, the
carriage and heads are fully retracted to ailow changing disk
cartridges. (The head load solenoid is de-energized and the heads
unloaded before the carriage is retracted.) When the Load/Run
switch is placed in the Run position, the spindle drive motor is
energized and the spindle starts rotation. At the same time, the

carriage begins moving forward, extending the head arms and
heads over the disk surface. The serve will lock on, or electrically
detent, when the head gaps are located over track zero. The
+HEADS OVER DISK line at zone G17 will go active or high at
this time providing one input to AND gate B8 at zone G10. The
pin 3 output to this AND gate will go high when the speed
monitor (test point 1 at zone J4) detects 95% of full rotational
speed. The pin 5 input to B8 will go high when the brushes have
completed their cycle and are retracted out of the disk area. At
this time, test point 6 at zone G9 will go low activating the
HEAD LOAD ENABLE line. This line is routed to the Heat Sink
to enable holding current to the head load solenoid. The —HEAD
LOAD ENABLE line is inverted by C18-6 at zone F6 and
provided as the pin 1 input to B18-3. The second input to the
AND gate is from the Head Load Pick timer E40. This timer is
triggered when test point 6 (—-HEAD LOAD ENABLE) at zone
G9 goes low. The timer will stay set for a period of 1.4 sec 200
ms and provide a high current pick signal for the head load
solenoid for that time. The output of the timer is also inverted by
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1500 RPM SPEED MONITORING CIRCUIT
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Figure 5-33D. 1500 RPM Spindle Speed Monitoring Logic Timing Diagram (Speed Within +2%)

AND gate B8-12 to partially enable +HEADS LOADED AND
gate B8-8 at zone G5. The +HEADS LOADED line will activate
{go high) when:

The disk is within 2% of full speed, and
Head Load Enable is present, and
Head Load Pick delay has timed out.

The —HEAD LOAD ENABLE line will go high or inactive and
cause the heads to unioad under any of the tnree foliowing
conditions.

1. The disk rotational speed drops under 95% of full speed.
2. The +Brush Motor On signal goes active.

3. The +HEADS OVER DISK line goes low or inactive.

5.3.12 M/0O-6, Sensor (SR) PCB

The Sensor PCB contains the circuits necessary to accomplish
the following:

* Process the outputs of the home sensors to produce the
+HEADS OVER DISK, +HEADS OVER TRACKS, and
+ZERO TRACK SENSING signals.

* Monitor current in the linear motor, and generate a —SEEK
INCOMPLETE signal and a —SERVO DISABLE signal if
the current is excessive.

* Monitor the level of the 5-, 15- and 24-vol!t supplies, and
issue a —INITIAL RESET signal when any of these voltages
are out of tolerance, including during the initial power-on
period.

1500 RPM SPEED MONITORING CIRCUIT
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Figure 5-33E. 1500 RPM Spindle Speed Monitoring Logic Timing Diagram (Speed Not OK, <96%)

Accept, amplify, and shape the outputs of the index
transducers.

Produce Spindle Drive Cut-off signals during the initial reset
period.

Separate the index and sector marks received from the
lower index transducer, and provide these index and sector
marks to other Series 40 PCBs, as required.

On the standard Series 40 configuration, furnish the index
marks of the selected disk to the interface via the RDRI1
PCB.

If the Sector Counter Option is installed, furnish unsepa-
rated upper-disk index and sector marks to the RDR1 PCB,
where separation is accomplished.

* Furnish the Sequence Logic PCB with sector and/or index
marks from the selected disk.

5.3.12.1 Voltage Monitoring and Initial Reset

The voltage monitor consists of transistors at B14 and B17, a
capacitor at A27, and associated diodes, zener diodes, and
resistors. When power is first applied to the disk drive, and before
voltages have risen to their within-tolerance values, the five diodes
at A6, A8, A10, A16, and A18 conduct. The six zener diodes at
B6, B8, B10, A21, AZ3, and A25 are reverse biased, but not
sufficiently so to conduct. The currents through the resistors at
A11, A17, and A19 cause a voltage drop across the resistors
sufficient to keep the transistors at B14 and B17 cut off. The
capacitor at A27 charges toward 15V. When the voltage supplies
are within tolerance, the zeners are sufficiently reverse biased to
conduct. This places reverse bias on the regular diodes, and they
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cut off. With the negative voltage removed from the base of B14,
and the positive voltage removed from the emitter of B17, the
transistors conduct. Capacitor A27 discharges. through B14 and
B17. The voltage across the capacitor, then, has risen from zero
when the power was initially applied, to some positive value when
the voltages reached their in-tolerance values, and then dropped
to zero. This is the collector voltage waveform of B14, and is the
Initial Reset signal. It is approximately trapezoidal in form. If any
of the supply voltages should fall below tolerance, the corre-
sponding zener diode or diodes will cut off, and the transistors
B14 and B17 will cut off. In this case, another Initial Reset signal
will result.

The Initial Reset signal at the collector of B14 is applied to the
base of the transistor at B32, which was originally cut off. B32
conducts during the Initial Reset pulse, and this signal is fed
through D42-2 and E42-3/11 to the Sensor PCB interface as a
negative-going pulse. The signal on the collectors of B14 and B32
are also supplied to spindle-drive-cutoff transistors at B43 and
B47, causing them to conduct. This effectively places the col-
lectors of B43 and B47 at ground, holding the spindle drive cut
off during initial reset.

The ground in the collector circuit of B43 and B47 is also
applied through diodes B40 and E40 to the SERVO DISABLE
line, disabling the servo during initial reset.

5.3.12.2 Lower Index Mark Separation

The output of the lower index transducer consists of unsepa-
rated analog index pulses and sector pulses. These analog signals
are applied to Schmidt Trigger amplifier H12-10, whose output
will be positive pulses clamped to +5V and ground. These pulses
are applied to a one-shot multivibrator at E12, which is triggered
by the trailing edge of the pulses. The period of the one-shot is 40
uMs, and its positive output pulses are termed index marks or
sector marks, depending on which slot on the disk hub produced
the pulse.

The unseparated index and sector marks at the Q output of
E12 are applied to a separator circuit consisting of another
one-shot multivibrator at K30 and two NAND gates, J30-6 and
J30-3. The one-shot multivibrator is a type 74121 connected so
that it will trigger on positive-going pulses at the “B’’ input. Its
timing components give it a period of about 850 us.

For purposes of this description, assume that the first output
of the one-shot at E12 is a sector mark. Prior to arrival of the
sector mark K30 is in its stable state. Its low Q output disables
J30-4, and its high Q output enables J30-1. The high output of
J30-3 is applied to the ‘B’ input of the one-shot. When the
sector mark arrives, it is gated through J30-3 and is applied as &
negative pulse to H30-9/10. The low at J30-3 is also applied to
the input of the one-shot. However, it does not trigger at this
time, since it is connected to trigger on positive-going pulses. At

the end of the sector mark, however, J30-3 goes high, triggering -

the one-shot. The Q output goes high and the Q output goes low,
conditioning J30-4 and disabling J30-1 for approximately 850 us.
If the next output of the 40 us one-shot at E12 is an index pulse,
it will arrive within the 850 us period, and will be gated through
J30-6. However, if it is a sector mark, the 850 us one-shot will
have timed out, and the pulse will be gated through J30-3 as
before. It can be seen that lower disk sector marks will appear at
H30-14, and that lower disk index marks will appear at E30-3.

In the standard configuration the lower sector marks and
lower index marks are supplied to the sector counter via Sensor
PCB interface pins M and E, respectively. The Lower index mark
is also furnished to the Sequence Logic PCB via pin T, and to
NAND gate E30-5. The other input to the NAND gate at E30-4 is
the DISK SELECT signal. If the lower disk is selected, the index
mark is gated through to Sensor PCB interface pins 11 and 12.

If the disk drive has the Sector Counter Option installed, the
jumper at F35 is removed, and the lower index marks are
supplied only to Sensor PCB interface pins E and T. The jumper
at F34 is installed, and the lower sector marks are supplied to
E30-5, instead of index marks. When the lower disk is selected,
the sector marks are gated through E30-8 to Sensor PCB interface
pin 12. They are not applied to interface pin 11, since the jumper
at F29 is removed.

5.3.12.3 Upper Disk index and Sector iViarks

Upper disk index transducer pulses are amplified and applied
to a 40 us one-shot multivibrator in a manner identical to that for
the lower disk. However, since there are no sector slots (and
hence no sector marks) in the standard configuration, there is no
separator circuit. Upper disk index marks are applied through
jumper F31 to the input of the NAND gate at E30-11, If the
upper disk is selected, the index marks are gated through to
Sensor PCB interface pin 11.

If the Sector Counter Option is instalied, there is a jumper at
F30 and none at F31 or F29. Unseparated index and sector
marks are then inverted at D30-3/4 and applied to the RDR1 PCR
via Sensor PCB interface pin 11. The index and sector marks are
separated on the RDR1 PCB as previously described, and the
separated upper sector marks are returned to the Sensor PCB
interface pin D. Separated index marks will be routed to the
Sector Counter PCB, and will be gated to the 1/O interface by the
DISK SELECT signal.

The jumper at F32 is installed and the sector marks are applied
to E30-12. When the upper disk is selected, they are gated
through to interface pin 12.

5.3.12.4 Servo Disable and Seek Incomplete

If the servo motor should draw excessive current, this is sensed
on the Heat Sink PCB, which furnishes a low CURRENT
DETECTOR signal to the Sensor PCB. This low is applied to the
base of the transistor at E53, cutting it off. The output of the.

transistor is applied to a seek incomplete F/F, consisting of
transistors at F53 and D53. When E53 cuts off, a high on the base
of F53 causes it to conduct, toggling the F/F. The low at the
collector of F53 results in a —SEEK INCOMPLETE signal to the
AL2 PCB and, if gated through by the +FILE READY signal, a
—SEEK INCOMPLETE OUTPUT signal to the interface. In
addition, SERVO HOLD is grounded.

5.3.12.5 Heads-Over-Disk/Tracks Signals

The +HEADS OVER DISK, +HEADS OVER TRACKS, and
+ZERO TRACK SENSING signals are generated by a system
which includes a Home Sensor Light-Emitting Diode (LED), two
photo sensors, a moving shutter, and associated amplifiers and
gates. The LED and photosensors are in a fixed position on the
Head Positioner assembly base plate, while the shutter is attached
to the movable head-carriage assembly. When energized, the LED
shines on the photosensors to an extent determined by the
position of the shutter, which moves between the LED and the

sensors, as the head carriage moves back and forth. The outputs
of the sensors are furnished to the Sensor PCB, where they are
amplified and conditioned to produce the +HEADS OVER DISK,
+HEADS OVER TRACKS, and +ZERO TRACK SENSING sig-
nals.

In Figure 5-34, views (a) and (b) show the orientation and
movement of the shutter with respect to the two photosensors,
labeled A’ and “B’’ in the figure. The shutter is shown in the
fully retracted position in view {a). The light from the LED falls
fully on both of the sensors, and their output is maximum. View
(c) of Figure 5-34 shows the signals at TP-2 and TP-3 of the
Sensor PCB as the head carriage, and hence the shutter, moves
forward from the fully retracted position. Referring to the Sensor
PCB schematic, the outputs of the sensors are applied to two Op
Amps. TP-2 and TP-3 are at the Op Amp outputs, and the signals
at these test points are proportional to the inputs from the
SEensors.
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Figure 5-34. Generation of Home Sensor Signals
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Referring to Figure 5-34, in the fully retracted position at time
1 both sensors are completely exposed, and the signals at TP-2
and TP-3 are at 3V, which represents maximum output of the
sensors. At time tq, sensor B begins to be covered by the shutter,
and its output starts to decrease. The output of sensor A remains
at a maximum, since the slot in the shutter keeps it fully exposed
to the LED at this point. At time ty, sensor B is fully covered,
and the output at TP-3 is OV. At time t3, the bridge across the
Sensor A slot results in a decreased output of sensor A. This
serves no purpose electrically; the bridge is necessary to the
mechanicai strength of the shutter.

At time ty, the end of the slot begins to cover sensor A, and its
output starts to drop. Soon after, at time tg, sensor B begins to
receive energy from the LED as the shoulder on the shutter
approaches sensor B. As the shutter continues forward, sensor B
remains fully exposed and sensor A remains fully covered. TP-3
remains at 3V and TP-2 remains at OV.

Referring to the schematic, the amplified signal from sensor A
is applied to another Op Amp at K15-2. The non-inverting input
of this amplifier is set at approximately 1.5V by a voltage divider
consisting of resistors at K25 and K27. When the input from
sensor A has dropped to the point where TP-2 is at 1.5V, which
occurs at time tg in Figure 5-34 (c), the output of the Op Amp at
K15-1 goes high. The shutter and the sensor assembly are
adjusted so that this occurs as the R/W head slider passes the edge
of the disk. The high output is sent to the Sequence Logic PCB as
the +HEADS OVER DISK signal, where it enables head loading.
The output at K15-1 also conditions a NAND gate at J30-12.

At time ty in the figure, the outputs of the two sensors are
equal {although B is rising and A is dropping). They cross at
approximately 0.7V as measured at TP-2 and TP-3. The outputs
of both sensor Op Amps are applied to another Op Amp at
K15-7. When the two signals cross at 0.7V, the output at K15-7
goes high. The shutter and sensors are adjusted so that this occurs
when the R/W heads reach Track 0. The high output at K15-7 is

Figure 5-35. Demodulation Network Output Signais

applied through the parallel combination of resistor F41 and
gates H30-3 and H30-13 to J30-13, resulting in the +HEADS
OVER TRACKS signal. The high at H30-13 is also applied to a
pulse-forming circuit consisting of five type 836 inverters. The
output at H38-6 is the +ZERQO TRACK SENSING signal, which is
a pulse of about 1 us pulse width.

The +HEADS OVER TRACKS and +ZERO TRACK SEN-
SING signals are sent to the AL1 PCB, where they are used to
control the direction and speed of the heads as they reach Track
0.

5.3.13 M/0O-7, Servo (SO) PCB

The circuits located on the SO board produce three output
signals.

The board’s principal output is SERVO DRIVE SIGNAL,
which is sent to the drive current circuits on the HS board. There

“it controls the amount and polarity of current supplied to the

positioning motor.

The other two outputs are a pair, of phase-related square
waves, designated SERVO LOGIC CONTROL LEVEL C and
SERVO LOGIC CONTROL LEVEL D. These pulse trains provide
position and direction information about the heads to other logic
associated with head positioning.

Details regarding the SO circuits responsible for generating
these outputs are presented below. The information is organized
according to major functional elements on the SO board. These
elements and the principal signal paths connecting them are
illustrated in Figure 5-12, Servo System Functional Block Dia-
gram (see Section 5.2.4).

5.3.13.1 Demodulation Network

~ This circuit demodulates the two 480 KHz AC signals received
from the head position transducer’s secondary element. The
signal on channel B has a 90° phase displacement with respect to
the signal on channel A.

A 480 KHz square wave, designated DEMOD SIGNAL, is used
as the carrier reference input for the demodulation process.
DEMOD SIGNAL is taken from the same circuit on the OR board
that generates the head position transducer’s primary input. This
assures that the frequency of DEMOD SIGNAL matches the
channel A and channel B carrier frequencies.

The signals on channel A and channel B follow separate and
identical paths through the demodulation circuits. The first stage
in each path is a wideband video amplifier with differential
outputs.

Each amplified signal pair is applied to a balanced modula-
tor/demodulator device, which operates in the demodulation
mode.

Figure 5-35 illustrates one pair of Demodulation Network
output signals (A and B) as sampled at TP-9 and TP-7. These wave
forms represent a 24-cylinder seek.

The outputs of the demodulation devices are amplified by four
operational amplifiers. Each amplifier has a gain of approximately
8.

The four amplified demodulation envelopes are designated A,
A, B and B. They are sent to the Differentiation Circuits and to
the Reference FET Network. Three of these signals, A, B and B
are also applied to the C and D Summing Networks. All of these
functions are performed by circuits located on the SO board. The
peak-to-peak amplitude of the demodulated envelopes, as they
appear at TP-13, 15, 16 and 18, is 15V £ 1V.

5.3.13.2 Reference FET Network

This network consists of four FET switches connected in
parallel. They gate the four demodulation signals (A, A, B and B)
onto a common output line. The switches are enabled singly and
in a controlled sequence to commute the four AC signals into a
rippled DC output level. This output serves as a reference voltage
for the Speed Control FET Network.

The commutation process involves the selective gating of all
positive or all negative peaks. Negative peaks are selected during
forward head positioning operations and positive peaks are
selected for reverse positioning operations.

The sequence in which the gates are enabled assures that
adjacent peaks are selected so that the output signal is uninter-
rupted during the course of the head positioning operation.

Each switch is controlled by a separate input line. These gate
control inputs, designated —PICK A, —PICK A, —PICK B and
—PICK B, are provided by the CD Decode logic on AL2. This
logic controls the sequencing of the PICK signals.

Figure 5-36. Reference FET Network Oscilloscope Trace

The relationship between the PICK inputs and the four
demodulation envelopes is shown in Figure 5-18, Reference FET
Network Input/Output Signals (see Section 5.2.4.8).

Just before the heads reach the detent position, the servo
system enters the detent mode. This causes the CD Decode logic
to interrupt its regular sequence of PICK signals. Instead, it
continues to issue the most recent PICK signal and allows the
selected demodulation envelope to approach its zero crossing.

When the servo system enters the detent mode, the DIREC-
TION CONTROL line on AL2 conditions the CD Decode logic
for forward head motion. Consequently, when the Reference
FET Network enters the detent mode during reverse head
positioning, the selected envelope’s positive slope becomes a
negative slope.

The selected envelope’s zero crossing marks the exact detent
position for the heads. |f the heads attempt to move away from
this point, the network’s output moves up or down the slope,
adopting a negative amplitude if the heads move toward the
spindle and a positive amplitude if they move away from the
spindle.

The signal appearing at the common switch output is amplified
by a non-inverting operational amplifier (J16-1). Figure 5-36
provides an oscilloscope photograph of one demodulation enve-
lope and of the rippled DC level that results from commutating
all four demodulation envelopes.

The amplifier's output is applied to the inputs of all nine
switches in the Speed Control FET Network. It provides a
constant voltage for that network to use as a reference for its
output signal.

Whenever the heads are in motion, the Reference FET Net-
work's output (TP3) has a nominal amplitude of 4V with respect
to ground. lts polarity will be negative if the heads are moving
toward the spindle and positive if the heads are moving away
from the spindle.

When the heads are detented, the network’s output is at zero
potential.

5.3.13.3 Speed Control FET Network

This network consists of nine FET switches connected in
parallel. Ali nine switches have common input and output points.

The rippled DC signal level generated by the Reference FET
Network provides the source voltage for all the switches. Their
common output consists of that portion of the reference signal
that is gated through the network. The network’s output signal
serves as the speed control input to the main summing junction.

During head positioning operations, the amplitude of the
speed control output is a direct function of the number of
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switches that are enabled. Its polarity is the same as the polarity
of the reference signal.

Eight of the nine switches are responsible for gating some
portion of the reference signal through to the summing junction
during head positioning operations. The distance the heads must
move (number of cylinders) determines how many switches are
active at a given time.

The relationship between the distance to be traveled and
which switches are enabled is presented in Table 5-5. Travel
distance is shown as the number of cylinders the heads must
traverse.

_ Each switch is controlled by a separate input to the SO board.
These gate control inputs, designated —MINIMUM SPEED and
—SPEED INCR NO. 1 through —SPEED INCR NO. 7, originate at
the Speed Increment Decoder on ALZ2.

When any —SPEED INCR NO. input is active, all lower order
inputs (including —MINIMUM SPEED) are also active. During the
course of a head positioning operation, these speed control inputs
are removed one at a time, from the highest order to the lowest.
—MINIMUM SPEED is the last speed control input to be
removed.

TABLE 5-5.
Active Speed Control Switches vs. Head Travel Distance
CYLINDERS ACTIVE SWITCHES
TO BE TRAVERSED (See Note)
MODEL 43 MODEL 44
64 or greater | 128 or greater Min. Speed and Speed
Incr 1 through 7
32 to 63 64 to 127 Min. Speed and Speed
incr 1 through 6
16 to 31 32 to 63 Min. Speed and Speed
Incr 1 through 5
8to 15 16 to 31 Min. Speed and Speed
Incr 1 through 4
4t07 8to 15 Min. Speed and Speed
Incr 1 through 3
20r3 4t07 Min. Speed and Speed
Incr 1 and 2
1 2o0r3 Min. Speed and Speed
Incr 1
1/2 1 Min. Speed

NOTE: Active switches are identified by input signal that
controls switch gates.

A precision resistor is connected in series with the input pin of
each switch {i.e., drain side of each FET). The values of these
resistors are scaled to provide the appropriate voltage drop across
the speed control network for each possible combination of
active switches. That is, as the heads approach the destination
cylinder and the speed control inputs are removed in sequence,
the amplitude of the speed control output signal decreases by
appropriate increments. Refer to Table 5-5 for this progression of
speed control output voltage levels.

When the difference count equals zero, —MINIMUM SPEED is
removed and —POS TERM goes true (low}.

—POS TERM enables FET switch D48-2. This switch couples
the reference signal to the speed control output.

When the heads are stationary, the reference input and the
summing junction are both at zero potential. If the heads begin to
move, the reference signal swings to approximately +4V (for
reverse motion) or —4V ({(for forward motion). A 1.21 MQ
resistor in series with the switch provides a voltage drop across
the network, causing an error voltage to develop at the output of
amplifier J16-7. The polarity of this error signal is such that it
causes the head positioning motor to move the heads back toward
the detent position.

In Model 44 drives, the zero crossing of the detent slope may
be offset in one direction or the other by the input TEMP COMP
VOLTAGE. This signal level is the DC output of the TC board
(M04). Its purpose is to adjust the servo system'’s -electronic
reference for detenting to compensate for dimensional changes in
the servo system’s mechanics caused by changes in the ambient
temperature.

When the head positioning mechanism’s ambient temperature
is 25°C, TEMP COMP VOLTAGE is at OV. The zero crossing of
the detent slop is not offset. If the ambient temperature is
between 25°C and 40°C, TEMP COMP VOLTAGE is positive,
with an amplitude that is proportionai to the vaiue of the
temperature with respect to 25°C. For temperatures between
10°C and 25°C, TEMP COMP VOLTAGE is negative, with an
amplitude proportional to the temperature.

When TEMP COMP VOLTAGE goes positive, the position
reference input to the summing junction is increased propor-
tionally. This causes SERVO DRIVE SIGNAL to go negative,
driving the head positioner toward the spindle. The heads move
forward until the detent slope reaches the adjusted zero crossing,

at which point the positioner is detented.

A negative level on the TEMP COMP VOLTAGE input has the
opposite effect. The input to the summing junction goes below
ground, causing a positive SERVO DRIVE SIGNAL. This moves

"the heads away from the spindle until the detent slope reaches

the adjusted zero crossing.

5.3.13.4 Differential Circuits

These circuits differentiate the four demodulation envelopes
(A, A, B and B) to produce velocity sensitive AC signals for use
by the Feedback FET Network. The set of differentiated signals
are designed A’, A’, B’ and B'.

The important characteristic of these signals is that their
amplitudes are directly proportional to the frequencies of their
drive signals, which are, in turn, a direct function of actual head
velocity.

A secondary characteristic of the differentiated signals is that
they lead the input signal by 90°.

Control of the commutation process in the Feedback and
Reference FET Networks compensates for this displacement by
selecting undifferentiated and differentiated signals in phase-
matched pairs. That is, A and A’ are not selected at the same
time. Instead, A and B’ are selected by their respective networks
during forward head positioning, since they are in phase at that
time.

Differentiation of each signal is performed by a capacitor,
which is connected between the Demodulation Network output
and the Feedback FET Network input. A precision resistor, in
series with the capacitor and Feedback FET Network, determines
the upper and lower limits of the amplitude of the differentiated
signal.

Figure 5-37 provides an oscilloscope photograph of one Differ-
ential Circuit input/output signal pair (A and A’). The sampled
wave forms represent a 24-cylinder seek.

5.3.13.5 Feedback FET Network

This network consists of four FET switches connected in
parallel. They gate the four differentiated signals (A’, A, B" and
B’) onto a common output line. The switches are enabled singly
and in a controlled sequence to commute the four differentiated
AC signals into a rectified analog output.

This output is used directly as the feedback input to the servo
system’s main summing junction.

As in the Reference FET Network, the commutation process
involves the selective gating of all positive or all negative peaks.
Positive peaks are selected during forward head positioning
operations and negative peaks are selected for reverse head
positioning.

Each switch is controlled separately by gate control signals
issued by the CD control logic on ALZ. These signals are labeled
-3, 02, —(@3 and —@4. The relationship between the four @
inputs and the differentiated signals is shown in Figure 5-17,
Feedback FET Network I[nput/Output Signals (see Section
5.2.4.8).

Figure 5-37. Differential Circuit Input/Output Signals

Since the amplitude of each differentiated input signal is
determined by actual head speed, the amplitude of the network’s
output is a direct analog of head speed as well. However, since the
network’s output is one input to the main summing junction,
there is no direct method of sampling the feedback term by itself.
Instead, feedback velocity information is available from two of
the differentiated inputs to the network {before commutation).

These signals are A’ and B’, which can be sampled at TP19 and
TP17, respectively.

5.3.13.6 C and D Summing Networks

The C and D Summing Networks develop a pair of phase-
related square waves, which are designated SERVO LOGIC
CONTROL LEVEL C and SERVO LOGIC CONTROL LEVEL D.
These outputs result from voltage summing A * B and A - B,
respectively.

The resulting summation signals are inverted and amplified by

a pair of Schmitt triggers, J40-1 and J40-7.

SERVO LOGIC CONTROL LEVEL C and SERVO LOGIC
CONTROL LEVEL D are phase shifted by 90° from one another.
Theis phase displacement carries cylinder count information for
the Present Address Counter Control Logic on ALT. It also
provides sequence control information to the CD Decode logic on
AL2 for use in generating PICK and @ signals.

The amplified outputs of these networks have TTL logic levels.
Their periods are directly related to head velocity.

5.3.13.7 Main Summing Junction
The outputs of the Speed Contro! FET Network is tied to the
output of the Feedback FET Network at a voltage summing

point. The potential appearing at that point is simply the
algebraic sum of the speed control term and the feedback term.
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When the amplitudes of the input terms are unmatched (i.e.,
their absolute values are not equal), a potential appears at the
summing junction. Its polarity is the same as the polarity of the
larger input term.

The resulting signal is inverted and amplified by operational
amplifier J16-7. The output of J16-7 is designated SERVO
DRIVE SIGNAL.

Figure 5-38 provides an oscilloscope photograph of SERVO
DRIVE SIGNAL as it appears at TP5 on the SO board.

5.3.14 M/0-8, Address Logic 2 (AL2) PCB

The logic located on AL2 fits into two separate function
categories, cylinder addressing and servo control. The AL2 board
also contains the circuits that generate —READY TO S/R/W.

The cylinder addressing logic on AL2 consists of the Differ-
ence Count Multiplexor, Speed Increment Decoder and portions
of the addressing control logic.

The CD Decoder is the portion of servo control logic that is
located on AL2. This set of logic generates the gate control
signals that operate the Reference and Feedback FET Networks
on the Servo PCB.

5.3.14.1 Cylinder Addressing Logic
DIFFERENCE COUNT MULTIPLEXOR (B3 and H3)

The Difference Count Multiplexor receives the Subtractor’s
nine-bit difference count output in its true and complement
forms. —DIRECTION CONTROL determines which set of inputs
is selected.

A low level on —DIRECTION CONTROL (for forward) selects
the true bits in all but the least significant bit position. The
complement form of the least significant bit is selected by
—DIRECTION CONTROL. When —DIRECTION CONTROL is
high, the alternate bits are selected: the true form of the least
significant bit and the set of complemented bits in the eight
high-order bit positions.

SPEED INCREMENT DECODER

The selected outputs of the multiplexor gates are applied to
the Speed Increment Decoder. This logic consists of a network of
NAND gates and inverters, which are implemented as negative-
logic OR gates, and an output stage consisting of positive-logic
NAND gates.

During seek operations, the Speed Increment Decoder gener-
ates a minimum of one and a maximum of eight speed com-
mands. These commands, designated —MINIMUM SPEED AND
—SPEED INCREMENT 1 through —SPEED INCREMENT 7, are

sent to the Servo where they control the gates of eight speed
control FET switches.

The number of speed commands issued depends on the value
of the difference count (that is, on the number of cylinders to be
traversed). The relationship between the value of the different
count and which speed commands are issued is shown in Table
5-6.

TABLE 5-6.
Distance vs. Speed Commands
SPEED COMMANDS.
DISTANCE COUNT ISSUED

MOCDEL 43 MODEL 44

64 or greater | 128 or greater Min. Speed and Speed
Incr 1 through 7

32 to 63 64 to 127 Min. Speed and Speed
Incr 1 through 6

16 to 31 32 10 63 Min. Speed and Speed
Incr 1 through 5

8to 15 16 to 31 Min. Speed and Speed
Incr 1 through 4

4to7 8to 15 Min. Speed and Speed
Incr 1 through 3

20r3 4t07 Min. Speed and Speed
Incr 1 and 2

1 2o0r3 Min. Speed and Speed
Incr 1

o* 1 Min. Speed

*Represents a distance of 1/2 cylinder.

Figure 5-38. Servo Drive Signal Oscilloscope Trace

The active speed commands turn on their respective switches
in the Servo’s Speed Control FET Network. This results in a drive
signal of the appropriate magnitude and polarity being applied to
the head positioning motor. Refer to Section 5.3.13, Servo PCB,
for details regarding the use of the speed commands by the Speed
Control FET Network.

When the heads move from cylinder to cylinder, the difference
count value decreases. Each time the difference count crosses one
of the thresholds identified in Table 5-6, the highest order speed
command that is active is disabled. This has the effect of
decreasing head velocity.

Head velocity is incrementally decreased in the manner until
the heads reach the destination cylinder. At that time the
difference count equals zero (all +SUM BIT inputs to AL2 are
false). All speed commands, including —MINIMUM SPEED are
disabled.

When the heads reach the destination cylinder, —COUNTER
INTERLOCK and —POSITION TERM go true (D27-12 and
E27-3 go low). Head detenting occurs at this point.

—COUNTER INTERLOCK establishes the heads detented
condition in the cylinder addressing logic. It disables the output
stage of the Counter Control logic on AL1, blocking the gener-
ation of —COUNT UP FORWARD and —COUNT DOWN RE-
VERSE pulses. —COUNTER INTERLOCK also causes D27-1 on
AL1 (see sheet 1) to go high. This brings —DIRECTION CON-
TROL low {forward), which is the required state when the heads
are detented.

The Speed Increment Decoder also provides speed control
commands for head positioning operations other than seek
operations. These include restore, retract and preload head
advance operations. In each of these cases, the Speed Increment
Decoder output is determined by output gate control logic rather
than by the value of the difference count.

Except during head retract operations and the initial stage of
pretoad head advance operations, —MINIMUM SPEED is the only
speed command issued by the Speed Increment Decoder for these
head positioning operations.

The presence of —MINIMUM SPEED is assured for each
operation by +RETRACT SPEED being true. This input is
inverted and applied tc D27-2. The resulting high level at D27-12
is inverted at F15-2 and applied to the preset input of Seek FF,
setting that flip-flop. The Q output of Seek FF gates the high
level provided by D27-12 out to the Servo as —MINIMUM
SPEED.

During the initial stage of preload head advance operations and
throughout head retract operations, —MINIMUM SPEED is sup-
plemented by two other speed control commands, —SPEED
INCREMENT 1 and —SPEED INCREMENT 2.

These two other speed command outputs are needed during
that portion of head retract operations when the heads are
unloaded. The positioning motor requires more energy to over-
come the friction caused by the heads riding in the unloaded
position than is needed when the heads are loaded.

The need for these additional speed control commands also
results from the fact that the head positioning motor is less
effective when the carriage is moving (in either direction) near the
fully retracted position. With the carriage in that vicinity, the
positioning motor’'s coil is in a more attenuated flux field than
when the carriage is closer to the disks.

NAND gate D27-8 controls the generation and gating of these
speed control commands in response to these -special require- .
ments. The necessary conditions for enabling D27-8 are described
below.

INPUT
PIN CONDITION

D27-9 +RETRACT SPEED — This input is true during initial
reset, preload head advance and head retract opera-
tions. Details regarding the generation of +RETRACT
SPEED are provided earlier in this section.

D27-10 +FILE READY — This input must be false. For these
operations, +FILE READY goes false when +tHEADS
ARE LOADED goes false.

D27-11 B27-3 HIGH — The output of this gate is high when
either —DIRECTION CONTROL is false or when
—DISK PACK SAFETY is true. —DIRECTION CON-
TROL is false (indicating a requirement for reverse
head motion) during initial reset and retract opera-
tions. —DISK PACK SAFETY is true when the
carriage is close enough to the fully retracted position
to activate the Disk Pack Safety switch.

The low level provided by D27-8 causes D27-6 to go high. Ihis
high level is propagated through the low order gates of the Speed
Increment Decoder, generating —SPEED [NCREMENT 2,
—SPEED INCREMENT 1 and —MINIMUM SPEED.

The low level at D27-8 also causes H15-11 to go high, which
gates —SPEED INCREMENT 2 and —SPEED INCREMENT 1
through F3-8 and F3-11. Details regarding the gating of Speed
Increment Decoder outputs are provided in the following sub-
section.

CYLINDER ADDRESSING CONTROL

The cylinder addressing logic on AL2 performs the following
functions:

1. Controls gating of —SPEED INCREMENT commands.
2. Generates +INPUT INHIBIT signal when required.
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During seek operations, the —MINIMUM SPEED output gate is
enabled when Seek FF is set. Gating for ~SPEED INCREMENT 1
through —SPEED INCREMENT 7 requires +RETRACT SPEED
to be false as well as Seek F/F being set.

Seek F/F is set whenever the difference count value in the
Speed Increment Decoder is greater than zero. This condition
causes D27-12 to go high; that high level is inverted by F15-2 and
applied to the preset input of Seek F/F, setting that flip-flop.
Seek F/F remains set for the duration of the seek; that is, as long
as the difference count is greater than zero and D27-12 is high.

At the conclusion of a seek operation, when the difference
count value equals zero, D27-12 goes low. This removes the
preset condition at Seek F/F; it also causes Settling OS-1 to fire.
Settling OS-1 provides a delay period to allow any mechanical
oscillations that accompany the detenting operation to settle out.

The trailing edge of the Settling OS-1 pulse clocks Seek F/F,
resetting it. Seek F/F’s Q output disables E27-8. The resulting
high level at E27-8 is inverted and disables the five most
significant Speed Increment Decoder outputs.

Except during the initial stage of a preload head advance
operation and during the entire head retract operation, the high
level at E27-8 also causes H15-11 to disable the two least
significant Speed Increment Decoder output gates, Exceptions to
this gating control are described below.

—MINIMUM SPEED is gated out to the Servo for all head
positioning operations, including restore, retract and preload head
advance operations. Control of the —MINIMUM SPEED gate is
provided by Seek F/F.

During the initial stage of preload head advance and through-
out head retract operations, —SPEED INCREMENT 1 and
—SPEED INCREMENT 2 are gated out to the Servo. NAND gate
D27-8 controls this special gating activity. Details regarding the
operation of D27-8 are provided in the previous subsection,
which is headed SPEED INCREMENT DECODER.

5.3.14.2 CD Decode

During head positioning operations the CD Decode logic gener-
ates two sets of control pulses. One set, designated -@1, —¢2,
—@3 and —@4, controls the commutation process in the Feed-
back FET Network. The other set, designated —PICK A, —PICK
A, —PICK B and —PICK B controls the commutation process in
the Reference FET Network. Use of these outputs is described in
Section 5.2.4.7, Feedback FET Network and Section 5.2.4.9,
Reference FET Network.

