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Paragrophs 1-1 to 1-5

SECTION 1
INTRODUCTION

1-1 SCOPE OF MANUAL

This manual provides technical information pertaining to the
Extended Performance Rapid Access Data File (EP RAD file),
which consists of the EP RAD Controller Model 7231 and
from one to eight EP RAD Storage Units Model 7232, An
EP RAD file is an item of peripheral equipment which car
be used with any of the Sigma series computers (Sigma 2,
Sigma 5, or Sigma 7). The EP RAD file is manufactured by
Xerox Data Systems, El Segundo, California.

The documents in the list of related publications should be
consulted to supplement the information in this manval. A
‘complete set of documents for this equipment consists of
this manual, related publications, engineering drawings,
wire lists, diagnostic programs, and other data supplied
with the equipment.

1-2 ORGANIZATION OF MANUAL

The information conteined ir *his manual is organized as
follows:

a. Section [ outlines the content and organization of
the manval and provides a brief description of the EP RAD
file and its function.

b. Section Il describes the location and function of
each switch cnd indicator und provides simple machine
language programs which iilustrate the relation of the
EP RAD file to the compute: -peration.

c. Section Il describes the operation of the EP RAD
file in terms of data flow through registers in response to
signals generated by the computer. No reference is made
to signals or logic equations, and block diagroms und flow
diagrams support the text. V

d. Section IV contains a detailed description of the
operation of all circuits of the EP RAD file. The purpose of
each signal, the logic equutions which control the signai
level, and the relations between signals are described;
supporting logic diagrams, timing diagrams, and flow dia-
grams are included.

e. Section V lists all signals of the EP RAD file, de~
scribes the function of each signal, and contains phase
sequence charts for each EP RAD file operation.

{. Section VI includes schematic diagrams for control
paenels, power distribution, terminal boards, logic diagrams,

and other engineering drawings and provides a list of en-
gineering drawings required te supplement this manual.

g. Section VII contains cable diagrams; module lo-
cation charts; power, cooling, and space requirements; and
other data required for installation, including precpera-
tional check procedures.

h. Section VIII provides lists of special tools and test
equipment; schedules and procedures for cleaning, lubri-~
cating, and preventive maintenance testing; and procedures
for performance testing, trouble analysis, and edjustment.

i. Section IX contains an illustrated parts breakdown
and parts list.

1-3 DESCRIPTION
1-4 EP RAD FILE

Ar EP RAD file consists of from one io eight EP RAD storage
uniis and associated interconnecting cables. Each £P RAD
stoiage unit consists of a cabinet that conlains o disc file,
an EP? RAD selection unit, a power distributior punel, a
moior control assembly, o Power Supply Model PT20, and
inierconnecting cables, wiring harnesses, and pressure lines.
(See rigures 1-1 and 1-2.) An EP RAD coniroller is collo-
cated with one of the EP RAD storage units. (See figure

1-3.)

Each EP RAD storage unit can cccommodate more than 6
miilioa bytes of datc. An EP RAD file with the maximum
eight EP RAD storage uaits can store more than 50 million
bytes of data. Data bytes may be read from, or written
into, the EP RAD storage unit at an average rate of more
than 350, C00 bytes per second.

1-5 EP RAD CONTROLLER

An ZP RAD controller consists of three 32-mocdule chassis
and the 74 modules required for operation with an eight-
bit data path. For the optional 16-bii data path, five ad-
ditional modules are needed for a total of 79 medules; for
the =ptional 32-bit data path, eight additional modules are
needed for a total of 82 modules.

The EP RAD controller, which is the interface betwean the
IOP and the EP RAD storage units, responds to command
signals from the IOP. Signals returned from the EP RAD
controller to the 10P indiccte the status of ar EP RAD
storage unit and the status of the control timing of data
tronsfers between an EP RAD storage unit and the IOP,

1-1



XDS 901565

—DISC FILE

SA, 101

90156,

.t

iew

t, Front Vi

EP RAD Storage Un

Figure 1-1.

1-2



XDS 901565

LINE

FILTERS |

gl

MOTOR
— CONTROL
ASSEMBLY

POWER
— DISTRIBUTION
PANEL

| PT20
POWER SUPPLY

901565A., 10z

Figure 1-2.

EP RAD Storage Unit, Reor View



XD$ 901565

EP RAD CONTROLLER

DisC
FILE

© 901565A.103

Figure 1-3. EP RAD Storage Unit with EP RAD Controller, Front View

14



XDS 901565

1-6 EP RAD SELECTION UNIT

An EP RAD selection unit consists of two 32-module chassis
and the 36 modules required for operation. If the logical
sparing option is selected, a maximum of 13 additional
modules may be used, fora total of 49modules. The EP RAD
selection unit responds to signals received from the EP RAD
controiler and writes data on the disc file or reads data from
the disc file, as required. ’

1-7 DISC FILE

The disc file contains four rotating magnetic surfaces for
recording digital data on 512 tracks. A separate read/write
head is provided for each of the 512 tracks, and 64 spare
read /write heads and tracks are available. One of the

- magnetic surfaces has an active sector timing track and read .

head. (A timing frack is written on each surface of the
disc, so that three spare timing tracks are available.) The
magnetic surfaces are sealed in a pressurized bulkhead
which is maintained at o pressure higher than standard at-
mospheric pressure.

1-8 MOTOR CONTROL ASSEMBLY

The motor control assembly rontrols the sequence of opera-
tions for starting and stopping the disc file motor and monitors
the status of the disc file motor during operation. During

Paragraphs i-6 to 1-10

the start sequence, the motor control assembly aborts opera-
tion if the disc file does not reach 300 rpm within a preset
time delay. When power is removed for shutdown or if o

power failure is sensed, the motor control assembly controls

both dynamic and mechanical braking.
1-9 POWER DISTRIBUTION PANEL

The power distribution panel controls power from either the
control console of the computer instaliation or the EP RAD
storage unit.

1-10 POWER SUPPLY MODEL PT20

Povier Supply Mode! PT20 (also referred to in this manual

as the PT20 power supply) is a standard XDSpower supply
and is described in detail in XDS publication No. 901157,
The power input required is approximately $A from o single~
phase 117V, 60Hz source. The power supply provides out~
puts of +4V, +8V, -8V, +25V, =25V, and +45V, with cur-

rent capability sufficient for an EP RAD selection unit and

an EP RAD controller if both items are instalied in the EP
RAD sturage unit. When an EP RAD file contains more than
orie EP RAD storage unit, connections from PT20 power
supplies should be distributed among all phases of the three-
vhase source. Overvoltage and short circuit srotection for
the PT20 power supply is provided by modules end by a reset-
toble circuit breaker.

1-5/1-6
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Paragraphs 2-1 to 2-6

SECTION Ii
OPERATION AND PROGRAMMING

2-1 GENERAL

The EP RAD file is controlled by programmed instructions
processed by the CPU and responds to commands and orders
from the IOP. Controls of the EP RAD file establish its
address, indicate whether an FP RAD sicrage unit is online
or offline, provide for write protection of selected groups
of tracks, and provide for turn-on and shutdown of EP RAD
file operations. Controls of the EP RAD file are described
in this section. A portion of a program, in machine lan-
guage, is provided to illustrate the relation between the
’programs and the EP RAD file operations.

2-2 CONTROLS
2-3 EP RAD CONTROLLER ADDRESS SWITCHES
Four switches on an LT26 Switch Comparator module (loca-

tion C24, figure 7-5) estabiish the four-bit address of the
EP RAD controller. (See table 2-1 and figure 2-1.)

Table 2-1. EP RAD Controller Address Switch
Positions (Location C24)

2-4 EP RAD STORAGE UNIT ADDRESS SWITCHES

Three switches on an LT26 Switch Comparator medule (loca-
tion A7, figure 7~4) establish a three-bit address for each
EP RAD storage unit. (See table 2-2 and figure 2-1.)

2-5 ONLINE/OFFLINE SWITCH

A switch on the 1725 Special Purpose module (iocation C23)
transfers the EP RAD file from online to offline »peration.
When the switch is in the O position, the EP RAD file is
offlire; when the switch is in the 1 position, the EP RAD
file is online. (See figure 2-2.)

2-6 MEMORY PROTECTION SWITCHES

Sixteen switches on the front panel of the EP RAD selection
unit {figure 1-1) may be used to prevent any CPU program
from writingon selected groups of tracks on the disc file.
The toggle switches are labeled MEMORY PROTECTION

Table 2-2, EP RAD Storage Unit Address Switch

Positions {(Location A7)

S4-2* $3-2 52-2 S1-2 Address’ $3-1 52-1 St Address*
Up t | Downl | Downl| Downi 1000 Downo Down 0 Down D 000
Up Down |-Down | Up ‘1001 Down Down Up 001
Up Down | Up Down 1010

Down Up Down 010
Up Down | Up Up 1011

Up . Down Down : 100
Up Up Down | Down 1100

U Dov. U 101
Up Up Down | Up 1101 P o P
Up Up Up Down 1110 Up Up Down 110
Up | Up Up Up N Up Up Up 1

*Switch S4-2 position cannot be changed while
the LT26 module is in place

rUp is 1; down is 0. Switch pcsition designations *Up is 1; down is 0. Switch position designations

’ cannot be read while the LT2¢ module is in place cannot be recd while the LT26 module is in piace

2-1
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Figure 2-1. LT26 Switch Comparator Module
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SWITCHES, and the instruction SET SWITCH INUPPOSITION
~TO PROTECT INDICATED MEMORY TRACK ADDRESSES

is marked on the panel. The 512 tracks are divided into 16

groups of 32 tracks each for control by MEMORY PROTEC-

TION SWITCHES. The 32 tracks protected by each switch

are indicated in decimal notation, beginning with 000 to

031 and ending with 480 to 511.

2-7 POWER DISTRIBUTION PANEL

The power distribution panel contains a toggle switch
labeled REMOTE-OFF-ON. No power is available for
the selection unit, contrcller, or fans when the toggle
switch is in.tha OFF (centcr) position. When the switch is
in the REMOTE position, application of power is controlled
from contro! panels of the CPU. When the switch is in the
ON position, the ac power source is directly connected to
the EP RAD storage unit.

2-6 MOTOR CONTROL ASSEMBLY

The motor control assembiy contains a circuit breaker and a
toggle switch. A protective plastic cover on the circuit
breaker reads EMERGENCY USE ONLY to indicate that
the circuit breaker is normally ON and should not be used
in routine turn-on or shuidown procedures. The POWER
ON-OFF switch applies thrze~phase power to the motor
control assembly. This powver is independent of the power
distribution panel.

2-9 POWER SUPPLY MOLEL PT20

The PT20 power supply cortains a circuit breaker and a
MARGIN switch. Power is applied to the PT20 power
supply through the circuit breaker. The MARGIN switch,
which has three positions labeled H, N, and L, is used to
select a high (H), normal N), or low (L) output voltage.
Refer to XDS publication No. 901157 for additional infor-
. -mation. :

2-10 OPERATING PROCEDURES

After an EP RAD file has been installed and checked as
described in section VIi, ro special turn-on or shutdown
procedures are required. The normal control positions are
as follows:

a. The EP RAD controlier address switches are set to
the four-bit addressassigned fo the controller ofthe EP RAD
file (1000 through 1111).

b. The EP RAD storage unit address switches are set
to the three-bit address assigned to the EP RAD storageunit

(000 through 111).

Poragraphs 2-7 to 2-13

c. The online/offiine switch is set to 1.

d. The MEMORY PROTECTION SWITCHES are set in
the up position to protect any group of 32 tracks or are set
in the down position to allow writing cntracks by CPU pro-
grams.

e. The REMOTE-OFF-ON switch on the power distri-
bution panel is set to REMOTE.

f. The POWER ON-OFF switch on the motor control
assembly is set to GN.

g. The circuit breaker on the motor contre! chassis is
ON and the pretective cover is closed.

h. The circuit breaker on the PT20 power supply is
ON.

i. The MARGIN switch con the PT20 power supply is set
to N.

2-11 PROGRAMMING
2-12 INSTRUCTIONS

Controi signals and data signals exchanged beiween the
EP RAD file and the CPU through the ICP are 1clated to
the input/output insfructions. (Refer to the technical man-
val and reference manual associated with the co.nputer in-
sta!lztion for details. ) Afier a siasi input/ou sui operation

(S10), halt input/outpit operation (HIO), test i-put/output

(T1D), or test device (TDV) instruction is processed by the
CPU, the IOP geierctes signals which require ¢ response
from the addressed peripheral device controller, If the EP
RAD file is addressed, the ICP generates signals which
contain the information required by the instruction. After
an ucknowledge 1/O interrupt (AIO)instruction s processed
by the CPU, i'.e IOP generates signals which require a
respcise from the highest priority peripheral device con-
troiler that has an interrupt pending. If the controller of
the EP RAD file responds, the IOP returns its aduress and
the wuddress of the EP RAD storage unit currentiy stored in
the unit register.

2-13 SAMPLE PROGRAM

XDS publication No. 901557 describes two semple pro-
grams. One program is for use in either a Sigira 5 or a
Sigma 7 computer, and one is for use in a Sigma 2 com~
puter. A group of machire longuage instructions, which
form a purt of the Sigma 5 and 7 programming example
labeled IOINTSUF, is listed in table 2-3.
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Table 2-3. Portion of Machine Language Program Controiling EP RAD File

Instruction*®

Reinarks

2280 0020

6D80 1200

220M  MMMM

4cax uuuu!

74NX $SSS'

E

68cx LLLL'

331X pppp’

2ENX RRRR'

6EAX JJJJ

Load immediate (LI). Causes 0000 0200 to be stored in general register 8
to permit arming 1/O interrupts

Write direct (WD). This WD instruction in interrupt control mode causes
arm and enable (code 010) of all group 0000 interrupts selected by a one

Lood immediate (L1). Causes a doubleword command in location M MMMM
to be stored in general register 0. Value assigned to M MMMM is controlled
by the program

Start input/output operation (SIO). Causes the operation coded by double-
word command in location M MMMM (now in general register 0) to begin
in EP RAD file at address UUUU. {UUUU addresses the EP RAD file con-
troller and one of eight EP RAD storage units. The track address and the
word count are contained in the doubleword. )

Store conditions and floating point ceniro! (STCF). For this pregram, the
significant part of the STCF instruction is that which causes the cendition
code response to the previous SIO insliuction to be stored in memory lo-
cation $555. The value of 5555 is controlled by the program. N has no
significance '

Branch on conditions reset (BCR). This BCR instruction forms the logical
product (AND} of its R-field (1100) end the condition code saved by the
previous STCF instruction. If the SIO is accepted, *he logical product
is zero, and the WAIT instruction in location LLLL is executed. If the
SIO is not accepted, the logical product is not zero, and the next in-
struction in sequence is executed. LLLL is established by the preyram

Modify and test word (MTW). [f the MTW program is executed, its R-field
(0001) is added to the effective word siored in the effactive location of

X PPPP, and the sum is stored in the efiective locatien. Executicn of
this instruction causes a branch back to the main program. PPPP is estab-
lished by the program

WAIT instruction. After this instruction is executed, no other instructions
are executed until an interrupt signal is received at the end of the /0
operation started by the cccepted SIO instruction. The next AIO instruc-
tion in sequence is then executed. RKRR is established by the program

Acknowledge [/O interrupt (AlO). Causes status bits (0 through 15) and
I/O address code bits {21 thrcugh 31) from the EP RAD file to be stored
in general register 10. JJJJ is establisi:ed by program

explained

significant

*Instructions are coded in hexadecimal notation.  Symbols cther than O through 9 and A through F cre

% represents a three-bit index register. Additional bits are pert of the data in bits 15 through 31 or cre not
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Paragraphs 3-1 to 3-3

SECTION 11
FUNCTIONAL OPERATION

3-1 GENERAL

An EP RAD file consists of one EP RAD controller and from
one to eight EP RAD storage units (figure 3-1). A Sigma
series computer controls the EP RAD file through either o
multiplexing input/output processor (MIOP) or a selector
input/output piocessor (SICP). The maximum capacity of
each EP RAD storage unit is more than 6 million data bytes.
Data bytes may be writien into, or read from, the EP RAD
file under program control, os described in paragraph 2-11.

Each EP RAD storage unit contains a disc file, a selection
unit, a PT20 power supply, a power distribution panel, a
motor control assembly, and interconnecting cables, wiring
hamesses, and pressure lines. Onr2 of the EP RAD storage
units confains the EP RAD controller that functions as the
interface between the EP RAD file and the 1OP,

The EP RAD controller and all selection units form a buffer
between storage devices operating ot independent clock
rates. The clock rate of the computer is established by its
timing circuits; the clock rate of an EP RAD storage unit

is established during the writing process by the use of the
Ma ichester encoding technique. The EP RAD storage.unit
may be required to reod or write 12 sets of 1024 data bytes
in cne revolution of the disc. To meet this requirement,

_ the EP RAD controller must accept data from one storage
device at one clock rate, iemporarily store the data, and
transmit the data to the other storage device at another
clock rate. In addition, the EP RAD controller must make
a parallel-to-serial chang~ in format for data being trans-
ferred from the computer memory through the IOP to the
EP RAD storage unit and must make a serial-to~-parallel
change in format for data being transferred from the EPRAD
storage unit through the IOP to the computer memory.

Signals passing between the EP RAD controller and any

EP RAD storage unit are exzhanged through a set of trans-
mission lines common to all EP RAD storage units. However,
the EP RAD controller communicates with only one of the

EP RADstorage units during uny operation. The storage unit
is selected by an address which is part of the command
doubleword accepted by the IOP from the computer mem-~

ory. Terms frequently used in this manual are defined in
table 5-1.

3-2 DATA ORCGANIZATION

Data stored in the disc file is organized as indicated in
figure 3-2. Four magnetic surfaces are used, each surfrce
having 128 read/write heads. Data may be writien by, or

read from, only one of the read/write heads at any time.
The surface of the disc associated with a particuiar read/
write head is called a track. Each track is divided into

12 equal sectors by timing signals permanently recorded

on one surface of the disc. These timing signals are read
by circuits of the selection unit. One of the 512 read Avrite
heads is selected by a nine-bit track address. FEach sector
is identified by a four-bit sector address.

Witkin each sector, 1024 bytes of eight bits each are stored.
The total data capacity of the disc file is obtoined by mul-
tiplying 1024 bytes/sector by 12 sectors/track by 128 tracks/
suriace by 4 surfaces. This is o totai of 6,291. 456 bytes.

An EF RAD file with the maximum complement of eight EP
RAD storage units can store more than 50 millior databytes.

Precading each set of 1024 data bytes is‘a five-byte pre—-
amble. This preambie is written by the EP RAD controller
to identify the beginning of a sector of data and 1o synchro~
nize controller, selection unit, and disc file cporaiions.
Following the 1024 data bytes is a two-byte chrcisum ond
a one-byte postamble. The checksum is gener=ted by con-
trofier circuits during the write sequence, and is wrifien
after all data bytes hove been stored. The postamble is o
string of eight zeros which iden®ifies the end ct the secfor,
A gop confaining no data of any kind separates rae sectors.
Durir.g the time that this gap is under the reaa,vsite heads,
prepaiatory operations are performed by the con'roller.

3-3 MECHANICAL FUNCTIONS

During operation of the EP RAD tile, the read/write heads
whi~': write on (or read from) the magnetic sur'zces of the
disc file are held from contact wiih the magneiic surfaces
by e inin film <f air. This technique, called floating head
or fiying head, permits each head to be very ciose tc a
surface without coniact and eliminates design problems
associated with fixed heads. For exampie, if tha nosition
of a read/write heod is fixed, the distance betw=en the
head and the moving surface veries slightly because of
irregulorities of surface flatness or because of ¢ slight ec-
centricity of the disc axis of rotation. The variciion in
flux strength introduced by this variation in distance causes
variationinsignal levels. In addition, because the distdnce
must be relatively iarge to prevent the possibility of con-
tact, much of the sirength of the magnetic field is used in’
the resultant air gop. However, with the flying head sys-
tem of the EP RAD file, the design distance between head
and surface is maintained only while the disc is spinning
fuster than 300 rpm. Therefore, contoct between the fly-
ing heads and the disc surfaces must be relieved uantil the

-
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Figure 3-2. EP RAD Disc File, Data Organization
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300 rpm rate is attained. During a start sequence, the
motor control assembly relieves the pressure holding the
heads against the disc surface. During ¢ stop sequence,
the motor control assembly controls dynamic ard mechani-
cal braking of the disc. During a start sequence or a stop
sequence, the motor control assembly monitors a signal
which indicates the speed of the disc file motor.

,3~4 POWER DISTRIBUTION

External three-phase ac power is applied to the power
distribution panel through an rf filter assembly. The ac
power passes directly from the power distribution panel to
the motor control assembly. Application of ac power for
the controller, selection unit, or fans may be controlled
either from the operator panel of the computer or from the
EP RAD storage unit. When the LOCAL/REMOTE switch
on the power distribution panel is in the LOCAL position,

2¢ power is applied directly to the PT20 power supply and
Q?te fans. When the LOCAL/REMOTE switch is in the

MOTE position, ac power is controlled from the operator

control panel of the computer. A delay circuit in the power
distribution panel prevents application of ac power to more
than one EP RAD stcrage unit at a time when ac power is
first applied. This delay causes a sequential application of
ac power to each EP RAD storage unit, thereby minimizing
starting surges. A power fail-safe circuit senses two signals
derived from the ac power source ond one dc signal fromthe
PT20 power supply. Powerfailure causesa controlled shut-
down of the EP RAD storage unit. Ifthe EP RADstorage unit
isin communication with the IOP at the time of shutdown, a
signal is sent to the 1OP to indicate the unusual end.

3-5 EP RAD CONTROLLER

In a computer instaliation, the ZP RAD contrcller is only
one of several device controllers exchanging data with the
computer memory through the iIOP. Two techniques are
used to limit communication wi*h the IOP to only one con-
er at any time: For some I'DP commands, only one

W.:roller is addressed, and only the addressed controller
can respend.  For other [OP commands, a priority chain
established by cable routing limits response to the highest
priority controller that is awaiting that command.

