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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION

This manual contains instructions for interfacing, installing, operating, and maintaining the RS64 Disk File manu-
factured by Digital Equipment Corporation (DEC), Maynard, Massachusetts. The instructions are intended for
maintenance personnel with a basic understanding of disk files but who may not necessarily be familiar with the
RS64 Disk File.

The instructions are arranged in six primary divisions: General Description, Installation and Operation, Theory
of Operation, Interfacing, Maintenance, and Drawings. Two appendices are also provided; (a) track writer format
and relationships, and (b) the power supply.

In addition to this manual, the following documents contain information relevant to the RS64 Disk File:

a. DEC Logic Handbook, 1970, C105
b.  Special Maintenance Procedures for Disks, DEC-SP-DISK-DA.

1.2 PURPOSE AND APPLICATION INFORMATION

The RS64 Disk File, Figure 1-1, is a fast, random-access file that provides up to 1,280,000 bits of storage. With
the disk select logic provided in each disk file, up to four RS64 Disk Files can be operated from one controller,
thus providing a storage capability of up to 5,120,000 bits.

The RS64 is designed for standard 19-in. rack mounting. It is furnished with disk assembly and modularized
read/write electronics contained in a slide-mounted chassis that requires 10-1/2 in. of front panel height. The
power supply is mounted on the rear of the cabinet, separate from the drive chassis. Two basic models are avail-
able; the RS64A operates with 115V, 47 to 63 Hz primary power and the RS64B operates with 230V, 47 to 63
Hz primary power.

The disk assembly contains a 10-in. nickel-cobalt plated disk that is driven by an induction motor at approxi-

mately 1400 (50 Hz) or 1800 (60 Hz) rpm. Data is recorded on a single disk surface using 32 fixed read/write
heads. Other features include a highly reliable, self-synchronizing clock recovery system and write protection
(write lockout) for the data tracks. Three spare timing tracks are also provided.

Pertinent interfacing and design criteria, plus recommended controller interface circuits, are provided in this man-

ual. In addition, the RS64 Power Supply is capable of providing a controller with up to 4.5A at +5V.

1.3 PHYSICAL DESCRIPTION

1.3.1 General

The RS64 Disk File consists of two major assemblies: disk assembly RS64M, and power control and logic assembly
RS64P. These assemblies and the elements comprising them are described in subsequent paragraphs.

Figure 1-1 RS64 Disk File

1.3.2 RS64M Disk Assembly

The disk assembly, Figure 1-2, consists of a 10-in. diameter nickel-cobalt plated aluminum disk, a drive motor,
and five head assemblies mounted on a deck plate. The deck plate is supported by four shock mounts. A cover
protects the disk and heads from dust and foreign particles. Data connections are made via connectors on the
underside of the deck plate. A 4-wire power cord connects the drive motor to the RS64P power control and logic

assembly.

1.3.3 RS64P Power Control and Logic Assembly

The power control and logic assembly, Figure 1-3, consists of a wired assembly for housing logic modules, a power
control panel, a disk select and write lockout panel, and a power supply. It also includes two data cable assem-
blies and one timing cable assembly that convey signals between the disk assembly and the read/write electronics.

1-1
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Figure 1-2 RS64 Disk File Major Assemblies*

1.3.3.1 Wired Assembly — The wired assembly contains the read/write modules and provides the connectors for
the data and timing cables, the power supply extender cable, and the controller cables. The assembly consists of

a logic frame that houses six connector blocks each capable of accepting eight single-height modules or four double
height modules. Wire-wrap connections are used between connector blocks. A fan, located on the module side,
provides forced-air cooling for the modules. The wired assembly is hinged at each end and can be rotated on its
horizontal axis for convenient servicing.

1.3.3.2 Power Control Panel Assembly — The power control panel assembly contains the receptacles for primary
power connections, an RFI filter, and circuits for local/remote control of primary power. The assembly is at-
tached to the chassis by four screws and can be removed readily for internal access. All electrical connections
between the panel and other assemblies are made using connectors on the external portion of the assembly. The
internal wiring of this assembly determines if the unit is used with 115V or 230V.