All eight outputs originate at a set of AND gates, which
decode the four possible combinations of CONTROL LEVEL C
and CONTROL LEVEL D. CONTROL LEVEL C and CONTROL
LEVEL D are the outputs of summing networks in the servo

system. CONTROL LEVEL C is the square wave that results from
summing the A and B demodulation envelopes. CONTROL
LEVEL D, which has a 90° phase shift with respect to CONTROL
LEVEL C, is the squared sum of A and B. Both C and D are
inverted following the summing operation.

As the heads move from cylinder to cylinder, the level
transitions occurring on CONTROL LEVEL C and CONTROL
LEVEL D enable one decode gate after another. The sequence in
which these gates are enabled depends on the direction of head
travel.

FORWARD SEQUENCE

— i — - > =
CcD CcD CD CD cD
(H27-3)  (H27-6) .(H27-8) (H27-11) (H27-3)
i ——— ——

REVERSE SEQUENCE

In Model 43 drives {100 tpi), CD and CD are the only two
possible starting points for these sequences. In Model 44 drives
(200 tpi), all four combinations are starting points for forward or
reverse sequences. The reason for this difference is that there are
twice as many detent positions in Model 44 drives.

The outputs of these decode gates are inverted by four NAND
gates to produce the —)5 1 through —@4 pulses.

FORWARD SEQUENCE

— e e -
Cb CD cD cD
(21) (22) (@3) (@4)

————
REVERSE SEQUENCE

Use of these pulses is illustrated in Figure 5-17, Feedback FET
Network Input/Output Signals, which is part of Section 5.2.4.7.

Generation of the four PICK outputs from the various CD
combinations requires two stages of multiplexing (devices F39
and H39).

The first four-pair multiplexor {F39) provides one sequence of
PICK outputs for forward head positioning operations and an-
other sequence for reverse operations. —DIRECTION CONTROL
{AL2 pin E) performs the select function; its low state selects the
CD combination inputs in the proper sequence for forward
operations.

FORWARD SEQUENCE
(AL2 Pin E Low)
CD . CD CD - CcD
(Pick B) (Pick A) (Pick B) (Pick A)

REVERSE SEQUENCE
(AL2 Pin E High)

D o D o CD o cD
(Pick B) (Pick A) {Pick B) (Pick A)

Different PICK sequences are required to assure proper com-
mutation of the four demodulation envelopes (A, A, B and B) for
each direction of head motion. Adjacent negative envelope peaks
are selected in the commutation process during forward head
motion. Adjacent positive envelope peaks are selected in the
commutation process during reverse head motion.

Use of the PICK outputs during head positioning operations is
illustrated in Figure 5-18, Reference FET Network Input/Output
Signals, which is part of Section 5.2.4.9.

The second multiplexing device (H39) selects between two
sources for the PICK outputs.

One source is the first multiplexing stage described above. Its
outputs are used while the heads are being moved from one
cylinder location to another. As previously described, these
outputs consist of a selected sequence of CD combinations.

The other source is a set of AND gates which decode the four
possible combinations of +BIT 1 and +BIT 2. These are the two
least significant outputs of the Present Address Counter on AL1.
The outputs of these AND gates are selected by H39 when the
heads are about to be detented.

The select input to H39 is controlled by —COUNTER INTER-
LOCK, inverted. The BIT 1/BIT 2 combination inputs are
selected when —COUNTER INTERLOCK goes true (AL2 pin A
goes low).

Each of the four BIT 1/BIT 2 combinations generates a
separate PICK output. The relationships between the four combi-
nations and the four PICK outputs are shown in the following
chart. These relationships are also illustrated in Figure 5-18,
Reference FET Network Input/Output Signals (see Section
5.2.4.9). :

+BIT 1 +BIT 2
(AL2 Pin 5) (AL2 Pin R)
—PICK A Low High
—PICK B* High High
—PICK A Low Low
—PICK B* High Low

When the heads are being detented, the Reference FET
Network uses the active PICK output to select the corresponding
demodulation wave shape. For detenting, the wave shape selected

*These outputs are not used in Model 43 drives.

is the one that is approaching the zero crossover on its positive
slope (i.e., positive from the forward direction viewpoint).

In Model 43 drives, —PICK B and —PICK B outputs are not
used for detenting. They are not used because there are no actual
detent positions that correspond to the positive zero crossover
points on the B and B demodulation envelopes. These PICK
outputs are disabled in the detent mode by grounding their inputs
to H39. Jumpers J54 and J56 are removed and jumpers J55 and
J57 are installed.

Details regarding the use of the PICK outputs for detenting are
given in Section 5.2.4.9, Reference FET Network and Section
5.3.13, Servo PCB.

5.3.15 M/0-9, Address Logic 1 (AL1) PCB

Most of the logic responsible for cylinder addressing is located
on the AL1 PCB. These functions include the Address Inhibit
Gates, Address Check Logic, Destination Address Register,
Present Address Counter, Subtractor, and major portions of the
Cylinder Addressing Control Logic.

5.3.15.1 Address Inhibit Gates

The Address Inhibit Gates consist of nine 380 type NOR gates,
which are implemented as negative-logic NAND gates.

The address bit inputs to these gates are provided by the
Cylinder Address Receiver logic on RDR2. For Model 43 drives,
these inputs are assigned bit values in the range 0 to 128 and for
Model 44 drives, the bit values are from 1 to 256.

+INPUT INHIBIT controls propagation of the address through
these gates. When +INPUT INHIBIT is false (low), the address
bits are gated through (inverted). If +INPUT INHIBIT goes true,
the outputs of all nine gates are held low, which represents the
logical ZERO state at this point in the propagation path.

+INPUT INHIBIT is the inverted Q output of Carriage Posi-
tioning FF-2. These circuits are located on AL2 and described in
Section 5.3.14. +INPUT INHIBIT is generated whenever the
heads are moved to cylinder 0 (restored) or are retracted from the '
disk area. These events result from +RETRACT SPEED going
high. The conditions that can cause +RETRACT SPEED are
identified in Section 5.3.15.6.

5.3.15.2 Address Check Logic

Three NAND gates (with one implemented as a negative-logic
NOR gate) and two inverters form the network that tests the
value of the address word present at the Address Inhibit Gates.
This network generates a low level output if the address value
exceeds the limit for that drive model. An address is illegal if it
equals 204 or greater (Model 43 drives) or 408 or greater (Model
44 drives).
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If an illegal address is detected, the output gate of the Address
Check Logic, D15-8, applies a low level to F15-2 and B39-12.

The low level at F15-2 blocks the clock pulse generated at
one-shot H39-13. Blocking this clock pulse prevents the illegal
address from being strobed into the Destination Address Register.
Operation of H39-13 is described in Section 5.3.15.6.

The low level at flip-flop B39-12 causes that flip-flop to be
reset by the leading edge of the pulse generated at H39-13.
Resetting B39-9/8 causes —~ADDRESS ACKNOWLEDGE QUT-
PUT to go false (high) and —LOGICAL ADDRESS INTERLOCK
output to go true (low).

5.3.15.3 Destination Address Register

During seek operations, this nine-bit register holds the address

of the cylinder to which the heads are to be moved. The:

destination address is loaded into the register at the beginning of
the seek. During restore operations, all nine inputs to the register
are forced to the logical ZERQ state.

The least significant bit position in the register is a D-type
flip-flop that clocks on the positive-going edge of the strobe
provided by the controller. In Model 43 drives, the input to this
flip-flop is held disabled (jumper D3 is not installed) so that the
register’s least significant output bit is always a logical ZERO. In
Model 44 drives, the least significant input is part of the cylinder
address received from the controller; its state depends on the
value of the destination address.

The register’s output is taken from the Q side of each flip-flop
so that it represents the complement of the address received from
the controller.

This complemented address is sent to the Subtractor logic
where it is added to the true output of the Present Address
Counter.

5.3.15.4 Present Address Counter and Counter Control

This nine-bit up/down counter serves as a real time register for
the address of the present location of the read/write heads. As the
heads change location during a seek, the contents of this counter
change concurrently to continuously reflect the present location
of the heads. This counter is shown on Sheet 2 of the AL1 logic
diagram.

The most significant stage of the counter is provided by a JK
flip-flop. The cher eightrstage§ consist of a pair of four-bit binary
counter devices, connected in series.

The counter is cleared by +RETRACT SPEED; this signal is
generated whenever the heads are moved to a cylinder 0 or are
retracted.

During forward seeks, the counter is incremented by the
trailing edge of —COUNT UP FORWARD pulses. —COUNT
DOWN REVERSE pulses decrement the counter during reverse
seeks. These increment and decrement commands are generated
by the Counter Control Logic (shown on Sheet 1 of the AL1
logic diagram as well as in Figure 5-39).

The output stage of the counter control logic consists of a pair
of two-input NAND gates, F15-8 and F15-11. One input of each
gate is controlled by —COUNTER INTERLOCK and the other
input receives the output of one-half of a phase-relationship
decode network.

—COUNTER INTERLOCK, which originates on AL2, disables
both F15-8 and F15-11 when it is true {low). This level is
generated whenever there is no requirement for head movement.
That is, ~COUNTER INTERLOCK prevents the generation of
—COUNT UP FORWARD or —COUNT DOWN REVERSE pulses
whenever the contents of the Destination Address Register equal
the value of the Present Address Counter. +RETRACT SPEED
will also cause —COUNTER INTERLOCK to be true. This
presents the generation of count pulses during any head position-
ing operation that is not a seek.

The decode logic examines the relative states of a pair of
phase-related pulses, which are designated SERVO LOGIC CON-
TROL LEVEL “C” and SERVO LOGIC CONTROL LEVEL
“D"”. These pulses, which are generated by logic on the Servo
PCB, provide position and direction information about the
read/write heads as the heads move from cylinder to cylinder.
This information is used by the counter control logic to deter-
mine which direction the heads are moving in and to detect each
arrival of the heads at a new cylinder.

The decode network consists of NAND and NOR gates and
inverters; four of the inverter functions are performed by NOR
gates.

Each of the four D51 NOR gates generates a positive pulse as a
result of a level transition of either SERVO LOGIC CONTROL
LEVEL “C" or SERVO LOGIC CONTROL LEVEL “D”. The
gate/transition relationship is shown below:

Gate Transition
D51-3 High to Low of “C"”
D51-2 Low to High of “‘C"”
D51-14 High to Low of “D"
D51-13 Low to High of “D"’

The RC delays at the outputs of F51-3, F51-2, F51-14 and
F51-13 determine the pulse durations. The component values are
selected to produce 1us pulse widths.

Each of the D51 pulse outputs is applied to a pair of two-input
NAND gates. For example, D51-3 is applied to gates A39-3 and

A39-6. A39-3, which is part of the ~COUNT UP FORWARD
path, is gated by the inverted form of SERVO LOGIC CONTROL
LEVEL “D". A39-6 generates pulses only during reverse seeks
and is gated by the true form of SERVO LOGIC CONTROL
LEVEL D",

The sequential relationship of SERVO LOGIC CONTROL
LEVEL “C” and SERVO LOGIC CONTROL LEVEL “D" pro-
vides a time mask to the A39 and B51 NAND gates. For example,
during forward seeks, D51-3 pulses occur only when SERVOQO
LOGIC CONTROL LEVEL D" is faise. Consequently, puises
caused by high-to-low transitions of SERVO LOGIC CONTROL
LEVEL “C” are propagated through A39-3, A51-6 and F15-11
during forward seeks.

In the same manner, D51-3 pulses coincide with SERVQ
LOGIC CONTROL LEVEL “D’” during reverse seeks. At that
time, those pulses are routed through A39-6, A51-8 and F15-8 to
become —COUNT DOWN REVERSE pulses.

There are eight NAND gates that are part of the same
functional set as A39-3; four are associated with the —COUNT
UP FORWARD path and four are part of the —COUNT DOWN
REVERSE path. The following lists indicate the relative status of
SERVO LOGIC CONTROL LEVEL ““C” and SERVO LOGIC
CONTROL LEVEL D" required to produce pulses at these gates
during forward and reverse seeks:

FWd Seek ucn . uDu
Gates STATES
A39-3 cl'D
A37-8 ct'D
B51-3 ctH'D
B51-8 cl'D
Rev Seek ugrr - up
Gates STATES
A39-6 ot
B51-11 c'pt

1 = low-to-high transition
4 = high-to-low transition

5.3.15.5 Subtractor

This functional element adas the two's complement of tne
Destination Address Register to the contents of the Present
Address Counter to determine the number of cylinders the heads
must move to reach the cylinder specified by the controller. The
direction of the move is determined by the logic level of the carry
out term: low means forward and high means reverse.

A set of NAND gates (shown on Sheet 1 of AL1) adds the
register's complemented least significant bit and the end around
carry bit provided by the higher order adder circuits to the
counter’s least significant bit.

The output stage of this full adder network consists of H51-8
and E27-8. H51-8 produces the least significant sum bit. In Mode!
43 drives, this output is designated +SUM BIT “0"; in Model 44
drives, it's +SUM BIT ““1”. E27-8 provides the carry out bit that
results from the addition; this output is forwarded to the higher
order Subtractor circuits (shown on Sheet 2).

Two interconnected, four-bit binary full adder devices perform
the subtraction function for the other eight bit positions. These
devices are J15 and A15.

A15-14 is the final carry out term in the Subtractor circuit. It
is routed to the least significant adder circuit to convert the
Destination Address Register output from one’s complement to
two’s complement. It is also sent to a direction control gate
(shown on Sheet 1), which issues either a forward or reverse
DIRECTION CONTROL command, depending on the state of
the carry out bit. If A15-14 is low, forward motion is specified.

If the seek requires forward motion, the Subtractor's sum bit
output directly represents the number of cylinders to be moved.
If a reverse seek is specified, the complement of the sum bit
output equals the length of the seek.

Each Subtractor output is applied to the Difference Count
Multiplexor in its true and complemented forms. Selection of the
appropriate set of sum bits by the multiplexor is controlled by
the DIRECTION CONTROL line. The Difference Count Multi-
plexor is located on AL2; functional elements on the PCB are
discussed in Section 5.3.14.

5.3.15.6 Cylinder Address Control Logic

The cylinder addressing control logic located on AL1 is
responsible for the following control functions:

* Strobes the new address into the Destination Address
Register

* Generates —DIRECTION CONTROL and +RETRACT
SPEED commands

* Controls reverse speed command to Servo during and after
the initial reset period

ADDRESS STROBE

The Destination Address Register strobe originates at one-shot
H39A-13 (shown on Sheet 2 of AL1). H39A-13 is fired by the
leading edge of —SELECTED STROBE LINE if either —READY
TO S/R/W or —SELECTED RESTORE LINE is true (low). lts
generation is described separately for the two conditions.
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READY TO S/R/W

At the start of a seek operation, —READY TO S/R/W is true
and —SELECTED RESTORE LINE is false. The first signal is
provided by status fogic on ALZ; it is true oniy when ail the
following requirements are met:

» Carriage Positioning FF-2 is reset.
* Seek FF is reset.

* +FILE READY is true.

» —SEEK INCOMPLETE is false.

These preconditions, which are required for a successful seek
operation, are discussed in detail in Section 5.3.14, Address Logic
2.

—SELECTED RESTORE LINE is true only when the con-
troller intends to initiate a restore operation. It must be false for
the destination address supplied by the controller to be propa-
gated through the Address Inhibit Gates.

With —READY TO S/R/W true, the leading edge of
—SELECTED STROBE LINE enables E15-3. The resulting high
level at H39-2 fires the one-shot.

SELECTED RESTORE LINE

—SELECTED RESTORE LINE is true {low level at E15-6) at
the start of a restore operation. This allows the leading edge of
—SELECTED STROBE LINE to enable E15-2.

The high level generated at E15-2 is inverted by B27-6 and
then applied to E27-12. The resulting high level at E27-11 is
inverted and applied to E15-4. This gates —SELECTED STROBE
LINE through E15-3, firing the clock pulse one-shot.

The pulse issued by E27-3 clocks nine ZERO bits into the
Destination Address Register. The ZERO state of these bits is
imposed by the high level on +INPUT INHIBIT. The origin of
+INPUT INHIBIT is discussed in Section 5.3.14, Address Logic 2.

Since the ZERO output of the Address Inhibit Gates is within
the legal range, the high output of the Address Check Logic {at
D15-8) gates the puise generated by the one-shot through F15-3.
The low puise at F15-3 is inverted by E27-3 and applied to the
clock inputs of the Destination Address Register.

If —RETRACT SPEED is true (low level at E27-1), E27-3 is
held high so the clock pulse is blocked. —-RETRACT SPEED will
be true during restore operations and when the heads are being
retracted.

DIRECTION CONTROL

—DIRECTION CONTROL serves as the select input to the
Difference Count Multiplexor. The logic level present on this line
determines which set of Subtractor output bits are gated through
the multiplexing logic, the true or complemented output. The
state of —DIRECTION CONTROL is determined by D27-6.

This point is low under three different circumstances: 1) when
the heads are moved from the retracted position to the load
position (called preload head advance) 2) when a forward seek is
required and 3} while the heads are detented in position between
seeks. Each of these circumstances is represented by all four
inputs to D27-6 being high. The conditions that bring this about
are described below:

INPUT
PIN CONDITION

D27-1 PRELOAD HEAD ADVANCE — When +SPINDLE
DRIVE ON force sets Carriage Positioning FF-1,
+RETRACT SPEED goes true. This causes D15-6 to
go high {see Sheet 2) and, consequently, D27-1 to go
high.

D271 FORWARD SEEK — The Subtractor’s carry out bit
goes high whenever the drive is instructed to move
the heads from a higher address cylinder to a lower
address cylinder. This low enables D15-6, which
causes D27-1 to go low. The carry out bit is low at all
other times.

D27-1 HEADS DETENTED — When no seek is required, the
Subtractor’s difference count output equals zero.
This causes —COUNTER INTERLOCK to go low (see
AL2). —COUNTER INTERLOCK enables D15-6,
which causes D27-1 to go high. Since the Subtractor’s
carry out bit is low at this time, it serves as a
redundant influence on D27-1.

D27-2 A3-6 IS HIGH — This gate is enabled only during
restore operations. Although A3-4 is high during
preload head advance, tHEADS OVER TRACKS is
false, disabling A3-6.

D27-4 A3-11 IS HIGH — This point is low only when power
to the spindle motor is lost (+SPINDLE DRIVE ON is
low) while the heads are in the disk area. A low level
at A3-11 causes the heads to retract.

D27-5 —INITIAL RESET IS HIGH — This input is low for
120 ms when the drive is first turned on.

When any one of the four inputs to D27-6 is low, —DIREC-
TION CONTROL is high, representing a reverse motion require-
ment. This can occur under four different circumstances: 1) while
—INITIAL RESET is true; 2) when a reverse seek is required; 3)

when a restore operation is required and 4) when the heads must
be retracted from the disk area. The conditions that can cause
—DIRECTION CONTROL to go high are identified below.

iNPUT
PIN CONDITION

D271 REVERSE SEEK — The Subtractor’s carry out bit
goes high whenever the drive is instructed to move
the heads from a higher address cylinder to a lower
address cylinder. Since +RETRACT SPEED and
—COUNTER INTERLOCK are both false at this
time, D15-6 goes low, causing D27-1 to go low.
—COUNTER [INTERLOCK is true only when the
Subtractor’s output equals zero or when +RETRACT
SPEED is true. +RETRACT SPEED cannot be true
during any seek; this is explained in the following
subsection, headed RETRACT SPEED.

D27-2 RESTORE OPERATION — Whenever the drive is in-
structed to restore the heads to cylinder O, inverter
F39-8 goes low, setting Carriage Positioning FF-1.
This applies a high level to A3-4. Since restore
operations occur only when the heads are in the disk
area, tHEADS OVER TRACKS is true at this time,
causing A3-6 to apply a low level to D27-2.

D27-4 HEAD RETRACT OPERATION — If +SPINDLE
DRIVE ON goes false while the heads are in the disk
area (—HEAD RETRACTED is false), A3-11 goes
low. This disables D27-6, causing —DIRECTION
CONTROL to go high.

D27-5 INITIAL RESET — The —INITIAL RESET pulse that
occurs when the drive is first turned on holds D27-5
low for the duration of the pulse.

RETRACT SPEED

+RETRACT SPEED originates at D27-8 (see Sheet 1) and is
active during initial reset, preload head advance, restore and
retract operations. The conditions that bring about +RETRACT
SPEED are described below:

INPUT
PIN CONDITION

D27-9, 13 PRELOAD HEAD ADVANCE — When power is ap-
plied to the spindle drive and the spindle reaches the
minimum operating speed, +SPINDLE DRIVE ON
goes true. This low to high transition causes a posi-
tive-going pulse to occur at E15-13; the pulse is
inverted and force sets Carriage Positioning FF-1. The
resulting low level at the flip-flop’s Q output causes
+RETRACT SPEED to go true, which initiates the
preload head advance operation.

D27-9, 13 RESTORE — Whenever the drive is instructed to re-
store the heads to cylinder 0, inverter F39-8 goes low,
setting Carriage Positioning FF-1. Setting this flip-
flop causes +RETRACT SPEED to go true. The role
performed by +RETRACT SPEED in restore oper-
ations is described below.

D27-10 INITIAL RESET — When power is first applied to the
drive, —INITIAL RESET goes low for approximately
120 ms. —INITIAL RESET is received by the AL1
card at pin 8 (see Sheet 2).

D27-12 RETRACT OPERATION — If +SPINDLE DRIVE
ON goes false while the heads are over the disks
(-HEAD RETRACTED is false), A3-11 goes low.
This enables D27-8, which causes +RETRACT
SPEED to initiate a retract operation.

+RETRACT SPEED performs a number of functions for
cylinder addressing logic on both AL1 and AL2. These functions
are identified below:

1. Causes the Speed Increment Decode logic on AL2 to issue a
speed command {(—MINIMUM SPEED) to the Servo.

2. Prevents the AL2 Speed Increment Decode logic from
generating the seven higher speed commands, —SPEED
INCREMENT 1 through —SPEED INCREMENT 7.

3. Sets Carriage Positioning FF-2 on AL2, causing +INPUT
INHIBIT to go true and —READY TO S/R/W to go false.
+INPUT INHIBIT forces the data inputs to the Destination
Address Register to the ZERO state.

4. During preload head advance operations, participates in the
generation of —DIRECTION CONTROL. +RETRACT
SPEED does this by enabling D15-6 (see Sheet 2 of AL1),
which causes D27-1 to go high. The other requirements for
—DIRECTION CONTROL during preload head advance
operations are provided in the preceding subsection, headed
DIRECTION CONTROL.

5. Disables the clock inputs to the Destination Address Regis-
ter and clears the Present Address Counter.

5.3.16A Heat Sink (HS) PCB No. 11631

The circuits located on this board fit into six distinct func-
tional categories.:

1. Spindle Driver
2. +15V, —15V Regulator
3. Power Driver Circuits (Servo)

4. Brush Motor Driver
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5. Drawer Unlock Solenoid Pick

6. Head Load Solenoid Pick

NOTE
In all circuits shown in the logic diagram, the double weight
lines indicate high current paths.

5.3.16.1 Spindle Driver

This section consists of a pair of push-pull transistor networks.
Each network supplies alternating current to a separate winding
on the spindle motor.

Four phase-related square wave signals control the two net-
works. Two of the signals, designated PHASE 1A and PHASE 1B
operate one network. The other network is controlled by PHASE
2A and PHASE 2B. All four signals originate on the OR board.

PHASE 1A and PHASE 2A are phase-shifted by 90° from one
another. PHASE 1B is the complement of PHASE 1A and PHASE
2B is the complement of PHASE 2A. Each square wave has a
peak-to-peak swing of 14V,

The positive half cycle of PHASE 1A produces +24V at P7-1;
simultaneously, the negative half cycle of PHASE 1B produces
—24V at P7-3. Current flows through the spindle winding.

When both signals cross zero voltage at the end of the half
cycle, the current flowing between P7-1 and P7-3 changes
polarity.

PHASE 2A and PHASE 2B control the other network in the
same fashion.

5.3.16.2 £ 15V Regulator

This circuit developes regulated +15V and —15V from the
+24V and —24V circuit voltage.

5.3.16.3 Power Driver Circuits

Current for the head positioning motor is provided by a
push-pull network similar to the one used in the Spindle Driver.
The major functional difference in this network is that the
current developed is directly proportional to the amplitude of the
drive signal.

This reference input, designated SERVO DRIVE SIGNAL, is
an analog signal produced by the SO board. When positive,
SERVO DRVIE SIGNAL turns on the upper half of the network.
A negative potential at B82-7 turns on the lower half of the
network.

When the heads are detented, any motion of the heads away
from the detent position causes SERVO DRIVE SIGNAL to take

on a positive or negative amplitude. If the heads move toward the
spindle, SERVO DRIVE SIGNAL becomes positive. Head motion
in the other direction causes SERVO DRIVE SIGNAL to become
negative. In either case, the resulting current opposes the motion
away from the detent position.

The motor can be freed from the control of SERVO DRIVE
SIGNAL in either one of two ways. If the High Current Detector
circuit senses excessive current at one of the head positioning
motor terminals, logic on the SR board generates —SERVO
DISABLE. A low level {(ground) on this line neutralizes the Power
Driver Circuits, allowing the motor to move freely. The same
affect can be achieved by pressing the Servo Release Switch.

5.3.16.4 Brush Motor Driver

Two phase-related input signals, BRUSH MOTOR A and
BRUSH MOTOR B, drive this circuit, producing alternating
current for the brush motor.

BRUSH MOTOR A consists entirely of positive half cycles of a
60 Hz square wave. BRUSH MOTOR B consists of negative half
cycles of a 60 HZ square wave. Since the two rectified signals are
phase shifted from one another by 180°, together they comprise a
single 60 Hz square wave.

5.3.16.5 Drawer Unlock Soienoid Pick

This circuit provides the high current needed to pick the
solenoid that unlocks the cabinet drawer as well as the low level
holding current.

One side of the solenoid is permanently held at +24V,

When +DRAWER UNLOCK PICK goes high it provides a high
current path to ground through transistor J10-2 for approxi-
mately 700 msec.

—DRAWER UNLOCK ENABLE, which went low when
+DRAWER UNLOCK PICK went high, provides a path for
holding current when +DRAWER UNLOCK PICK times out. This
low current path is through J97 to ground.

The LOAD light is on any time the solenoid is energized.
5.3.16.6 Head Load Solenoid Pick

This circuit supplies both pick and holding current to the Head
Load Solenoid.

One side of the solenoid is tied to +24V.

When +HEAD LOAD PICK goes high, path for high pick
current is provided through transistor J80 to —24V.

When +HEAD LOAD PICK goes low, —HEAD LOAD EN-
ABLE provides a path for the holding current through J112 to
ground.
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Figure 5-39A. Phase ! Spindle Motor Driver

5.3.16B Heat Sink (HS) PCB No. 11890

The Heat Sink PCB, P/N 11890, consists of the following
logical sections:

1.

2.

Spindle Motor Driver

Positioner Motor Driver

. Brush Motor Driver
. Positive and Negative 15 Voit Tracking Regulator
. Drawer and Head Load Solenoid Drivers

. Braking (Speed Sense) Timer

5.3.16.1 Spindle Motor Driver

The spindle motor is a synchronous AC induction motor with
two stator windings phased 90 electrical degrees apart. The inputs
to the stator winding drivers are trapezoidal waveforms with
amplitudes of +7V to —7V when the motor is being driven.
During the LOAD function of the disk drive, the inputs to the
drivers are maintained at OV to * 0.8V, permitting no current to
flow in the two stator windings. Braking in the motor is
accomplished by applying a DC signal to the Phase 1 winding and
turning “‘off”” the Phase 2 winding drive. Power dissipation in the
motor and driver circuits is limited through the use of a switching
current regulator. :

The signals applied to the Phase 1A and Phase 1B inputs-are
complementary as are the signals applied to the Phase 2A and
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Phase 2B inputs. The Phase 1 signals are in quadrature (different
by 90 degrees) with the Phase 2 signals.

A block diagram of the driver for a single stator winding is
shown in Figure 5-39A. This driver consists of four current
switches, a current sense resistor, four “‘free wheeling’”’ diodes and
two current feedback circuits. Circuit operation is described in
the following paragraphs.

With a positive signal applied to input Phase 1A, current
switch 1 is turned “on” applying +24V to motor winding
terminal TB1-7. Simultaneously, a negative signal is applied to
input Phase 1B, turning “on" current switch 4. As current builds
up in the motor winding, a voltage appears across the current
sense resistor proportional to the current in the motor winding.
When this voltage reaches approximately 0.7V the action of
current feedback circuit 1 causes current switch 1 to be turned
“off"’. Motor winding terminal TB1-7 voltage switches from +24V
to approximately —24V, where it is limited by current flowing
through diode CR2. As the decreasing current flow through the

current sense resistor reaches the lower feedback threshold; ™

current switch 1 is again turned “on’’ repeating the cycle. This
action continues as long as the input to Phase 1A remains positive
and the input to Phase 1B remains negative, limiting the current
to an average value of 4A. Current switch 2, current feedback
circuit 2, diode CR1 and the current sense resistor perform this
current limiting function for the complemented inputs.

Additional current limiting is provided in the circuitry of .

current switches 3 and 4 at approximately 4.7A to protect the
power devices from overstressing in the event of a component
failure.

CAUTION
Probing of the Heat Sink Circuit Board with power applied
should be avoided because of the danger of accidental
shorts which may destroy a power stage. Operation of the
Driver Circuits with a non-inductive dummy load will result
in excessive dissipation in the switching current regulator
circuit due to the increased switching frequency.

No adjustments are required to the Spindle Motor Driver
circuits and no restrictions apply to the input signal duration as
long as the power devices are correctly mounted on the Heat
Sink. The action of the switching current regulator reduces the
device dissipation since the devices are in saturation, dissipating
little power, or cut off, dissipating no power. The primary power
dissipation occurs while the device is switching.

Pertinent waveforms are indicated in Figure 5-39B. The Phase
1A voltage waveform shows the typical trapezoidal input wave-
form as a solid line and minimum limit as a dotted line for the
motor drive signal. Motor winding terminal TB1-6 indicates the
expected signal at this terminal for the above input waveform.
Motor winding terminal TB1-7 indicates the expected voltage
signal on this terminal as the motor builds up speed. As the motor
speed increases, the back EMF of the motor limits the current to

an average value of approximately 1.5A and the switching current
regulator operates, if at all, only on the peak current. Motor
current is indicated in the lower waveform.

5.3.16.2 Positioner Motor Driver

Current for the head positioner motor is provided by a
network similar to current switch 3 and current switch 4 of the
Spindle Motor Driver circuit. The major functional difference in
this network is that the current developed for small signals is
directly proportional to the amplitude of the drive signal. For
large signals, the current is limited by the impedance of the motor
winding and an integrator detecting the time/amplitude product
of the motor current. A block diagram indicating the functional
divisions of the positioner motor driver is shown in Figure 5-39C.
These divisions are: (1) A summation amplifier to sum the servo
drive signal with the current feedback signal, (2) A current
amplifier to amplify the output of the summation amplifier to a
level to drive the position motor, (3) A clamp circuit to disable
the current amplifier, and (4) An integrator and detector circuit
to detect over-current conditions.

The servo Drive Signal is an analog signal generated on the
Servo (SO) board. When this signal is positive, the Servo Drive
signal turns on the positive driver network. When the heads are
detented (held stationary over a track), any motion of the heads
away from the detent position causes the Servo Drive signal to
generate an opposing signal. Since positive drive current causes
the positioner motor to move toward the spindle, attempting to
manually move the positioner motor toward the spindle will
cause negative drive current to flow in the motor. The amount of
current flowing will be proportional to the amount of force
applied up to the limit of the motor impedance or the detection
of an over-current condition (full drive for more than approxi-
mately 65 milliseconds). '

The current amplifier may be disabled from control by the
Servo Drive signal in three different conditions: (1) during the
load condition via the clamp circuitry, (2) if an overcurrent
condition has been detected via the integrator/detector circuit
and (3) by manual operation of the servo release switch.

The current integrator has a time constant of 47 milliseconds
and the over-current detector a threshold of 0.54V, The resulting
time constant for the combination of the integrator and the
detector for a full current condition (6.25 A) is 32 milliseconds
for currents of either polarity. At the end of the time constant,
the over-current signal will go low, initiating a similar time delay
on the Sensor (SR) board. Lower current values cause longer
delay times with values less than 2.7A being below the threshold
of the detector circuit.

5.3.16.3 Brush Motor Driver

Inputs to the Brush Motor Driver circuit are from complemen-
tary open collector amplifiers on the sequence logic (SL) board.
The collector load for each amplifier consists of a 2.2KS2 resistor

on the SL board in series with a parallel combination of a 1K
and the emitter-base resistance of each transistor to their respec-
tive supply voltages. Each drive transistor is turned on for one
half the 60 Hz input, alternatively applying +24V and —24V to
the brush motor at a 60 Hz rate.

5.3.16.4 Positive and Negative 15 Volt Tracking Regulator
The control for the plus and minus 15 volt operational

amplifier power supply is derived from an MC1458L dual * 15
volt IC regulator. This IC is a dual polarity tracking regulator

designed to provide balanced positive and negative output and
may be externally adjusted for voltage and balance with resistors
K82 and K79 respectively.

B.3.16.5 Drawer Unlock Solenoid Pick
This circuit provides the high current needed to pick the
solenoid that unlocks the cabinet drawer as well as the low level

holding current.

One side of the solenoid is permanentiy held at +24V,
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Figure 5-39B. Spindle Driver Waveforms
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Figure 5-39C. Positioner Motor Driver Block Diagram

When +DRAWER UNLOCK PICK goes high, it provides a high
current path to ground through transistor E107. This high current
is required to overcome solenoid pull-in inertia.

—DRAWER UNLOCK ENABLE, which went low when
+DRAWER UNLOCK PICK went high, provides a path for
holding current through emitter follower action of E107 when
+DRAWER UNLOCK PICK times out.

5.3.15.6 Head Load Sclencid Pick

This circuit supplies both pick and holding current to the Head
Load Solenoid. One side of the solenoid is tied to +24V.

When +HEAD LOAD PICK goes high, a path for high pick
current is provided through transistor H106 to —24V. This causes
a drop of 48V across the solenoid.

When +HEAD LOAD PICK goes low, —HEAD LOAD EN-
ABLE provides a path for the holding current through H105 to
+12V by the action of voltage divider H101 and H102.

5.3.16.7 Braking (Speed Sense} Timer
The braking timer is a retriggerable one-shot, driven by the

Phase 2 Spindle Drive signal to the Spindle Motor. The timing
element is a 555 Integrated Circuit timer adjusted for a nominal

period of 14 seconds. Retriggerable operation is obtained by the
use of an open collector interface driver (J97) to keep timing
capacitor H25 discharged as long as drive is applied to the Phase 2
Spindle Winding. When the LOAD/RUN switch is changed from
the RUN position to the LOAD position, a DC signal of +7V is
applied to Phase 1A, —7V to Phase 1B, OV to Phase 2A and 0V to
Phase 2B. This results in a logic “high” signal occurring at the
output of J97 and capacitor H25 is allowed to charge th'rough
resistor H27. When the voltage on H25 reaches 3.3 volts the
output of the timer {H1905) switches from a logic “high'’ to a
logic “'low"”. The output is level shifted by resistors J16 and J17
to provide a signal centered around ground to the detector on the
SD board. No alignment or adjustment is required on this circuit.

'5.3.17 R/W Amplifier (R/W) PCB

The R/W Amplifier PCB contains the circuitry necessary to
accomplish the following:

» Enable the head selected by the using system.

* Energize the straddle erase winding on the selected head
when the erase function is gated.

* Accept write data and clock pulses and, when the write
function is gated, to convert each pulse into a current
reversal in the selected head.

* Determine when a write check condition exists, and
activate the write check functions.

* Receive read data and clock signals from the selected head,
condition these signals and, when the read function is
gated, present these signals to the interface as unseparated
data and clock pulses.

* Provide to the interface the necessary indicator and/or
control signals for write check, write fault, and file ready
functions.

* Provide special voltages required by the R/W amplifier
circuitry.