The subcontroller portion of the EP RAD controller (figure
3-1) monitors signals from the ICP and determines if and
how the EP RAD file responds to commands. The subcon~-
troller responds to all control signals, either by passing
the signals to other controllers as:cciated with the computer
installation or by returning signals to the IOP. The sub~
controller controls exchange of data on the eight-bit data
path. The expanded interface circuits provide up to 24
additional data lines when a 16-bit or a 32-bit data path
is used. When the EP RAD file is operating offline, sig-
nals are received from the Peripherai Equipment Tester

(PET) Model 7901 through the PET interface.

Cemmands from the IOP cause phase conirol circuits of the

‘ buffer to cycle through a definite sequence of phases.

3-4
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During each phase of the sequence, the phase control
circuits respond to IOP signals, selection unit signals, and
internally generated signals to determine when to go from
one phase to another, During this sequence of phases, data
is transferred between the selection unit and the 10P through
the data buffer, the selection unit interface, and the sub-
controller and expanded interface circuits.

3-6 IOP INTERFACE

The response of the subcontroller o IOP commands is sum-
marized in figure 3-3. The five commands associated with
CPU instructions are as follows:

Mnemonic Function
AlIO Acknowiedge input/output interrupt
HIO o Halt input/output cperation
ibv Test device
TIO Test input/output
SIO Start input/output

‘The acknowledge service call (ASC) commond is generoted

by the IOP in response to a service zall from the subcon-
troller.

3-7 AlO Command

The AIO command, which is generated by the IOP \when

an interrupt is detected, is not uddiessed to any device or
device controller. Only the highest priority device =on-
troller with an interrupt pending can respond to the IO
command.  Any device controller without an interrupt
pending passes the signals to the next device controlier in
the pricrity sequence. If the EP RAD controller is the
highest priority device controller with an inferrupt pending,
it resporids to the AIO command by transmitiing its address
and the contents of its device address register (U-reaister)
to the IOP and by transmitting signals that indicate the
cause of the interrupt. When an AIO command is uccepted,
the interrupt condition is cleared. '

3-8 HICQ Commend

The HIO command, which is addressed to « specific device
controller, hoits an input/output operation being processed
by the EP RAD controller and returns function response sig-
nals and condition code signals fo the IOP, These signals

indicate the status of the EP RAD controller to the IOPand
the CPU. '

3-9 DV Command
The TDV command, which is addressed to @ specific device

controller, returns functicn response signals and condition
code signals to the IOP. These signuls indicate any errors
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Figure 3-3. Response to IOP Commands, Flow Diagram
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that occur during an input/output operation and the nature
of any detected errors,

3-10 71O Command

The TIO command, which is addressed to a specific device
controller, returns function response signals and condition
code signals to the IOP. These signals indicate the status
of the EP RAD controller to the IOP and the CPU. The
TIO command performs a function similar to that of the
HIO command, without causing a halt.

3-11 SIO Command

The SIO command, which is addressed to o specific device
controller, returias function response signals and condition.
code signals to the IOP. These signals indicate the status
of the EP RAD controller te the IOP ond the CPU. In addi-

"\‘cn, the SIO command starts an input/output operation if

™

e EP RAD file is ready. The first response is to request
an order out service cycle from the IOP. During this ser-
vice cycle, a code for one of five orders (seek, sense,
read, write, or checkwrite} is stored in the order register
of the EP RAD controller. A zzyuence of ASC commands
in response to service calls from the EP RAD controller
then causes the order to be executed.

3-12 INTERNAL OPERATIONS

In response to an AIO, HIO, TIO, TDV, or SIO command
from the IOP, the EP RAD conivoiler gathers data availabie
in registers and flip-flops of the controller, or from signals
available at the selection unit interface, and transmits

the data to the ICP as functicn response signals or condition
code signals. If an SIO commaad is accepted, the 1/O
operation that resvlts depends on the order received during
the order out service cycle. For each order, the IOP re-
sponds to a sequence of service calls from the EP RAD con-

‘roller by generating ASC commands. Each service coil

o

; identified by a two~bit code as requesting one of the
four types of service cycles listzd in table 3-1.

Regardless of the order received, a speci‘ic number of
bytes are exchanged as the phas= controi circuits of the
data buffer cycle through a definite sequence of phases.

If a seek order is stored, subsequent data out service calls
cause two bytes of data to be stored in controller registers.
If a sense order is stored, subsequent data in service calls
cause three bytes of data to be transmitted to the 1OP. 1f
a write order is stored, subsequent data out service caiis
cause data bytes in memory to be stored in the disc file.

If a read order is stored, subsequent data in service calls
cause data from the disc file to be stored in memory. If

a checkwrite order is stored, duta accepted from memory
is compared with data read from the disc file. During or
following execution of any of these orders, terminal order
data may be received from the ICP or an order in service
call may cause data to be sent to the IOP,

XDS 901565

Table 3-1. Service Cycle Operations

Service Cycle Operation

Control information is transmitted from
the IOP to the controller. First service.
. cycle of any inpu’f/outpu'r operation

Order out

Control information is transmitted from
the controller to the IOP. Lost service
cycle of any input/cutput operation

Order in

Data is transmitted from the computer
memory through the IOP to the disc file.
Four bytes of data are transmitted during
each service cycle; therefore, o rapid
sequence of service cycles is required
during execution of a write order or a
checkwrite order. For a seek order,
two data out service cycles are required

Data ou t

Data i: transmitted from the dise file
through the IOP to the compuier mem-
ory. Four bytes of data are transmitted
during each service cycle; thersfore, a
rapid sequence of service cycles is re-
quired during execution of a read order.
For a sense order, three daid in service
cycles are required

Data in

3-13 seek Ocder

A diagiam that summarizes the transfer of data intc the

EP RAD contro!ler during the execution of a seek cider is
preser..cd in figure 3-4. During execution of a .cek order,
two Lyies of data are stored in the track address iegicier
(T-regirter) and the secior register (S-register). Execution
of a subsequent read order, write order, or chechwrite order
beginz ot this location in the disc file. (When ro seck
order is used, operations begin at the location stored in

the T-register and S-register at the time that the crder is
received. ) ’

A byt= of dato is first accepted from the IOP and is stored
in the i-register. ‘As this byte is transferred to the J-
register, an additional byte is requesied from the 1OP.
Bits 1 thrcugh 7 of the first byte are stored in the higher
order flip-flops of the T-register. After the second byte
is mcved from the I-register to the J-register, the four
highe- order bits (bits O through 3) of the second byte are
placed in the lower order fiip-flops of the T-regisier, and
the four lower order bits (bits 4 through 7) are placed in
the S-register. :

The byte counter of the coniroller identifies the bytes
received and generates timing signals which control the
transfer of data from the J-register. An incorrect length
signal is generated by the controller if a byte count other
than two is specified in the [/O doublewo:d ossociated
with the seek order.
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Figure 3-4. Seek Crder Data Path, Block Diagram

3-14 Sense Order

Figure 3-5 summarizes the hansfer of data from the EP RAD -

controller during execution of a sense order, Three bytes
of Jdata are transferred from the EP RAD controller to the
computer memory through the IOP. The sense order is used
to speed up input/output operations by permitting the CPU
program to determine the location available before starting
o teansfer of data.  The average waiting time of haif a disc
revolution can thereby be reduced to one sector time.

The first byte of data to be stored in the O-register con~
sists of bits 0 through 6 from the track address register (T-
register) and one bit from the selection unit. The bit from
the selection unit indicates whether the addressed track is
write-protected. The second byte of data consists of bits

7 through 10 from the T-register and four bits from the sec-
tor register (S-register). The bits from the T-register are
stored in bits 0 through 3 of the K-register; the bits from
the S-register arestored in k"ts 4 through 7 of the K-register.
This byte is transferred to the O-register after the first byte
is accepted from the O-register by the IOP. The third
byte of data consists of four unused bits and four bits which
indicate the address of the sector currently under the read/
write heads of the disc file. (The bits in the S-register
indicate the sector addressed by the EP RAD controller.)
The third byte, in its turn, is transferred to the O-register,
then to the IOP,

The byte counter of the controller identifies the bytes re-
ceived and generates timing signals which control transfer

of data from one regisier to another. Transfer of data from
the D-register to the IOP is controllad by the hase con-
trel circuits, An incorrect length signal is gencrated by
the controller if a byte count other than three is specified
in the 1/O doubleword associated with the ser.c order. A
sector unavailable signal is gensrated if the T-register and
S-register huve incremented beyond the last avnilable sec~
tor. '

3-15 Wite Order

A dingram that summarizes data transfers within the EP RAD
controller during execution of ¢ write order i< nresented in
figure 3-6. During execution of a write order, data bytes
for an integra! number of sectors are tmnsferred from the
computer memory to the disc file through the 1OP, the con-
troller, and the selection unit. (If less than 1024 data
byter are tranzferred for a sector, bytes consisting of eight
zercs (0000 0000} are written until the sector is complete. )
All 1024 data bytes for each sector are written the first
time the addressed sector passes under the read/write heads.
If a write operation is attempted in a write-protected track,
the write order is not executed and the write-protect vio-
lation is reported to the IOP.

Four bytes of data are accepted by the I-register during
each data out service cycle. For an eight-bit data path
from the IOP, one data byte is accepted and transferred
to the J-register before the next data byte is requested.
For a 16-bit or 32-bit data path from the IOP, two or four
bytes are accepted simuitaneously, Each byte is moved to

3-7
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the higher order byte of the I-register and is transferred to
the J-register before additional data bytes are requested.

Data bytes in the J-register are transferred to the fast ac-
cess memory (FAM) module under control of the J-pointer
register {JP-register) and timing circuits. The FAM mod-
ule centains 16 addressable eight-bit registers. The JP-
register stores a four-bit code which addresses one of the

16 registers. A byte transferred from the J-register to the
FAM module is stored in the location addressed by the L-
register. After a byte is stcred in the FAM module, the
number in the JP-register is incremented. The incrementing
process is accompiished by causing the outputs of the L-
register to generate a code next in binary sequence to the
code stored in the JP-register. In the FAM write cycle,

a data byte is transferred from the J-register to an addressed
register in the FAM module, and the incremented address

'jfrcnsferred from the L-register to the JP-register.

Jata bytes in the FAM module are recd into the K-register
under control of the K-pointer register (KP-register) and
timing circuits. The KP-register is incremented by reading
_the outputs of the L-register during a FAM read cycle in
‘which data is read from the addressed register in the FAM
module into the K-register. The L-register stores a four-
bit code which addresses one of the 16 registers in the FAM

module.

Data stored in the K-register is transferred to the D-register
one byte at a time. Data sicred in the D-register is trans-
ferred serially through the selccricn unit to the addressed
track -and sector of the disc file. This data transfer takes
place at o clock rate established by timing circuits in the
controlier. Execution of a writc order requires control of
independently timed data tiansfers. Tran<fer of data from
the 10OP to the I-register is dependent on the speed of re-
sponse of the IOP to a service czil from the controller.

ince transfer of data from the D-register to the disc fiie
ést keep pace with the cleck signals generated in the

ontroller, the FAM module must have data available for
the K-register in time for transfer to the D-register. Addi-
tional circuits associated with ihe data path monitor and
control the process so a continua! flow of data takes place.
The phase contiol circuits and associated timing circuits
regulate the process of clata transfer from the IOP to the
I-register into the J-register.

The RK-counte: keeps count of the number of active bytes
in the FAM module. Eoch time a byte is written into the
FAM module, the count is decreased by one; each time a
byte is read from the FAM moduie, the count is increased
'by one. Signals controlled by the RK~counter request a
FAM write cycle whenever the number of active bytes is
8 or less. Signals generated within the controller indicate
whether the J-register or K~register is filled. The K-

‘L register takes priority when the K-register is not filjed
(thereby causing a request for reading data from the FAM

~ module to the K-register), and the J-register is filled

>reby causing a request for writing data from the J-
‘Js?er into the FAM module). This pricrity assures that
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a byte is always available for the D-register. The FAM
module is kept filled by storing a large number of bytes
initially and by retaining service connect status with the
IOP for a period long enough to store 8 to 12 bytes or to
fill the FAM module, whichever is required.

The writing process includes writing a preamble and post-
amble in addition to the 1024 data bytes (figure 3-2). This
sequer:ce is controlled by timing circuits associated with
the selection unit interface. After a write order is stored,
a search is conducted for the addressed track and sector.
The bit end byte counter (B~counter) then controls the se~
quence of storing the preamble codes in the K-register,
counting the 1024 datc bytes, and storing the checksum in
the K-register following the last data byte. The checksum
is developed in the P-register while the data bytes are
being transferred from the D-register to the sefection unit.

While ine gap separating each sector on the disc fiie is
under the read/write heads, an incrementing process takes
place batween the T-register and S-register, and ihe P-
register. If data is to be written into the next sector, the
number in the S-register must be increased by one <o that
a match between the S-register code and the seleztion unit
sector signal code is possible. If the S-register cuntains
the code 1011, which identifies sector 11, the nexi code
in sequence must be 0000 and the track address in the T-
register must be increased by one. Therefore, the contents
of the T-register and the S-register are temporarii, stored
in the ® regisrer, This value is incremented by ore in the
process <f return to the S-register and the T-registc., so
that these two registers contain the coirect codes Lefore
the nex* rector is avoilablz. The countents of the 7-register
are ales iransmitted fo the selection unit by way of the P~
registet.

The technique used for encoding the sequence of b't: on
the magr -tic surface of the disc is known by varicus names
{such as Manchester, modified nonreturn-to-zerc, trequency
modulation, and Ferranti). The technique (called Man~
chester encoding in this manual) has the adventage that a
separate clock track is not required on the magnetic surface
and that a clock signal can be extracted from the data sig-
nalas data is read from the magnetic surface. (The :eparate
sector pulse track and index pulse track do not provide
clock for each bit. ) In summary, during errorless execution '
of a write order, the following operations take place:

a. Immediately following storage of the write order,
at least eight data bytes are accepted from the IOP into
the I-register and are transferred through the J-register
into the FAM module,

b. A search for the addressed sector is conducted.
After the addressed location is found, the B-counter isused
to control storage of the preamble in the K-register. This
preamble is transferred in parollel to the D-register eight
bits ot o time and is transmitted from the D-register ic the
selection unit in serial format.
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c. After the preamble code has been transferred from
the K-register, data bytes are read from the FAM module
into the K-register and are transferred from the K-register
to the D-register for transmission to the selection unit,
Data bytes are continualiy accepted from the IOP through
the I-register and the J-register and cre stored in the FAM
module. The RK-counter keeps trock of the number of
active bytes in the FAM module. The B-counter keeps
track of the number of data bytes which have been written.
If less than 1024 data bytes cre received from the IOP,
data bytes of all zeros are written until a tota! of 1024
bytes is stored.

d. A checksum deveioped in the P-register is trans-
ferred to the K-register following the last data byte. After
the checksuni is transferred, the P-register is used to incre-
ment the track address and sector address to prepcre for
writing in the next sector, if necessary. (If the write order
is ended, the track address and secior cddress are retained
until a new order is execuied or until a seek order is used
to store a new track address and sector address. )

3-16 Read Order

A summary of data transfers within the EP RAD controlier
during execution of a read order is presented in figure 3-7,
During a read order, data bytes for an integre! number of
sectors are transferred from the disc file to the computer
memory through the selection unit, controller, and 1OP,
All 1024 data bytes for each sector are read ihe first time
the addressed sector passes under the read/write heads.
Two types of read orders cre possible: a sector read orcer
and a record read order. For a sector read order, a parity
error is reported to the IOP ot the end of a sector in which
the error occurred; for a reeord read order, a parity eror
is reported to the IOP after o couni done terminal order is
received by the controllzr.

After the read order is stored, a search for the addressed
sector is conducted. When the cddressed sector is found,
the timing circuits of the controller must by synchronized
with clock signals transmitted from the selection unit.
‘These clock signals are derived from ‘he Manchaster en-
coded data. The preamble, which is initially a sequence
of ones and zeros (...0101010...), develops an easily
identifiable clock signal to indicate the start of data
written in a sector. A synchronization patfern of 1100
ends the preamble and identifies the clock immediately
preceding the 1024 deia bytes,

Bits are read serially from the selection unit into the D~
register. Only data bytes are transferred to the J-register,
ore byte at a time, in the interval between the lost bit of
one byte and the firsi bit of the succeeding byte.

Dota bytes in the J-register are transferred to the fast
access memory (FAM) mcdule under control of the J-
pointer register {(JP-register) and timing circuits. The
FAM module contains 16 addressable eight~bit registers.

Paragraph 3-16

The JP-register stores a four-bit code which addresses one
of the 16 registers. A byte transferred from the J-register
to the FAM module is stored in the lccation addressed by
the L-register. After a byte is stored in the FAM module,
the number in the JP-register is incremented by causing
the outputs of the L-register to generate a code next in
binary sequence to the code stored in the JP-register. In
the FAM write cycle, during which a byte is transferred
from the J —register to an addressed register in the FAM
mocule, the incremented address is transferred from the
L-register to the JP-register.

Data bytes are read from the FAM module under control of
the K-pointer register (KP-register) and timing circuits.
The KP-register is incremented by reading the outputs of
the L-register during a FAM read cycle in which data is
read from the addressed FAM module location. The L-
register stores a four-bit code which addresses one of the
16 registers in the FAM module. The procedure is similar
to that for a FAM write cycle. The RK-counter keeps
count of the number cf active bytes in the FAM module.
Each time a byte is written into the FAM moaule the count
is increcsed by one; each time o byte is read from the FAM
module, the count is decreused by one. Signzls generated
within the controller indicaie whether the J-register or the
K-register is filled. If the K-register is not {itled (thereby
ccusing a request for reading date from the FAM madule)
ard the J-register is filled (thereby causing © request for
writing data from the J-register into the FAM module), the
J—register takes priority. This priority assures itat a byte
o -uilable in the D-regisier is accepted by the FAM module
before the selection unit transmiis the first bir of the next
byre.

Each time that the FAM module stores four data bytes, an
ord  in service cycle is requested by the contreller. 1f
more than eight data bytes are stored in the FAM module,
the controller requests two successive order ir service
cyc'es without relinguishing control of the /O channel.
The means for transfer of data from the FAM module to the
O -register depends on the path width of the 1/0 channel.
The phase control circuits and the associated timing cir-
cuiis regulate the process of data transfer from the O~
register to the IOP.

For cn eight-bit data path, bytes cre read from the FAM
module to the K-register, then to the higher-order byte of
the O-register. The IOP accepts the data from the O~
regicter, For a 16-bit data path, the first byt~ is read from
the FAM module to the K-register, and the second byte is
read from the FAM module into the next-to-higher order
byte of the I-register. After two bytes have bean counted,
they are transferred simultaneously to the O-register. For
a 32-bit data path, the first byte is read from the FAM
mcaule to the K-register, and the second byte is read from
the FAM module to the next-to-higher order byte of the
I-register, as for the 16~-bit data path. The next two bytes
are read into successively lower order bytes of the I-
register. After four byteshave been counted, they are
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transferred simultaneously from the I-register and K-register
into the O-register.

After all data bytes have been counted, stored in the D-
register, and iransferred, the checksum written during the
write order is read from the selection unit. This checksum
is compared with a checksum developed in the P-register
during the read operation. If the two are nct identical,
an errof has occurred. For a sector read order, the error
is reported immediately; for @ record read order, the error
is reported at the end of ihe record. The checksum is not
transferred to the FAM medule.

While the gap separating each sector on the disc file is
under the read /write heads, cn incrementing process takes
place beiween the T-register and S-register, and the P-
register. [f data is to be read from the next sector, the
number in the S-register must be increased by one so that
a match between the S-register code and the selection unit
sector signal code is possible. If the S-register contains
the code 1011, which identifies sector 11, the next code
in sequence must be 0000, and the track address in the T-
register must be increased by one. Therefore, after the
checksum stored in the P-reqicter is compared with the
checksum read from the selection unit, the contents of the
T-register and S-register are stored in the P-register. This
value is incremented by one in the process of return to the
S-register and T-register so that these two registers contain
the correct codes before the next sector is available. The
contents of the T-register are also transmitted *o the selec-
tion unit by way of the P-register.

In summary, during errorless execution of a read order, the
following operations take place:

a. Immediately following storcge of a read order, a
search for the addressed sector is conducted. When the
uddressed sector is found, tii:ing sigrals from the selection
unit control the B—counter io synchronize the selection unit
circuits. The preamble code stored during the write opera~
tion identifies the beginning of data bytes.

b. Bits are received from the selection unit in seriai
form, stored in the D-register, and transferred in eight-
bit bytes to the J-register. Data from the J-register is
written into the FA/A module. Service calls are requested
by the controller whenever four or more active bytes are

in the FAM module.

c. For an eight-bit dota path 1/O channel, bytes are
read from the FAM module into the K-register, then to the
O-register, and are accepted by the IOP from the O-
register, For the 16-bit or 32-bit data paths, bytes are
read from the FAM module irto the K-register and I~
register, transferred to the O-register, then accepted by

the IOP,

d. After oll data bytes have been read, a checksum
developed during the read operotion is compared with a

Paragraphs 3-17 to 3-19

checksum developed and written during the write operation.
After comparison of the checksums, the P-register is used

to increment the track address and sector address to prepare
for reading the next sector, if necessary. (If the read order
is ended, the track address and sector address are retained
until a new order is executed or until a seek order is used

to store a new track address and sector address. )

3-17 Checkwrite Order

Data transfer during a checkwrite order is similar to thot
for a write order (figure 3-6). However, data is not trans-
ferred from the D-register to the selection unit. Instead,
the data that would normally be serially shifted out of the
D-register to the selection unit is compared, bit-by-bit,
with data read from the selection unit. The two sefs of
data should be identical, because the checkwrite order is
used to compare data previously written and still in com-
puter memory with data read from the same sector in which
it was written.