1.3.3.3 Disk Select and WLO Panel Assembly — This assembly contains the controls for selecting disk unit assign-
ment and track write protection (write lockout). A 5-position rotary switch is used for disk file assignment (0
through 3) and for placing the unit off-line (OFF). Five rocker switches are used for the write lockou ‘“unction.
The upper rocker switch enables or disables the write lockout function. With this switch in the enable position,
all tracks from 00 through the track number selected by the other four rocker switches are write protected. The
rotary switch and the five rocker switches are mounted on a PC module located behind the panel. A flat Mylar
cable connects this assembly to the wired assembly.

1.3.3.4 Power Supply

The power supply is located on the rear of the cabinet (Figure 2-5). The supply provides =15V, +5V and +20V
for the read/write electronics. A power supply extender cable is used to connect the power supply and the main
chassis of the drive unit. Primary ac power is routed from the power control panel to the supply via the extender
cable. The dc output from the supply is routed to the wired assembly also via the extender. See Figure 2-6 for
power supply cabling. Additional power supply information is given in Appendix B.

*The Power Supply has been removed from the main chassis and located on the rear of the cabinet (Figure 2-5).
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1.3.3.5 Data and Timing Cable Assemblies — Two flat Mylar data cable assemblies (Figure 1-2) interconnect the
data track heads with the read/write logic. Each data cable assembly handles the signals for two head shoe assem-
blies; it has two 8-track matrix-connector modules at the head end. One timing matrix cable assembly (Figure
1-2) interconnects the timing heads with the read/write logic. This cable has a 6-track matrix module at the disk
end and a connector module at the logic end.

1.4 SPECIFICATIONS

Storage Medium 10-in. diameter nickel-cobalt plated disk with proprietary
protective coating

Storage Capacity Up to 1,280,000 bits

Access Time 60 Hz Power 50 Hz Power
Minimum 260 us 260 us
Average 16.9 ms 20.3 ms
Maximum 33.6 ms 40.3 ms

Data Tracks ) 32

Bits Per Track Up to 40,000

Recording Method Self-clocking one-of-N, NRZI code

Bit Density 1700 bpi (maximum)

Timing Tracks

Write Protection Features

Motor Bearing Life

Power Requirements

Operating Environment

Storage and Shipping Environment
Physical Characteristics
Height
Width } Drive Chassis only
Depth

Weight Includes power supply

Vibration

Shock

3 plus 3 spare

5 switches provide write protection on all binary track
addresses up to and including binary track address indi-
cated by switch selections.

Expected operating life of at least 20,000 hours under a
standard computer operating environment.

115/230 Vac £15%, single-phase, 47 to 63 Hz.

Starting current of 6A; nominal operating current of
2.2A.

40°F to 125°F, ambient. Relative humidity of 20% to
80% (non-condensing).

-40°F to 135°F (non-condensing)

10-1/2 in.
19 in.
18-3/4 in.
64 1b

5-20 Hz 0.020 in. D.A. 20500 Hz +1.5g, any plane.

5g’s Halfsine, 10 ms duration, any plane. Suitable for
office, industrial, and large vessel operation.

1-3






CHAPTER 2
INSTALLATION AND OPERATION

2.1 UNPACKING AND INSPECTION

The RS64 Disk File can be shipped in a cabinet as an integral part of a system or separately in its own container
for mounting in an existing cabinet. If a unit is shipped as a separate item, the power supply and the drive chassis
will be shipped separately. Remove the items from the container, remove packing materials (Figure 2-1), and in-
spect for shipping damage. Report any damage to the carrier. Retain packing materials for possible reshipment.

The RS64 is shipped with a motor lock installed to prevent rotation of the disk during shipment. In addition,
four corosote shock mount yokes, Figure 2-1, prevent bottoming of the shocks during impact. These items must
not be removed until the disk is correctly installed in a cabinet.

CAUTION
Exercise care in unpacking the unit. Do not drop unit
or subject it to unreasonable impact.

If the RS64 Disk File is shipped in a cabinet, the unit is retained in place by shipping brackets located at the rear
of the chassis. These brackets must be removed to extend the unit from the cabinet. Remove the shipping
brackets and any packing materials and inspect the unit for shipping damage. Report any damage to the carrier.

CAUTION
Do not remove motor lock or shock mount shipping
yokes until cabinet is in final installation location.
Disk heads can be damaged if unit is moved without
these items in place.