* On drives with the Write Protect Option, inhibit the write
circuitry under write protect conditions as described in
1.3.1(4), and provide write protect indicator and control
signals to the interface.

5.3.17.1 Enabling the Selected Head

The R/W winding of each head is centertapped. A head is
disabled by placing a —1V signal on the centertap. A head is
enabled for writing or reading by placing a signal of +23V or +1V,
respectively, on the centertap. The centertap of each head is
driven by its corresponding three-transistor circuit called a head
driver. Each of the four drivers has two inputs, one from the head
select logic and one from the write gate logic. The head select
logic determines which driver removes the —1V from its corre-
sponding head center tap, while the write gate logic determines
whether the selected driver places the centertap at +23V (write)
or +1V (read).

Referring to the R/W Amplifier schematic, the head driver for
the upper head of the upper disk consists of transistors at B85,
E86 and E85, plus associated circuitry. Input from the head-
select logic is applied to the base of the transistor at E86, while
transistor at E85. In the “not selected”” condition the input from
the head-select logic is high, and E86 is cut off. The R/W head
centertap is held at —1V under these conditions, regardless of the
write gate logic input. |f the head-select input to this driver goes
low, E86 conducts. The collector of B85 (and consequently the
centertap) now goes to either +1V or +23V, depending on the
input from the write gate iogic. For a "write” condition, the
input is high, and E85 conducts. This causes B85 to conduct, and
heavy current is drawn through the 150 k&2 resistor at D86. The
centertap of the upper-disk upper head is now at +23V, and the
head is ready to receive write data from the write driver (see
5.3.17.3).

If the input from the write gate is low, E85 and B85 are cut
off. With only E86 conducting, the voltage drop across the
resistor at D86 is only about 23V, placing the head centertap at
+1V, which is the “read’’ condition.

Examination of the R/W Amplifier schematic shows that each of
the other R/W heads has a head driver exactly the same as the one
just described.

The head-select logic receives DISK SELECT and HEAD
SELECT signals from the interface through the Receiver-Driver
Circuit No. 1 PCB, and applies an enabling signal to the head
driver of the selected head. Referring again to the R/W Amplifier
schematic, assume that the using system has selected the upper
head of the upper disk. The low DISK select is inverted by the
gate at D56-13. The resulting high is applied to the upper disk
NAND gates at E66-1 and E66-4. The output of either of these
two gates will then go low on receipt of a high on the other input
pin. The high at D56-13 is also inverted at D66-12, and applied to
lower disk NAND gates at E66-9 and E66-12, disabling these two
gates. The upper disk has now been selected by the head select
logic.

The low HEAD SELECT signal is inverted by gate D56-14, and
the resulting high is applied to upper-head NAND gates E66-2 and
E66-13. E66 now has a high on both pin 1 and pin 2, and the low
output is applied to the base of the transistor at E86, causing it to
conduct. As previously described, the driver enables the upper-
disk upper head.

The head driver for the upper-disk lower-head does not receive
It

an enabling low because its corresponding NAND gate receives a

low at pin 5.

Similar circuit analysis will show that any one of the heads can
be enabled, through its corresponding head driver, by a combina-
tion of the DISK SELECT and HEAD SELECT signals.
5.3.17.2 Erase Gate

In order for the erase function to be gated for the selected
head, the following three conditions must exist:

+ READY TO S/R/W input must be low (indicating “‘ready’’)

* HEADS LOADED input must be high (indicating “‘heads
loaded™)

* The ERASE GATE must be low

Referring to the R/W Amplifier schematic, it can be seen that
a iow READY TO S/R/W and a high HEADS LOADED wiii
produce a low at NOR gate B47-13. This places a low on one pin
of the input NOR gates for the following functions:

* WRITE DATA

- WRITE GATE

+ ERASE GATE

- READ GATE
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When a low ERASE GATE is received, B56-13 goes high. This
high is applied to D47-12. Assuming that the write protect input
at D47-13 is high, a low appears at D47-11. This low accom-
plishes the following:

+ gates H47-3 so that the head drivers receive a “‘write"
signal.

+ conditions exclusive OR gates E56-11 and E56-8 for write
check functions (to be explained later)

+ causes a high at NAND gate H47-11

When H47-11 goes high, the transistor at H85 conducts. The
transistor’s collector is connected to the erase bus. One end of
each erase winding is connected to the erase bus and the other
end is connected to the centertap of its corresponding R/W
winding. When the transistor at H85 conducts, collector current
passes through the erase winding of the head selected as previ-
ously explained, since that erase winding will be the only one
with +23V on one end.

5.3.17.3 Data Write Function

In order for write data and clock pulses to cause current flow
in the selected R/W head, the following conditions must exist:

1. The selected head must be in the Write Mode.

2. Heads must be loaded, and READY TO S/R/W must be
ready.

3. The +5V supply must be within its lower tolerance limit.

The WRITE GATE, through B56-2 and D47-3, places a low at
H47-1. The resulting high output is applied to the head drivers,
and the selected head is placed in the write mode. This is
redundant to the ERASE GATE function of causing a high at
H47-3.

Write protect and write check are explained in subsequent
paragraphs. It will be noted here that a high write-protect is
needed at D47-2 or D47-13 in order to obtain the high at H47-3,
thereby placing the selected head in the write mode. It will also
be noted that a high write-check at H47-4/5 will prevent the
necessary high from being applied to the head drivers.

As previously explained, when the heads are loaded and the
drive is ready to S/R/W, a low is applied to B56-9, the write data
input NOR gate. The output of this gate can then go high
whenever a low data or clock pulse is received on pin 22. Note
that B56-14 will remain low and data and clock puises cannot be
applied to the write circuitry, if either the HEADS LOADED or
READY TO S/R/W change state.

With B56-14 enabled, and with a high on pins 2 and 13 of
AND gate E47-12, data and clock pulses are applied to the write

flip-flop at B66. The write gate has previously caused a high to be
applied to the set and reset inputs of the flip-flop. Each pulse
received by the write flip-flop causes it to change the state of its
Q and_é_outputs, which drive the write drivers. With each change
in state, these drivers cause current to flow in alternate halves of
the R/W winding. Since the direction of current flow is opposite
in the two halfs, each change of state of the write flip-flop causes
a flux transition on the selected disk surface.

It will be noted that the high on E47-2/13, which drives the
write flip-flop, is furnished by a voltage divider off the +5 Vdc
line. If the voltage falls below approximately 5V, the voltage
applied to E47-2/13 will be insufficient to constitute a high
condition, and this gate will then block data and clock pulses
from reaching the write flip-flop.

5.3.17.4 Read Function

When there is no WRITE GATE signal (or no ERASE GATE
signal), the output of the head-driver write conditioning NAND
gate H47-3 is low, and the selected-head centertap is at +1V, the
“read”” mode. Flux transitions on the disk surface now induce
voltages in the selected head winding; the resulting signal is
amplifier and shaped to produce read data and clock pulses at the
interface.

Referring to the R/W Amplifier schematic, signals induced in
the selected R/W winding are applied to a buffer amplifier
consisting of transistors at D97 and D106, whose output drives a
three-section read amplifier. The three sections provide preampli-
fication, equalization, and final amplification, respectively, using
three 592A operational amplifiers. The output of the amplifier is
applied to an 8T20B zero-crossing detector at J39. The Schmitt
trigger section provides a step leading edge to trigger the mono-
stable multivibrator section, which produces an output pulse of
100 ns (nominal). A 100 ns pulse is therefore produced for each
flux transition. However, there is no output from the multi-
vibrator unless it is enabled by a low on pin 3. This low is
produced by the low —READ GATE signal at PCB interface pin
20. With the heads loaded and the drive ready to S/R/W, the
—READ GATE causes a high at gate B47-14, which is inverted by
a NAND gate at D9-6.

The positive READ DATA AND CLOCK pulses at the Q
output of the zero-crossing detector are inverted by NOR gate
D37-2, and applied to the Data Clock Separator PCB through
R/W Amplifier PCB interface pin 32.

5.3.17.5 Write-Check

Write-check circuitry on the R/W Amplifier PCB prevents the
head driver of the selected head from being in the write mode
whenever any of the following conditions occur:

* Write current without a true —WRITE GATE line or
—ERASE GATE line,

* Write and select of more than one head,

= Erase current without a true —ERASE GATE line, or

- —ERASE GATE line true without erase current.

Any of the foregoing conditions will set the write-fauit F/F,
which consists of negative logic AND gates at H37-13 and H37-3.
Setting this F/F results in a high at H37-3. This high is applied to
a NAND gate at H47-4/5. The low output of this NAND gate
prevents the input transistors of any of the head drivers from
conducting, and the write operation is prevented.

For purposes of this description assume that the disk drive is
in the LOAD mode. The +SPINDLE ENABLE signal input of pin
30 of the R/W PCB connector is low. This is gated through E47-6,
inverted at H37-2, and is applied as a high to the reset input to
the write-fault F/F at H37-5. Its output at H37-3 is therefore low,
as is H37-12. The set input is also low, and is determined at
E47-8. As will be explained later in this paragraph, all three
inputs to the negative-logic NOR gate at E47-8 will be high under
conditions of no write-fault. The high at H47-9/10 is inverted and
applied as a low to the set input of the write-fault F/F at H37-11.
With both inputs at H37-11, 12 low, the output at H37-13 is
high.

When the disk drive is switched to the RUN mode, +SPINDLE
ENABLE goes high, resulting in a low at the reset input of the
write-fault F/F at H37-5. This has no effect, since the input at
H37-4 is still high, but an additional low at H37-4 would now set
the F/F. The F/F is now completely reset, and if no write fault
exists, disk drive operation is normal. A write fault will cause one
of the inputs at E47-9, 10, 11 to go low, setting the F/F and
inhibiting writing as described previously. Reset is accomplished
with the +SPINDLE ENABLE signal, by switching the disk drive
to LOAD and back to RUN. It should be noted that the
write-fault F/F is also reset by the —INITIAL RESET PULSE.

One of the conditions which will cause a low input to E47-9,
10, 11, thereby setting the write-fault F/F, is write current
flowing without a true —WRITE GATE line or —ERASE GATE
line. Write current is sensed by a transistor at H86. With no write
current, and with the head drivers not in the write mode, the
drop across the 272 resistor at H82 is only about 78 mv, which is
insufficient to allow the transistor at H86 to conduct. With H86
cut off, the diode at H77 is forward biased, and conducts. its
cathode, then, is approximately at ground when no write current
is flowing. During a write operation, with all transistors of the
selected head driver conducting, the current through the 27
resistor at H82 is sufficient to cause at least 13 ma of collector
current to flow through the 2.2k§2 resistor at H79. This places
the cathode of the diode at H79 at approximately +bV. The two
diodes at H78 and H77 therefore clamp the junction between
them at ground (low) for no write current, and at +bV (high) for
write current. This junction is connected to one input of an
exclusive OR gate at E56-13. The other input will be high when
neither the —-WRITE GATE nor the —ERASE GATE is true. With
no write or erase gate, but with write current flowing, both inputs

to the exclusive OR gate will be high, and its low output will set
the write fault F/F.

Another condition which will cause a low input to E47-9, 10,
11, thereby setting the write-fault F/F, is write and select of more
than one head. This condition is sensed by a transistor at J71.
This transistor is normally cut off, and its collector is at +5V. If
more than one head is selected and is writing, the current through
the resistor at H70 will be sufficient to cause the transistor at J71
to conduct. Its collector will go low, setting the write-fault F/F.

The write-fault F/F is also set when the status of erase current
does not agree with the condition of the —ERASE GATE line.
This condition is sensed by an exclusive OR gate at E56-8. The
input at pin 10 of this gate is high when erase current flows
through the resistor at H88, and low when no erase current is
flowing. The input at pin 9 of the exclusive OR gate is low when
—ERASE GATE is true, and high when it is false. If —ERASE
GATE is false but write current is flowing, both inputs to the
exclusive OR gate will be high, and its low output will then set
the write-fault F/F. Conversely, when —ERASE GATE is true but
no erase current flows through H88, both inputs to the exclusive
OR gate will be low, and its low output will set the write-fault
F/F.

As previously explained, the high at H37-3 when the write-
fault F/F is set will inhibit writing. The high is also applied to a
negative logic AND gate at H28-6, where it inhibits FILE READY
indicator and control signals.

when set. Its output provides the +WRITE FAULT signal and the
—WRITE CHECK INDICATOR signal.

The —WRITE CHECK INDICATOR signal also occurs if the
high voltage supply on the R/W Amplifier PCB falls below
tolerance. This is sensed by a transistor at J74. Two zener diodes
at J78 and J80 are reverse biased sufficiently for them to
conduct, holding the base of the transistor at J71 approximately
10 volts more positive than the 11—volt supply. With a base-
emitter voltage of —1V, the transistor is cut off. If the 11—volt
supply drops to less than about 9% volts, the transistor will
conduct. The collector will go low, and the —WRITE CHECK
INDICATOR and +VOLTAGE CHECK signals will occur.

5.3.17.6 Write Protect Option

When the Write Protect Option is installed on the Series 40,
circuitry on the Read/Write Amplifier PCB requires a specific
front-panel action by the disk drive operator in order to enable
writing after the write-protect condition is set. Write protect is
initially set when the disk drive is placed in the LOAD mode, or it
can be set by interface signal from the controller. Write protect is
cleared (reset) by depressing a front-panel switch. However, the
switch has no effect unless the disk drive is in the RUN mode
when the switch is depressed. An indication of the status of
write-protect is furnished to a front-panel indicator and to the
interface.
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Referring to the R/W PCB schematic, there are two write-
protect flip-flops, one for the upper disk and one for the lower
disk.  The upper write-protect F/F consists of two negative logic
OR gates at D18-6 and D18-12. The lower write-protect F/F
consists of two similar gates at E9-8 and E9-12. When write
protect is set, both F/Fs will be set, and a low will occur at either
D18-8 or E9-6, depending on which disk is the selected disk.
Either of these lows will be gated through H9-6, H9-8, and D37-3,
and will result in the following:

1. The —WRITE PROTECT signal at H9-8 will disable the
write gate D47-3 and the erase gate D47-11, both on the
R/W PCB.

2. The —WRITE PROTECT signal at H9-8 will be gated
through H9-3 and H18-3. The low at H18-3 will ground one
end of the lamp in the PROTECT switchlight on the front
panel, illuminating the PROTECT switchlight.

3. The low at D37-3 will be sent to the RDR1 PCB, where it
will be ANDed with the —FILE SELECT signal from the
controller and then sent to the interface as the WRITE
PROTECT STATUS signal.

The following text describes the functioning of the upper
write-protect F/F, D18-6/12. Operation of the lower write-
protect F/F is the same. The following description assumes that
both disks are enabled for write protect by the absence of

jumpers at E10 and E11. It is also assumed that the Series 40 has
been enabled for write protect by the absence of a jumper
between ground and connector pin P8A-8 on the Panel Distrib-
utor PCB. Absence of this jumper results in no electrical connec-
tion to R/W PCB interface pin 8 (—-WRITE PROTECT DIS-
ABLE). Under this condition, a high remains at D18-10 and E9-4.

With the upper disk selected, a high exists at D18-11. Since
pins 10 and 11 of D18-8 are high, any low input to D18-6 will set
write protect.

With power on, no tWRITE PROTECT INPUT signal from the
controller, and the disk drive in the LOAD mode, the conditions
shown on the first line of Table 5-7 exist.

The write-protect F/F is set by lows on pins 4 and 3 of D18-6.
The low at D18-4 is due to the high on D28-1, which exists
whenever the spindle drive is enabled. The low on D18-3 exists
because all inputs to D18-12 are high. Note that at this time,
depressing the PROTECT switchlight on the front panel would
only remove the low from D18-3. D18-4 would still be low, and
write-protect would still be set.

Switching from the LOAD mode to the RUN mode removes
the high from D28-1 and the low from D18-4, As shown in Table
5-7, a low still exists on D18-3, since the PROTECT switchlight
has not been depressed, and the F/F is therefore still set.

The disk drive operator can now depress the PROTECT
switchlight to reset the write-protect F/F. As shown in Table 5-7,
this removes the low from D18-3. The table shows conditions
which exist while the switchlight is depressed. When the switch is
released, D18-1 goes high again. However, D18-2 is now low since
the F/F has been reset.

Receipt of a +WRITE PROTECT INPUT signal from the
controller is also shown in Table 5-7. This signal is applied to

NAND gate D9-3, and sets the write-protect F/F by means of a
low at D18-5. As previously descirbed, depressing the PROTECT
switchlight will again reset the F/F.

When the disk drive is switched from RUN to LOAD and the
spindle motor is disabled, the F/F is set through D28-3.

It should be noted that if a jumper is installed at E10, the F/F
is automatically reset when the drive is switched from LOAD to
RUN.

Table 5-7.
Write Protect Conditions
D9-3 D28-3 D28-8 D18-12 D18-6
CONDITION 1 2 3 1 2 3 9 10 8 2 13 1 12 5 4 3 6
Load H L H H H L H L H H H H L H L L H
Run ’ H L H L H H L L H H H H L H H L H
Switch H L H L H H L L H L H L H H H H L
Protect Input H H L L H H L L H H H H L L H L H
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SECTION 6
MAINTENANCE

6.1 GENERAL MAINTENANCE INFORMATION
6.1.1 Maintenance Requirements

Reduced preventive and corrective maintenance are inherent in
the Series 40 Disk Drives. Alignments are simple to perform and
infrequently required (see paragraph 6.6.1). Mechanical wear has
been virtually eliminated by the absence of belts, pulleys, friction
drives, potentiometers, or other mechanisms normaiiy requiring
field maintenance. Spindle speed and the head position are
controlled electronically, with a minimum amount of mechanical
hardware. As a result of this design, normal preventive mainte-
nance is reduced to cleaning and air-filter replacement, as des-
cribed in Paragraph 6.4.

6.1.2 Maintenance Instructions

The Series 40 user should consult Paragraph 6.2 of this
manual, compare the lists with his existing or projected tools and
test equipment, and determine the level of maintenance capabil-
ity he intends to maintain. Preventive maintenance is described in
6.4, while corrective maintenance is covered by 6.5. Prior to
performing any alignment or maintenance, the user should famil-
iarize himself with the location of assemblies in the Series 40, as
shown in Paragraph 6.3. Particular attention is invited to Para-
graph 6.7.1, which gives the location within this section of
instructions for replacement of the various parts and assemblies.

6.1.3 Maintenance Precautions

To avoid damage to the Series 40 or an associated disk
cartridge, observe the following precautions during maintenance:

1. Never connect or disconnect any cable assembly to or from
the Series 40 with the power present at the DC power
connector.

2. When the lower disk is exposed, avoid scratching, nicking,
fingerprints or other contact with the coated surface of the
disk.

3. Electronic detenting holds the head carriage in position
when power is applied. Do not attempt to move the
carriage by hand while power is on unless the servo release
switch is in the release position. Figure 6-1 shows the
location of this switch on the heat sink assembly.

4. Keep the Series 40 as clean as possible. When the drive is
open for maintenance but is not actually being worked on,
protect it from dust with a lint-free cover. The assembled
disk drive should never be stored without either a cartridge
dust cover or a plastic bag in place.

5. When the top cover is in place, the drive should be left in
the RUN mode whenever possible. This will insure that

clean air will be drawn through the filter and supplied to

the interior of the disk drive.

6.2 REQUIRED TOOLS, TEST EQUIPMENT,
AND SPARES

6.2.1 Levels of Maintenance

This paragraph (6.2) describes the tools, test equipment, and
spares required for preventive and corrective maintenance of a
Series 40 Disk Drive. For brevity, common hand tools are not
listed in the manual. Preventive maintenance of the drive is
simple, and it is assumed that all users will perform such
maintenance themselves. Corrective maintenance capability varys
greatly between organizations. Some Series 40 users may have a
trained service force, spare drives, and complete facilities, whereas
others may be limited to circuit-board replacement. Consequent-
ly, the corrective maintenance described in this manual is divided
into three levels, each requiring successively more extensive test
equipment, spares, and technical capability of personnel. The test
equipment and spares are listed separately in 6.2.3 for the
different levels. For corrective maintenance beyond the user’s
capability, contact Diablo Customer Service. As used in this
manual, the corrective maintenance levels are as follows:

1. LEVEL 1 — minimum corrective maintenance. Substitution
of circuit boards. Simple component replacements and
adjustments, not requiring significant disassembly of the
drive.

2. LEVEL 2 — Level 1 maintenance plus replacement -and
alignment of R/W heads. Component replacement requiring
limited disassembly of some parts of the drive.

3. LEVEL 3 — Level 2 plus major disassembly, reassembly,
and alignment.

In the following lists, all part numbers shown are Diablo part
numbers. Numbers in parentheses represent recommended quanti-
ties if greater than one.

6.2.2 Preventive Maintenance Items

The following items should be available to each person
servicing a disk drive on a scheduled basis:

a. Head cleaning pads, 91% isopropyl alcohol (Texpads, or
equivalent) P/N 99000-01 (10)

b. Air filters, P/N 16163 (2)

Bottle of touch-up lacquer, P/N 99004-01 (gray), 02
{brown), 03 (white)

C

d. Adhesive tape (1 roll)

e. Tongue depressors (1 box)

f. Cotton swabs
g. Metal cleaner, P/N 70677 {1 bottle)
6.2.3 Corrective Maintenance Items
6.2.3.1 Level 1 Maintenance
a. One each of all pluggable PCBs
b. Extender board: P/N 11427
c. Power transistors, 3 each type
d. Lamp, miniature flange, 28V; P/N 10545-01 (12}
e. Brushes, P/N 16082

f. Oscilloscope, vbw = 15 MHz, vds = 100 mV/cm, sweep
speed 250 ns/cm.

6.2.3.2 Level 2 Maintenance
a. All Level 1 maintenance items.

b. Alignment cartridge, P/N 70306 {100 tpi) or 70709 (200
tpi).

c. Set of R/W Head Assemblies, P/N 16781-01, 02, 200 tpi;
P/N 16272-03, -04, 100 tpi.

d. Head-loading Spring, P/N 16260 (2400 rpm) or 16360
(1500 rpm).

e. R/W Head Adjustment Tool; P/N 16087.

f. R/W Head Alignment Plug, P/N 25104A.

g. Plastic feeler gauges.

h. Torque screw driver, P/N 99001.

i. “L" shaped Allen wrench, 9/64.

j. Index Transducer Adjustment Tool, P/N 16533.
6.2.3.3 Level 3 Maintenance

a. All Level 2 maintenance items.

b. Spindle cone, P/N 15171.

c. Alignment bar, P/N 16438.

d. Spindle Assembly, P/N 16117 {100 tip disk drives only}

e. Head-Positioner Assembly, P/N 16010-10 (100 tpi}l or
16010-20 (200 tpi)

f. Heat Sink Assembly, P/N 16712.
g. Head-Positioner gasket, P/N 16258.

6.3 LOCATION OF ASSEMBLIES

Figure 6-1 shows the location of major assemblies of the Series
40. The disk drive is shown with the Card Cage and Heat Sink
Assemblies in the extended, or ““maintenance’” position. Figure
6-2 shows other positions. Location of PCBs within the 1/0 Box
and the Card Cage is shown in Figure 6-3. Location of lower level
assemblies and parts is shown in the various illustrations in
Section 7.

6.4 PREVENTIVE MAINTENANCE
6.4.1 Preventive Maintenance Philosophy

The principle of maximum machine available time governs the
preventive maintenance recommendations contained herein. Un-
less a preventive maintenance procedure increases overall machine
available time, it is not recommended. Except for the procedures
recommended in Paragraph 6.4.2, no maintenance or adjustment
should be performed on a drive that is operating satisfactorily.

6.4.2 Preventive Maintenance Procedures

Table 6-1 summarizes the recommended preventive mainte-
nance procedures, and is based on one-shift-per-day operation in a
normal office environment. Operation in an abnormally dirty
environment, a high frequency of cartridge changing, or multi-
shift operation would increase the frequency of preventive main-
tenance required. In addition to the maintenance listed in Table
6-1, the base plate should be wiped with a lint-free cloth and
vacuumed whenever the bow! is removed.

Table 6-1.
Preventive Maintenance Action
Interval Action Paragraph
Semi-annual | Clean and inspect R/W Heads 6.4.2.1
Semi-annual Clean and inspect magnetic ring 6.4.2.2
Semi-annual Replace air filter 6.4.2.3

Prior to performing any of the preventive maintenance pro-
cedures listed in Table 6-1, insure that there is no disk cartridge
installed, and that power to the Series 40 is off. See Paragraph
6.7.2.2 for removal of disk pack with power off. Remove the top
cover as described in 6.7.2.1.

6.4.2.1 Cleaning of R/W Heads

In order to clean the R/W heads, the card cage must be
lowered to provide access to the lower heads. To accomplish this,
refer to Figure 6-2 and proceed as follows:
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Figure 6-1. Location of Assemblies Series 40 Disk Drive

1. Loosen the securing screw at the left edge, middle, of the
data channel box, as shown in Figure 6-2a. Lift the data
channe! box and move the card cage to the intermediate
position.

2. Loosen the card cage restraint screw, move the restraint
slightly forward until the restraint screw is clear of the slot.

3. Swing the card cage down into the maintenance position,
unhook the card-cage support wire, and lower the card cage
into the head-cleaning position.

Access to the lower heads is now possible by manually moving
the head carriage all the way to the rear. Clean both lower heads
by rubbing lightly with a pad soaked with 91% isopropy! alcohol
(Texpad, or equivalent). The pad should be wrapped around a
tongue depressor, so that light to moderate pressure can be
exerted. Use a lint-free wiper to remove alcohol residue. Clean the
upper heads in a similar manner, except the head carriage can be
moved forward to make the upper heads easily accessible in the
bowl. See 6.6.2(4) for procedure to move carriage with power
off.

Complete removal of all contamination from the heads is
mandatory, including fingerprints.

6.4.2.2 Cleaning and Inspection of the Magnetic Ring

Use adhesive tape to remove any particles from the magnetic
ring at the top of the Spindle Assembly. If there is any sign of
corrosion on the magnetic clutch surface, remove the corrosion as
follows:

1. Remove the lower disk cover by removing the four screws
which hold it to the inside of the bowl.

2. Using a very small quantity of metal cleaner (P/N 70677)
on the end of a “’Q-tip,”” rub the clutch surface (see Figure
6-4) until the corrosion is lifted. Exercise care to ensure
that fluid does not run between the magnet and the clutch.

3. Clean the clutch surface with alcohol, P/N 5002.

4. Repeat Steps (2) and (3) until all traces of corrosion are
removed.

5. Thoroughly clean clutch surface and sides with alcohol.
Exercise caution to ensure that the clutch surface is not
touched with fingers after performing this step.

6. When the alcohol has evaporated, coat the clutch surface
with a smooth, thin layer of corrosion inhibitor (P/N

70191) applied with a clean ““Q-tip.”

7. Replace the lower disk cover.
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Figure 6-2. Card Cage Positions

Figure 6-3. PCB Locations

6.4.2.3 Replacing the Air Filter

To replace the air filter, first remove the plenum chamber (see
Figure 6-1), which is held in place with two screws. Exercise
caution so that the gasket around the sealing edges of the plenum
chamber is not damaged. The air filter and pad can now be lifted
straight up. Install a new air filter and pad, observing the air-flow
direction printed on the filter label (arrow up), and replace the
plenum chamber. Insure that both gaskets are well seated on their
sealing edges.

6.5 CORRECTIVE MAINTENANCE
6.5.1 Corrective Maintenance Philosophy

The corrective maintenance philosophy involves two periods—
the warranty period and the post-warranty period. While the
Series 40 warranty is in effect, corrective maintenance by the user
should normally be limited to circuit board replacement; if
equipment malfunction cannot be cured by PCB replacement,
Diablo should be contacted for technical assistance or for return

of the unit for repair.

6.5.2 General Troubleshooting Techniques

The recommended first step in troubleshooting is to identify
in which of the following categories the malfunction fails:

* Series 40 problem
* Non-Series 40 problem

* Interchangeability problem

If all indications are normal except for the presence of
non-intermittent data errors, the problem is probably one of disk
pack interchangeability. The alignment of the Read/Write heads
may be off. In this case, verify machine alignment by performing
the adjustments described in Paras. 6.6.4.3, 6.6.4.4, and 6.6.4.5.

If the problem is not one of disk interchangeability, it should
then be determined if the Series 40 is malfunctioning or if the
problem is actually originating externally to the disk drive. Check
the cartridge seating, verify that all cable connections (including
the terminator) are properly made, and that correct signals are
being presented to the Series 40 interface. If malfunctioning
persists, turn off the DC power supply, disconnect the I/O cable,
and turn on and verify DC power. A CHECK light in the LOAD
mode indicates low voltage in the R/W electronics.

Load a cartridge onto the disk drive, and attempt to place the
drive in the RUN mode. If the spindle does not start, the problem
is with the disk drive, and trouble in the Oscillator PCB, Spindle
Drive PCB, Sequence Logic PCB, Heat Sink, or mechanical
interlocking is indicated.

If the spindle starts, either the READY or CHECK light should
come on within one minute, and the corresponding output at the
interface connector should be true if the unit is selected.

CHECK light ON indicates low voltage or trouble in the
“write'’ circuitry. The .READY light on indicates that the cart-
ridge is properly seated, the spindle speed is correct, and heads
are loaded.

If neither light comes on within one minute, power or other
internal difficulty is indicated.
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The Series 40 is designed so that each PCB has well-defined
functions, as described in Section 5 of this manual. The inter-
change of PCBs should be used to isolate faulty PCBs. For
instructions on the removal of PCBs see 6.7.1.

6.5.3 Head Crash

If a “head crash’ (head touches disk surface) occurs, this is
usually detectable audibly. If this occurs, both the disk and the
“crashed’’ head must be replaced as described in 6.7, in addition
to rectification of the cause of the head crash. (NOTE: the vast
majority of head crashes are due to contamination caused, in
turn, by careless handling and operation of the drive. See 3.1.1b
and 6.1.3.

6.6 ADJUSTMENTS
6.6.1 Adjustment Requirements

Figure 6-5 shows the conditions under which adjustments are
normally required. Except under these conditions, no adjustment
should be attempted unless equipment malfunction indicates a
definite need for a specific adjustment. Numbers in the grid of
Figure 6-5 indicate the maintenance level of the adjustment as
defined in 6.2.1.

Several of the adjustments described in 6.6 require the use of
an alignment cartridge. Instructions in this manual do not pertain
to the use of alignment cartridges other than the Diablo Systems
cartridge. When using the cartridge for making adjustments on
disk drives with the Write Project Option installed, write protect
should be set to prevent inadvertent writing on the disk.

In several of the adjustment procedures, the use of a program-
mable tester (exerciser), while not mandatory, greatly facilitates
the adjustments. Where use of the exerciser is specified, the Series
40 user may choose to provide the same interface signals by some
other means.

Removal of the top cover, as described in 6.7.2.1, constitutes
the first step of each of the adjustments described herein. For

Condition

Adjustment

Any Upper Disk R/W Head replaced 2

Lower Disk repiaced

Bowl Assembly replaced

Head Positioner replaced 3 2

Spindle Assembly replaced 3

o o o o

Front Panel won't latch or is loose

Write Pretect disk selection to be changed

Brush motor replaced

Disk Interchangeability off 2

Upper Index Transducer replaced

Lower Index Transducer replaced

simplicity, however, the removal procedure is not cited in each
adjustment.

6.6.2 Defeat of Interlocks

Most of the adjustment procedures described herein require
defeat of one or more interlocks, particularly if the disk drive is
being adjusted while installed in a rack. Defeat of interlocks is
accomplished as follows:

1. Opening the drawer with the power off—the drawer latches
can be operated with power off by reaching through the
hole in the center of the underside of the drawer handle,
and pushing the interlock level to the left while pulling on
the drawer handle.

2. Opening the cartridge clamps—with the top cover removed,
the cartridge clamps can be spread under any conditions of
power, head position, or brush position by manually
moving the cartridge clamp interlock link forward. This link
is accessible by reaching between the right-hand cartridge

clamp and the cartridge clamp safety stop. See Figure 6-24.

3. Operating the Spindle with drawer open and no cartridge
installed—the spindle motor can be operated by manual
operation of the unit home switch (see Figure 6-8) and the
dust cover interlock switch.

4. Moving the head carriage with power off—the head carriage
can be moved from the full retract position by moving the
carriage interlock link forward as in 6.6.2(2) preceding.

6.6.3 Level 1 Adjustments
6.6.3.1 Write-Protect Jumpers

With the Write Protect option installed, either or both disks
can be individually enabled or disabled for write protect by
proper connections on the R/W Amplifier PCB. Figure 6-6 shows
the PCB. A 1082, £ 5%, 1/4W resistor connected between E10 and
ground disables write protect on the upper disk, while a similar
resistor installed between E11 and ground disables write protect
on the lower disk. For access to, and removal of, the R/W
Amplifier PCB see 6.7.2.9.

6.6.3.2 Striker Plate and Unit Home Switch Adjustment

This adjustment must be made with the disk drive fully
mounted in the rack. Proceed as follows:

1. Loosen the right-hand striker plate by loosening the two
screws as shown in Figure 6-7.

2. Repeat Step (1) for the left-hand striker plate; in addition,
the two screws on the rear end of the striker plate and the
two screws holding the 1/0 mounting bracket to the striker
plate must be loosened.

3. Adjust both striker plates so that the drawer latches shown
in Figure 6-8 engage when light pressure is applied to the
front panel. Tighten the eight screws.

4, Check that the unit home switch overtravel is 0.060 inches
* 0.030 inches. Loosen holding screws (see Figure 6-8) and
adjust overtravel if necessary.

]
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Figure 6-5. Adjustment Requirements

Figure 6-6 Write Protect Disk Select
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Figure 6-7. Striker Plate Screw Locations

6.6.3.3 Head-Load Dashpot Adjustment

Adjustment of the dashpot requires an oscilloscope and a disk
pack having information written at track zero. To perform this
adjustment, the data channel box must be swung out of the way
as described in 2.2.3 to expose the head positioner. The dashpot
adjustment screw is located slightly in front of the right front
vertical edge of the linear motor housing, as shown in Figure 6-9.
The adjustment procedure is as follows:

1. Install a disk pack having data written on track zero, and
place the disk drive in the RUN mode. Allow the drive to
come to READY.

2. Using the negative-going leading edge of the head-load pick
signal at Pin P7-12 of the heat sink as a trigger, observe the
signal at TP1 of the R/W Amplifier PCB.

3. Trigger the head-load one-shot by grounding Pin 3 of the
Sequence Logic PCB.

4. Observe the trace on the oscilloscope. A data burst appears
at TP1 when the heads are fully loaded.

Drawer Holding
Latch Screws

i Y
r | —

]

1
bees

5. Repeat.-Steps (3) and (4), and turn the dashpot adjustment
screw until the first pulse appears 60 ms = 5 ms after the
start of the sweep, as shown in Figure 6-10.

6.6.3.4 Head Carriage Retract Switch Adjustment

1. Loosen the screws and adjust both switches so that the
retract switch (the top switch) ““makes’” when the carriage
is .060 £ .020 inch from contacting the read end-stop.

2. Secure screws

Note: Separate adjustment of the interlock switch (the
lower switch) should not be necessary.

6.6.4 Level 2 Adjustments
6.6.4.1 Brush Mechanism Adjustment

1. Lower the front panel to the maintenance position as
described in 6.7.2.5.

2. Loosen the three hex-head screws which fasten the brush-
motor plate to right front corner of the baseplate as shown
in Figure 6-11. For visibility, the bowl, front panel, and
other parts have been omitted from the figure.

3. Remove the plenum chamber by removing the two plenum
chamber holding screws.

4. Exerting a light clockwise pressure on the upper brush arm,
measure the clearance between the brush bristles and the
bowl wall. If the clearance is not 0.062 + .031, loosen the
jam nut on the eccentric (A) in Figure 6-12, and rotate the
eccentric until proper brush-to-wall clearance is obtained.
Tighten the jam nut.