3-14 SELECTION UNIT INTERFACE

The primary function oi selection unit interface circuits is
to receive signals from and to generate and transmit signals
to the selection units. Signals passing between the EP RAD
centroller and an EP RAD selection unit are exchanged on
lines common to all selection units in the EP RAD file.
These signals perform the following functions:

=. Address one of eight possible selectior units.

b. Identify the sector under the read/wri*e heads of
the ~ddressed selection unit.

c. Transmit data and track address codes and asso-
ciatzd 1iming signals between the coniroller and the selec~

tion unit.

d. Transmit status of the disc file to the zontroller for
use in response to IOP commands.

2. Transmit sector and index identification signals.

f. Transmit signals which identify the type of order
(write or read) to be executed.

3-19 EP RAD SELECTION UNIT

An ET RAD selection unit writes data on, or reads duta
from, the magnetic surface of the disc file in response to
orders from the EP RAD controller. For each order, the
controller addresses a selection unit, transmits o trock
address to it, and controls the process of writing or read-
ing. (See figure 3-1.)

The controller stores a three-bit address and transmite

three signals to device address circuits of all sefection
units. The device address circuits of the addressed selection

3-13
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unit generate an enabling signal which allows that selection

unit fo make use of the common transmission lines.

The controller transmits an 11-bit ccde, of which 9 bits are
a track address and 2 bits are not used, tc the selection unit.
The write ~protect logic reads the code stored in the track
register and generates a signal that indicates whether the
addressed track is write-protected. During execution of a
read order, write order, or checkwrite order, the con-
troiler transmits this 11-bit code at the start of each sector.
Signals from the track register permit only one of the 512
read/write heads of the disc file to be active. Three bits
select one of eight read /write coupler circuits; six bits
select the center tap of one of the 64 read fwrite heads
associated with the selected read /write coupler circuit.

A four-bit counter in the EP RAD storage unit contains the
address of the sector under the read /write heads. This
'wnter is cleared to 0000 by the index pulse read from the

sector timing track. As each sector pulse is read at the
start of a new sector, the counter is incremented. After
the counter has advanced from 0000 to 1011, it is clearsd
by the index pulse. Output signals of this counter are
compared with the contents of the sector register in the
EP RAD controller to determine when the addressed sector
is available.

When the controller is processing a write order, it fransmits
a clozk signal and a date signal to the write circuits. The
write circuits use the Manchester encoding technique to
store the data on the disc file through the selected read/
write head.

When the controller is processing a read order, the read
circuits extract a data signal and a ciock signal from the
signal originating at the selected read/write head. The
data signol and the clock signal are transmitted to the
controiler. Additional signals from the selection unit
indicate the status of the device.
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Paragraphs 4-1 to4-4

SECTION 1V
PRINCIPLES OF OPERATION

4-1 SCOPE AND ORGANIZATION OF SECTION

This section describes the operation of all circuits of the
EP RAD file, including power distribution and control,
electronic control of mechanical functions, EP RAD con-
troller circuits, and EP RAD selection unit circuits. De-
scriptions of circuit operation and function are supported
by logic equations, logic diagrams, flow diagrams, timing
diagrams, and schematic diagrams. Individual circuits
related to the transfer of duta through the EP RAD file are
described in a sequence that proceeds from circuits func-
tionally close to the IOP interface to circuits functionally
close to the disc file. Cross-references relate the circuit
being described to circuiis that provide inputs or accept
outputs.

The phase sequence charts described in paragraph 4-93
inzlude the controlling equations for changes of state, data
transfers, and timing, with primary emphasis on the IOP
interface. Operations related to a typical sequence of
orders are described in paragraph 4-112. References to
detailed descriptions of individual circuits are included.
Paragraphs 4-112 and 4-93 may be used for a review of

the detailed principles of cperation or as a guide to the
relation of the detaiied circuit descriptions fo the overail
sequence of events during operation.

The description of offiine operation in paragraph 4-83 is

" related to the offline tests provided in paragraph 8-11.
However, only the manuaily controlled signais are de-
sctibed because operation: following manual generation of
control signals are identica! to related online operation.

4-2 ELECTROMECHANICAL OPERATION

The read/write heads of thie EP RAD siorage unit are con-
tained in a pressurized section of the disc file not normally
serviced in the field. Spacing between the read/write
heads during normal operotion and start sequences is gov-
erned by the motor controi assembly and the pneumatic
system. During normal operation, spacing between read/
write heads and a magnetic suiface of the disc file is main-
tained by a thin film of air. During a start sequence, the
read/write heads are held from the surface by o pneumat-
ically-centrolied head retraction mechanism. The preu-
matic system (figure 4-1) is operated through the motor
control assembly.

4~3 PNEUMATIC SYSTEM

The preumatic system of the EP RAD storage unit maintains
the disc file bulkhead at a positive pressure during normal

operation. During the start sequence, the pneumatic system
relieves the force holding the read/write heads agoinst the
disc file surfaces. The compressor operates whenever ac
power is applied through the circuit breaker on the motor
contiol assembly. If the POWER ON-GFF switch is OFF,
relays K12 and K14 are energized and relay K13 is de-
encrgized, so that the air in the head retraction mechanism
is vented to the atmosphere and the compressor maintains
the pressure in the disc file bulkhead, After the POWER
CN-OFF switch is sef to ON, K12 and K14 are deener-
gized and K13 is energized. This forces air into the head
retraction mechanism to reduce the pressure of the read/
write heads against the disc surfoces before the disc file

" maior is started. Low-pressure switch S3 closcs when pres-

sure reaches 5 psi; high-pressure switch SZ closes when
pressure reaches 27 pzi. At this time, power is applied to
the disc file motor, and a timing circuit is storted. If the
disc file motor reaches 300 rpm within 4.5 seconds, Ki3 is
deenergized and K12 and K14 are erergized, venting the
hecd retroction mechanism to atmospheric pressure. The
rewd,write heads then ride on a thin film of air, If the

4, 5-second period ends before the disc file motor reoches
3350 rpm, © mechonical brake is applied, the disc file
motor is stopped, and the pneumatic system rerurns to its
initial state, If the FOWER ON-OFF switch is set to OFF
du:ing normal operation, the disc file motor is stopped und
the pneumatic system refuins jo its initial state.

4-4 MOTOR CONTROL ASSEMBLY

Circuit elements of the motor control assembly {figure 6-4)
sense phase connections of the ac power sour-e, speed of
the disc file motor, pressure, and temperaturz. The cir~
cuits of the motor control assembly control the compressor,
the disc file motor, and the mechonical brake of the disc
filc ond provide voltuge for dynamic braking. The circuit
that includes transistors Q7, Q8, QI11, and T2 senses all
three phaoses of the ac power source and connects relay K4
to ground through Q11 if the source is improperly wired or
if power on any phase is lost. The circuit that includes
Q1, Q2, Q3, Q4, and QF senses the speed of the disc
fi's motor and provides a signai to other circuits when the
sperd reaches 300 rpm (nominal). The circuit ihat includes
Q5, Qé, and Q10 is o timing circuit that connects K4 to
ground 4.5 seconds after @ trigger signal is received. The
circuit that includes SCR1, SCR2, and SCR3 provides dc
voltage for dynamic braking. This voltage is applied to
the disc file motor through contacts TY and L1 of Ké6. The
mechanical breke is controlled by +50V power applied
through contacts of relay K4. Low-pressure switch §3
cleses at 5 psi; high-pressure switch 52 closes at 27 psi.

If the disc file becomes overheated (grecter than 130°F,
nominal), the thermostat closes, connecting K4 to ground.

4-1
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2, PATH TO DISC FILE BULKHEAD CLOSED WHEN K12 AND K14 ENERGIZED
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Circuits of the motor control assembly control the application
of ac power to the disc file mofor, prevent the operation of
the disc file motor if it does not reach 300 rom within 4.5
seconds after opplication of power, control the preumatic
system to prevent damage to the read /write heads or to the
magnetic surfaces, monitor speed and temperature during
normal operation, and control the stop sequence. The order
of events during a start sequence is indicated in figure 4-2;
timing diograms are provided in figure 4-3. The order of
events during a stop sequence is indicated in figure 4-4.

4-5 POWER DISTRIBUTION

The primary power source is connected to each EP RAD
storage unit. Power can be controlled from the power dis~
tribution panel or from a remote location and is provided to
the motor control assembly, the PT20 power supply, the
fans, and the WT29 Power Monitor module, Power from the
PT20 power supply is provided to the EP RAD controller and
to the EP RAD selection uni* (figure 6-2).

4-6 POWER DISTRIBUTION PANEL

The power distribution pane! of each EP RAD storaz~ unit
controls the distribution of orimary ac power to components
within the EP RAD storage unit as well as to other EP RAD
storage units. {See figure 6-1.) Taree-phase 60-Hz power
is always availcble at TB1 of an EP RAD storage unit., Ap-
plication of this ac power *c the disc file motor is under
the control of the motor control assembly. Application of
ac power to the PT20 power supply, the fans, and the powa:
fail-safe circuit is under the control of the REMOTE-OIF-
ON switch S1 of the power distribution panel.

When Siisinthe ON positicn. K1 is energized and ac power
from phase C is appliad through F1 io the primary of T1, io
the PT20 power supply, ari to ail fans. The cutput of the
secondary of T1 is applied to the power fail-safe circuits.
(See paragraph 4-7.) After the +25V power supply of the
PT20 power supply is operating, relay K3 is energized and
a circuit is completed to greund through contacts K3-2,
K3-3, K1-6, and K1-3. This circuit controls online/cffline
operations in the EP RAD cortroller. (“ee paragraph 4-83.)

When S1 is in the REMOTE position, applicationof ac power
is controlled from rhe computer. When ac power from the
remote source appears at the contacts of J1, time delayre-
lay K5 is energized through J1-X, the heating element of
K5, contacts K4-5 and K4-4, resistor R1, and J1-W, After
the contacts of K5 close, 1eloy K4 is energized and latched
and ac power goes from J1-X to J2-X through K4-6 and
K4-5. The output of J2 goes to the next EP RAD storage
unit in the EP RAD file. This ac power clso goes through
the contacts of S1 to relay Xli, causing the same sequence
of events initiated when Sl is in the ON positien.

4-7 POWER FAIL-SAFE CIRCUITS

Each EP RAD selection unit includes a WT29 Power Monitor
module in location 4B. (See figure 6-3.) Circuits of this

Paragraphs 4-5 to 4-9

module sense ac outputs of the power distribution panel
(ACSENSE] and ACSENSE2) and the +25V output of the
PTZ0 power supply (POS255ENSE). When these signals
indicate normal operation, signal AOK enables a gate con-
trolling a one—shot. If these signals indicate abnormal
operation, the one-shot is triggered and remains on for 10
seconds (nominal) after normal operation has resumed. This
operation causes writing to be inhibited, the selection unit
to be disconnected, and any operation in process to halt.
Signal AOK controls the PWERMON signal to the controller
(figure 6-7).

The siow ac sensor circuit of the power moniter reads the
average value of the ac signel but is insensitive to noise
spikes, The fest oc sensor circuit of the power monitor
respends within a fraction of a cycle to rapid changes in
tha ac signal. The dc sensor is triggered when the dc volt-
age falls below a preset level. A delay built intc the cir-
cuit prevents operation during a start sequence. Waveforms
for thz circuit are illustrated in figure 4-5.

4-6 EP RAD CONTROLLER

4-3 SUBCONTROLLER

Each device controller (DC) communicating with an 1OP
(as, for example, the EP RAD contioller) includes « sub-
controller which provides the following circuits:

a. Relay logic and swiiches for placing e DC online
or offline
b. Logic elements to determine priority of the DC

c¢. Cable drivers and cable receivers to connzct the
eigit-bit data path interface

d. Switches for establishing the address of a DC and
for nroviding @ means of comparing the DC address gen-
ercted by the IOP with the address of the DC

e. A flip-flop that, when set, indicates that the de-
vize is connected for service through the DC

Na: all possible functionsof the subcontrolier are used in
each DC. Subcontroller function used by the EP RAD con-
troller are described in peragraphs 4-10 through 4-19.

The subconiroller consists of the following modules incor-
porated in the EP RAD controller to interface with the IOP:

Location Module Type
€23 LT125 Special Purpose Logic Mcdule
C24 LT26 Switch Comparator Module
C26 AT17 Special Purpose Logic Module
C27 LT24 Special Purpose Logic Module
C28 AT10 Cable Receiver Module
C29 LT41 Special Purpose Logic Module
C30 AT11 Cable Receiver/Briver Module
C3i LT43 Specicl Purpose Logic Module

C32 AT12 Cable Driver Module

4-3
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CLOSE CB1

LATCH K7 THROUGH (K1-5 TO
K1-6) AND (K7-15 TO K7-16)

10 K7-1

!

9

PHASE A: ENERGIZE Ki2 AND
K14 (K1-2 TOQ X1-1)

PHASE 8: COMPRESSOR
STARTS (CB1-5 TO NEUTRAL)

PRESSURIZE BULKHEAD AND
VENT HEAD RETRACTING
MECHANISM

NO S1

\CLOV
ves

'

A

START 4.5-SECOND TIME DELAY
BY APPLYING +25V THROUGH
{K7-6 TO K7-7) AND §3 TO Q5

——

PHASE A: ENERGIZE KS THROUGH
(K2-2 TO K2-3) AND (K10-4 TO
K10-5) AND (K7-10 TO K7-9) AND
(K4-14 TO K4-15) TO K5-7

PHASE A: ENERGIZE K1
SI-4 10 S1-5

PHASE A: ENERGIZE K2

$1-1TO 51-2 THEN
S1-4 10 S1-5

A

|

APPLY PCWER TO DISC

FILE MOTOR

PHASE A: DEEINERGIZE K12 AND
K14 BY OFENING PATH (K1-2
10 KI-1)

A

PHASE A: POWER TG T1
PRIMARY FOR £ 25V AND +50V
POWER THROUGH (K2-2 TO K2-3)

PHASE A:ENERGIZE K13
THROUGH (K1-2 TO K1-3) AND
(K3-15 TO K3-14} 10 K13-2

————————

PHASE A: LATCH K2 (K2-5 TO
K2-6) THROUGH (K8-15 TO K8-i4)

1

AIR PRESSURE TC SVW/ITCHES S2
£ND $3, AND TO HEAD
RETRACTING MEZHANISM

AFTER K2 ENERCIZED, +50V
ENERGIZES SOLENOID AND
DISENGAGES DISC FILE BRAKE
{K4-5 TO K4-¢)

3

SECOND TIME
DELAY
EXCEEDED

~

MOTCR
SPEED REACHES
300 RPM

ENERGIZE K4 ~ND K8 BY
CROUNDING ¥4-4 THROUGH Q10
!

NO

5 pst

YES

A

[ "ZPPLY DIS. BXAKE BY OPENING
+50Y TO SOLENOID (K4-5 10
K4-6)

]
t

TACHOMETER CIRCUIT (Q1, Q2, Q3,
iQ4, Q9) TRIGGERED. ENERGIZE K3
BY GROUNDING K3-4 THROUCH
Q4. 425V LATCHING VOLTAGE
APPLIED THROUGH (K1-5 TO K1-6)
AND {K7-15 TO K7-16} AND
(K4-12 TO K4-11) TO Q4 (ROLD
TACHOMETER CIRCUIT)

$3 CLGSES

HEADS RETRACT AS AIK
PRESSURE BUILDS UP

KEMOVE POWZR FPOM DISC

FILE MOTCT BY OPENING

(K414 TO 14-15), DEENERGIZING
K5

$2 CLOSES

3

ENERGIZE K7 (+ 25V 1O K7-1)

——

DEENERGIZE K13 8Y OPENiNC
(K3-14 TO K3-15)

CLOSE (K4-9 7O K4-10} IN
PARALLEL WITH (X3-5 TO K3-6)

UP-TO-SPEED SWITCH

A
PHASE A: ENCRGIZE Ki2 AND |
K14 THROUGH (X1-2 TO Ki-2}
AND (K3-15TC :3-16)

$3 AND S2 OPEN A5 PRESSURE
FALLS

OPEN UP-TO-SPEED SWITCH
(K3-5 TO K3-¢)

9OI565A -1, 413
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Figure 4-2. Motor Control Assembly Start Sequence, Flow Diagram
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CB1 l

K12, K14 [‘]

CB1

[’"‘ K12, K14

S1 I

1

K2 l

K2

K]_________J'

K1

K13

LLLLLE

S2

K7

I
[ |
ss ] | $3 ____“m
I ' 1
®
1

K5 [ ‘ K5 r'!
K4 K4 ‘ ]

A. TIME DELAY NOT EXCEEDED B. TIME DELAY EXCEEDED

NOTES:
START OF 4.5-SECOND TIME DELAY
2, NO TIME SCALE; SEQUENCE OF EVENTS ONLY

1.

901565A, 414

Figure 4-3. Motor Control Assembly Start Sequence, Timing Diagram
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e

v

EXCEED
TEMPERATURE YES ENERGIZE K4 BY GROUNDING
IT THROUGH THERMOSTAT

LIMITATION

Y

LATCH K9 (K9-3 TO K%-2}

YES

DEENERGIZE KI y
APPLY DYNAMIC BRAKING VOLT-
: |AGE THROUGH (11 TO L1) OF &6,

v
DEENERGIZE K7 BY OPENING
PATH THROUGH (K1-5 TO K1-6) \
AND (K7-15 TO K7-16) AND
(K8-6 TO K8-5) TO K10-1 MOTOR

4, B SPEZD LESS THAN

30C RPM
ENERGIZE K10 BY APPLYING
425V THROUJGH (K1-5 TO K1-6).
AND (K8-6 TO K8-7)
¥
* {ERGIZE K4 AND K8 BY
DEENERGIZE K5 BY OPENING | A ROUNDING THEM THROU-1 Q10

PATH THROUGH (K7-9 TO K7 -10)
AND (K4-14 TO K4-15) < —

.

Y
‘J? ‘ -
ST A ENERGITE KT APPLY DISC FILE BRAKF &.
THROUGH (K10-3 TO K10-4) AND OPENINSG (K4-6 TO K45,
23 10 k22 REMOVING #50V FROM

- SOLENOID

Y

DEVELOP 140 VDC FOR DYNAMIC| Y

BRAKING DEENERGIZE K2, OPENING
PHASE A: (K10-7 TO K10-6) LATCH THIOUGH (K8-15 175
PHASE B: (K10~10 TO K10-9) K8-14) AND (K2-5 TO K2-6

PHASE C: (K10-13 TO K10-12}

{ .

Y Y 4
DEENERGIZE K9 BY OPENING REMOVE AC POWER FROM
PATH THROUGH (K9-2 TO r9-3} PRIMARY OF T1
AND (K10-3 YO K10-4) AND
(K2-3 TO K2-2) '

-

K15 CLOSED

]

-
£25V OUTPUT OF POWER SUPPLY
FALLS, CAUSING K4, K8, K10, AND
K15 TO BE DEENERGIZED

PHASE A: ENERGIZE K9 THROUGH] ¥ '
PATH (K2-2 TO K2-3) AND(K10-4 DEENERGIZE K6 BY CPENING
TO K10-3) AND (K15-2 TO K15-1) (k-6 TO K9-5)

9015654, 415

Figure 4-4. Motor Control Assembly Stop Sequence, Flow Diugram
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A. RAPID AC LINE CHANGE

B. GRADUAL AC LINE CHANGE C. +25V LINE CHANGE

TIME AT WHICH TIME AT WHICH

LINE DROPS LINE RETURNS
sensor 4 T smsor
, THRESHOLD l | THRESHOLD |
TR | i f’
e SN
il ! Y ‘m H
TIME AT WHICH
+25V LEVEL DROPS
125V | | BELOW SENSOR
— . - /i~ THRESHOLD
POS25SENSE_ |/ k—-/i / | | T —
. Bl T
AOK 1 ov sv! L y | L[ 1
T, I —] l<_T
2 2
:\fOT:Ei T, =300 *127Ms = TURN ON DELAY
2. T,= 1MSMAX = FAST AC SENSOR AND DC SENSCR RESPONSE
3. T,= 5%1MS =SLOW AC SENSOR RESPONSE
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Paragraphs 4-10 to 4-12

4-10 Function Strobe and Function Indicators

The subcontroller can respond to a function strobe signal
/FS/ accompanied by one of the following function indi-
cator signals:

Function Indicator Function
AIOR Acknowledge interrupt call
ASCR Acknowledge service call
HIOR Halt input/output
SIOR Sta:t input/output
TDVR Test device
TIOR Test input/output

"The HIO, SIO, TDV, and TIO functions are always ad -
dressed to a specific DC, and anly the subcontroller asso-
ciated with the addressed DC can respond. The AIO and
,ASC functions ate not addressed to a specific DC, and each
“subcontroller associated with an IOP receives the function
strobe and function indicator in a priority sequence estab~
lished by cabie connections. If a subcontroller in a DC
does not respond, the AIOR or ASCR function indicator
enables the subcontroller of the next DC in the priority
sequence to respond. If the sulcontroller does respond, it
acknowledges the function strehs ond generates function
respons= signals, condition code signals, and other signals
related to the function.

The HIOR, SIOR, TDVR, and TIOR function indicator sig-
nals are generated when the CPl processes an instruction.

. The AIOR function indicator signal is generated in response
to an interrupt call by a DC (as, for example, the -EP RAD

'ontrol ler).
ICD = LIL

LiL

NAIOR INC CiL (True when CIL set)
+ AIOR INI LIL NRSTR (Latched until
AIOR false)

The conditions for which flip-fiop CIL is set are described
in paragraph 4-34.

The ASC function indicator signai is generated in response
to a service call by a DC.

SCD = LSL

NASCR INC STN (True when SCN set)
+ ASCRINI LSL NRSTR SCN  (Latched

1 until ASCR
faise)

The conditions for which flip-flop SCN is set are described
.m:'ogrc:ph 4-32,

4-8
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4-11 10OP Data Line Signals

The IOP data line signals consist of DAOR through DA7R,
which may contain an address or terminal order information.
(During execution of orders, these lines transmit data bytes. )

Signals DAOR through DA3R are compared with the settings
of the switches on the LT26 Switch Comparator module to
generate device controller addressed signal DCA.

