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PREFACE

This manual has been prepared for customer
engineers and other technical personnel who
will be using the TB304 Field Test Unit (FTU)
to assist in troubleshooting the Storage
Module Drive (SMD) and the Mini-Module Drive
(MMD). The FTU is available in three ver-
sions:

TB304A - Exercise/test SMDs only, plus
head alignment capability.

TB304B - Exercise/test both SMDs and MMDs,
plus head alignment capability
for SMDs.

TB304C - Exercise/test both SMDs and MMDs;
no head alignment capability.

All B and C versions of the TB304, and all A
versions with serial numbers 201 and above,
are ruggedized to minimize damage during
transportation and handling.

Personnel using this manual should already

be familiar with the computer system, drive
controller and drive logic, as well as system
programming techniques for executing I/O
operations, including the proper sequencing
of I/0 commands and signals between the drive
and its controller.

The manual is divided into seven sections as
follows:

Section 1 - General Description. Contains
the physical description and
functional specifications for
the FTU.
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Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

Operation. Provides installa-
tion information and procedures
for operating the FTU in all
modes, as well as steps to take
when error lights appear on the
FTU control panel.

Theory of Operation. Makes
extensive use of flowcharts to
show the FTU logic sequencing
during the various operating
modes.

Maintenance. Contains proce-
dures for adjusting the 5 V dc
supplies and describes how to
use sections 2, 3, and 5 to
troubleshoot the FTU.

Diagrams. Contains logic dia-
grams, schematic diagrams of
the power supplies and "locator"
drawings showing the physical
lay-out of the parts in each
electrical assembly.

Wire List. Shows point-to-
point wiring of the ICs on
the logic board.

Parts Data. Provides an ex-
ploded view of the TB304 and
a breakdown of field replace-
able parts.

v/vi
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GENERAL DESCRIPTION 1

INTRODUCTION

The CONTROL DATA® TB304 Field Test Unit (FTU)
is a portable, self-contained tester for
exercising and/or simulating on-line opera-
tions in Storage Module Drives (SMDs), series
BJ4, BJ5, BJ7, BK4, BKS5, BK6 and BK7, as well
as Mini-Module Drives (MMDs) in the BZ3 or
BZ4 series.

The FTU is housed in a suitcase-type carry-
ing case that provides a control panel, a
logic board, and an integral power supply.
The case contains space for storing the power
cable, all necessary I/0 cables, and a head
alignment card.* The head alignment card
plugs into the logic chassis of the SMD and
permits individual head alignment, using a
null meter mounted in the FTU control panel.
In addition, a special I/O bypass cable is
provided that enables head alignment and
servo maintenance to be performed without
disconnecting the I/O cables between the
drive and its controller.

SPECIFICATIONS

Specifications for the TB304 are given in
table 1-1.

FUNCTIONAL DESCRIPTION

The TB304 provides five access (seek) modes,
four read/write modes, and two modes for
determining head selection.

ACCESS MODES
Direct Seek

The drive under test will perform a single
seek to the track number set in the CYLINDER
ADDRESS switches on the FTU control panel.

Continuous Seek

The drive under test will perform repetitive
seeks between any two tracks selected by the
operator. Operation will continue until the
START/STOP switch on the FTU control panel
is moved to STOP (STOP switch actuated).

Sequential Forward Seek

The drive under test will perform single-
track incremental seeks until the last track

is reached, then seek to track 00 and continue

* Head alignment card not supplied with
TB304C.
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incremental seeks in the same manner until
the STOP switch is actuated.

Sequential Reverse Seek

The drive under test will perform single-
track decremental seeks, starting with the
track nominated by the CYLINDER ADDRESS
switches, until track 00 is reached. The
drive will then return to the nominated
track and repeat the operation until the
STOP switch is actuated.

Random Seek

The drive under test will perform seeks to
random tracks as selected by a free-running
counter within the FTU.  Operation will con-
tinue until the STOP switch is actuated.

READ/WRITE MODES

The TB304 generates serial NRZ write data

at a rate determined by the servo clock sig-
nals transmitted from the unit under test.
When a repeated access mode is selected
(that is, any mode except Direct), a read/
write operation will be completed at the
selected cylinder, after which a seek will
be initiated to the next cylinder address
(as determined by the access mode) and the
read/write operation repeated. This seek-
read/write sequencing will continue until
the STOP switch is actuated or an error
occurs. For Direct seeks, the R/W operation
will continue at the selected track or cyl-
inder (depending upon the head select mode)
until the STOP switch is actuated.

The number of tracks read or written during
each R/W operation is controlled by the mode
of head selection chosen. For manual head
selection, only the track under the' head
selected by the HEAD ADDRESS switches will
be read or written. For sequential head
selection, the heads will be sequenced so
as to read or write each track in the cyl-
inder. When the highest-numbered head (or
cylinder track) has been exercised, the
drive will seek to another cylinder (except
in Direct Seek) and the R/W operation will
be repeated at that new cylinder, starting
with head 00.

Write Format

When the FTU WRT-RD SELECT switch is set to
WRT FORMAT, the FTU will write each selected



TABLE 1-1. TB304 SPECIFICATIONS
Characteristic Condition Specification
Size L xWxH 20.5 x 16,0 x 8.0 inches
(52.0 x 40.6 x 20.3 cm)
Weight 43 1bs (19.5 kg)
Temperature Operating +60°F to +90°F (15.5°C to +32°C)
Gradient +12°F (+6.6°C)

(rise per hour)
Non-operating

Relative Humidity
(no condensation)

Operating
Non-operating

Altitude Operating

Non-operating

50/60 Hz,
single phase

Input Power

Minimum Input 120 V ac
Voltage

240 V ac

+30°F to +150°F (-34°C to +66°C)
20% to 80%
5% to 95%

-1000 ft to +10,000 ft
(-306 m to +3048 m)

-1000 ft to +35,000 ft
(=306 m to +10.7 km)

120 (+8, -18) Vv ac @ 1.5 A, max.

240 (+17, -27) V ac @ 0.8 A, max.
(conversion is via terminal board in
power supply)

90 V ac (100 V ac nominal, $10%)

180 V ac (200 nominal, +10%)

track with the appropriate track address and
a repetitive 8-bit data pattern that has been
set in the DATA PATTERN switches on the FTU
control panel. The FTU also provides a means
for indicating a defective track when using
the Write Format mode.

Write

When the FTU WRT-RD SELECT switch is set to
WRT, the FTU will write the repetitive 8-bit
data pattern on the selected track, after
having first read and verified the track
address.

Read

When the FTU WRT-RD SELECT switch is set to
RD, the FTU will read the data from the

selected track, after having first read and
verified the track address.

Write Then Read

When the FTU WRT-RD SELECT switch is set to
WRTe®RD, the FTU will verify the track address
and write the 8-bit data pattern on the se-
lected track during one revolution of the
drive, then verify the track address and read
back the data during the second revolution.

A fifth position (OFF) of the WRT-RD SELECT
switch is available for "access only" opera-
tions. This position is also used during
the head alignment procedure.
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OPERATION 2

“

INTRODUCTION

This section provides installation informa-
tion for the TB304, including the purpose
and use of the various cables supplied with
the tester, and gives detailed operating
instructions for the many test procedures
that are possible with the FTU. A general
view of the FTU and its associated hardware
is shown in figure 2-1.

INSTALLATION
OPERATING VOLTAGE

The FTU is connected at the factory for use
with a 120-V ac 50/60~Hz power source. To
reconnect for 240-V ac operation, proceed as
follows.

1. Open the FTU cover.
set aside if desired.

Unhinge cover and

2. Raise the control panel.

3. Remove head alignment card from its
compartment on top of the power supply
box.

4. Remove four screws securing cover plate
of power supply; remove the cover plate.

5. Remove jumper straps connecting terminals
1 and 2, and terminals 3 and 4 of AlTBI1.

6. Install both jumpers so as to connect
terminals 2 and 3.

7. Replace and secure the power supply cover
plate.

8. Replace the head alignment card in its
compartment.

9. Procure a 120-to-240 V ac conversion
plug from a local supply house and at-
tach to the FTU power cord plug. Alter-
natively, remove the molded 3-prong plug
attached to the FTU line cord and in-
stall one suitable for 240-V ac recep-
tacles.

The FTU is now ready for 240 V ac operation.

I/O CABLES

Five I/0 cables are provided. The standard
A-cable has a 75-pin block-type connector on
each end. The standard B-cable is equipped
with two 34-pin block-type connectors. For
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sites that use any of the BK series SMD's,

two adapter cables are provided for convert-
ing the block connectors on the standard I/0
cables to the flat connectors on the BK-series
machines.

The fifth cable is the I/O Bypass cable that
contains a 28-pin female connector on one
end, the other end fanning out to two 14-pin
male connectors. These male connectors plug
into locations F0l1 (Pl) and F06 (P2) on the
FTU logic board. Pin 1 of the 14-pin con-
nectors Pl and P2 should be aligned with pin
2 of the 16-pin locations on the logic board.
The 28-pin connector (P3) connects to the
drive logic chassis according to the type of
drive under test. Table 2-1 provides the
information needed. (See also cross-reference
numbers 400 and 403 (c.r. 400, 403) in the
Diagrams section.)

HEAD ALIGNMENT CABLE

SMD head alignment using the TB304A/B requires
installing the special head alignment card
in the proper position of the drive logic

TABLE 2-1. CONNECTING I/O
BYPASS CABLE TO DRIVE

SID Connect 28-pin

Series connector P3 to NOTE

BJ4xx JA84 The I/O Bypass
cable is useful

BJ5xx JA3 * when doing head
alignment and

BJ7xx JA3 * for exercising
the drive access

BK4xx AQ2 ** mechanism. Read/
write operations,

BK5xx AQ2 *x* however, cannot
be performed

BK6xx JAB4 using the By-
pass cable.

BK7xx JA84 [}

* Plugs into card side
of logic chassis.
Others slip over W/W
pins on back (wire-
wrap) side of logic
chassis at locations
shown.

** Pin 1 of P3 corx
to pin 16 of A02




P38 b26
50 OR 60-PIN FLAT
CONNECTOR N AT
0 P 3 J2A
P 34-PIN BLOCK
CONNECTOR °

— J3A

- 75-PIN BLOCK

CONNECTOR

o TO 1/0 CONNECTORS ON DRIVE OR TO A/B CABLE
ADAPTERS IF BK TYPE DRIVE IS USED

o TO 1/0 CONNECTORS ON DUAL- ACCESS
(BK XXX) DRIVES

8U440-1A

Figure 2-1. TB304 and Associated Hardware (Sheet 1)
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SEE NOTE 2 — |

o
P2

(LOCATION Fé
ON LOGIC BOARD)

P

TO JACKS ON HFSV HEAD ALIGNMENT
HEAD ALIGNMENT CARD CARD PLUGS INTO CARD SLOT
INDRIVE LOGIC CHASSIS

(SEE NOTES 1, 2)

(LOCATION FI
ON LOGIC BOARD)

CONNECTS TO LOGIC
CHASSIS OF DRIVE
P104 (SEE NOTE 3)

PLUGS INTO JACK ON CARD IN
R/W CHASSIS OF DRIVE

(SEE NOTES |, 2)
/ NOTES:
I. FOR LOCATION, SEE TABLE 2-2
\ 2. TB304A OR TB304B ONLY
P8 3. FOR LOCATION, SEE TABLE 2-|
FITS OVER W/W PINS FOR
HEAD ALIGNMENT CARD SLOT

IN DRIVE LOGIC CHASSIS

(SEE NOTES 1,2) 8U440-2A

Figure 2~1. TB304 and Associated Hardware (Sheet 2)
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chassis, and connecting the 4-wire head align-

ment cable between the logic chassis and the
appropriate jack in the drive's R/W assembly.
Table 2-2 gives the needed information for

the various SMD series. A pair of test leads
(provided) is then installed between the ba-
nana jacks on the head alignment card and the
null meter on the FTU control panel.

TABLE 2-2. HEAD ALIGNMENT CONNECTIONS (SMD ONLY)
Head Head Alignment Cable
SMD Alignment 5600
Series Card Location
PI04 [000 © P8 9383
BJI5xx A08
Plugs into J104 on Head
BJ7xx A08 Select/Read Amplifier
card in R/W chassis.
BK4xx AQ2 Slips over W/W pins 8A,B
through 11A,B at location
BK5xx A02 reserved for Head Align-
ment card. (See column
BJ4xx Alé6 Plugs into J1 on Read at left.)
Amplifier card in
BK6xx Ale6 location E03 of R/W
chassis.
BK7xx Al6

CONTROLS AND INDICATORS

Except for the power switch and circuit
breaker mounted on the power supply box, and
the sector switches mounted in location A20
on the logic board, all controls and indica-
tors for operation of the TB304 are located
on the control panel (figure 2-2). The con-
trols and indicators are described below,

+5 Vv, -5V
indicators

SERVO OFFSET
switch +

moving from top left to bottom right across

the panel. An asterisk following the switch
or indicator name denotes that it is for use
only with the standard I/0 cables. That is,
the function/indication is not provided when
the I/0 Bypass cable is used in lieu of the

standard A and B cables. Sector switch set-
tings are given in table 2-3.

Indicate that the respective power supply voltages are present.

A 3-position switch with center "off":
Commands the drive to offset the carriage in the positive

direction (toward the spindle).

center

Nominal positioning (no offset).

- Commands the drive to offset the carriage in the negative
direction (away from the spindle).

NOTE

The START/STOP switch must be actuated
to effect any change in offset by the
drive when in Direct mode.

DATA STROBE*

A 3-position switch with center "off":

switch EARLY Moves the drive Read strobes from nominal to an earlier
time with respect to data.
center Drive strobes at nominal timing.
LATE Moves the drive Read strobes from nominal to a later time,
with respect to data.
WRT FLAG* When moved up, this switch causes a Defective Track flag bit to be
switch inserted in Bit 6 of Address Word 1, provided that:
a. WRT-RD SELECT switch is set to WRT FORMAT
b. ACCESS MODE switch is set to DIRECT.
c. Head Select switch (SEQ-MAN) is set to MAN.
2-4 83319600 D
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XTAL/SERVO
switch

MAINT/NRM
switch

SEQ PWR/OFF*
switch

WRT INHIBIT/NRM*
switch

ADDR MK/SECTOR MK*
switch

RPM
switch

TPI
switch

DRIVE
switch

HEADS
switch

BPI
switch

UNIT*
switches

UNIT SEL/REL*
switch

XTAL
SERVO

MAINT

NRM

SEQ PWR

OFF
WRT
INHIBIT

NRM
ADDR MK

SECTOR MK

2400 (Lo)
3600 (Hi)
200 (Lo)

400 (Hi)

5 (Lo)

19 (Hi) }
4000

6000 ‘
8421

A crystal oscillator within the FTU provides a nominal
9.667 MHz clock signal. Used for tester maintenance.

Servo Clock signals from the drive provide the basic
timing for the FTU.

Used to perform maintenance on the FTU without a drive
connected. Provides pseudo Ready and On Cylinder signals
to simulate a drive response.

Normal testing of a drive is done in this position.

In this position, the FTU commands the drive to power
up, provided that:

a. The drive is in the REMOTE mode.

b. Primary power is available at the drive.

c. The drive START switch is ON (indicator lighted).

In this position, the FTU cannot power-up the drive.

. Prevents writing by the drive. Writing is inhibited

even though all other FTU switches are set to perform
a write operation.

Allows a normal Write operation in the drive, provided
that other FTU switches are set to perform a write
operation.

The FTU writes an Address Mark when in the Write Format
mode, or reads the Address Mark in other active positions
of the WRT-RD SELECT switch.

Disables the writing or reading of Address Marks; permits
reading of Sector Marks only.

Set to speed of drive under test.
(Not used in TB304A.)

Must be set to correspond to the number of tracks per
inch of the drive under test.

Preconditions the RPM, TPI, BPI, and HEADS switches on the
FTU panel to the parameters of the drive under test.

Must be set to correspond to the number of heads present
in the drive under test.

Must be set to correspond to the bits-per-inch rating of
the drive under test.

Used to indicate the binary value of the four Unit Select
lines to the drive. This code must match that of the
logic plug in the drive under test.

A 3-position, center-off switch with locking "up" end momentary
"down" positions:

SEL

Center

REL

(locking) Sends a Unit Select Tag to the drive under
test.

Drops the Unit Select Tag to the drive under test.

(momentsry) Sends a Release signal for dual-access
drives. Has no function for single-access drives.
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DISPLAY SELECT
switch

ACCESS MODE
switch
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A 4-position rotary switch that controls the eleven DISPLAY lamps

on the FTU control panel.
shown below.
address will be displayed as long as the FTU is running.

The interpretation of the display is
When the switch is set on READ DATA, the cylinder
The data

pattern read will be displayed if the FTU has stopped because of a
data error, otherwise the display will be zeros.

DISPLAY SELECT SWITCH
POSITION

CYLINDER

r—% DISPLAY - BIT LED's j
O O ONO) (ONONO) ONONG)
o 9 8 7 6 5§ 4 3 2 1 0
- 512 256 128 64 32 16 8 4 2 t

__—HD ERR CNT

O OO0O0

0o 9

0
0
@ w0

- 8 4 2 i - 18
L—— ERROR COUNT —J

ONO

0 9 8 7 6 5 4 3 2 1 (o]

O0O0

CHAR CNT
8192 4096 2048 1024 512 256 128 64 32 6
OO ONONG) OO0 00O
READ DATA 0 9 8 7 6 5 4 3 2 t [o]
- - - 7 6 5 4 3 2 | (o]

READ BITS

A 5-position rotary switch that controls the Seek (access) mode of
the drive under Test:

SEQ REV

SEQ FWD

DIRECT

CONT

RAND

(Sequential Reverse) The drive seeks to the address in
the FTU Cylinder Address switches, sequences down to
zero, and then repeats.

(Sequential Forward) The drive performs a series of in-
cremental seeks, starting with the address that is in

the Cylinder Address register at the start of the opera-
tion.
begins again at address zero.

The drive seeks to the address in the Cylinder Address
switches. Seeking to another address requires changing
the address in the switches and manually initiating
another Seek operation by actuating the START switch.

(Continuous) The drive seeks alternately between the
address in the Cylinder Address switches and that in
the Cylinder Address register (CAR). The contents of
CAR does not change during this operation.

(Random) The drive seeks to random addresses generated
by increasing the count in the CAR during the time that
the drive is not "on cylinder".

When maximum cylinder address is reached, the cycle



WRT-RD SELECT*

switch

ADDR ERROR*
indicator

DATA ERROR?*
indicator

ERROR BYPASS*
switches

RUN
indicator

WRT
indicator

RD
indicator

RTZ/RESET
switch

A 5-position rotary switch that determines the manner in which data

will be exchanged between the FTU and the drive under test:

WRT FORMAT (Write Format) Writes an Address Mark (if selected), the
correct Track Address (HA and CA), and a pre-selected
8~-bit Data Pattern field on each selected track. The
format is as shown in figure 2-3,

WRT (Write) Writes a pre-selected pattern in the Data field
of each selected track, after first verifying the Track
Address.

RD (Read) Verifies the Track Address, then reads the

selected track.

WRTeREAD (Write Then Read) Verifies the Track Address, writes the
Data field on the selected track, then reads the track.
(Operation requires two revolutions.)

OFF Disables all Read/Write functions; restricts the drive
under test to Seek operations only.

Indicates that the address information received from the drive
differs from the address requested, or that an Address Mark is
missing when reading in the Address Mark mode, or that the Address
sync bit was not received from the drive.

Indicates that the 8-bit data pattern received from the drive
differs from the pattern set in the DATA PATTERN switches.

ADDR (Address) If this switch is in the "up" position, it
allows the FTU to continue operating when an Address or S-M
error occurs. In the "down" position, an Address error
will stop the FTU.

DATA If this switch is in the "up" position, it allows the
FTU to continue operating when a Data error occurs. In
the "down" position, a Data error will stop the FTU.

Indicates that the FTU is running or that the RTZ switch (Return
to Zero) is being actuated. Five conditions will turn off the
indicator.

a. Returning the RTZ switch to neutral (but provided that RUN

was not lit before the RTZ operation).

b. A valid (unbypassed) error.

c. Actuating the STOP switch.

d. Actuating the RESET switch

e. If the Ready signal from the drive goes low.

Indicates that the FTU is writing.
Indicates that the FTU is reading.

A 3-position momentray switch with center "off": -
RTZ Clears HAR and CAR; clears the drive's Fault register

and causes the drive to perform a Return-to-Zero seek.

The RUN light on the FTU control panel will be 1lit as

long as this switch is actuated to the RTZ position.

center Neutral position.
RESET Clears the Exrror FF's in the FTU and the drive. This

switch must be actuated after a valid error has occurred
in order to be able to restart the FTU.
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START/STOP
switch

CLK ERROR
indicator

S M ERROR*
indicator

WRT PROTECT*
indicator

UNIT SELD*
indicator

CHAN BUSY*
indicator

SEEK ERROR*
indicator

FAULT*
indicator

ON CYL

indicator

UNIT READY
indicator

DISPLAY
indicators

DATA PATTERN
switches

CYLINDER ADDRESS
switches

FIXED/BOTH
MOVABLE
switch
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A 3-position momentary switch with center "off":

START Generates a pulse that starts the FTU; turns on the RUN
indicator. An existing Error condition must be cleared
by actuating the RESET switch before START will have any
effect.

center Neutral position.

STOP Stops the FTU; extinguishes the RUN indicator.

Indicates that a period of 200 nanoseconds has expired without a
servo clock pulse from the drive under test.

Indicates that an incorrect number of Sector Marks was received
from the drive under test between successive Index Marks.

Indicates the presence of a Write Protect signal from the drive
under test.

Indicates the presence of a Unit Selected signal from the drive
under test.

Indicates the presence of a Channel Busy signal from the drive
under test.

Indicates the presence of a Seek Error signal from the drive
under test.

Indicates the presence of a Fault signal from the drive under test.

Indicates the presence of an On Cylinder signal from the drive under
test, or a pseudo On Cylinder signal generated by the FTU if in
Maintenance mode.

Indicates the presence of a Ready signal. This signal comes from
the drive if the A and B I/0 cables are connected between the drive
and the FTU. If the I/0 Bypass cable is connected, this signal is
present continuously.

Refer to diagram shown for the DISPLAY SELECT switch (page 2-7).

These switches permit setting the repetitive 8-bit Data Pattern
that is written in the Data field of the selected track during a
Write operation. For Read operations, the data read from the track
is compared with these switches to check for the presence of a Read
error. A 1 is indicated when a switch is in the "up" position, a

0 when the switch is "down".

These switches enter the binary value of the cylinder address to
which a Seek is desired. Used in conjunction with the ACCESS MODE
switch described on page 2-7. A 1 is indicated when a switch is
in the "up" position, a 0 when the switch is "down".