2.2 MECHANICAL INSTALLATION

The RS64 Disk File is designed for 19-in. equipment rack mounting and requires 10-1/2 in. of front panel height.
Up to four disk files can be installed in an H950 cabinet as shown in D-SD-RS64-0-11 (see Chapter 6).

If the RS64 is to be installed in an existing cabinet, it may be necessary to install the cabinet portion of the track
slide assembly. Cabinet hardware (10-32 x 3/4 screws and 10-32 clip nuts) shipped with the file should be used to
attach the track slide assembly to the cabinet.

Once the RS64 drive chassis is correctly mounted on track slides, extend the assembly and remove the four shock
mount yokes used for shipping. Next, remove the motor lock on the bottom of the motor shaft. Retain these
items and the shipping brackets (and the shipping container) for possible reshipment of disk.

The H737 Power Supply is mounted on the rear of the cabinet. To mount the power supply proceed as follows.
Step Procedure

1 Attach mounting panel 5310507 to the rear of the cabinet with four mounting
screws and speed nuts. Position the panel so the top edge is even with the lower
edge of the drive unit chassis (Figure 2-4).

2 Attach the H737 Power Supply to the panel with four mounting s;:rews. The ad-
justments should be on top (Figure 2-5).

NOTE
If there is to be a second power supply mounted in
this cabinet, or if this is the second supply, it should
be attached to its mounting plate upside down so
that the adjustments will be accessible.

3 Connect the power supply extender cable (7009380) between the power supply
and the drive chassis.

4 Attach the two Deklasp clamps (9008340), to the extender cable. Attach one clamp
3 inches and the other 11 inches from rear of drive chassis.

2.3 POWER REQUIREMENTS

Model RS64A operates from a 95-135V, 47-63 Hz single-phase source and model RS64B operates from a 190-
260V, 47-63 Hz single-phase source. The power control panel of each model provides the facilities for connecting
primary power. Each panel contains a male receptacle for input power and a female outlet for extending primary
power to other units. Drawing C-BD-RS64-0-10 illustrates a typical arrangement for primary power. A mating
connector rated at 15 Amperes is recommended for power input-output connections.

The power control panel also provides the receptacle for remote control for primary power and extending remote
control to other units. Drawing C-BD-RS64-0-10 also illustrates a typical arrangement for remote control of power;
Figure 2-2 illustrates the circuits used for remote control.

2.4 SIGNAL CONNECTIONS

Drawing C-DB-RS64-0-9 shows a typical arrangement for connecting up to four RS64 Disk Files on a controller
bus. This drawing also defines the cable types. Bus length should be 35 ft or less and a G739 terminator card
should be used in the last RS64 unit on the bus.
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2.5 INSTALLATION CHECKOUT

The RS64 Disk File is thoroughly checked at the factory. However, complete diagnostics should be run after the
unit is installed. Information for running the diagnostics is included with the controller.

2.6 PREPARATION FOR MOVING AND SHIPPING DISK FILE

If the unit is to be moved or shipped in a cabinet, install motor lock and shock mount yokes. Lock the assembly
in place using shipping brackets.

If the unit is to be shipped in a separate container, use the original shipping container where possible. Items used
for shipping are depicted in Figure 2-1.

2.7 OPERATION
2.7.1 Power Control Panel Controls and Indicators

The power control panel, Figure 2-3, contains an input power indicator, a 15A circuit breaker, and a LOCAL/OFF/
REMOTE switch. The input power indicator is lit whenever primary power is applied to input receptacle P1.
Circuit breaker CB1 controls the application of primary power to the disk drive motor, the fan, the power supply
relay, and the local/remote control circuits.

The LOCAL/OFF/REMOTE switch controls the application of primary power to the power supply. In the
LOCAL position, it energizes the power supply relay to complete the primary power path. In the OFF position,
this switch interrupts the control path for the power supply relay to remove primary power.