DCA = N(DA3R NSWA3 + NDA3R SWA3
+ NDA2R SWA2 + DA2R NSWA2
+ DAIR NSWA1 + NDAIR SWA1
+ DAOR NSWAO + NDAGR SWAO)

If any peir of corresponding bits of the DARR inputs and the
SWAn inputs (where n represents any integar from 0 o 3)
are different, signal DCA is false; thercfore, signal DCA
is true when the IQOP data line code is identical to the ad-
dress code set in the switches, indicating that the device
controller is addressed.

Signals DA5R through DA7R contain the device address
code and control signals SUOD through SU2D.

SUOD = DASRICP + ..
SUID = DAGRIOP+ ..,
SU20 = DAZRIOP + .,

For terminal orders, signals DAOR through DA3R irdicate
interrupt, count done, command chaining, or IOP halt, as
descrivad in detail in paragraph 4-34.

4-12 Priority Signals

Signals HPI, HPS, LIL, LSL, AVI, and AVO control pricrity
when the EP RAD controller is online. The IOP generates
an AViX signal that is always true. This signal goes to the
highest priority device conirolier at all times. When the
1OP generates a true function strobe signal (FSR), scch

DC, beginning with the highest priority DC, responds to
the AVIR signal in pricrity seauence. If a DC does not
generate a function strobe acknowledge signal, the DC
passes ihc AVIR signal on to the next DC in sequence in

the form of a true AVOD signal.

In the EP RAD controller, a true AVOD signal is generated
in one of three ways.

AVIR FSR AIOR NAIOM (AIO function)

+ AVIR FSR ASCR NASCM (ASC function)

+ AVIR FSR NDCA TTSH (TDV, TIO,
3I0; or HIO

function)

TTSH = TDVR + TIOR + SIOR + HIOR

For an AIOR function indicator, o trse AVOD signal is
generated if either interrupt flip-flop CIL is reset or if
high pricrity interrupt bus HPI is ot the true level.

AVCD

]

i
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AVOD = AVIR FSR AIOR NAIOM + ...
AIOM = NHPIL LIL + LIH .
HPIL = NAIORHPIR + AiOR HPIL
LIL = NAIOR INC CiL
+ AIOR INI LIL NRSTR
LIH = NAIORINC CIL GND

+ AIOR INI NRSTR L{H} Always false
For a service call function indicator (ASCR), a true AVOD
signal is generated if service call fiip=flop SCN is in the
reset state or if high priority service signal HPSR is af the
true level.

AVOD = AVIR FSR ASCR NASCM + ...
ASCM = NHPSL LSL + LSH
HPSL = NASCR HPSR + ASCR HPSL
LSL = NASCRINC SCN
+ ASC# NI LSL NRSTR SCN
LSH =

NASCR IINC SCN GND Alweys
+ ASCR {NI LSH NRSTR SCNI{ fulse
For all other function indizators (TDVR, TIOR, SIOR, or
HIOR), o true AVOD signal is generated if the device con-
iroller is not addressed.

AVOD = AVIR F3R NDCA TTSH + ...
TTSH = TDVR + TIOR + SIOR + HIOR
DCA = Device controller addressec

4-13 Subcontroller Response

When the subcontroller doe< not generate a true AVOD
signal, it generates a true function strobe ackinowledge
signal, regardiess of the typc of funci on indicator. The

conditions which control P SL gre described in paragraphs
4-20 through 4-29.

FSLD = PHFSL-1 TTSH DCA
TDVR, TIOR, SIOR, HIOR)
+ PHESL-1 BSYC (ASCR or AIOR)
BSYC = AVIR FSR ASCR ASCM (ASCR)
+ AVIR AIOR AIOM PHESL-1 (AIOR)
PHFSL-1 = PHFSL

After generating the function strebe acknowledge signal,
the subcontroller generates additional signals that depend
on the function indicator signal.  The signals include func-
tion response signals, condition code signals, requeststrobe

Paragraphs 4-13 to 4-15

signals, and service cycle identification signals. These
signals are used by the IOP to determine the type of re-
sponse required. Paragraphs 4-14 through 4-19 group these
signals for each type of function indicator.

4-14 TDV FUNCTION INDICATOR. For a TDV function
indicator, function response signals FROD, FR2D, and FR3D
contain information, and other function response signals
are always false.

FROD = (TDVR DCA FSD) RER

+ ... (True if rate error detected)
FR2D = (TDVR DCA FSD) SUN

+ ... (True if sector unavailable;
FR3D = (TDVR DCA FSD) WPV

+ ... (True if write protection violation)

The conditions for which flip-flops RER, SUN, and WPV
are t=t are described in paragraph 4-72.

Condition code signals (IORD, DORD) are contiolled by
error {lio-flops RER, SUN, and WPV and by device opera-
tional flip-flop OPER.

IORD = PHFSL IORDEN
+ ... {True if no cirors have
occurred)
IORDEN = NIORDENI + ...
NIORDENT = TDVU NFAULT + ...
NFAULT = NRER NSUMN NWPV
DORD = DORDEN PHFSL
+ ... (True if device operational)
DORDEN = QPER + ...

The conditions for which flip-fiop OPER is set are Cescribed
in paragraph 4-23,

4-15 TIO FUNCTION INDICATOR. For a TID function
indicator, FROD through FRED contain information as listed
in jaole 4-1. Function response signal FR7D isalways false.

The function response signal equations ore:

FRCD = BFSD TSHCIL + ...
BFSD = FSLD
TSH = DCA (TIOR + HIOR + SIOR)
FRID = BFSD TSH DVBSY + ...
DVBSY = DCB DVSEL

4-9
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Table 4-1, Information in Function Response Signals for TIO, HIO, or SIO Commands

INFORMATION

FUNCTION RESPONSE SIGNAL*

FROD FRID FR2D FR3D FR4D FR5D FR6D FR7D

Interrupt pending

10X X X X X X o

Device automatic X X X . X X X 0
Unusual end X X X X 1 X X 0
EP RAD ready X 0 0 X X X X 0
EP RAD busy X 1 1 X X X X 0
EP RAD not operational X 0 1 X X X X 0
Controller ready X X X X X 0 0 0
{ Controller busy X X X X X 1 1. 0
*An X irdicates thai the signa!l is not related to that information
& FR2D = BFSD\T§H STSHO2 + ... IORD = IORDEN PHFSL + ...
N
STSHO2 = DWVBSY + NOPER TORDEN = NIORDENI + ...
FR3D = BFSD TSH DWTR + ... NIORDENT = NDVBSY HIOU + ...
FR4D = BFSD TSH UNE + ... pore = DORDEN PHFSL + ...
"FR5D = BFSD TSHDC3 + ... ~DORDEN = OPER + ...
FR&D = BFSD TSH DiZ3 + .. 4-17 SIQ FUINCTION INDICATOR. For an SIO function
indicator, function response signals FROD through FR7D
FR7D == BFSD TSH GNC + ... contain information as listed in tabie 4~1. Functior. re-
: sponse signal FR7D is always false. The equations foi func-
data,‘order signal equations are: tion resporse signals are the same os those for the TIO func-
tion indicator,
IORD = PHFSLICRDEN + ...
The condiiion code signals (IORD, DORD) are:
IORDEN = NIORCENT + ...
: IORD = PHFSLICRDEN + ...
NIORDEN1 = TIOU OP:R NCIL NDCB + ...
. IORDEN = DCBSET + ...
DORD = DORDEN FHFSL + ...
BDCBSET = OPER SIOPOSS PHFSL
DORDEN = OPER * ...
SIOPOSS = NCIL NDCB SIOU
4-16 HIO FUNCTION INDICATOR. For an HIO function '
indicator, function response signals FROD through FR6D DORD = PHFSLDORDEN + ...
contain information as listed in table 4-1, Function :
response signal FR7D is always false. The equations for DORDEN = OPER + ...

function response signals are the scme as those for the TIO
function indicator.

3

The conditicn code signals (IORD, DORD) are controlied
by device busy signal DVBSY and device operational flip-

‘OPE R.

4-10

Flip-flop CIL is the interrupt pending flip~flop, ‘which is
set by a terminal order as described in paragraph 4-34,
Flip-fiop DCB is the device busy flip-flop, which is set
when an 51O is accepted by the device controller. This
flip-flop prevents any new SIO from being accepted until
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. processing is completed. The possible condition codes and
their meaning are:

IORD DORD Meaning
0 0 Device not operational
0 1 Interrupt pending, device busy,

or controller busy
SIO accepted

4-18 AIC FUNCTION INDICATOR. For an AIO function
indicator, the EP RAD conirnller places its address on func-
tion response lines FROD through FR3D and places the unit
address stored in the unit register (UO through U2) on func-
tion response lines FR5D through FR7D. Function response
signal FR4D is always false.

The logic equations for the function response signals are:
FROD = BSYC SWAOD + ...
BSYC = AIOM AIOR AVIR PHFSL-1 + ...

FRID = BSYC SWA1 + ...

FR2D = BSYC SWA2 + ...
FR3D = BSYC SWA3 + ...
FR4D = BSYC GMND + ...
FR5D = BSYC U0 + ...
FR6D = BSYC Ul + ...
FR7D = BSYC 12 + ...

The condition codé {IORD, DORD) is (1, 1) only for the
subcontroller having the highest priority and a pending in-
terrupt (CIL set).

PHFSL IORDEN + ...

IORD =
IORDEN = NICRDENI + ...
NIORDEN] = AIOC NFAULT + ...
NFAULT = NRER NSUN NWPV
AIOC = AIOM AIOR AVIR

+ AIOC PHFSL-1 INI NRSTR

DORD ~ DORDEN PHFSL + ...

DORDEN = AIOC + ...

Paragraphs 4-18 to 4-19

A condition code (IORD, DORD) of (0, 1) indicates a fault
condition (RER, SUN, or WPV) in the controller responding
to the AIO command.

In additicn to function response signals and condition code
signals, status signals are generated and transmitted through

signals /DAQ/, /DA2/, and /DA3/.

/DAO/ = 000 + ...
000 = OXAIOST RER + ...
OXAIOST = AIOC FSU
/DA2/ =002 + ...
002 = OXAIOST SUN + ...
/DA3/. = 003 + ...
003 = OXAIOST WPV +

4-19 ASC FUNCTION INDICATOR. The ASC function
indizctor is a response of the IOP to a service call from the
EP RAD controller and can occur only after an SIO command
has been accepted, causing service call flip-flop SCN to
be dicect set and service call signa: SCD to be raised.

SCD = LSL
LSL = NASCRINC SCN + ...

Service calls are a part of the execution of the week order,
sense order, write order, read order, and checkwrite order,
For an ASC function indicator, tne function response sig-
nal contains the same address information as described for
an A1O function indicator (paragraph 4-18), but ihe BSYC
signal is controlled by different signals.

BSYC = ASCM ASCR AVIR FSR + .,

The ASC function indicator causes service connect flip-flop
FSC io be set.

S/FSC = ASCB
ASCB = (deiayed NFSC) ASCM ASUR AVIR FSR
C/FSC = NFSC SR + ...

Service connect flip-flop FSC is normally set during the
order out service cycle that starts an input/output sequence
and is not reset until the IOF generates end service signul ESR.

R/FSC = FSC ESR

C/FSC FSC RSD + ...

]

4-1
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the timing of signals controlling typical input/ourput opera-
tions.

4-21 TCL Delay Line (See figure 4-7)
The TCL deloy line, which provides timing signals for
changes of phase, is controlled by 1OP signals and by sig-

nals originating in the controller.

For online operations, signal CYC LE/C remains true after
each cycle of the TCL delay line, because CYCSET latches
when TCS300 is true.

CYCLE/C

I

CYCSETIOP + ...

CYCSET NTCLO30 (TCS300 + CYCSET +...)
Signa} CYCLE/C is an input to start gates of the TCL delay
line. Other signal inputs j0 these gates come true for var-
jous conditions of the phare flip-flops and subcontroller
signals, os described in paragraphs 4-22 through 4-29.
When a!l inputs to one of ihe start gates are true, signal
DCL is true and the TCL delay line is started.

After a 50-ns delay, sigra! CYCSET goes false as TCL050
goes true. However, the delay line pulse is stretched to
80 ns by a gaie which is held true while signal NTCSC80
is true.

DCL = TCSC00-2 N7CS080 + ...

The TCL deiay linz provides an 80-nspulse at deiays of O,
50, 80, 100, 180, and 300 ns. When the 3C)-nssignal is
true, CYCSET becomes true and is latched as before.

4~22 Phase Flip-Flops

Phase flip~flops NPHFS, PHFSZ, PHFSL, PHRSA, PHRS,
arid PHTO, which control inputs to the TCL delay line,
cycle through a sequence of phases determined by com=
munds and orders received from the IOP. (See figure 4-8.)
Ali phase flip-flops are ciocked by signal TCS100-3, which
is true 100 ns after the TCL delay line is started. (The fiip-
fleps change state on the falling edge of this signal. )

C/NPHFS = TCS100-2
C/PHFSZ = TCS1C0-3
C/PHFSL = TCS100-3
C/PHRSA = TCS100-3
C/PHRS = TCS103-3
C/PHTO = TCS100-3

When flip-flop DCB is reset, flip-flops PHRSA, PHRS, and
PHTO are direct reset, :

Paragrophs 4-21 to 4-23

E/PHRSA = NDCB-I

NDCB-I = NDCBIOP + ...
E/PHRS = NDCB-1
E/PHTO = NDCB-1

A reset signal received from the computer through the IOP
direct resets flip~flops NPHFS, PHFSZ, and PHFSL.

E/NPHFS = MANRST-I

MANRST-T = RSTR + ...
E/PHFSZ = MANRST-}
E/PHFSL = MANRST-]

Since this signal also resei DCB, the initia! condition of
the phase flip-flops is all reset so that signal PHFS is true
ard all other signals (PiiFSZ, PHFSL, PHRSA, PHRS, and
PHTO) are false. Only one phase flip-flop can be in the
set state at any time.

4-23 RESPONSE TO 10P COMMANDS. The sequence of
phases in response to an IOP command (510, AJO, HIG
TIO, or TDV) is independent of the function indizator. A
function indicator and its associated function ctrobe (FSU)
start the TCL delay line when cn oddressed TIC, TDV, SIO,
or HIO command is received (TTSHU DCAU) or when an
AlO is received and the controlier has an inter-upt pending

(AIOC).

CYCLE/C DCLSTARTY + ...

il

DCL

I

PHFS FSU TTSHU DCAU
+ PHFS FSU AIOC + ...

DCLSTART1

After an 80-nsdelay, OPER is reset to prepare for sampling
a signal from the selection unif.

PHFS

i

R/OPER

C/OPER = NTCS080

Transfer from phase FS to phase FSZ takes ploce 100 ns
af'er the TCL deiay line is started.

It
-
jusy
=
(%]

S/NPHFS

i}
-9
X
T
w

S/PHFSZ

"The TCL delay line is started as soon as PHFSZ is ser.

DCL = CYCLE/C PHFSZ + ...
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Figure 4-7. TCL Delay Line, Timing and Logic Diagram
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FROM SHEET 7

T

(=]

FSZ

Y

— — . — — —

A

WAIT FOR FUNCTION STROBE
AND FUNCTION INDICATOR

\

START TCL DELAY LINE

A

RESET OPER

Y

START TCL DELAY LINE

\

SAMPLE DVIR

\i

LNABLF FUNCTION RESPONSE
SIGNALS (FROD-FR7D) AND
CONDITION CODE SIGNALS
{DORD, IORD) AND FSLD

Y

START TCL DELAY LINE

NO SIOR

YES

SIO
ACCEPTED

SET DCB

TO SHEET 2

NOTEeS:

NO ERRORS OCCUR DURING OPERATIOWN
2. COUNT DOINE TERMINAL CRDER ENDS

p—y
.

EXECUTION OF READ ORDER, WRiTE ORDER,

OR CHECKWRITE ORDER, AND CAUSES
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3. END SERVICE SIGNAL RECEIVED DURING
GRDER IN SERVICE CYCLE
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PERFORMANCE MODE (EXT TRUE)

&,
B

901365A. 418/

Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 1 of 7}
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FROM SHEET 1

ORDER OUT
SERVICE
CYCLE

MARK SCN: RAISE SCD

‘l
SET FSC:RAJISE RSD
RESET SCN

]

LOAD ORDER REGISTER
{DA3R-DA7R} —~ (ORDO-ORDA4)

l

MARK BKO AND BK1

|

RAISE RSD

TO I
SEEK\NO

|
»

SET DATA
SETIN

NO

READ

YES

SET DATA
SETIN

TO SHEET 4

~

YES

SET DATA

\J

V)

TO SHEET 3

Y

)

TO SHEET ¢

A4

SET DATA

TO SHEET 5
901565A. 215/2

4-i6

Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 2 of 7)
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FROM SHEET 2

MARK SCN :RAISE SCD

i oot e ettt samamenred

(=1

INCREMENT BYTE COUNTER

4

LOAD I-REGISTER
(DACR-DA7R) ——= (100-107)

X

RAISE RSD .

A4

LOAD J-REGISTER
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NO

YES

DATA OUT
SERVICE

ERROR

¥

RESET DATA
SETIN

—— P s =

[TOI

G

TO SHEET 7

901565A, 413/3

Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 3 of 7)
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FROM SHEET 2

DATA IN
SERVICE

s
v

LOAD O-REGISTER
[__ e e (K00-K07) —= (O00-007)

v

RAISE RSD

NO _~

I—RST ¥

RAISE RSD

¥
LOAD C-REGISTER (BYTE 1)
(TRPR) ~ —— (000)
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<
<

(o T !
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1 A
. (F)
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N v
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é ERROR
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v

Y

“(ANOR- AN3R)—=(K04-K07)

901565A. 418/4

Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 4 of 7)
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[ b JFROM SHEET2
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SERVICE
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 5 of 7)
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DATA IN
SERVICE
CYCLE

—— — ——

l E }FROM SHEET 2

RESET SCN
RAISE RSD

e S —

)4

LOAD O-REGISTER
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v
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/
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Figure 4-8. Simplified Phase Sequence, Flow Diagiam (Sheet 6 of 7)
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FROM

ORDER IN
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MARK SCN:RAISE SCD

[
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v
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RAISE RSD

Y
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Y
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Figure 4-8. Simplified Phase Sequence, Flow Diagram (Sheet 7 of 7)
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Before PHFSZ is reset, OPER samples device fest signal
DVTR. :

S/OPER DVTR OPERSET

OPERSET

TTSHU PHFSZ

C/OPER NTCS080
IAffer a 100-ns delay, PHFSZ is reset and PHFSL is set.
R/PHFSZ = ...

S/PHFSL = PHFSZ

While PHFSL s set, functionresponse signals and condition
code signals are enabled in the subcontroller and transmitted
to the 1OP as described in paragraphs 4-13 through 4-19.

The TCL delay line is started as function strobe signal FSU

~oes false.
‘ DCL CYCLE/C DCLSTART3 + ...

DCLSTART3 = PHFSL NFSU + ...

After a 100-ns delay, NPHFS and PHFSL are reset. (Ser-
vice connect flip-flop FSCisset only after anSIO command
is accepted. )

R/PHFSL = ...
R/NPHFS = PHFSET
PHFSET = NFSCU PHFSL + ..,

FSCU 1IOP FSC + ...

For all IOP commands but an accepted SIO, the phase flip~
flops wait for a new ccmmand. [f an SIO is accepted,
device controller busy flip-flop DCB isset during phase FSL,

i

5/DCB = DCBSET
DCBSET = OPER PHFSL SIOPOSS
SIOPOSS = NCIL NDCB SIOU
C/DCB = NTCS080

An SIO is accepted if the controller is not busy with a pre~-
vious 1/0 operation (NDCB), nointerrupt is pending (NCIL),
and the device is operable (OPER). If DCB is set, service
call flip-flop SCN is direct set after a return to phase FS,
and the service call line is raised. (See paragraph 4-32.)

M/SCN = CYCLE/C SCNMEN
- SCNMEN = DCB PHFS N(NSCNMEN)
N(NSCNMEN) = (NDATA SCNMEN2
- + ...) NUNE
SCNMENZ' = NBEWE (NWCHW + ...)
SCD = LSL v
LSL = NASCR INC SCN + ...

4-22
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The phase control circuits wait for an acknowledgement of
a service cell. Flip-flop DCB can be reset only during
phase TO of an order in service cycle (except for manual
reset).

R/DCB = DCBRST-
DCBRST = DCBRST1 + ..
DCBRST1 = DCBRSTEN ORDIN PHTC

DCBRSTEN = NCCH + ES + UNE

During phase TO, DCB is reset if an end service signal is
received (ES), if an unusual end occurs (UNE), or if com-
mand chaining is not ordered (NCCH). Therefore, once an
SIO has beenaccepted and DCBhas been set, an 1/O opera-
tion takas place. ‘

4-24 QRDER OUT SEQUENCE. An order out service cycle
immediately follows acceptonce of an SIO command from
the IOP, When function strobe FSR coincides with an ac-

knowledge service call addressed to the EP RAD centroller
(ASCM ASCR), the TCL deiay line is started,

DCL = CYCLE/C DCLSTARTI + ...
DCLSTARTI = PHFS FSU BSYCU + ...
2SYCU = BSYC IOP + ...
35YC = ASCM ASCR AVIR FSR

Phases F¢, FSZ, and FSL ur2 controlled by the samz equa-
tions described in paragraph 4-23. However, service con-
nect flip~tlop FSC is set during phase FSL as the function
strobe gues talse.

S/FSC = ASCB
ASCB = (NFSC delayed) ASCM ASCR AVIR FSR
C/F3C = NFSC FSR + ...

Therefore, after a 100 ns delay, PHFSL is reset, PHRSA is
set, and request strobe signal RSD is raised.

R/AFIFSL =
S/PHRSA = PHRSASET FSCU
FSCU = FSC IOP + ...
?HRSASET = PHFSL NIN + ...
RSD = FSC NRSAR (FSCU RSD
+ RSET NPHRSA + ...)
RSET = PHFSL NIN
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Service connect flip-flop FSC remains in the set state until
end service signal ES is true. Signal ES, which is gener-
ated by the IOP, causes a reset as request strobe signal RSD
goes false in response to a true request strobe acknowledge
signal RSAR.