This switch is functional only when the DRIVE switch on the FTU panel
is in the "up" ( ) position.

FIXEDC:) The FTU will access only fixed heads in the Sequential access
mode. When in Random access mode, the cylinder address may
not be random because of inconsistencies in clock frequency
and Off Cylinder times.

BOTH() The FTU will access both movable and fixed heads when in

Sequential or Random access modes.

MOVABLE The FTU will access only the movable heads when operating in

Sequential or Random access modes.

() To access all fixed heads, the SEQ/MAN head switch must
be in SEQ.



SEQ/MAN
switch

ADDR ERROR¥*
test point

DATA ERROR*
test point

SECTOR MARK*
test point

INDEX MARK
test point

ON CYL
test point

ADD MARK FOUND
test point

READ DATA*
test point

WRITE DATA
test point

GND
test point

WRITE CLK
test point

READ CLK¥*
test point

WRITE GATE
test point

READ GATE
test point

CYL SELECT
test point

HEAD SELECT
test point

CONTROL SELECT
test point

This switch determines the manner in which the head address is
selected.

SEQ (Sequential) After performing a Write or Read operation the
. FTU increases the count in the Head Address Register by 1 for
each Index Mark or, when in Random, for each access. When
the count is maximum (5 or 19), Head zero is the next head
selected, and the incrementing continues.

MAN (Manual) The FTU will select the head address set in the
Head Address switches.

This test point goes to a logical 0 when an Address Error occurs.
This test point goes to a logical 0 when a Data Error occurs.

This test point goes to a logical 1 when the FTU receives a Sector
Mark signal from the drive under test.

This test point goes to a logical 1 when the FTU receives an Index
Mark signal from the drive under test.

This test point will be a logical 0 when the drive under test is
On Cylinder.

This test point goes to a logical 1 when the FTU receives an Address
Mark Found signal from the drive under test.

This test point reflects the binary value of the serial data bits
being received from the drive under test during a Read operation.
The test point is inoperative during Maintenance mode or when the
I/0 Bypass cable is installed.

This test point reflects the binary value of the serial data bits
being processed by the FTU during a Write operation ("0"=0, "1"=1).
The indication is valid for any Write operation, even though the
I/0 Bypass cable may be connected or the FTU is in the Maintenance
mode. The test point remains a logical 0 during Read operations.

These ten test points reflect the logical value of the Bus Out Bits

(PADY A~Tdrrmmmd Lm thm Arederm v bamt 2da s A a1 o S BT
Ve, GCLIVCICO T TAal QYIVe Unalr oo ViaL o ac A caoac. LCGilaaly,

these bits are present in the FTU's Bus Out multiplexer, and are
available at the test point panel regardless of the operating mode
(including Maintenance mode or I/O Bypass cable connected) of the
TB304. For an interpretation of the specific Bus Out Bits, see
table 3-1.

This test point is a common ground point between the FTU logic
board and the control panel.

This test point reflects the logic level of the 9.667 MHz Write
Clock signal that the FTU sends to the drive under test during any
Write operation.

This test point reflects the logic level of the 9.667 MHz Read Clock
signal received from the drive under test during any Read operation.
A Read Error forces the test point to logical zero.

A logical 1 at this test point indicates the presence of a Write
Gate signal generated by the FTU during any Write operation.

A logical 1 at this test point indicates the presence of a Read
Gate signal generated by the FTU during any Read operation.

This test point goes to a logical 1 when the FTU sends a Cylinder
Select signal (Tag 1) to the drive.

This test point goes to a logical 1 when the FTU sends a Head
Select signal (Tag 2) to the drive.

This test point goes to a logical 1 when the FTU sends a Control
Select signal (Tag 3) to the drive.
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OPERATION
GENERAL

The TB304 is used to pin-point a problem in
the drive, once the nature of that problem
has been defined. Suppose, for example, that
a drive is suspected of intermittent Read
errors. That's the nature of the problem.
The TB304 can be set up to repeatedly write
and read back any chosen data pattern on a
given track, or on the entire pack, or on

any portion of the pack between two selected
cylinders, stopping when an error occurs.

By making several such error-stop passes, and
by using the DISPLAY SELECT switch to identify
the cylinder, head, character count, and the
data pattern read for each error stop, the

CE can create a record of error parameters
that will provide a failure pattern for pin-
pointing the problem.

The character-count display provides an in- 2.
dication of how far from Index the error

occurred. If you suspect a bad spot on the

disk because errors consistently occur for

the same head (track) and cylinder, the char- 3.
acter count can confirm it. If the character
count is random for that situation, suspect
intermittent data failures on the selected

head, rather than a bad spot on the disk.

That is to say, the degree of flexing to
which the head lead is subject at a particu-
lar head/arm location, plus machine vibration,
might cause head/write errors; but they would
most logically be random errors, not occur-
ring at the same spot for every revolution of 5.
the disk. Discriminations between random
errors and honest-to-goodness bad spots are
important when writing the track format on

a new scratch pack, as described under Oper-
ating Procedures.

Data and address errors are the most preva-

Cc. Only the access (Seek) functions of
the drive are to be tested.

d. The drive need not be powered up from
the FTU.

e. Head alignment (but no R/W) of the
drive is to be performed.

For conditions a or b, the A and B I/0
cables from the controller must be dis-
connected from the drive and the I/0
connections made between the drive and
the FTU, via the A and B cables provided
with the tester.

For conditions ¢, 4, or e, the I/O Bypass
cable connection between the FTU and the
drive to be tested will be sufficient.

Of course, any of the five conditions may
be realized by connecting as shown for
conditions a or b.

Take steps to ensure that the system will
not attempt to select the drive while
that drive is being exercised by the FTU.

Remove ac power from the drive and make
the I/0 cable connections as determined
in step 1. Do not reapply ac power to
the drive.

Set the Sector switches on the Field
Test Unit according to table 2-3. The
switches are located on a dual in-line
package located in position A20 on the
FTU logic board.

Set the following drive-oriented switches
to the drive specifications:

lent causes for failure. The TB304 provides
Bypass switches for each of these errors.
This allows the FTU to alternately write and

read a suspected track (or cylinder or pack
area) for an extended period without stopping

when an error of this type appears. After

RPM HEADS
TPI BPI
TABLE 2-3. SETTING SECTOR SWITCHES
No. of Sector Switches
Sectors 1 2 3 4 5 6 7 8
2 ON
4 ON | ON

the test, the Error Count display will show
the number of errors that occurred during the

8 ON [ ON | ON

test period, up to a maximum of 15.

16 ON | ON | ON } ON

32 ON {[ON | ON | ON | ON

PRELIMINARY SET-UP

1. Determine which of the following condi-

tions will be required of the drive to
be tested:

64 ON |[ON | ON | ON | ON | ON
128 ON |ON | ON |[ON | ON | ON | ON
256 ON |ON |ON |ON [ ON | ON | ON [ON

a. The drive is to be tested for Read/
Write, as well as Seek functions.

b. The drive is to be powered up from
the FTU.

OFF POSITION

ON POSITION
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6. Set the following switches as shown for
normal testing:

Switch

Servo Offset
Data Strobe

Position

center (off)
center (normal)

Wrt Flag down (off)
Xtal/Servo SERVO
Maint/Nrm NRM

Wrt Inhibit/Nrm NRM

Addr Mk/Sect Mk ADDR MK

Unit (4 switches) to logical address

of the drive

Addr Error/Bypass

Data Error Bypass

(2 switches) both down (off)

7. 1Install a scratch pack on the drive to
be tested.

8. Turn on the FTU.
9. Apply ac power to the drive.

10. Select the drive by placing the SEL/REL
switch to SEL. The UNIT SELD indicators
should light up, as will the WRT PROT
indicator if the drive under test has the
Write Protect Feature.

11. Power up the drive. The WRT PROT lamp,
if on, will go out when the drive is up
to speed. The UNIT READY lamp will light
up when the heads are loaded.

12. Actuate the RTZ switch,
switch on the FTU panel.

then the RESET

The drive is now ready for exercising.
It has performed a Seek to cylinder zero
and has selected head zero. The remain-
ing switches on the FTU panel may now be
set for the desired function and operat-
ing modes, as illustrated in Operating
Procedures.

OPERATING PROCEDURES

The first five of the procedures described
below embody every access, read/write, and
head-select mode provided by the TB304.
Procedure 6 checks the data error logic and
Procedure 7 describes the use of the head
alignment card.

Procedure 1: Continuous Seek, no R/W

(Perform alternate Seeks between the cylinder
address in the CAR and the address set in the
CYLINDER ADDRESS switches.)

1. Assure that the FTU switches are positioned
as described in the Preliminary Set-up
procedure. In addition, position the fol-
lowing switches as shown:

Switch Position
Display Select CYLINDER
Wrt-Rd Select OFF

2. Set the CYLINDER ADDRESS switches to the
value of one of the cylinder address to
which the drive will seek. (For illustra-
tions, choose CA 8.)

3. Set the ACCESS MODE switch to DIRECT.

4., Momentarily actuate the START switch.
When the ON CYL indicator is 1lit, move
the switch momentarily to STOP. Address
8 is now in the CAR, and will be displayed
on the panel.

5. Set the CYLINDER ADDRESS switches to the
value of the second cylinder address.
(For illustration, choose CAl6.)

6. Set the ACCESS MODE switch to CONT.

7. Actuate START.
The drive will perform alternate Seeks
between addresses 8 and 16. The ON CYL
indicator will blink rapidly as the heads
move on and off cylinder. The Cylinder
Address display lights will alternate be-
tween 8 and 16.

8. Stop the FTU.

9. Actuate RTZ.

10. Start the FTU.
The tone of the drive will change as it
now seeks between cylinders 0 and 16.
Observe the display.

11. To stop the operation, actuate either STOP
or RESET.

Procedure 2: Random Seek, no R/W

1. Maintain the Preliminary Set-up switch

positions. 1In addition, set the following
switches as shown:

Switch Position
Display Select CYLINDER
Wrt-Rd Select OFF
Access Mode RAND

2. Actuate START.

3. Assure that cylinders are being selected
randomly by observing the changing pattern
on the display lamps.

4. Stop the FTU by actuating STOP or RESET.
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NOTE 5. After all tracks have been written, stop l
the FTU. (Writing will begin again at
cylinder zero, so the actual stopping

point is immaterial.)

Procedure 3 through 6, following,
require that the A and B I/0O cables
he connected between the FTU and
the drive under test.

Procedure 4: Read

This operation tests the entire data pack for
errors, using the Sequential Reverse Access
mode.

Procedure 3: Write Format

This procedure is used to write a prescribed
format on every track of the disk pack. The
next procedure, Read, determines whether any
of the tracks so written contain errors. The
final procedure, Write Flag, shows how to
select a single track, write a "defective

1. Set the following switches as shown. All
others should remain as given for the

Write Format procedure.

track" flag bit on that track, and check to Switch Position
ensure that the flag bit was indeed written. Dis
. . . - play Select CYLINDER
The track format is shown in figure 2-3. Access Mode SEQ REV
1. Maintain the switch positions as given in Wrt-Rd Select RD
the Preliminary Set-up procedure. In ad- 2. Set the CYLINDER ADDRESS switches to the
g;g;g?' set the following switches as maximum cylinder address of the drive
) under test.
Switch Position 3. Actuate START,
Display Select READ DATA
Access Mode SEQ FWD Reading will begin at maximum cylinder,
Wrt-Rd Select WRT FORMAT head zero. Should an error occur, the
Cylinder Address (8) all down (off) RUN light will go out and the panel lamps
Seg/Man SEQ will display the type of error, as well
Head Address (6) all down (off) as the cylinder that was being read when
Data Pattern (8) anything but "all the error occurred. Follow steps 4 and 5
zeros" for each separate error stop. If no er-
rors, skip to step 6.
2. Move RTZ/RESET switch to RESET, then to
RTZ. 4. Record the error parameters, moving the
DISPLAY SELECT switch as needed.
3. Actuate START. -
NOTE
Observe the progression of the display
lights as the drive moves away from cyl- It is not necessary to record the
inder zero. (With the DISPLAY SELECT ERROR COUNT. This will remain at
switch set to READ DATA, the cylinder count 1 for any stop-on-error op-
address is displayed while the FTU is eration.
running.)
5. After the error parameters have been re-
4. If an error stop occurs, remove the cause corded, actuate RESET to clear the error
of the error by proceeding as indicated indication in the FTU, then actuate START
in the Trouble Analysis decision logic to continue reading.
table on page 2-17. (Data errors will
not occur during WRT FORMAT.) Then pro- 6. When the FTU begins reading again at the

ceed as follows:

a. Actuate RESET
cation in the

to clear the error indi-
FTU.

b. Actuate START. This rewrites the track
that was selected when the error occur-
red, then continues the Write Format
operation.

c. Do not actuate RTZ. To do so would
cause the operation to begin anew at
cylinder zero, head zero.

83319600 D

maximum cylinder address, actuate STOP to
halt the FTU.

Procedure 5: Write Flag

The above Read procedure allows for reading
each track of the scratch pack but one time.
A single read may well produce random errors
that in an on-line environment would be elim-
inated by the system's error-recovery program.
Before flagging a track as bad -- that is, as
one that continually produces errors that are



ADDRESS ADDRESS

MARK FIELD
q Jf}f
HOME
ADDRESS INDEX
PROTECT ZEROS| | ZEROS 1 ZEROS DATA FIELD GAP
GAP \ IL
- dd
\ N
A / \
/ M| oata worD | DATA WORD 2
| ADDRESS WORD | | ADDRESS WORD 2 | ADDRESS WORD 3 | —
ll 6[(5(/4|3|2|1]0]7|6]5]|4]3]2]|1]|0 ?
hioﬁ????o??ﬂ????ﬂﬂ?ﬁ?ﬁ%% '
| AN v /
h 7 e Vv / " 8-BIT DATA PATTERN
HEAD CYLINDER O INDICATES IS REPEATED FOR THE
ADDRESS ADDRESS UNUSED BIT ENTIRE DATA FIELD,
EXCEPT THAT BIT 7 OF
WORD | IS A SYNC BIT
WRITE FLAG BIT DATA SYNC BIT
ADDRESS SYNC BIT 8U 434A
Figure 2-3, Track Format
not recoverable -- it is best to WRTeRD the 5. Actuate START.

track several times. If the error persists,
the Trouble Analysis procedure (see Procedure
7) should be executed in an effort to recover
the error. Only after both of these attempts
have failed, should the track be flagged.

This procedure writes a "defective track"
flag bit in Bit 6 of Address Word 1 (see
tigure 2-3).

1. Set the following FTU switches as indi-

cated. Other switches should remain as
shown for the Preliminary Set-up proce-
dure.
Switch Position
Wrt Flag up (on)
Display Select READ DATA
Access Mode DIRECT
Wrt-Rd Select WRT FORMAT

Data Pattern (8) as set when the
track was most re-
cently written.

to select the track

to be flagged

Cylinder Address (11)
Head Address (6)

Seg-Man MAN
2. Actuate RESET, then START.

Drive will seek to the selected track.
3. When ON CYL light comes on, wait about

1/2 second and then actuate STOP.

4. Set WRT-RD SELECT switch to RD.

The "defective track" flag bit will pro-
hibit reading the track. The ADDRESS
ERROR and DATA ERROR lights should not
light up.

6. Actuate STOP.

Repeat steps 1 through 6 for each track
to be flagged as defective.

NOTE

The WRT FLAG switch must be turned
off before reading a track that
has not been written as defective,
otherwise an address error will
occur.

Procedure 6: Check Data-Error Logic

This procedure assures the operator that
data errors will be recognized by the FTU.
It is used when the FTU is exercising a
drive in any situation where data errors are
expected -- an intermittent Read failure,
for example -~ but none occur. It assumes
that the procedure in question is still run-
ning and that the scratch pack therefore has
a data field written on the tracks being
tested.

1. Stop the FTU.
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2. Set the following FTU switches as indi-

cated:

Switch Position
Wrt-Rd Select Rb
Data Error Bypass down (off)

Data Pattern Choose any one switch
and move it to the
opposite position.

(Move just one!)

All other switches must remain as they
were at the start of the procedure being
questioned.

3. Start the FTU.

The FTU should stop with the DATA ERROR
indicator 1lit.

4. Actuate RESET to cleax the error indica-
tion.

5. Set the DATA ERROR BYPASS switch up (on).
6. Actuate START.

The FTU should run without stopping on
an error, but the Rd/Wrt Error counter
will count the errors (up to 15).

7. Stop the FTU. Return all switches used
during this procedure to the state they
were in at the start of the procedure
being gquestioned.

Procedure Z+ Trouble Analysis

Table 2-4 is a decision logic table (DLT).
It shows the procedures the operator should
take to eliminate any error that might occur
when using the FTU to exercise a drive. Ad-
dress and Data errors will, of course, occur
only during one of the Read or Write modes.
Others may occur for either Read/Write or
Access Only (no R/W) modes. It should be
noted that a Sector Mark error is not in-
dicated if the Address Error Bypass switch
is active.

Basically, the DLT deals with attempts either
to eliminate or to recover data and address
errors before writing a "defective track"
flag on the track in error. This involves
trying various Offset and Data Strobe switch
combinations.

The DLT is divided into four quadrants. Each
test condition (shown in the upper left quad-
rant) is reduced to a Yes (Y) or No (N) re-
sult, as indicated in numbered columns of

the upper right quadrant, two columns being
allotted for each test condition. The two
lower quadrants deal with recommended actions.

To determine what actions (if any) should be
executed for a given test result, follow the
selected column down to the number "1" (first
recommended action) in the lower right quad-
rant. The specific action to be taken is
then located by following across to the lower
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left (Actions) quadrant. After Action 1 has
been taken, repeat the test that gave rise
to the error condition. If the error per-
sists, perform Action 2, test again, and so
on. An "X" in the lower right quadrant in-
dicates a "no error" or a "problem solved"
situation, and requires no further remedial
action.

Columns 9 through 19 (sheets 2 and 3 of table
2-4) define the sequential tests that were
alluded to in the second paragraph of this
procedure, and which should be made in an
attempt to recover any data error. Note that
the last Action item in any of these "yes"
(even-numbered) columns instructs the opera-
tor to set up the next condition, or test,
for re-reading the track in error. When the
last of these sequential tests has failed to
recover the data, then and only then should
the Write Flag procedure be carried out as
indicated by Action 3 of column 19.

Procedure 8: Using the Head Alignment Card *

This procedure describes the use of the type
HFSV Head Alignment card and the null meter
on the FTU control panel to perform R/W- and/
or servo-head alignment on the SMD under test.
The procedure may be implemented using either
the A and B cables or the I/O Bypass cable.
The cabling involved is seen in figure 2-1,
and table 2-2 gives specific connection in-
formation. The switches and indicators on
the HFSV card are shown in figure 2-4.

This procedure assumes that the I/O connec-
tions between the drive and the FTU have
already been made as described in the Instal-
lation portion of this manual. The installa-
tion and cabling of the Head Alignment card,
as detailed in table 2-2, must be made with
ac power removed from the drive and the FTU.

1. Install the proper CE pack on the drive
to be tested.

2. Install the HFSV card in the drive's
logic chassis at the location specified
in table 2-2 for the type of drive under
test.

3. Install the Head Alignment cable between
the drive's logic chassis and the jack
on the card in the R/W chassis, as spec-
ified in table 2-2. Note that P104 is
keyed so that it will fit on the R/W
card only one way.

4. Connect the test leads, provided with
the FTU, between the HFSV card and the
null meter on the FTU panel. Observe
polarity.

5. Set the WRT INHIBIT/NRM switch on the
FTU to WRT INHIBIT.

6. Apply ac power to the drive. The POWER
lamp on the HFSV card should light up.

* TB304A/B only.



10.

® 2-16

Power-up the drive.

Assure that S3 on the HFSV card is set
to X1 (no attenuation of output), and
that S2 is set as required for the first
head, Servo (S) or Data (RW), to be
checked for alignment.

Turn on the FTU.

If the drive under test has the Write
Protect feature, the WRT PROT light on
the FTU Panel will be lit.

When the drive is up to speed and the
READY light on the FTU panel is lit,
actuate RESET, then RTZ.

Carry on as detailed by the head alignment
procedure in the maintenance manual for the
drive under test. When the heads have been
aligned, remove the CE pack from the drive.
Install the scratch pack if further tests
are to be conducted using the FTU.

Installing the Head Alignment card automati-
cally "write protects" the drive. (This is
true even if the drive does not have the
Write Protect feature, which merely allows
Write Protect to be implemented from the
drive's operator panel, and in addition pro-
vides the Write Protect signal in the I/O
lines.) Therefore, if Write, Write then
Read, or Write Format operations are to be
conducted, the HFSV card must first be re-
moved from the drive.
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TABLE 2-4. TROUBLE ANALYSIS, SHEET 1 OF 3

Assume:
1. A & B I/0 cables connected between drive and FTU.
2. Power applied to FTU and drive.
3. %5V indicators on FTU panel are 1lit.
4. DATA/ADDRESS BYPASS switches OFF.
5. FTU set to READ track format.
6. READ indicator comes on when START switch (on FTU
panel) is actuated.

Conditions: 1 2 3 4 5 6 7
Seek error. N Y = - - - =
Clock error in SERVO position. N - Y - - - -
Clock error in XTAL position. - - - N Y - -
Sector Mark error N - - - - Y -
Drive Fault N - - - - - Y

i . N NNNNNNaaaaaa RN

Actions: A A A .
Go to sheet 2 Conditions. 1 - - - - - -
Actuate RESET, RTZ, START - 1 - - - - -
Refer to drive maintenance manual - 2 - - - 4 1
Set XTAL-SERVO switch to XTAL; Actuate RESET, START - - 1 - - - -
Check TP5 (WRITECLK) on FTU panel. - - - - 1 - -
Refer to FTU diagrams. - - - - 2 3 -
Check B-cable for Servo Clk signal. Troubleshoot I B B Y _ _ _
discontinuity in drive, cable, FTU.
Check that sector switches in FTU and drive are _ B _ _ _ 1 _
set correctly
Check TPl (SECTOR MK) on FTU panel. - - - - - 2 -

UPPER LEFT QUADRANT: Assumptions needed for tests, as well as the test conditions.

UPPER RIGHT QUADRANT: Results of the test. N = No; Y = Yes; - = don't care.

LOWER LEFT QUADRANT: Actions to be taken for each test result.