I

DEVICE CONTROL PANEL

—_————— R ——

.__./
I I I AC LINE _').":} POWER. SUPPLY |
| ' | +EV
| ' | LOCAL |
P '
| |
l I lOFF-“" r———-l
| | | REMOTE I
| . | 71 | NExT DveK FILE
! OR EQUIVALENT
| z . 2 DAST DEICE | CE*
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| mk JERRAIES s
. S
l _—HJZ /J7 /J;__—_—\”L_'_ TO Jt1-2.
| conliet | freznazesm
L -

CP-0060

Figure 2-2 Remote Control and Interlock Connections

The REMOTE position permits power supply turn-on by a remote switch closure. When used in a remote turn-on
chain with other units, the LOCAL and OFF positions complete the remote turn-on chain for other units. This
feature permits any device to be controlled locally yet still maintain the remote turn-on control for other units.

2.7.2 Disk Select and WLO Panel Controls

This panel, Figure 2-3, provides the controls for establishing a disk drive unit number and for selecting tracks that
are to be write protected (write lockout).

a. UNIT SELECT — This 5-position rotary switch establishes a unit number (0 through 3) for a
drive or places it logically off-line (OFF position) with respect to a controller or program.
With this switch in other than OFF, the drive is selected by a corresponding unit number from
a controller. This feature permits up to four disk units to be operated from one controller.

b. WRITE LOCKOUT — This rocker switch, when placed to the ENABLE position, permits the
tracks designated by the TRK ADD switches to be write protected. When placed to the
DISABLE position, this switch negates any write lockout function.

¢. TRK ADD 2° — 24 — These binary-weighted rocker switches select the tracks that are to have
write lockout or write protection. The write lockout function is provided for tracks selected
by the binary combination of the switches plus any lower-number tracks. For example, with
the 2° switch in the logical 1 position and all others in the logical O position, tracks 1 and 0
have write lockout. Similarly, with the 2° and 2! switches in the logical 1 position, tracks O
through 3 inclusive are write locked.

Figure 2-3 Power Control and WLO Panel



2.7.3 Operating Instructions

In general, the RS64 disk is an automatic device that does not require operator intervention. To operate the de-
vice, simply select a unit number (0 through 3) corresponding tc program assignment and apply primary power.

To set up write lockout for tracks:

Step Procedure
1 Press WRITE LOCKOUT switch to ENABLE.
2 Set up TRK ADD switches to binary equivalent of the highest track number that

is to have write lockout. For example, to provide write lockout for tracks 0
through 16, press the 2* switch and leave 2° through 22 in O position. To pro-
vide write lockout for track 0 only, set all switches to O.

To discontinue write lockout for previously selected tracks, simply return WRITE LOCKOUT switch to DISABLE
position.
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Figure 2-4 Power Supply Mounting Panel
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CHAPTER 3
THEORY OF OPERATION

3.1 SYSTEM RELATIONSHIPS

Figure 3-1 shows the general relationships of an RS64 Disk File with a controller. Up to four disk files can be
operated with one controller. Each disk file is assigned a unit number and is selected by one of four lines from
the controller. Only that disk file having the unit number designated by the controller responds to a selection.
When a disk is selected, it acknowledges the selection and provides the controller with timing and address infor-
mation recovered from the disk. Five binary-weighted lines from the controller select one of 32 data tracks. If
the data track specified in the selection is write locked, the disk file also notifies the controller.

™7 771 biskseLecT

| TRACK SELECT

SEL ACK & WLO

:

WRITE DATA

RS64
CONTROLLER DISK FILES

| WRITE CONTROL (UP TO 4)

READ DATA

|

:

| TIMING

ADDRESS

|

CP-0085

Figure 3-1 RS64 System Relationships

When the controller synchronizes with disk timing information and recognizes the address specified by the pro-
gram, it begins writing or reading information at that address. For a write operation, the controller enables the
disk write electronics and provides the disk with serial data. A read operation is implemented whenever a write
operation is not specified. A synchronizing preamble is included with the address and data so that recovery syn-
chronization can be independent of inherent skew between timing, address and data tracks.

3.2 DISK SURFACE AND TRACK ARRANGEMENT

Information is recorded on the lower side of the disk plate, Figure 3-2, at a perimeter beginning approximately

' 3/4 in. from the outer edge of the disk. Four head shoe assemblies, each containing eight read/write heads, store
and retrieve data. One head shoe assembly, containing six read/write heads, is used for writing and recovery of
timing and address information, i.e., timing tracks A, B, and C and three spares. These head shoe assemblies are
located in the disk base plate as shown in Figure 3-3. Figure 3-4 depicts the arrangement of tracks.