5. If the brush motor arm is not in the position as shown in
Figure 6-12, manually rotate the brush motor arm clock-
wise to that position. Insure that the pin is detented in the
rear end of the slot in the brush mechanism link, as shown
in Figure 6-12.

6. Slide the brush-motor plate backwards or forward to set the
clearance between the eccentric and the brush level to
0.005 = .004. Tighten the three brush-motor plate screws.

DASHPOT ADJUST SCREW

CARRIAGE
INTERLOCK
LINK SCREW

Figure 6-8. Latch and Switch Location

" Figure 6-9. Dashpot Adjustment Screw

Figure 6-10. Head Load Dashpot Waveform

7. Loosen the two screws holding the brush switch. With the
brush mechanism still in the position described in Step (5)
preceding, adjust the switch level to be depressed 0.030 *
.005 beyond the “‘make” point. Tighten the two screws.

8. With drawer and cartridge interlocks defeated as described
in 6.6.2(3), place the drive in the RUN mode, and check for
proper operation of the brush mechanism. Brushes should
make one cycle and then stop.

9. Start another brush cycle by placing the drive in the LOAD
mode and then the RUN mode. Remove power to the drive
when the brush motor reaches the midpoint of its cycle.

10. Manually push the brushes back into the full retracted
position. Apply power to the disk drive.

11. The brush motor cycle should complete, and the pin should
be detented in the rear end of the slot in the brush
mechanism link. (Note: An additional cycle can occur
before the brush motor stops. This is acceptable).

6.6.4.2 Lower Index Transducer Adjustment

Place the drive in the RUN mode, and observe the signal at pin
W on the Sensor PCB. The amplitude of the positive peaks should
be between 450 and 800 mV. If the signal falls outside the
450-800 mV range, procede as follows:

1. Place the drive in the LOAD mode and, when able, remove
the upper disk cartridge.

2. Remove the lower disk per instructions in section 6.7.3.2.

3. Using a plastic feeler gauge, verify transducer lamination-
to-sector ring clearance of .008" % .003", as shown in
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Figure 6-11. Brush Motor Plate
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Figure 6-12. Brush Mechanism Adjustments

Figure 6-13. Lower Index Transducer Adjustment

Figure 6-13. If the clearance is out of tolerance, loosen
screws A, and add or remove shims (P/N 16358) as
required. Re-tighten screws A just enough to secure the
transducer and still allow slight lateral movement.

. Align the transducer/lamination center line with the spindle

hub center, and move the transducer in or out radially until
the inner edge of the lamination is approximately even with
the base of the sector slots as observed through one of the
holes in the hub.

. Place the drive in the RUN mode, and observe the signal.

Being careful not to greatly disturb its radial alignment with
spindle center, move the transducer gently in and out to
produce optimum signal level.

. Hold the transducer in this position and carefully tighten

screws A. Recheck the signal for proper level, and readjust
as necessary.

6.6.4.3 Adjustment of R/W Heads

6.6.4.3.1 Upper Heads

_ NOTE
Unit must be removed from its shipping base, and either
rack mounted or placed on a stable surface before attempt-
ing these adjustments.

To adjust the upper heads, an exerciser or other means of
positioning the heads to a desired track, an alignment cartridge,
oscilloscope, torque screwdriver, R/W Head Alignment Plug (P/N
25104A), and the head adjustment tool (P/N 16087) are needed.
The procedure for adjustment is as follows:

1. Install the alignment cartridge, and then proceed with the

alignment, observing the temperature stabilization criteria
outlined below.
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CAUTION
Thoroughly clean all cartridge/spindle mating surfaces using
head cleaning pads listed in 6.2.2. Be certain the cartridge is
write protected. If write protect option is not installed,
disable write function at controller or CPU.

TEMPERATURE STABILIZATION

The alignment cartridge shall be temperature stabilized to the
disk drive operating temperature prior to attempting alignment.

CAUTION
Only after the disk drive has been temperature stabilized
can the alignment cartridge stabilization be accomplished.

DRIVE TEMPERATURE STABILIZATION

The Series 40 Disk Drive is temperature stabilized after two
hours of head-loaded operation from a cold start-up in the
recommended machine operating environment.

ALIGNMENT CARTRIDGE TEMPERATURE STABILIZA-
TION

The time required for temperature stabilization of the align-
ment cartridge is dependent upon the cartridge storage environ-
ment.

- Storage in the Drive Operating Environment— if the
cartridge storage temperature is essentially the same as
the recommended machine operating environment, the
cartridge shall be allowed to run in the drive with heads
loaded for 75 minutes prior to attempting the alignment
procedure.

* Storage in Other Than The Drive Operating Environ-
ment—if the cartridge storage temperature is essentially
different from the recommended drive operating
environment, the cartridge shall be allowed to run in the

rive with heads loaded for 30 minutes. After this initial
period the cartridge shall be removed, reinstalled, and
the drive operated with heads loaded for an additional
15 minutes prior to attempting the alignment procedure.

2. Lower the card cage to the head-cleaning position as
described in section 6.4.2.1, then set up the oscilloscope as
follows:

* Connect channel 1 to TP-1 of R/W board. This provides
a differentialted read signal (see logic diagram 11486).

* Connect channel 2 to pin 11 of SR board (location
M06). This provides —SELECTED INDEX MARK (see
logic diagram 11411). This line will provide unseparated
sector index marks when the Sector Counter Option is
installed. Due to the drive electronics, the index pulse
will be gated on this line.

* Trigger on negative (leading) edge—SELECTED INDEX
MARK.

* Set vertical scale for channel 1 to 50 mV/Div—100 tpi,
or 20 mV/Div—200 tpi.

* Set vertical scale for channel 2 to 2 V/Div.

* Set horizontal scale to 2ms/Div—100 tpi, or 1
ms/div—200 tpi.

3. A. Observe the negative going INDEX signal on channel 2,
adjust the variable sweep control until two INDEX
pulses appear on the screen, one at the left-most graticle,
and one at the right-most graticle, as shown in Figure
6-14. (100 tpi Alignment Cartridge P/N 70306).

B. Observe the negative going INDEX signal, one at the
Ieft-_most graticle only. (200 tpi Alignment Cartridge P/N
70709).

4. Position the heads to track 073 (100 tpi) or 146 (200 tpi).

NOTE
Head positioning cannot be done manually. Slew the heads
into position using the CPU or an exercisor.

5. Refer to Figure 6-1. Locate the four Head Plugs on the
bottom of the Data Channel Box. Physically select the
upper disk R/W head to be checked/aligned, and install the
R/W Alignment Plug (P/N 25104) between its head plug
and companion connector on the Data Channel Box. These
plugs are oriented, from the rear forward: upper head/
upper disk; lower head/upper disk. The forward most two
plugs are for the lower disk heads.

6. Electronically select the head chosen in #5 above. Locate
the RDR-1 PCB in the 1/0O Box. Place the RDR-1 board on

Figure 6-15. 200 tpi Head Properly Aligned

an extender for ease of access, and ground the —DISK
SELECT input. if the upper head is to be checked, also
ground the —HEAD SELECT input. Removing this ground
later will select the lower head.

7. Observe the alignment signal presentation on the oscillo-
scope for channel 1.

8. A. 100 tpi alignment description (using Alignment Cart-
ridge P/N 70306). If the head being checked is properly
aligned, the oscilloscope presentation will be approxi-
mately as shown in Figure 6-14., with the time between
zero crossings for both loops being equal.

Figure 6-16. 200 tpi Head Misaligned

B. 200 tpi alignment description (using Alignment Cart-
ridge P/N 70709). Observe the oscilloscope pattern, and
refer to Figures 6-15 and 6-16.

The oscilloscope pattern should consist of two sinusoidal
traces and an alignment marker. When the head is
properly aligned, the pattern should resemble that
shown in Figure 8-15. A misaligned head will produce a
pattern similar to that shown in Figure 6-16.

9. If the head(s) requires alignment, install the R/W Head
Adjustment Tool (P/N 16087) as shown in Figure 6-17A.
Figure 6-17B may then be referred to during the remainder
of the R/W Head Alignment procedure.

— R/W HEAD ADJUSTMENT TOOL

MOUNTING
SCREWS

MOUNTING
SCREWS
HOLES IN
HEAD ARM

PIN B

Figure 6-14. 100 tpi Head Properly Aligned

Figure 6-17A. Install R/W Head Adjustment Tool
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R/W Head Adjustment Tool

HEAD

VIEW A

Figure 6-17B. R/W Head Adjustment

a. Slightly loosen screw A of the selected head.

b. Engage the large end of pin B in the large hole in head

mounting plate C (see View A)

o

screw D counter-clockwise.

d. To move the head in (toward the spindle), turn screw D

clockwise.
e. Tighten screw A to 95 inch ounces.

NOTE
As screw A is tightened, the head may move slightly toward
the spindle. If necessary, readjust the head position, allow-
ing for any head movement caused by tightening screw A.

10.

To move the head out (away from the spindle}, turn

f. Physically and electronically select the opposite head,
and repeat steps a through e.

Remove the R/W Head Adjustment Tool

CAUTION

Failure to remove the R/W Head Adjustment Tool will
result in damage to the R/W Head Positioner Assembly and

1.

associated hardware.

Switch the unit from RUN to LOAD to retract the heads,
and then return to the RUN mode of operation.

. Reposition the R/W heads back to the alignment track, and

recheck the alignment of the heads. Reinstall the R/W Head
Adjustment Tool and repeat the adjustment procedure as
necessary.

W
le—030 1005
,\:\

N

Figure 6-18. Lower Head Adjustment

13. Remove the R/W Head Alignment Plug, and the R/W Head
Adjustment Tool as required.

6.6.4.3.2 Lower Heads

Since disk interchangeability is not affected by the lower
heads, the adjustment consists of merely lowering the card cage
to the head-cleaning position as described in 6.4.2.1, inserting a
0.030 * .005 shim between the head mounting plate and the
carriage roller plate, tightening the set screw to 95 inch-ounces,
and removing the shim. This adjustment is shown in Figure 6-18.

6.6.4.4 Upper Index Transducer Adjustment

Install an alignment cartridge (100 tpi—P/N 70306, 200
tpi—P/N 70709). Place the drive in the RUN mode, and observe
the signal at pin V on the Sensor PCB. The amplitude of the
positive peaks should be between 165 and 450 mV for narrow
sector slots, or between 300 and 1000 mV for wide sector slots.
If the signal falls outside the appropriate range, proceed as
follows:

1. Place the drive in the LOAD mode and, when able, remove
the alignment cartridge.

2. Verify the transducer iamination-to-sector ring ciearance of
.008” + ,003"” by laying a straight-edge across the spindle
hub and checking the gap between its lower edge and the
top of the lamination with a plastic feeler gauge. |f the
clearance is out of tolerance, loosen the hold-down screws
(same as screws A in Figure 6-13), and add or remove shims
(P/N 16358) as required. Retighten the screws just enough
to secure the transducer and stitl allow slight lateral move-
ment.

3. Align the transducer/lamination center line with the spindle
hub center, and move the transducer in or out radially until
the tip of the lamination clears the outside of the spindle
hub flange by approximately 3/64". Tighten the hold-down
screws a little.

4. Reinstall the alignment cartridge, switch from LOAD to
RUN mode and, when able, recheck the signal level. If the

signal is in tolerance, the cartridge may be removed and the
hold-down screws tightened firmly. If the signal is not in
tolerance, repeat step 3—moving the transducer radially a
small amount either in or out each time until optimum
signal level is achieved.

NOTE
A disk hub and sector ring, retrieved from a defective disk
cartridge and used here in a manner similar to the pro-
cedure outlined for the lower transducer, will appreciably
shorten the time needed to achieve a proper signal level.

5. Locate the index transducer base plate, which is screwed to
the outside front of the bowl assembly at the centerline.
This plate, shown in Figure 6-19, has four hex-head fasten-
ing screws (““A”) and a slotted-head adjustment screw
(“B").

6. Slightly loosen the four fastening screws just enough to
permit side movement of the transducer base plate.

7. Install the alignment cartridge, place the drive in the RUN
mode, and select the upper disk.

8. Using the exerciser, seek to track 5 (100 tpi) or track 10
(200 tpi).

9. Using the leading edge (negative-going) of the index puise at
Pin 11 of the Sensor PCB as a trigger, observe the signal at
TP1 of the R/W amplifier PCB. This signal is shown in
Figure 6-20. Note the long pulse followed by a long burst
of signal. The long pulse is the read gate.

10. Using the adjustment screw, position the index transducer
so that the leading edge of the read gate occurs 18.8 us
after the leading edge of the index mark. (Note: for 1500

Figure 6-19. Index Transducer Adjustment



rpm drives the proper setting is 30 us = bus). Do not tighten
the fastening screws yet.

11. Alternately selecting each of the upper heads, adjust the
index transducer so that the read gate is symmetrical
around the 18.8 us point (30 us for 1500 rpm). Pulse
separation between the heads shall not exceed 6.25 us (10
us for 1500 rpm).

12. Tighten the four fastening screws, observing that tightening
the screws does not result in misalignment.

13. Return the front panel to the operating position.
6.6.4.5 Fine Track-zero Adjustment

To perform the track zero adjustment, a disk pack, exerciser,
and oscilloscope are necessary. If the track zero adjustment is
being made as part of a Head Positioner or Spindle Assembly
replacement, or if for any other reason it is considered that the
track zero adjustment could be more than three tracks off, then
the adjustment is considered Levei 3, and the procedure of
6.6.5.1 should be followed. When the adjustment is not done as
part of Head Positioner or Spindle Assembly replacement, pro-
ceed as follows:

1. Install the disk pack and place the disk drive in the RUN
mode.

2. Locate the track-zero adjustment screw. This is a hexagon
socket screw located just below the bail plate as shown in
Figure 6-21.

3. Using position term (TP14 on Servo PCB) as trigger,
observe the waveform at TP13.

4. When the drive goes ready, alternately seek to track-zero
and restore.

Figure 6-20. Upper Index Transducer Waveform

Figure 6-21. Track Zero Adjustment Screw

5. Using a 9/64 “’L"" shaped Allen wrench, turn the adjustment
screw to obtain waveform shown in Figure 6-22.

6. Check the alignment of the R/W heads following the
procedure described in 6.6.4.3.1.

6.6.5 Level 3 Adjustments
6.6.5.1 Major Track-zero Adjustment

Major track-zero adjustment requires an aiignment pack, exer-
ciser, oscilloscope, alignment bar (P/N 16439), and spindle cone
(P/N 15171). Proceed as follows:

NOTE
When the adjustment is not done as part of Head Positioner
or Spindle Assembly replacement, see 6.6.4.5.

1. Remove the R/W Head Assembly from position H-00, if
one is installed.

2. Install the alignment bar in head position H-00 tight against
the rear plate, and tighten the head assembly set screw (see
Figure 6-23).

3. Install the spindle cone on the spindle, with the flat surface
parallel to the front panel. (Note: flat surface of cone is not
a datum surface).

1.

12.

13.

14.

. Jumper TP1 to TP2 on the Sequence Logic PCB, and

remove the Spindle Drive PCB. This bypasses the drawer-
closed and disk-pack-installed interlocks, and prevents
spindle rotation.

. Move the alignment bar so that its tip is firmly touching the

cone’s flat surface.

Apply power to the drive.

. Depress the carriage retract microswitch, which is the top

microswitch at the rear end of the bail.

. Place the disk drive in the RUN mode. The carriage will

move forward.

. Locate the track-zero adjustment screw. This is a hexagon

socket screw located just below the bail plate as shown in
Figure 6-21 and 6-23. It requires a 9/64 “L"' shaped Allen
wrench.

. Attempt to rotate the cone counter-clockwise. If the round

part of the cone touches the alignment bar, turn power off
and rotate the adjusting screw counter-clockwise approxi-
mately 1/8 turn.

Repeat Steps (5) through (9) until the clearance between
the cone flat surface and the alignment bar is 0.006 inches
+.004 inches.

Turn power off, remove the cone and the alignment bar,
remove the jumper from the Sequence Logic PCB, and
replace the Spindle Drive PCB.

Remove the alignment bar and install the R/W Head
Assembly in position H-00.

Perform the adjustments described in 6.6.4.5 and 6.6.4.3.1,
respectively.

6.6.5.2 Head-Positioner Alignment

To align the Head Positioner with the Spindle Assembly, it is
necessary to use the alignment bar (P/N 16438), the spindle cone
(P/N 15171), and the head-positioner alignment tool (P/N
16372). Proceed as follows:

1. Remove the R/W Head from position H-00, if one is
installed. Install the alignment bar in position H-00, tight
against the rear plate. Tighten the head assembly set screw
(see Figure 6-23).

2. Install the spindle cone on the spindle with the flat surface
parallel to the front panel.

3. Install the head-positioner alignment tool. This tool is
fastened to the disk drive base plate, just behind the air
filter, as shown in Figure 6-23.

4, Loosen the six screws mounting the Head Positioner to the
base-plate. The four rear screws fasten from the underside,
and are accessible from the rear or underside of the disk
drive. The two front screws are accessible from the top.

5. Turn the screw on the head-positioner alignment tool until
the clearance between the bar and the round portion of the
cone is 0.002 inches +.001.

6. Tighten the head positioner mounting screws and remove
the bar, cone, and alignment tool.

6.7 REMOVAL/REPLACEMENT OF ASSEMBLIES
& PARTS

6.7.1 Location of Instructions
Table 6-2, which is arranged alphabetically, shows the location

within this section of instructions for removal or replacement of
various Series 40 assemblies, sub-assemblies, and parts. Prior to
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Figure 6-22. Track Zero Waveform



Head Positioner Adjustment Tool
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Set Screw ———/

Adjustment Screw

Spindle Cone

Figure 6-23. Alignment Bar and Cone

attempting any disassembly of the Series 40, service personnel
should become familiar with the nomenclature and location of
assemblies as shown in Para 6.3. Except for removal of front-
panel and 1/0 components, the first step in any of the procedures
of this paragraph (6.7} is removal of the top cover, as described in
6.7.2.1.

Table 6-2.
Manual
Assy/Component Part No. Paragraph
Air Filter 16163 6.4.2.3
Base-plate-mounted components | various 6.7.4.3
Bowl Assembly 16447-02 6.7.4.1
Brushes 16082 6.7.2.12
Brush Motor 16023 6.7.3.3
Card Cage PCBs various 6.7.2.3
Cartridge (with power off) 6.7.2.2
Cartridge Retainer Assembly 16143 6.7.4.2
Disk Pack Safety Solenoid 16017 6.7.4.3
Drawer Interlock Solenoid 15302 6.7.2.5
Front Panel 16016 6.7.2.6
Front Panel components various 6.7.2.5
Head Load Solenoid 16362 6.7.2.13
Head Positioner 16010 6.7.4.5
Heat Sink Assembly 16712 6.7.2.7
Heat Sink PCB and components various 6.7.2.8
1/0 Mother Board 11400-01 6.7.2.11
1/0 PCBs various 6.7.2.4
Index Transducer * 16361 6.7.3.4
Interlock linkage parts various 6.74.3
Lower Disk 16483 6.7.3.2
Main Harness 11508 6.7.4.6
Mother Board 11400-20 6.7.2.10
R/W Amplifier PCB 11486 6.7.2.9
R/W Heads 16272 6.7.3.1
Slide Assemblies 16024 6.7.2.14
Spindle Assembly 16117 6.74.4
Top Cover 16019 6.7.2.1
Unit Home Switch 70275 6.7.2.5

6.7.2 Level 1 Removal/Replacement

6.7.2.1 Top Cover

The top cover is held in place by securing screws, which must
be removed in order to take the top cover off. Four are on the
top surface around the rear periphery of the bowl, as shown in

Figure 2-2,

6.7.2.2 Removal of Cartridge with Power Off

1. Loosen the screw at the left edge, middle, of the data
channel box (see Figure 2-4). Lift the data channel box,
and observe the position of the head carriage assembly. if it
is not already fully retracted, manually retract it.

2. To insure that the brushes are fully retracted, locate the
brush lever and eccentric on the right side of the drive (see
Figure 6-24). Rotate the brush lever clockwise until it hits
the eccentric, if it is not already in that position.

3. Spread the cartridge-retaining clamps as described in
6.6.2(2), and remove the cartridge.

6.7.2.3 Card-Cage PCBs

To remove card-cage PCBs, iower the card cage to the
maintenance position as described in 6.4.2.1. Location of the
PCBs is shown in Figure 6-3, and each PCB is clearly marked in
the upper front corner of the board. Figure 6-25 shows the
method of board removal.

6.7.2.4 1/0 PCBs

After removal of the slotted plate at the bottom rear of the
1/0 box, the pluggable 1/0 PCBs are removed simply by sliding
them out of their slots.

CARTRIDGE RETAINING CLAMP
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CARTRIDGE CLAMP
INTERLOCK LINK
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BRUSHES RETRACT SWITCH
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Figure 6-24. Brush Mechanism

6.7.2.5 Front-Panel Components

Front-panel components are accessible for removal or replace-
ment by removing the two hexagon socket screws which hold the
front panel in position. Access to these screws is through two
holes, one on each side of the bowl, as shown in Figure 6-26. To
permit the front panel to swing freely, two lower screws, one on
each side, may require loosening. These screws are located
between the front panel and the lower section of the slide inner
member, The front panel now swings down partially, giving access
to components mounted on the rear of the front panel. Some
components mounted on the pan or baseplate are also accessible
by lowering the front panel.

6.7.2.6 Front Panel

To remove the front panel, first lower the panel to the
maintenance position as described in 6.7.2.5. Then unplug the
panel distributor PCB connectors, and remove the screw-type
connections, which connect the panel distributor PCB with the

remainder of the disk drive. Remove the two hexagon socket
screws which hinge the front panel to the pan.

To replace the front panel, perform the preceding operations
in reverse order. When closing the front panel, insure that the
interlock pins (see Figure 6-27) properly engage the side drawer
latches. If necessary, adjust the two set screws in the front handle
stiffener so that the drawer handle is approximately flush with
the face of the front panel, and so that the side latches work
properly. If proper adjustment is not possible using only the set
screws, the striker plate may need adjustment as described in
6.6.3.2.

6.7.2.7 Heat Sink Assembly

To remove the Heat Sink Assembly it is necessary to discon-
nect all cable harnesses and individual wires which connect the
Heat Sink Assembly with other parts of the disk drive. This
involves removing a harness clamping bar, unplugging two connec-
tors, and disconnecting screw-type terminals. The clamping bar,
connectors, and terminals are all located on the heat sink PCB.
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TO REMOVE CARDS
FROM CARDCAGE:

(1) INSERT SUITABLE
SCREWDRIVER IN
POSITION A.

(2) SLOWLY PULL
BACKWARDS TO
POSITION B.

Figure 6-25. Removal of Piuggabie PCBs

Disconnected wires should be tagged to insure accurate reconnec-
tion. After electrical disconnection, remove the screw holding the
Heat Sink Assembly to the top of the card cage and the two
screws hinging the bottom of the Heat Sink Assembly. Installa-
tion is performed in reverse order.

6.7.2.8 Heat Sink PCB and Components

Most electronic components in the Heat Sink Assembly are
directly accessible after removal of the top cover. Additionally,
access to the ten power transistors, two power resistors, and the
servo release switch is accomplished by removing the screw
holding the Heat Sink Assembly to the card cage.

Access to the rear of the heat sink PCB is accomplished as
follows:

1.

N

8]

H

Remove the screw holding the Heat Sink Assembly to the
top of the card cage.

. Remove the screws which mount the ten power transistors

to the heat sink.

. Detach the two power resistors and the servo release switch

on the front of the heat sink.

. Remove the seven screws which hold the PCB to the heat

sink. These screws are shown by arrows on Figure 6-28. The
PCB will now swing partially clear of the heat sink. If
complete removal of the PCB is required, follow the
preceding steps and then disconnect all wires and cable
harnesses which connect the Heat Sink Assembly to the
remainder of the disk drive. An alternate procedure is first

Figure 6-26. Front Panel Holding Screw Access

to remove the Heat Sink Assembly as described in 6.7.2.7
and then to follow Steps (2) through (4) of this paragraph
(6.7.2.8).

6.7.2.9 R/W Amplifier PCB

1. Remove the top cover of the data channel box. This is
accomplished by removing two hex nuts from the rear
corners of the cover, two screws from the front corners.

2. Remove the stand-off collars which support the rear corners
of the cover.

3. Disconnect the PCB electrically. This is accomplished by
unplugging the two connectors, removing the four screw-
terminal connections, and disconnecting the head cables.

4. Remove the mounting screw at J82 on the PCB. The PCB
can now be lifted out.

Installation is accomplished by following the preceding steps
in reverse order.

6.7.2.10 Mother Board

To remove the mother board, proceed as follows:
1. Remove all pluggable PCBs from the card cage.

2. On the top of the card cage remove the clamping plate
which holds the three cable harnesses against the card cage.

3. Remove the two screws which hold the three-connector
clamp in place. Unplug the three connectors.

4. Lower the card cage to the head-cleaning position as
described in 6.4.2.1.

5. Remove the triangular clamp assembly which holds the
cable harnesses to the bottom of the card cage.

6. On the bottom edge of the mother board, unplug the two
connectors and remove the +5V and ground connections. It
is necessary to remove two screws from each connector in
order to unplug the connectors.
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7. Remove the eight screws which fasten the mother board to
the card cage frame. Slide the mother board out.

To install the mother .board, follow the preceding steps in
reverse order.

6.7.2.11 1/0 Mother Board

6.7.2.11.1 Removal

1. Remove the slotted plate covering the 1/O PCBs.

2. Remove the two screws below the bottom /O connector.
Remove the rear I/0 cover plate.

3. Remove all pluggable PCBs from the 1/0 box.

4. Looking inside the 1/0O box from the rear, remove the two
screws from the horizontal bottom flange below the card
connectors.

5. From the front of the 1/O box, remove the six screws
holding the 1/0O box shield (front cover) and remove the
shield.

6. Unplug the two connectors on the front, bottom of the |/O
mother board.

7. Disconnect the four wires which are connected by screw
terminals to the back of the 1/O mother board.

8. Remove the two screws from the back of the 1/O module
assembly, located over the power connector and the top
1/0 connector.

9. From the front of the 1/O mother board, remove the four
screws holding the mother board to the 1/0 module
assembly. Two of these screws are on the bottom edge of
the mother board, and two are half-way up.

10. Slide the 1/O mother board out of the 1/0 module as-
sembly.

11. Remove the two screws holding the small power connector
PCB to the 1/0 mother board.

6.7.2.11.2 Installation

To install the 1/0 mother board, follow preceding steps in
reverse order. When re-installing the 1/0 box shield (Step 5),
insure that the two ground wires are installed. Do not tighten the
six screws until the fiange screws removed in Step {4) are in place.

SET SCREWS

INTERLOCK PIN (RH)

FRONT SHAFT SUPPORT

INTERLOCK PIN (LH).

6.7.2.12. Brushes

To remove the brushes, loosen the set screw which fastens the
brush lever to the brush mechanism shaft. See Figure 6-24.
Rotate the brush arm out into the bowl for easy access to the
brushes. Loosen the set screw holding the brush in the arm, and
remove the brush. Follow the procedure in reverse for installing a
new brush. Insure that the brush arms are returned to their
original position prior to tightening the brush level set screw.

6.7.2.13 Head-Load Solenoid
The head-load solenoid is removed as follows:

1. On the underside of the disk drive, remove the head-load
solenoid access cover plate at the rear of the pan.

2. Disconnect the two solenoid leads from the terminal block
next to the solenoid.

3. Remove the two ““C’’ clips from the head-load linkage and
the dashpot linkage, as shown in Figure 6-29. Disconnect
the two linkages.

4. Remove the three mounting screws, also shown in Figure
6-29, which fasten the solenoid to the baseplate. Remove
the solenoid.

Installation of the head-load solenoid is accomplished by
following the foregoing procedure in reverse.

6.7.2.14 Slide Assemblies

Each slide assembly is fastened to the pan by two screws. With
the slide fully extended these screws can be seen on the lower
track to the front and in the middle. To remove the slide
assembly, simply remove the two screws.

6.7.3 Level 2 Removal/Replacement

6.7.3.1 R/W Heads

If lower heads are to be removed or installed, the lower disk
should be removed first. Although removal or installation of
lower heads is possible with the lower disk in place, the possibil-
ity of scratching the disk surface is high.

Figure 6-27. Front Panel Adjustments

Figure 6-28. Heat Sink PCB



6.7.3.1.1 Removal
1. i applicabie, remove the lower disk as described in 6.7.3.2.

2. Loosen the data channel box securing screw {see Figure
2-4), and swing the box up into the maintenance position.

3. Electrically disconnect each head to be changed by loosen-
ing the clamp which holds the flexprint cable to the head
load bracket, unplugging the connector on the data channel
box, and removing or ioosening any other cabie clamp
holding the head wiring.

4, Loosen the hexagon-socket set screw which holds the head
assembly in the carriage (see Figure 6-30).

5. Holding the head carriage in position, slide the head
assembly straight forward out of its slot.

6.7.3.1.2 Installation

1. Insert the head assembly into the carriage. Torque the set
screw to 25 inch-ounces. Install the head-load springs.

2. Electrically connect the head to the data channel box.
Reinstall and/or tighten cable clamps.

3. Perform head adjustments as required by Figure 6-5.

4. Reinstall the lower disk, if applicable.
6.7.3.2 Lower Disk
6.7.3.2.1 Removal

1. Lower the front panel to the maintenance position as

described in 6.7.2.5.

. Spread the cartridge retaining clamps as described in

6.6.2{2).

. Remove the four screws holding the lower disk cover to the

inside of the bowl. Remove the lower disk cover.

. The upper index transducer assembly is held to the front

outside surface of the bowl by four screws as shown in
Figure 6-19. Detach the index transducer assembly, and
withdraw it from the bowl recess far enough so that the
lower disk can be removed without striking it. Insure that
the assembly is withdrawn straight forward, so that the
adjusting screw and fork are not damaged.

. Remove the eight screws holding the spindle clamp ring.

This ring holds the lower disk to the spindle assembly.

. Remove the lower disk, being careful not to scratch the

disk surface. Avoid touching the surface of the disk. If the

a7,

*,

Figure 6-29. Head Load and Dashpot Linkages

disk is to be reinstalled, or otherwise reused, store it in a
manner that will protect its recording surfaces.

6.7.3.2.2 Installation

During installation of the lower disk, exercise caution to insure
that the disk’s recording surfaces remain free of contamination,
including fingerprints.

1.

Using pads soaked in 91% isopropyl alcohol, thoroughly
ciean aii the disk surfaces and aiso the spindle surface on
which the disk seats. Polish the disk to remove all alcohol
residue.

. Place the disk on the spindle, insuring that it is properly

seated. Place the spindle clamp ring on the disk, grooved
side down.

. Line up the eight screw holes, and install the screws. Do not

tighten the screws more than finger tight.

. Snug-up two opposite screws. Use very light torque; this is

not final tightening.

. Snug-up two more opposite screws 90° from the first two.

. Snug-up the remaining four screws in opposite pairs as in

(4) and (5) preceding.

10.

11.

. Following the sequence given in the preceding three steps,

tighten the spindle clamp ring screws. Only moderate
torque is required.

. Replace the upper index transducer. Do not tighten the

mounting screws.

. Reinstall the lower disk cover, insuring that the cut-out for

the upper index transducer is properly oriented.
Adjust the upper index transducer as described in 6.6.4.4.

Close the front panel and reinstal! the two front panel
retaining screws. '

6.7.3.3 Brush Motor

6.7.3.3.1 Removal

1.

Lower the front panel to the maintenance position as
described in 6.7.2.5.

. The brush motor is located at the right front corner of the

baseplate as shown in Figure 6-11. For visibility, the bowl,
brush link, front panel, and other parts have been omitted
from the figure. Disconnect the brush mechanism link by
removing the pin holding the link to the brush-motor crank
arm. The head of the pin is slotted, and the pin is removed

L

Figure 6-30. Head Assembly Set Screw



by removing the nut holding it to the crank arm. Retain the 6.7.3.4 Index Transducers 6. Remove the two screws which hold the transducer to the 6. Referring to Figure 6-31, remove the screws which fasten
washers and spring for re-installation. transducer arm. Remove the transducer and shims, saving the power resistor mounting bracket assembly to the left
6.7.3.4.1 Upper Index Transducer the shims for use with the replacement transducer. rear surface of the bowl.
. Pull off the two tab receptacles by which the brush motor )
is electrically connected to the terminal block at the left of . Lower the front panel to the maintenance position as To install the upper index transducer, follow the preceding 7. Loosen the set screw which fastens the brush lever to the

the brush motor.

. Remove the three screws which fasten the brush motor
plate to the baseplate. Remove the brush motor assembly.

6.7.3.3.2 Installation

. Perform the steps listed in 6.7.3.3.1(2) through (4) in
reverse, but do not tighten the three brush-motor mounting
plate screws.

described in 6.7.2.5.

. Spread the cartridge clamps as described in 6.6.2(2).

. Remove the four screws holding the lower disk cover to the

inside of the bowl. Remove the lower disk cover.

. Unplug the upper index transducer connector. This is the

upper connector on the panel distributor PCB on the rear
of the front panel.

steps in reverse order. Prior to mating the connector, dress the
transducer leads over the front shaft support {see Figure 6-27)
and down between the support and the front panel. Perform the
upper index transducer adjustments described in 6.6.4.4.

6.7.3.4.2 Lower Index Transducer
1. Remove the lower disk as described in 6.7.3.2.

2. Unplug the lower index transducer connector. This is the
lower connector on the panel distributor PCB on the rear of

10.

brush mechanism shaft. See Figure 6-24.

. Disconnect the brushes retract-switch wires.

. Unplug both index transducers from the panel distributor

PCB on the rear of the front panel. These are the two
connectors on the upper right corner of the PCB.

Remove the lower index transducer as described in
6.7.3.4.2.

. . . . . The upper index transducer leads pass through a grommet 11. Remove the four hexagon recessed screws which fasten the
. Adjust the brush h .6.4.1.
just the brush mechanism as described in 6.6 in the transducer baseplate. Push the grommet out into the the front panel. bow! to the baseplate.
bowl, and pass the leads and connector through the grom- . leat h
. Return the front panel to the operating position. met hole in the baseplate. 3. The lower index transducer leads pass through a grommet 12. Lift the bowl straight up and off, manually guiding the

in the bottom of the bowl. Push the grommet up into the
bowl, and draw the leads and connector up through the
grommet hole in the bowl.

4. Remove the two screws which hold the transducer to the
bowl. Remove the transducer and shims, saving the shims
for use with the replacement transducer.

To install the lower index transducer, follow the preceding
steps in reverse order. Prior to mating the connector, dress the
transducer leads over the front shaft support (see Figure 6-27)
and down between the support and the front panel. Perform the

1.

brush lever off the brush mechanism shaft.

6.7.4.1.2 Installation

Perform the steps listed in 6.7.4.1.1 in reverse. While
tightening the four screws which fasten the bowl to the
baseplate, twist the bowl in a counter-clockwise direction as
far as possible and torque the screws to 120 * 5 inch-
pounds. When placing the brush lever on the brush mecha-
nism shaft, insure that the flat of the shaft is toward the
brush lever set screws.

2. Perform the adjustments required by Figure 6-5.

lower index transducer adjustment described in 6.6.4.2.

6.7.4.2 Cartridge Retainer Assembl
6.7.4 Level 3 Removal/Replacement 9 v

6.7.4.2.1 Removal
6.7.4.1 Bowl Assembly

1. Remove the Bowl Assembly as described in 6.7.4.1.

6.7.4.1.1 Removai

. s
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I
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12527
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2. There is a spring fastened between the cartridge retaining

1. Remove the lower disk as described in 6.7.3.2.1. clamp mechanism and the cartridge retainer safety stop on

/
- each side. Disconnect the springs from the cartridge-holding
SR | hanisms
\ \"\‘g‘z 265 2. Remove the plenum chamber and air filter by removing the clamp mec :
- ‘ Py .
< =N /‘?@ two plenum chamber holding screws. Observe the precau- . . .
D = ﬂ ~ ) » et B A A 3. Remove the four screws which fasten each cartridge retain-
N D HOMS stated in ©.4. 2.3 ing clamp mechanism to the base plate.
%\ I N 3. L(?:)V!ij!’ .’(hg :azrf: cage to the maintenance position as des- 4. Remove the mechanisms, being careful not to bend the end
— cribed n B.4.2. 1. of the bell crank which sits in a notch in the left cartridge-

. . . . retaining clamp mechanism.
4. The shield is the large panel separating the head positioner

from the air filter. Remove the screw which fastens the
upper front corner of the shield to the bow!.