LOWER RIGHT QUADRANT: Numbers show sequence of actions for the test results in a
given column. After each Action, the test is repeated and, if

needed, the next Action is taken.
X = a "no error" or "problem solved" situation.
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TABLE 2-4. (CONT'D) TROUBLE ANALYSIS, SHEET 2 OF 3

Conditions (cont'Qd): 1(8{910]11}12{13]14}15|16}17|18]19
Address error NlY|-|-|-1-]-{-|-1-|-1-1-
Data error, OFFSET and DATA STROBE Nl=-lyl=l=-d-l-1-1-1-]-1-1-
switches in center-off position
Data error on WRTeRD retry -!l-|-|INJY{-|- -l=-1-1-1-
Data error, OFFSET switch in + (FWD) position -|=-]l-l-|-|N]|Y -l=-1=-1-1-

Data error, OFFSET switch in - (REV) position -{=-1=-1-1-1-1-
Data error, DATA STROBE switch set EARLY -|l=-1-|=-1-1-1-
Data error, DATA STROBE switch set LATE -i=-!1=-!=-1-1-1-

= M

Track was read without error X |-

|///fIIZII
7

7/

%

Perform WRT FORMAT for track in error; READ

re-written track. S I Ml il Ell Bl Bl H i Bl Bl (il B
Perform WRT®RD retry as follows:
(Set FTU switches as indicated below)
WRT-RD SELECT to WRTeRD
ACCESS MODE to DIRECT SO (U I N R R N IO IO R R IO
SEQ/MAN to MAN
HD ADRS to select
CYL ADRS failing track
I Actuate START; check for conditions 10 or 11
5zizse2agangonstrated its ability to o= x = 0xl=Ixt-1xl-1x1-
Unrecoverable error. Perform WRT FLAG ol ===l =-01=-1=-1=J-1=-1-1-

procedure for track in error.
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TABLE 2-4. (CONT'D) TROUBLE ANALYSIS,

SHEET 3 OF 3

Actions (cont'd)

11

12113

14|15|16

17

18

19

Set OFFSET switch to + (FWD) position; READ
track in error.

C) Check Bit 2 TP on FTU panel; if missing,
refer to FTU Diagrams.

@ check BOB2 in drive; if missing, check I/0
cable and Fwd Offset logic in drive.

Set OFFSET switch to - (REV) position; READ
track in error.

(@ check Bit 3 TP on FTU panel; if missing,
refer to FTU Diagrams.

C) Check BOB3 in drive; if missing, check I/0
cable and Rev Offset logic in drive.

Return OFFSET switch to center-off; set DATA
STROBE switch to EARLY. READ track in error

C) Check Bit 7 TP on FTU panel; if missing,
refer to FTU Diagrams.

C) Check BOB7 in drive; if missing, check I/O
cable and Early Strobe logic in drive.

Set DATA STROBE switch to LATE; READ track
in error.

C) Check Bit 8 TP on FTU panel; if missing,
refer to FTU Diagrams

(@ Check BOB8 in drive; if missing, check I/O
cable and Late Strobe logic in drive.

Unrecoverable error. Perform WRT FLAG
procedure for track in error.

conditions.

C) When checking for the presence of these bits, the DATA ERROR
must be on ("up" position). This allows reading to continue in the
an error. The switch should be off ("down" position) when checking

BYPASS

switch
event of
for the
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POWER

INPUT

BAD TRK

MODE

2-20

Lit when power is applied
to the card.

When 1lit, indicates that
input signals are too low
for HFSV to operate.

When 1lit, indicates a short
duration loss of input. A
one-shot keeps the LED lit
for at least 4 seconds.

The lamp will light when Sl
is toggled.

Lit when S2 is in the S
(Servo) position or when
83 is set to X.1l. When
either of these conditions
exists, read/write head
alignment error cannot be
measured.

s1

S2

S3

O POWER
INPUT
INDICATORS C)
O BAD TRK
O wmopE
P e
:4: S @
‘N Ez
|8
S w
/0—1 s2 2
RW o
(&)
] - 2
o | S3 14
X1 :g
— METER + READ SIG
o? oX oY
8U430
Figure 2-4. Head Alignment Card
Indicators Switches

Changes the polarity of the align-
ment signal to the null meter.

P = positive, N = negative. Alge-
braically subtract P from N to
determine alignment error:

P =+30 mV, N = -40 mV; Error = 70
mv.

"s" position selects Servo head as
input to HFSV. "RW" position se-
lects a data head as input to HFSV.

Changes sensitivity of HFSV. "Xel"
position attenuates card output by
a factor of 10, and alignment error
cannot be accurately measured. "X1"
position does not attenuate HFSV
output; alignment error can be
accurately measured.
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THEORY OF OPERATION 3

INTRODUCTION

The major portion of this section consists of
flowcharts that describe the logic sequencing
of each access and read/write mode. In the
flowcharts, 3-digit numbers above each symbol
show the cross-reference number in the Dia-
grams section where the element named within
the symbol may be found. When it is helpful
to show these references in the supporting
text, the cross-reference number is preceded
by the letters CR, and the entire reference
enclosed in parentheses. Thus, (CR 117)

refers to the diagram that has 117 in the
CROSS REF NO rectangle of the title block.

A functional block diagram of the FTU logic
circuits is presented in figure 3-1.

1/0O LINES

Table 3~1 defines the I/O signals on the A
and B cables. An asterisk after a signal
name means that the signal is also present
in the I/O Bypass cable.

TABLE 3-1. I/O LINES

Signal Name

Function

"A" CABLE (TO DRIVE)

Tag Bus Lines

Bit 0%*

Bit 1*

Bit 2*

Bit 3%

Bit 4%*

Bit 5%

Bit 6*

Bit 7%

Bus Out Lines

Four lines that define the operation to be performed by the drive.
The Unit Select Tag gates the four Unit Select lines to the drive.
Tag 1 gates the cylinder address and initiates the seek. Tag 2
gates the head address. Tag 3 is the control select that gates
the function to be performed.

Tag 1* Tag 2% Tag 3%

1 1 Write Gate - Enables write circuits in drive,

unless drive is write protected.
Read Gate - Enables read circuits in drive.

Servo Offset Plus - Offsets the actuator from
the nominal on cylinder position toward the
spindle.

Servo Offset Minus - Offsets the actuator from
the nominal on cylinder position away from the
spindle.

16 16 Fault Clear - Pulse to clear the Fault Summary
flip-flop in the drive.

Address Mark Enable - When combined with a Write
Gate, Address Mark is written. When combined
with a Read Gate, an Address Mark search is
initiated.

64 - RTZ - Pulse that causes the drive actuator to
seek to track zero.

128 - Data Strobe Early - Enables the drive's PLO
data separator to strobe the data at a time
earlier than optimum.

Table continued on next page
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TABLE 3-1. 1I/0 LINES (Contd)
Signal Name Function
"A" CABLE (TO DRIVE)
Bus Out Lines Tag 1 Tag 2 Tag 3
Bit 8* 256 - Data Strobe Late - Enables the drive's PLO
data separator to strobe the data at a time
later than optimum.
Bit 9* 512 - Release - Pulse sent to drive to clear

Unit Select Lines

Sequence Power

the Channel Reserved flip-flop.
only to dual-access drives.

Applicable
Four lines used to select the drive. The binary code on the lines
must match the code on the logic plug in the drive.

Allows the FTU to power up the drive if the drive is in Remote
mode.

"A" CABLE (FROM DRIVE)

Sector Mark(3

Fault
Seek Error

On Cylinder*

Index* @

Unit Ready

Open Cable Detector

Address Mark Found*

Write Protected

Signal derived from the servo track. The FTU will check a maximum

of 128 sector marks per revolution.

Indicates that one or more of these faults exist in the drive:
DC power fault, head select fault, write fault, write or read
while off cylinder, and Write Gate during a Read operation.

Indicates that the unit was unable to complete a move within 500
ms, or that carriage has moved to a position outside recording
field.

Indicates that the servo has positioned the heads over a data
track.

Provides a point of reference to begin R/W operations after On
Cylinder has been detected.

Indicates that selected unit is up to speed, heads are loaded,
and no fault exists.

Inhibits Unit Selection and any unwanted command such as Write
Gate when "A" cable is disconnected or controller power is lost.

Indicates that an Address Mark has been found.

Indicates that the drive is in the Write Protect state if the
drive has the Write Protect option.

"B" CABLE (TO DRIVE)

Write Data

Write Clock

Carries NRZ data to be recorded on disk pack.

Transmits the Write Clock signal.

"B" CABLE (FROM DRIVE)

Servo Clock*

Read Data

Phase-locked 9.677 MHz clock generated from the servo track
dibits.

Carries NRZ data recovered from the disk pack.

Table continued on next page
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TABLE 3-1. I/O LINES (Contd)

Signal Name

Function

"B" CABLE (FROM DRIVE)

Read Clock
Seek End

Unit Selected

Signal that is synchronous with the detected NRZ data.
Seek End indicates that a Seek operation has terminated.
When the four unit select bit lines compare with the logic plug

on the control panel, and when the unit select line is true,
then the Unit Selected line is true.

Indicates that the signal is also carried by the I/O Bypass
cable.

In some drives, this signal is in the B-cable instead of the
A-cable.
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SALIENT LOGIC ELEMENTS

Table 3-2 describes the purpose of flip-flops
and registers that may not be obvious at
first glance, or that are. not explained else-

TABLE 3-2.

where in the test. The table is arranged by
CR number for convenience when using the
logic diagrams.

SALIENT LOGIC ELEMENTS

CR. No.

Element

Purpose

102

103

103

105

106

107

108

108

Last Access FF

Alternate FF

Clocked Not On
Cyl FF

Sel Fixed HA FF

Hd Adrs Compar-
ator

Offset Mode FF

Not Offset I FF

Not Offset II FF

Wrt Then RdA FF

Last R4A/Wrt FF

R4A/Wrt Enable FF

Rd Adrs Enable FF

Sets to indicate that a R/W operation is to follow the Seek
operation now being performed.

Used during Continuous seeks to determine whether the CAR
or the Cylinder Address switches will serve as input to the
drive via the Cylinder Address mux.

Enables incrementing of cyl address during Random mode.
Cleared by On Cyl Detected signal to hald incrementing.

Set whenever Fixed Heads AND MMD are selected from FTU
panel. Cleared when either SMD or MOVABLE switch positions
are selected. Toggled by + Clr Cyl signal. (See Fixed Head
Operation.)

Compares current head address (in HAR) with maximum head
address for drive under test, depending upon position of
panel switches as shown below.

HEADS

FIXED/BOTH/MOVABLE DRIVE Max Hd No

MOV/BOTH e
MOV/BOTH e
not applicable
not applicable
FIXED e

(LO) 1
(HI) 3
5 4
19 18
() X 3 (See Fixed Head
Operation.)

Indicates Fwd or Rev (+,-) offset during Offset Operations.

Set when FTU is stopped, or if Offset is not in effect.
Cleared at T3, or at the end of Or Cylinder Lockout delay
if Offset is programmed.

Set at T3, cleared for Offset operation or during Mainten-
ance mode.

A forced clear is maintained on this FF except for WRTeRD or
Offset operations. When the clear is released, the FF is
toggled by each IM.* This means that reading is done on
every second disk revolution, and that a new head won't be
selected until the second revolution (Read phase of WRTeRD)
has been completed.

Set is a R/W operation is not to follow a Seek sequence, or
if the current R/W is using the highest-numbered head, or if
Manual head select mode is active, or if in the Random mode
with Sequential head selection. Also set for an error.

of ON CYL if
Cleared by
last before

Set by the Index Mark following the appearance
a R/W operation is to follow the Seek sequence.
Index Mark if the current R/W operation is the
seeking to a new cylinder (Last Rd/Wrt FF set).

Set at Index time for all R/W operations except Write Format
to allow the FTU to sense the sync bit at the start of the
address field and to read the address field. Cleared after
the address field has been read (or at Index time for a
Write Format sequence).

* Index

Mark

(Table continued on next page)
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TABLE 3-2.

SALIENT LOGIC ELEMENTS (Contd)

CR. No.

Element

Purpose

109

110

110

111

112

112

113

Write Start FF

Rd Start FF

Rd Sync Start FF

Wrt Sync Start FF

Sync Check FF

Wrt Gate Signal

Read Gate Signal

Rd Compare
Enable Signal

Wrt Sync/Found
Sync FF

Write AM FF

Search AM FF

Adrs Not
Complete FF

Not End Adrs
Field FF

Word Cntr

Read Word Cnt
Increment FF

Word Mux

Enables the writing of Address Mark (AM) during a Write For-
mat sequence. Allows writing the data field during Write
(including Write Format) operations. Enables the setting of
the Rd Start FF.

Enables reading the AM for all R/W operations except Write
Format. Enables the setting of the Rd Sync Start FF.

Enables sensing the sync bits and comparing the words for
both address and data fields.

Enables writing the data sync bit and data for a Write
sequence, or writing the address/data sync bits and the
address/data fields for a Write Format sequence.

Cleared by the setting of Rd Sync Start FF, set when the
address (or data) sync bit has been detected. If not set,
the FF causes an Address (or Data) Error.

Raises the Write Gate line to the drive (CR 120) via TAG 3
(control select).

Raises the Read Gate line to the drive.

Permits comparing the address and data fields against the
contents—of the Word Mux (g.v.).

Set when either sync bit has been written (Write) or
detected (Read). When set for either sync bit, enables the
bit Counter.

Set during Write Format (only) to write the AM if the
Address Mark switch is active. Gates the Address Mark
Enable signal to the drive (CR 120) wvia TAG 3.

Set during all R/W operations except Write Format to
initiate a search for address mark (Addr Mk Enable) when
Read Gate signal is true and the Address Mark switch is
active.

Set by Index Mark Gated (IM AND no error).
of Address field.

Cleared at end

Set early on in the R/W cycle, this FF is cleared by the
clearing of Adrs Not Complete FF to indicate the end of the
Adress field. When cleared, it causes the Read and Write
Reset signals that clear the R/W control FFs on CR 109.

Active for the address field only to gate Address Words 1,
2, and 3 to the Word Mux. At end of address field, the
counter sits at the count of 3 until cleared by IM Gated.
That count permits the data words to be written or compared,
depending upon whether Rd Gate or Wrt Gate is active.

Set when - Bit Cnt 4 goes high (at Bit Count 0) if R4 Gate
is true. Prevents incrementing the Word Counter when the
Bit Counter is loaded with 7 (Bit Cnt 4 high) upon the de-
tection of the sync bit. (Refer to C.R. 11l1.)

Controlled by the Word Cntr (WC). Determines what is
transferred to the Pattern register (g.v.) during Write
operations or to the Word Comparator (q.v.) during Read
operations:

(Table continued on next page)

83319600 C




TABLE 3-2. SALIENT LOGIC ELEMENTS (Contd)

CR. No.

Element

Purpose

114

114

115

120

Data Sync Bit FF

Pattern Reg.

NRZ Write
Data FF

Word Comparator

Bus Out Mux

WC= | 0 1 2 3 |

Gates Cyl Data
contents HAR Addrx not Pattern
of Mux used Sw.

Addr{ Addr Addr Data
Wd 1] wd 2 wd 3 Wds

Set by IM Gated, but has no effect until WC=3. Causes

Bit 7 of Data Word 1 to be a 1, regardless of the value
of the Bit 7 Data Pattern switch. (Bit 7 of Data Word

1 is the Data Sync bit.) The next Increment Word Count
signal finds the FF's CD input low, and clears the FF.

This ensures that the true value of the Bit 7 Data Pat-
tern switch will be transferred to the Word Mux for all
words after Data Word 1.

An 8-bit shift register with parallel and serial inputs
and outputs, as follows:

Write: Parallel inputs (from Word Mux), serial output
(to NRZ Write Data FF).

Read: Serial input (from drive), parallel outputs
(to Word Comparator).

When cleared, will send zeros to the drive if Write
Gate is high, thereby causing the drive to write the
zero fields (see track format, figure 2-3). When the
preclear (reset) input goes high, the FF is clocked
by Clock Data pulses (servo clock signals from the
drive) and either sets or clears, depending upon the
state of the serial output stage in the Pattern reg-
ister.

Active only during Read operation. Compares the
serial information received form the drive, as seen
in the Pattern register, against the Address or Data
words, depending upon the input presented to the Word
Mux. A faulty compare will cause the + Compare line
to go low. If the Defective Track flag bit is pre-
sent in the Address field, the Wrt Flag Detected FF
will set, setting the Defective Sector FF to force

+ Compare high for that track. When not actually
comparing, + Compare is held high (Rd Compare Enable
is low) to avoid irrelevant data/address error indi-
cations,

Delivers TAG information to the drive via the A-cable
transmitters (CR 123, 124) or the I/0 Bypass cable
(CR 403):

Input Selected | 0 | 1 | 2 l 3 I

Output (TAG 1) (TAG 2) (TAG 3)
Cyl Head Control
Addr Addr Select

Not
Used
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ACCESS (SEEK) MODES
GENERAL

A Seek operation begins by setting the Access
Enable FF (CR 102). This is done manually by
actuating the START switch to provide the
Start Access signal, or automatically by the
FTU logic when the read/write sequence (if
any) for the previous Seek operation has

been completed.

Four elements provide the timing for the
access modes.

1. Servo Clock Counter (CR 118). A hexa-
decimal counter that counts the servo
pulses from the disk (repetition rate
= 9.667 MHz). It is basically a Divide
by 8 or Divide by 12 counter, controlled
by the speed of the drive under test.
For 2400 rev/min drives, the counter
divides by 8; for 3600 rev/min drives,
it divides by 12.

Character Counter (CR 118). A 1l5-stage
counter that is loaded with the count
of 1 for each index mark (disk revolu-
tion), providing an error. has not oc-
curred during the preceding revolution.
When an error appears the counter is
disabled, allowing the character count
at the time of the error to be dis-
played.

Access Timing Counter (CR 103). A hexa-
decimal counter that is operational
whenever a Seek is to be performed. The
counter advances each time bit 21 of

the Character Counter goes from high to
low.

Access Timing Decoder (CR 103). This
decimal decoder provides T-pulses (TO
through T7) from the encoded outputs

of the Access Timing Counter. Table
3-3 describes how the T-pulses are used
by the FTU.

TABLE 3-3. ACCESS TIMING FUNCTIONS
C.R. Operational
Count | No. Function Provided During
TO 120 1. Raises Tag 2 (Head Select) to drive so as to transmit All R/W
head address during any access sequence.
120 2. Pseudo TO that transmits contents of HAR to drive for All R/W
each R/W disk revolution after the first (ON CYL)
revolution.
T1 104 1. Loads Cyl Addr Reg with contents of Cyl Addr switches Seqg Rev seek
if CAR=0.
104 2. Increments CAR. Seq Fwd or
Random seek
103 3. Toggles Alternate FF. Continuous seek
T2 104 1. Load CAR with contents of Cyl Addr switches. Direct seek
106 2. Clear HAR unless Manual Hd Sel mode. All R/W
T2.5 105 3. Load Cyl Addr Mux with contents of CAR. All seeks
106 4. Decrease count in CAR (trailing edge) Seq Rev seek
T3 123 1. Gate Cyl Addr to drive (Tag 1) All seeks
107 2. Set Not Offset II FF Seek with Offset
102 3. Set Last Access FF if R/W follows. All seeks
107 4. Clear Not Offset I FF Seek without
Offset
T4 106 1. Load HAR with contents of head address switches All R/W
if in Manual head select mode.
T5
6 Not Used
T7 102 Clear Access Enable FF All seeks
(See Seek flowcharts for specific actions that
occur between T7 and the start of a R/W operation.)
107 Clear Not Offset II FF to initiate On Cylinder Delay Maintenance Mode
3-8 83319600 C



SEQUENTIAL REVERSE (SEQ REV) SEEK

Figure 3-2 shows the Sequéntial Reverse Seek
flowchart.

After setting all switches for the desired
operation, RTZ must be actuated in order to
clear the Cylinder Address Register (CAR) so
that the contents of the Cylinder Address
switches can be loaded into CAR at Tl of each
"first seek" excursion of the Access Timing
Counter. The Cylinder Address switches must
contain a valid address for the device being
tested or a Seek error will result.

For Sequential Reverse seeks, CAR counts down;
for other operations (except Direct Seek),

it counts up. An On Cylinder signal is re-
turned by the drive after T7. Any error will
reset the Run FF and Start Access delay (one-
shot) to prevent further seeks.

When doing seeks only (no intervening R/W
operations), Access Enable is cleared at T7,
but is set again as soon as the T7 pulse
disappears. (See the -T7 input to the 4~way
NAND controlling the clock input to Access
Enable -- cross reference 102), This permits
uninterrupted seeks until a Stop, Reset, or
Error condition occurs.

83319600

For any R/W operation, the Last Access FF is
set at T3. This says that a R/W operation
must be completed before another seek opera-
tion can be initiated. A R/W operation begins
by setting the Rd/Wrt Enable FF as soon as an
Index Mark is detected after the drive is On
Cylinder. The 1leading edge of Index Mark
then forces a pseudo TO pulse that gates the
contents of HAR (head address register) to
the drive. The leading edge of each succeed-
ing index mark increases the count in HAR
(except for Manual head selection, shown
below), and the trailing edge gates the ad-
dress.

When HAR reaches maximum, the Last Rd/Wrt FF
is set. This clears the Rd/Wrt Enable FF at
the end of the current R/W cycle, which is
signalled by the next appearance of Index
Mark. With the Last Access FF cleared, as

it was at the start of the R/W operation, and
provided that no error stops have occurred,
Access Enable again sets to initiate another
seek.

For manual head selection mode, the Last R4/
Wrt FF remains set. This means that the se-
lected track is read (written) once. The
ensuing index mark then causes another seek
to be initiated.



‘ START )

SET ACCESS
MODE SW. T
SEOQ REV.

;SET CYL ADRS,
SWITCHES TO
DESIRED

FIRST SEEK
ADDRESS

ACTUATE
RTZ SW.
. ACTUATE
START
SW.

10-MS DELAY

. SET RUN FF.
LIGHT RUN IND.
INITIATE
1-uSEC START
ACCESS DELAY.

PRI

INITIATE AN

NOTE
NUMBERS ABOVE
SYMBOLS REFER TO
CROSS-REFERENCE

N NUMBERS ON LORIC
\DIAGRAMS

SHEET 2

102

SET
ACCESS ENABLE
FF

READ
OR WRITE
OPERATION

NO

108

SET
LAST RD/URT
FF

SET
ACCESS TIMING
ENABLE FF

l

Figure 3-2.

103

REMOVE FORCED
CLEAR FROM
ACCESS TIMING
CNTR.

1

CHAR
CNTR BIT 2

YES

103

1. 1.8-uSEC DELAY REMOVES THE INPUT
HOLDING THE ACCESS TIMING DECODER

AT T8.

2. COUNT INCREASES BY 1 FOR EVER
TRANSITION OF CHAR CNTR BIT 2

FROM 1 TO O.