R/FSC = ESR FSC

C/FSC = FSC RSD + .
RSD = FSC NRSAR (FSCU RSD + ...)
FSCU = FSC IOP + ...

When the 10P acknowledges the request strobe, signal RSAR
is true, signal RSD goes false, and the TCL delay line is_
started.

DCL = CYCLE/C PHRSA RSAU + ...

During phase RSA of an order out service cycle, the order
code is stored in the order register as described inparagraph
4-31. After a 100-ns delay, PHRSA is reset and PHRS is
set.

R/PHRSA =
S/PHRS = FSCU PHRSET
PHRSET = PHRSA + ...

Request strobe linc RSD is raised when phase RS is entered.

RSD = FSC NRSAR (FSCU RSD
+ PHRS TCS000-2 + ...)

The TCL delay line is started after request strobe acknow -
ledge signal RSAU is false. {Signal NDATA is true because
an order out service cycle is in process. )

DCL

CYCLE/C DCLSTART3 + ...

DCLSTART3

PHRS NDATA NRSAU + ...

After a 100-ns delay, phase TC is entered, and the TCL
delay line is startec when the request strobe is acknow-
ledged. :

R/PHRS =

S/PHTO = PHRS ED

DCL = CYCLE/C DCLSTARTI + .
DCLSTART1 = PHTO RSAU + ...

After o 100-ns delay, phase FS is entered.

Paragraph 4-25

R/PHTO =
R/NPHFS = PHFSET
PHFSET = PHTO + ...

Subsequer.t operations depend upon the order code stored.
(See table 4-2 for order codes. )

Table 4-2. Order Signals

SIGNALS
Always True H| True When NPHRSAQO

ORBER CODE*

Seek X XX11 SEEK SEKSEND
Sense X 0100 SENSE SEKSEND
Read | X XX10 READ RCHW, WRCH
Write X X001 WRITE WCHW, WRCH

Checkwrite| X X101 CHWR RCHW, WCiHW, WRCH

*Order register bits 0, 1, 2, 3, 4; IOP data line bits'3, 4,
5 ¢, 7

t . . .
Except during order register load, when all signals are
false, and after which one signal becomes tive

4-25 SEEK ORDER SEQUENCE. If a seek order code is
stored during the order out service cycle, the (DATA, IN)
flip flops request a data out service cycle (1, 0} as de-
scribed in paragraph 4-30. Whkile signal PHFS is true,
service cycle is requested by setting SCN. Th2 TCL delay
line s started when the function strobe signal and the ac=
knowiedge service call signal are received.

M/SCN = CYCLE/C PiiFS DCB
N{NSCNMEN)
N(NSCNMEN) = NCDN DATAOUT SCR+...
DCL = CYCLE/C DCLSTARTI + ...
DCLSTARTI = PHFS FSU BSYCU + ...

(Flip-flop SCR is set during the order out service cycle.)

Phases FS, FSZ, and FSL are controlled by the seme equa-
tions described in paragraph 4-23. However, ot the end
of phase FSL, PHRSA is set, the request strobe signal RSD
is raised, and the byte counter is decremented. (See para-
graph 4-33 for a description of the byte counter. )



Paragraph 4-26

R/PHFSL =
S/PHRSA = PHRSASET FSCU
PHRSASET = PHFSL NIN + ...
FSCU = IOP FSC + ...
RSD = FSC NRSAR (FSCU RSD
+ PHRSA RSET + ...)
RSET = PHFSL NIN
NBKCK = PHRSA SEKSEND TCS000-3 + ...
SEKSEND = SEEK RPHRSAOO + ...

When the request strobe is acknowledged, the TCL delay
pe is started and 1OP data is stored in the I-register.

DCL = CYCLE/C PHRSA RSAU ~
RSAU = IOP RSAR + .
T o = PHRSADC TCSG00-3
PHRSADO = PHRSA DATAOUT

After a 100-ns delay, PHRSA is reset and PHRS is set.
S/PHRS = FSCU PHRSET
PHRSET = PHRSA + ...

Once PHRS is set, the TCL del~y line is started when RSAR
is false and RSD 1s raised once more.

DCL =
DCLSTART2 = PHRS SEKSEND + ..
RSD = FSC WNRSAR (FSCU RSD

+ PHRS TCS000-2 + ...)

Transfer from phase RS is to phase RSA or to phase TO, de-
pending upon the end deta sigrol. (See figure 4-8.)

S/PHRSA -= PHRSAZ:T FSCU
PHRSASET = PHRSNED + ...
PHRSNED = PHRS NED

= PHRS ED

S/PHTO

1 Signal ED comes true after the second byte has been ac-
cepted from the IOP, as indicated by the byte counter.
(See paragraph 4-35. )

4-24
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EDI

1

EDISET1 NPHRSA + FSCUEDI + ...

Il

EDISETY SEEK BKZW + ...

Thus the flip-flops cycle between phase RSA and phase RS
untii the end data signal enables transfer to phase TO. The

TCL delay line may be started in either of twoways in phase
TO. : ,

DCL = CYCLE/C DCLSTARTI
+ CYCLE/C DCLSTART2 NRSAU
+ ...
DCLSTARTI = PHTO RSAU + ...
ODCLSTART2 = PHTO ES + .

Therefore, if the IOP has generated an end service signal,
the TCL delay line is started after phase TO is entered with-
out waiting for acknowledgement of the request sirobe raised
at the start of phase RS. Otherwise, the TCL deldy line is
not started until RSAR is true. In either case, phase FS is
entered from phase TO. " After 100 ns, the {(DATA, IN)
flip-flops are placed in the (0, 1) state to request an oider
in service cycle, as described in paragraph 4-30.

R/PHTO = .
R/NPHFS = PHFSET

PHFSET = PHTO + ...

4-26 SENSE ORDER SEQUENCE. If a sense order code is
stored during the order out service cycle, the (DATA, 1IN}
flip-tiops request a data in service cycle (1, 1) asdescribad
in paragroph 4-30. While signal PHFS is true, o service
cycle is requested by setting SCN. The TCL deley line is
started when a function strobe signal is received.

M/'SCN = PHFS DCB N{NSCNMEN)
N(NSCNMEN) = NCDN SEN NTSE + |

VDCL = CYCLE/C DCLSTARTI ~ .
DCLSTART] =. PHFS FSU BSYCU + ...

Phase FS, FSZ, and FSL are controlled by the same equa~-
tions described in parograph 4-23. However, at the end of
phase FSL, PHRS is set and the first byte of sense data is
stored i the O-register.

R/PHFSL =

S/PHRS = FSCU PHRSET
FSCU = FSC IOP + ...
PHRSET = PHFSL IN + ...

OXSENSE] = SENSE OXKEN BKZZ
OXKEN = DATAIN NED PHRS
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After PHRS is set, the TCL delay line is started and request EDI = EDISET] 7SC000-2
strobe signal RSD is raised. + EDI FSCU + ...
DCL = CYCLE/C DCLSTART2 NRSAU EDISETI = SENSE BKWZ + ...
S+

After ED is true, PHTO is set, as described in paragraph

DCLSTART2 = PHRS SEKSEND + ... 425, The (DATA, IN) flip-flops are set to (0, 1) to re-
quest an order in service cycle, and phase FS is entered.
SEKSEND = SENSE NPHRSAQO + ...
R/PHTO =
PHRSAOO = PHRSA ORDOUT
R/NPHFS = PHFSET
RSD = FSC NRSAR (FSCU RSD
+ PHRS TCSC00-2 + ...) PHFSET = PHTO + ...
After a 100-ns delay, PHRS is reset and PHRSA is set. 4-27 WRITE ORDER OR CHECKWRITE ORDERIEQUENCE.
' If either a write order code or a checkwrite order code is
R/PHRS = stored during the order out service cycle, the {DATA, IN)
flip~flops request a data out service cycle {1, Ojasdescribed
S/PHRSA = PHRSASET FSCU in paragraph 4-30. While signal PHFS is true, aservice
cy=le is requested by setting SCN.  The TCL delay line is
PHRSASET = PHRSNED + ... started when a function strobe signal is receivead.
PHRSNED = PHRS NED FA/SCN = CYCLE/C PHFS DCB

N(NSCNMEN)
When the request sirobe i acknowledged, the TCL delay

line is started and the byte counter is decremented. N({NSCNMEN) = NCDMN DATAOUT SCR+...
DCL = CYCLE/C PHRSA RSAU + ... DCL = CYCLE/C DCLSTARTI + ...
RSAU = RSAR + ... DCLSTARTI = PHFS FSU BSYCHt + ...
NBKCK = PHRSA SEKSEND TCS000-3 + ... Phases FS, FSZ, and FSL are controlled by the same equo-
tions described in parcgroph 4-23. However, at the end
SEKSEND = SENCSE NPHRSACO + ... of nhase FSL, PHRSA is set and request strobe signal RSD
is raised,
After a 100-ns delay, PHRSA is reset and PHRS is set. '
- R/PHFSL =
R/PHRSA = ...
S/PHRSA = PHRSASET FSCU
S/PHRS = FSCU PHRSET
FSCU = FSC IOP + ...
PHRSET = PHRSA + ... ' '
PHRSASET = PHFSL NIMN + ...
The request strobe is raised as in the previcus RS phase, -
and data is transferred through the K-register to the O~ RSD = FSC NRSAR (FSCU RsSD
register. (For this operation, the K-register functions as + PHRSA RSET + ...)
a gate.)
RSET = PHFSL NIN
OXK = QOXKEN TCS000-2 :
When the request strobe is acknowledged, the iCL delay
OXKEN = DATAIN PHRS NED line is started and IOP daia is stored in the I-register.
(During the previous RS phase, nodatawas in the K-register. ) DCL = CYCLE/C PHRSA RSAl} + .,
When the request strobe is acknowledged, PHRSA is
set as before. Transfer between phase RS and phase RSA RSAU = IOP RSAR + ...
continues until all sense data has been transmitted to the .
10P, as indicated by the end data signal through the byte IXD = PHRSADO TCS000-3
counter which is incremented during phase RSA. (See
figure 4-8.) PHRSADO = PHRSA DATAOUT

4-25



Paragraph 4-28

After a 100-ns delay, PHRSA is reset and PHRS is set.

_R/PHRSA =
S/PHRS = FSCU PHRSET
PHRSET = PHRSA + .,

Once PHRS is set, the TCL delay line cannot be started
until RSAR is false and the J-register is empty (NJFI true).
When these conditions are true, request strobe signal RSD
is raised us the TCL delay line is started.

DCL = CYCLE/C DCLSTART2 NRSAU
+ ...
DCLSTART2 = PHRS WCHW NJFI + ...
RSD = FSC NRSAR (FSCU RSD

+ PHRS TCS000-2 + ...)

At the same time, the J-register is filled from the I-register
(for operation with a one-byte interface).

i

©oJxns IOP BYTiID PHRSDO TCS000-2

PHRSDO PHRS DATAOUT

Transfer from phase RS is to phase RSA or to phase TO, de-
pending upon the end data signal ED. (See figure 4-8.)

S/PHRSA = PHRSASEY FSCU
PHRSASET = PHRSNFD + ...
PHRSNED = PHRS NLD

S/PHTO = PHRS ED

’al ED comes true under con'rol of flip-flop EDISET3,
as described in paragraph 4-35. (The IOP may terminate
the operation by causing signal ESET to be true.)

EDI EDISET1 TCS000-2 + FSCU EDI

+ ...

EDISETI EDISET3 + ...

Thus the flip-flops cycle between phase RSA and phase RS
until an end data signal enables transfer to phase TO. After
-ED is true, PHTO is set, as described in paragraph 4-25.

If the IOP dces not signal count done or IOP hult during
phase TO, the (DATA, IN) flip-flops remain in state (1, 0)
and the secuence of data out service cycles continves. If
the IOP doessignal count done during phase TO, the (DATA,
IN) flip-flops are placed in state (0, 1) to request an order
‘in service cycle. In either case, phase FS is entered from

phase TO.

4-26
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R/PHTO =
R/NPHFS = PHFSET
PHFSET = PHTO + ...

4-28 READ CRDER SEQUENCE. If a read order code is
stored during the order out service cycle, the (DATA, IN)
flip-flops are set in state (1, 1) to request a data inservice
cycle, as described in paragraph 4-30. While signal PHFS
is true, a service cycle is requested by setting SCN. The
TCL delay line is started when a function strobe signal is
received.

M/SCN-

PHFS DCB N(NSCNMEN)

N(NSCNMEN) NCDN READ KFID BYT4ID
+ NCDN READ KFID NSCR
+ NCDN READ KFID POST

+ ...

The initial service cycle is requested under control of the
RK-counter through flip-flop SCR.  When at least four data
bytes are stored in the FAM module, [lip-fiop SCR is reset
and SCN is direct set when KFID is true. Subsequent ser-
vice cycles are requested as a true NSCR signal indicates
that there are sufficient data bytes in the FAM module. A
service cycle may be requested any time after postamble
flip-flop POST is set. This condition can occur if dala
bytes remcin in the FAM module after the postamble is de-
tected. ‘The datc bytes are transferred even if fewer than
four bytes remain. For a four-byte 10P interface (LY T41D
true), all sorvice cycles are controlled by signal KHID,

Phases FS, FSZ, and FSL are controlled by the some equa~
tions described in paragraph 4-23. However, at the ond of
phase FSL, PHRS is set.

R/PHFSL = ..

S/PER = FSCU PHRSET
£l = FSC ICP + ...
PHRSET = PHFSL IN + ...

After PHRS is set, the TCL delay line is started. As the
TCL deley line is started, the request strobe signal is raised
and data is stored in the O-register. These operations can-
not toke piace until the K-register is filled (KFID true).

DCL = CYCLE/C DCLSTART2 NREAU +. ..
DCLSTART2 = F;*IRS READ KFID + ...

OXK = OXKEN TCS000-2
OXKEN = DATAIN PHRSNED

RSD = FSC NRSAR (FSCU RSD

+ PHRS TCS000-2 + ...)
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After a 100-ns deloy, PHRSA is set and PHRS is reset.

R/PHRS =

S/PHRSA = PHRSASET FSCU
PHRSASET = PHRSNED + .
PHRSNED = PHRS NED

When the request strobe is acknowledged, the TCL delay
line is started.

DCL CYCLE/C PHRSA RSAU + .

]

RSAU RSAR + ...

After a 100-ns delay, PHPS is set and PHRSA is reset.

R/PHRSA

1

S/PHRS FSCU PHRSET

PHRSET = PHRSA + ...
The request strobe is raised as in the previous RS phase.
When the K-register is filled, the TCL delay line is started

and data is stored in the O -register as before.

Transfer from phase RS is ic phase RSA or to phase TO, de~
pending on end data signel ED.  (See figure 4-8.)

S/PHRSA = PHRSASET FSCU
PHRSASET = PHRGMED + .
PHRSNED = PHRS NED

S/PHTO = PHRS ED

Signal ED comes true under control of the RK~counter in
the FAM circuits when signa! KAS8 indicates that the FAM
module is empty. Signal ED is normally controlied by the
1OP, and signal KA8 controls operation only if the IOP is
offline or if the last data byte is transferred from the FAM
module before the IOP generates an end data signal.

EDISET2 NPHRSA + FSCU EDI
+ ...

EDI

EDISET2 KA8 OXKEN

Thus the flip-flops cycle between phase RSA and phase RS
untii an end data signal enables transfer to phase TO. For
transfer from phase RS to phase TO, the TCL delay line is
started when ED is true and before a request strobe ac-
knowledge is received.

Pcragraph 4-29

DCL CYCLE/C DCLSTART3 + ...

DCLSTART3

PHRS ED READ NRSAU + ..

After ED is true, PHTO is set as described in poragraph
4-25.

If the 10OP does not signal count done or IOP error halt dur-
ing phase TO, the (DATA, INj flip-flops remoin in state
(1, 1) and the sequence of data in service cycles continues.
If the 10OP does signal count done during phase TO, the
(DATA, IN) flip-flops are placed in state (0, 1) to reguest
an order in service cycle. In either case, phase FS is en-
tered from phase TO.

R/PHTO =
R/NPHFS = PHFSET
“PHFSET = PHTO + ...

4-29 ORDER IN SEQUENCE. An order in se.vice cycle
follows execution of a completed order (seek, sense, read,
write, or checkwrite) or an unusual end indiceied by flip-
flop UNE. In either case, the (DATA, IN) flip-flops are
ploced in the (0, 1) state as descrived in paragiaph 4-30.
While signal PHFS is true, o servicz cycle is raquested by
setting SCN. The TCL delay line is started when a function
strabe signal is received.

M/SCN = CYCLE/C PHFS DCB
N{NSCNMEN)
N(NSCNMEN) = NDATA NRWE NWCHW
AiA
DCL = CYCLE/C DCLSTAR™I + ...
DCLSTART1 = PHFS FSU BSYCU + ...

Phases FS, FSZ, and FSL are controlled by the same equa-
tions described in paragraph 4-23. However, ot the end
of phase FSL, PHRS is set.

R/PHFSL = ...
S/PHRS = FSCU PHRSET
FSCU = FSC IOP + ...

PHRSET = PHFSL IN + .

The TCL delay line is started immediately, since the DATA
flip-fiop is in the reset state.

DCL CYCLE/C DCLSTART? + ...

i

DCLSTART3 = PHRS NDATA NRSAU + ..

1
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As the TCL delay line is storted, request strobe signal RSD

is raised and order data is stored in O-register bits 0, 1, 3,

ond 4, as described in paragraph 4-38.

OXORDIN = PHRSNED ORDIN
PHRSNED = PHRS NED
RSD = FSC NRSAR (FSCU RSD

+ PHRS TCS000-2 + ...)
After a 100-ns delay, PHRS is resat and PHRSA is set.

R/PHRS =
S/PHRSA = PHRSASET FSCU
PHRSASET = PHRSNED + ...

While PHRSA is set, signal ED comes true as described in

.‘cgrcph 4-35,

£DI

1}

EDISET1 Y.S000-2
+ FSCU {01 + ...

EDISET! NDATA + ...

The TCL delay line is started wher the request strobe is
acknowledged.

DCL CYCLE/C PHRSA RSAU + .
RSAU = RSAR + ,

Afier a 100-ns delay, PHRSA. is reset and PHRS is set.

]

1}

R/PHRSA

S/PHRS FSCU PHRSIT

I

]

PHRSET FSC 10P + ..
The TCL delay line is started when RSAR is false. As the

R signal goes false, a signal 15D ciocks FSC, and FSC
feset if the 1OF drives ESR true,

DCL = CYCLE/C DCLSTART3 + ...
DCLSTART3 = PHRS NDATA NRSAU + ..,

R/FSC = ESR FSC

C/FSC = FSC RSD + ...

If the IOP does not drive ESR true, the controller remains
service-connected to request o terminal order.

After a 100-ns delay, PHRS is resei and PHTO is set.
R/PHRS = ...

il

1l

S/PHTO = PHRS ED

Terminal order operations are described in paragraph 4-34,

If the ICP has driven ESR true, DCB is reset 80 ns after

. TCL delay line is started.

4-28
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R/DCB = DCBRST
DCBRST = DCBRST1 + ...
DCBRSTI = DCBRSTEN QORDIN PHTO
DCBRSTEN = ES + ...

C/DC8 = NTCS080

The TCL delay line may be started in either of two ways in
phase TC.

DCL = CYCLE/C DCLSTARTI
+ CYCLE/C DCLSTART2 NRSAU
+ ...
DCLSTARTI = PHTC RSAU + .
DCLSTART2 = PHTO ES + ..

Therefore, if the IOP has generated an end service signal,
the TCL delay line is stcrted after phase TO is entered
without waiting for acknowledgement of the requesr strobe
raised at the start of phase RS. Otherwise, the TCL delay
line is not started until RSAR is true. After a 100-ns delay,
the (DATA, IN) flip-flops ure placed in a state correspond -
ing to the manner in which the order inservice cycle is
terminated. Incither case, phase FS is entered from phase TO.

R/PHTO =
R/NFHFS = PHFSET
PHFSET = PHTO + ...

4-30 Seivice Cycle Identification Logic

The type of service cycle is identified by flip-flops DATA
and IIN, and associated output signals, as follows:

DATA IN Service Cycle OQutput Signal
0 0 Order out ORDOUT
0 1 Oider in ORDIN
1 0 Data out DATAQUT
1 1 Data in . DATAIN

When an input/output sequence is completed, DATA ond
IN cre direct reset after fiip-flop DCB is reset.

E/DATA

NDCB-1
NDCB-1 = NDCB IOP + NDCR PEY

E/IN

NDCB-1
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Therefore, DATA and IN are both in the reset state {(order
out) when an S!O command is accepted from the IOP. The
flip-flops are clocked only during phase FS or phase TO.

C/DATA = PHFSTOD 7CS100-3
PHFSTOD = PHFSDAT + PHTO
PHFSDAT = PHFS DAT

C/IN = PHFSTOD TCS1060-3

When the (DATA, IN) flip-fiops detect a PET count done
signal (CDNPET), an online count done signal (CDN), or
an unusual end signal (UNE], the flip-flops are placed in
the (0, 1) state to request an order in service cycle. (Sig-
nal NSKSBK is true when neither a seek order nor a sense
order is being executed.)

S/DATA = DATASET NORDIN
DATASET = NCDN NCDNPET NUNE NSKSBK
SKSBK = SFEK BKWZ + SENSE BKWW
R/DATA =
S/IN = INSET NCRDIN
INSET = NDATASET + .
R/IN =,

Dcring the execution of un order, the (DATA, IN) flip~
flops assume a sequence of sia*es determined by the order
in which they cre stored during the order out service cycle.

If a seek order is stored, signal DATASET is true until SKSBK
indicates that all bytes have been rransferred. Therefore
the (DATA, IN) flip-flops are placed in the (1, 0) state
during phase TO of the order out service cycle.

After all bytes have been transferred, SKSBK is true and
the (DATA, IN) flip-flops are placed in the (0, 1) state.

R/DATA =

S/IN = INSET NORDIN
INSET = NDATASET + ...
NDATASET = SEEK BKWZ + ...