6.7.4.2.2 Installation

1. Perform the steps listed in 6.7.4.2.1(2} through (4) in
reverse order, insuring that the bell crank end rests in the
notch in the left-hand mechanism.

5. Spread the cartridge retaining clamps as described in

Figure 6-31. Power Resistor Mounting Bracket 6.6.2(2).
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2. Manually test the interlocking of the cartridge retaining
clamps by attempting to spread the clamps with and
without holding in the armature of the disk pack safety
solenoid.

3. Replace the Bowl Assembly as described in 6.7.4.1.2.

6.7.4.3 Baseplate-Mounted Components

To remove or reinstall the disk pack safety solenoid, interlock
linkage, or other components mounted on the top surface of the
base-plate, remove the bowl as described in 6.7.4.1 for access to
these components.

6.7.4.4 Spindle Assembly
For replacement of the Spindle Assembly on 200 tpi disk
drives, consult Diablo Customer Service. The Spindle Assembly
on 100 tpi drives is removed as follows:
1. On the underside of the pan, remove the circular fan cover.
2. Remove the 12 screws around the periphery of the static
ground strap assembly shown in Figure 6-32. Remove the

assembly.

3. Remove the keeper from the spindle shaft end.

Figure 6-32. Static Ground Strap Assembly

4. Loosen the two set screws on the fan collar, and slide the
fan off the spindle shaft.

5. Remove the Bow! Assembly as described in 6.7.4.1.

6. Disconnect the four-conductor cable bundle from the bot-
tom of the power resistor terminal strip. Pull the cable
bundle free of the resistor bracket assembly. Tag the wires
to facilitate reconnection.

7. Remove the three screws which fasten the spindle to the
baseplate, and lift the spindle off.

The Spindle Assembly is installed by reversing the preceding
procedures. When installing the spindle, insure that the machined
baseplate ridge on which the spindle rests is clean, and that the
spindle is firmly seated on the ridge.

6.7.4.5 Head Positioner
6.7.4.5.1 Removal
1. Remove the Bowl Assembly as described in 6.7.4.1.

2. Remove the R/W Heads and head-load springs as described
in 6.7.3.1.

3. There is a bracket fastening the linear motor housing to the
rear edge of the shield. Detach the shield from the bracket.

4. Unplug the R/W cable harnesses from the data channel box.

5. Remove the three screws which fasten the shield to the
baseplate. Move the shield to the right out of the way,

being careful not to bend the carriage interlock link passing
through the slot in the front end of the shield.

6. Remove the large screw which fastens the carriage interlock
link to the carriage interlock lever, as shown in Figure 6-9.

7. Detach the two wires (1 black, 1 white) which come from
underneath the Head Positioner and are screwed to the
flexible power strap tie point.

Note color coding of the wires to aid re-assembly.

8. From the underside of the disk drive, remove the head-
load-sofenoid access cover plate, which is fastened to the
bottom of the pan by four screws.

9. Remove the two “C” clips from the head-load linkage and
the dashpot linkage as shown in Figure 6-29. Disconnect
the linkages.

10. On the PCB at the front of the head-positioner bottom
plate there are several connectors, as shown in Figure 6-33.
After removing five screws and a clamp bar, disconnect the
three connectors labeled “A’’ in Figure 6-33.

NOTE
Upon re-assembly, insure that a flat washer is placed on
both sides of the rear end of the clamp bar and on top side
of the front end of the clamp bar. These flat washers are in
addition to the two lockwashers. Insure that the clamp bar
is reinstalled with the pad down.

11. On 200 tpi drives only, disconnect the two pin-form
connectors marked “B”" in Figure 6-33.

Figure 6-33. Head-Positioner PCB Connections
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12.

13.

14.

15.

16.

Remove the four hex-head screws which hold the rear end
of the linear motor housing to the disk drive baseplate.
These screws are inserted from the bottom of the baseplate
as shown in Figure 6-34 (screws 10 through 13).

Remove the two hex-head screws which fasten the front
end of the head-positioner bottom plate to the disk drive
baseplate.

Lift the rear end of the Head Positioner slightly, slide
forward, and lift out.

Remove the back expansion plate by removing screws 1
through 9 in Figure 6-34. Save this plate for use with the
replacing Head Positioner.

Remove the linkage from the dashpot piston, and save for
use with the replacing Head Positioner.

6.7.4.5.2 Installation

1. Attach the linkage removed in 6.7.4.5.1(16) to the dashpot.

. Place gaskets around the back expansion plate.

. Loosely attach the back expansion plate to the linear motor

housing with nine screws.

. Referring to Figure 6-34, tighten screws 1 through 4 in

numerical sequence.

. Using only a very light torque, snug up screws 5 through 9

in numerical sequence.

. Install and tighten screws 10 through 13 in numerical

sequence.

SHOCK
-MOUNT
NUT

Figure 6-34. Expansion Plate Screws

10.

11.

. Tighten screws 5 through 9 in numerical sequence.

. Perform the steps listed in 6.7.4.5.1(8) through (14) in

reverse order of numerical sequence.

. Observing the color coding of the wires, reconnect the wires

removed in 6.7.4.5.1(7).

Perform the steps listed in 6.7.4.5.1(1) through (6) in
reverse order of numerical sequence.

Perform the adjustments required by Figure 6-5.

6.7.4.6 Main Harness

Removal and replacement of the main harness is a major task,
and should be attempted only by thoroughly trained and experi-
enced personnel. It requires extensive disassembly of the drive,
including wiring which is not part of the main harness. Prior to
attempting removal of the main harness, the reader should
become familiar with 6.7.4.6 in its entirety. During disassembly,
wires not part of the main harness should be tagged as they are
disconnected. Cable and connector clamps should also be tagged.

6.7.4.6.1 Removal

Removal of the Main Harness is accomplished as follows:

. Remove the Bowl Assembly as described in 6.7.4.1.

. Remove all cable clamps, connector clamping bars, and

terminal screws which hold wires or cables to the outside of
the heat sink.

. Drop the card cage to the maintenance position as des-

cribed in 6.4.2.1, and remove the triangular clamping plate
from the bottom of the card cage.

. Unplug all connectors, and disconnect all wires, which

connect the card cage or heat sink to the remainder of the
drive.

. There are six wires which come from directly under the

resistor bracket assembly, and which are attached to the
terminal block on the assembly. These wires have no brown
trace in the insulation. Disconnect these six wires from the
terminal block.

X OnA the head-positioner PCB, unplug the two flat ribbon

cable connectors and remove the clamp which holds the
cables against the baseplate.

. On the panel distributor PCB, disconnect the yellow,

purple, and black quick-disconnect leads.

NOTE

On disk drives with the desk top interlock option, there is
no black quick-disconnected lead.

8.

On the brush motor terminal block, disconnect the white
and red leads from terminals 1 and 2.

NOTE

On disk drives having the desk top interlock option, also
disconnect the black lead from the right-hand side of
terminal 3.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Remove all cable clamps holding the large wire bundle
which runs along the front of the baseplate, back down the
left side, and down through the baseplate hole which is
beside the head-positioner PCB.

Clip the cable ties of the bundle referred to in (9), and
separate those wires not entering the baseplate hole beside
the head-position PCB.

Remove the lid from the data channel box as described in
6.7.2.9.

Along the right-hand side of the R/W Amplifier PCB,
disconnect the four screw terminal connections, and unplug
the flat ribbon cable connector.

Remove the plenum chamber and the air filter by removing
the two screws holding the plenum chamber in place.
Observe the precaution stated in 6.4.2.3.

Extend the left slide assembly fully and provide support for
the 1/0 box, so that it will not fall when separated from the
slide assembly during the next step.

Remove the four screws from the top of the left striker
plate. Separate the 1/0 box and cable support from the
slide assembly, but place no load on the flexible cable.

Remove the four nuts by which the baseplate is held to the
pan shock mounts. Two of these nuts arc located on the
extreme front corners of the baseplate, one is in the
pneumatic chamber under the air filter, and one is in a
horizontal slot underneath the rear end of the head posi-
tioner, as shown in Figure 6-34.

Separate the baseplate from the pan.

Disconnect the main harness from the terminal block next
to the head-load solenoid.

Remove the trapezoidal clamping plate which holds the flat
ribbon cable to the spiral base cover.

From the top of the baseplate, in the card cage well,
remove the eight screws which hold the three-piece cover
assembly to the bottom of the baseplate. Remove the cover
assembly.



21.

Carefully pull the disconnected cables of the main harness
down through the holes in the baseplate. Exercise particular

caution that the cables from the R/W Amplifier PCB are
not damaged as they are pulled past the shield and the Head
Positioner.

6.7.4.6.2 Installation

Installation of the Main Harness is accomplished as follows:

1.

There is a cable bracket at the end of the cable follower
assembly on the main harness, as shown in Figure 6-35.
Cables and wire bundles leave this bracket in three direc-

tions. Position the bracket on the underside of the base--

plate, near the card cage well.

. Referring to Figure 6-35, pass the cables and wire bundles

marked “A’ up through the front baseplate hole (beside
the head-positioner PCB on the assembled disk drive).

. Pass the cables and wire bundles marked “B” in the figure

up through the hole in the card cage well.

. Pass the cables and wire bundles marked ““C” in the figure

up through the small baseplate hole between the shield and
the Head Positioner.

. Loosely attach the cable bracket shown in Figure 6-35 to

the underside of the baseplate. This bracket is attached by
four screws inserted from the top of the baseplate.

. Loosely install two more brackets, one on each side of the

bracket installed in the preceding step. Screws for these
brackets are also inserted from the top of the baseplate.

. Connect the four wires which go to the screw terminal

posts on the R/W Amplifier PCB, and mate the connector.

NOTE

If the PCB and data channel box are not installed at this
point, adjust the position of the flat ribbon cable so that its
end is 7-1/2 inches above the baseplate.

8.

10.

11.

12.

13.

14.

The cable and wires referred to in the preceding step must
be clamped to the large spiral cover plate on the bottom of
the baseplate. This is accomplished by installing the trape-
zoidal clamping plate, checking the position of the cable
and wires going to the R/W Amplifier PCB, and tightening
the clamp. Insure that the black and white wires going to
the Head Positioner (but not part of the main harness) are
also under the clamping plate.

. Connect the green and blue wires in the “C”" bundle (see

Figure 6-35), to terminals 1 and 2, respectively, of the
head-load solenoid terminal block.

Mount the pan to the baseplate but do not tighten the
mounting nuts.

Mount the clamps and striker plate to the drawer slide.

Tighten the eight screws installed in steps (5) and (6) of this
procedure.

Placing the pan on a level surface, level the baseplate by
adjusting the shock-mount nuts. Tighten the nuts which
hold the baseplate to the pan.

Perform steps (1) through (13) of 6.7.4.6.1 in reverse.
When clamping cables and connectors to PCBs, insure that
the clamps with gaskets are positioned with gasket material
facing down. When installing the connector clamping bar on
the head-position PCB, insure that the right end of the bar
has a washer installed between the bar and the connector.

Figure 6-35. Cable Bracket Assembly
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SECTION 7
LOGIC DIAGRAM CONVENTIONS
LOGIC DIAGRAMS

7.1 GENERAL

Diablo Systems logic diagrams are primarily intended for use
by field service personnel as troubleshooting aids and by system
design engineers as sources of design theory information. As such,
the first responsibility of a set of logic diagrams is to illustrate a
design’s principles of operation. For this reason, Diablo Systems
logic diagrams emphasize the functions performed by the logic
elements in a design rather than the kinds of devices used to
implement the functions.

For example, a NAND gate may appear on a Diablo Systems
logic diagram as either a positive logic AND function with the
output inverted (NAND) or as a negative logic OR function with
the inputs inverted (NOR).

AND Function

A—al
B— F

c

(Positive Logic NAND)

OR Function

{Negative Logic NOR}

This practice runs contrary to some logic drawing standards,
which require the use of the NAND symbol for both functions.
But, in Diablo Systems diagrams, different symbols are used to
distinguish between the two functions because the functional
elements of a design are considered to be more relevant to the
design theory than symbolic representation of the kinds of
devices used. '

This functional approach to logic symbology is basic to the
logic documentation conventions employed by Diablo Systems.
The conventions that govern logic symbology and signal nomen-
clature are explained below, Other information concerning draw-
ing standards that may help the reader interpret Diablo Systems
logic diagrams is also included.

H H H L

L = Relative iow
Relative high

I
il

7.2 SIGNAL NOMENCLATURE

The active level of each logic signal is assigned a descriptive
name. A signal is considered active when it either causes or
represents some logic event that is significant to the progress of
an operation. Consequently, the name given a signal usually
provides one of two kinds of functional information:

1. Describes the effect that signal’s active level has on the logic
it feeds; for example, —Load Print Wheel Buffer is the name
of the signal that clocks data into the Print Wheel Buffer.

N

Represents a condition or event that develops elsewhere in
the logic; for example, —Print Wheel Ready is the name of
the signal that is active whenever the print wheel logic is
able to accept a new print command.

A + or — sign precedes each signal name to identify which of
the two voltage levels used in the logic system is considered to be
that signal’s active level. The + sign represents the relatively
higher logic level and the — sign, the relatively lower level. This
means relatively higher or lower with respect to each other; the
signs do not indicate signal polarity with respect to ground.

The actual voltage levels represented by the signs will depend
on the logic family being used. For example, in TTL circuits, the
signal identified by —Print Wheel Ready is active when it is at OV
(nominal) and inactive a +4V {nominal).

Sometimes a signal serves as the input to both positive logic
and negative logic elements. Ordinarily in such cases, the sign

preceding the signal name agrees with the active level indicated at
the output of the logic element that produced the signal. An
example of this is illustrated by the following sketch.

D Q
START FF
+START .
—ID Q T Cc Q
c Q

L _ ]

7.3 INTERPAGE REFERENCING

When a printed circuit board assembly requires more than one
logic diagram page, an interpage reference scheme is used at the
points on each diagram page where the signal lines enter and leave
the page. The reference scheme includes the following informa-
tion.

Optional — for clarity
when needed

+Data Strobe

SH3-F2-D30-6 Device pin number

Device reference
designator

Drawing zone where
destination symbol
is located

Sheet number

SH1-A6-G10-5 »

7.4 LOGIC SYMBOLOGY

The logic function symbols used in Diablo Systems logic
diagrams conform closely to those set forth in MIL-STD-806.

Most small scale integration (SSI) circuits are represented by
function symbols.

Medium scale integration (MSI) devices, such as shift registers
and read-only memories, may be represented by rectangles with
functional labels.

Since positive logic and negative logic conventions can both
appear in a single set of logic diagrams, the unfilled circle
negation symbol specified by MIL-STD-806 is used to distinguish
between low-true and high-true signals.

A circle drawn at an input to a symbol indicates that that
input is active at its relatively lower potential. The absence of a
circle at an input means that input is logically active at its

" relatively higher potential. The presence or absence of a circle at a

symbol output has similar meanings for the active level of that
output.

Usually, all logic symbols are drawn with inputs on the left
and outputs on the right. Some device symbols {e.g., one-shots,
J-K flip-flops) show some inputs and other external connections
on the top and/or bottom of the symbol for clarity. Also,
drawing layout restriction occasionally requires that some sym-
bols be drawn with a vertical orientation so that signal flow
through them is from top to bottom. However, logic symbols are
never drawn with inputs on the right or outputs on theleft of the
symbol; nor are they always drawn with inputs and outputs on
the same side of the symbol.

The symbols used by Diablo Systems for the basic logic
functions are explained below. Manufacturer’s information con-
cerning the IC devices represented in this manual’s logic diagrams
appears at the end of this section. '

AND Function (with inversion)/NAND Gate

D=A"'B'C
QOutput is low (active) only if all inputs are high (active)

NOTE
D means D is low

i
J



OR Function {(with inversion)/NAND Gate

A :

B D
c

D=A+B+C

Output is high (active) if any one or more inputs are low (active)

Collector OR (Dot OR)

A
B—
\
‘ E
c——
D—

E=A-B+(C-D)

QOutput of dot OR is low (active) if both inputs to either (or
both) NAND gates are high (active)

NOTE
Negative logic OR function is provided by the solder
Jjunction of the two NAND gate outputs and is represented
by junction dot. OR symbol represents function provided
by function.

Collector AND (Dot AND)

A
B

Output of dot AND is high (active) only if at least one input to
each negative logic NOR gate is low (active)

NOTE
Positive logic AND function is provided by solder junction
of the two negative logic NOR gate outputs and is repre-
sented by junction dot. AND symbol represents function
provided by junction.

R/S Flip-Flop

SET

SET OUT (S, +S,) (Rq Ry)

Flip-flop is considered set (SET output is high and CLEAR
output is low) when at least one ““S” input is low and both “'R"”
inputs are high. Flip-flop is considered reset (SET output is low)
when both “’S” inputs are high and at least one “R" input is low.

When all inputs are high, flip-flop remains in last state.

A low applied to both an “S” input and an “R" input will make
both outputs high. Flip-flop will remain in state of last input
removed.

NOTE
This function is provided by cross-coupling the outputs of a
pair of negative logic NOR gates. Any low “S” will SET
flip-flop (SET high/clear low). Any low “R” will RESET
flip-flop (SET low/clear high).

Series 40 schematic diagrams are selected to closely match a
particular unit, and bound separately. This specialized
matching set of diagrams and a maintenance manual ac-
company each Series 40 when shipped from the factory.




L i | ) = | ("] Y . i w | a | 9 - <
19}
Tg)
—
_R% O
£ [£o N
L) *ENOLLVIIVA 7 jor -
WAGWAN HSVA ON TAVH HOTHM SATTEWISEV €0d ES P a g
5 AFOHL HOJ (X) SHUVIN §808D §ISN NOILVINGAVL THL ‘8 2 o (@]
: ‘Q3NNILNOOSIC 2 8 ¥ STAAOKW 30 NOILINAOYHd. » 9 *NINOTOD wQHVANVIS, THL NI GILVINGVL = >
(o} *AIANILNOOSIA ST HOIHM NOISHIA EHI S0 ‘NOLLVENDIANOD ANTHOVIN =0
— 2 39 I'INOHS SAdAL HITTYVA 40 ISN THIL .ﬁﬂmﬁ~<>< n,HEDOHﬂ FHL JO NOILIO XNV HOd NMOHS §I (X) s808D o IAL (]
— FYV XTHL SV NOOS SV ‘SAITEWIASSY €0d IO LIS HO HIGWNAN HEVA ON 4T XTEWIASSY €0d HOVE HO4d  °Z m ) <C
—_— INIOTH LSOW THL TLVOIGNI (== ) SMOHMV TVINOZIMOH ‘¢ *NINTOD ANY MOYH JALVIIH H«v o m
F *azsn 34 LONNVO FHL JO0 INIOd §S0HD HHI LV AALVINAVYL SI SNOLLIO < O
XTENIASSY 90d AILVIITY THL HOIHM ¥0d sTINLVII JO NOILVNIEIWOD ¥HO NOLLJO QHALSIT V A9 AIBINDIY . [ o
- ” M TVYNOLLJO ALVOIGNI (—) SANI'T TVINOZIHOH ILHOIVHLIS ‘¥ XTARISEV €0d HOVI 4O NOISHIA HVINOILYYA THL °T \
SALON m
- [+ ~ @D 0 [} 1 ] © ~ © " 1 1 1 1 o »
o PV ™~ hled <« W@t ™~ © Ix
30020 NOILdO} 2 3 T 23w : N Q T T 2 oNgNQue? - 7 ok 3002 NOILdO
= "IVdN0J _ NOILJO O3A "TVdRO0> NO!LdO O4A
b 0¢ S3143S  WdHOOve a 0% S3143S  WA4ODYe WdY 006! N
e — ol | 1 as ot i o 1 1 o= m
-« S3YyNLv3d & Qw  artE o ¢ o o«  Fa P Qu OFF.0 K ot 3 F o i S3dNLv34
< zZz WPWU.MTKT o3 e < < Z2= WS zouw, CTETKme A axw L g
IYNOILdO | L. 82 3EiEds9% T@ 2z 23 < 82 SErmfgegsing & T2 29 | IVNOILO
D= HE ol Fo o Bx nw V2 < = = AUFOSZJEEEIEVE & WD <F
. 58 o  HESEROSS Bz 5SS L3 58 P B23EE0Z0E0595Z 268 Ly X
02G ] IzG !l X T X Izg ] 025 §
gn-o1| ozt jooobn —= X —=1=1- X woorllf ozvil| ew-ol|
“ sdn]9zon] zzon X o X X 229119291l san]l?
1aaf o] neun X o X X Heit] oisi I4A
— SETN I-TTATR WAL E D x| x[ X[ X | sigi] sisn J4A
(Wddoov2)| alsiif Lisn X | X > x| % 21611 91611 kWdH O0b 2)
— |wayoosy| eisii] szoil =y XX S2911] 9161 KNdHO00S ) _WI
04A oin] P
o g3-2s|8svil]espil - X > -1 1= X| | ] ]eseii]ssvii] 8338
ocont] ceonf— 207 —= 0- |<d—=| [?0- —|=[=]—] oo 6] | 25911 ocoll e
33-sya| sk} ezril — —= 10- - —|=[=1=[ o] "] [o-]_"]szvujsesi] ed-so/af £~
S0
8-z y¥ay| 9vellf 2poll 204 kO 00- I 20-] [eo- 11 o | T lsveidrrori|ar-z way uu
gs-zol| cosi] vosi — — X — — X cevu] zevn] ad-zor| g%
= I N T R -~
- )
~N || L%,..
MIND 1D3SY 2P9ll] evoll 10| Jeo- 10- o 0-  |0- 10- | ev9i] zvorfuing 1539 e ed
WA | zvon]evon oo |o- bo-| [+ > 00| fo- T oo T svan| zvon 84RO T
— g3-Tyay 1T 111 B 83-1 ¥ay| |3
- [
g@d-1o1| ogpll] ISl — — i0-| po- — — to-| Joo- 1evii] ogp|  @do1l
© ovepifozseyil bz [« = "1 loz:| __ |oz-ssrifo-vevn -
go-mv ] v e v pocepti — 00+ Joosenl vebr go-mv| &
- B 2
— 86t 1| e6v 1l 10- po-|  |+> 10- 1 o |esrii]ssvi g
93-ad| sebu] sctil 10- oo- 10- 00- ecvil]sevtt] 82-ad|
bt H
]
o - o
§
- TA EYXal oe -Joe - bz-| [+ ol-or-fer-lei-| Jeo- 00- sspit] savil .
d3-My _— ]| X _ 4 20 x4 A1 82-myd s
i "
I ¥
ocali] reon 10 - o] (o= 10- Joo-| | re9it] ool ¢
e gosH| Livn| bl - X 1. — X givit] awn]  @d-sHlfS
. i
I H
| Jovson| ceou X W T X septjorealy g
g Jio-2ivtipzoopi — x| | = | x|  Joeoovifo-zwi
_ x| heoovi| zipn an
= . -
2ion]ero 10- 00- -t o-[ | 1 foo- " | erenf zroni
aras| sivi] oren — X 1 =11 1 IXx][_] o] swnf axas
zﬁ I .
[
i L
g2-40l crvu] vivil l0-] [et» 00- Jo-| | pren] cren]  82-40
) T ES
g>-o1 | oesn}f e X -] g3-31
n -
ozvnt] 12v11 10~] [eto 00- 10- vt ozwl
8215 | 80ov!I] 60p 1! — (0- —loo| | fo- sowil} sovll g2-1s
=1 ko103 orvut] v co-[  |co- i0- W c0-|  [cO- o | | uen o_v__,mhuzmzyww —
¥3LNNOD . - - -
- QLR orvn] nwn 20-| |e0- 50 P 20 20 Joo | nen] oren 933
87-4% 82-45S
— 1o-1ov11] ccon oz- D oo |scenjoiopi
k_o-_og Zov il 02" 00- zov1fio-10pi1
g2-0s % zovti] 1ob11 83-0S mm
s B - e 3
[ 2
83-21v | 90vII] zopll oz-| [+t 111 TJoo{ | zovn| sovir} a>-z1v
B T—— I
g3-11v | copti] por 1 ER IR 0z- P 10 Jio- Joo- vov!l| eovll] 83-17v]
ws |akgol> © * LINO MSIQ F19vAON3TY Zb. » NINOMSIQ 318VAONGH b, > Qloeg| y¢e
- = P —— - . . [ [72}
el | 22 |23%|2 =| vsia a3xiis 3gvAow3y ppS 30ON 1L 00|  vsiggaxii93igvaoway ep'S13dOW 14100 g <lE3%l =&
x O Eo® T8 = Lied = Iy — @ mn._
O W w O YWIFEo -
Y a m I SNOILdO ASSY 40d v 5 L i
w Q < D m
o ) rm
-
n 9 o
Bl o)
N Al
2 i} . i mu
- I £~3 I - T x T IT) i . T W T =) T o ! - T



14 + 13

¥

. . R
18 17 \ 16 15 12 1l 0o ¥ 9 7 6 4 3 2 11
PRIDUCT NC [DEVELOPMENT
11670-XX | ™ "nero-xx [—=p2}-
L 170 MOTHER BOARD O-+2L h
o0 oo 170 MB 1s2i (y-—2av
1/0 RECP  1/0 PINS (O-SHD.
SOCKE'II' SOCKET ~
r= == PSA
el a RECEIVER-DRIVER === —
o o BIT 128 14
1 EET 2 (4] ciRcuiT-2 18 BT 64 L6_§>>:
! e g MATTENTIQN LINE ROR2-CB-100TP! |, BT 32 23
l O - - 10 gLOoT 1702 w BiT > 13 »—
K o B8 TRACK ADDRESS LINE—BIT 128 5 U BIT_8 24 5 K
{ o b § TRACK ADDRESS LINE—BIT 64 IS ne4s-xx BIT 4 20 3 |
| o T 0 TRACK ADDRESS LINE-BIT 32 " | BIT 2 26 3
- 2 I TRACK ADDRESS LINE=BIT 16 I 21 BIT 1 22
o1 X pg TRACK ADDRESS LINE-BIT 8 ‘E’ s BIT_O 9
ol it TRACK ADDRESS LINE-BIT 4 ;!K 1 LOGICAL ADDRESS INTERLOCK OUTPUT 32 0 |
o s i ¢ TRACK ADDRESS LINE-BIT 2 3 R ADDRESS ACKNOWLEDGE OUTPUT ;|_>;‘_
| oo n TRACK ADDRESS LINE=BIT | M ¥ x STROBE 57
m 0 TRACK ADDRESS LINE-BIT O 5 ; RESTORE 8
| O 4 STROBE LINE e 20 SELECTED 8 &
J | & w V RESTORE LINE - 12 INITIAL RESET 10 3 J
| ot ¢ LOGICAL ADDRESS INTERLOCK LINE - 5 SPINDLE ENABLE 30 3
ol u P SEEK INCOMPLETE LINE b T HEADS LOADED 28
| P P ADDRESS ACKNOWLEDGE LINE M N SEEK INCOMPLETE OUTPUT 6 o
0 F READY TO S/R/W LINE L »-
oz o v READY TO S/R/W OUTPUT TR |
| | 3 WRITE CHECK 1 SSHEET 2
I ! | 0 o FILE READY 23 >'>_
H B ! H
; | [ '
; | (I |
; I 1 I & ; .
| v SECTOR ADDRESS BIT 16 LINE | LOWER INDEX _MARK OUTPUT 27
i | gﬁ n Py SECTOR ADDRESS BIT 8 LINE 25“7“ °°“"TE“¥ UPPER_SECTOR MARK IN 2F;;__
oLk - SECTOR ADDRESS BIT 4 LINE 5 sc-ce M SECTOR MARK LOWER i7
. | i o SECTOR ADDRESS BIT 2 LINE g StoT o3 o SELECTED ">'
5 | ¢ SECTOR ADDRESS BIT | LINE - 1as9 " READY T0 S/R/W 5 3 G
ot Wt SECTOR MARK LINE o 21 FILE READY OUTPUT 4
} INDEX MARK LINE 5 X UPPER INDEX PULSE 19 5>
I 8 SELECT DISK 251 9
i) UPPER SECTOR PULSE ? »—
- | ==2 -
| [ S
| | | RECEIVER-DRIVER 4 UPPER SECTOR PULSE
| o1t o WRITE DATA LINE K CIRCUIT=1 b SELECT DISK
F o1 H WRITE PROTECT INPUT LINE C RDR 1-CB % UPPER INDEX PULSE F
| o ¥ INDEX_MARK LINE 5x sl WRITE _CHECK ~
| o— E READ GATE LINE 11643 ~XX " SEEK INCOMPLETE OUTPUT | P6A
K ERASE GATE LINE D SLOT 1701 R SELECTED INDEX MARK OUTPUT 6 3
| P WRITE PROTECT STATUS LINE 6 N READY TO S/R/W 4 ;*
P T FILE READY LINE - By FILE READY OUTPUT 282 —
| P HEAD SELECT LINE N 0 WRITE FAULT 2T
| ot WRITE_GATE LINE 7 a VOLTAGE CHECK 2 2
b WRITE CHECK LINE A v INITIAL RESET 17 2
| AA DISK SELECT LINE o N SPINDLE ENABLE 30
E | o420 ¢ ? 2 FILE READY n 2 E
ot 2 45 SELECT LINE " T HEADS LOADED 2
| o v 3] it 5 WRITE CHECK OUTPUT a2
bl I 2 4] b DISK SELECT 25 4
| P B D4 2 5V 20 HEAD SELECT 24 2~
| U WRITE GATE 15 H—
1€ 7 ERASE GATE 18
| o B ] I z 15 % >SHEET 3
o s 1 5 M L WRITE DATA TEE
| A =22 2%
D I L WRITE PROTECT INPUT 19 D
' A = = WRITE PROTECT STATUS 29
i c o %*IF SC-CB(l1459) WRITE_PROTECT STATUS OUTPUT i3 ;’;
IS NOT USED D GATE
Lot TR 8 READ GAT 203"
- o e e N SELECTED ~ READ CLOCK LINE : —
DATA / CLOCK GATE — READ DATA LINE
- i0 GATE
Ao —24V (PWR) 21 READ DATA AND CLOCK 328
| po VFC —SET_PHASE = 3
{ co! +24V (PWR) 1708 gt IF REF R 1704 T i
c F O~ 14f——-E_REF 14 z 34 ¢ C
o S savickm (B (|3 srarT osc v [z 332
il POWERl Nod————— > 424V (ckT) N of —READ CLK s = [ i
CONNECTOR| HO—-g——————> —24V (R/W) T 10 K= T x == !
ko 5 mavw USED b 24..hAGERR ) v 5] P 1500 RPM & 2400 RPM 100 TPI |
| Po—:—g GND pj—LEAD ERR ® s L ‘
I 7 " FLRG LT : = DATA CLOCK : Diablo Systems Incorporated
- 4 —~ 0SC_START [
| vo > 45V 12— Tae T 12 SEPARATION ’
Bl L’LQ:"—‘] > S er mer s b/s¢ s-c8B ! e
" —> 17 7 | ' WIRING DIAGRAM
1sl—_DATA 6T inwmir |, : '
— |8 | —_2F_REF P f ' 41 $£43 DISK DRIVE
11 v NCT USED H ] .f>_ woBEL a0
E 7 s
—t UnauTHomzen bccosomEl 1 GO0 0 —
OR USE PROWIBITED. SL0O000 |
— - prpr— e TERENCE REY ECO NG JREW EoC NC JREV LCO NC [REv ECC NO REV Ec¢ NC JREV ECO NO [REV ECO NO [MFG DATE FENG DATE [oHECKED DATE | DRAWN oarg JJSHEET | TOTAL SHEETS|SIZE JPRODUCT NO. ;’“
Al 1ETO-XX |HRs [reEeeee | H ]G rF IE Ic 3563[8 3528 |A ] I 1] 3 1D 116 TO-XXD JA




|4*

lo‘+' 9

18 17 16 15 13 12 1 8 7 [} 4 '3 . 2 1
FRODUTT NC _ PRGDUCT NO DEVELOPMENT)
" nero-xx | [ "hero-xx [“#lp2]-
MOTHER BOARD O-SND.
L +5V MB 1835 P4-{SHIELDED) )
Y | ' CONTROL LEVEL C CHANNEL A -1 “""1 I
45 Y R 2
$5Vey ADDRESS LOGIC 1 Y CONTROL LEVEL D " Y servo clRculT R CHANNEL A -2 5
GND ALI-CB 100TPt 2 2 SO-CB 14 CHANNEL B =1 ~—
_ ELEe 11404-00 SUMBIT 0 I 11633-00 B 18_ &
Ps oS v S . ADDRESS LOGIC 2 2! 2 CHANNEL B -2 L«
2. X X  AL2-CB 100TPI Y : B
&3 BIT 128 L 7 SUM BIT 2 . . 18 L_PICK A a8 Mo7 DEMOD SIGNAL I T TRANSDUCER DRIVE A 8
@16 | BIT €3 " 20 SUM BIT 4 5, Meor-00 vs [PIcKR e 60 Hz g osgiiaror TRANSDUCER DRIVE B CHD
NP BT 0 P SUM BIT_8 v v [_Picke v INITIAL RESET p .?f.iiix I
K <‘i 13 Bl 1: " 2 SUM BIT 16 2 MOS8 s |PICKB s PHASE | 5 H
<28 BIT_8 @ 3 SUM BIT 32 3 w i w PHASE 2 6 Mo2 | PI_ K
PITN T 3 e SUM BIT 64 ¢ o] —22 ¥ _ ||| [eExX MARK TowER— 4 [
2 | BT SUM BIT 128 3 6 &
PIH BT R s COUNTER INTERLOCK . T2 T = €=
—2 BIT O ¥ o INPUT INHIBIT D 1t | -MINIMUM SPEED " PHASE 2 6 5 DRAWER UNLOCK PICK = 15
> 32 LOGICAL ADDRESS INTERLOCK OUTPUT 6 2 CIRECTION CONTROL . o | _SPEED INCREMENT 1 PHASE | SPINDLE DRIVE DRAWER UNLOCK ENABLE 2 & —
& 31 |< ADDRESS ACKNOWLEDGE OUTPUT 5 ; RETRACT SPEED : o [SPEEDINCREMENT 2 013 INITIAL RESET D eSDoCB 21 SPEED SENSE A P20
— 15 STROBE 12 5 BIT NO. | g u SPEED INCREMENT 3 M kK 1eis-oo E SPEED SENSE B 5 o
I RESTORE | BIT_NO.2 SPEED INCREMENT 4 ROS SPINDLE DRIVE CUT OFF MO 12 SPINDLE MOTOR CURREN! TR [ f_
_<< N v R ‘2 2 u c CURRENT CONTROL g€
8 SELECTED 7 s READY TO S/R/W by o | _SPEED INCREMENT 5 s NEG SPINDLE DRIVECUT OFF ] SPINDLE MOTOR CURRENT CONTROL FlD;
J 10 | INITIAL RESET 4 A NITIAL RESET o x [ —SPEED INCREMENT M SPINDLE DRIVE ON i PHASE IA s & J
READY TO S/R/W " 7le READY TO S/R/W OUTPUT | 20]_SPEED INCREMENT 7 0 z UNLOCK DRAWER : PHASE iB i« YN
TRACK 256 ° sl FILE READY P . POSITION TERM i L M SPEED OK R 7 PHASE 2A 7 e
Y [ oSk pack saFreTY [ = . JJ—PHasE 28 s &
13 e Y X e -——
SHEET 1< H BRUSH HOME .P.?-j —
— =
SERVO DRIVE SIGNAL 8 )5
<
)
[}
H +24v (CKT) ') H
BES —24V (CKT) 6 )
MY CURRENT DETECTOR 5 o
<« SERVO DISABLE 10
T
—€
e 23 - P |
& DISK PACK SAFETY SW —<
« g +sv { g Y
«22 P +15v] TRy
. DA BUSES L
« - &
o vl Tia o G
—57 | “>SHEET 3
T SPEED 0K H BRUSH HOME HEAD LOAD ENABLE i
- Lemd 14 SEQUENCE LOGIC 16 = S
UNLOCK DRAWER E LO HEAD LOAD PICK 13 ey
N SPINDLE DRIVE ON (s: SL—CB 12| —_BRUSH MOTOR A q D)
INITIAL RESET g ' -XX & |__BRUSH MOTOR B 15 o0
60 Hz o
— 2 mos -
F HEADS OVER TRACKS 7 F
SPINDLE_ENABLE )
HEADS LOADED R
HEADS RETRACTED 8
VOLTAGE CHECK N ¥
SELECTED 7 —
3
s
12— SEEK INCOMPLETE o &
E SENSOR CIRCUITS 141474V (ckT) — E
lle_l(-:?(x 8 =24 v (CKT) f_
HEADS OVER TRACKS 17 #be—_CURRENT DETECTOR whe—RETRACT SWITCH B = a )
ZERO TRACK SENSING u MoS6 15 iggvsom:ll)i‘éabl&fve CUT OFF M :ETRACE oo A o
[ BRUSH SWITCH A 2
VOLTAGE_CHECK 4 NEG SPINDLE DRIVE CUT OFF 8¢ —BRuSH SwITCH B <« —
B 5 19 ja—BRUSH SW £ )
2 |—SELECTED SECTOR MARK o »1le_LOAD/RUN SWITCH B 7o
+[_INDEX MARK_LGWER g B 20« LOAD/RUN SWITCH A 5 .
INITIAL RESET 5 3|_HEADS OVER DISK o3 ' [¢—DISK PACK INTERLOCK SWITCH 15
D SELECTED 7 DISK PACK SAFETY SWITCH 12 J‘<_ D
RESTORE N S|
STROBE X P4
FILE READY J vlbe—UPPER INDEX MARK TRANSDUCER 3
IB - Y
SEE| MP 18 —
K INCOMPLETE OUTPUT c <& Js[OWER INDEX WARK TRANSDUCER )
| LOWER INDEX MARK OUTPUT £ =1 EEON
i —
| UPPER SECTOR MARK IN N = 221 o 10 e
i »1D =711 12 ¢
C | | SECTOR MARK LOWER " " ke__HOME SENSOR &' 5 o C
' 21 73
! SELECTED INDEX MARK OUTPUT | = o ONE SERSOR < 2:
i DISK SELECT s X “—HOME SENSOR LED T3 |
1 . - - |
IS00RPM £2400RPM 100TPI .
Diablo Systems Incorporated
Bi
£ WIRING DIAGRAM
41 ¢ 43 DISK DRIVE
40
1 3
UNAUTHORIZED DISCLOSURE —
PROMIBITE SLO00O03
[PRODUCT NG - ln;mm;c: REFERENCE 1 REV ECO NO. JREV EC.0 NO. JREV ECO NO JREV ECO NG [REV ECO NO JREV ECO WO JREV €CO NO JREV ECO NO JREV ECO NO JWFG DATE JENG DATE JCHECKED DATE JORAWN DATE S"E: l"s"z‘"t !"“"n”l! "'°W°"N°l xx rREv ]
1E670-XX |HE pLae J H G F E D 4931 |C 3563 |B 3528 [A 2| 3 1670-XX|p |a