3. OUTPUTS DECODED TO T PULSES.

10
n
LOAD CYL ADRS
REG WITH CON-
TENTS OF CYL
ADRS SWITCHES
106 105 104
CLEAR HEAD TOAD CONTENTS
12 | ____ _j|ADDRESS REGISTER OF CYL ADRS ‘[’ﬁcﬁﬁsgngg”gle
(HAR) UNLESS REG INTO CYL (TRAILING
MANUAL HEAD ADRS MUX.
SELECT MODE WAS (LEADING EDGE)
BEEN CHOSEN (SEE
T4).
SHEET 2 8U420-1A
Sequential Reverse Seek Flowchart (Sheet 1 of 2)
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SHEET 1

103

CLEAR ACCESS
TIMING ENABLE
FF WHEN CHAR
CNTR BIT 22=1.
THIS IMPOSES A
FORCED CLEAR
CONDITION ON

CYLINDER
FOUND

ACCESS TIMING

CNTR. ////)
o CLEAR HAR CNT o -
103 INDEX INCREASE YES
1. 8-uSEC TIMER TIMES ERABLE FFON CONTENTS OF ROR CON-
- 8-u TRAILING EDGE HAR BY 1 EX- ERRO

OUT TO HOLD ACCESS
TIMING DECODER AT
T8 (UNUSED POSITION

)

ERROR CON-
DITION

END OF
OPERATION

SHEET 1

DRIVE SENDS ON
CYL SIGNAL TO

FTU LIGHTS ON
CYL INDICATOR

SET
RD/WRT ENABLE
FF

CLEAR
RD/WRT ENABLE
FF

106

1. MANUAL HD. SELECTIO
2. SEOUENTIAL HD. SELE
_ _RANDOM ACCESS MODE.

IS
THIS THE
READ
PHAS

YES

READ s NO
TR WRITE 0P CYLINDER RD/WRT FF WRITEH{zEQ READ—;—
TO FOLLOW FOUND £ 0
SET NOPERATION”

106

OF INDEX MARK
PULSE

END OF
OPERATION

CEPT IN MANUAL

102 10
SET CLEAR
T3 LAST ACCESS LAST ACCESS
FF FF
106 120 106
LOAD HD ADRS TAG 1 GATES SET HAR CNT
| _{REG FROM HD CONTENTS OF ENABLE FF ON
T4 ADRS SWITCHES CYL ADRS MUX TRAILING EDGE
[F IN MANUAL HEAD TO DRIVE VIA OF INDEX MARK
SELECT MODE BUT OUT LINES PULSE
IN A-CABLE
J, 107 120 103
RESULTING PSEUDO REMOVE T8
15 R e, TO PULSE GATES HOLD ON
(UNUSED) oo GRar o NEW CONTENTS OF ACCESS TIMING
HAR TO DRIVE DECODER
DRIVE »[RFORMS PERFORM GENERATE
REVERSE SEEX TO INDICATED READ + ENABLE
T6 SFECIFIED OR WRITE HD BUS OUT
(UNUSED) CYLINDER OPERATION SIGNAL
102
CLean OVL SToNAL TO FTU ot
L ACCESS ENABLE G
T7 Fr FTU LIGHTS ON CYL ~LAST RD/WRT FF WILL BE SET WHEN
INDICATOR HAR=MAX, OR FOR EITHER OF THE
FOLLOWING:

N.
CTION IN

DITION

C
SHEET 1

8U420-2A

Figure 3-2. Sequential Reverse Seek Flowchart (Sheet 2 of 2)
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SEQUENTIAL FORWARD (SEQ FWD) SEEK

Figure 3-3 shows the Sequential Forward Seek
flowchart.

This operation is essentially the same as
Sequential Reverse. The only difference is
that the count in the Cylinder Address reg-

ister (CAR) is increased by 1 at T1l, rather
than being decreased by 1 at T2. Because the
first seek address is not critical, it is not
necessary to clear CAR before starting the
operation. In practice, however, an RTZ seek
is usually performed prior to the SEQ FWD
function, so CAR will be zero.

83319600 C



‘ START ' " T0
SET ACCESS TNCREASE COUNT
MODE SWITCH
To <0 no Lo IN CYL ADRS REG
=gy 1. MAXIMUM
COUNT IS ONE MORE
THAN HIGHEST CYLINDER
NUMBER: 822-823,410=411
103 104
T. 1.8-uSEC DELAY
ACTUATE REMOVES THE INPUT RESET
START
I HOLDING ACCESS CYL ADRS REG
TIMING DECODER 10 7ERO
AT T8.
NOTE 2. COUNT INCREASES BY
. ~i{UMBERS ABOVE 1 FOR EVERY TRANSI-
101¢” SYMBOLS REFER TO TION QF CHAR CNTR Lo5
N, CROSS-REFERENCE BIT 2' FROM 1 TO O. 106
INITIATE \ NUMBERS ON LOGIC 3. OUTPUTS OF ACCESS TRANSFER CONTENTS CLEAR HEAD
10-45 \DIAGRAMS. }é”}”g CNTR DECODED T2 koo _5|0F CYL ADRS REG ADDRESS REGISTER
DELAY \ ULSES. TO CYL ADRS MUX (HAR) UNLESS
MANUAL HEAD
SELECT MODE HAS
BEEN CHOSEN
(SEE T4).
10-M5 READ 0z
DELAY TIMESNNO OR R SET
ouT 13 p-——- OPERATION %ﬁST ACCESS
YES
1. SET RUN FFlOl 120
) N OFF. LOAD HAR FROM
2. LIGHT RUN IND. HD ADRS SWITCHES TAG 1 GATES
2. INITIATE 1-uSEC T4 == = =>1[F 1N MANUAL HEAD CONTENTS 0F
START ACCESS CYL ADRS Hux
DELAY SELECT MODE TO DRIVE VIA
BUS OUT LINES
2 IN A-CABLE
102
107
SET
ACCESS ENABLE T5 CLEAR OFFSET I
i (s oo TR
108 102
ORREQ?TE SET CLEAR DRIVE PEKFORMS
QPERATION LAST RO/MRT IV el ——3 ACCESS ENABLE fRARD pEEC IO
FF
CYLINDER
]
1. DRIVE SENDS
ggb;gDER OM CYL SIGNAL
FOLLOW TO FTU.
2. FTU LIGHTS ON
CYL INDICATOR
103
SET T. CLEAR ACCESS TIMING ENABLE
ACCESS TIMING FF.
ENABLE FF 2. CLEAR ACCESS TIMING CNTR.
3. 1.8-uSEC TIMER TIMES OUT TO
HOLD ACCESS TIMING DECODER
AT T8 (UNUSED POSITION)
103
REMOVE FORCED R/W ACTIVITY CONTINUES {top
CLEAR FROM AS SHOWN ON SHEET 2 RESET OR END OF
ACCESS TIMING OF SEO REV FLOWCHART. cREoR Con- OPERATION
CNTR DITION
NS
8U421A

Figure 3-3. Sequential Seek Flowchart
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CONTINUOUS (CONT) SEEK

Figure 3-4 shows the Continuous Seek Flow-
chart.

This operation performs repeated seeks that
alternate between the address set in the
Cylinder Address switches and the address
present in CAR at the start of the operation.
The contents of CAR do not change during the
operation.

The "first seek" address depends solely upon
the state of the Alternate FF at the begin-

ning of the operation. If the FF is set, it
will be cleared at Tl and the contents of the
Cylinder Address switches will be transferred

to the Cylinder Address Mux at T2, and thence
to the drive at T3. On the other hand, if
Alternate is initially in the cleared state,
it will be set at T1l, causing the contents of
CAR to be gated to the drive at T3. Normally,
an RTZ function precedes a CONT seek, and
leaves the Alternate FF in the set state.

The first Continuous seek, then, will be to
the address set in the switches.

As with sequential FWD or REV access modes,
a sequential head select mode results in
reading (writing) an entire cylinder before
doing the next seek. For manual head selec-
tion, the selected track is read (written)
once, and a new seek initiated.
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‘ START ’

SET ACCESS
MODE SWITCH
TO CONT.

(SET CYL ADRS
SWITCHES TO
ANY CHOSEN
ADDRESS

ACTUATE
START
SWITCH

INITIATE
10-MS DELAY

FF.

SET RUN
LIGHT RUN IND.
INITIATE 1-uSECC
START ACCESS
DELAY

(R

-~ NOTE

HUMBERS ABOVE
SYMBOLS REFER 70
CROSS-REFERENCE
M. NUMBERS OM LOGIC
*DIARRAMS

SHEET 2

102

SET
ACCESS ENABLE
FF

READ
OR WRITE
OPERATION

108

SET
LAST RD/WRT
FF

CHAR
CNTR BIT 22
=1

103

SET
ACCESS TIMING
ENABLE FF

Figure 3-4.
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103

REMOVE FORCED
CLEAR FROM
ACCESS TIMING
CNTR.

2. COURT INCREASES

3. OUTPUTS FROM ACCESS

1. 1.8uSEC DELAY
REMOVES INPUT
HOLDING ACCESS
TIMING DECODER
AT T8.

FOR EVERY TRANSI-
TION OF CHAR CHTR
BIT 21 FROM 1 70 O.

TIMING CNTR DECODED
TO T PULSES.

IN THIS MODE

THE DRIVE PERFORMS ALTERNATE SEEKS
BETWEEN THE ADDRESS STORED IN CAR AND THE ADDRESS
SET IN THE CYL ADRS SWITCHES.
TO PRESET THE ALTERNATE SEEK ADDRESS (CAR CONTENTS),
PROCEED AS SHOWN BELOW.
ADDRESS IS NOT CRITICAL,

IF IT IS DESIRED

IF THE ALTERNATE SEEK
BEGIN AT START.

IS
ALTERNATE
FF SET

103

SET ACCESS

MODE SW TO
DIRECT

;SET CYL ADRS
SWITCHES T0

ADDRESS

TOGGLE START/

STOP SWITCH TO

START, THEN
TO STOP
2

-

A SEEK TO THE

(THE ALTERNATE
ADDRESS)
STOP

DRIVE WILL PERFORM
SELECTED CYLINDER
AND THEN

| |

103

CLEAR
ALTERNATE
FF

SET
ALTERNATE
FF

T2 [T

CLEAR HEAD ADDRESS
REGISTER (HAR)
UNLESS MANUAL HEAD
SELECT MODE HAS
BEEN CHOSEN (SEE
T4)

A
SHEET 2

Continuous (Alternate) Seek Flowchart

IS
ALTERNATE
FF SET

105 105
LOAD CONTENTS LOAD CONTENTS
OF CYL ADRS OF CYL ADRS
SWITCHES INTO REG INTO CYL
CYL ADRS MUX ADRS MUX
8U422A
(Sheet 1 of 2)
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SHEET 1

102 1
SET CLEAR
13 L - LAST ACCESS LAST ACCESS
FF FF
120 106
LOAD HD ADRS TAG 1 GATES SET HAR CNT
| — | REG_FROM HD CONTENTS OF ENABLE FF ON
T4 ADRS SWITCHES CYL ADRS MUX TRAILING EDGE
IF IN MANUAL HEAD TO DRIVE VIA OF INDEX MARK
SELECT MODE BUT OUT LINES PULSE
IN A-CABLE
l 07 ’ 120 103
REMOVE T8
cuean orrser 1 esuTie pecwon) | REMOVE
15 FF TO DROP ON- N
(UNUSED) CYL N FTU NEW CONTENTS OF ACCESS TIMING
HAR TO DRIVE DECODER
DRIVE rLRFORMS PERFORM GENERATE
REVERSE SEEK 70 lin!gATED READ + ENABLE
T6 SFECIFIED OR WRITE. HD BUS OUT
(UNUSED) : CYLiNDER OPERATION SIGNAL
102
CLEAR 1. DRIVE SENDS ON NOTE
 _ A NA CYL SIGNAL TO FTU
17 ;ECESS ENABLE 2. FTU LIGHTS ON CYL ~LAST RD/WRT FF WILL BE SET WHEN
INDICATOR +” HAR=MAX, OR FOR EITHER OF THE

,7"  FOLLOWING:
1. MANUAL HD. SELECTION.
2. SEOUENTIAL HD. SELECTION IN

. _ _ RANDOM ACCESS MODE.
<o Is NO
CYLINDER THIS A
FOUND RD/WRT FF WRITE-THEN-READ =
SET NOPERATION”

108

CLEAR ACCESS
TIMING ENABLE
FF WHEN CHAR
CNTR BIT 22=1,
THIS IMPOSES A
FORCED CLEAR
CONDITION ON

T. DRIVE SENDS ON AR
CYL SIARNAL T9 gkfuat ENABLE
FTU. FF

2. FTU LIGHTS ON
CYL INDICATOR

CYLINDER

THIS THE
FOUND

READ
PHAS

YES

A M
53%5?5 i CLEAR HAR cn?s -
03 INCREASE
ENABLE FF ON

1. 8-uSEC TIMER TIMES TRAILING EDGE SR:T§¢T? ét-
OUT TO HOLD ACCESS 0F INDEX MARK CEPT IN MANUAL
TIMING DECODER AT PULSE
T8 (UNUSED POSITION)

NO SET
ERROR CON- RD/WRT ENABLE
DITION
END OF END OF
OPERATION OPERATION
c
SHEET 1 snz;r 1 3U420-24

Figure 3-4. Continuous (Alternate) Seek Flowchart (Sheet 2 0f 2)
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DIRECT SEEK The FF is preset (preset input enabled) by
actuating the START switch, and cleared (pre-
Figure 3-5 shows the Direct Seek flowchart. clear or Reset input enabled) at T7. Con-
sequently, only one seek is performed for

When the access mode is Direct, the clock each actuation of the START switch.

input to the Access Enable FF is disabled.

83319600 C



(‘ START ’

SET ACCESS
MODE SW.
TO DIRECT

SET CYL ADRS
SWITCHES TO

DESIRED ’
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REMOVE FORCED
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CNTR
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INCREASE COUNT
FOR EVERY TRAN-
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Figure 3-6.
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FF

CYLINDER
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1.8-uSEC TIMER

FOUND
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CYL SIG TO FTUJ
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OPERATION

Direct Seek Flowchart

TIMES OUT TO
HOLD ACCESS
TIMING DECODER
AT T8 (UNUSED
POSITION)

108

SET
RD/WRT
ENABLE FF

R/W ACTIVITY CON-
TINUES AS SHOWN
ON SHEET 2 OF SEN
REV FLOWCHART,
EXCEPT THAT NO
FURTHER SEEKS ARE
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8U423A
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RANDOM (RAND)} SEEK
Figure 3-6 shows the Random Seek flowchart.

In this mode, the contents of CAR is in-
creased by 1 for each servo clock pulses

(FTU Write Clock) that occurs while the drive
is "off cylinder". When the drive returns

an On Cylinder signal, CAR stops counting and
contains the address that will be sent to the
drive when the next Seek command is issued.

The contents of CAR is loaded into the Cyl-
inder Address Mux by the first 806-kHz pulse
occurring during T2. At T3, this address is
gated to the drive. Even if the drive is
already on cylinder (as it would be, for
example, if RTZ were selected just prior to

83319600 ¢

the Random operation), it brings down On
Cylinder for a minimum of 30 pusec. For the
first Random seek, then, CAR counts up during
this 30-usec period. For succeeding seeks
(in Random), the counting time is determined
by how long it takes the drive to move to the
new cylinder and respond with the On Cylinder
signal.

This operation is unigque in that it does not
clear HAR during a Sequential head selection.
Moreover, whether in Sequential or Manual
(head select modes), only one R/W operation
is executed for each seek. That is to say,
for Write Then Read mode, a seek is initiated
for every two disk revolutions; for other R/W
modes, a seek is initiated after each revolu-
tion.
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SET
LAST RD/WRT
FF

SET
ACCESS TIMING
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103

w N —

. CLEAR ACCESS TIMING
CLEAR ACCESS TIMING CNTR.
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HOLD ACCESS TIMING DECODER
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ENABLE FF.
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Figure 3-6.

END OF
OPERATION
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R/W ACTIVITY PROCEEDS
ON SHEET 2 OF SEO REV
CHART. A NEW SEEK IS
AFTER EACH R/W OPERAT
PROCESS CONTINUES UNT
CONDITION OCCURS.

AS SHOWN
FLOW-
INITIATED
ION.

IL ST0P

8uU424A

Random Seek Flowchart
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READ /WRITE OPERATIONS

Read or Write operations are performed by
raising the Read Gate or Write Gate signals
to the drive, as shown in figure 3-7. Fig-
ures 3-8 through 3-13 show how each Wrt-Rd
mode (except Write then Read, which is a
combination of Write and Read operations on
successive disk revolutions) affects and in-
terprets the basic track format. Timings
shown in figure 3-7 are valid for a 3600
rev/min drive, which as this is written are
the only drives available for testing with
the TB304. The other figures relate the
track format to character counts, which are
the same for either speed.

83319600 D

WRITE FORMAT SEQUENCE

The Write Format sequence writes an entire
track from the Address Mark to the end of the
data field, arbitrarily timed to coincide
with character 13,376. Figure 3-8 shows the
now-familiar track format, with the character
counts that start and stop the various fields.
Use this figure as a reference when following
the Write Format flowchart (figure 3-9).

NOTE

One character is equal to 12
bits of data. One byte = 8
bits. Therefore, 2 characters
= 3 bytes.
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a 0096T€ES

be— 16.667 MILLISECONDS >
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MARK x . BIT BIT . MARK
& $Cr cc: cc- ce: ¢S
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* CC = CHARACTER COUNT

Figure 3-7.

Track Format and Basic R/W Timing



INDEX

HOME ADDRESS
PROTECTION GAP,
THIS AREA IS <
NEITHER READ

NOR WRITTEN
ENABLE CONTROL SELECT (TAG 3) AND WRITE
—_— GATE (BOBO) TO DRIVE. DRIVE STARTS
WRITING ZEROS.
FTU SENDS

ZEROS TO DRIVE

FTU RAISES AM ENABLE (BOBS). DRIVE
STARTS WRITING AM.

DRIVE WRITES
ADDRESS MARK

o FTU DROPS AM ENABLE. DRIVE STOPS
WRITING AM, STARTS WRITING ZEROS AGAIN.

FTU SENDS
ZEROS TO 1
DRIVE
FTU SETS WRITE SYNC START FF, STARTS
FTU SENDS SENDING ADDRESS WORDS TO DRIVE.

ADDRESS WORDS
1,2,3 TO DRIVE

END ADDRESS FIELD. DRIVE RESUMES
WRITING ZEROS.

NOTE
12-BIT CHARACTERS 304, 305
REPRESENT THREE 8-BIT BYTES
FTU SENDS
ZEROS TO J (ADDRESS WORDS 1,2, 3).
DRIVE
— START OF DATA FIELD.
FTU SENDS

DATA WORDS TO
DRIVE. FIRST BIT
IN THIS FIELD
(BIT 7 OF WORD 1)
IS ALWAYS A |,
AND IS USED AS
A SYNC BIT.

%ﬁ’ i
ST
— 13 376‘/2 DISABLE CONTROL SELECT AND WRITE GATE.

FTU IS * DRIVE STOPS WRITING.

IDLE DURING
THIS PERIOD

INDEX

Figure 3-8, Write Format Track Pattern
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3-24

WRT FORMAT
SEOUENCE

RESET
WORD CNTR
AND ADRS NOT

COMPLETE FF

PRESET
CHARACTER
CNTR TO 1

CLEAR
RD ADRS
ENABLE FF

T
I

ADDRESS WORD 1 (HAR)

REGISTER.

—_—_——_—— - — LOADED INTO PATTERN

BEGIN COUNTING CHARACTERS.

__COUNTER ADVANCES FOR EACH

12 SERVO CLOCK PULSES SEEN
BY SERVO CLK CNTR.

RESULTING WRITE EMABLE AND

WRITE SYNC ENABLE SIGNALS

PREPARED LOGIC FOR WRITING
THE ADDRESS FIELD.

109
SET
CHARACTER WRT START
264 FF
109
SET
START WRT
FORMAT FF
—d L
37
l 111
SET
CHARACTER RD START
280 FF
l 111

CHARACTER
281

SET
| START AM

FF

1. ENABLE CONTROL SELECT (TAG 3) TO DRIVE.
2. ENABLE WRITE GATE (BOBO) TO DRIVE.

DRIVE STARTS WRITING ZEROS.

ENABLES CD INPUT TO
START AM FF.

111

SET
WRITE AM

1. RAISE AM ENABLE (BOBS5) TO DRIVE.
|- — — 2. DRIVE BEGINS WRITING ADDRESS MARK.

il

~
-~

SHEET 2

Figure 3-9,

8U425-1

Write Format Flowchart (Sheet 1 of 5)
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SHEET 1

83319600 C

BIT COUNT
-

ADVANCE WD
CNTR FROM

ADDRESS WORD 3
GATED TO

1 70 2 PATTERM REGISTER.

|

111
ISSUE LOAD PATTERN
%I; COUNT BYTE COMPLETE)— — — — — REGISTER WITH
- SIGNAL ADDRESS WD 3.
SHEET 3

Figure 3-9,

Write Format Flowchart (Sheet 2 of

111
CHARACTER cLear | ___1. DISABLE BOB5 (AM ENABLE).
234 i TE AM 2. DRIVE STOPS WRITING ADDRESS MARK.
— L
37
l 109
1. ENABLES SETTING OF LAST RD/WRT
CHARACTER §ET ______ FF _FOR MANUAL OR MAX HD CONDITIONS.
296 D SYNC 2. PROVIDES CONSTANT + COMPARE STGNAL
START FF DURING WRITE PAMSE.
1 L
37
I |
CHARACTER SET REMOVES "CLEAR" TO NRZ WRT DATA FF,
304 WRT SYNC [ —— —— — ALLOWING IT TO PROCESS SERIAL DATA
START FF TO DRIVE.
111
SET
WRT SYNC/
SYNC FOUND F—— — — - ENABLE CLK DATA PULSES
FF
10
SET REMOVE “"CLEAR" FROM BIT CNTR.
ENABLE BIT | — — — — = COUNTER WILL ADVANCE FOR EACH
CNT FF CLK DATA PULSE.
112
ADVANCE WD WC=1 GATES ADDRESS
BIT COUNT CNTR FROM — — — — —— WORD 2 THROUGH WORD
=4 070 MUX TO PATTERN REGISTER.
J:ﬁ 111
BIT COUNT ISSUE | ___ LOAD PATTERN REGISTER
-7 BYTE COMPLETE WITH ADDRESS WORD 2.
STIANAL
l 112

L

5)

CLOCK DATA PULSES SHIFT
ADDRESS WORD 1, WHICH WAS
LOADED INTO THE PATTERN
REGISTER AT INDEX MARK
TIME, THROUGH THE REGISTER
AND OUT TO THE DRIVE AS
NRZ DATA. THE FIRST BIT
TRANSFERRED, BIT 7, IS THE
SYNC BIT. ‘

TRANSFER ADDRESS
WORD 2 TO DRIVE.