If a sense order is stored, CRD4 is false and DATASET is
true until SKSBK indicates that all bytes have been trans-
ferred. Therefore the (DATA, IN) flip-flops are placedin
the (1, 1) state during phase TO of the order out service
cycle. After all bytes have been transferred, SKSBK is
true and ORD4 remains false, so that the (DATA, IN) flip-
flops are placed in the (0, 1) state.

Paragraph 4-31

S/DATA = DATASET NORDIN
DATASET = NCDN NCDNPET NUNE NSKSBK
SKSBK = SENSE BKWW + ...

S/IN = INSET NORDIN
INSET = NORD4 + ...

If o write order or checkwrite order is stored during the
order out service cycle, DATASET is true and CRD4 is true,

“so that the (DATA, IN) flip-flops are placed in the {1, 0)

state to request a data out service cycle similar to a seek
order. For errorless operation, DATASET remains true until
phase TO of the service cycle is reached. If count done
flip-flop CDN is set during phase TO, DATASET becomes
faise, and the (DATA, IN) flip-fiops are placed in the (0,
1) state.

If a read order is stored during the order out service cycle,
DATASET is true and ORD4 is false, so that thz (DATA, IN)
flip-flops are placed in the (1, 1) state to request a data

in service cycle similar to the sense order. For errorless
operation, DATASET remains true until phase YO is reached.
If count done flip-flop CDN is set during phaze TO, DATA-
SET Lecomes false and the (DATA, IN) flip-floos are placed
in the {0, 1) state.

If an invalid order is detected, both DATA and IN are set.

3/DATA = DATASET NORDIN

DATASET = NCDN iNCDNPET MUNE NSKSBK
S/IN = INSET NORDIN

INSET = N(DATASET ORD4)

A seivice call for a data in service cycle begins. However,
unusua!l end flip-flop UNE is direct set during phase FS,
and an unusual end takes place. (See paragroph 4-73.)

4-31 Order Regisier

The order register consists of flip-flop ORDU, buffered
latches CRD1 through ORD4, and associated legic elements.
The order register stores an order code during the order out
service cycle which occurs as the first step of on input/out-
put sequence. The order code is refained during execution
of the order and controls the follewing signals {also see

table 4-2):
SEEK = CRD3 CRDA4 (0 3)
SENSE = ORD2 NORD3 NORD4/© 4/
READ = ORD3 NORD4 ( o 2)
WRITE = NORD2 NORD3 GRD4 (/@4)

4-29
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CHWR = ORD2 NORD3-ORD4 (@5) The order code is retained during execution of orders while
the DATA flip-flop is in the set state {data in or dota out).
SEKSEND = NPHRSAQCO SEEK :
+ NPHRSAOO SENSE 4-32 Service Call Logic
RCHW = NPHRSAOO READ Signal SCD, which requests a service call from the ICP, is
+ NPHRSAOO CHWR controlled by service call flip-flop SCN. (See figure 4-9.)
Service call signal SCD is raised to the true level when SCN
' WCHW = NPHRSAOO WRITE is set and remains ot the true level until SCN is reset.
.+ NPHRSAOC CHWR ’
SCD = LSL
WRCH = NPHRSAOO WRITE’
+ NPHRSAOO RCHW LSt = NASCR INC SCN

‘ + ASCR INI LSL NRSTR SCN
For online operation {IOP true), the order code is stored

during phase RSA of the order out service cycle. : Service call flip-flop SCN is direct reset when the coniroller
. is not busy and can be placed in the set state only by the
S/ORDO = DA3R IOP direct ser input. The direct set input can be true cnly dur-
' ing phase FS after DCB has been set by an SIO command.
R/ORDO = : :
E/SCN = NDC3
C/ORDO = ORDXIOP
M/SCN = CYCLE/C SCNMEN
¢ ORDXIOP = IOP PHRSAOO TCS000-3 '
SCNMEiN = PHFS DCB N(NSCNMEN)
PHRSAOO = PHRSA ORDOUT
After SCN has been set, it may be retained in the set state
ORD1 = DA4R ORDXICP + ... for certain conditions if the controller is operating in the
extended peiformance mode (EXT true) and is executing a
ORD2 = DA5R ORDXICP + ... " read order, write order, or checkwrite order. Signcl
‘ SCNEN iz true when additional service calis are reguired
ORD3 = DA6R CRDXICP + ... to maintain the data transfer rate during extended perfor-
mance cperation and prevents reset of SCN during phase
ORD4 = DA7R ORDXIOP + ... FSL.
The order code bits are retained in buffered latches ORD1 S/SCi = SCNEN
through ORD4 while ORDXO is iive.
' ' SINEN = SCN DATA EXT SCSET
ORD1 = ORD} ORDXO + ...
SCSET = READ NRK! + WCHW RKISCR
ORD2 = ORD2 ORDXO + ... ‘
" RKISCR = RK1 SCR
ORD3 = ORD3 ORDX0 + ...
C/SCN = TCS100-3
CRD4 = ORD4 ORDXO + ...
- If SCN is set during phase FS, SCN is reset during phase
After an input/output operation is completed, flip-flop DCB FSL.
is reset and the order register is cleared. (For command
chaining, DCB is not reset. ) . R/SCN = SCNRST
NORDX0 = PHFS NDCB + ... SCNRST = PHFSL + ...
A new order code is stored as signal CRDXO0 goes true during C/SCN = TCS100-3

phase RSA of an order out service cycle. '
Preventing reset of SCN allows the FAM module to be filled

1 NORDX0 = PHRSAORD TCS000-1 + ... during write or checkwrite operations and to be emptied
‘ during read operations without requiring the controller to
PHRSAQRD = PHRSA NDATA wait for priority on the data lines from the IOP.
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Figure 4-9. Service Call Flip-Flop SCN, Logic Diagram
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Paragraph 4-33

After a service call involving data transfer is processed,
additional service calls will be necessary unless all bytes
required by the order have been transferred. However, if
no additional service calls are necessary and SCN has been
prevented from resetting on the previous service call, an
additional service call will be requested unless SCN is reset
in phase FS. (This condition can occur only for read orders,
write orders, or checkwrite orders when the controller is
operating in the extended perfcrmance mode.) If all bytes
have not been transferred, SCN will be held in the setstate
after phase FS is entered; if cil bytes have been transferred,
SCN will be reset after phase FSL is entered.

M/SCN = CYCLE/C DCB PHFS N(NSCNMEN)
R/SCN = SCNRST

SCNRST = PHFS NSCNMEN + ...
C/SCN = TCS100-3 + ...

The conditions that generate o true N(NSCNMEN) signal
are:

N(NSCNMEN) = UNE (Unusual End)

+ NDATA NRWE CDN NJFI

NKFID REMPTY

+ NDATA NRWE NWCHW
NCDN DATAQUT SCR
NCONM SEN NTSE
NCDMN READ KFIb BYT4ID
NCDN READ KFID POST
NCDMN READ KFID NSCR
NCDN CDNPET

+ o+ 4+ o+ o+ o+

4-33 Byte Counter
The byte counter is used during execution of seek orders

ders, or checkwrite orders for a multiple-byte IOP inter-
face. For a sense order, the byte ccunter controls the trans-
fer of data bytes into the K-register and O -register and
raises the end dato signal. For a seek order, the byte
counter controls the transfer of data bytes from the J-
register to the T-register and raises the end data signal.
For read orders on a multiple-byte interface, the byte
counter controls the transfer of data from the FAM module
to the K-register or I-register. For write orders or check-
write orders on a multiple-byte interface, ‘the byte counter
controls the transfer of data from the extended [-register
to the lower order byte of the I-register.

.d sense orders and during erecution of read orders, write

The byte counter consists of ftip-flops BKO and BK1 and
associated logic elements. Each byte of a service cycle
is identified by states of the byte counter as follows:

XDs 901585

BKO BK1 Output Signal
0 0 BKWW
0 1 BKWZ
i 0 BKZW
i 1 BKZZ

When an 1/O sequence is completed, BKO and BK1 are
direct reset after device controller busy flip-flop DCB is
reset.

E/BKO = NDCB-1
NDC8-1 = NDCB IOP + NDCB PET-I
E/BK] = NDCB-1

oy b

C
Therefore, the byte counter (BKO, BK1)is in the (0, 0)
state (BKWW true) when an SIO command is accepted from
the 1OP.

The byte counter is direct set to state (1, 1) when sional
BKX1 is true. Signal BKXT is true during phase KSA of ¢n
order out service cycle, when the 2-regisier is filied during
execution of a write order or checkwrite order and when
the O-register is cleared during execution of a read ~rder.

M/2KO = BKX}
BKX1 = PHRSAOO + NBKXIEN
PHRSAQO = PHRSA ORDQOUT (Phase RSA of
order our service cycle)
NBKXTEN = WCHW JFIX1 (J-register fiiled in
write or checkwrite)
+ READ KXOEM }
O-register
KXO0EN = OXKEN TCS100-3 pclarred in
rean
CXKEN = PHRS DATAIN NED
M/RK1 = BKX1

The byte counter is clocked on the falling edge of signal
BKCK {which is equivalent to the rising edge of <ignal
NBKCKj.

S/BKO

NBKO

il

R/BKO
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C/BKO = NBK1
S/BK1 = NBK1
R/BKI = ...

C/BK1 = BKCK

As the byte counter (BKO, BK1) is clocked, it passes from
state (1, 1) to state (1, 0), then state (0, 1), then state
(0, 0) unless cleared or direct set.

When a seek order or sense order is to be executed, the
byte counter is initially placed in state (1, 1) during phase
RSA of the order out service cycle, then is counted down
to control transfer of deta.

NBKCK = PHRSA SEKSEND TCS000-3 + ...

When a read order is to be executed, the byte counter is
used only if the controller is using a two=- or four-byte in-
terface (NBYT1ID).

NBKCK = BKCKEN TRS270 + ..
BKCKEN = NBYT1ID (READRR RREAD-1
+ BKCKEN NTRS030 + ...)
READRR = READ RREAD-2

When a write order or a checkwrite ordcr is executed, the
byte counter is used only if the controller is-operating with
d two- or four-byte interface (NBYT1ID).

NBKCK BKCKEN TRS270 + ...

BKCKEN

NBY11ID (WCHW RWRITE-1
~+ DHCKEN NTRSO3G + ...)

4-34 Terminal Order Operations

Terminal order phase TO is the last phase of any service
cycle. During phase TO, flip-flop PHTO is in the setstate
and terminal order data may be received from the 10P.
Terminal crder data is accepted only if all data associated
with the service cycle has been transferred (ED true), and
if the 1OP does not signa! end of service (ES false). Under
these conditions, terminal order data may be received on
lines DAOR through DA3R, as follows:

IQP Signal  Flip~Flop

Function

DAOR CIL _  Request interrupt

DAIR CDN - Indicate count done at end of
1/O operation

DA2R {none) Command chaining

DA3R ‘ UNE’ Unusual end condition origi=-

nating in IOP

Paragraph 4-34

The command cheining signal, which is sampled cnly at the
end of an order in service cycle, is valid only if no unusual
end condition exists. The command chaining signal is equiv-
alent to: S

CCH = IOP DA2R NDA3R

If the IOP orders command chaining, DCB is not reset at
the end of an order in service cycle; if command chaining
ic not requested, DCB is reset.

R/DCB = DCBRST
DCBRST = DCBRST! + ...
DCBRSTI = DCBRSTEN ORDIN PHTO
DCBRSTEN = N(CCH NES NUNE)
c/DCB = NTCSC80

Fiip~flops CIL, CDN, and UNE are controlled by signal
TGRD, which is true only when terminal crder data is to be
accepted.

{ORD = IOP NES ED PHTO

If the IOP commands an interrupt, signal DAOR is frue and
CIL is set.

S/CIL DAOR TORD

C/CiL NTCS200

1l

_After CIL is set, an interrupt call is generated.

ICD = LIL
LIL = NAIOR CIL INC + ...

Whzn the IOP responds to the interrupt call, CIL is reset.

R/CIL = CILRST
CILRST = AIOC + ...
C/CIL = NTCS000

Aiter all data of the 1/O operation have been transferred,
the TOP causes signal DAIR to be true and sets CDN.

S/CDN DAIR TORD

C/CDN

NTCS000

After CDN is sef, an order in service cycle is requested.
Flip-flop CDN is not reset until an order out service cycle
takes place at the start of a new 1/O sequence.
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R/CDN

it

ORDOUT

C/CDN NTCS5000

If the IOP indicates an unusual end, signal DA3R is true
and flip~flop UNE is set.

S/UNE = DA3R TORD
C/UNE = NTCS000
" Flip-flop UNE con be set by conditions existing in the con-
treller, as indicated in paragraph 4-72. Once set, UNE

can be reset only by a manual reset signal or by a new S1O
or HIO command.

* E/UNE = MANRST
R/UNE = RESET
RESET = DVSEL HICU PHFSL + DCBSET

o,

; DCBSET

OPER SICPOSS PHFSL

Exit from phase TO takes place 180 ns after the TCL delay
line is started. If the IOP signsls end cf service, /ES/ is
true during phase RSA and the TCL delay line is sturted
immediately after entering phase 1O,

bCL CYCLE,C DCLSTART2 NRSAU
+

oo

i

DCLSTART2

PHTO ES + ...
If the IOP does not signal end of service, the TCL delay
line is not started until a reque:t strobe acknowledye has

been received. :

DCL

1

CYCLE/C DCLSTARTI + ...

DCLSTARTI PHTO RSAU + ...

Transfer to phase TO cannot occur until end of data has
been reached.

S/PHTO = PHRS ED

Therefore, signal TORD is true during phase TO if /ES/
was not true during phase RSA. Signal TORD allows the
controller to store terminal order data in flip-flops CIL,

CDN, or UNE,

4-35 End Data and End Service Logic
, The end data and end service logic (figure 4-10) controls

* changesofstateof the phase flip~flops: Atrue endservicesig-
nal ESRcan originatecnly in the [OP; « true end data signal

4-24
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EDR can originate in either the IOP or the controller. A
true ESR signal is required fo reset service connect flip-flop
FSC and to disconnect the controller from the IOP. A true
ED signal is required to enable an exit from phase RS and
entry into phase TO.

The IOP generates a true /ES/ signal to end service. If
signal ESR is true during phase RSA, signal ES comes true

and is laiched. .

ES

ESET TCS000-2 + FSCU ES

ESET IOP PHRSA ESR

Signal ES generates a true ED signal afier exit from phase
RSA.

i,

ED = NPHRSA ES + FSCU ED + ..,

Therefore, an /ES/ signal from the IOP terminates a service
cycle ond disconnects the cantroller.

The controller generates a true ED signal for all situations
in which a true /ED/ signal is required from the ICP. A
true ED sicnal is generated from EDD through EDR and EDU.
ED = EDSET TCS000-2 + FSCU ED + ...

EDSET = PHRSA EDU

EPU = EDR IOP + ..

ECR = DD + /ED/

tDD = EDI FSC
Therefore; a true ED signal may be generated from the ICP
through /£D/ or internally through EBD. Signol £D comes
true durit.g the last phase RSA of o service cycle und causes

an end to the service cycle during the following RS phase.

For an o:der in service cycle or an order out service cycle,
signal ED'I is driven true by the DATA flip-flcp.

EDISETI NPHRSA + FSCU EDI
+

EDI

sen

EDISET]

NDATA + ...
For a seck order, signal EDI is driven true when signal
BKZW from the byte counter is true,
EDI = EDISET] NPHRSA + FSCU EDI
+ ...
EDISET1 = SEEK BKZW + ...

For a sense order, signal EDI is driven true when signal
BKWZ from the byte counter is true.
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EDI = EDISET] NPHRSA + FSCU EDI
+... )
EDISET] = SEMNSE BKWZ + ...

For a read order, signal EDI is driven true when the FAM
module is empty (KAB8 true) and the last byte is being trans-
ferred to the O-register.

EDI = EDISET2 TCS000-2 + FSCU ED
T o,
EDISET2 = KA8 OXKEN + ...
OXKEN = DATAIN PHRS NED

Signal KAS can be tre only after SCR has been set and the
FAM module is empty. (See paragraph 4-42.) As the last
data byte is read from the FAM module, a true KFISET sig-
nal allows KFI to latch true. If signal REMPTY is true,
signal KA8 is true.

KA8 = N{NKA8) SCR
N(NKA8) = KAR KFID + KFIDX1 REMPTY
KFID = KX0 (KFID + KFIDX1)
KFIDX1 = KF1 TR5270
KFI = KX5 (KFIX! + KFI NPHRSAOO)
KFIX1 = KFISET RREAD-2 TRS130

For a write order or a checkwrite order, signal EDI iscriven
true when fiip-fiop EDISEV3 is set.

i

EDI EDISETI NPHRSA + FSCU EDI

+ ...
EDISETY = EDISET3 + ...

If the controller is operating with a four-byte interface,
all four data bytes are trarcferred at once so that data
input erds inone data out service cycle. Therefore, EDISET3
is direct set for operation with a four-byte interface.

M/EDISET3 = BYT4ID

For a one- or a two-byte interface, flip-flop EDISET3 is

set after all four data bytes have been accepted. For aone-
byte interface, EDISET3 is set when byte 15 is received, and
/ED/ is driven true when byte 16 is requested. Refer fo
paragraph 4-42 for operation of the RK-counter.

S/EDISET3 = NEDIS3 NSCR
NEDIS3 = PHRSADC NRK3 + .
C/EDISET3 = TCS100-3

Paragraphs 4-36 to 4-37

For a two-byte interface, EDISETR is set when bytes 13 and
14 are received, and /ED/ is driven true when bytes 15and
16 are requested.

S/EDISET3 = NEDIS3 NSCR
NEDIS3 = PHRSADO NBYTHD + ...
C/EDISET3 = TCS100-3

Flip-flop EDISET3 is direct reset when the conirclier is not
busy.

E/EDISET3 = NDCBI
4-35 INPUT/OUTPUT DATA BUFFER

The registers of the input/output data buffer siors data ac-
cepted from the IOP for transfer to the FAM module and
store data accepted from the FAM module for transfer o
the 1OP.

4-37 I-Register

The I-register consists of buffered latches ICO through 131
and associated logic elements. During execution of awrite
order or checkwrite order, data bytes are accepted fromthe
IOF and are transferred from the higher order byte of the
I-register (100 through 107) tc the J-register. If the con-
troiler is operating with a two- or four-byte in*erfoce, data
must be transferred from fower order bytes of the I-register
to ihe higher order byte for transfer to the J-register. Dur-
ing execution of a read order, the lower order bytes of the
I-register are used if the controller is operating with a two-
or four-byte interface. In these cases, the I-registeraccepts
dat from the FAM module for transfer to the G- egister.
Duiing execution of a seek order, two consecutive data
bytas are transferred from the IOF to the I-reg.ster, then
from the I-register to the J-register.

During phase RSA of a data out service cycle (write order,
checkwrite order, or seek order), 10P data is stred in the
I-register. For a write order or checkwrite order, the data
path may be 8 bits, 16 bits, or 32 bits wide.

100 = DAOR IXD-1 + ... )
IXD = (IXD-1 through IXD-4)
IXD = PHRSADO TCS5000-3
PHRSADO = PHRSA DATAOUT oo 1
)'AC
01 = DAIR IXD-1 + ...
107 = DA7R IXD-1 + ...

4-37
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108 = DBOR IXD-2 + 3
. + Byte 2
5 = DB7R I.XD~—2 + )
16 = DCOR IXD-3 + .. A
' : L Byte 3
1;3 = DC7R ;xo-:s +
124 = DDOR IXD-4 + ... 3
: p Byte 4
1;1 = DD7R .IXD-A )

For a controller operating with ~ two- or four-byte inter=-
foce, data bytes accepted from the IOP are transferred fo
the higher order byte under control ¢f the byte counter
{BKQ, BK1). Refer to paragraph 4-33 for a description of
the byte counter.

Transfer from (108 through 115) to (100 through 107) takes
place after the first data transfer from (100 through 107) to
the J-register.

100 = 08 IAl-1 + ... A
IXI-1 = RWRITFDO IXEN BKZZ
RWRITEDO = RWRIIE. 2 DATAOUT
IXEN = NBYTHD NTRL240 TRL180 ¢ Byte

I0 = 109 IXt-1 + ... ’

.

.

107

ns Xi-1 + ... J

il

Signals TRL240, TRL180, and RWK'TE-2 are generated by
the TRL delay line. Signal BKZZ is generated by the byte
counter.

Data transfer from (116 through 123) and (124 through 131)
to (100 through 107) tcke place under the control of the byte
counter.

100 = 116 IXI-2 + ...

IXI-2 = RWRITEDO IXEN BKZW
101 = N7 IXI2 + .. Byte 3
107 = 23 IXI2 + ...

4-38

100 = 124 IXI-3 + ... 3

IXI-3 = RWRITEDO IXEN BKWZ
101 = 124 IXI-3 + ... > Byte 4
107 = 131 IXI-3 + ... J

During exccution of a read order for a controller using a
two- or a four-byte interface, data bytes are transferred
from the FAM medule (ROO through RO7) to the I-register.

1

108 IXR-1 ROD + ... A

IXR-1 READRR BKZW IXEN

1

IXEN NBYTIID NTRL240 TRL18O

READRR READ RREAD-Z

il

> Byte 2

IXR-1 ROT + ...