|
i

18 17 16 ';' 15 14 13 2 I © 9 8 7 6 5 4 -‘ 3

1 2 1
U T, T T — PRODUCT NC [DEVELOPMENT
- - EV.
i 11670-XX] [T T1e70-xx _ [m= D]
PANEL [ISTRIBUTOR
SH1 p6 F.'_s__l I_PEA. PO~ C!
~ T s TRACK 128 11499-XX
L — &2 | Reaby T0 s/R/W WRITE PROTECT DISABLE 8 2 C \~O— GND READY @ ;N
_<‘fzs FILE READY QUTPUT READ /WRITE READY INDICATOR 7, T PUR BLK Y veL -
ST 27§ WRITE_FAULT AMPLIFIER
e i | [creck]
\’—I?, m'ﬂ:‘f_%::gf“ R/W-CB WRITE CHECK INDICATOR 10 10 O oRrN ' |
—— 11486 -XX
_ 30 SPINDLE ENABLE i | NOTES: |
5 FILE READY WRITE PROTECT INDICATOR 9 ¢ 9 1. DIODES ARE TYPE Al4A (10101-01).
e LOADED | i 2. INDICATOR LAMPS ARE TYPE #387.
51— WRITE CHEGK OUTRUT WRITE PROTECT SWITCH 6 6 6 GrN 3. CONNECTOR TYPES ARE AS FOLLOWS:
— ks st e “o 3.1 - P9 ]S WINCHESTER #MRAC 50 PJ6 WITH #1024P CONTACTS.
e K cT N L B gLu 3.2 -~ P10 IS WINCHESTER #MRAC 50 SJ6 WITH #1024S CONTACTS.
K _«_f_; HEAD SELECT - - + 24v 00— P12a 3.3 - P11 IS WINCHESTER #MRAC 14 PJ WITH #1014P CONTACTS. IK
1 ::'AT:E Z:‘I;EE pia ol2 F- ACTUATOR WIRING AW-CB 11435 4. INSTALL JUMPER PLUG (10634) IN POSITION CORRESPONDING TO
—& r—- L MACHINE NUMBER.
23 s | ery | 2 5. OPTIONAL FEATURES:
___<,‘ 22| WRITE DATA <L 5.1 - WRITE PROTECT
] 221 - 1 I | 5.1.1 - FOR WRITE PROTECT FEATURE, NO COMPONENT IS |
> 19 WRITE PROTECT INPUT e | | | USED BETWEEN PADS MARKED "PUR" AND "BLK" ON
__<§ 29l _ WRITE PROTECT STATUS - LOWER < 10 GRN | PD-CB (11499-01).
S 13 B WRITE PROTECT STATUS OUTPUT T’#ﬁ’;oucm N ? 5.1.2 - FOR NO WRITE PROTECT FEATURE, USE 108, + 5%,
> 20| READ GATE 3] e | ery |13 1/4 W RESISTOR (10021-10) BETWEEN PADS MARKED
J —~¢—3s 3 "PUR" AND "BLK" ON PD-CB (11499-00). J
~ 320 _READ DATA AND CLOCK | I ] 5.2 - SECTOR COUNTER
, | 5.2.1 - STANDARD MACHINE (NO SECTOR COUNTER) DOES NOT
i | USE SC-CB (11459).
uppER \ 14, YEL 14 5.2.2 - FOR SECTOR COUNTER, INSTALL SC-CB (11459) AND
TNRDAENxSDUCER Lo ) BLK s USE THE PROPER VERSION OF SR-CB (11411-XX) AND
= GND S 12_ e 3y— RDR1-CB (11643-XX) AS SHOWN ON THEIR SCHEMATICS. §
P i [Coan] 5.3 - DATA CLOCK SEPARATION
{ 8] DRAWER I 5.3.1 - FOR ONE SHOT SEPARATOR USE IN POSITION 1/0~5
™7 LOAD INDICATOR 1G_LOAD PUR by ¢ TO OTHER INDICATORS NTERLOCK 8LK | - THE PROPER VERSION OF D/CS-CB (11637-XX) AS
—27"Te DRAWER UNLOCK SOLENOIDJXS SoL BLK E SHOWN ON ITS SCHEMATIC.
H e SR GRCoeK FicK al O B'ﬂﬁ%’o‘.? DISK [ | 5.3.2 - FOR VFO SEPARATOR USE IN POSITION 1/0-4, vFI-cB  JH
3 T L - 24V(CIRCUIT) i 8Ly TS3 SOLERDID INTERLOCK (11511) OR VFS-CB (11627); IN POSITION 1/0-5 USE
I P = O HEAD swncut/‘:' PUR ., 4 VFC-CB (11519); iN POSITION 1/0-6, USE VFO-CB
= . LOAD DISK PACK > (11517 OR 11675) AS SHOWN ON SHEET 1 OF THIS
{ 5 N _SPEED SENSE B HEAD LoAD soLenoio N2 san T & SAFETY | DRAWING.
—r— SOLENOID
_ 35 T4 BT SPINDLE_MOTOR <O SOLENOID | 5.3.3 - FOR EITHER SEPARATOR USE THE APPROPRIATE _
X33 ¥ CURRENT CONTROL > W e R/W-CB (11486-XX) VERSION AS SHOWN ON ITS
= 4 | PHASE (A +24V (CKT) YEL >)- SCHEMATIC.
3§ & J PHASE 1B HEAT SINK . U 5.4 - FOR EITHER 1500 RPM OR 2400 RPM OPERATION, USE THE
{7 PHASE 2A HS-CB PROPER VERSION OF OR-CB (11414-XX), SL-CB (11471-XX),
- BLY 12
G o B PHASE 28 11631 -00 N R/W-CB (11486-XX) AND DATA CLOCK SEPARATOR CIRCUIT G
- - | BOARDS AS SHOWN ON THEIR SCHEMATICS. 1
P2A | MANUAL -
= POSITION SWITCH LOAD / RUN {
R s i AL -
> —
:; o B —24v Cex D> MP - B 2 ansow LOAD YEL s
3 5 B, CURRENT DETECTOR BLK 10
3 TOJ"SERVO DisABLE i
— 2< GRY 8 .
9/
2 1 SPINDLE MOTOR
F 3 2 +5V i BLK el | PHOTO SENSOR F
¢ l3l 1 sy L _ HPC -2
-2 D HX-
14 1 KE X-A
:))> 5 B HEAD LOAD ENABLE —-lsv EIL) ’/ .
_>’ |3 ] HEAD LOAD PICK GROUND 8 BLK HX-C HOME
3312 | BRUSH MOTOR A BRUSH MOTOR 7 \ TRANSDUCER
35 15 f BRUSH MOTOR B \ ASSEMBLY
Nl RED HX-B b\
- LED
el PLUS WHT .3 SRN HX — 6 h\ TIXL-26 E
SERVO
MINUS BLK 4 POSITIONER e R I GRY HX — L
ot Vv _»_._E_ _ST_BANM;R_D_BIME_B - oY
TS3 = s TRANSgUCE DRIVE A AN\ | POSITION |
— 52 CHANNEL A-| . . TRANSDUCER
- CHANNEL A-2 t MOVING
Do TeF  CHANNEL B-l ! MEMBER
35 H  CHANNEL B-
D >—3 01  UPPER INDEX MARK TRANSDUGER D
2 T4
>
48 LOWER INDEX MARK TRANSDUCER
S POSITION TRANSDUCER
G STATIONARY MEMBER
ST —
SH2 < - wam
I 3 HOME SENSOR A DISK PACK
- " SAFETY SWITCH
- n
e HOME SENSOR "B ! M L NO
c _;,~L HOME SENSOR LED L AN~ oNC c
s | 5 e RETRACT
ey | ¥ Swiven
! ;\)—éL Pl /77 =
. b3 ! RETRACT SWITCH B RN 1500 RPM & 2400 RPM 100 TPI | _
3T RETRACT SWITCH A
= g Bzgg’: gvvvl rg: g Diablo Systems Incorporated
5> 3 3  BRUSH
5 7 LOAD/RUN SWITCH B
N 5—> % LOAD/RUN SWITCH A ™ WIRING DIAGRAM B
5 15 DISK PACK INTERLOCK SWITCH
312 DISK_PACK SAFETY SWITCH 4! € 43 DISK DRIVE
\ (4 MODEL
— ) 40
PROPRIETARY iN MATIONESY! 3 L
- T S ronares ] SLO0004
T —— P . S . T JREv to. NO JRFv b Nu JREV LCo NO JREV EGCO NO JREV ECO NC JREV ECO NO JREV ECO NO FMFG DATE JENG OATE fIMECKED DATE | DRAWN DaTE J SHFFT[TOTA" “NEETS|SIZE JPRODUCT NO - ey
T1870-XX [SHHS BEE | 3 H G F E D493 |C 3563|B 3528 |A - 3|1 3 11670-XX o




‘ s i . I i | :
18 17 ‘ 16 15 ‘ 14 " \ 13 12 n 10 ' + 9 8 7 | 6 i 5 ! 4 ! '3 | 2 |

PRODUCT NO PRODUCT '~
e rixx | [T heni-xx [—=]p2]-
L 170 MOTHER BOARD 15V L
170 MB 1nsai O-=2av q
f'/'é’ RECP {’/% PINS ' c:u
SOCKET ~ SOCKET 0__\
N r 7 FF 4 RECEIVER- DRIVER PP-sA
I = D 32 [4] CIRCUIT-2  |g BIT 256 24, u
| o—+E© 30 RDR2-CB |9 BIT 128 6 ?);
o O —£0 7 BIT_64.
cc 1 o o /i.AT'[ENTION LINE : . 200 TPI 17 12
K g m " TRACK ADDRESS LINE—BIT 256 0 llear-xx W aIr |362 - ?_
\WURTO LINE — O SLOT (/02 24
| See 1 TRACK ADDRESS LINE=BIT |2 . v BIT & 20 2 IX
| o1 ¢ TRACK ADDRESS LINE=BIT 64 o 6l BIT 4 56 2
er T 13 TRACK_ADDRESS LINE-BIT 32 M 21 BIT 2 52>
| (I DY TRACK ADDRESS LINE=BIT 6 c S BIT | s 2
] | o1 X TRACK ADDRESS LINE-BIT 8 M M LOGICAL ADDRESS INTERLOCK OUTPUT 33
J TRACK_ADDRESS LINE—BIT 4 K R ADDRESS ACKNOWLEDGE OUTPUT S —
| s 19 TRACK ADDRESS LINE-BIT 2 3 x STROBE_ 5>
| ot N TRACK ADDRESS LINE-BIT | ; 2 RESTORE 18 >
pal MK} o STROBE LINE s N SELECTED 8 2
J | ot w v ¢ RESTORE LINE 7 2 INITIAL RESET o 2
| ot LOGICAL ADDRESS INTERLOCK LINE . pa SPINDLE ENABLE 30 2 . J
oV u SEEK_INCOMPLETE LINE > T HEADS LOADED 28 0
| oLt o ADDRESS ACKNOWLEDGE LINE M M SEEK INCOMPLETE OUTPUT s 2 |
| oL E o READY TO S/R/W LINE : »—
| oz g 200 TPI LINE I ¥ v READY TO S/R/W OUTPUT TR
1 3 WRITE CHECK 1 >SHEET 2 —
l l l ' P FILE READY 23 »
H Pl ! »
. l o—+4 1 o I = ! —
| g v 1 SECTOR ADDRESS BIT 16 LINE | SECTOR OUNTER y LOWER INDEX MARK OUTPUT o7 |
| ol 15 SECTOR ADDRESS BIT 8 LINE >  sc-cs v UPPER SECTOR MARK IN 29 2~
oV & o SECTOR ADDRESS BIT 4 LINE 9 1iass wle SECTOR MARK LOWER 7>
| S I SECTOR ADDRESS BIT 2 LINE X SLOT 1703 N SELECTED >
c] | ot SECTOR ADDRESS BIT 1 LINE £ " READY TO S/R/W s | : le
ot W SECTOR MARK LINE 5 by FILE READY OUTPUT 9.>‘
| INDEX MARK LINE UPPER INDEX PULSE 19
5 X 25 2~
1 I 8 SELECT DISK 5
i J UPPER_SECTOR PULSE 2ty
~ ' | — -
| | A
| | RECEIVER DRIVER 4 UPPER_SECTOR PULSE
jotlelt, WRITE DATA LINE K CIRCUIT—1 8 SELECT DISK
F ol o WRITE PROTECT INPUT LINE « RDR 1-CB < UPPER INDEX PULSE F
| Y INDEX MARK LINE 5k 11643-XX I3 WRITE_CHECK
S N e READ GATE LINE 3 - SEEK INCOMPLETE OUTPUT PEA
K 1 o ERASE GATE LINE p StoT ot 2 SELECTED INDEX MARK OUTPUT | i
| o1 ¢ WRITE _PROTECT STATUS LINE =I|s s READY TO S/R/W e
- | 1] ~ FILE READY LINE . n 21 FILE READY OUTPUT 28 2 , |
P IR I HEAD SELECT LINE E " WRITE FAULT 27
| ole 15 WRITE GATE LINE 7 % VOLTAGE CHECK <
o h 1 o WRITE CHECK LINE A v INITIAL RESET ‘ 72
| o 1aa 1 DISK_SELECT LINE 1 N SPINDLE ENABLE 302
E | 01, 7 2 FILE READY 05 E
z . SELECT LINE 8 T HEADS LOADED T
| v i 35 5 WRITE CHECK OUTPUT e
R 25 [¢] ®iF sc-C8 b DISK SELECT 25
| P A D4 ] +5V (11459) IS 20 HEAD SELECT 24 2
. I o NOT USED U WRITE GATE 15 £ ’—
o - et ERASE GATE 182
l o HH ~ | Z 23 »— >SHEET 3
5 o ] o — WRITE DATA S
O O — 519
I o X O— 22 2] ?Z—
D L P WRITE PROTECT INPUT kg
l = 2 19 5 D
Al = ” WRITE PROTECT STATUS 29
c o w WRITE_PROTECT STATUS OUTPUT 32
| -0 READ GATE »-
oLl Mt ‘e 20 5
] L2 e e d N SELECTED — READ CLOCK LINE 1 |
- 10 DATA /CLOCK GATE, ~ :E:g g:;: Iiln':f CLOCK 32 :
i —24V (PWR) VFC 2T —SET PHASE -
D O— ¢ + IF_REF ¢ 7 !
c | co +24V (PWR) 1708 RE——r R /04 4 ' c
F.O~ : 14 14 z 34 3
| = A PPV, ‘ o ? + START o8¢ v 72 332
Pli POWER| NO——————) 424V (CKT) N ST —Reap DATA 9 -_L 9
CONNECTOR| HO————————> ~24V (R/W) NOT USED L T K =T !
KO > +24 V (R/W) b e e e et et e MM = ] S . U is ’ 24C 0 RPN 200TPR!
1 ' Po_ GND u - LEAD ER“ ' - - h i - “ I3
fEEg= . —
+ LAG LT .
| vo ° 3 45y I: —OSC START :::AA Ri*-r"'g: 1 Diablo Systems | ated
ol LMO—'J p Y ‘I - RST LAG LT /G §-CB 1 !
g >+ 2F REF - ]
b 17 |
'___, 1sl_—_DATA GT INMIBIT 1 WIRING  DIAGRAM B
18| —2F BEF ' [ 42¢ 44 DISK DRIVE |
1 " NOT LSED LN K
p— -s / HE TARY N A -
R USI TED. :
[PRODUCT NO NEFERENCE NEFERENCE 'V ECO. NO. JWEV EC.O NO. [REV ECO NO. JREV ECO. NO [REV ECO NO JREV ECO NO. JREV ECO WO JREV ECO. NO. JREV E.C.O. NO [MFG OATE JENG DATE JCHECKED OATE | DRAWN DaTE JJ SHEET | TOTAL SHEETS|SIZE JPROD
Al NETI-X X |ER Pesionarms | ﬁ IH IG IF E D 4931 IC 3563 I 3528 IA I I I : | 13 D A



{ X
| |
, N R s |y |
18 17 ! 16 15 14 ‘ ‘ 13 | 12 11 | 10 ‘ 9 | 8 7 6 | 5 } 4 ! 3 2 1
PRODUCT NC PRODUCT NO [DEVELOPMENT|
i 1neTi-xx| ™ "neri-xx [S&p2]-
GND
MOTHER BOARD O
L +5V MB nes  pa §H|ELDEDﬁ L
Y| L CONTROL LEVEL C v " CHANNEL A —1 2 )<_
ii‘% ADDRESS LOGIC | YE CONTROL LEVEL D — SERVO CIRCUIT R CHANNEL A -2 15
GND ALI-CB 2007TPI 2 2l S0-CB lg CHANNEL B =3 6 )6(:
_ O 11404~20 SUM BIT | 11633-20 CHANNEL B _2 D
] M - »114 ApDRESS LOGIC 2 Y[* < -
P3_] MO9 X SUM BIT 2 X AL2-CB 200 TPI 2| MO7
o BIT 256 L z SUM BIT 4 7 aor<ae 8 PICK A 8 H DEMOD SIGNAL " T TRANSDUCER DRIVE A 8
S 16 | _BIT I28 " 20 SUM BIT 8 7 5 PICK A 5 B OSgR-aOR TRANSDUCER DRIVE B CED
_2<V|2 BIT 64 0 S SUM BIT 16 u MOS8 v PICK B v INITIAL RESET K 11414 - 01 P
v 13 BIT 32 " Py SUM BIT 32 2 s PICKB s PHASE | 5
K w24 | BIT 16 a 3 SUM BIT 64 3 w [ v PHASE 2 © MoO2 [ PI_ K
@201 BT 8 3 ¢ SUM BIT 128 c 19 2 19 | INDEX MARK LOWER 1, L&
26 BIT 4 R B SUM BIT 256 6 T 3 i ; 16
e 22 BIT 2 P ) COUNTER INTERLOCK A T~ 4 6 .4 \
e 9 BIT | K D INPUT INHIBIT D N MINIMUM SPEED " PHASE 2 6 5 DRAWER UNLOCK PICK = 15 <',ﬁ
A & 32 1 [OGICAL ADDRESS INTERLOCK OUTPUT "1 0 SRECT ON CiNTROL c 3 SPEED INCREMENT | , PHASE | s SPINDLE DRIVE | DRAWER UNLOCK ENABLE o2 —
e 3l ADDRESS ACKNOWLEDGE OUTPUT T a RETRACT SPEED 2 5 SPEED INCREMENT 2 INITIAL RESET " \1612-00 EJe—SPEED SENSE A 2,
15 STROBE 2 5 BIT_NO. | 5 v SPEED INCREMENT 3 M 12}e-_SPEED SENSE B 5 &
18 RESTORE N N BIT NO.2 R 12 SPEED INCREMENT 4 2 POS SPINDLE DRIVE CUT OFF f, MOI ¢ SPINDLE MOTOR CURRENT CONTROL 1a_
—«E 8 SELECTED - th e READY 7O S/R/W " s SPEED INCREMENT 5 o NEG SPINDLE DRIVECUT OFF I} | | ___SPINDLE MOTOR CURRENT CONTROL 3 4
J N INITIAL RESET 8 A . INITIAL RESET 0 K SPEED INCREMENT 6 K SPINDLE DRIVE ON s a PHASE A g a J
) READY TO S/R/W h 7 READY TO S/R/W OUTPUT |~ 20 SPEED INCREMENT 7 20 z UNLOCK DRAWER e 7| __PHASE 18 6
TRACK 256 9 8 ‘_' FILE READY p N POSITION TERM o <L SPEED 0K R J PHASE 2A 7o
7|« DISK_PACK SAFETY 7 - b 9 PHASE 28 9 .
<
5 Y DISK PACK x e _;2_-‘ —
m SHEET I§ —siH BRUSH HOME -
— - L4
= SERVO DRIVE SIGNAL 8 <
3
|
H —- +24V (CKT) a ) H
_I_ —24V (CKT) 3D
—30 - CURRENT DETECTOR 5 oo
28 _l_ SERVO UiSABLE 10,
<5 )
T ' |
— I
> 23 DISK PACK SAFETY SW :_<(_
2 POWER . ié:
29
€7 susesq +15V4 ] _.<'3' —
€
G 3 ~ev e le
oW )
— 1 >SHEET 3
e 2l 1
ST LK BRUSH HOME i
—~< SPEED OK a 16} HEAD LOAD ENABLE 9 A
> [ — UNLOCK DRAWER ¢ SEQUENCE LOGIC ‘BT 7HFAD LOAD PICK 3o -
~ SPINDLE DRIVE ON s uamd, 2] _BRUSH MOTOR A 2
INITIAL RESET I P py BRUSH MOTOR B 15,
60 Hz id MO5 |
{2
F HEADS OVER TRACKS - F
: SPINDLE ENABLE J
HEADS LOADED R
HEADS RETRACTED B
VOLTAGE CHECK N
—] SELECTED o7 -
L P3
6 ]
14 SEEK INCOMPLETE s &
El SENSOR CIRCUITS +24V (CKT) < E
SR—CB e —2av (ckT) — <
HEADS OVER TRACKS g Anexx 8 [*—CURRENT DETECTOR wle—gETRACT Swinck - 44
SERVO DiSABLE RETRACT SWITCH A 4o
|_zero TRack sensine |, MO€ > _"PCS SPINDLE DRIVE CUT GFF & |e_BRUSH SWITCH A FEDY
— VOLTAGE CHECK 8 5 |—_NEG SPINDLE DRIVE CUT OFF 19 le BRUSH SWITCH B 3 . —
12 SELECTED SECTOR MARK " 21 LOAD/RUN SWITCH B 7 o
T INDEX MARK LoWER T 20fe__LOAD/RUN SWITCH A 5
INITIAL RESET 9 3|__HEADS OVER DISK 3 U l¢—DISK PACK iNTERLOCK SWITCH 5
D]
SELECTED g &
D 7 TEMP, COMPENSATOR 7]q__TEMP SENSING "B I 6 D
RESTORE TEMP COME VOLTAGE T TC-CB 1537 o|e_TEMP SENSING "A" [ 2o
N 17 jo— :('—
L
STROBE K DISK PACK SAFETY SWITCH r P37
FILE READY ) v ke—_UPPER INDEX MARK TRANSDUCER 3
— 18 4 . —
SEEK INCOMPLETE OUTPUT ¢ L | _LOWER INDEX MARK TRANSDUCER 3¢
LOWER INDEX MARK QUTPUT E ) ERD;
I N Y
[ ! UPPER SECTOR MARK IN o = 5 FED
C | | L SECTOR MARK LOWER " “y je—HOME SENSOR & 5 < (o}
i L SELECTED INDEX MARK OUTPUT ], == TOME SENSORE" ;j<
i i — E
: . DISK SELECT 2: HOME SENSOR LED T}
! : s I y
4
2400RPM 200TPI
Diablo Systems Incorporated
Bj WIRING  DIAGRAM B
42 ¢ 44 DISK DRIVE
RMATION; |
_ OR USE PROHIBITED. ~ Looo 06
IREV E.CO NO. JREV E.C.O. NO. fREV ECDO NO JREV ECO. NO. JREV EC.0. NO JREV ECO NO JREV ECO. NO JREV ECO. NO. JREV EC.O. NO JMFG DATE JENG DATE JCHECKED DATE | DRAWN DATE SHEET | TOTAL SHEETS |SIZE JPRODUCT NO. REV
e TIoxx T T ] FrTa Te TF TE  Ipaox IcsseslBsscela | [ l [ 1273 B Nie71-xx 5 a




‘ 16

T e
o ¥ o

[ R

18 17 ; 15 13 12 ; n 8 7 . 6 4 3 | 2 1
PRODUCT PRODUCT NO DEVEI;!OPMENY.
i
TieTi-xx | [ HeTI=-XX |—» D2}
B
oM | - . PAN_EL DISTRIBUTOR
_ Pé - r- PO-CB
- -
~ ~¢ ] TRACK 256 s s
€2l REroy To s/A/W WRITE PROTECT DISABLE y OAAN-O—! GND . READY @ L
28 | _FILE READY OUTPUT READ/WRITE | READY INDICATOR L7 N PUR __ BLK Y
ST 27T _WRITE FAULT AMPLIFIER | | -cuscx
¢ j’ v:.ﬂ:?fng:ﬁk 2240207::’.' WRITE CHECK INDICATOR 10 10 0 oRN L (2]
)] 7
o T |
—(¢— 30 SPINDLE ENABLE 11486-XxX WRITE PROTECT INDICATOR s ! ! s PROTEC
> 31 FILE _READY
. I § HEADS LOADED | | s
S G _WRITE CHECK OUTPUT WRITE PROTECT SWITCH d .y 8 GRN VOTES:
. 25K DISK SELECT L ® sy 1. DIODES ARE TYPE Al4A (10101-01).
_(ﬁE 248 HEAD SELECT - — + 24v O S 2. INDICATOR LAMPS ARE TYPE #387. 1K
, I8 WRITE GATE ACTUATOR WIRING AW-CB 11435 3. CONNECTOR TYPES ARE AS FOLLOWS:
—<\E 18] ERASE GATE P14 ] | P12 3.1 - P9 IS WINCHESTER #MRAC 50 PJ6 WITH #1024P CONTACTS.
. 23 r s | GRY 3.2 - P10 IS WINCHESTER #MRAC 50 SJ6 WITH #1024S CONTACTS.
S 220 WRITE DATA -4 € 3.3 - P11 IS WINCHESTER #MRAC 14 PJ WITH #1014P CONTACTS.
ST = | | 1. INSTALL JUMPER PLUG (10634) IN POSITION CORRESPONDING TO |
_<) ol WRITE PROTECT INPUT -4 | I ) MACHL\Y'E NUMBER.
—— 29 WRITE PROTECT STATUS - :-’%‘EEXR 10 GRN 3. ?linoxi\;ﬁ-;%;g%ﬁs;
) | TECT STAT PUT 5.1-W
—«& 23 ::A;EG::: ST SIAlUS o] TRANSDUCER “5iE] | 5.1.1 - FOR WRITE PROTECT FEATURE, NO COMPONENT IS
—(63. (i ) SRY USED BETWEEN PADS MARKED "PUR™ AND "BLK" J
—€ ON PD-CB (11499-01).
¢ 32} READ DATA AND CLOCK | | 5.1.2 - FOR NO WRITE PROTECT FEATURE, USE 102, = 5%,
| \ 1/4W RESISTOR (10021-10) BETWEEN PADS MARKED
UPPER . 4 YEL “PUR" AND "BLK'' ON PD-CB (11499-00).
INDE X T \ 5.2 - SECTOR COUNTER
TRANSDUCER 1 enp¢ 12 BLK 5.2.1 - STANDARD MACHINE (NO SECTOR COUNTER) DOES NOT
_ J By USE SC-CB (11459).
A (P7) = 5.2.2 - FOR SECTOR COUNTER, INSTALL SC-CB (11459) AND
rf 1A r w ORAWER BLK USE THE PROPER VERSION OF SR-CB (11411-XX) AND
N ! LOAD INDICATOR 10 LOAD PUR i TO OTHER INDICATORS NTERLOCK RDR1-CB (11643-XX) AS SHOWN ON THEIR SCHEMATICS.
ECOT 4 DRAWER UNLOCK SOLENOID fX 9 SOL Bk X — : DRAng bisk a 5.3 - DATA CLOCK SEPARATION H
315 DRAWER UNLOCK PICK | UNLOCK 5.3.1- FOR ONE SHOT SEPARATOR USE IN POSITION 1/0-5 THE
237 | ORAWERUNLOCKENABLES] — +24V(CIRCUIT) noew TS3IIon s SOLENOID lstLE'chLuOCK PUR PROPER VERSION OF D/CS-CB (11637-XX) AS SHOWN
;) 12 | _SPEED SENSE A 2| Loap Y YEL DISK PACK ON ITS SCHEMATIC.
7 3 TFO AT USE N 1/0-. -
5 | SPEED SENSE B 12 T SAFETY 5.3.2 - FOR VFO SEPARATOR USE IN POSITION 1/0-4, VFI-CB
27 SPINDLE MOTOR HEAD LOAD SOLENOID SRN | SOLENOID L ox SOLENOID (11511) OR VFS-CB (11627); IN POSITION I/0-5 USE
= 3 | __CURRENT CONTROL > ! 2\ VFC-CB (11519); IN POSITION 1/0-6 USE VFO-CB
- 4 | PHASE IA + 24V (CKT) YEL < (11517), AS SHOWN ON SHEET 1 OF THIS DRAWING.
- & B PHASE 18 HEAT SINK v 5.3.3 - FOR EITHER SEPARATOR USE [HE APPROPRIATE
> Fuast 2A HS-CB € —)- R/W-CB (11486-XX) VERSION AS SHOWN ON ITS
- o PrASE 28 11631 -00 —) BLY SCHEMATIC. G
- [ GRY
P2A | MANUAL LR-B
_)r— =7 POSITION SWITCH BLK LOAD/RUN
¢ 8 SERVO DRIVER SIGNAL 1 MP-A Os GRy 152 4 50w LR-C SWITCH
S 4 +24VI(CKT) = l OV YEL -t
35 16 [ —2av cCKT) MP-8 A LOAD YEL
355 B CURRENT DETECTOR 11499~ XX BLK
10 | SERVO DISABLE
3r 1 i ¥ 2¢ SRY
SPINDLE MOTOK ’
—)% d+sv LI SPINDLE MOTOR BLK 4y 3 PHOTO SENSOR F
:; 1l 1 18V L HPC -2 /
3
- RED HX-A
14
=T AT -
:))Z__‘s" HEAD LOAD ENABLE —— -1V L /
3 |3 ] HEAD LOAD_PICK GROUND . BLK HX-C HOME
{12 f BRUSH MOTOR A BRUSH MOTOR @D \ TRANSDUCER
k—; 15 | BRUSH MOTOR 8 - x5 \ \ ASSEMBLY
L— LED
PLUS WHT :3 GPN HX — G \ TIXL-26 E
PossEl?r‘llgNER P4A SRY HX — L
MINUS BLK .4 7,7 s s TRANSDUCER DRIVE A L — -
<o RP ;
183 Sy B TRANSDUCER DRIVE _ B AR 8.1 POSITION
32 CHANNEL A—1 8LK ! TRANSDUCER
5 L CHANNEL A-2 YEL 1 MOVING
25 1€ CHANNEL B- WHT ! MEMBER
_;>_ CHANNEL B-2 BLK 1
5 il SOR LED
353 UPPER INDEX MARK TRANSDUCER AV D
14
. NDEX MARK TRANSDL
2> LOWER 1 SDUCER POSITION TRANSDUCER
70 STATIONARY MEM BER
= i
SHZ2 - wan
< 3 HOME SENSOR "A ok Ds_c orew pack
- SAFETY SWITCH
~ 6 HOME SENSOR "B" ! I WHT DS-B > no
—— GRY RT-A NC c
—_— LN BLk RT-C RETRACT
L] wHT R T 1TCH
ﬁ: s i m._..._‘_ Nso' ¥C
' P | [ =
1t U
' __72( 13 DISK PACK SAFETY SWITCH P4 i - 2400RPM 200TPI |
Y _RETRACT SWITCH 8 [l
IRNT RETRACT SWITCH A ; ]
Tz BRUSH SWITCH A _J B Diablo Systems Incorporated
N 3 BRUSH SWITCH B
T LOAD/RUN SWITCH B B
) NTE R LOCK SWITE WIRING _ DIAGRAM
15 DISK PACK INT s
2 TEMP SENSING B, . | 42¢ 44 DISK DRIVE
[ 1 TEMP SENSING A N c e 40
oL - 1 — T
h - SYSTENM 1 CGTNC .
T B
. HERMISTOR SLO000T |
— e T ~ "~ m pra Rt I O I TG 7 R T3 ro - PROD:LTT NT x »:D- A
Ai NETI=XX | ° i ! L IH ]G E D493/ |C3563|B3528 1167i-X




| . | | | | ‘ | | :
18| 17__ l 16 , 15 } 14‘1 13 , 12 1] 1 o ¢ * 9 8 l 7 6 ’%5 ! 4 3 .3 ‘