8U425-2



SHEET 2

112 112

DISABLE COUNT

’ ADVANCE WD
BI7 COURNT CNTR FROM 1aPLT (RIN 7) DATA WORD
h 2703 " f- — — —1 GATED TO
PATTERN REG.
l 112 112
BYTE COMPLETE CLEAR ISSUE READ
E‘; COUNT STIGNAL CLEARS | NOT END ADRS f- — — — RESET AND
ADRS NOT FIELD FF WRITE RESET
COMPLETE FF SIGNALS.
,L 109 J‘ 10 —
CLEAR CLEAR
HOLDS FORCED CLEAR
WRT SYNC WRT START L - -
START FF b ON PATTERN REGISTER.

114

IMPOSE FORCED
CLEAR ON NRZ

CHARACTER

L
)

CHARACTER
320

WRT DATA
FF

CLK DATA SIGNAL STAYS
gbﬁé;rgﬁlo _____ HIGH. PREVENTS ADVANCING
SYNC. FF — BIT COUNTER OR SHIFTING

THE PATTERN REGISTER.

TRANSFER ADDRESS
WORD 3 TO DRIVE.

\'4

DATA WORD 1 REMAINS IN
THE FIRST RANK OF THE
PATTERN REGISTER UNTIL
CLK DATA SIGNAL NEXT
APPEARS TO TRANSFER IT
TO THE OUTPUT RANK.
MEANWHILE, WITH NRZ WRT
DATA FF CLEARED, A CON-
TINUOUS STREAM OF ZEROS
IS SENT TO THE DRIVE,
STARTING WITH CHARACTER
306.

~ END OF ADDRESS
FIELD

112

SET
NOT END ADRS
FIELD FF

I

SHEET 4

Figure 3-9,.

NOTE

THE THREE 8-BIT ADDRESS WORDS REOUIRE 24

SERVO CLOCK PULSES (TWO 12-BIT

CHARACTERS) .

THEREFORE, ADDRESS WORDS ARE WRITTEN DURING

CHARACTER TIMES 304 AND 305.

THE BEGINNING

OF CHARACTER TIME 306 MARKS THE END OFf THE
ADDRESS FIELD, AND THE POINT AT WHICH THE
FTU RESUMES SEMDING ZEROS TO THE DRIVE.

_.(CHAR CNTR 25 = 1)

DISABLE WRT AND RD

— RESET SIGMNALS, ALLOWINA
RD/WRT FFs TO SET WHEN
BITS IN CHARACTER COUNTER
INDICATE CHARACTER 323.

Write Format Flowchart (Sheet 3 of 5)

8U425-3
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CHARACTER
328

_____ (CHAR CNTR 23=1)

SET

WRT START
FF

__REMOVES FORCED CLEAR
FROM PATTERN REGISTER

|

CHARACTER
344

{L
17
______ (cHAR CNTR 2321)
109

SET
RD START
FF

N |

1d

l

CHARACTER
360

L _ _ — (CHAR CNTR 23-1)

109

SET

RD SYNC
START FF

|

CHARACTER
368

(CHAR CNTR 22-1)
START OF DATA FIELD

83319600 C

109
SET REMOVES FORCED
WRT syne L _ _ . _ _ CLEAR FROM NRZ
START FF DATA FF AND FROM
ENABLE BIT CNT FF
111
1. ENABLES CLK DATA PULSES.
SET 2. PROVIDES CD INPUT TO
WRT SYNC/ b — — — — — ENABLE BIT CNT FF,
FOUND SYNC ALLOWING THAT FF T0O SET
FF WITH MEXT START SYNC
CLOCK SIGNAL.
10
REMOVE CLEAR FROM RIT COUNTER.
SET COUNTER WILL ADVANCE FOR EACH
ENABLE BIT [—— — — — — CLK DATA PULSE, CUASING THE
CNT FF PATTERN RERISTER TO SHIFT DATA
WORD 1 OUT TO THE DRIVE VIA
THE NRZ DATA FF.
SHEET 5

Figure 3-9.

Write Format Flowchart (Sheet 4 of 5)
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SHEET 4

THIS ENSURES THAT FOR
SUCCEEDING DATA WORDS,
THE TRUE VALUE OF BIT 7
(AND NOT A SYNC BIT) WILL
BE SENT TO THE PATTERN

INDICATES THAT THE DATA
WORD HAS BEEN TRANSFERRED

111 113
CLEAR
BIT count DATA SYNC b —=———— -
BIT FF
] REGISTER,
1SSUE
BIT COUNT BYTE COMPLETE | — — — — — —
STGNAL T0 THE DRIVE.
114
LOAD NEXT

DATA WORD INTO
PATTERN
REGISTER

114

CLK DATA PYLSES
SHIFT DATA TO
DRIVE VIA NRZ
WRITE DATA FF

CHARACTER
COUNT
<13,344

11
CHARACTER
3,344
109
CLEAR REMOVE ONE INPUT
START WRT | _ —_HOLDING WRITE
FORMAT FF GATE HIGH.
112 112
CHARACTER ISSUE 32?55"“]3513§T513$§"351¥?Na
WRITE RESET pF—=———-— : ' :
13,376 FTU IOLES TO NEXT INDEX MARK.
SIGNAL
END OF
OPERATION

Figure 3-9,

Write Format Flowchart (Sheet 5 of 5)

8U425-5
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READ SEQUENCE

The Read sequence brings up the Read Gate
twice. Once to read the address field and
again to read the data field. Although the
zero field following Address Mark is "read"
by the FTU, the bits cannot be shifted in
the Pattern register because the Clk Data
pulses do not start until the Address Sync
bit is found (at Character time 304). Fig-
ure 3-10 shows where the FTU "idles" through

83319600 ¢

the first portion of the zero field that
follows the address field.

When checking for the data sync bit, Read
Gate is raised early enough to allow for any
minor variation in disk speed -- that is, 16
counts before the sync bit is supposed to
appear (roughly 20 usec). By the same token,
Read Gate is dropped 32 counts before the
end of the data field.



HOME
ADDRESS
PROTECT
GAP

FTU IS IDLE DURING THIS PERIOD <

ZERO
FIELD

—

ADDRESS MARK FIELD

ZERO FIELD <

SEARCH FOR SYNC

READ AND COMPARE ADDRESS WORDS 1, 2, 3.

FTU IDLES THROUGH THIS PORTION OF ZERO FIELD <

—-

READ ZEROS

SEARCH FOR SYNC
—

FTU COMPARES DATA WORDS FROM DRIVE
AGAINST SETTING OF DATA PATTERN SWITCHES

FTU IS IDLE DURING THIS PERIOD

Figure 3-10,

1280 %

284

2962
304 4

306

START OF RECORDED INFORMATION

FTU RAISES CONTROL SELECT (TAG 3),
READ GATE (BOB 1), AND AM ENABLE (BOB 5).
STARTS SEARCH FOR ADDRESS MARK.,

ADDRESS MARK FOUND. FTU DROPS AM ENABLE,
STARTS READING ZEROS.

FTU SETS READ SYNC START FF,
STARTS SEARCH FOR ADDRESS SYNC BIT.
——— COMPARE BEGINS WHEN SYNC BIT IS FOUND,

——— START OF ADDRESS FIELD

———END OF ADDRESS FIELD. FTU DROPS READ GATE.

———— FTU RAISES READ GATE.

8] —— FTU SETS READ SYNC START FF,

STARTS SEARCH FOR DATA SYNC BIT.

_LSTART OF DATA FIELD. READ COMPARE BEGINS

WHEN DATA SYNC BIT IS FOUND.

FTU DROPS CONTROL SELECT AND READ GATE.

%ﬂ'ﬁd
13,376

STOPS READING.
END OF RECORDED INFORMATION.

INDEX

8U438

Read Track Pattern
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READ
SEQUENCE

THE SEQUENCE FROM INDEX MARK
TO THE END OF ADDRESS (START
OF CHARACTER TIME 306) IS
IDENTICAL TO THAT SHOWN IN
THE WRITE FLOWCHART, EXCEPT
THAT WHEN WC GOES TO 3 (AT
BIT COUNT=4), DATA WORD 1 IS
GATED NOT TO THE PATTERN
REGISTER, BUT TO THE WORD
COMPARATOR.

CHARACTER

NOTE
THIS FLOWCHART IS APPLICABLE TO THE

READ SEOQUENCE, WITH OR WITHOUT OFFSET, OR

TO THE READ PHASE OF THE WRITE THEN READ
SEQUENCE, WITH OR WITHOUT OFFSET.

FOR READ ADDRESS OPERATIONS ASSOCIATED
WITH THE WRITE SEOUENCE OR THE WRITE
PHASE OF THE WRITE THEN READ SEQUENCE,
SEE THE WRITE FLOWCHART.

ADDRESSES ARE NOT READ FOR THE WRITE
PHASE OF THE WRITE THEN READ SEQUENCE

IF OFFSET IS ALSO SELECTED. THIS IS BE-
CAUSE THE FTU DOES NOT WRITE DURING THE
OFFSET MODE. .

FOR WRITE THEN READ-OFFSET, READING AS
SHOWN BY THIS FLOWCHART IS DONE ONCE FOR
EVERY TWO DISK REVOLUTIONS.

306

CHARACTER

320

Figure 3-11.

83319600 C

108
CLEAR
RD ADRS
ENABLE FF
109
CLEAR
________ HOLD FORCED CLEAR
WRT START ON PATTERN REG.
109
CLEAR L 1.DROP READ GATE TO DRIVE.
RD START T T 2.CLEAR READ WORD CNT
FF INCREMENT FF.
1.DISABLE WRT SYNC/SEARCH FOR
CLEAR SYNC SIGNAL, THEREBY CLEARING
CLEAR ¢ | _ _ _._ WRT SYNC/FOUND SYNC FF AND
AP ENABLE BIT CNT FF.
2.BRING DOMN READ COMPARE ENABLE
SIGNAL TO STOP CLK DATA PULSES.
112
SET DISABLE RD/WRT RESET
NOT END | _ _ _ SIGNALS, ALLOMWING THE
ADRS FIELD RE/WRT CONTROL FF's TO
FF SET, STARTING AT
CHARACTER TIME 328.
SHEET 2

Read Flowchar

t (Sheet 1 of 3)

8U436-1



SHEET 1

I 109

CHARACTER | 357 START | _ _ __ REMOVE FORCED CLEAR
328 ur HELD ON PATTERN REG.
J L l
44
10
SET 1.ENABLE READ GATE TO DRIVE.
SHgRACTER RD START L 2.ENABLE CD INPUT TO READ
FF WORD CNT INCREMENT FF.
B g 4 ]
I r R
10 1.RESULTING READ COMPARE 3.CLK DATA PULSES SHIFT SERIAL
SET ENABLE SIGNAL GATES CLK DATA FROM DRIVE (SO FAR, ALL
CHARACTER H AP A DATA PULSES TO PATTERN ZEROS) THROUGH THE PATTERN
360 AL REGISTER, BIT CNTR, AND REGISTER. ALTHOUGH THESE
SYNC CHECK FF. WORDS DO NOT COMPARE WITH
2.RESULTING WRT SYNC/SEARCH DATA WORD 1 IN THE WORD
FOR SYNC SIGNAL ENABLES CD COMPARATOR, THE LOW DATA SYHC
INPUT TO WRT SYNC/FOUND SYNC BIT SIGNAL PREVENTS CLEARING
FF AND REMOVES FORCED CLEAR THE NO DATA ERROR FF.
FROM SYNC CHECK FF.
JL
17
111
AT CHARACTER TIME 512
CHARACTER LA SYNC CHECK THE NO SYNC CHECK SIGNAL
368 FOUN aINC L __ 5| FF REMAINS | __ _ _ __CLEARS THE NO ADRS ERROR
FF REme CLEARED. FF TO INDICATE THAT NO
: DATA SYNC BIT WAS FOUND.
111
LOAD BIT
CRTR WiTH
ALL 1's.
11
SET
b s oo s s, 19
FOUND SYNC v ?
A NEXT CLK DATA SIGNAL.
109
SET
SYNC CHECK
FF
l 112 1.PARTIALLY ENABLE THE
5 INCREMENT WORD CHT SIGNAL.
BIT CNTR ErD WORD 2.TRAILING EDGE OF BYTE COMPLETE CANNOT
GOES FROM READ WORD i f— == = ——— CLOCK THE NO ADRS ERROR FF BECAUSE
1510 70 0 e THE DATA SYNC BIT SIGNAL IS LOW, AND
WON'T GO HIGH UNTIL BIT COUNT 4. AS A
RESULT, A DATA ERROR CANNOT BE INDICATED
FOR DATA WORD 1.
SHEET 3
8U436-2
Figure 3-11. Read Flowchart (Sheet 2 of 3)
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BIT COUNT
=4

BIT COUNT
=7

1.THIS ENSURES THAT THE TRUE VALUE

113 OF BIT 7, AS SET IN THE DATA PATTERN
CLEAR SWTICHES, WILL BE SENT TO THE WORD
DRTA SYNC | _ _ _ COMPARATOR FOR ALL DATA WORDS AFTER
rer DATA WORD 1.
2.-DATA SYNC BIT SIGNAL GOES HIGH TO
ENSURE CLOCKING THE NO DATA ERROR
FF FOR EACH BYTE COMPLETE SIGNAL
AFTER DATA WORD 1.
11
ISSUE
BYTE COMPLETE
SIGNAL

BIT COUNT
=0 .

TRAILING EDGE OF
BYTE COMPLETE
SIGNAL CLOCKS
NO DATA ERROR FF

116
INCREASE
DATA
. YES—>| COUNT IN
ERROR RD/WRT
ERROR CNTR

BIT COUNT

BIT COUNT

BIT COUNT

TRAILING EDGE OF
BYTE COMPLETE
SIGNAL CLOCKS
NO DATA ERROR FF

83319600 C

Figure 3~11,

INDICATE
DATA ERROR,
STOP READ
OPERATION.

116 116
TNCREASE
COUNT IN
RD/WRT
ERROR CNTR
_ISSUE RD/WRT TNDICATE
RESET SIGNALS :
DATA ERROR,
TO DISABLE
STOP READ
READ GATE AND OPERATION
STOP READ OP-
ERATION. FTU
IDLES TO INDEX
MARK .
guU436-3
Read Flowchart (Sheet 3 of 3)
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WRITE SEQUENCE starts writing zeros. The data field is

written as for Write Format. The Write track
The Write sequence is identical to the Read pattern and the Write Sequence flowchart are
sequence up to character time 328, at which shown in figures 3-12 and 3-13, respectively.
point the FTU raises Write Gate and the drive

3-34 83319600 C



INDEX
(.
HOME
ADDRESS
PROTECT
GAP
i) LE DURING THIS PERIOD <
—_— 264
ZERO Sk
FIELD T
¥ k! ."§ tEh
L_ oty
R —— Sz 280

ADDRESS MARK FIELD

ZERO FIELD <

SEARCH FOR SYNC

READ AND COMPARE ADDRESS WORDS 1, 2, 3.

FTU IDLES THROUGH THIS PORTION OF ZERO FIELD

FTU SENDS ZEROS TO DRIVE

NOTE

INFORMATION BETWEEN CHARACTERS
264 AND 328 WRITTEN
ON TRACK BY WRITE FORMAT SEQUENCE

FTU RAISES CONTROL SELECT (TAG 3),
d——— READ GATE (BOB 1), AND AM ENABLE((BOBS).
STARTS SEARCH FOR ADDRESS MARK.

ADDRESS MARK FOUND.

4—— FTU DROPS AM ENABLE,

STARTS READING ZEROS.

FTU SETS READ SYNC START FF,
STARTS SEARCH FOR ADDRESS SYNC BIT.

 —— COMEPARE STARTS WHEN SYNC BIT IS FOUND.
¥
4 ——START OF ADDRESS FIELD.

END OF ADDRESS FIELD. FTU DROPS READ GA

| —— FTU RAISES WRITE GATE (BOB 0).

DRIVE STARTS WRITING ZEROS.

i —— FTU SETS WRITE SYNC START FF,

STARTS SENDING DATA WORDS TO DRIVE.

FTU SENDS DATA WORDS TO DRIVE,

FIRST BIT IN THIS FIELD (BIT 7 OF WORD 1)

<

‘ILWAYS A 1, AND IS USED AS A SYNC BIT.

TE.

— FTU DROPS CONTROL SELECT AND WRITE GATE.

DRIVE STOPS WRITING.

—_— 4% 13,376 %5
FTU IS IDLE DURING THIS PERIOD.
INDEX
Figure 3~12. Write

83319600 C

Track Pattern

8U439



WRITE
SEQUENCE

RESET

WORD CNTR
AND ADRS

NOT COMPLETE
£

118

PRESET
CHARACTER
CNTR TO 1

108

SET
RD ADRS
ENABLE FF

L
1

ADDRESS WORD 1 (HD ADDR)
GATED TO WORD
COMPARATOR (CR115).

INHIBIT WRITE GATE
UNTIL AFTER THE ADDRESS
FIELD HAS BEEN READ.

11
SET
g?ARACTER NOT ENO |
ADRS FIELD
FF
y |
AR S
l 109
CHARACTER SET
264 WRT START
FF
L
LR
| 0
CHARACTER SET
280 RD START
FF

3-36

111

SET
AM SEARCH
FF

DO
NOTHING

Figure 3-13.

WILL INDICATE
ADRS MX ERROR
WHEN READ
COMPARE OPER-
ATION BEGINS
AT CHARACTER
TIME 296

REMOVE LOW-ACTIVE RD/WRT
RESET SIGNAL HOLDING THE
RD/WRT START AND SYNC FF's
(CR 109) IN CLEARED STATE.

R

. RESULTING READ GATE SIGNAL
[~ = — = == — ENABLES THE CD INPUT TO
READ WORD CNT INCREMENT FF.

ESULTING ADDRESS MARK ENABLE

——————— SIGNAL (BOB5) INITIATES AN AM

SEARCH BY THE DRIVE.

Write Flowchart (Sheet 1 of

111
CLEAR
AM SEARCH
FF
A
SHEET 2
8U435-1
5)
83319600 cC



SHEET 1 ’ 1.CLEAR NO ADRS ERROR FF
IF NO ADDRESS MARK FOUND;
INDICATE ADDRESS ERROR.
2.CLK DATA SIGNAL (RDCLK) BEGINS
SHIFTING INCOMING SERIAL DATA
éSO FAR ALL ZEROS) INTO PATTERN
EG.

109 3.ENABLE SETTING OF LAST RD/WRT
FF_FOR MANUAL OR MAX HD CONDITIONS.
SET 4.SET UP CIRCUITS TO COMPARE
CHARACTER b syNe 0 0 b ——— o EACH ADDRESS WORD.
296 START FF 5.INITIATE WRT SYNC/SEARCH

FOR SYNC SIGNAL THAT ENABLES
CD INPUT TO WRT SYNC/FOUND
SYNC FF AND REMOVES FORCED
CLEAR FROM SYNC CHECK FF.

-~
b

111 1.PREVENT BIT CNTR
FROM COUNTING;
e Ng et COUNTER REMAINS AT ZERO.
CHARACTER PO TN e —- AT CHARACTER COUNT 512,
304 A CLEAR NO ADRS ERROR FF
TO INDICATE AN ADDRESS
(NO SYNC) ERROR.

111 11
LOAD BIT 1SSUE
CNTR WITH BYTE COMPLETE
ALL 1's SIGNAL

111
SET ENABLE BIT CNTR
WRT syne/ L _ __ TO BEGIN COUNTING
FOUND SYNC AT NEXT CLK DATA
FF SIGNAL.
SET
SYNC CHECK
FF

| 112 116
115

e TRAILING EDGE OF
BIT CNTR rEAD WORD BYTE COMPLETE COMPARE "
GOES FROM REA SIGNAL CLOCKS ON ADDRESS
15,0 T0 0 NO ADRS WORD 1
10 INCREMENT FF ERROR FF
YES
l 112 116
BIT COUNT ADVANCE WORD ADDRESS WORD 2 (CYL INCREASE
8l COUNTER FROM [——————-— ADDR) GATED TO WORD A Ry
070 1 COMPARATOR AL,
Jjﬁ 111
I1SSUE
81T CounT BYTE COMPLETE
SIGNAL
TNDTCATE
ADDRESS ERROR.
STOP READ
OPERATION. FTU
SHEET 3 1DLES TO NEXT
INDEX MARK.
30435-2

Figure 3-13. Write Flowchart (Sheet 2 of 5)
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SHEET 2

116

BIT COUNT
=0

TRAILING EDGE
OF BYTE COM-
PLETE SIGNAL
CLOCKS NO ADRS
RROR FF

COMPARE
ON ADDRESS
WORD 2

BIT COUNT
=4

ADDRESS WORD 3 (CYL
|- — — — — — ADDR) GATED TO WORD
COMPARATOR.

BIT COUNT
=7

112
ADVANCE
WORD CNTR
FROM 1 T0 2
111

ISSUE

BYTE COMPLETE
SIGNAL

4

BIT COUNT
=0

|
116

TRAILING EDGE
OF BYTE COM-

PLETE SIGNAL
CLOCKS NO ADRS
ERROR FF

COMPAR
ON ADDRESS
WORD 3

Figure 3-13.

N

C

SHEET 4

Write Flowchart (Sheet 3 of 5)

YES

. _ue

INCREASE
COUNT IN
RD/WRT
ERROR CNTR

INDICATE
ADDRESS ERROR.
STOP READ OP-
ERATION. FTU
IDLES TO NEXT
INDEX MARK.

11

INCREASE
COUNT IN
RD/WRT
ERROR CNTR

]

NO

1

INDICATE
ADDRESS ERROR.
STOP READ
OPERATION.

FTU IDLES TO

NEXT INDEX MARK.

8U435-3
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SHEET 3

_DATA WORD 1 GATED
TO PATTERN REG.

ISSUE READ

RESET AND WRITE
RESET SIGNALS TO
CLEAR RD/WRT
CONTROL FF's.

1.BRING UP WRITE ENABLE SIGNAL.
2 ,PARTIALLY ENABLE WRT GATE CIRCUITS.

DISABL% couu;
INPUT (PIN 7) TQ
ADVANCE WORD
WORD COUNTER.
BI7 counT SOUNTER FROM COUNTER REMAINS
AT WC=3 UNTIL
CLEARED BY NEXT
IM GATED SIGNAL
T
v 11 11
BYTE COMPLETE CLEAR
BIT COUNT SIGNAL CLEAR NOT END | _ _ _ _ —
=7 ADRS NOT ADRS FIELD
COMPLETE FF FF
l 108
CHARACTER CLEAR
S RD ADRS I
ENABLE FF
109
CLEAR
______ HOLD FORCED CLEAR
WRT START ON PATTERN REG.
1
1.DROP READ GATE SIGNAL
e — — — — — 'To DRIVE.
R 2.CLEAR READ WORD CNT
INCREMENT FF.
: DISABLE WRT SYNC/SEARCH
CLEAR FOR SYNC SIGNAL, THEREBY
______ CLEARING WRT SYNC/FOUND
1f RD SYNC START SYNC FF (CR 111), ENABLE
BIT CNT FF (CR 109) AND
SYNC CHECK FF (CR 109).
112
e DISABLE RD/WRT RESET
CHARACTER HAR. SIGNALS, ENABLING THE
oo s e F--—-—— RD/NRT CONTROL FF's TO
AD SET, STARTING AT
CHARACTER TIME 328.
d L
47
l 109
SET ENABLE WRITE GATE SIGNAL
ggg“ACTER WRT START | _ _ _ _ TO DRIVE. WITH NRZ WRITE
FF DATA FF CLEARED, DRIVE
STARTS WRITING ZEROS.
I L l
3 7
| ¥
CHARACTER SET
344 RD START
i NO EFFECT
T DURING THE
s “"WRITE DATA FIELD"
l s OPERATION.
10
SET
CHARACTER A svnc
START FF

83319600 C

SHEET 5

Figure 3-13.