Figure 3-2 Disk Assembly with Cover Removed

3.3 FUNCTIONAL DESCRIPTION
3.3.1 Functional Block Description

Figure 3-5 illustrates the functional circuits that comprise the RS64 Disk File. The upper part of this diagram
depicts the disk and track selection circuits and the read and write data paths. The lower part of the diagram de-
picts the circuits associated with the timing and address tracks.
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Figure 3-3 Disk Assembly with Head Shoes Exposed

The disk utilizes three pre-recorded timing tracks (plus three spares) and 32 data tracks for recording and recovery
of data. Bit timing (and bit cell width) is established by timing track A (TTA). With the exception of an origin
gap, this track contains a continuous stream of logical 1’s. Timing from this track is supplied to a self-
synchronizing phase-locked clock. The phase-locked clock is used as a three times frequency multiplier; it syn-
chronizes its output to the phase of the TTA timing stream to enable separation of sync pulses, data ones, and
data zeros recovered from the other tracks.

Timing track B conveys address and data markers. The address marker denotes the beginning of an address sector
on timing track C; it occurs at least six bit times before the address preamble. Similarly, the data marker signifies
the beginning of a data sector of a track.

Timing track C conveys the information for addressing portions of a data track, i.e., block addresses. A synchro-
nizing preamble and an odd parity bit are included with each block address. The number of primary divisions or
blocks assigned to the data tracks determines the number of address bits. For RC11 usage, for example, data is
stored in 64 blocks; thus, a 6-bit address is required. The synchronizing preamble provided with the address per-
mits a controller to correctly synchronize with TTC information without having to compensate for skew between
the clock timing track and the address track.

Information is continuously read from timing tracks A, B and C; however, this information is not gated to the
controller until the disk file is selected. For selection of a disk file, the controller enables one of four input lines
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Figure 3-4 Track Arrangement

(DISK SEL 0-3) to the Disk Select/WLO panel. If the disk file is assigned a unit number corresponding to the
controller selection, the Disk Select/WLO panel provides an SEL output. This output enables the gating of timing,
address, and read data to the controller. Selection of a disk file also causes the selected unit to return a SEL ACK
signal to the controller. This signal informs the controller the disk file is operable and has recognized the selection.

Concurrent with selection of the disk file, the controller specifies which track is to be used. This information is
provided as a 5-bit track address (TK 20 _ 24y to the track decoder circuits and a write lockout (WLO) compar-
ator. If the track designated by the controller is one of a group selected to be write-protected (no rewriting of the
track), the WLO comparator disables the disk write circuits. Thus, only a read operation can be performed for
the track. Since the write lockout disables the write driver, no combination of control signals can enter informa-
tion on the write locked tracks.

The track address is decoded in two parts. One decoder circuit decodes the three LSB’s (2° — 22) and enables
one of eight center tap selector circuits to select one of eight matrix lines (0—7). Similarly, a second decoder
circuit decodes the two MSB’s of the track address and enables the corresponding series switch circuits to select
one of four pairs of matrix lines (octal group 0—7, 10—17, 20—27, or 30—37). The combination provided by the
center tap selector and the series switch selects the track for an ensuing read or write operation.

A read operation is specified by the negation of a write enable (WREN) input. This input disables the disk writer
circuits to allow a read operation. When the controller recognizes the address for the desired block of the selected
track, it begins accepting the serial read data.

For a write operation, the controller compares the address from timing track C with the address specified by the
program. Upon recognizing the correct address, the controller asserts the WREN input and provides serial NRZ
data to the disk write flip-flop. This flip-flop, clocked at mid-bit time with respect to the input serial NRZ data,
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Figure 3-5 RS64 Functional Block Diagram

toggles on each binary 1 in the input. This action reverses the record head current each time a binary 1 is present
and results in the recording of a binary 1 by reversing the flux saturation.

3.3.2 Timing Path Logic

Drawing D-BS-RS64-0-2 shows the circuits associated with disk timing. In general, these circuits reconstruct the
digital form of disk timing tracks, synchronize an internal clock with the disk bit timing track (TTA), and provide
timing information to a controller when the disk is selected by the controller. Bit timing is also provided to the
write data path.