I

109

-

ns

il

IXR-1 RO7 + ... 4

Signals VRL240, TRL180, and RREAD-2 are controllzed by
the TRL dzlay line. Signal BKZW is controlled by ihe byte
counter. {(This transfer takes place at the same tine that
data tronsfers are mede between bytes of the I-register. )

ne = ROC IXR-2 + ... T

IXR-2 = READRR IXEN BKWZ + ...
n- = ROV IXR-2 + ... > Byte 3
122 = RO7 IXR-2 + ... J
124 = ROO IXR-3 + ... )

IXR-3 = READRR IXEN BKWW +...
125 = RO IXR-3 + ...  Byte 4
131 = RO7 IXR-3 + ... J

Signals IX0-1 through IX0-4 are used to clear the I-register
before data is stored and to retain dota stored in the I-
register. Data is cleared when the signal is false ond is
retained while the signal is true.
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100 = 100 IX0-1 + ... A (OXK-1 - OXK-4) = OXK
: h
: y 000 © = K00 OXK
° : * ) + ...
107 = 107 IX0-1 + ... Byte OXK = OXKEN
f1 TCS000-2 Store contents
NIX0-1 = RWRITEDO TRS130 NTRS180 _ : of K-register
+ PHRSAOUT TCS000-1 OXKEN = DATAIN > in (OG0-007)
PHRS NED {Read order or
PHRSAQUT = PHRSA NIN J ‘ sense order)
- 001 = KO1 OXK +...
108 = 108 IX0-2 + ... Y
. . r Byte 2 . .
: : 007 = K07 OXK+...]
5 = N5 IX0-3 + ...
116 = 116 IX0-3 + 3 008 . = 108 OXK+ ... Store contents
. . cf (108-131)
: : . . - in (O08-031)
: . F Byte 3 . . {Recd order
' ' ' 031 - @1 OXK+... jor)
123 = 123 IX0-3 + .
124 = 124 IX0-4 +. N Signal OXO0 is used to clear the O-register before storage
of new data and to retain the stored data. The O-register
: : is cleared when signal OXO is false and retains data while
[ Byte 4 signal OXO0 is true. Signal OXO0 is equivalent to request
. : strcke signal RSD.
131 = 131 IX0-4 + ... “
' ‘OX0-1 - OX0-4) = OXO
(IX0-2 - IX0-4) = IX0 )
0 = Q00 OX0 + ...
NIX0 = PHRSAOUT TCS000-1 + KXOEN 000
PHESAOUT = PHxsA NIN |Clear after data 0oxo = RD
_ : transfer from 10P
ool = 001 OX0 + .
KXOEN = OXKEN TCS100-3 Clear after
data transfer
~OXKEN = DATAIN PHRS NED lto IOP )
4-38 O -Register O31 = 031 OX0 + ...

The O-register, which consists of buffered latches O00
through O31 and associated logic elements, stores data for
transfer to the IOP. During phase RS of a data in service
cycle, the contents of the K-register are transferred to bits
0 through 7 of the O-register, and the contents of the I-
register bits 8 through 31 are transferred to bits 8 through 31
of the O-register. (If the controller is operating with a
one-byte interface, only the K-iegister contains data; if
the controller is operating with a two-byte interface, only
the K-register and bits 8 through 15 of the I-register con-
tain data. For a four-byte interface, all signals contain
data.) Since a data in service cycle is part of a read order
and a sense order, the O-register is loaded from the K-
register or I-register for execution of these orders.

During execution of orders, signal RSD becomes true when
a s'robe is requested from the IOP and is latched until the
request strobe is acknowledged.

RSD = FSC NRSAR (PHRS TCS000-2
+ RSET NPHRSA + FSCU RSD)
FSCU = ESC IOP + ...
RSET = PHFSL NIN

After RSDistrue, datais stored in the O-register. After the
data isread by the IOP, RSAR becomes true and RSD is {alse.

4-39



6:gmph 4-39

During execution of a sense order, the track protect bit
from the selection unit (TRPR) and bits O through 6 of the
track address are stored in the O-register while the byte
counter indicates byte zero (BKZZ),

OXSENSE] TRPR + ...

000 =
OXSENSE1 = SENSE OXKEN BKZZ
14
001 = OXSENSE! 7100 + ...
007 = OXSENSE! T06 + ...

~ (Additional bytes of the sense order are transferred to the.
O-register from the K-register. }

.ing phase RS of an order in service cycle, four bits of

control information are sent to the IOP from the O-register.

. 000 = OXORDIN TER (Control error,
+ ... parity error, or
rate error)
TER = CER + FER + RER

OXORDIN = ORDIN PHRSNED
PHRSNED = PHRS NiD

001 = OXORCIN INL (Incorrect length)
+ ...
003 = OXORCIN + ... (Always true)
o004 = OXORC'™N UNE (Unusual end)
+ ...

‘en the controller responds to c:: AlO signal, three bits
b aformation are sent to the IOP from the O-register.

000 = OXAIQST RER (Rate error)
+ ...
OXAIOST = AIOC FSU
002 = OXAIOST SUN (Sector unavailable)
+ ...
003 = OXAICST WPV (Write protect

+ .. violation)

The conditions which control flip-flops TER, INL, UNE,
RER, SUN, and WPV are described in paragraph 4-72.

., 4-39 J-Register

The J-register consists of buffered latches J0O through J07
id associated logic elements. During execution of awrite

440
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order or checkwrite order, the J-register accepts data from
the I-register for transfer to the FAM module. Duringexe-
cution of a read order, the J-register accepis data from the
D-register for transfer to the FAM module. During execution
of a seek order, the J-register accepts two bytes of data
from the i-register to the T-register and S-register.

During execution of a write order or checkwrite order, data
from the higher order byte of the I-register (100 through 107)
is transferred to the J-register. If the controller is opera-
ting with an 8-bit interface (BYT] ID), the tronsfer takes
place during phase RS under control of the TCL delay line.

Joo = 100 JXIIB + ...
JXN'B = 10OP BYTIID PHRSDO TCS000-2
PHRSDO = PHRS DATAOUT

J01 = 101 JXI1B + ...

Jo7 = 107 JXI1B + ...

if the controller is operating with a 16~ or 32-bit
interface (NBYT1ID), tronsfer of data from the I-register
1o the J-register must allow time for transfer from higher to
lower o.der bytes of the I-register (refer to paragraph 4-37
for a description of the I-register). Therefore, for 14~ ot
32-bit interface operations, the transfer is controlled by
the TRL delay line.

Joc = 100 JXINMB + ...
JXINIB = IOP NBYTIID DATAOUT
RWRITE-2 TRS060
J0i = JO1 JXINIB + ...
Jo7 = 107 JXINIB + ...

During execution of a read order, data bytes cre trunsferred
from the D-register to the J-register. This transfer tokes
place af*er the preamble has been detected (NPRE) under
contro! of the TDL delay fine (TDT2).

100 = D00 JXD + ...

JXD = READ NPRE TDT2
Jol = DOl JXD + ...
107 = D07 JXD + ...
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If the controller is operating offline, the J-register accepts
PET -generated signals under control of the TRL delay line.

Joo = DPOO JXDP + ...

JXDP = PET-1RWRITE-2 TRS060 DATAOUT
J01 = DPO1 JXDP + ...
Jo7 = DP07 JXDP + ...

Signal JXO is used to clear the J-register before storage of
new data and to refain the siored data. The J-register is
cleared when signal JXO is false and retains the stored data
vhile signal JXO is true. :

il

J0o = JOO JXO + ..

Jo7

1l

Jo7 JX0 + ...

During execution of a read order, the I-register is cleared
just before data is stored.

NJX0 = READ TDTY + ...

Duiing execution of a write arder or a checkwrite order,

the J-register is cleared by @ signal related to the signcl

which causes data transter. For a one-byte interface the
J-register is always cleared during phase RS of a data out
service cycle.

NJX0 = PHRSDO TC5000-1 + .

For a two- or four-byte interface, the J-register is cleared
during each FAM write cycle.

NJX0 = RWRITE-2 TRS270 NTRSO00 NBYTIID +...
4-40 FAST ACCESS MEMORY (FAM) CIRCUITS

FAM circuits consist of the TRL delay line, the RK-counter,
the J-pointer register (JP-register), the K-pointer register
(KP-register), one FT25 Fast Access Memory module (F125
FAM module), and interconnecting logic elements. (See
figure 4-11.) ‘

FAM circuits are used only during execution of a read order,
a write order, or c checkwrite order. During execution of

a write order or a checkwrite order, data bytes pass from

the IOP through the I-register, the J-register, the FAM
module, the K-register, and the D-register to the selection
unit. (See figure 3-6.) During execution of a read order,
data bytes pass from the selection unit through the D-register,
the J-register, the FAM module, the K-register, and the

Paragraphs 4~-40to 4-41

O-register, to the IOP. For a two- or four-byte interface
width between the controller and the IOP, data bytes pass
from: the FAM module to the K-register and the I-register,
then through the O-register to the IOP. (See figure 3-7.)
Thus, dota bytes pass from the J-register to the FAMmodule,.
and from the FAM module to the K-register (or the I-register)
regardless of the direction of data fiow between the IOPand
o selection unit.

The TRL delay line is started each time a data byte is to be
written into the FAM module (FAM write cycle) or read from
the FAM module (FAM read cycle). The RK-counter keeps
track of the number of active bytes in the FAM module
(bytes written into, but not yet read from, the FAM module).
The L-register addresses a location in the FAM module into
which o byte is writien, or from which ¢ byte is read, and
generates outputs that indicate the next FAM moduie loca-

‘fion oddressed. During a FAM write cycle, the JP-register

accepts from the L-register the address of the nexi FAM
module lacation into which a byte is written. During a FAM
read cycle, the KP-register accepts from the L-register the
address of ihe next FAN: module location from witich a byte
is read,

The FAM module (figure 4-12) contains 16 addressable eight~
bit registers. The four-bit address determines which of the
16 registers is available for input or cutput. A data byte is
stored in the cddressed register a: the input clock signal
goes false. Data may be read from the addressed location

at ony iime.

4-47 TRL Delay Line

The TRL delay line (figure 4-13), which consists of a 300-ns
deley line and associared gates, controls data transfer into
anc cut of the FAM module, increment and decrement of
the ki{-counter, and transfer of addresses from the L-register
to the KP-register or the JP~register. During the execution
of a «sek order, the TRi. delay line controls storuge of data
info the T-register and the S-register.

Wh'l> device controller busy flip-flop DCB is in the .eset
stare, CYCLER is true and remains latched after DCB is set
by an accepted SIO command.

CYCLER = NTRS030 (NDCB + CYCLER + ...)
1480l
Wher SREAD (or SWRITE) comes true during exrcution of an
order, the TRL delay line is started. After a 30-ns delay,
a tree TRS030 signal inhibits the inputs, the signal CYCLER
goes false, and the SREAD (or SWRITE) signal does riot con-
trol the delay line. After a 130-ns delay, a trie TRS130
sigual inhibits the SREAD (or SWRITE) signal.

SREAD NTRS130 NREMPTY (DCB SREAD + ...)

I

SWRITE NTRS130 RKO (DCB SWRITE + ...)

I

Because the CYCLER signal is an input to starting gates for
SREAD and SWRITE, the SREAD ond SWRITE signal cannot
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Figure 4-11. FAM Circuits, Simplified Logic Diagram
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Figuré 4-12. FAM Mocduie, Block Diagram

start a new TRL delay line cycle until the previous cycle
is complete.

SWRITE = NTRS130 RKO (CYCLER JFI NTRS000
+ ...)
SREAD = NTRS130 NREMPTY (CYCLER NTRS000

NKFI SREADEN
+ CYCLER NTRS000 NFKI READ + ...)

After a 200-ns delay, CYCLER becomes true and is latched,
allowing the SREAD (or SWRITE) signal to start the delay
line if required.

CYCLER NTRS03G (TRS300 + CYCLER + ...)

The SWRITE signai cannct be true unless the J-register-
filled signal JFL is true. Signal JFlis true after data has

been stored in the J-register. When the FAM module is
full, flip-flop RKOis set cnd the SWRITE signalis inhibited,
preventing any additional FAM write cycles. The SREAD
signal cannot be true unless the K —egister-filled signal
KTl is false. Signal KF1 is truc after data has been stored
in the K-register and is not false until the dcfa has been
transferred from the K-register during execution of anorder.
When the RK-counter indicates that all active byles have
be :n read from the FAM module, o true REMPTY signalin-
hibits the SREAD signal, preventing any additinnal FAM
read cycles. ' .

During execution of a read order, write order, or check-
write order, FAM write cycles and FAM read cyclesmay
occur in any sequence, under control of signals KFI and
JFL. When signal JFlis true andsignal KFI is false, signal
SWRITE and signal SREAD are both true. When CYCLER
comes true at the end of a FAM write cycie or FAM read
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Figure 4-13. TRL Delay Line, Logic and Timing Diagram
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cycle, the TRL delay line is started by both signals. How-
ever, either a FAM write cycle or a FAM read cycle can
occur, but not both. Priority is established by signals
which detect the type of order being executed. lfawrite
orderor checkwrite ordér is being executed, signal WCHW
is true and data transfers from the FAM module to the K~
register have priority; therefore, a FAM read cycle must
take precedence over a FAM write cycle. 'If a read order
is being executed, signal READ is true and data transfers
from the J-register to the FAM module have priority; there-
fore, a FAM write cycle must take precedence overa FAM
read cycle. '

The following signals control operations during a FAM
write cycle. '

N{SREAD WCHW) (SWRITE TRS030

RWRITE-1 =
+ RWRITE-1 NTRS000} NTRS130
RWRITE-2 = N(SREAD WCHW) (SWRITE TRS030
+ RWRITE-2 NTRS000)
RWRITE-N4 = RWRITE-2 NRK4

The following signals control operations during a FAMread
cycle.

RREAD-1 = N(READ SWRITE)(SREAD TRS030
+ RREAT-1 NTRS000) NTRS130

RREAD-2 = N(READ SWRITE)(SREAD TRSO30
+ RREAD-2 NTRS000)

RREAD-4 = RREAD-2 RK4

If both SWRITE and SREAD cre true, only one of these two
sets of signals are valid. if signal WCHW is true, ¢

FAM read cycle occurs because the facior N(SREAD WCHW)
is false. If signal READ is true, a FAM write cycle occurs
because the factor N(READ SWRITE) is false.

4-42 RK-Counter

During execution of a read order, write order, or check-
write crder, a data byte is transferred from the J-register
into an addressed location in the FAM module during a.
FAM write cycle, or read irom the FAM module into the
K-register {or the I-register ) during a FAM read cycle.

. The RK-counter, which consists of flip-flops RKO through
RK4 and associated logic elements, keeps track of the num-
ber of active bytes in the FAM module.

During phase RSA of an order out service cycle, RKO
through RK3 are set and RK4 is direct set. Clocking takes
place at the rising edge of TCL delay line signal TCS000-3.

M/RK4 PHRSAOO

il

PHRSAOO PHRSA ORDOUT

Paragraph 4-42

" ORDOUT

(S/RKO-S/RK3) =
(C/RKO-C/RK3) = RKCK
RKCK = N(PHRSAOO TCS000-3 + ...)

For service cycles other than order out, clocking for all
flip-flops takes place af the rising edge of TRL delay line
signa! TRS130.

{C/RKO-C/RK4) RKCK

RKCK

N(TRS130 + ...)

Flip-flops RKO through RK3 formar up/down counter clocked

by signal RKCK and controlled by flip-flop RK4. Flip-flop

RK4 changes state at each clock and controls all read count
gaies through signal RREAD-4 and controls ait write count
gates through signal RWRITE-N4.

S/RK4 = NRK4
R/RKA =
RREAD -4 = RREAD-2 RK4

RWRITE-N4 RWRITE-2 NRK4

Ther<fore, read count gates are enabled durirg a FAMrecd
cycle, and write count gates are enabled du.ing a FAM
write cycle. '

I signal RREAD-4 is true when the flip~flops are clocked,
the flip-flops count up, as indicated in table 4-3.

il

S/RKO = RREAD-4 NRKO RK1 RK2 RK3 + ...
R/RKO = RREAD-4 RKi RK2 RK3 + ...
S/RKI = RREAD-4 NRK1 RK2 RK3 + ...
R/RK1 = RREAD-4 RK2 RK3 + ...

S/RK2 = RREAD-4 NRKZ RK3 + ...

R/RK2 = RREAD-4 RK3 + ...

S/RK3 = RREAD-4 NRK3 + ...

RREAD-4 + ...

[

R/RK3

If signal RWRITE-N4 is true when the flip-flops are clocked,
the flip-flops count down, as indicated in tabl= 4-3.

S/RKO = RWRITE-N4 NRKC NRK1 NRK2 NRKB .o,
R/RKO = RWRITE-N4 NRKI NRK2 NRK3 + ...
S/RK1 =

RWRITE-N4 NRK1 NRK2 NRK3 + ...



R/RK1
S/RK2
R/RK2
S/RK3

R/RK3
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]

RWRITE-N4 NRK2 NRK3 + ...

RWRITE-N4 NRK2 NRK3 + ...

RWRITE-N4 NRK3 + ...

RWRITE-N4 NRK3. + ...

1

RWRITE-N4 + ...

Signals indicating the state of the RK-counter provide in-
puts to the TRL delay line (paragraph 4-41 ) the service

call logic (paragraph 4-32), and the end data and end ser-
vice logic (paragraph 4-35). At the start of a datc out or
o data in service cycle, the RK-counter (RKO RK1 RK2 RK3
RK4) is in state (1 1111). For either type of service cycle,
data bytes are first written into the FAM module, causing
a countdown for each byte written. As a byte is read from
the FAM module, a countup occurs. If the RK-counter
reaches state (0 1111), 16 octive bytes are stored in the
FAM module and the SWRITE signal is inhibited, preventing
any additional FAM write cycles until an active byte is
read from the FAM module.

SWRITE = NTR$130 RKO (DCB SWRITE + ...)

Table 4-3. Operation of the RK-Counter

PRESENT STATE NEXT STATE
If RWRITE-N4 Is True If RREAD~4 Is Troe
RKO RK1 RKZ RK3 RK4 “ RKO RK1 RK2 RK3 RK4 ‘ RKO RK1 RK2 RK3 RK4
1 | 0 0 0 0 0 1 1 1 1 1 0 0 0 1
[ 0 o 0 i 1 0 0 0 0 1 G 0 1 0
1 0 0 1 0 1 0 Y 0 1 i 0 0 1 1
1 0 O 1 1 1 (4] 0 1 0 1 4] 1 0 4]
1 0 1 0 0 1 0 0 1 1 1 0 i 0 1
1 0 1 0 1 1 0 1 0 9 1 0 i ! (¢]
1 0 1 1 0 1 0 1 0 ] 1 0 1 1 1
1 0 1 1 1 1 0 1 1 0 1 1 0 0 c
1 1 0 0 0 1 0 1 1 1 1 1 o 0 i
1 1 0o ¢© 1 1 1 0 0 0 1 1 Y 1 0
1 1 0 1 6 1 1 0 0 1 1 1 0 1 1
1 1 0 1 1 1 1 0 1 0 1 1 i 0 G
1 ] i 0 0 1 1 0 1 1 1 1 1 0 1
1 1 1 0 i 1 1 1 0 0 1 1 1 1 o
1 1 1 1 0 1 1 1 0 i 1 1 1 1 1
1 1 1 1 1 1 1 1 1 0 (Inhibited)
Notes

1. The number of active bytes in the FAM module is indicated by the ones complement of the RK—ounter

state (1 1111 indicates C active bytes; 0 1111 indicates 16 active bytes)
2. Initial state (1 1111) can be followed only by a FAM write cycle; a subsequent state {1 1111} inhibits

the FAM read cycle
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If the RK~counter reaches state {1 1111) after bytes have
been written into the FAM module, all active bytes have
been read. Therefore, signal REMPTY becomes true, in-
hibiting the SREAD signal and preventing any additional
FAM read cycles until a byte is written into the FAM mod-
vle.

SREAD = NTRS13C NREMPTY (DCB SREAD
+..0) ’
REMPTY = RKO RK1 RK2 RK3 RK4

Flip-flop SCR is controlled by RK-counter signals, and in
" turn controls service call flip-flop SCN and end data flip-
flop EDISET3. SCR is direct set during phase RSA of an
order out service cycle.

M/SCR = PHRSAOO

During a data out or a datain service cycle, SCRis clocked
by RKCK and changes stare under control of RK-counter
signals.

S/SCR = RREAD-2 SCRSET
SCRSET = NSCSET RK2 NRK3 NRK4
SCSET = WCHW RKISCR + READ NRKI1
RK1SCR = RK} SCR

R/SCh = SCRSET

C/SCk = RKCK

If the controller is executiag a write order or a checkwrite
order (WCHW true), SC3E{ is true until RK1 is reset, so
that SCRSET is false until RK1 is reset. Therefore, SCR
will remain in the set state until the RK-counter is in state
(1 0100), indicating thct 11 active bytes are in the FAM
module. If a FAM read cycle occurs at this time, RREAD-2
will come true and SCR will remain in the set state as the
RK -counter goes to state {1 0101) to indicate that there
are 10 active bytes in the FAM module. If a FAM write
cycle occurs at this time, RREAD -2 wiil be false and SCR
will be reset as the RK-counter goes to state (1 0011 ) to
indicate that there are 12 active bytes in the FAM module.

If the controller is execiing a read order (READ true),
SCSET is false until RK1 ic reset, so that’ SCRSET becomes
true when the RK-counter is in state (1 1100), indicating
that there are three active bytes in the FAM module. If

a FAM read cycle occurs at this time, RREAD-2 wiil come
true and SCR will remain in the set state as the RK~counter
goes to state (1 1101) to indicate that there are two active
bytes in the FAM moduie. If a FAM write cycle occurs at
this time, RREAD-2 will be false and SCR will be reset as
the RK-counter goes fo state (] 1011) to indicate that
there are four active bytes in the FAM module.

At the start of a data out service cycle following an order
out service cycle, SCN is direct set. This action is caused
by SCR, which is direct set during phase FS of the order out
service cycle.

NSCNMEN1T = DATAOUT SCR + ...

The input/output operation begins with at least three ser-
vice cycles, causing 12 bytes fo be written into the FAM
module before SCR is reset. Signal SCSET prevents reset of
SCM during phase FSL, so that SCN is not reset until af
least seven active bytes are in the FAM module.

S/SCN = SCNEN

SCNEN = SCN DATA EXT SCSET

SCSET = WCHW RKISCR + ...
Since SCN is not reset until phose FSL, an additional ser-
vice cycle of four bytes is in process and 12 byies are writ-

fen.

Aiter the initial service cycles, SCRis set whenzver there

“are 11 active bytes in the FAM module (1 0i00), and a

FAM read cycle occurs, After SCR is set, SCN is set again
to request a service cycle. At the start of ¢ data in service
cycle following an order out service cycle, SCNis in the
reset state.  After four bytes have been writfen into the
EAM module, SCR is reset and SCN is direct set.