Write Flowchart (Sheet 4 of 5)
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SHEET 4

DROP WRITE GATE SIGNAL
TO DRIVE. DRIVE STOPS
WRITING DATA. FTU IDLES
TO NEXT INDEX MARK.

8U435-5

10
SET REMOVE FORCED CLEAR FROM
CHARACTER | SE e Femm—m e NRZ WRITE DATA FF {CR114),
368 HART Tr ENABLE BIT CNT FF (CR109),
AND SYNC CHECK FF (CR 109].
1.ENABLE CLK DATA PULSES.
pren 2.PROVIDE CD INPUT TO
SET svne ENABLE BIT CNT FF,
e e FP————- ~— ALLOWING THAT FF 70 SET
ko WITH NEXT START SYNC CLK
SIGNAL.
1.CLK DATA PULSES SIMULTANEQUSLY
SET e ADVANCE BIT CNTR AND SHIFT
ENABLE BIT DATA WORD 1N PATTERN REG.
CNT FF 2.SERIAL NRZ WRITE DATA IS SENT
T0 DRIVE.
& 113
o~ THIS ENSURES THAT FOR
EACH SUCCEEDING DATA WORD
817 COUNT DATA SYNC - — ~ —— — - THE TRUE VALUE OF BIT 7
BIT FF (AND NOT A SYNC BIT) WILL
BE SENT TO THE PATTERN
| REGISTER. .
ISSUE INDICATES THAT THE
817 count BYTE COMPLETE |~ — ~ — = — DATA WORD HAS BEEN
SIGNAL TRANSFERRED TO THE
DRIVE.
-
LOAD NEXT
DATA WORD
INTO PATTERN
REGISTER
CLOCK DATA
PULSES SHIFT
DATA TO DRIVE
VIA NRZ WRITE
DATA FF
1SSUE
CHARACTER WRITE RESET |f-————-
13,376 SIGNAL
END OF
OPERATION
Figure 3-13. Write Flowchart (Sheet 5 of 5)
3-40
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OFFSET MODE/DELAYED ON CYL

Figure 3-14 describes how the On Cylinder
Detected signal is delayed by 4 ms during

an Offset operation. The delay is necessary
because the On Cylinder signal from the drive,
once the drive has found the cylinder address,
drops while the heads are moved to the offset
position. When the offset move has been
completed, On Cylinder comes up again to

83319600 C

retrigger the 4-ms delay. When the delay
times out, the On Cyl Delayed FF is set,
propagating the On Cyl Detected signal to
the FTU logic.

The delay is also operative when the MAINTE-
NANCE switch on the FTU Panel is active.

Writing cannot be performed during the Off-
set mode.



NOTE
NOTE
ALL ELEMENTS IN
THIS FLOWCHART ARE
SHOWN ON CROSS-
REFERENCE SHEET
NUMBER 107 IN THE
DIAGRAMS SECTION.
~OPPSET MODE ~OFFSET MODE
LINE GOES LINE GOES
TRUE ("1%) FALSE ("0%)
3
CLEAR STAYS , ~OFFSET MODE PARTIALLY
3 NOT OFFSET I CLEARED FOR LINE IS TRUE OFFSET | - — - ENABLE TEST
FF OFFSET OPERATION (*1"). FF. OFFSET MODE
SET GATE.
NOT OFFSET I
FF.
~
“OFFSET MODE
SET STAYS SET FOR -
NOT OFFSET II | NOT OFFSET LINE IS FALSE (707).
FF OPERATI EAR
TIONS NOT OFFSET 11
FF.
CLEAR INITIATE et b Wi
ON CYL 4-MS OFFSET TEST OFFS
DELAYED
PE DELAY GOES FALSE ("0")
OUTPUT FROM [ TSSUE
P ITEST FOR OFFSET
-4f e En COATE CONTROL SELECT,
B TRuR ("1%) {TAG 3) TO
BUS OUT MUX
NO 4-ms
7 NPT DELAY TIMED
ouT
YES
SET SET
CLEAR
ON CYL ON CYL
NoT OFFSET 11 DELAYED DELAYED
. FF FF
INITIATE OUTPUT FROM OUTPUT FROM
N EeET TEST FOR TEST FOR
foms OFES OFFSET GATE OFFSET GATE
GOES TRUE ("1") GOES TRUE ("1"
- PROPAGATE
PROPEC. SRGATE [ TROPAGATE OFFSET PWD (BOB2) OR
o e ON CYL DET ON CYL DET OFFSET REV (BOB3) TO
T SIGNAL TO SIGNAL TO FTU LOGIC AND DRIVE,
N o FTU LOGIC. FTU LOGIC. DEPENDING UPON THE
NO_OFFSET (QFFSET) STATE OF THE
OFFSET MODE FF.

8U432

Figure 3-14. Offset/Delayed On Cyl Flowchart
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FTU ERROR LOGIC

Of the five error indications provided on
the FTU control panel, SEEK ERROR (as well
as FAULT indicator) is generated in the
drive. The following pages describe the
four error indications that are detected by
the FTU logic.

ADDRESS ERROR/DATA ERROR LOGIC (CR 114}

If the FTU is in Maintenance mode, or if the
I/0 Bypass cable is connected, the address/

data error logic is disabled. The FTU will

not stop for these errors, nor will the er-

ror (s) be counted in the R/W Error Counter.

In the Normal mode, the error logic is dis-

abled by holding both the Address Error and

Data Error FFs in a preset state. ‘

A preset pulse to these FFs also occurs at
Index Mark time if the corresponding Error
Bypass switch is active. Under this Error
Bypass condition, the FTU will not stop

after an Address or Data error, but the er-
ror will be counted by the R/W Error counter.
The presence of each error type is manifested
by clearing the appropriate Error FF. Be-
cause the R/W Error counter is edge-triggered,
contiguous errors (errors with no "valid"
word between them) from either of the Error
FFs will be counted as one error.

Address Errors

Address errors are of three kinds:
a. Address Mark error

b. Sync Check error
c. Address Word error

Address Mark Error (CR 111)

When the Address Mark switch is active, the
AM Search FF is set by Read Gate at character
time 280. The FF is cleared when the address
mark is found. If the FF is still set (no
address mark found) when Read Compare Enable
comes up at character time 296, the Address
Mark Error signal clears the Address Error

FF (CR116).

Sync Bit Error (CR 116)

The address field sync bit occurs at about
character time 304. The Data field bit occurs
at about character time 368. If either of
these sync bits are missing (-Sync Check

= "1"), the Address Error FF will be cleared.

Address Word Error (CR 116)

If one of the three address words does not
compare, the + Compare line will go low, as
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will the CD input to the Address Error FF,
Because the FF is clocked by the trailing

edge of Byte Complete for address words 1,
2 and 3 (-Word Count 3), the FF will clear.

It may be of interest to note that the +
Compare line is held high until character
time 304 (address), and again between the
end of the Address field and character £ime
296, at which point the Bit Counter starts
counting Data bytes. Thus, + Compare ensures
that the FF will be initially set at the
start of both the Address and Data fields, so
as to be ready for the sync bit that begins
each of those fields (as well as for any
errors that might occur in the address field
itself).

Data Errors
Data errors consist of Read Clock errors and

Data Word errors.

Read Clock Error (CR 116)

Normally, Read Clock pulses will continually
retrigger the Missing Read Clock one-shot.
If, when Read Compare Enable comes up for
the Address or Data fields, a clock pulse is
missing, the one-shot will time out, thereby
setting the Read Clock Error FF. This, in
turn, clears the Data Error FF.

Data Word Error (CR 116)

The Data Error FF is set prior to the start
of the Data field by the high held on the +
Compare line, (The logic for Compare is
shown on CR117.) The ~Data Sync Bit line is
high after the Address field, so the Data
Error FF is clocked by Byte Complete, start-
ing at character time 296. When the hold on
+ Compare goes away at character time 368,
the compare sequence begins. A Compare error
is registered by clearing the Data Error FF
at the trailing edge of Byte Complete. The
next valid compare will again set the FF. Ag
described above, contiguous bytes in error
are counted as one error.

SERVO CLOCK ERROR LOGIC (CR 116)

A Ready signal accompanying the Start Access
pulse sets the Enable Servo Clock Error FF
CR117). If a period of 200 nsec occurs with-
out an FTU Write Clock pulse, the Servo Clock
Error FF is set. The condition can be cleared
only by actuating RESET. The FTU Write Clock
may be either servo clock pulses from the
disk, or pulses from the crystal oscillator
in the FTU itself, depending upon the posi-
tion of the MAINT/NRM switch on the FTU.



SECTOR MARK ERROR LOGIC (CR 117)

The Sector Mark (SM) Error FF is held in a
precleared state by one of the following:

1. Enable Sector Mark Error signal = 0
(see CR 116 for conditions).

2. The normally cleared state of the Enable
Servo Clock Error FF,

If case 1 exists, SM errors are not detected.
The case to consider, then, is that in which
the preclear on the SM Error FF is released
by the presence of a Ready signal at Start
Access time.

Normal Sequence

Index Mark (IM) sets the Load Sector FF,
imposing a Load condition on the Sector
counter by bringing pin 9 of that IC low.
The Sector Counter is actually loaded by the
trailing edge of the IM. The leading edge
of the first SM after Index clears Load Sec-
tor, allowing the counter to be advanced by
the trailing edge of that (and each succeed-
ing) SM. The next IM finds the sector count
at maximum, which results in presetting the
Test Sector FF. The trailing edge of that
IM, of course, reloads the Sector Counter.
The ensuing SM (leading edge) clears Load
Sector, while its trailing edge advances the
count and clears Test Sector.

Abnormal Sequence

A Sector Mark Error can occur for two situa-
tions:

a. Index Mark appears before the Sector
Counter has reached its maximum count.

b. A sector mark appears when the Sector
Counter is already at maximum.

Situation 'a' will occur if a sector mark is
missing (or has not been read). Situation
'b' will occur if there are more sector marks
per disk revolution than are indicated by the
setting of the Sector Mark switches, or if an
IM pulse is missing.

Situation 'a'

The first sector mark after Index clears the
Test Sector FF as usual, providing a logical
1 at the CD input to the SM Error FF, The
next Index presets the Load Sector FF, as
usual. The following sector mark then clears
Load Sector (as usual), providing a positive-
going trigger pulse that now combines with
the CD input to set the SM Error FF.
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Situation 'b'

A sector mark that appears when the Sector
Counter is already at maximum presets the
SM Error FF.

The setting of the SM Error FF for either of
the situations above ensures that the Load
Sector FF will be set by the leading edge of
the next sector mark. This holds the Sector
Counter in a Load state, which prevents the
counter from advancing. The circuit is re-
turned to normal by clearing the SM Error FF.
This occurs at Index Mark time if the Address
Error Bypass switch is active, or when the
RESET switch is actuated. Either case forces
the + Enable Sector Mark Error signal low.

UNIT SELECT/RELEASE LOGIC

The contents of Unit switches 8,4,2,1 is
available in two places in the A cable: on
Bus Out lines 0-3 (CR 120), and on Unit lines
20-23 (CR 124). 1In drives having the 60-pin
A cable, the unit information is derived from
the Unit lines. For 50-pin I/0 drives, the
Unit lines are not present, so the informa-
tion must be obtained from the Bus Out lines.
In either case, the Unit Select Tag (CR 124)
is sent separately -- that is, not across

the Bus Out lines.

With the UNIT SEL/REL switch in neutral, a
forced clear is imposed on the Unit Select
FF (CR 122). When the switch is raised to
the SEL position, the clear is removed and a
5-ms pulse generated that sets the FF, caus-
ing the Unit Select Tag to be sent to the
drive (CR124)., At the same time, the pulse
causes a 5-ms Unit Bus signal that selects
input 3 of the Bus Out Mux (CR120), thereby
gating the contents of the four UNIT switches
to the Bus Out lines. (Unit lines 20-23 are
static, whereas Bus Out Bits 0-3 are seen as
a 5-ms pulse.)

Returning the switch to neutral drops the
Unit Select Tag.

The momentary REL (Release) position of the
switch is for use only in dual-access drives.
Issuing the 5-ms Unit Select Tag is accom-
plished as described above. After another

5 milliseconds, the Release delay (CR102)
times out. This causes input 2 of the Bus
Out Mux to be selected (CR 120), sending the
Release signal to the drive along with Tag 3.
Returning the switch to neutral (center-off)
drops the Tag 3 indication.
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FIXED HEAD OPERATION

Three switch combinations can affect the Sel
Fixed Hd FF (CR 105):

1. If FIXED @ ( ) is the combination
selected, the FF is preset to select
only fixed heads (numbered 0-47).

2. If either MOVABLE or SMD positions are
selected, the FF is force-cleared; in
effect, it doesn't exist.

3. If BOTH is selected from the FTU panel,
the FF will toggle with each +Clr cCyl
signal issued by the CAR logic (CR 104).

Let's examine these situations in order.

PRESET -—- EXERCISE FIXED HEADS ONLY

Inputs to the Hd Adrs Comparator (CR 106)
will allow a maximum head address of 3. The
+Sel Fixed Hd signal (CR 105) enables the
+CAR 512 and +CAR 256 lines from the dis-
play mux (CR 119) to the drive, informing it
to select one of 48 fixed heads, depending
upon the lower two bits of HAR and the lower
four bits of CAR (in the FTU).

With HAR and CAR initially cleared, fixed
head 0 is selected, followed by 1, 2, and 3
as HAR advances to maximum. CAR is now ad-
vanced, HAR is cleared, and the next cycling
of HAR selects fixed heads 4, 5, 6, and 7.
This sequence is repeated until CAR reaches
12, whereupon a 0.475 us +Clr Cyl pulse
clears CAR (CR 104) and the entire procedure
begins again.

FORCED CLEAR -~ EXERCISE MOVABLE HEADS ONLY

Action is as shown in the R/W mode flow-
charts. The fixed heads are not exercised
in this situation.

TOGGLE -- ALTERNATELY EXERCISE MOVABLE AND
FIXED HEADS

Assume that the Sel Fixed HA FF is initially
cleared, along with CAR and HAR. All movable
heads are first exercised through all access
positions (as determined by the access mode),
starting with cylinder 0, head 0. After max-
imum cylinder is reached, the +Clr Cyl pulse
clears CAR and toggle-sets the Sel Fixed HA
FF.

All 48 fixed heads are now exercised as de-
scribed above until, when CAR reaches 12, a
low-active -Clr Cyl signal (CR 104) ini-
tiates the +Clr Cyl pulse (CR 105) to clear
CAR and toggle-clear the Sel Fixed Hd FF.
At this point, the pattern for exercising
the movable heads is again entered, and the
entire sequence starts anew.
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HEAD ALIGNMENT CARD (HFSV)*

The Head Alignment circuit receives the pos-
itive and negative dibit information from
the Servo or Read/Write heads and processes
the information to produce the offset indica-
tions. Two types of offset indications are
produced: the visual indication available

on the head alignment meter, and the sign
information that is used by the controller
during the automatic head alignment proce-
dure. The meter reading is a halved indica-
tion of head offset expressed in microinches.
Total offset is the sum of the absolute value
given for both positions of the POS/NEG
switch. The sign information is a changing
polarity signal produced each time the FTU
meter passes through zero.

The alignment card receives dibit informa-
tion from either the Servo head or one of
the Read/write heads depending on the posi-
tion of the R/W-SERVO switch.

The received dibit information is amplified
and gain scheduled such that the total of
the positive and negative signal is main-
tained at 500 mV. A normal On Cylinder
signal would contain 250 mV of positive
dibit information and 250 mV of negative
dibit information. If the negative dibit
information decreases to 150 mV the auto-
matic gain control circuit causes the posi-
tive dibit information to increase to 350
mV. This results in the combined output
being maintained at 500 mV.

Non-AGCed Servo and Read/Write head informa-
tion is fed through switching circuits and
applied to the input of a minimum level
detector circuit. Because the read/write
head information has a lower signal level,
it is gated through an additional gain stage
before it is applied to the level detector.
As long as the signal level is of sufficient
amplitude, the output of the level detector
retriggers a one-shot circuit. The time
constant of the one-shot is selected so that
the circuit will not time out unless the
output of the level detector fails to re-
trigger it.

The output of the minimum level detector's
one-shot is used to gate on the midpoint
detector circuit. The AGCed positive and
negative dibit signals are biased above and
below the zero threshold. When the two out
of phase signals reached the zero point si-
multaneously, they turn on the midpoint
detector. The output of the midpoint de-
tector drives two one-shot circuits. The
one-shots are retriggered by the second mid-
point pulse before they time out. The time
out of the one-shots is the Read Gate for
the Peak Detector circuits.

* TB304A/B only



The Peak Detector circuit alternately detects amount and the direction of the head offset.

the positive and negative dibit peak ampli- The two capacitors drive a differential am-
tudes. These peaks are used to charge up plifier. The amplifier output is then scaled
two capacitors. The difference in potential and limited and used to drive the head align-
between the two capacitors represents the ment meter.
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MAINTENANCE 4

POWER SUPPLY VOLTAGE CHECKS

Two 5 V power supplies provide overvoltage
protection that drops the output voltages to
about 1 volt if the supply voltage should
exceed approximately 6.5 volts. The exact
point at which the drop in output occurs is
preset at the factory with no load on the
supply. 1In addition, each supply has a Volt-
age Adjust pot to set the full-load output
voltage to 5V, #0.5 V. The location of these
four potentiometers is shown in CR500 of the
Diagrams section.

Holes in the front wall of the power supply
compartment allow access for screwdriver
adjustment of the two +5 V pots. The -5V
pots may be adjusted by using the finger tips
to turn the blue plastic disk attached to

the shaft of each potentiometer.

NOTE

Don't capriciously tweak the
factory-set Overvoltage pots.
Not only can the overvoltage
protection be lost if the shaft
is turned one way, but also, if
the shaft is rotated the other
way, premature protection may be
invoked that will cause the out-
put to drop off before the
supply reaches its operating
voltage. The Overvoltage Ad-
justment procedure given below
is for those relatively rare
occasions where the procedure

is absolutely necessary.

OVERVOLTAGE ADJUSTMENT PROCEDURE

1. Turn off the FTU and remove the cover
from the power supply compartment.

2. Disconnect the red (+5 V) wires going to
the logic board and control panel from
Al1TB1-8. Do not disconnect the red wire
coming from the +5 V.

3. Turn the +5 V Overvoltage pot fully coun-

ter clockwise (to raise the overvoltage
sense beyond the range of the +5 V supply,
essentially negating any regulatory actions.)

4. Turn the +5 V Voltage Adjust pot fully
counter-clockwise to minimize the output
voltage.

5. Turn on the FTU.
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6. Connect the ground probe of a VOM to a
convenient ground in the FTU case.

7. Slip the other VOM probe under the screw
of A1TB1-8; tighten the screw to hold the
probe.

8. Observing the VOM, turn the +5 V Voltage
Adjust pot until the meter registers
+6.5 V.

9. Still observing the VOM, turn the Over-
voltage pot slowly clockwise until the
meter shows an abrupt drop from +6.5 V
to about +1 volt.

10. Turn down the Voltage Adjust pot so the
meter reads +5 V. (This reading will
probably change when a load is later
applied to the supply.)

11. Turn off the FTU, reconnect the red wires
to A1TB1-8.

Repeat steps 2 through 11 for the -5 V supply
if necessary, using the blue wires, AlTBl-7,
and minus voltages.

NOTE

After performing the Over-
voltage Adjustment, it is
necessary to re-adjust the
supply voltage under load,
as shown in the Voltage
Adjustment below.

VOLTAGE ADJUSTMENT PROCEDURE

1. Remove the cover to the power supply com-
partment, if this was not done as part of
the Overvoltage Adjustment procedure.

2, Connect the ground probe of a VOM to the
FTU ground stud or some other convenient
logical ground; connect the other probe
to AlTB1-8, for +5 V adjustment, or to
AlTB1-7 for -5 V adjustment.

3. While observing the VOM, turn the Voltage
Adjust potentiometer on the requisite
supply until the meter reads 5 V, $0.5 V.

4, Repeat steps 2 and 3 for the other supply.

5. Replace the cover to the power supply
compartment.



TROUBLESHOOTING THE FTU LOGIC
GENERAL

When using the TB304 to troubleshoot prob-
lems in the drive, it would be reassuring
to know that the tester is functioning
properly; that is, that the drive is not
adding FTU errors to the pattern it writes
or reads on the scratch pack. That is why
the Operation section stressed the need to
perform repeatedly any exercise that caused
error stops, in order to pin-point the drive,
the scratch pack, the I/0 cabling, or the
FTU as the source of the problem.

The flowcharts in section 3 show the sequen-
cing of signals and commands to most FF's
and registers in the FTU for each access and
R/W mode. The diagrams in section 5 are
arranged functionally to minimize jumping
from page to page while tracing a circuit.
As a result, a break in the flow of a signal
or command between two flowchart points may
be easily related to the gates and inverters
between those points. These elements will
most always appear on one or the other of the
diagrams denoted by the cross-reference num-
bers above the respective flowchart symbols.

Remember that with the Maintenance/Normal
switch in MAINT, all lines from the drive
are active with the exception of Read Clock,
Read Data, and Unit Ready (which is artifi-
cially generated in Maintenance mode), and
that the write functions are not impeded.
The above statement assumes, of course, that
the A and B cables are connected to the
drive.

USING THE TEST POINTS

The stylized waveforms below should help in
determining whether or not the FTU is per-
forming properly. Not all test points on the
panel are shown, but the method of operation
may be extended to those not included.

Cylinder Select

Access Mode CONT
Cyl Addr Sw Bit 1 ON (up), others OFF

Actuate RTZ, then START. Drive alternates
between cylinders 0 and 1.

Bit O TP
(sync) '
! 2.5 us '1.6 us
min. (+0.4 us)] =
CYL SEL TP I I
(observe)
4-2

Head Select
Access Mode DIRECT
Wrt-Rd Select WRT FORMAT
Seq/Man MAN

Head Addr Bit 1 ON (up), others OFF

Actuate START.