Differential inputs from timing track heads TTA, TTB, and TTC are applied to read amplifier-peak detector mod-
ules E-F08, E-F07, and E-F06, respectively. These modules convert the differential bipolar input pulses (repre-
senting logical 1’s) into negative-true (0V) 300-ns strobe pulses at output pin E2.. The leading edge of a strobe
pulse occurs at approximately the peak of the input pulse. The read amplifier-peak detector modules also pro-
duce an output at pin H2 that signifies the polarity of the input pulse. This signal is negative-true (0V) for a
positive-input pulse and has a pulse width corresponding to the duration of the input pulse. The strobe and po-
larity outputs of TTA and TTC are gated to the controller whenever the disk is selected. The strobe output (CLK
S or ADR 8S) is used as a timing reference while the polarity output (CLK P or ADR P) is used for error checking
functions.

The TTA read amplifier-peak detector also provides strobe pulses to a seif-synchronizing phase-locked loop con-
sisting of an M4201 phase-locked clock and two M205 D-type flip-flops connected as a divide-by-3 counter.

This loop synchronizes the output phase with the strobe pulses recovered from TTA. For this function, the
M4201 phase-locked clock compares the time occurrence of the counter output (feedback) with the TTA strobe
pulses and uses the result of these comparisons to correct the frequency of a VCO. Since this VCO drives the
divide-by-3 counter, the seif-correcting loop phase-locks the output phase to the TTA strobes. Counter timing
relationships are provided in Figure 3-6. Additional information on the phase-locked clock is provided in the
module descriptions (Paragraph 3.4.16).
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Figure 3-6 Counter Timing Relationships

As mentioned previously, TTB conveys the address and data markers signifying the beginning of address or data.
The address marker is identified by a negative polarity pulse recovered from TTB and a data marker is identified
by a positive polarity pulse recovered from TTB. For the detection of the markers, the strobe output of the TTB
read amplifier-peak detector is ANDed with its polarity output. If the polarity output at FO7—H2 is positive and
a strobe pulse is present, the timing logic provides a 300-ns, negative-true address marker pulse to the controller.
Similarly, if the polarity output at FO7—H2 is at 0V and a strobe pulse is present, the timing logic provides a 300-
ns, negative-true (0V) data marker pulse to the controller.

3.3.3 Data Path Logic

Drawing D-BS-RS64-0-3 shows the circuits for disk selection, write lockout, and the write and read data paths.

For selection of a disk file, the controller ground-asserts one of four select lines (DSK 0—3). If the UNIT SELECT
switch on the Disk Select/WLO panel is in a corresponding position, the ground-asserted input generates a SEL L
gating level; a SEL ACK output is also returned to the controller. The SEL L signal gates disk timing, read data,
and other signals to the controller bus. The SEL ACK output informs the controller the disk file is not in a power-
down or off-line state so that the ensuing operation can proceed.

A write lockout function is implemented with an M167 comparator module. This module compares the controller
track address (TK 2° — 2%) with inputs from the binary-weighted TRK ADD switches. If the track address
specified by the controller is equal to or less than the address selected by the TRK ADD switches, the M167 com-
parator output is a ground level. This output prevents turn-on of the G291 disk writer; thus, information on the
track cannot be erased or changed. The ground level from the M167 comparator also generates a WLO L signal to
the controller. In contrast, if the track address specified by the controller is greater than the switch selection, the
M167 comparator provides an enable level to the G291 disk writer.

The upper part of D-BS-RS64-0-3 shows the circuit elements comprising the write and read data paths up to the
data sense lines (+DSL and -DSL). From a logic viewpoint, these paths are straight-forward and, therefore, are
not discussed in detail. However, the read/write electronics are described in subsequent paragraphs.
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3.3.4 Read/Write Electronics

As mentioned previously, data is stored serially around the disk surface by 32 fixed data heads. The controller
selects the active data read/write head with five binary-weighted lines. Drawing D-BS-RS64-0-4 shows the circuit
elements for track selection. Note that the track address is decoded in two parts. One octal group (0—7, 10—-17,
20-27, or 30—37) enables a related G295 series switch while decoding the lower order track address bits enables
one G296 center tap selector. Once selected, the head reads or writes according to inputs from the controller.