—
PRODUCT NO. ] ;DDUCT NO
ne72-XX [P ™ nerz2-xx _
1/0 MOTHER BOARD O3V
IL
170 MB 11521 O —24V
PIO P9
1/0 RECP 170 PINS O-EH0.
SOCKET SOCKET
r- 7 gy -
FF a4 RECEIVER-DRIVER o o cm g L
| ST e 2 30 [4] CIRCUIT 2 18 BIT i28 N
o o 0 5 BIT_64 i
| DD 25 RDR 2=-CB 9 BT 32 18 5
| ° cc I l¢ATTENTION LINE o '00 TPI 17 BIT 16 :g -
e 1 TRACK ADDRESS LINE-BIT 128 s ISLOT 1702 ‘; BIT e 24 3
I o1 TRACK ADDRESS LINE-BIT 64 g ''eesxx BIT 4 20 0 [K
| o T TRACK ADDRESS LINE-BIT 32 " A BIT 2 26
3 TRACK ADDRESS LINE=BIT 16 I 21 BIT 1 22 X
| X TRACK ADDRESS LINE-BIT 8 - S BIT_O s 2
| o1 o TRACK ADDRESS LINE-BIT 4 ;IK A LOGICAL ADDRESS INTERLOCK OUTPUT 35
o . TRACK ADDRESS LINE-BIT 2 3 a ADDRESS ACKNOWLEDGE OUTPUT 3 B
| o w1 TRACK ADDRESS LINE-BIT 1 M X STROBE 15 5
| oL1= TRACK ADDRESS LINE-BIT 0 B 20 RESTORE 18
t STROBE LINE SELECTED
o 8 N - 8
| & w 1 o RESTORE LINE 7 12 INITIAL RESET 10 3
| o1 LOGICAL ADDRESS INTERLOCK LINE 5 5 SPINDLE ENABLE 30 J
u - SEEK INCOMPLETE LINE a T HEADS LOADED 28 >
| & z - QEZDRESS Ac/wevwmoes LINE > " SEEK INCOMPLETE OUTPUT 6 33
Y TO S LINE
o o L
| ol z Y v READY TO S/R/W OUTPUT TR
| I 3 WRITE CHECK 1 SHEET2 [~
FILE READY
| ! | : 2 .
RN | "
| i | (s] i B
| o1 SECTOR ADDRESS BIT 16 LINE 11 SECTOR COUNTER y LOWER INDEX MARK OUTPUT 27 1
o= SECTOR ADDRESS BIT_4 LINE 2 So-ee v SECTOR MARK LOWER 25
| T DY SECTOR ADDRESS BIT 2 LINE o stor Vo3 W N R o
| ot 15 SECTOR ADDRESS BIT | LINE © nass N READY TO S/R/W 5 ) G
oL W SECTOR MARK LINE b 21 FILE READY OUTPUT 4
) i | INDEX MARK LINE 5 " UPPER_INDEX PULSE 19 5
| 1 I 0 8 SELECT DISK 25 5y
UPPER SECTOR PULSE 2l 5
[ T J ’
»— -
' B ' ! WRITE DATA LINE :I RECHIVEn DRIVER gEPEgTs;:CTOR PULSE
o o CIRCUIT 1 L ISK
: oAl 0 WRITE PROTECT INPUT LINE K RDR 1 -CB f( UPPER INDEX PULSE F
Y INDEX MARK_LINE WRITE CHECK
o 3
| o1 E READ GATE LINE g SLoT I/ol 'M SEEK INCOMPLETE OUTPUT Lrsa
P I B ERASE GATE LINE p lle43-xx o SELECTED INDEX MARK OUTPUT 8 3
| S gﬁgirﬁgﬁ; STATUS LINE jle s READY TO S/R/W 4 7?;
| o o E 4 By FILE READY QUTPUT 28 3 -
a b o HEADESE:;::ET u:E e o WRITE FAULT ‘ 21
| o e P4 mgs CHECKLIIPINE 7 a VOLTAGE CHECK 2 2
b H v INITIAL RESET 7 35
| AA Y DISK SELECT LINE o N SPINDLE ENABLE 302
| o D I 2 FILE READY 3L 2 E
ol z 45 SELECT LINE B T HEADS LOADED TG
| & v Y 35 g 5 WRITE_CHECK OUTPUT <
o1 R 2 fa] B DISK SELECT _ 25 &
i [ I%/O 5V 20 HEAD SELECT 24 D
I ] f U WRITE GATE 15 % —
r -« 7 ERASE GATE g %
| e o— ¢ 7 R ?SHEET 3
s 0] . WRITE DATA 55—
| o—2% -22 2 2
o 4
L = , WRITE PROTECT INPUT 19 % D
I A = =y WRITE PROTECT STATUS 29 %
O WRITE PROTECT STATUS OUTPUT 13 75
l c - w »—
o—— 8 READ GATE 20
Lo 2 8
- - N SELECTED —READ CLOCK LINE | -
0 DATA / CLOCK GATE — READ DATA LINE :
o _24V (PWR) 21 READ DATA AND CLOCK LA
D o VFC = SET PHASE T 7'
c +24V (PWR — + IF_REF 7
| F (PWR) . ”E] S=iF rer :‘4”0‘ Y 1 H C
_—_—_—9 — } 3
Lo 24V [CKT) v}LSIART os¢ v 3% R
Pii  POWER No——-———-——) +24V (CKT) ; N o |—READ CLk o = [ ?r
CONNECTOR| HO—g————————> —24V (R/W) ber it 10 x}—BEAD_DATA K == :
KOst % 424V (R/W) e oL 5 k08 ERR =
| N P H e TVFS v {8} " 1500 RPM § 2400 RPM 100 TPI
I RO~ o - HL GAIN s /08 )
| vo ~ sy | X ‘L’gi ';I_ART s [E DATA CLOCK 1 Diablo Systems Incorporated
Bl LMoo b ) ? uzs —RST LAG T l: SEPARATION ]
el ? 2 D/C $—CB T
> irftEEREE 1,7 ‘&] ! "= WIRING DIAGRAM B
’ i s [ 1 41443 DISK DRIVE
1) v T HuY L°FUD | ).‘)_ MODEL 40
7 i
-l uwcAquo’:gysnv%lscwsu«: ¥ LOME NS —
o SLO00O8
A ISE;,EG"NE'.}C: REFERENCE REV ECO NO. JREV EC.O. NO JREV ECO NO JREV ECO. NG [REV ECO NO JREV ECO. NO JREV ECO NG JREV ECO NO JREV EZC.0. NO JWFG DATE JENG DATE JCHECKED DATE J JRAWN DATE 5“52' "’E‘:qg""“ SIZEFPROOUCT NO Rev
1HHer2-XX AToRs DEsionAToRs ] J H G F E D493 |C3563|B3528]A 13 D 11672-XX|p JA




14*

i 13

n 10"'

18 17 16 ; 15 | 12 I 9 ; 8 7 | ‘3
PRODUCT NC PRODUCT NO.
I M 72-x% | [ ier2-xx -
MOTHER BOARD fo-she.
L +5V M8 11635 | P4 (SHIELDED) ) L
+ 5V° e CONTROL LEVEL C v CHANNEL A= 2 J(__
__o ADDRESS LOGICI CONTROL LEVEL D — 21 SERVO CIRCUIT : CHANNEL A — 2 15
GND ALI-CB 100 TPl 2I S0-CB ] CHANNEL A= e
% 11404-00 SUM BIT 0 ness-oo B CHANNEL B— 2 L«
— " ps v SUM BIT | > ';‘ADDRESS LoGiC 2 YI® 2 <« —
L5937 emies , MoO?® 3 SUM BIT 2 y Aece 1o0TRIZ PICK A e MO7 " DEMOD SIGNAL - = TRANSDUCER DRIVE __A )
w16 | BIT 64 " 26 SUMBIT 4 7 5 PICK A e 60 Hz g OSSRLORR s TRANSDUCER DRIVE o 9 «
o2 BIT 32 0 o SUM BIT_8 u MO8 v PICK B v —_INITIAL RESET N e XX I
P BIT I " 2’ SUM BIT_16 2 s PICK B s PHASE | s
K 24 | BT e 2 S SUM BIT 32 3 w W PHASE 2 e tiu2 | PI_ K
_¢ 20 BIT 4 2 ¢ SUM BIT 64 c 19 2 19 | INDEX MARK LoweA |, i (_l
.26 BIT 2 SUM BIT 128 3 16
R B B T T 16—
22 BIT 1 e 3 COUNTER INTERLOCK A o 4 A — 1
_2‘ 9 BIT o >« b INPUT INHIBIT 0 'I“I MINIMUM SPEED " PHASE 2 6 5 DRAWER UNLOCK PICK e -} i)
— _<§ 32 8. LOGICAL ADDRESS INTERLOCK OUTPUT | o e DIRECTION GONTRGL £ J SPEED INCREMENT | 5 PHASE 1| olig SPINDLE DRIVE 1 DRAWER UNLOCK ENABLE D —
S 31 |, ADDRESS ACKNOWLEDGE OUTPUT RETRACT SPEED SPEED INCREMENT 2 o INITIAL RESET i SPEED SENSE A 2
& T 4 4 9 === 9 K 1ei3-01 Ee—Ccg <
5 STROBE 2 . BIT_NO. | < " SPEED INCREMENT 3 " 12}4—_SPEED SENSE B 5 &
g RESTORE N Ny BIT NO.2 R 2 SPEED INCREMENT 4 2 POS SPINDLE DRIVE CUT OFF,| c [*—SPINDLE MOTOR CURRENT CONTROL 14
s SELECTED 7 b READY TO S/RIW " 8 SPEED INCREMENT 5 s NEG SPINDLE DRIVECUTOFF ] MOl 3| SPINDLE MOTOR CURRENT CONTROL 3
J « 10 I INITIAL RESET 8 A NITIAL RESET 0 K SPEED INCREMENT 6 L. ___ SPINDLE DRIVE ON ols 2| _PHASE 14 4o J
< READY TO S/R/W " 7 READY TO S/R/W OUTPUT " 20 SPEEDINCREMENT 7 1 z UNLOCK DRAWER 8 7|_PHASE 1B 6 o
TRACK 256 b 1o 8 ._' FILE READY P N POSITION TERM N =L X SPEED OK i J PHASE 2A Jd 7
7|¢ DISK _PACK SAFETY = i o] —Phase 28 D>
3 Y DISK PACK X e = -
SHEET 1< —lH BRUSH HOME -
T SERVO DRIVE SIGNAL 8
%
-9 ! J
H N +24V (CKT) 4 <' H
—24V (CKT) 16
= T CURRENT DETECTOR 5 &
<28 N SERVO CiSABLE 10 ¢
<I 6 v \}
el ) -
] « 1
2 DISK _PACK SAFETY SW |
G vl 12
29 POWER ¢
i Buses +15v4 | _<'3: «—
>
5 - o ——
G “«—2 ML(I(_ G
W -
—~2 i SHEET 3
«2 H BRUSH |
—L lspeeD ok 1o CRUSH MOME ] HEAD LoAD ENABLE s &
> k [I— UNLOCK DRAWER ¢ SEQUENCE LOGIC HEAD LOAD PICK ERDY d
SPINDLE DRIVE ON . SL-CB 2] _BRUSHMOTOR A 12 o
INITIAL RESET oo na7i-xx I BRUSH MOTOR B 15,
60 Hz 2 MO5 ———- ‘
F HEADS OVER TRACKS 7 F
SPINDLE_ENABLE ’
HEADS LOADED R
HEADS RETRACTED B
VOLTAGE CHECK n
— SELECTED o7 —
-23.__‘
©
SEEK INCOMPLETE 9 :((:
E SENSOR CIRCUITS 14 F—50y (¢ckT) s E
SR-CB 8P4V (ckT) €
HEADS OVER TRACKS g X : CURRENT DETECTOR wle—RETRACT swiTch 8 = 4L
SERVO DISABLE RETRACT SWITCH A 14
ZERO.TRACK SENSING nO6 > |—Pos SPINDLE DRIVE CuT oFF \&fe_BRUSH SWITCH A 2 o
— VOLTAGE CHECK 8 5 NEG SPINDLE DRIVE CUT OFF 19 BRUSH SWITCH B 3 . L
12 |—_SELECTED SECTOR MARK ol 21ke__LOAD/RUN SWITCH B 7o
S| INDEX MARK LLWER T »0le_LOAD/RUN SWITCH A 5 e
INITIAL RESET s 3|__HEADS OVER DISK 3 [« D!SK PACK INTERLOCK SWITCH 15 e
D SELECTED 7 DISK PACK SAFETY SWITCH 12, D
RESTORE N __ 4
STROBE K | pa
FILE READY ) vhe__UPPER INDEX MARK TRANSDUCER 3 ?
- 18 4. —
SEEK INCOMPLETE OUTPUT ¢ L ¢ LOWER INDEX MARK TRANSDUCER CED)
LOWER INDEX MARK OUTPUT -9 13 .
{ E = 22 10,
i UPPER SECTOR MARK IN o = _°te © <
C [ SECTOR MARK LOWER " "\ je_HOME SENSOR & 5 f_ | C
k-
_— SELECTED INDEX MARK OUTPUT ], = O ST ; <
. DiSK SELECT s - 22 HOME SENSOR_LED D) !
fo ove e d /
Diablo Systems Incorporated
TraLwe oz DA temy wazas
1500 RPM ¢ 2400 RPM 100 TPI
B * T WIRING DIAGRAM B
41 ¢43 DISK DRIVE
40
PRI ET) [L] MA] 0. y
— unauTHomzeD oecom] SLO0009
REv. ECO NO. JREV EC.O NO. JREV ECO NO JREV ECO. NO. JREV ECO. NO. JREV EC.0. NO. JREV ECO. NO FNEV ECO NO. [REV E£.C.0. NO JuFG DATE JENG DATE JCHECKED DATE J ORAWN. DATE JJ SHEET [TOTAL SHEETS [SIZE JPROOUCT NO. REV
Al 1 a v o awy [ TR | i |:| le r;: lg |p493; E 3553]-3 3528 |A | I I ] 2 11672-XX |D |A




i 0o * * 9

RN

18 17 16 15 14 13 12 1] . 8 7 (] . 4 2 1
PRODUCT NO | | 6 7 2_x XT [»':r NC. nzv:xﬁazzusm
— 11672-XX [y
PA IBUTOR
SHI o g ra eea PDN-EIC.BNSTR uT
~ ™ ¢ TRACK 28 P e | 7
L —— Ii READY 70 STRIW WRITE PROTECT DISABLE s | g J'1439-XX GND T
L
__§Y 28 | FILE READY OUTPUT READ/WRITE | READY INDICATOR _ 7 PUR  BLK Y @ L
S 27§ WRITE FAULT AMPLIFIER [crEck]
__'é/ 2 B VOLTAGE CHECK R/W-CB WRITE _CHECK INDICATOR 10 ! 10 O OoRN @ (2]
17 INITIAL RESET (&
“
] < :? :T:EDLREEA?;ABLE 11486-xx WRITE PROTECT INDICATOR , o R ggp  LPROTECT -
: —Oq_ gﬁ?
M HEADS LOADED ] | 1
S 8N WRITE CHECK OUTPUT WRITE PROTECT SWITCH 6 6 G oRN
250 DISK SELECT R L ® s NOTES: .
o240 HEAD SELECT Ly Wl 1. DIODES ARE TYPE Al4A (10101-01),
- - 4v —
K _<§_|5 WRITE GATE Tereve- Pl2A ACTUATOR WIRING AW-CB 11435 2O L A e o K
. 18] ERASE GATE PI4 pi2 r— 3. CONNECTOR TYPES ARE AS FOLLOWS:
—~—=3 r— -~ N 3.1 - P9 IS WINCHESTER #MRAC 50 PJ6 WITH #1024P CONTACTS.
—~ ¢ b wrRiTE DATA - 8 GRY 2 3.2 - P10 IS WINCHESTER #MRAC 50 SJ6 WITH #1024S CONTACTS.
— 37 = | 3.3 - P11 IS WINCHESTER #MRAC 14 PJ WITH #1014P CONTACTS.
— — e R T PROTECT INRUT — | I | 4. INSTALL JUMPER PLUG (10634) IN POSITION CORRESPONDING TO -
ya —
:<< 290 _ WRITE PROTECT STATUS - LOWER 10 Il GRN I [ 5. gggﬁbﬂdz&?&zs-
. 13 | _WRITE PROTECT STATUS OUTPUT INDEX — 5.1 - WRITE PROTECT
<o " ReAD GATE TRANSDUCER Sty | 1 -1
& S 13 6 GRY: ! 13 5.1.1 - FOR WRITE PROTECT FEATURE, NO COMPONENT IS
J {34 USED BETWEEN PADS MARKED "PUR" AND "BLK" ON J
_(¢—32]| | READ DATA AND CLOCK | | | PD-CB (11499-01).
| 4 5.1.2 - FOR NO WRITE PROTECT FEATURE, USE 102, + 5%,
PER H 1g ! YEL | 14 1/4 W RESISTOR (10021-10) BETWEEN PADS MARKED
INDEX Lo “PUR" AND "BLK" ON PD-CB (11499-00).
—] TRANSDUCER L — 12 ! BLK . 5 5.2 - SECTOR COUNTER
GND § < ? 5.2.1 - STANDARD MACHINE (NO SECTOR COUNTER) DOES NOT [—
Jﬁ@ | USE SC-CB (11459).
PIA o 5.2.2 - FOR SECTOR COUNTER, INSTALL SC-CB (11459) AND
- DRAWER g
- LOAD INDICATOR 10 LOAD PUR < TO OTHER INDICATORS INTERLOCK BLK I USE THE PROPER VERSION OF SR-CB (11411-XX) AND
H 2% 4 DRAWER _/_f l RDR1-CB (11643-XX) AS SHOWN ON THEIR SCHEMATICS.
{15 | DRAWER UNLOCK PICK 1 UNLOCK DIsK | 5.3 - DATA CLOCK SEPARATION H
72 § DRAWER UNLOCK ENABLE = +24V(CIRCUIT) 1l BLy TS3 TEA SOLENOID INTERLOCK 5.3.1 - FOR ONE SHOT SEPARATOR USE IN POSITION 1/O-5
) T2 SPEED SENSE A ﬂ—‘z D SWITCH PUR 4 THE PROPER VERSION OF D/CS-CB (11637-XX) AS
215 R SPEED SENSE B 12 LOAD DISK _PACK f SHOWN ON ITS SCHEMATIC.
> 7 SPINDLE MOTOR HEAD LOAD SOLENOID GRN O] SOLENOID SAFETY | 5.3.2 - FOR VFO SEPARATOR USE IN POSITION I/0-4, VFI-CB
— - 3 SURRE o T 1 SOLENOID | (11511) OR VFS-CB (11627); IN POSITION 1/0-5 USE -
5 3 P:ASENTA NTROf > voa . veL L s VFC-CB (11519); iN POSITION 1/0-6, USE VFO-CB
TR HEAT SINK 24V (CKT ’r (11517 OR 11675) AS SHOWN ON SHEET 1 OF THIS
= 7 DRAWING.
35— T J PHASE 24 HS-cB ° BLU 29 12 5.3.3 - FOR EITHER SEPARATOR USE THE APPROPRIATE
G 3 9 | PHASE 28 1163101 > R/W-CB (11486-XX) VERSION AS SHOWN ON ITS G
(i ! SCHEMATIC.
P2A MANUAL | 5.4 - FOR EITHER 1500 RPM OR 2400 RPM OPERATION, USE THE
%" 7 POSITION SWITGH LOAD/ RUN | PROPER VERSION OF OR-CB (11414-XX), SL-CB (11471-XX),
= 8 B SERVO DRIVER SIGNAL 1 MP-4 O e 6 SRY Tmow SWITCH I R/W-CB (11486-XX) AND DATA CLOCK SEPARATOR CIRCUIT
> 4l _+24vICKT) = BOARDS AS SHOWN ON THEIR SCHEMATICS. .
3 16 .24V (CKT) MP—BO——J 2" 40w LOAD ver ! o <
5 §_ CURRENT DETECTOR f
:; 10§ SERVO DISABLE 5 ORN 3] BLU BLK 10
_)' 1 3 2<f<a BRN T YEL GRY .J 8
F 2 1 SPINDLE MOTOR < ( YEL ___5X GRN |
+5V SPINDLE MOTOR !
:; s 5 T <z BLU 4 _RED oTo BLk 3 PHOTO SENSOR F
¢ 13- o415V 4 N 50W L_ HPC -2
%
14 ] a4 N 50W RED HX-A
— e -
_ 3 5 [ *HEAD [OAD ENABLE 18V 3 GRN 6 gl //
3 | _HEAD LOAD PICK GROUND 8 [
2 :2 BRUSH MOTOR A BLK Hx-¢ HOME
- BRUSH MOTOR A 4 TRANSDUCER
3515 | erRusH MOTOR B \‘\ ASSEMBLY
~N L RED HX-B \\
PLUS WHT .3 LED
E SERVO SRH e N TIXL-26 E
P4A GRY HX =L
MINUS BLK _4 POSITIONER /97” /% "7 I " ,ANSDUCER DRIVE B IS
Ts3 8 TRANSDUCER DRIVE A L Re ) 81l
. - VVVv - i POSITION
S5>—2 CHANNEL A- | BLR ] TRANSD! —
UCER
S5t 5 CHANNEL A-2 YEL i MOVING
3518 CHANNEL B-1 WHT ! MEMBER
1§ CHAN =
>>— NEL B-2 BLK 1
D 33 UPPER INDEX MARK TRANSDUCER
2] D
6
4 LOWER [NDEX MARK TRANSDUCER
;” 13 POSITION TRANSDUCER
3¢ 1o STATIONARY MEMBER
] T |
SH2 < > wan
S OME SENSOR
3 7 H A BLK DS-C DISK PACK
2 ry HOM_L§_§§§_QL"B" " WHT DS—B ::FETY SWITCH
c S5 HOME SENSOR LED AN~ GRYRT-A . n¢ C
p;A— BLK RT-C RETRACT
WHT RT- SWITCH
2 —
r b /77 e [ N
3 £ [ = ° LUESK TOP RTERLOCK  DFTION
A | 4 [=XY]
| g oam RETRACT SWITCH B ' 1500 RPM € 2400 RPM 100TP)
4 CT SWITCH A ;
4 ;
2 BRUSH SWITCH A H Diablo Systems Incorporated
: 3= BRUSH SWITCH B | y po
Bl > 7 LOAD/RUN SWITCH B .
S S & LoaD/RUN :
3] SWITCH A WIRING DIAGRAM B
5515 B  DISK PACK INTERLOCK SWITCH ;
3>tz | DISK PACK SAF ITcH | 41§43 DIsk DRIVE |
"N ! MO 40
] i FRIPR.ZTARY NFORMATIONESYSTEM LOGIC NO,
UNAUTRORIZES 1SCLOSURE |
P 3 SLOO0OIO
A[;icmm IR"E,,E.,,E REFERENGE SE. 7 'Sl EE SEy FTI NI fef. ~ REv £ 0 NO JREv ECO N JREV £ 0 NC JREV O ECT NG JREV ETO NC vave fev, s R CATE Foeann At "*Ef"'J'A. SHEETS[5:ZE FPROGUCT NO REV
HET2-XX [ [ ] J H G F E D473] |C 3563 |B 3528 |A ] I [ 3! 11672-XX!D JA




1 | | e * j ' +
i ol I ! s
18 17 I T R T . u Y B 2 1 0 * ¥V o 7 ¥ os | « | 3 | 2
PRODUCT NO. PRODUCT NO
— 11673 -X X I HET3-XX
L 1/0 MOTHER BOARD O L
170 MB nsai 24y
PIO P9 O—==
1/0 RECP  1/0 PINS )-SND
SOCKET SOCKET
=1 Ag%y AN
— e | 4 RECEIVER-DRIVER ..P_f’.‘ |
| e g 30[4] RDR 2-C8-200TPI I8 B 45—
| o o 24 CIRCUIT 2 19 T >
otcc T i ATTENTION LINE o SLOT 102 17 BIT 30 3
le I ! w
K | ot m 1 TRACK ADDRESS LINE-BIT 256 8 tear-xx ¥ BIT 16 243;'_ Ix
| ot Bl o TRACK ADDRESS LINE—BIT 128 o v BIT 8 20 3
| o3 1 g TRACK ADDRESS LINE=BIT 64 by 6 BIT 4 26 >
o T TRACK ADDRESS LINE-BIT 32 g 2 BIT 2 22 > K
| o ¢ TRACK ADDRESS LINE-BIT 16 c s BIT I s
_| | ot XV 5 TRACK ADDRESS LINE-BIT 8 c 1ale LOGICAL ADDRESS INTERLOCK OUTPUT 32 2
1. TRACK ADDRESS LINE-BIT 4 % R ADDRESS ACKNOWLEDGE OUTPUT T —
| S g TRACK ADDRESS LINE-BIT 2 3 < STROBE 15
| oI N5 TRACK ADDRESS LINE-BIT | 3 > RESTORE 18 2~
Pl I STROBE LINE N N SELECTED 8 o
J | o1 = ‘ RESTORE LINE 7 12 INITIAL RESET 0
| ot r T, LOGICAL ADDRESS INTERLOCK LINE s ishe SPINDLE ENABLE 30 2 J
u 1 . SEEK INCOMPLETE LINE . HEADS LOADED »
O 4 T 28 .\
| o1 0» ADDRESS ACKNOWLEDGE LINE N ” SEEK INCOMPLETE OUTPUT 6 &
| oL F READY TO S/R/W LINE : -
] ol z 200 TPI LINE " v READY TO S/R/W _OUTPUT TR
| 3 WRITE CHECK ¥~ >sHeeT 2 —
FILE READY 23 5
| (I P 23 >-
H [ I = H
_ Pl 8] I B
| odv o SECTOR ADDRESS BIT 16 LINE HSECTOR COUNTER y LOWER INDEX MARK OUTPUT 27 |
| oL o SECTOR ADDRESS BIT 8 LINE > sc-cs y UPPER SECTOR MARK IN 29 2
oV k1 o SECTOR ADDRESS BIT 4 LINE 9 SLOT 1703 SECTOR MARK LOWER 72
| o1 1 SECTOR ADDRESS BIT 2 LINE Kk 11459 N SELECTED -
G | c 5 SECTOR ADDRESS BIT | LINE c " READY TO S/R/W 5 d G
o1 W o SECTOR MARK LINE 15 21 FILE READY OUTPUT 4)." 1
| INDEX MARK LINE . S UPPER INDEX PULSE 19 9y
| | 8 SELECT DISK 25 30
| | J UPPER SECTOR PULSE _2[‘ >—
> I T > =
> e «b
N : J
| | RECEIVER DRIVER o UPPER SECTOR PULSE
B WRITE DATA LINE =| SELECT DISK
F | g H | WRITE PROTECT INPUT LINE K c':::l't CBI ,‘; UPPER INDEX PULSE F
| oy 1 INDEX_MARK LINE 5 sio 3 WRITE_CHECK ~
| o1 E L o READ GATE LINE 5 owor son O SEEK INCOMPLETE OUTPUT LpsA
K ERASE GATE LINE p '1843-xx o SELECTED INDEX MARK OUTPUT 6
| ot P 1 WRITE PROTECT STATUS LINE - N READY TO S/R/W >
-— o u g FILE READY LINE > 2 FILE READY OUTPUT 28 20 -
| ol a t HEAD SELECT LINE ‘é iy WRITE_FAULT 27 D~
| otle 1 o WRITE_GATE LINE ﬂ., a VOLTAGE CHECK 2 O
ol h 1 o WRITE_CHECK_LINE ]H vk INITIAL RESET 17 2=
E | AA DISK SELECT LINE o N SPINDLE ENABLE 30
D © 2 FILE READY 3t 3
I 2 4, _SELECT LINE ~|B 2] HEADS LOADED T E
| v is 39 r A — WRITE CHECK OUTPUT s
o L R 1 o 2, [4] P DISK SELECT 25 %
i L) o o HEAD SELECT e D
o +5v 20
] I u ERASE GATE 5 —
l % H'H ;’ lI= Z 7 2% PSHEET 3
o5 © N < WRITE DATA 22 ;;:
X o -22° 2]
D| | X <L WRITE PROTECT INPUT 92 D
' A = Ty WRITE PROTECT STATUS 29 »-
| o e e M WRITE PROTECT STATUS OUTPUT 13 ,&
o o READ GATE
L O: M - ~ 18 39_)}_
_ - - N SELECTED - ~— READ CLOCK LINE [} -
10 DATA / CLOCK GATE 2 :g:on DD:I: liluuoz CLOCK 3 :
v 2
' 3& —24V (PWR) VFC cl= SET PHASE C >.
c e o el | ¢
14 14
e — A E1 g ST Y o 3
PlI POWER| No———— 3 +24v (ckT) N o 8 = ” DESK TOP INTE K
CONNECTOR| Hod————— -24v (R/W) NoT csec 1o x| -ZREAD_BATA " T . RLOCK OPTION
KO—————————3 +24 V (R/W) 5 ap— 2 yro v [5] i | 2400RrRPM 2007TPI
— | Po onD - LEAD ERR » i
RO s —_HI eAIN s /08 I i
' ? { ; M EXTTNN s [8 DATA CLOCK | Diablo Systems Incorporated
| vo » > +5V 1z} = 98C START 12 SEPARATION ' . iy o
MO h p 4 el - RST LAG LT s ' e A
Bl L= ! > (7| _2F ReF et D/C s-¢B » B
¢ ? (5] =_DATA o7 inwiniT | B . WIRING DIAGRAM
o 1o =2F reF w1 : 42¢ 44 DISK DRIVE
] 1 NOT USED |\>
7
-dr -
PRODUCT NO REFERENCE NErERENCE REV ECO NO. JREV EC.O NO. JREV ECO. NO. JREV ECO. NO. [REV EC.O. NO. JREV EC.O. NO. JREV ECO NO JREV ECO. NO. JREV EC.0. NO JMFG DATE JENG DATE JCHECKED DATE J DRAWN pATE §SHEET | TOTAL SHEETS |SIZE JPRODUCT NO.
11673 -XX [EH FEr | J H e F E C 3563 |B 3528 [A | | 11673-xX | o)A




|

I4‘|

IO'¢'9 l

+ 14
17 15 13 | 12 1 8 7 4 | 3 2
NO, PRODUCT NO.
11673-XX L her3-xx | |c:
MOTHER BOARD ShE \
v 135 | P4 (SHIELDED) |
+5V Y CONTROL LEVEL C v rhe CHANNEL A-! 2
15V ADDRESS LoGICI Y CONTROL LEVEL D SERVO CIRCUIT R CHANNEL A=2 D
ALI-CB 200 TPI 21 SO-CB 14 <
GND 11304-2 < 8 CHANNEL B -1 16 02
e < 2o SUM BIT | 2 vle! 2 CHANNEL B-2 ¢
P5 SUM BIT 2 ADDRESS LOGIC 2 11633-20 <« -
F270 B 2se M9 X SUM BIT 4 1% AL2-CB_ 200 TPI 2| PICK A DEMOD SIGNAL TRANSDUCER DRIVE __* g
Y4 - I\ H‘Q————-I - 'S
e T e " e SUM BIT 8 Z lkor-zo B PICK & 18 Mor7 60 Hz h OSCLLATOR O TRANSDUCER DRIVE & CED)
—— 2 2 5 15 ] OR-CB <
2 BIT_64 0 p SUM BIT 16 Jdu mos v PICK B v INITIAL RESET K 41401 "
&3 BIT_32 " 2 SUM BIT 32 2 s PICKE S PHASE | 15
24 BT 6 4 3 SUM BIT 64 3 W ] W PHASE 2 6 MO2 | PI_ ‘K
—¢ 20§ BN 3 e SUM BIT 128 p 19 2 i _ INDEX MARK LOWER Gy 1 ‘l(_
W7 BT i s SUM BIT 256 a T 3 T £ 16 <<__
22 | BIT 2 P 3 COUNTER INTERLOCK A 6 4 W L «
«« 9 BIT | K o INPUT INHIBIT o n MINIMUM SPEED " PHASE 2 6 5] DRAWER UNLOCK PICK - )
32 L, LOGICAL ADDRESS INTERLOCK OUTPUT 6 £ LIRECTION CONTROL E g SPEED INCREMENT 1 J PHASE 1 i5 STINDLE DRIVE T DRAWER UNLOCK ENABLE 2« —
T ADDRESS ACKNOWLEDGE QUTPUT T a RETRACT SPEED a s SPEED INCREMENT 2 5 INITIAL RESET ol £ le—SPEED SENSE A d
5 [*~STROBE — oli2 5 BIT_NO. | s " SPEED INCREMENT 3 11 l1613-0] 12 le— SPEED SENSE B 5 o
e 8 RESTORE N v BIT_NO. 2 R 2 SPEED INCREMENT 4 2 POS SPINDLE DRIVE CUT OFF I ° |._SPINDLE MOTOR CURRENT CONTROL 14
—<-=8 SELECTED b < READY T0 _S/R/W " s SPEED INCREMENT 5 _1° NEG SPINDLE DRIVECUTOFF ] MOl 3|__SPINDLE MOTOR CURRENT CONTROL 3
& 10 INITIAL RESET 8 A NITIAL RESET 0 K SPEED INCREMENT 6 M SPINDLE DRIVE ON s o] PHASE 1A a o J
READY TO S/RIW " 7 READY TQ S/R/W OUTPUT |- 20 SPEED INCREMENT 7 o y4 UNLOCK DRAWER 8 7| __PHASE 18 6 .
TRACK 256 py s __" FILE READY ; N POSITION TERM > N L= SPEED 0K R J[——prAsE 2a d 7 .
7 DISK PACK SAFETY 7 - D - PHASE 2B 9
p 9 = ](_
13 Y DISK PACK x o ';2‘ |
SHEET 1< H_BRUSH HOME )
- SERVO DRIVE SIGNAL D]
AN]
-9 ‘
__ +24V (CKT) ') “‘l
o —- —24Vv (CKT) 16 ¢e
—& 28 _l_ CURRENT DETECTOR 5 2
-<$ % _ SERVO DISABLE 0
<
NN
~<«—4 = - | —
23 DISK PACK SAFETY SW <4
:<<§ 27 +3V o | 2
«22 Faveeeq +isv i &
<« 3 e ‘
:(« 5 -15v ] 14 <:l<_ IG
~2 i “>SHEET 3
—-2 !
—eL SPEED 0K ]! BRUSH HOME HEAD LOAD ENABLE °s 4
SR 14 SEQUENCE LOGIC ®F—Tcantoan pick =% | L=
L UNLOCK DRAWER Q! L HEAD LOAD PICK 3. =
SPINDLE DRIVE ON SL—cB ;2] —BRUSH MOTOR A i T’
INITIAL RESET BRUSH MOTOR B e
60 Hz —*19 1a71-00 8 15 <
2 e e
—> -
HEADS OVER TRACKS 7 MOS F
SPINDLE ENABLE 3
HEADS LOADED R
HEADS RETRACTED B
VOLTAGE CHECK N
SELECTED A7 -
LP3
6
—<<_
SEEK INCOMPLETE |
SENSOR CIRCUITS [P35 (oK Ty el -‘:Ei(«(—__ g
SR-CB
—24V(CKT) — }
HEADS OVER TRACKS 11411-xx 2 CURRENT DETECTOR w heRETRACT SWITCH B - 4}
MUB SERVO DISABLE RETRACT SWITCH A 14
ZERO TRACK SENSING 15505 SPINDLE DRIVE CUT OFF & le_BRUSH SWITCH A 2 o
VOLTAGE CHECK 8 g NEG SPINDLE DRIVE CUT OFF 19 Je—BRUSH SWITCH B 3 . —
12 SELECTED SECTOR MARK o 21le—_LOAD/RUN SWITCH B 7 .
FI_INDEX MARK L.WEh o 50 l4—LOAD/RUN SWITCH A 5 .
INITIAL RESET s 3| _HEADS OVER DISK 3  J¢__DISK PACK INTERLOCK SWITCH 5 .
bl W
SELECTED I«
7 TEMP COMPENSATOR -1, TEMP SENSING "B" | 1€, D
RESTORE N TEMP COMP. VOLTAGE TTC-cB, 11537 »|e__TEMP SENSING "A" [ 12 j<_
STROBE MO4 [ A
K DISK PACK SAFETY SWITCH Pe
FILE READY ’ v le—_UPPER INDEX MARK TRANSDUCER s
8 14 |
SEEK INCOMPLETE OUTPUT c L [c_LOWER INDEX MARK TRANSDUCER D))
LOWER INDEX MARK OUTPUT € L) 13 e
e A))
UPPER SECTOR MARK IN o = __z_f * 'g »:
SECTOR MARK LOWER " "y he_HOME SENSCR &' 5 C
\ ; 2t 7o
i SELECTED INDEX MARK QUTPUT | = ol TowE SENSOR T ¢ l
DISK SELECT s M " HOME s&:ﬁ‘gon LED THD>] ,
m—
e
Diablo Systems incorporated
tlawary Cafoer s vadlld
DESK TOP INTERLOCK OPTION —h
2400 RPM 200 TPI WIRING DIAGRAM
42¢ 44 DISK DRIVE
REV EC.O. NO. JREV EC.O. NO. JREV ECO. NO. JREV EC.0. NO. JREY £C.O. NO. [REV ECO. NO JREV ECO. NO. JREV EC.O. NO MFG DATE JENG DATE JCHECKED DATE J DRAWN oarg [ SHEET | TOTAL SHEETS|SIZE JPRODUCT NO.
"6T3=XX [ . 1 [ F | *