. 2.8 us (+0.7 us)
Bit O TP =

(sync) |

1.6 us
0.25 |
us (+0.4 us)

(+0.06)[ '_""]

HEAD SELECT TP
(observe)

Address Mark

Access Mode DIRECT
Wrt-Rd Select WRT FORMAT
Seq/Man MAN

Addr Mk/Sector Mk ADDR MK

Actuate START.

- §
16 ms (+4 ms) L_

CONTROL SELECT TP I
|

(sync)
|
4.5 us
24 us |(+1 us)
(+6 us) =
Bit 5 TP
(observe)

(Address Mark)

Actuate STOP. Place Wrt-Rd Select switch to
WRT. Actuate START.

35 us (+4 us) L-
|

READ GATE TP
(sync)

7.25 us
4 us (+1 us)
(+2 us)

AM FOUND TP
(observe)
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Write Clock/Data
Access Mode
Wrt-Rd Select
Data Pattern Sw

Actuate START.

WRITE CLK TP

DIRECT
WRT
10 101 010 pattern

|54 )|

(sync) 1

103 us
(+10 us)

WRITE DATA TP
(observe)

Read Clock/Data
Access Mode

Wrt-Rd Select
Data Pattern Sw
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DIRECT

READ

(as for Write Clock/
Data, above)

Actuate START,

52.5 us
(+5 us)
READ CLK TP I ‘ I
(sync) 1 :
|
105 us
(+10 us)
READ DATA TP |

(observe)

Read Gate/Write Gate

The Read Gate and Write Gate test points
offer a rough index of the FTU's operation.
When syncing on Index Mark, the R/W gate TP's
should not deviate by more than 10% from the
norms shown in figure 3-7.



SECTION 5

DIAGRAMS



This section contains the logic, cabling, and power diagrams for the
TB304B/C and the TB304A. Yellow divider sheets identify the two diagram
sets. The cross-reference numbers described below are duplicated for
each set, except as indicated.

Cross-reference numbers for the diagrams fall into seven number series,
as shown below. The first sheet in a series is usually a "locator"
diagram that shows the physical arrangement of the electrical components
within that series. A map of the logic board (IC placement) is given on
CR sheet 125.

CR Series Is Concerned With
010<:> Key to Logic
100 Logic Diagrams
200 Logic Board/Control Panel Cabling
300 Panel Switches, Indicators, Test
Points
400 I/0 Cables
l 500(:) Power Supply
600<:) Type HFSV Head Alignment Card

©

Found in front of TB304B/C divider, this series is
common to both diagram sets.

®

Shown only with the TB304B/C diagram set, but applicable
to the TB304A as well.
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-5V A24c31-42 | 12 -5V 12 | 301 Azwz-12
120,124 A2JC31-41 |13 + UNIT 8 SW <+ 13 | 303 Azu2-13
120,124 A24C31 - 40 | 14 + UNIT 4 SW <4— U 303 A3d2-14

CROSS

reF ne 201




a o ¥ <
om .
2]
1
A2PD3IA A3PT - olw
~ Y u
104,105 A2D3(-01 { | +CYL ADRS SW (28 < 1 {302 a347-01 | & |
(NU) 1)
NC A2JD3i-02 | 2 2 |301 Az47-02 2
- el
119 A24D31-03 | 3 DISPLAY MUX BIT 9 —p 3 {301 A3s7-03 =
- ™ s
119 A24D31-04 | 4 DISPLAY MUX BIT 10 > 4 {301 A307-04 ol
105 A2JD31-05 | 5 = MOVABLE 5 | 303 A347-05 XY
116 A24031-06 | 6 - INDICATE DATA ERROR > 6 301 ass7-06 o
- M ~
(NU) ZIm™
NC A24D31-07 | 7 7 {NC A397-07 P
GND z o |22
GND A2JD31-30 | 8 8 | 305 A307-08 s — |2
- ADRS ERROR
116 A2JD31-29 | 9 INDICATE s > 9 | 301 A347-09
- (o]
105 A24D31-28 | 10 FIXED 10303 az7-10 g &
] <
104,105 A24031-27 | 11 *+ CYL ADRS SW 256 < 1 {302 asu7-11 2 8
N (]
NC A24D3I1-26 |12 (NU) 12 {301 A307-12 4 =
w
115 A20D31-25 | 13 = DISPLAY MUX BIT & > 13 | 301 A347-13 Z
16 A20031 24 | 1 - SERVO CLK ERROR > 14 | 301 A3u7—1a o
L/ bl
L& B
o) @®
[Ny
o -
m o
e
A2PD3IB A3P8 - s
f [oN=]
- OFFSET_POS SW - -2
107 A24031-09 | | < I |303 azus-oI
Al W 51 =T
104,105 A24D31-10 | 2 +CYL AORS SW 512 < 2 |302 Azse-02 = B
- (=] <z
110 A2JD31-11 | 3 STROBE LATE < 3 |303 A348-03 =2 B
(NU) g FH
NC A24D3I-12 | 4 4 | 302 A348-04 = $°
(=]
116 A20031-13 | 5 + ADRS ERROR BYPASS SW < 5 | 302 A348-05 <
110 A2JD31-14 | 6 = STROBE EARLY <4 6 | 303 A348-06
W
113 A20031-15 | 7 + WRT FLAG S < 7 | 303 azus-o07
GND A20D31-38 | 8 GND 8 [305 A3u8-08
119 A20D31-37 | 9 — DSPLY SW/ERROR CNT, HD < 9 | 304 A348-09
NC A2JD3I-36 | 10 - DSPLY SW/ CYL <4 10 1304 A348-10
116 A20D31-35 | 11 + DATA ERROR BYPASS SW < 11| 302 A348-11
NC A2JD31-34 | 12 () 12 |NC A3JB-12
- OFFSET NEG SW
107 A20D31-33 |13 < 13 | 303 A3uB-13
NC A2JD31-32 {14 (V) 14 |NC A3UB-14
A2PD3IC A3P9-
_ W
119 A2JD31-17 | | DSPLY SW / CHAR CNT 4 I 1304 A349-0I
(NU)
NC A2JD31-18 | 2 2 |304 A349-02
NU)
NC A20D31-19 | 3 ¢ 3 | 304 A3zu9-03
110 A2J031-20 | 4 —RD GATE 4 {301 A3J9- 04
110 A24031-21 | 5 — WRT GATE » 5 | 301 A349-05
— STAI
101 A24D31-22 | 6 START < 6 | 303 A3u9-06
101 A20031-23 | 7 — STOP —<¢ 7 | 303 A3g9-o07
GND A2UD3i-46 | 8 GND 8 | 305 A3u9-08
101,102 — RESET .
102, - 9 -
103116 A29D31-45 | 9 - < 303 A3J9-09
101 A2JD31-44 | 10 hd < 10]303 A349-10
101 A20D31-43 } 11 —(RUN+RTZ) > 1| 301 azge-ni
NU
NC A2U03i-42 {12 (NU) 12 | 304 A3J9-i2
NC A20D31-41 {13 {NU) 13] 304 A3J9-13
119 A2JD31-40 | 14 — DSPLY SW / RD DATA < 14 | 304 azy9-14
% 202
(a]




o S
B
AZ:SIA A3Pa- - s
107 A2UE3I-01 | 1 —ON cvL —p- 1 | 30t A3v4a-01 i
119 A20E31-02 ] 2 ~DISPLAY MUX BIT | > 2 | 301 A344-02 §
113 A2JE31-03] 3 +DATA PATTERN SW | <4 3 | 302 A304-03 % -
104,105 A20E31-04 | 4 +CYL ADRS SW 2 < 4 | 302 A344-04 3 g
106 A2UE3I-05 | 5 = HD ADRS SW 2 <4 5| 302 A344-05 LY
119 A2UE31-06 | 6 = DISPLAY MuX BIT 2 > 6 | 301 A304-06 §
113 A20E31-07 | 7 “DATA PATTERN SW 2 < 7 | 302 A3v4-07 g §
GND A2UE3I-30 | 8 GND 8 | 305 A34a-08 é & gi
101 A20E31-29 | 9 = PAULT > 9 | 301 A344-09 - =
106 A2JE31-28 | 10 +HD ADRS SW | < 10| 302 A344-10 e 3
104,105 A20E3I-27 | 11 +CYL ADRS SW! < 1] 302 A3v4-1i é §
13 A29E31-26 | 12 +DATA PATTERN SW O < 12 | 302 A3va-12 © "
119 A2JE3I-25 | 13 - DISPLAY MUX BIT O > 13| 301 A3z4a-13 %J
(01 AZgE3I-24 | 14 ~ (READY + MAINT + LOGIC I/0) > 14| 301 asua—ia C_L,
e
e
ey
<
80
A2PE3IB A3P5 — o
™ (] EH]
119 AZJE31-09 | | ~DISPLAY MuX BIT 3 —» 1 | 301 azus-01 -
13 azuesi-1o | 2 +DATA PATTERN SW 3 < 2 | 302 asus—02 = B
104,105 A2JE3(~11 | 3 +CYL ADRS SW 8 < 3| 302 Asus-03 ; §§
106 A2JE31-12 | 4 +HD ADRS SW 8 < o | 302 a3u5-0a ; gg
119 A20E31-13 | 5 —DISPLAY MUX BIT 4 > 5| 301 A345-05 3
104,105 A2JE3I-14 | 6 +CYL ADRS SW 16 < 6 | 302 A345-06
122 A2UE31-15 7 - UNIT SELECTED —» 7 | 301 A3us-07
GND A2JE3i-38 | 8 SND 8 | 305 A305-08
106 A2JE31-37 | 9 * HD ADRS SW 16 <4 9 | 302 a345-09
13 AzuEsi-36 | 10 + DATA PATTERN SW 4 < 0] 302 A3u5-10
121 A20E31-35 | 11 — BUSY » i1 301 A345-11
101 A2JE3I-34 | 12 ~ SEEK ERROR > 12| 301 A34s5-12
106 A20E31-33 | 13 +HD ADRS SW 4 < 13] 302 A345-13
104,105 A2JE31-32 | 14 * CYL _ADRS SW 4 < 14| 302 A3y5-14
AZPE3IC A3P6-
104,105 A2JE3I~-17 | 1 *CYL ADRS SW 32 < 1 | 302 A3u6-01
NC A2JE3I-18 | 2 (NU) 2 | 302 a3ve-02
121 A2UE31-19 | 3 — WRT PROTECT > 3| 301 A346-03
17 A20E31-20 | 4 — SECTOR MK_ERROR 'S 4| 301 A3v6-04
104,105 A2UE3I-21 | 5 *+CYL ADRS SW 64 < s | 302 A3s6- 05
1o A20E3-22 | 6 ~DISPLAY MUX BIT 7 < 6 | 301 A3J6-06
106, 113 A2UE31-23 | 7 = HD SEQUENTIAL SW < 7| 303 A3ye-07
GND A2JE3I-46 | 8 GND 8 | 305 A346-08
113 A20E31-45 | o +DATA PATTERN SW 7 <4— 9 | 302 A3u6-09
106 A2JE3I-44 [ 10 = HD MANUAL < 10] 303 A3J6-10
113 A20E31-43 | 11 +DATA PATTERN SW 6 < 11| 302 azve-11
119 A20E31-42 | 12 — DISPLAY MUX BIT & »— 12| 301 A3J6-12
U3 A2E3- 41 | 13 + DATA PATTERN SW 5 < 3| 302 azve-13
119 A20e3(- 40] 14 = DISPLAY MUX BIT 5 » 14] 301 A3J6-14
\J
= Mrwo 203



(a] <
<Im
A2PF3IA A3P| - u:)
a ° 1y
120 A2JF31-0l D +ENABLE CNTL SEL(TAG 3) »- 1 | 305 A3u-Ot | &
120 A2oF3i-02 | 2 + ENABLE HD SEL(TAG 2) > 2 | 305 Azu-o02 §
103 A20F3i-03 | 3 + 13 > 3| 305 a3u-03 218
NC A2J0F31-04 | 4 ) 4 | 305 A34-04 3 §
120 A20F31-05 | 5 +BUS OUT MUX BIT 9 > 5 | 305 A3u-05 Py
102 A20F31-06 | 6 + INDEX MK »- 6 | 305 A30- 06 ” §
121 A2JF31-07 | 7 * ADRS MK FOUND 7 | 305 A3u-07 % a
GND A2UF31-30 | 8 GND 8 | 305 A3u-08 é 2 éz
114 A2JF31-29 | 9 +NRZ WRT DATA > 9 | 305 A34i- 09 °
GND A2UF31-28 | 10 SND 10| 305 A34i-10 Q E
GND A2JF3I-27 | Il GND 1| 305 azv-n 2 E
GND A2JF31-26 |12 SND 12 | 305 A3u-12 § .
110 A2JF31-25 |13 + WRT GATE ! 13| 305 A3u-13 g
110 A2JF31-24 | 14 +RD GATE > 14 | 305 A3J-14 ;
|/ \ &
e
=
8p
A2PF3IB A3P2- O
a 8%
111 A20F3i-09 | 1 +RD CLKe (-RD ERROR) » 1 | 305 ass2-o01
118 A2JF31-10 | 2 +FTU WRT CLK > 2 | 305 a3u2-02 E w
120 A2JF3I-11 | 3 +BUS OUT MUX BIT 3 > 3 | 305 a3s2-03 ;: ég
120 A2UF3I-12 | 4 +BUS OUT MUX BIT 4 > 4 | 305 A302-04 = gg
114 A20F31-13 | 5 +RD DATA > 5 | 305 A3s2-05 =3
120 A2JF3I-14 | 6 +BUS OUT MUX BIT 6 » 6 | 305 A342-06
120 A20F3i-15 | 7 +BUS QUT MUX BIT 7 > 7| 305 A3g2-o07
GND A20F31-38 | 8 GND 8 | 305 a3u2- 08
GND A20F31-37 | 9 GND 9 | 305 A342- 09
GND A20F31-36{ 10 GND 10| 305 A342-10
GND A20F31-35 | 11 GND 1| 305 Azu2-11
GND A20F31-34 | 12 GND 12 | 305 A3v2-12
GND A20F31-33 |13 GND 13] 305 A342-13
GND A2UF31-32 | 14 L 14| 305 a3s2-14
[/ \J
A2PF3IC A3P3 -
120 A20F31-17 | 1 +BUS OUT MUX BIT 6 > (i 305 A33-0l
17 A20F31-18 | 2 + SECTOR MK > 2 | 305 A343-02
120 A2JF31-19 | 3 +BUS OUT MUX BIT 3 > 3 | 305 A3J3-03
120 A20F3-20 | 4 +BUS OUT MUX BIT | 'L 4 305 A3J3- 04
NC A2JF31-21 | 5 (V) 5 | 305 A343-05
120 A2JF31-22 | € +8US OUT MUX BIT O - 6 | 305 A303-06
120 A2uF3-23 | 7 +BUS OUT MUX BIT 2 > 7 | 505 nsus-o07
GND A2JF3i-46 | 8 GND 8 | 305 a3u3-08
GND A20F3i-45| 9 GND 9 | 305 A343- 09
GND A20F31-44 | 10 GND 10 | 305 A343-10
GND A20F31-43 | 11 GND 11| 305 A343-11
GND A2JF3i-42 | 12 GND 12 | 305 a343-12
GND A2JF31—-4] | 13 GO 13 ] 305 A343-13
GND A20F3i-40 _I; GND \I: 305 A3J3-14
Iﬁ'?é*io 204
[a) (3} ? <



SERVO
cmps crae OTESE] EARLY ADRS  DATA
ERROR  ERROR CR28 CR27  CR24 CRI5 CRIS CRIS CR20 CRI CRIZ CR22 CR23 -
DISPLAY a ) @O @@ =) {F=r 5
3 = SELECT E'"' RT4 ERR
V-8V ATE CRi4  cAi3 CLK SECTOR WRT UNIT CHAN SEEK  FAULT ON  UNIT
@ ERR MK PROTECT SEL'D BUSY ERR CYL READY
~— ERR BYPASt— -- -{ :: ,»- INDEX
XTAL MAINT T ADRS DATA DISPLAY sccvon@ @
349 ” P CRO2 CRO3 CRQ4  CRO5 CRO6 CRO7 CRO8 CROS  CRID pnly
N
g OO OO0 OOQ OO 7O i
SERVO NAM N °
o & @
aoRS a . ACCESS OATA @
o o) 0o obe L r DATA PATTERN
@ — { Ra3 |
@ » “ R {Fez]
> o @ J « 73 [ » © ’3
an N ~ w o N - [}
SECTOR 600 (K1) 400 (1) 7] sas cr2i 3 5 4 3 T o e2o
DRIVE HEADS N
i 2250001 4000 (L0 . CYLINDER ADDRESS —_
WRT RUN RD " P2
[ ?. ] » %3
» WRT - RD + 3 2 2118118
o ©
o SELECT ~ @ ° ° TP
CRI8 CRI7 —J 22
sMD 19 (M) 6000 (HI) 1024 256 128 16 [
———— UNIT ————— — — (:)
SEL RTZ sTART HEAD ADDRESS —— ———— E Tp23 7 P12
M ' on |
8 g 2 a1 1= " E e S8
] a b3 N n I TP24 @S T3
° HD
) 4 2 | REL RESET sT0? MOVABLE 16 ) ) 2 1 TP27  SEL

©

] { i [ [ [ T T ) |
O oND o -5 O +8 Ji2 4 Ji % JIo (1 Js J8 JT Js 5 J4 43 J2 Ji
[ J) z
g% o n S
2z & ¢ 0 o=
oz OD 41 1
o 3 om ™ S;‘
> 27T mo
£ 4 m
“v m 25 32 3¢
> z » Q_‘ )amm
= m > 23 o3 &m
- a0 - z Zz 173 >
ovn 2 ® S @0 o,,:og
22 o E4 g 28 2R °a
Z20n »
o m 3 38 3 3
o c r m; »
D > F3 b OD
S o —0 S 29 -2 3
Ty @ . o z m m
z2 - ) ¢ Pz o3 7
ot ) 2 4n5. &
ez = 588233
- 4 3 m z
@ o S 6= P @
7 + z 83 42 =
® Y w 8D I g f_‘
< T
o Q C r
<-4 2 2
» @ o " o
2L R
v o

CONTROL DATA CODE (DENT c
C
CONTROL PANEL 19333 83319600 A
No:ms':g:“ T8304B/C mer o 300 |sweer 34 Inoe 5-34

2




Q 1 ° v @ <
< ["2]
LLe]
olw
I
A3JT- NN S
04 —DISPLAY MUX BIT 10 CROO ROO Q
202 A3P7-04 ¢ ANA— 2
L2 T
03 - 9 cnoR} RO 28 -
202 A3P7-03 —) ¢ AMN— o [
13 - s RO RO2 H
202 A3PT- 13 —)- ¢ AA—
A3J6- N (-
06 - 7 CRO3 \\ RO3 5
203 A3P6-06 ——> ¢ Ao —13
12 - 6 cnoxl\‘ RO4 £,
203 A3P6-12 —> 1 —AAA- : o a2
— O
14 - 5 CRo;{\ ROS S St
203 A3P6-14 ¢ A
A3l5- - 4 cnoe‘{_\‘ RO6 Q
203 A3P5-05 —— ¢ —AM- @
ol - 3 CROTSN RO7 3
203 A3P5-01 —>)> D] AAA @
A3J4-
%e - 2 cno&\ RO8
203 A3P4-06 —), ¢ VWA
02 - | cao;\\ RO9 -
203 A3P4-07 = i AP @
4
_ CRIO‘{\ RIO oY
203 A3Pa-13 —135 DISPLAY MUX BIT O » RO g2
- awn
AR —SEEK_ERROR o™ RII x
203 A3P5- 12 ¢ A a9
- <<
A9 —FAULT cRIZ N\ RI2 Eo
203 A3P4-09 —, " WA z32
oM
N A) 305
A3JT- -
- CRI3 RI3 =3
202 A3P7 -0 083 INDICATE DATA ERROR M I3 = EN
ao
— 22
(=] 14
B) 305 = §§
o INDICATE ADRS ERROR CRITNN RI4 3 K
203 A3P7 -09 —25 \\g ByyE— ©
A346-
- CRI5 RIS
203 A3P6- 04 —O%3 SECTOR MK ERROR ‘{,\g RS
- CRI& RI6
203 A3P6-03 23y WRT PROTECT ¢ A
A3J9- N
- CRIT RI7
202 A3P9-04 2%y RD_GATE ‘{\'4 R
- G CRI8 RIS
202 A3P9-05 —23) WRT GATE \\,4 R
A3J5-
_ CRI9 RI9
203 a3ps-o07 973 UNIT SELECTED ¢ Rl
" -BUSY CR20‘<\ R20
203 A3P5 -1l ——> —w\
ABR PN R2l
202 Aspo-i1 —Ly - (RUN + RTZ) D Wo
c) 305
AN CR2ENN R22
203 A3P4-04°%' —ON YL ¢ A
14 - (READY + MAINT + LOGIC 1/0) cnzs\‘\ R23
203 A3P4-14 —> ¢ ANA-
AIT- cR2AN R24
202 A3PT-14 14 - SERVO CLK ERROR & R2:
A3J2-
201 A3PIz- 09 225 9 VOLTS ~
CR25 R25
201 A3Pl2-10 9>y | A
caae:{\ R26
201 Aspiz-11 —1 g5 VOLTS
12
201 A3PI2-12 —))—
AZIT- ‘{\ R27
202 A3p7-02 225 {NU) CR2T 1€ WA
o\ R28
202 A3PT- 12 —25 o) CR28 g AN
NOTES
INDICATOR NAMES AS SHOWN ON FTU CONTROL PANEL
ARE INDICATED ON CROSS REF. NO. 300.
2. RESISTORS RO2 THROUGH R26 ARE PART OF THEIR
ASSOCIATED LED {CRO2 THRU CR26).
CROSS
REF NO 301
o | o f ) <