The RS64 disk uses the Non-Return-To-Zero Inverted (NRZI) recording technique. In this technique, a change
in the direction of the magnetic flux along the disk track represents a binary 1 and no change in the magnetic

flux represents a binary 0. A binary 1 is written by reversing the direction of the write current in the recording
head.

Figure 3-7 illustrates in simplified form the circuits used for writing and reading of data. A head winding is repre-
sented by coil L1. This coil forms the center leg of a bridge circuit consisting of resistors R1 and R2, isolation
diodes D1 and D2, and switching transistors Q1 and Q2 in the G295 series switch module.
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Figure 3-7 Read/Write Electronics

When the controller reads using this head, it does so by activating the appropriate G296 center tap selector module

(to select one of eight matrix lines) and the appropriate G295 series switch module (to select one of four groups).
This combination connects node A to +20V, switches transistors Q1 and Q2 on, forward biases diodes D1 and D2,

34

and completes a 5 mA (approximate) current path through each leg of the bridge and the differential input of the
read amplifier. With equal current in the legs, no current flows in the read/write head. When data is read, the
changing magnetic field from the disk surface induces a voltage in the head that appears across the differential
input of the G088 read amplifier-peak detector. This voltage is subsequently amplified and converted to a digital
strobe. The polarity of the voltage across the coil is a function of the direction of flux change; thus, bipolar ana-
log pulses are provided to the read amplifier.

For a write operation, the recording head is selected the same as for a read operation, but the bridge is unbalanced
by switching the emitter of Q1 or Q2 to -15V via one of the transistors in the G291 disk writer module. This ac-
tion forces approximately 45 mA through the head coil. The direction of current flow through the head is deter-
mined by which G291 transistor is active; this transistor switching, in turn, is controlled by the state of the write
flip-flop.

Figure 3-8 shows the relationships of the read and write waveforms. For a write operation, the serial NRZ write
(WRT) data is clocked by the positive transition in the bit rate (F/3) timing. Each binary 1 in the NRZ input
complements the flip-flop which, in turn, switches one of the transistors in the G291 disk writer module on and
its counterpart off. As a result, head current is reversed and the magnetic field is reversed on the disk surface.

Figure 3-8 also shows the corresponding analog and digital waveforms for a read operation. Note that the read
voltage consists of bell-shaped pulses that peak at the maximum change in the flux pattern. Note also that the
NRZI format results in bipolar pulses having alternate polarities, i.e., no two successive pulses have the same po-
larity. This characteristic, through the use of the DATA P output, can be used to detect errors.
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Figure 3-8 Write and Read Waveforms



3.3.5 Power Control Panel

Drawing D-AD-7006868-0-0 is a schematic of the 115V and 230V power control panels. These panels are func-
tionally identical; they differ primarily in the wiring for the primary of the local/remote power transformer
(parallel connections for 115V and series for 230V) drive motor connections and rating of various components.
Each control panel contains:

a. amale receptacle for primary power,
b. afemale utility receptacle,

an RFI filter (L1, L2, and C1),

o

d. apower input indicator,

e. 15-A circuit breaker CB1,

f. step-down transformer T1,

g. local/remote switch assembly S1 and

h. power supply relay K1.
Transformer T1 provides an 18 Vrms potential that is rectified by diodes on local/remote switch assembly S1.
The resulting potential is used as a supply voltage to energize K1. The LOCAL/OFF/REMOTE switch completes

the energizing path for K1 by providing a ground input to K1. This input can be supplied as a result of position-
ing the switch to LOCAL or by a remote switch closure when the switch is in the REMOTE position.

3.3.6 Power Supply

Refer to Appendix B for power supply coverage.

3.4 MODULE DESCRIPTIONS
3.4.1 G088 Read Amplifier-Peak Detector

The read amplifier-peak detector reconstructs the digital form of bipolar analog pulses read from disk timing and
data tracks. Disk head inputs are provided in differential form and all outputs are TTL compatible.