NOY USED LAST USED

C 3563 |p 3528 |a

1He73-XX | PiA



; | y . | 3
i ! * .
18 17 I 16 15 ' 14 * l 13 12 | 1N 10 + 9 8 ‘ 7 | (] | ‘ 5 4 3 l 2
_noumlo ||673‘XXI PRODUCT NO. 'Evm '~
T 1HH673-XX | =% D7}
PANEL DISTRIBUTOR
SHI pe P8 P8A PDN-CB STRIBUT
” 7 "¢ ] TRACK 256 T . ';_l ;‘
L z 14 § READY TO S/R/W WRITE PROTECT DISABLE —~(— ——F O VWO GND v READY
¢ 28 | FILE READY OUTPUT READ/WRITE | READY INDICATOR 7 7 PUR  BLK YEL 1L
. 27N _WRITE FAULT AMPLIFIER >
)]
< | CHECK
&2 B VOLTAGE CHECK R/W-CB WRITE CHECK INDICATOR |o,l 10 ORN (2]
A W — = Lo
— — LE 200 TPI WRITE PROTECT INDICATOR ! PROTECT NOTES:
2 31§ _FILE READY 11486-XX NDICATO L) 3 1. DIODES ARE TYDE Al4A (10101-01). —
EINT] HEADS LOADED i | 2. INDICATOR LAMPS ARE TYPE #387.
) WRITE_CHECK OUTPUT WRITE PROTECT SWITCH 6 6 S RN 3. CONNECTOR TYPES ARE AS FOLLOWS: .
S 260 DISK SELECT l_ > 3.1 - P9 IS WINCHESTER #MRAC 50 PJ6 WITH #1024P CONTACTS.
¢ 24 HEAD SELECT BLU 3.2 - P10 IS WINCHESTER #MRAC 50 ST6 WITH #1024S CONTACTS.
K :<(<_|_5_ WRITE GAE - - 4 + 24v —0— p12A AGTUAT 3.3 - P11 IS WINCHESTER #MRAC 14 PJ WITH #1014P CONTACTS, K
’f 180 ERASE GATE P pI2 r= CTUATOR WIRING AW-CB 11435 4. INSTALL JUMPER PLUG {10634) IN POSITION CORRESPONDING TO
:2423 r = - |, MACHINE NUMBER.
GRY 5. OPTIONAL FEATURES:
2 ITE_DATA 1 .
_% :((L 2 f WR T e N | N | 5.1 - WRITE PROTECT
> 5.1.1 - FOR WRITE PROTECT FEATURE, NO COMPONENT IS
9F WRITE PROTECT INPUT 4 et - —
sl wniTE PrRoTECT STATUS = LOWER l o ! orn OSED BETWEEN PADS MARKED "PUR" AND "BLK"
. 13 WRITE PROTECT STATUS QUTPUT INDEX ” ~ ON PD-CB (11455-01).
UTE_PRC T STATUS OUTPUT TS DUCER: —— 5.1.2 - FOR NO WRITE PROTECT FEATURE, USE 102, + 5%,
¢, 20 ] READ GAT| . F13] s | ery |13 1/4W RESISTOR (10021-10) BETWEEN PADS MARKED
Jh €4 e "PUR™ AND "BLK" ON PD-CB (11499-00).
. 32| _READ DATA AND CLOCK | i 5.2 - SECTOR COUNTER J
| ! | 5.2.1 - STANDARD MACHINE (NO SECTOR COUNTER) DOES NOT
1 14 . USE SC-CB (11459).
&prEE).(q YEL 4 5.2.2 - FOR SECTOR COUNTER, INSTALL SC-CB (11459) AND
] TRANSOUCER [ N 2 |, BLK \ 5 USE THE PROPER VERSION OF SR-CB (11411-XX) AND
S <€ > RDR1-CB (11643-XX) AS SHOWN ON THEIR SCHEMATICS. —
r n A 5.3 - DATA CLOCK SEPARATION
rpn_A_f = e ORAWER | 5.3.1- FOR ONE SHOT SEPARATOR USE IN POSITION I/O-5 THE
1 LOAD INDICATOR 10 LOAD PUR W owHT BLK PROPER VERSION OF D/CS-CB (11637-XX) AS SHOWN
HEAT SINK | INTERLOCK
H 3> 6 EHST_ :a“ DRAWER UNLOCK SOLENOIDRX S 1o s ™0 OTHESRA:xE'RCATORS oﬁ: :: | ON ITS SCHEMATIC.
! _)/L¥,5 DRAWER UNLOCK PICK 1 PAMPSTA DISK ! I 5.3.2 - FOR VFO SEPARATOR USE IN POSITION I/O-4, VFI-CB H
2 DRAWER UNLOCK ENABLE — He31-01 +24V(CIRCUIT) 11 BLy TS3 HEAD SOLENOID INTERLOCK (11511) OR VFS-CB (11627); IN POSITION I/0-5 USE
ﬁL T2} SPEED SENSE A —O5 SWITCH PUR 4 VFC-CB (11519); IN POSITION I/O-6 USE VFO-CB
2 s SPEED SENSE B 12 LoAD DISK PACK (11517), AS SHOWN ON SHEET 1 OF THIS DRAWING.
2> Ta ] SPiNDLE MoTor HEAD LOAD SOLENOID SRN | soLenoip 0O x | SAFETY | 5.3.3 - FOR EITHER SEPARATOR USE THE APPROPRIATE
— - s CURRENT CoNTEST S | [ SOLENOID | R/W-CB (11486-XX) VERSION AS SHOWN ON ITS |
3 a1 Prase 12 +24V(CKT) YEL » 6 SCHEMATIC.
55 6§ PHASE 18 | 5
=33 7 PHASE 2aA >
G 9 | PHASE 28 BLU ., 12
- “ [®
| Sp—
P2A MANUAL |
_}.— =+ POSITION SWITCH LOAD/RUN
3 8 | SERVO CRIVER SIGNAL 1 MP-A O—00 6 GRy 752 4 50w SWITCH |
f- S 4 +24V(CKT) - l I
S 16 | _—24V (CKT) MP -B LOAD BRUSH YEL <
35— 5 JLCURRENT DETECTGR 11499— XX RED TS|, moOTOR NCo- |
70 T SERVO DISABLE : BRUSH BLK 10
3 § 2¢ Wit 2 swrr% . I
- NO RY
F S22 ) SPINDLE MOTOR ik : l
s § 1< LN LK F
-2 SPINDLE MOTOR 7 PHOTO SENSOR
3 '3l l iisy L_ HPC -2
> -
S 144, — 15y RED HX-A "
_ 3 9 | HEAD LOAC ENABLE i /
55 13 PICK tGROUND 8 —
3312 FBRUSH MUTOR A BRUSH MOTOR ; BLK HX-C HOME
15 | BRUSH MOTOR B @! \ TRANSDUCER
(" " RED HX-B \ ASSEMBLY
E - 7] . PLUS WHT 3 \\\ LED
—0— GRAN —
SERVO HX — 6 TIXL-26 E
POSITIONER ALY GRY HX — L
MINUS BLK 4 _;7 ) TRANSDUCER DRIVE B pis
Ts3 8 TRANSDUCER DRIVE A ‘\/Q/P\, N g
— —) 2 CHANNEL A-] LR | POSITION |
3 ANNEL A= 1 TRANSDUCER
18 §  CHANN e YEL
-, = 1 MOVING
7>-—|-§— — CHANNE —~ ‘;‘:‘: ! MEMBER
D 2 SOR LED A
> = v
> T UPPER INDEX RH D
."
S5 4 LOWER INDEX MARK YRANSDUCER
=313 POSITION TRANSDUCER
S5 1o STATIONARY MEMBER
-] T -
she ——1& HOME SENSOR "A"
27 BLK DS-C  DISK PACK
2% HOME SENSOR "B" WHT DS B SQFETY SWITCH
T — ' GRY R1-A
C A NC
'_P?L...., | iy BLK RT-C RETRACY C
i -3 P 1 7‘_7_3_ WHT RT- SWITCH
2 i — NO -
' ECam! D = DESK TOP INTERLOCK SPTION
12 DISK PACK SAFETY SWITCH
] 3 T RETRACK SWITCH B | 2400 RPM 200TPI | _
5)—13 8 RETRACK SWITCH A
2 A .
>—2 8 BRUSH SWITCH B Diablo Systems Incorporated
_)>_.__$ | BRUSH SWITCH B . | iidn
9)———5 ——mwmuA T
»y———4—L0OAD/RUN _SWITCH WIRING DIAGRAM B
3>—: T w"n“ SENSING "B 42§44 DISK DRIVE
Y 16 SING ‘A“ A o
— N - .
TH ETARY (NFORMAT 'STEM LOGIC NO. |
AL_ - ERMISTOR aonaEp Bssesel S1 0 001 3
B ik . Bl [0 T PEv £CC NO JREV ECO NO JREV ECO NO JREV EGO. NO JREV EcO NC JREV ECO NG JREV ECO O JMFG OATE JENG DATE [ZHECKED OATE | CRawN DATE [ SHEET | TOTAL SHEETS|SIZE JPRODUCT NO. REV
11673-XX [ L T PR S P F R T P 5 r e L [ [ TS5 11673-XXTn la




17

16

15

PRODUCT NO.

aaaaaaaaa

l/0-1 1/0-3 1/0-4 1/0-5 1/0-6 1/0-2

1500 RPM)(11517 2400 RPM)

1/0 -2 (11504 200 TPI)(11433 100 TPI)
RDR 2 (11647 200 TPI)(11645 100 TPI)

~

0

©
-~ m o>l ~ ~| & _ o
Lo BN w | Z o ') ~
v o | o o < 5 ©
—_ - 7))
l - O & @)
O o ol b b W L
> @ nw|>>a > >

/0 CARD CAGE
(AS VIEWED FROM THE FRONT)

IL

Q Diablo Systems Incorporated
Faywara Ca.tcomis G4545

™ |/0O CARD CAGE




15 '

8 17 12 1] 4
4537 |
+ 15V
L
Fi5
K 59,
174w
¢
I ‘ + 15V
TP3
| i@dé .
AW — A W | 158K
Jvia-pz-ic 17 TEMP,SENSING A
THERM :8
_ 5 1ov L
A @TEM ,SENSING B =
Gl via-P3-1

TEMP, COMP, VOLTAGE@MQ‘/ F

-7
JIT i
= oV E
D

NOTES:

UNLESS OTHERWISE SPECIEIED B
l.ALL 1% RESISTORS ARE 1I/8W. c
2.ALL DIODES ARE IN4454, TC MO4 )
3.SELECTED ACCORDING TO TEST mﬁifz'eﬁszszf'mmw'amd

SPEGCIFICATION ® FHJFI5DJ6 J8.J9 . Jll, ™ YEMP __ COMPENSATOR |B

j 2 2 ’ (TC—-CB) SCHEMATIC
"UTUMOD 40 ,
migiigg i sloooso LI
e kB kb kel T T T B[~ 11537 Txla




v |

18 16 15 14 13 12 n 7 6 _ y 1
PRODUCT NO. EVELOPMENT |
I a3 -xx] , . a3 -xx [HEos
A P
L P9/PIO— E @ READ G“TE "h" el s “Qi_i 3 DATA/CLOCK GATE@ D/Cs$ =10 IL
(Low 1o “READ”) i‘\—“ 5 o 380 (HiGH FOR “DATA £ cLOCKS ") i
10
= F1s 14 El8 — DISK SELECT R/W - CB VIA P6— 25
psfp|o—AA®_D'SK SELECT LINE . 4dos s 9,3_50 '\‘/;Af (LOW FORVUPPER D,SK@ MOB - S VIA PS5~ 23 |
] (Low For “urpeR O1sK”] iw s 1380 T + SELECT DISK o8
= (HIGH FOR “UPPER DISK’’ } 703
HEAD SELECT LINE o 1
K P9/PIO-a — p” qos 3 P El§ EK
(Low FOR “yPPER HEAD’') A6 |42 i 2 —_— HEAD SELECT
B 7] 380 A (Cow FoR“uPPER EAD") GO R/W T CB Via P6- 24
= a7
WRITE PROTECT INPUT LINE 7
] po/Pi0o-H {C} - ) T O[B3 '\ o 2 AIO B
(Low ToO SET WRITE PROTECT iﬁ ¢ | 380 oI5 14 24 WRITE PROTECT INPUT
) 0) 325 —AAA— - — @ R/W — C3 VIA P66~ 19
= ; a7 (Low TO “SET WRITE PROTECT")
ERASE GATE LINE 10
- ' O N\
J Po/PIO K @\f(ww 70 “ERASE”) 7 22 e 2 Yors 3 El1 ERASE GATE J
_— 9 a 38¢C s 380 AN~ (Cow 70 “erase’”) 17) R/w —CB VIA P6— 18
v 47 w
pio—a (% WRITE DATA LINE N 2 ~Nes
] el (“WRITES'* ON LOW-GOING TRANSITIONS) A3 n J3ec 13 P FIs 2 JI5 WRITE DATA [
7 ;;—0 AN\~ G ~ R/W — CB VIA P6—22
= E b WRITES™ ON LOW-GOING TRANSITIONS)
WRITE GATE LINE . s N\
H P9/PIO -8 @ — o 9oz °Yes 2 =2 WRITE GATE H
{Low 70 “wRITE AS E3 _A - -
+5v - 20 38° ! 7! 380 ‘/.,V\F (Low To “wRiTE") RIW T CB VIR PeT IS
4 ) 4
EI0 i = B3 N2 19
L B3 18 380 E3 A 4 Je READ GATE
— FILE SELECT INPUT 10 Ed 380 5% 360 2 AR —(9) oy - B
Paspio @ oW FOR‘SELECTED") | u J‘.’}N (Low 1o “Reao/] W R/ T cB VA P20
' (Low L A8 \ MO6—7 VIA P5 -8
(VIA SELECT JUMPER) 2o \s Els SELECTED MO5- 7 VIA PS- 8
G|, .. - + HEADS LOADED = +—11] 360 ot (Low Fom “seLecTeo ) 1/0.2= N /0 3-N G
PMOF~R VIA #5-28 T (NOT USED) o} D/CS - N
. 7 'E; b MOF-7 VIA PS—8 N
A/N-CB VIP P6-29 - » WRITE PROTECT STATUS _ QOHB s . AlS 5 ROTECT STATUS LINE 16) Posrio - p
> (Low ForR “prOTECTED") +5V | s13s0 } 75452 (Low FOR “PROTECTED ") -
+5vV
7 12
120 —qgg 13 o' 5:;_2;%
FILE READY OUTPUT 172w IR ETL) az0 \.3 FILE READY LINE )
R/W-CB VIAP6 —28 @ 4 * s 2 PssP10 ~ U F
Fi (Low FOR “READY ") Jlaé im +5v 75452 (Low FOR “FILE READY")
il Pathag All
300 7 — E22
2w L L T azo\ s o M INDEX MARK LINE
= = 120 FI1s \13 — 3 a7 LN i - ) P9/PIO - ¥
—] SELECT INDEX MARK OUTPUT 172w] 12 | 3s0 75452 +5v [a] -47¥ LOW FOR ““INDEX |
MO6— Il VIAPS — 19 @} — p < g +—Q . €20
(Low FOR “iNDEX JT Js as Nz IOk WRITE CHECK LINE
200 2| cas M (Low FOR “WRITE CHECK”) Fe/PI0 = b
V12w 7545
= = 2 |
WRITE FAULT " H3 ) 14 WRITE CHECK E
arw-ce viape—27 (I H3 13 0l ze *-— ™ 13) o 2-13
(Hi16H FOR “FAULT *) '2)-3?0 ieo +5v (ieH FOR “wRITE cHeck )
VOLTAGE CHECK
_IM05-N wviars-2) |4( — m i His Hi4 -
HIGH FOR “'CHECK é_ e raK
10K 1%
— HI3 0 5%
= W TR Soor LAEEN s UPPER INDEX PULSE o~ =~
D SPARE St Ha ol t}7400 {Low FOR “iNpEX ) D
-E_ |4 E3
J ,  —Hes N\ i K . 8is UPPER SECTOR PULSE
o 1317200 —1s @ 15 N\ _6 0 ; 1/0 3= J
] 7 7 74121 5| 7200 400 (Hi6H FOR “secTorR”) -
NOTES :
c UNLESS OTHERWISE SPECIFIED C
{  ALL RESISTORS ARE 174w S7, S ALL RESISTORS IN OHMS
> 'y 2. ALL I, RESISTORS ARE I/8W 6. ALL CAPACITORS INpf RDR' I/O l
— Y\
AN 1 tﬂ 3. ALL DIODES ARE IN4454
L] TF . BI3 Diablo Systems Incorporated
2l50v oV 5: E OPTIONAL FEATURES Haywara Caisforma 54543 !
B JEIE 4.1 FOR STANDARD MACHINE (11431-00) E22 USED RECEIVER/DRIVER 1 B
1 4,2 FOR SECTOR COUNTER FEATURE
= (11431 - 01) E22.INDUCTOR 18'NOT USED !
- SLOOOI5 !
-~ DATE JEN6 DATE JCHECKED 0ATE JorAWN No.
"4 31— xx |E FEd | | | 1143 1-xx|c|A




l \ 7 \ 6 ’ ‘ 5 ' 4 l 3 ‘ 2 1
18 17 ‘ 16 l 15 l 14 ‘ l 13 ‘ 12 n 10 9 8 F o0 D
"R 1643-XX | ——
~READ GATE L_INE P
P9/PIO—E @ X %s 3 + DATA /CLOCK GATE 5 0/C/S—10
F20 A5V
L —DISK SELELT LINE 4 A N E8 — DISK SELECT R/W=CB  VIA P6—25 8
pospio-aa(9 - LB — dos M 3 47K oo 2/380 vYy LOW FOR “UPPER DISK” MO$ — s via P5 - 25
LOW FOR “UPPER DISK &5 leee 4 T 47
. 3 1 — SELECT DISK (g
— ] DI £z W 77 1703- 8
] ERASE GATE LINE 015 "\, 3 HIGH FOR “UPPER DISK
Po/pPiO—K @ qf’i 14 ]380
JELY, TIU +5vV 47 —ERASE GATE 3\ o,w - ce
AT VIA P6-18
—~— WRITE GATE LINE 7 4.7K 1K
. K pospio-e (7 ~es 2 P 4 TA 2 flo — WRITE GATE
u'_:ceese 7 )350 \:\;\f A Fo—Ts R/W ~CB
posPIO - B @—WRlTE DATA LINE T‘]E_\ 1053 . ] .
_ }__03838 — 3 Jle — READ GATE _
94380 u AP I8) R/w —cB
.7 VIA P§ =~ 20
boPlo — o @ HEAD SELECT LINE 1% oy N -
- Low FOR “UPPER HEAD” 2 |22, o5\ . 2 El6 HEAD SELECT @) Rw -8
J 1 7380 Ml LOW FOR “UPPER HEAD” VIA P6- 24
| o1 - @—WRITE PROTECT INPUT LINE o P .
P9/ PIO = E3 2 ° . Al . TEAT iNBUT
+ 5V 4 6 |B836 n Dis 14 ‘m WRITE FROTECT iNPLUT @ RiwW—CB
9 B_ 3‘{_"C v 10/ 380 a7 LOW TO “SET WRITE PROTECT" VIA P6-19
| . Ag €3 14 380 ' | - -
bospi0 — FILE SELECT LINE 10k ¢ Eesss ‘_“'7'( ! B3 3 15 — SELECTED @':‘855__;’ \‘/’:zgg_g
VIA SELECT JUMPER 12) 380 ‘\’4\;\' o2 =N
DIo AS i
H + 5V _ol;jmb_o'lé — - % + 5V ijgg-jn VIAPS - 8 “"I
120 =12 P
—FILE READY OUTPUT . 2w DAL 4207\ 3 ox — FILE READY LINE @ o/ PIO - U SPARES!
rR/w—ca 2l 2l7sas2 .
— VIA P6—28 "I Jig + 5v V2 6
. - 300 a2 _—%oo ! 7 ot
Mos-28 (T — HEADS LOADED (NoT ueFe) ¢ 1 /2wl s . oK £22 A . 13 ,
VIA P5-28 4 - 36 AN 2 4 A20\ 5 & o— — INDEX MARK LIN @ P9/PIO - ¥
G VENS  Tiok 0 fsee )2 S{rsesz i ©
—_— T ) - 3
MO06- Il @ SELECTED INDEX WMARK OUTRPUT —s g / v sy
VIA P5-19 s J7
= — : %EZO
- = = Als O\ 3 10k — WRITE CHECK LINE
ce O+ WRITE FAULT _ 2]7sas2 A d @ P9/PIO = h
R/W VIAP6 —27 T + WRITE CHECK @ 102~ 1
3T T 5y /702 3
F Aru- co O+ VOLTAGE CHECK 7,
VIA P6-2 TO MOS-N VIA P5-21 ToK 5 Als S 10K — WRITE PROTECT STATUS LINE @ PosPIO — P
= [_dH_B 3 6l75452
arw-cs (TY=WRITE PROTECT STATUS 14380
] - - +5v
VIA P6-29 . Fl15" 3 f—m — WRITE DATA @ R/W=-CB
ais Hig 7/380 v LOW 60ING TRANSITIONS USED VIA P6-22
HiS 14K
1/74W e i3 2.
E o 5%,200V BI5s \ 3 . — UPPER INDEX PULSE @ (/03— X
;' 19 ¢ 117400
Al Q
:
— B1S
NOTES = |71, alraso 6 8815\ s +UPPER SECTOR PULSE @ os—
UNLESS OTHERWISE SPECIFIED: {——a G 00
i.ALL RESISTORS ARE 5%, /aw.
D 2.ALL |%RESISTORS ARE I78W.
3.ALL DIODES ARE IN4454,
[4l.OPTIONAL FEATURES:
] “ 4.1 FOR NO INTERRUPT OPTION A5 IS 10N 45% ,1/4W , AIO £DIO ARE NOT USED.
4.. WITH NO SECTOR COUNTER 4 E22 IS A WIRE JUMPER (11643-00). o 0} +5V
4,i,2 WiTH SECTOR COUNTER 4 E22 HAS NO WIRE JUMPER (11643-01). ' :T—YT\
c 4.2 FOR INTERRUPT OPTION 4 A5 IS NOT USED. . (5) om \—¢—i” —
4.2, WITH SECTOR COUNTER , AlO IS 10N 4 5%, I74W ,DIO§ E22 ARE NOT USED (11643-02) OPTIONAL FEATURE DASH NUMBERS Px vy o I
4.2.2WITH NO SECTOR COUNTER, 410 £ 010 ARE 10, 5% 41/4W , ANG E22 13 A WIRE JUMPER (11843-03) RGN (— 23v T T RDR l 0
5. ALL RESISTORS ARE IN OHMS. OPTION OPTION ¢ ad
6. ALL CAPACITORS ARE INpf, :gui:TcErRon — 00 —os I?iablq?ystems incorporated
Haywara Calircrrig 34340
ECTOR COUNTER - 01 — 02
B| SETTOR 0 RECEIVER DRIVER CKT |
RDRI—CB SCHEMATIC

REV  €.CO. NO. JREV EC.Q NO. JREV

4 BITED.
ECO. NO. JREV ECO. NO. [REV EC.O. NO. JREV EGC.O. NO. JREV ECO. NO JREV ECO. NO. ECO. NO IWFG DATE JENG DATE JCHECKED TaE] - DATE J| SHEET | TOTAL SHEETS |SIZEFPRODUCT NO. I | 6 43'XX E\
' ’
T 1643 X X TR e | H i i e R T e i , ) B




r

18 17 l 16 15 | 14 ‘ 13 12 n 10 ‘ 9 l 8 l 7 ) l + 5 ‘ 4 ’ 3 l 2 1R
PRODUCT NQ. PRODUCT NO. LOPMENT
11459 | ™" as9 [T&Elcael
L iL
- UPPER INDEX FULSE 1 10
10 t=x @ TSV H +sv
: 836 M_§
HI3 Y3
] 20 —
MO6 -E . — LCWER INDEX MARK OUTPUT gl/;w . £ 8 1133 \3 — INDEX MARK
VIA PS-27 @ \ M) 7852 +5v @ PO/PIO-Y
Fi3 = 836 9
K 300 BIS \ % K
. trew — = 2 lAMIS? . 8 — SECTOR MARK@ borpio-W
. -
3 {8 p—2 *sv
Voi-s @ UPPER SECTOR PULSE 51 2a A6
| 6 |2p ar |1 0K |
14 |4A [3
31aB avliz_J 7%4352 53 - SECT.ORADDRESS BITI@ bo/PIO-C
Il 13A ’,_7_ +5v -
0138 3vis 09
Jr __L[seLECT , fok J
134 sTROBE p—{=¢
I e Y23 SECTOR ADDRESS BIT 2 o
"’d_\ Ji
J3 2 Y + UPPER SECTOR MARK
&3 AAN- Y JMO6 -D VIA PS-29
id 380
Hr . = _l ["q / 47 O H
2 14| 7493
13 2y 's Aug A2 + 5V
836 l e 82
N 03 T : 2leo, cf> 2 77:%7 a I 22 B
1Gopt = 2| P |, N 3l g Ty E3 N\ 30 'O — SECTOR ADDRESS BIT 4
1—1° _a RO, O 21 24 2 * @ PO/PIO-K
— | F3 6 28 2y 7 {75452 + SV
3|7474] 6 14
G| cLK & EI oy 12 o100 G
(o) I 'Tes 10K _
. i “ e g2 A e 12 peg SECTOR ADDRESS BIT 8 @ b /PI0-n
& Haa Ic AT A . tlseLecT b <175452/ + 5v =
> 1K 10 RN 'jfsmoss § Ds <
RO, C 6 ;....
= K -
_'LZ—D:SG 9 3 RO, © " = . 75_53_;52 5 s SECTOR ADDRESS BIT 16 @ P9/PIO-v
— | = —|
= )
F 1 35 3 . s . Ll7eme | 7493 F
+ SECTOR MARK LCGWER }i2)380 + cLK gb—
MO6 -M (W C
836 836 5 -
ViA PS-17 Fit
_1: 100pf 1
] = 4 Lo [
2P ol 1205 1o
HIS HIS
12 7474 ) 4 m 7474
g @' ek g1 s J7s e {uicikgt 8 NOTES S E
T, 13 I UNLESS OTHERWISE SPECIFIED
] 3 10 JIs
JI5 pALE 8
‘_‘—{_ I. ALL RESISTORS ARE 1/4W 57,
Vo 1-6 () SELECT _DIsK 2153 2l7400 217400 . -
(HIGH FOR ""UPPER DISK") ol = 4 2. ALL 1% RESISTORS ARE I/8W
380 04
crw-ce (\—FILE READY OUTPUT . ﬁ TN '~ 3. ALL DIODES ARE IN4454
D| i ues, @D e B 5{@& 477545 4. ALL RESISTORS AREIN OHMS D
8
836 5. ALL CAPACITORS ARE INpf

- TED l_C
l/OI-N@ SELECTE | |

+5v

c . T c
|
| T sc 1/03

(%]

Diablo_ Systems Incorporated

TITLE
SECTOR COUNTER
SC -CB

'
512

. Imooucv [ REFERENCE REFERENCE
I1ARQ Incs:mrons DESIGNATORS

€C0. NO. IREV EC.O NO. JREV EC.O. NO. JREV ECO. NO. JREV EC.O. NO. JREV EC.O. NO. JNEV E.CO. WO FREV

ECO. NO. JREV £C.0. NO rrc DATE Itue DATE Icn:cx:n DATE Iomn



.|

17 l 16

) '

15 12 1] 10 6 4 3
T NO. PRODUCT NO.
4™ ™51 | | 150
s + 5v
+5v o
Elo
L . 120 H
vos-x  (K)_READ DATA I4A£BA,2
bﬁ ) 9
an® 1] -} o + 5V
— S 2 RO c_e.
d ' E22
2q 7493 .
K LY ek
= 15
-2F 1 —
I1/08-18 @ 2 REF o> geLK
2 SIIZ_ [
Soe K af |
— L Son
J| 2Ee\e 13 2 10
=22 ! E3 8 - SET PHASE
— s00 b2 1] sto @ X/05-C
sS04
+ 5V +5V
D10
H Tb% 2
= REA 1wl E3
1/05-9 @—E P_CLK g A af2
1| 7493 |9
—ge  Bf—
TP !y 2 Ro, ¢} (LIO 4
_ 13 12] 3 1 1] 9 3 5
®+START 0sc C‘P R°z ° 3 st =] a3’
I/05-Y \d L cik L= gCLK
10 12| stiz— 2|S12 | ¢
= Lk @ q
G - TM ?ls
>
FF + 5V
07 te2
v‘lﬁ 27
4 dio 8IS 1«
3?’c 5o oe 3| so0 P° o3> 03 \ys § (? — READ DATA 1/0 O po-c
— +1ifF REF = | Als 13 | aid s04 7{75452 ¢ PlO-C
I1/05-R (R} gcik —Oghg
sti_ -
2l G L D A
E| [ b bk
+5v
N
%De TP3
2 K
— 12 p— 03 3 ? — READ CLK i/0 -
4 Ao H BIS \ 1 s U 10 175452 v - @ o
3 1" ) 13{ 500 o PrO-A
xr—iJ.,a J_.Q
TIF REF = 1|83 1383 S04
I/05-14 @— g cCK L gLk
o 2l sn2_ 12|st2_| 7
K Q K —
I—_ Y:s TM
! NOTES:
C UNLESS OTHERWISE SPECIFIED
< | I ALL LOGIC GATES 7400 “S”SERIES,
z ' VFI L/0 4
_ 2 ALL RESISTORS 5% 41.'4V.
3 ALL RESISTORS ARE IN OHMS.
4 ALL CAPACITORS ARE IN wmf, Hayward, Caiifornia 94545
B

_
J"“"""‘nsn

REFERENCE
NOT USED

IREFERENCE
LAST USED

ECO. NO. JREV E£C.0. NO. JREV ECO. NO. IREV ECO. NO. JREV ECO. NO. [REV EC.O. NO. JREV ECO. NO. IREV ECO. NO.

L

Diablo Systems Incorporated

RN

il

DATE Imsn

DATE Iwuwu




! | 5 i : K % {
18 17 ' 16 15 l 14 ‘ l 13 , 12 | 1] ' 10 ° ‘ 9 ; 8 i 7 | 6 l * 5 | 4 N .3 t 2 1

PROOUCT NO. “627 J I:Wucnn ”627 Inmnicxumriol |

K TP-1I _ K

(o]
_ ~-READ DATA ‘ i ' - READ DATA I/0 INTERFACE B

P9/P10—C

J) ,

Hl TP-2 | H
(f

| . 1/705-9 @ _READ CLOCK ¢ ~ READ ©LOCK 1/0 @ P9/PIO—A i

6 ls
TP -5
? + 5

F| — F
- I K

| — SET PHASE -

@ 1705-C
| E
+ 5
F ;
°‘ 3 »
c c
VFS 170 4 ]
WSMImwaM
'! B

VFS — SCHEMATIC

o

»o REFERENCE IREFEMENCE REv ECo NO JREW ECO NC JREY ECO NG JREV EcU NG JREV ECC WO JREV ECO NO In_:ﬁco NC JREV ECC NO JREV ECO NO IMFG o:v-:'l;m DATE JCMTCAED TaTE Yornun
j 11627 RoY Ut ﬁfﬁ“ﬂm‘ l J H G F E D c B3647 |A —




.o Ty 4 T
18 17 . 16 15 l 14 ‘ , 13 12 n { 10 + 9 8 . 7 i 6 a 5 . 4 . [gm”"wmég xx2 — Dl
PRODUCT NO. — REV. |
T lazg-xx |
45v
L o6 bs L
o] 3]
] ’—l 03 —
13 H @ TPS
i | B3 'K
K ——ZO 9601 a= |
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o T GND
10 b3 & ! 45V
) +2F REF i3 pe= ois il 3 I
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21, g J20 +sv
ol Pe-32(5 ~FILE DATA 13|43 12 'Cc;_; W irm GROUND
504 2|k aqlé T —ws — _] ’ 1
= | 7455960 -
- [o] 15 ] |
B 'z| — s -HI GAIN@ 1/046 - 4
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SPEED D3 e DI3 D6 ¢ D9 FI10 INTERVAL | INTERVAL IDENTIFICATION
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. 2~ 5 _ . ]
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c - — hs s Loel S : VERT DIVISION = IV, HORiZ UNCALIBRATED TO SHOW TWO CYCLES, C
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P3/PIO-BB - = -'s ~
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- o BA\Y. SPARES: L
4sv S TTIRNT e s Diablo Systems Incorporated
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B ' ARATS: \ RECEIVER-DRIVER CKT 2
£l N YR RDR2-CB(I00TPI) SCHEMATIC
Ao 25v I T 10)380
- 2 4 1ov 3
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PRODUCT NO. [DEVELOPMENT
Pnonucrua“647_xxl I “647_.xx I e 1D4L—
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_ " N _ 47 -
bo/p0 -BE @TRACK ARDRER" LINE -BIT 128 W\ s 3 12 AN BIT 128 1N, . voiars—ic
L 5 8836 - 49 L
- a7 -BIT 64
PI/PIO -b @ BIT S84 2 B3 3 Ei3 > ~AW\- @Moa—w VIA P5-12
A T a7
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8836 ¢
+ HEADS LOADE
G}  Mos-rvIa P5—28® AD 0 sy G
%w
2 .
- RES NOW
- » | 7%2 3 3 ADDRESS ACKNOWLEDGE LINE @ P9/PI0 -p -t
- SELECTED o 2
1/01-N (N J23 10 . SPARES:
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*Voir &4 sy I 6| 75452 2
—] A 1820 -
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c 25V | D_-_LEJQ ! ! 1] 2 1" E
— 7474 i
= | b@&m al-& ; Eo Enoa OR MO02
c
] 7404 13 ba B
2P Diablo Systems incorporated
J27 Fiaiwgrz Ta i 96ian ,
7474
3 6
lh -JC'-:GL— OSCILLATOR CIRCUIT 8
v, OR - CB SCHEMATIC
MT uv:'enm:o A
PRODUCT NO REFERENCE REFERENCE
11414 -xx  |es A 1




l . . 2 | ! * -
8 17 1 16 15 14 ‘ } 13 12 1 10 + 9 \ 8 l 7 l 6 I ‘ 5 | 4 3 l 2 1
PRODUCT NO. PRODUCT NO. DEVELOPMENT
iTa11-xx] wome Loy o B i3V e 14 11-xx [2#os]
SENS LED X4 ~ : AAA Je
TO P4-Il YA 7o ke 27un KO . 100K L5 2 -:E's’o%f J22 : 4+ HEADS " OVER DISK @MOS-—"
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HS — CB @ F50 -
—] VIAP2-5 (LOW FOR “HIGH CURRENT’') £53 ol ASS |
sov 2N3643
Kag = SERVO DISABL
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hd B47 IM
L AAA—® 1
o4 - TEMP_COMP VOLTAGE R 6.2K E38 D45
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