<o
NI ZE N\ e - ?
W ———0\02_ ] oo
| - > 203 A3P6- 02
| ) A3YS - 3 p—
.2 + HD ADRS SW 16 09
203 A3P5-09
) s23 ° & |e
) e |”
2 + 8 04 N o |E
. 53 > 203 A3P5-04 H
3 -
™~z + s 3 S
& >> 203 A3P5-13 2
| =
3 o
o . 2 A3ys- |£ g
203 A3P4 - ~ gs
) 520 03 A3P4 - 05 S l@w
+
2 HD ADRS SW | 519 203 azea- o S
| Si9 g
’_3\ N/U) A3 B
2 y -
\ i >>——— 202 A3P8 - 04
| EE)
T ~_2 + CYL ADRS SW 512 02
- 202 A3P8- 02
i Si7
) _3\ A3J7- "
2 * 256 > 202 A3p7 - 11 EN
! SI6 Tw
3 5
4 ]
_Q\_& + 128 > o1} 202 A3P7 - O e
| SIS 33 N
_3\‘ 64 238°"
2 + AN
203 A3P6 - 05
| Sia ) 203 A3P6 =3 .
| S §§
2 + 32 ol _ = g
5E 203 A3P6 - O = B
| = g
(=3
k + 6 A3J5- S
2 N _
\ 2 203 A3P5 - 06
L 3
2 + i 03 503 a3ps5 - 03 <+
I sh
3
' \Zsso + 4 > 203 A3Ps - 14
| , . . A344-
~ >22 203 A3P4-04
| $09
3
2 + CYL ADRS SW | U po3 a3pa- 11
I 508
R89 | 3 ®
+5Ve—mn A346 -
1K ™~z + DATA PATTERN SW 7 09 ,03 A3P6 - 09
) S07
1 3
<, . 6 I
> 203 A3P6- i
J 506
3
NOTES: ~o2 + 5 13 203 A3P6- 13
SWITCH NAMES AS IND- | 505
ICATED ON 'FTU CONTROL 3 A3ss
NEL ARE SHOW| 4 -
CROSS REF NO 300. ~2 + 4 310 203 a3ps - 10 -
] S04
| 3
2 + 3 92 _ 203 a3ps - 02
| s03
1 3 A344-
~2 + 2 > 203 a3pa- o7
| 502
|
2 + ! > 203 aspa - 03
! SO1 <
3
2 + DATA PATTERN SW O 12 .03 a3pa -2
| SO0
3 A348 -
N + ADRS ERROR BYPASS SW 05 ,0p A3P8-05
| s29
3
T2 + DATA ERROR BYPASS SW U po2 A3PE - 11
) 528
L % 302

Q 1 [T} T o0 | <



o | (3] I
+5V < |5
1]
$ Reg o
ik, o
| WRT FLAG SW 3 g
2 + LAG S 2 202 azPs -07 o K4
| S37 a
3 A3JI) - &
_—Q ~
2 + WRT INHIBIT SW 04 sk
201 A3PII -
| s36 04 2 I
3 3
- ~2 + SEQ PWR SW i _
: 535 —, 201 A3PIl t u 8
—0 (2]
3
| Y + XTAL sw 10 A
201 A3PII - 10 I
| s34 w O |2
3 g ~ lze
T 2 + MAINT Sw 05
. 553 —>)>——— 201 A3PII - 05 o
L3 $
2 + RPM 2400 SW 07 )
i §32 —) 201 A3PII - 07 2
- T
2 + 200 TPT SW 598 o1 3Pl - 06
| S3i
1 3’\ 2 5 HEADS SW Sl
+ ]
\ 55 . S 201 A3PI2 -02 o
w
_3’\ §¥
2 + UNIT SW8 I3
| o - 201 A3PI2 - 13 2L
3 g3
~ ~.2 + UNIT SW 4 SN
> -4
1 526
_3\ = B
2 + UNIT SwW 2 \\ 07 = < -
A 12-07
i 525 2, 201 A3PI2 = gg
p 3 E §§
NP + UNIT SW 1 06 3
| A3PI12 -06
| 24 20 g
] s
I 2 + 4000 BPI SW ol
\ e S 201 A3PI2 -0l
2 +( } \\ 03
| T > 201 A3PI2-03
_3\¥ AORS MK SW ABJII-
2 + ADRS MK S 99 201 A3PII-09
— 1, S48 ) R2T +5V
(14) 349K
. A3J8-
[ — OFFSET + SW ol
2 3 8 S »>—— 202 A3P8 -0l
+—L0" ooFF L
) 543 o [vw — OFFSET — SW 13 202 A3PE- 13
® NOTES : [-—MN—-st
. 3 = - STR_EARLY SW N 06 202 A3P8-06
SWITCH NAMES AS IND- | 2" .orf
ICATED ON FTU CONTROL] saz | " - STR_LATE SW 03
PANEL ARE SHOWN ON M 2. 202 A3P8-03
CROSS REF NO 300. | A3J9-
. 2 | — — RTZ Sw — 519 202 a3P9 - 10
=0 oOFF
sal i -
) ["R“;’;‘* RESET SW 509 Lon A3PS - 05
» 2 | — = START SW SH>€ 202 A3P9 - 16
- 540 POFF —w—y - STOP SW 7
L o STOP § — > 202 a3p9 - 07
, A3Ji2-
3 [ - UNIT SEL SW NN
. e > 3PI2 - 05
o OFF |
539 —W— - RELEASE 04
d = —S>—"— 201 A3PI2 -04
b A3J6 -
3 [vw - HD SEQUENTIAL SW 5537 203 a3p6- 07
| 2 R38
538 | [—W"'J - HD MANUAL SW S0 503 aspe- 10
<! - R39+5V
FIXED AT
3 - FIX RN
N> 202 A3PT - IO
) 2~ BOTH_ R40
L sar I—W—J -
L 1 MOVEABLE 359 502 a3p7 - 05
RerNo 303
Q | o |



1 © '
il B3
1
+5v a |w
DISPLAY SELECT R39 g
(2413.9K A3J8- i
" - DSPLYSW/CYL 10 202 A3P8-10 S
<0 .
R40 =13
- DSPLY SW/ ERR _CNT, HD 599 202 a3P8 - 09 I
I 3
R4| 2
i A349- =
| - DSPLY SW/ CHAR CNT >0 202 a3P9-OI (Y
- g
1 - DSPLY SW/ RD DATA NNL _ A
\ s >-—-— 202 A3P9 - 14 § ::;
4 Ra3 s & Ja
s49 | HiallL
' 1 NU 5> 202 A3P9 - 02 o gk
L s R44
0y =
(3]
s & [ NU >3 202 A3P9 - 13 a
R45 g
(2]
W NU > 202 A3P9- 03 [
R46
[ NU 2 202 A3P9 - 12
)
2H
+5v Z0
ACCESS MODE aar i
| SEQ REV AaJ”IO ;'g
Vv > 201 azpI0-07 z=z
R48 o
r‘W"—‘ - SEQ FWD > 201 A3RI0- 09
4
rag | A3JII- = P
i “
" DIRECT O 201 azei-o i & 2
R50 2 H
| 1 - CONT 14 z EN
\ 3 201 A3PII - 14 (=] g
A RSI =
| S48 | S ~ RANDOM 92 _ 201 aspii- 02
. L 5 RS2
o 8 ™ NU B 201 a3PiI-13
RS3
v NU 03 _ 201 a3PIi - 03
R54
i rw NU '2_ 201 a3PI - 12
+5v
WRT - RO SELECT
{ WRT FORMA "
| - ORMAT 4 501 A3PI0- 14
R56
™ - WRT S>3 201 A3PIO - 13
R57
1 -RD ot
™ RN 20) A3PI0 - O}
RS8 |
. s /j""’_‘ ~(WRT o RD) —5>92_ 201 a3PI0 - 02
4 R59
| S50 i -
[ OFF 3> 201 a3PI0 -03
L 5 R60
0 =
. & [ NU 9% 201 A3PI0 - 04
R6I
" NU >0 201 a3pi0 - 05
R62
NU 06
3>—— 201 A3PIO - 06

CROSS

REF NO 304




o I © v ! <
<)o
0
A3 1004 (27) & o|w
+ INDEX MK R63
204 A3PI-06-225> N AA—————@ TPOO §
TN SECTOR MK R64 5
204 AP3-02 ==, * A PO 3
“6"7_ A R6S5 2o
204 A3PI-07 —) + ADRS MK_FOUND ——————@ TPO2 5 ”
_ R66 §
301 (¢ ON CYL AN @ TPO3 =
A3JI- [ =)
09 + WRT DATA Ré7
204 A3PI-09 —, S ® TPO4 9
AYES FTU WRT CLK R68 1o |”
204 A3P2-02 223 + FTU WR WA—————@ TPO5 I3 2 |.e
x 42
ATA R69 o — | Bu
204 A3P2-05 22 + RD DAT WA——————@ TPO6 e <
RD CLKs (- RD ER R70 g
204 A3P2—01 —25 as ° ! ROR) ———@ TPO7 &
A3 WRT GATE R7I 3
+
204 API-13 —), wWA——————@ TPO8 :‘.3’
204 A3p1-14 12y + RD GATE VP P
_ R73
301 (B ADRS ERROR A TPIO
~ DATA ERROR R74
301 (A A TPII
A3JI- , o
R75 y
204 A3pI-03 23 + 13 — M ——————@ TPI2 22
<
aa
E 3 R76
208 A3pI—02 223 + ENABLE HD SEL TAG o TPI3 o
Zuw
3 R77 o
208 A3P1-01 2 + ENABLE CNTL SEL TAG o TPI4 S
MUX BIT 9 R78 <
204 A3p1-05 22 + BUS OUT ~ RIS = F
A3z o R79 ~ HH
“©
204 A3P2-06 —, A TPIG g § :
Z H
R80 S
204 A3Pz-o7i) ’ A TPH7 <
A3J3~
R8I
204 a3p3-01 2L s e TPI8
A3J2-
%32 5 R82
204 A3P2-03 ), WA———@ TPI9
R83
204 A3r2-04 92y 4 ~———@ TP20
A3J3-
3 R84
204 A3P3-03 -2 ———————@ TP2I
R85
204 A3P3-07 203 2 w—@ TP22
RB6
204 A3P3-04 22 ! A ® TP23
R87
204 A3F3-06 263 + BUS OUT MUX BIT O o P24
08,1012 GND
10|
204 A3PI-08,I0—12—, ® TP27
—
204 AP2-8+14° —> NOTES :
a3y3-
~ >l TEST POJNT NAMES AS IND-
204 API-Bwi4” —) ICATED ON FTU CONTROL
A3~ PANEL ARE SHOWN ON
203 A3P4-08 — CROSS REF NO 300.
A34s—
203 A3P5-08 2
o
203 A3P6—-08 —),
A3JT-
202 A3p7-08 28y
e
202 A3P8-08 —
A3J9-
202 A3P9-08 285>
A3410-
201 a3pI0- 8,101, O L2y
A3JI-
o8
201 A3PII-08 —,
ABgi2-
201 A3p12-08 283 GND
A3JI- =
204 A3pI-04 223 (NU) R52 (NU) @ TP25
N {NU
204 A3P3-05 —) ! R53 (NU) ® TP26
mrw 305
a | ) | <



(o}
lmc 5-40

sweer 40

c 83319600

400

19333
cwoss
REF NO

JCODE 1DENT

TB3048/C

LOGIC
B0ARD

—2]
—=] 1+ FRTF  EIETE

\ 14 WIRE
Y, I/0 BYPASS CABLE «— FLAT CABLES
A
] /

I/0 CABLING

D)

DIVISION

NORMANDALE

/ FTU L/0 PANEL

CONNECTS TO
DRIVE
# / A CABLE

A5J2 A5J3

B CABLE \

NOTES:

A USED ONLY ON BK SERIES SMD UNITS.
A CABLE (P3B)} AND B CABLE ( P2B) CONNECTS
DIRECTLY TO DRIVE 1/0 PANEL WHEN FTU IS
USED WITH ANY OTHER DRIVE.

Q0

l i } DRIVE I/0 PANEL m

28
B caBLE \
ADAPTER A CABLE
ADAPTER
32 73

I SErne 400

aed

) | o f ™) | <



¢

[a] | (&) 4] I -4
1/0 A CABLE “E‘AEIE'S DRIVE I/0 < s
PANEL , n L, X PANEL 93 X
AZPB3IA ASJ3 b3 . P U3 P3  P3 e o e
8
124 A2s83(-01 |1 + UNIT_SEL Zg > ala}—t alp 1 (=] Ea
124 A24831-24 14 y » [ l 1 23 8
124 A20B31-02 |2 + 2 » 5 ]s i s ||s t 54 g5
124 A2JB31-25 13 - 22 —p 212 2 |2 24 "
124 A2JB31-03 |3 + o S 717 z 7 (|7 f 56 ) I
124 A2JB3I - 26 12 = 25 —» 3]s E 26 A
124 A20B31-04 | 4 + £ b——iz |2 2 |2 : 57 Py
124 A20B3I-27 i ;‘;’;‘;&E;Kz »>—{s |8 | s |s T 27 3
121 A2JB31-28 10 B MK < 3 [ 3|5 ag ||as ;2
121 A2JB31-05 5 TrAOLT < 10 |10 . 10 10 . 18 |]li8 g 82 .9
121 A2JB31-06 6 TFALLT < nn } P 1 15 |18 g2 |5
121 A2JB31-29 9 < 14|14 14 ]]ia 45 (| a5 S s
121 A24831-07 | 7 - ON CYL < 5 |15 —+ 5[ [1s —4 7 |17
121 A20B31-30 8 + ON CYL < M iy I e || s 2 a7 |} ar g
<
%
A2PB31B . . 2
124 A20B31-09 || + OPEN CABLE XMTR 20 |20 —¥ 20| |20} 44 || aa 5
124 A20B31-32 14 - OPEN CABLE XMTR o 6 |16 |t 6 || 16 j—1 14 (f1a &
121 A2JB3i-10 2 - UNIT READY < i7 |7 —t 7 {7 |—2 19 || 5
121 A2JB3I- 33 3 + UNIT READY o |2 [ a |2 |2 a9 |{ a9 o
124 A20B31- 11 3 + t':'l: :Eti‘; I:g — 25 |25 z 25 | |28 i s2 || 52 z
124 A2J831-34 12 I > 22 o2 | 22 ||22f—1 . 22|22 ]
123 A20B31-12 4 * 5 »———fes Jo6 |4 26 ||2s |—+ 34|34 o
123 A2JB3I- 35 " : » 23 |23 23|23 alla 2
123 A2JB31-13 5 + ! > 27 |e7 27 | |27 i 35 || 3s g
123 A2B31-36 10 - ! F— PP P9 24| |24 5 || s Il
123 A24B3I-14 6 + 2 'S 31 |3 313 i 36 || 36
123 A20B31-37 9 = 2 » 28 |28 28 | {28 s || s <.
123 A20831-15 7 + 05 oUT BT i —» 32|32 i 32| |32 ; 37 ||37 3N -
123 A2JB3I -38 8 > 29 {29 29| |29 717 S EH
e EH
—_ €5
A2PB3IC = H
P P 5]
123 A2483(-17 I + BUS OUT BIT 4 > 33|33 z 33 )| 33 I 38 || 38
123 A2JB3I-40 14 = 4 > 30 [30 30 | |30 g ||s
123 A20B3I-18 |2 + 5 > 37 |37 |4 37 | |37} 39 |39
123 A2JB31-41 13 - 5 > 34 |34 2 34|34 9 |lse
123 A24B31-19 3 + 6 > 38 |38 38 | |38 : 40 |]a0
123 A20B31-42 12 = _f 'S 35 |35 35|38 0 {10
123 A2J831-20 4 » 39 |39 39 | |39 i a1 ||al
123 A2JB31-43 H - 7 » 36 |36 36 | |36 e
123 A24B3I - 21 5 + 8 p—— laz |az |4 a3)|az] 2 a2 |42
123 A2083I - 44 10 - 8 > 40|40 }—1 ao||ao]—t 2 ||z
123 A2JB3I - 22 6 + 9 S 4aaa |4 aallaal—1t 43 {|43
123 A2B31-45 9 =~ BUS OUT BIT 9 G P DA R o ||ar 2 3]s
121 A2JB3I-23 7 = ADRS MK FOUND < a2 |42 1 a2 ||a2|—t 20 || 20
121 A2JB31 - 46 8 + ADRS MK FOUND < 45 |4s [ 2 a5 |[as]—1 50 || so
L/
A2PA3IA . .
123 A2JA31-0l | + TAG | »> 49 |ag —4 a9 |as |4 31 || =
123 A20A31-24 |14 — TAG | > 46 Jas |—* a6 | |a6}—1. v
121 A20A31-02 |2 - BusY < a7 a7 |—4 a7 | |47 | 2t |{ar
121 A2JA3I-25 3 + BUSY < 50 |50 50 | [so|—1 st |]si
123 A20A31-03 | 3 + TAG 2 > si |51 3 s ||si f—t 32|32
123 A2JA3I-26 12 = T:g 2 IS a8 jas [ —1 a8 | |as|— 2 || 2
124 A2JA31-04 | 4 TAG 3 > 55 |55 |1 55 | |55 —+ 33|33
124 A2JA31-27 |1 = TAG 3 : —» 52 |52 s2 || s2 B IE
121 AZJA3I - 05 5 + WRT PROTECT < 53 |56 |1 56 | |56 |14 sef|ss
121 A2JA31-28 |10 ~ WRT PROTECT < 56 |53 [—1 s3 | |s3]—t 28|28
124 A20A31-06 |6 NY 54 |54 |—1¥ 54 || 54 }—1 30
124 A2JA31-29 9 NU 57 |57 57| |57 |t 60
121 A20a31-07 |7 + INDEX MK @402 8 |58 s ||ss NC
NC A2JA31-30 8
P P
402(8 + SEQ PWR > 73|73 }—1 73| |73t 29 || 29
a02{c — SEQ PWR > 76 |76 |1 76 || 76 —2 s9 || 59
402@—;2%——4 74|74 li 74 | |74 I 25 ||25
a02(E < bed K& 71177 55 || ss
302(F ~ SEEK ERROR <4 75175 L 751178 L] 16 {1s
02(s ) * SEEK ERROR sl ]t 78| | 76)—2 Gs | @ \_
NOTF_:A USED ONLY WHEN FTU IS USED WITH BK SERIES SMD L— 60~ 50-
UNITS. A-CABLE CONNECTOR P38 CONNECTS DIRECTLY TO PIN PIN
ORIVE I/0 PANEL WHEN FTU IS USED WITH ANY OTHER
DRIVE .
ferwo 40l
a [ o @ I <



o ] v @ l <
A2PA3IB P
)
h olw
124 A20a31-00 |1 +SEQ PWR SW > 8) 401 4
&
124 A20A31-32 |14 —SEQ PWR Sw > c) a0l §
- [N Ky
120 A2JA31-10 |2 SECTOR Mx < D ) 40! el
© =
+
120 A2JA31-33 [I3 SECTOR M 4 E ) 401 3
120 AzoABI-1 |3 — SEEK_ERROR < F) 401 8
- ™ <
121 A20A31-34 |12 + SEEK ERROR < ) 40l £ol.
| -
1/0 A ADAPTER DRIVE S~ |gs
e B CABLE CABLE 1/0
s 11~ — PANEL o
P2 p;a_ 92 P2 J2 g
12 £WRT DATA M) (] 3
4 A20A31-12 |4 8ls sll|e 20 3
~WRT DATA Y
124 A2UA31-35 |1 ala alla 8 -
o
124 A20A31-13 | 's SHIELD o|o ollo 7 E
Z
124 A24A31-36 |10 +WRT CLK N — ol ol 19 §
124 A2JA31-14 |6 —WRT CLK H]H willn 6 w
a
L= 4
124 A2JA31-37 |9 SHIELD E|E P 3 E 18 ©
[2+]
122 A20A31-15 |7 +SERVO CLK Ml mlw 2
122 A2JA31-38 |8 “SERVO CLK NN N w 14 = P
|/ - HH
= HH
S £ 2
Z E
(4]
A2PA3IC
™~ P
122 A20A3I-17 |1 SHIELD K |k k||« |
122 A2JA31-40 |14 —RD_DATA utu 3 ullu 3
122 A20A31-18 |2 L)) < viv vily 16
122 A20A31-41 |13 SHIELD Tt Tl 15
—RD CLK
122 A20A31-19 |3 RO cu wiw wllw 5
122 A2JA3i-42 |12 +RD_CLK < x | x x || x 7
122 A2JA31-20 |4 SHIELD Y|Y = v [{vy 4
— SEEK END
121 A2JA31 - 43 I < A |aA im 10
121 A2uA3l-21 |5 +SEEK _END < ) cc|fee 23
122 A2JA31 - 44 |10 ~ UNIT SELECTED < oo | oD oo{ oo 22
+UNI ECTE!
122 A2JA31-22 |6 T SELECTED o O 86 | BB 9
121 A20A3I-46 |8 *+SECTOR MK A+ m o o 26
~SECTOR MK A
121 A20A31-23 7 —4 FF |[FF 3 FF | |FF 13
121 A2JA31-45 |9 —INDEX MK A P €€ |eE ee||ee 12
+INDEX MK &
01 (A)— T < HH)HH "l 24
NOTES ¢ | ¢ J—cane smiewo

USED ONLY WHEN FTU IS USED WITH BK SERIES S’;
UNITS.

B-CABLE CONNECTOR P2B CONNECTS
DIRECTLY TO DRIVE I/0 PANEL WHEN FTU IS
USED WITH ANY OTHER DRIVE.
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<lm
<
1
Olw
o
VANBIWAN 2
i Y
A2PI ASP3  JAXX  AO2 |
o=
N A . §
102, 121, 122 A2FOI-15 |14 = 1/0 RECEIVER DISABLE > e 182\ s
21 A2FO1-02 | | +INDEX WK - il A 16A b
:Q1*
s ™
GND A2FOI-14 i3 GND 28| 28 178 =0 %g
o 'S
o w
121 A2F01-03 | 2 “ON Cvi — - 2a| 2a 17A = —
(5]
GND A2FOI-13 |2 GND 38| 38 218 S
<
o
122 A2FOI-04 |3 +SERVO CLK | 3a 21A 2
02, 121, 122 AzFoI—12 |1 ~I/0 RECEIVER DISABLE N . 228
+ADRS MK FOUND w
121 A2FOI-05 | 4 L an|  aa 224 5':
o
120 A2FOI -11 |10 +8US OUT MUX BIT 9 »—— s8] =8 238 m
. "
—ENABLE HD SEL (TAG 2) &
120 A2FO1-06 |5 P»——5A 5A 23A P>
+BUS OUT MUX BIT 8
120 A2FOI-10 |9 P68 6B 24B S
120 A2FOI-07 | 6 +BUS OUT MUX BIT 3 »———]eal ea 24A °
X
120 A2F01-09 | 8. +BUS OUT MUX BIT | »— 78] 78 258 \'/ = ‘gg
o
—~ BB
us ou BIT 2 £ a H
120 A2FOI-08 | 7 TBUS OUT Mux BT |l 25A & gg
=z
_) B 8
A
c
K
A2P2 P
A
120 A2FO6-I5 |14 +BUS OUT MUX BIT O e8| o8 268 :
+BUS .OUT MUX BIT 7 L

120 A2F06 ~02 ! 8A 8A 26A

9B 9B 278

+BUS OUT MUX BIT 6

120 A2F06-03 2 9A 9A 27A

114 A2F06 -13 12 +NRZ WRT DATA

108} 108 288

120 A2FO6-04 3 +BUS OUT MUX BIT 4

10A 10A 28A

120 A2F06-05 4 +8US OUT MUX BIT §

HA HA 29A

128| 12B 308

120 A2F06-06 |s — ENABLE CNTL SEL({TAG 3)

12A 12A 30A

138, 138 3B

GND A2F06-07 | & 