Functionally, the G088 module consists of a differential amplifier and a peak detector as shown in Figure 3-9,
Drawing DS-C-G088-0-1 is a schematic of the G088 module.
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Figure 3-9 G088 Read Amplifier-Peak Detector Simplified Diagram
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The read amplifier portion is a 3-stage, discrete-component differential amplifier (Q1 through Q6) with a 3 dB
bandwidth from 60 kHz to 700 kHz. The amplifier has linear gain characteristics (up to a maximum gain of
1000) for low-level inputs (up to 10 mV) and nonlinear gain characteristics (gain compression) to prevent peak
distortion at higher level inputs. Diodes DS, D6, D10, and D11 provide the gain compression features.

The differential output of the amplifier is ac-coupled to the peak detector. Figure 3-10 depicts the amplifier out-
put and the waveforms for the peak detector. The peak detector portion detects the peaks of the bipolar pulses
provided by the read amplifier and generates a 300-ns, negative-true strobe pulse for each peak. It also generates
a polarity output denoting the polarity of the peak; a negative pulse denotes a positive polarity input pulse. Two
test points (AS2 and AT2) permit monitoring of the amplified output.
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Figure 3-10 G088 Read Amplifier-Peak Detector Waveforms

Transistor stages Q8 and Q9 (with diodes D12 and D13) rectify the bipolar pulse input and provide a single-ended
signal to the 100-ns delay line and amplifier E3. Peak detection is accomplished by delaying the analog input by
100 ns then comparing the magnitude of the delayed signal with the undelayed signal. Stage E3 functions as an
analog voltage comparator that is operated open-loop. Its output saturates positive whenever the delayed analog
signal is more negative than the undelayed analog signal (Figure 3-10). Conversely, its output is negative whenever
the difference in the analog inputs is zero or the undelayed input is more negative than the delayed input. Thus,
its output approximates a digital form and is positive for each analog peak.

When both the delayed and undelayed analog inputs are at zero (no peaks), any noise that exceeds the input
threshold of E3 causes spurious peaks in its output. To eliminate this aspect, the delayed analog signal is com-
pared with a voltage reference (provided by R39 and R42) at operational amplifier E4 and the output of E4 re-
mains negative unless the analog input exceeds the threshold reference. This threshold is set such that noise peaks
cannot drive the output of E4 positive yet data peaks can. Since the output of E4 is ANDed with the output of
E3, the net effect cancels noise peaks in the output of NAND gate E1 (Waveform 5, Figure 3-10). Test point BU2
is provided for adjusting the threshold. This reference is set to the midpoint between maximum noise peaks and
minimum data peaks. Nominally, this reference is-1.2V.

The pulsewidth of the strobe output is standardized by one-shot E2. This circuit, triggered by a negative transi-
tion, produces a nominal 300-ns strobe pulse. The leading edge of this pulse denotes the data peak position. This
pulse is inverted for a negative-true strobe output (Waveform 6, Figure 3-10).

Transistor stage Q7 produces a polarity pulse for each positive pulse in the disk head input. The output of Q7 is
inverted for a negative-true pulse. This pulse has a duration corresponding to the width of the input pulse.
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INPUTS:
Pin
AE2, AF2
AV2
OUTPUTS:
Pin
BE2

BH2
AS2, AT2

BU2

Pin

BA2

AB2, BB2
AC2, BC2
AA2, BD2

Use

Head Differential Input
Head Center Tap

Use

Strobe (300 £100 ns)
Polarity

Read Amplifier Output Test
Points

Peak Detector Threshold Test
Point

Use

25 mA at +5V
60 mA at-15V
GND

60 mA at +20V

*One TTL unit load is 1.6 mA (maximum).

3.4.2 G291 Disk Writer

The disk writer records information on a disk. Functionally, it consists of an 80-mA differential-current amplifier

Drive or Load

5to 10 mV

Drive or Load

10 TTL loads*
10 TTL loads

with two 4-input AND gates for accepting complementary TTL data inputs (and gating signals) as shown in Fig-

ure 3-11. The module also contains a power-fail sensor that holds the writer off during power-up or power-down

sequencing.
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Figure 3-11 G291 Disk Writer Simplified Diagram

Transistor stages Q1 through Q4 (Drawing CS-G291-0-1) comprise the differential-current amplifier. Stages Q1
and Q4 are the differential input pair. Stages Q2 and Q3 functi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>