1l

NSCNMEN] READ RKID SCNREN =+ ...

SCNREN NSCR + ...

|

Signal SCSET prevents reset of SCN during pnase FSL, sc
that SCN is not reset if there are eight or more active bytes
in the FAM module.

S/SCN = SCNEN

1

SCNEN = SCN DATA EXT SCSET

READ NRK1 + ...

SCSET

After the initial service calls, additional bytes are written
into the FAM module. If a FAM read cycle takes place
while there are three active bytes in the FAM module
(Y 1100), SCR is set, thereby inhibiting any service call
when there are less than four bytes in the FAM module.
For any other condition, SCR is reset and a scrvice call
moy be requested.

An end service signal is generated during phase RSA of a
data out service cycle if SCR is reset {12 or more active
bytes in the FAM module).

S/EDISET3 = NSCR NEDIS3 + ...

NEDIS3 = PHRSADO (NRK3 + NBYTIID)
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For a multiple-byte interface, this flip-flop is set after 12
active bytes are in the FAM module (i 0011); for a single-
byte interface, this flip-flop is set after 14 active bytes
are in the FAM module (1 0001).

4-43 JP-Register

The J-pointer register (JP-register), which consists of buf-
fered latches JPO through JP3, stores the address of the next
‘EAM location to be selected for writing data from the J-
register. During a FAM write cycle, the address stored in
the JP-register is placed in the L-register for addressing a
location in the FAM module and a new address is accepted
from outputs of the L-register. (See figure 4-14.)

During phase RSA of an order out service cycle, the address
1111 is stored in the JP-register. Therefore, the first FAM
location addressed for writing is always location 1111.

3P0 = PHRSAQO + ...

PHRSAQO = PHRSA ORDOUT
JP1 = PHRSAOQO + ...
JP2 = PHRSAOOD + ...
JP3 = PHRSAQO + ...

During a FAM write cycle, the incremented value from the
L-register output signals is stored in the JP-reyister. Refer
to paragraph 4-45 for operatior of the L-register.

JPO = JPXL LEC + ...
JPXL = RWRITE-2 TRS270 NTRS000
JP1 = JPXL LEl + ...
JP2 = JPXL LE2 + ...
JP3 = JPXL NLO3 + ...

An address stored in the JP-register during o FAM write
cycle is retained while signal JPXO is true.

JPO = JPO JPXG + ...
JPXO = N(RWRITE-2 TRI80)
RWRITE-2 = N(SREAD WCHW) (SWRITE TRS030
+ RWRITE-2 NTRS000)
JP1 = JP1 JPXO + ...
P2 = JP2 JPXO + ...
P3 = JP3 JPXO + ...
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Signal JPXO0 goes false during a FAM write cycle just before
the new address is transferred from the L-register. Conse-
quently, the contents of the JP-register are 0000 before c
new address is stored.

4-44 KP-Register

The K-pointer register (KP-register), which consists of buf-
fered lotches KPO through KP3, stores the address of the
next FAM location to be selected for reading data into the
K-register {or I-register). Durmg a FAM read cycle, the
address stored in the KP-register is placed in the L -register
for addressing a location in the FAM module, and a new
address is accepted from outputs of the L-register. (See

figure 4-15.)

During phase RSA of an order out service cycle, the address
1111 is stored in the KP-register. Therefore, the first FAM
location uddressed for writing is always location 1111.

KPQ = PHRSAOO + ...

PHRSAOO = PHRSA ORDOUT
KP1 = PHRSAQO + ...
KP2 = PHRSAQO + ...
KP3 = PHRSAOO + ...

During 1 FAM read cycle, the incremented value from the
L-regisier output signals ore stored in the KP-register. Refer
to paragragh 4-45 for operation of the L -register.

KPO = KPXL LEO + ...
KPXL = RREAD-2 TRS270 NTRS000
KP1 = KPXL LET + ...
KP2 = KPXL LE2 + ...
KP3 = KPXL NLO3 + ...

An address stored in the KP-register during a FAM read
cycle is retained while signal KPXO0 is true.

KPO = KPO KPX0 + ...
KPX0 = N(RREAD-2 TRS180)
RREAD-2 = N(READ SWRITE)(SREAD TRS030
+ RREAD-2 NTRS000)
KP1 = KP1 KPX0 + ...
KP2 = KP2 KPX0 + ...
KP3 = KP3 KPXO + ...
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JFL I L

CYCLER | 1 |

swrie [ | |

RWRITE-1 l I ' i l

RWRITE-2 | L] ‘ | |

Lo2 T Nl

L03 @ [
Iz L___J I
Jp3 1 I

JPXL i ]
JPXC [_[ L]
[ 1

FAM WRITE
CLOCK j - - —J——‘l
0 2G0 400 600
l | l |
TIME IN NS

NOTES:
1. CONTENTS OF L02 AND L03 CLEARED BY NTRS030

2. RK-COUNTER INCREMENTED BY TPS130

3. DATA TRANSFERRED FROM J-REGISTER TO ADDRESSED LOCATION
IN FAM MODULE BY FAM WRITE CLOCK

4, JFI LATCHED UNTIL JFIRESET TRUE

901641A.304

Figure 4-14. Sequence of FAM Write Cycles, Timing Diagram

4-47



XDS 901565

RREAD-1 [T ] 1
RREAD-z | 1] o L

L02 ;

O —

KP2 {

L03

KP3 l

KPXL 1 J—i_

KPX0 | LI
KXR B 1
0 200 400 600
| | |
TIME IN NS
NOTES;

i. CONTENTS OF L02 AND LO3 CLEARED BY NTRS030
2. RK-COUNTER INCREMENTED BY TRS130C

3. DATA TRANSF.ERRED FROM ADDRESSED LOCATION IN
FAM MODULE TO K-REGISTER {OR I-REGISTER) BY KXR

4. KFI FALSE UNTIL KFISET TRUE, GENERATING KFIX1

Q016414.305

Figure 4-15. Sequence of FAM Read Cycles, Timing Diagram
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Signal KPXO0 goes false during a FAMreadcycle just before
the new address is transferred from the L-register, so that
the contents of the KP-register are 0000 before a new ad~
dress is stored.

4-45 L-Register

The L-register consists of buffered latches LOO through LO3
and buffered latch NLO3 which stores the bit complementary
to the bit stored in LO3. The L-register provides a four-
bit address input to the FAM module during either a FAM
read cycle or a FAM write cycie. Outputsof the L-register
provide inputs to the KP-register or to the JP-register and
store an incremented address in these registers, as summa-
rized in table 4-4. Refer to paragraph 4-43 for operation
of the JP-register and to paragraph 4-44 for operation of
the KP-register.

During a FAM write cycle, the contents of the JP-register
are stored in the L-register while signal RWRITE-1 is true.

Parcgrapn 4-45

Signal RWRITE-1 is latched until a data byte is stored in
the addressed FAM location, and an incremented address
is stored in the JP—register. (See figure 4-13.)

LOO = JPO RWRITE-1 + ...
RWRITE-1 = N(READ WCHW) (SWRITE TRS030
+ RWRITE-1 NTRSC00) NTRS130
L0l = JP1 RWRITE-] + ...
L02 = JP2 RWRITE-1 + ...
LO3 = JP3 RWRITE-1 + ...
NLO3 = NJP3 RWRITE-1 + ...

During a FAM read cycie, the contents of the KP-register
arz stored in the L—register while signal RREAD-1 is true.

Table 4-4. Relation Between State and Output of the L-Register

il  SIGMALS OUTPUT TO JP-REGISTER
L0 Lol Lo2 103 CLE0 LA LE2 23 L123 OR KP-REGISTER
c 0 0 0 0 0 0 o 0 0 00 0 1
o 0 0 ] o 0 0 0 00 1 0
o o0 1 0 o 0 0 0 00 1 1
o o6 1 1 o 1 0 1 0 01 00
o 1 o 0 o 1 0 0 0 01 01
e 1 o0 1 0 1 1 0 0 01 109
0o 1 1 0 0o 1 1 0 0 01 11
0 i 1 1 1 0 0 ] ] 1 0009
1 0 0 0 1 0 0 0 0 1 0 01
1 c 0 1 1 0 1 0 0 1 01 0
1 0 1 0 1 0 1 ¢ 4] 1 0 1 1
1 o0 1 1 1 1 0 1 0 1100
! 1 o @0 1 1 0 0 0 1101
11 0o 1 i 1 ) 0 0 1110
1 1 1 0 1 1 1 0 0 111
L. 1 L o o0 O ] ] 0 009
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Signal RREAD-1 is latched until a data byte is read from
the addressed FAM location and an incremented address is
stored in the KP-register. (See figure 4-14.)

LOO = KPO RREAD-1 + ...
RREAD-1 = N(READ SWRITE) (SREAD TRS030
+ RREAD-2 NTRS000) NTRS130
Lol = KP1 RREAD-] + ...
L02 = KP2 RREAD-1 + ...
LO3 = KP3 RREAD-1 + ...
NLO3 = NKP3 RREAD-] + ...

The incremented value of the input to the L-register is
cenerated by a set of exclusive CRgates for the most signi-

’m bits of the address.

LEC = (LOO + L123) N(LOO L123)
L123 = LOV L23
123 = LO2 LO3
LEY = (LOT + 123) N{LOI L23)
LE? = (L02 + L03) N(L02 L03)

During a FAM write cycle, the incremented address is
placed ir the JP-register; during a FAM read cycle, the
incremented address is placed in the KP-register.

The L-register is cleared 30 ns ofter starting the TRL delay
line, so the address frem the KP-register or JP-register can
be read ot address outputs LOO trrough LO3 and NLOZ.

L00 = LOO NTRS030 + ...
LOT = LO? NTRS030 + ...
L02 = L02 NTRS030 + ...
103 = LO3 NTRS030 + ...
NLO3 = NLO3 NTRS030 + ...

After the L-register is cleared by cignal NTRS030 and is
loaded os previously described, signal NTRSC30 acis as a
latch control until a new value is foaded.

4-46 Operation of FAM Circuits During the Write Sequence

While the controller is executing a write orderora check~
write order, data is transferred from the I-register to the
D-register through the FAM circuits. (See figure 4-1 1.)
Data accepted from the IOP passes through the I-register,
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the J-register, the FAM module, the K-register, and the
D-register to the addressed selection unit. For a write
sequence, data transfers from the FAM module to the K-
register have priority over data transfers from the J-register
to the FAM module. This priority assures that the D-register
will have data for transfer to the selection unit.

Data transfer from the IOP is centrolled by the phase con-
trol circuit as described in paragraph 4-20. Data from the
IOP is requested during phase RSA. As the IOP responds,

the TCL delay line is startea, IOP data is stored in the I~

register, and phase RS is entered. .

DCL

]

CYCLE/C PHRSA RSAU + ...

IXD

PHRSADO TCS000-3

New data cannot be requested until phase RSA is entered
from phase RS. This change of phase cannot occur untilall
previcusly accepted data has been transferred to the FAM
module and the J-register is empty (JFI faise).

i

DCL CYCLE/C DCLSTART2 NR3AU

+ ...

- DCLSTART2 WCHW PHRS NJFL + ...

"

The J-register is cleared ofter its contents have been frans-
ferred to the FAM module.

NJX0 = PHRSDO TCS000-1

Data transfers from the FAM circuits to the selection unit
are controlled by the selection unit interface circuits as
described in paragraph 4-53. Data iransfers from the FAM
module to ihe K-register cre controlled by the TRL drlay
line. Data transfers from iha K-register to the D-reg’ster
take place at eight-bit intervals uniil the postamble is
written (POST true).

DXK = WRITE NPOST BIT7RWE + ...

The funciion of the FAM circuits is to processdata transfers
between the IOP and the addressed selection unit, providing
dato to the selection unit at the required raie for an IOP-
te-controller interface of one byte, two bytes, or four hytes.

4-47 ONE-BYTE INTERFACE. For a one-byie interface
with the IOP, signal BYT1ID is true, the byte counter is
not used, and the data path from the IOP is through the
most significant byte of the I-register (100-107) to the J-
register, then to the addressed location in the FAM module.
(See figure 4-11.) :

When IOP data is first stored in the I-register, signal JFI

is false. Therefore, the data is transferred to the J-register
as the TCL delay line is started during phase RS, and JFI

is raised and latched at the frue level.
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JXIIB = IOP BYT1ID PHRSDO TCS000-2
JFI = N(JFIRESET RWRITE-2 TRS180) (JFIX1
+ JFI NPHRSAOO + ...)
JEIX1 = PHRSDO TCS000-2

The controller can accept data from the 1OP but cannot
start the TCL delay line during phase RS until JFI is false.

The TRL delay line is started by JFI through signal SWRITL.

SWRITE = (CYCLER JFI NTRS000
+ ...) NTRS130 RKO

During the FAM write cycle that is started by this signal,
the following events take place: C

a. The L-register is cleared.

b. The contents of the JP-register are read through
outputs of the L-register to the FAM module.

c. The contents of the J-register are transferred in
parctlel to the FAM module location addressed by the L~
register outputs.

d. The decremented value of the contents of the JP-
register is read from the L-register outputs into the JP-
register.

e. The RX-counter is decremented.

Thase events are controlled by the following equations:

LOO = 100 NTRS030 + ...

JPXo ’ = N(RWRITE-2 TRS180)

(FAM write clock) RWRITE-2 TRS180

JPXL = RWRITE-2 TRS270 NTRS000
RKCK = N(TRS130 + ...)
RWRITE-N4 = RWRITE-2 NRK4

Signal JFI goes false as the contents of the J-register are
stored in the FAM module, and a transfer from phase RS to
phase RSA is enabled.

JFI = N(JFIRESET RWRITE-2 TRSIBb)
(JFI NPHRSAOO + ...)

Data may be accepted from the 10P until the FAM module

is filled.  FAM read cycles transfer data from the FAM

module to the K-register after the preamble has been writ-
ten, enabling the TRL delay line to be started by an SREAD
signal.

SREAD = {CYCLER NTRS000 NKFI SREADEN
+ ...) NTRS130 NREMPTY
SREADEN = NPOST NRWE NRWP NWPRE

When data is first stored in the FAM module, signal KFI is
false. Therefore, the data is transferred to the K-register
as soon as the preamble has been written because FAMread
cycles have priority over FAM write cycies.

KFI = KXO0 (KFIX1 + KFI NPHRSAOO)
KFIX1 = KFISET RREAD-2 TRS180

During the FAM read cycle that is started by this signal,
the following events take place:

a. The L-register is cleared.

b. The contents of the KP-register are read through
outputs of the L-register to the FAM module.

c. The contents of the FAM module location addressed
by the L-register outputs are transferred to the K -register
(or the I-register).

d. The incremented value of the contents of the KP-
registor is read from the L-regisier outpuis inic the KXP-
register.

». The RK-counter is incremented.

These events are controlled by the following equations:

LGO = KPQ RREAD-1 + ...

KPXL = RREAD-2 TKS270 NVRSGOC

KPXO0 = M(RREAD-Z TRS180)

KXR = KXREN RREAD-Z TRSi80
KXREN = BKZZ + ...

~KCK = N(TRS13C + ...)

RREAD -4 = RREAD-2 RK4

Signal KFI is raised and latched as the contents of the FAM
module are transferred fo the K-register. Signal KFI re-
mains true until the K-register is cleared following transfer
of its contents to the D-register.

NKX0 = WCHW TDT2 + ...

This sequence of acceptance of data {from the 1OP, transfer
of ddta to the FAM module, and reading data from the FAM
module fo the selection unit continues under mutual cenirol
of phase controli circuits, FAM circuits, and selection unit
inteiface circuits. When the FAM module is filied, requests
for IOP data are inhibited because flip-flops RKO is reset,
inhibiting FAM write cycles, and JFLis held true, inhibiting
transfer from phase RS to phase RSA. When the FAM module
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Paragraph 4-48

is empty, FAM read cycles are inhibited because signal
REMPTY is true. Anyattempt to write intothe FAM module
when it is full or to read from the FAM module when it is
empty causes a rate error, as described in parograph 4-78.

4-48 MULTIPLE-BYTE INTERFACE. Foratwo- or four-byte
interface with the IOP, signal NBYT1ID is true, the byte
counter is used to control data transfer from the I-register

 fo the J-register, and the data path from the IOP is to the
I-register, to the most significant byte of the I-register
(100-107), to the J-register, then to the addressed location
in the FAM module. (See figure 4-11.) The rest of the
paragraph emphasizes the differences between write opera-
fions for a one-byte interface and for a multiple-byte in-
terface.

When IOP data is stored in the I-register, signal JFIX1
comes true and causes JFI to be icised and latched similar
a one-byte sequence. However, JFI remains latched

il all bytes accepted from th= IOP have been transferred
to the J-register. Data transfer irom the I-register is con=
trolied by timing signals of the RL delay line (instead of
the TCL delay lir2). Data transfers take place within the
I-register so that all transfers from the J-register are from
‘the most significant latches of the I-register (100-107). The
multiple-byte interface dota path from the J-register through
the FAM circuits fc the D-register is identical to the one-
byte interface data path. '

Signal JFI remairs latched at tha true level following ec-
zeptance of IOP data because u {alse JFIRESET signal takes
control from signal JFIX1, Once JFl is raised by JFIX1,
JFI remains latched until JFIRESET is true during a FAM
write cycle.

Jr1 = N(JFIREZET RWRITE-2 TRS180)
(JFIX? -+ JFI NPHRSAQO
+ ...)
JFIX1 = PHRSDO TCS000-2
NJFIRESET = WCHW N3YTIID BK! (Two- and
four-byte
interface)
+ WCHW.BYT4ID BKO (Four-byte
: interface)

The byte counter (BKO, BK1) is direct set to state (1, 1)
each time JFIX1 is true and clc=ked during each FAM write
cycle. (See paragraph 4-33.)

BKX1 = NBKXIEN + ...
NBKXIEN = WCHW JFIX1 + ...
NBKCK = BKCKEN TRS270 + ...
BKCKEN = NBYTIID(WCHW RWRITE-1 +...)
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For a two-byte interface, two FAM write cycles take place
before signal JFI goes false to enable a transfer to phase
RSA to request additional data from the I1OP. During the
first FAM write cycle, dota is transferred from latches (100~
107) of the I-register to the J-register, the contents of (108~
115) are transferred to {I00-107), and the byte counter goes
to state (1, 0) so that signal BKZW is true.

JXINIB = NBYTIID IOP DATAOUT RWRITE-2
TRS060
IX1-1 = IXEN RWRITEDC BKZZ
IXEN = NBYTIID TRL180 NTRL240

During the second FAM write cycle, data is transferred
from latches (100-107) of the I-register to the J-register as
before. However, since JFIRESET is now true, JFI goes
false during the FAM write cycle.

For o four-byte interface, four FAM write cycles take place
before signal JFI goes false to enable a transfer to phase
RSA to request additiona! data from the IOP. During the
first FAM write cycle, data is transferred as for the two-
byte interfoce. During the second FAM write cycle, data
is transferred from latches (160-107) of the l-register to the
J-register, the contents of (116~123) are transferred to (100~
107), and the byte counter goes from state (1, 0) to state
(0, 1) so that signal BKWZ is trua.

IX1-2 = IXEN RWRITEDO BKZW

During the third FAM write cycle, data is transfened from
latches (i00-107) of the I-register to the J—register, the
contents of {I24-131) are transferred to (100-107), and the
byte counter goes from state (0, 1) to state (0, 0) so that
signal BKWW is true.

IX:-3 = IXEN RWRITEDO BKWZ

During the fourth FAM write cycle, data is trarsferred from
latches {I00-107) of the I-register to the J-regisier us before.
However, since JFIRESET is now true, JFI goes false during
the FAM write cycle. Therefore, for ¢ multiple-byts inter~
face, the phase control circuits cannot request additioral
data from the IOP until previously accepte:' data has been
written into the FAM module. However, FAM read cycles
may occur during this interval to maintain the data rate to
the addressed selection unit. For u multiple-byte inierface,
data tronzfer from the FAM module to the K-register is en-
abled by a false READRR signal (instead of a true BKZZ
signal).

KXR = KXREN RREAD-2 TRS180
KXREN = NREADRR + BKZZ

READRR = READ RREAD-2
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4-49 Operation of FAM Circuits During the Read Sequence

While the controller is executing a read order, data is
transferred from the D-register to the O-register through
the FAM circuits, (See figure 4-11.) Data accepted from
the selection unit passes through the D-register, the J-
register, the FAM modu'e, the K-register (or the I-
register), and the O-register, to the IOP. For a read
sequence, data transfers from the J-register to the FAM
module have priority over data iransfers from the FAM
module to the K-register (or to the I-register), Thispriority
order assures that a data in the D-register will be stored in
the FAM module as it comes from the selection unit.

Data transfer from the selection unit is controlled by the
selection unit interface circuits as described in paragraph
4-53. Following detection of the preamble, daia bytes

cre transferred from the D-register to the J-register ateight-~

bii intervals as described in paragraph 4-54.
JXD = READ NPRE D12

A FAM write cycle is encbled each time signal JXD comes
true.

SWRITE = (CYCLER JFI NTRS000 + ...)
NTRS130 INRKO

JFI = N(JFIRESET RWRITE-2 TRS180) (JXD
+ JFI NPrirRSACC + ...)

FAM read cycles are aliowed after read/write enable flip-
flop RWE is set, as described in paragraph 4-62.

SREAD = (>k<ADEN NKFI CYCLER
NTRS000 + READ MNKFI CYCLER
NIRS000 + ...) NREMPTY
NTRS180

SREADEN

i

NFOST RWE NRWP NWPRE

While the phase control sircuits are in phase RSA, the 1OP
accepts data stored in the O-register und enables a transfer
to phase RS.

DCL = CYCLE/C PHRSA RSAU + ...

Unless end daia signal ED is true, new data is transferred from
the K-register (or from the K-register and the I-register)
into the O-register while the phase control circuits are in
phase RS.

OXK

n

OXKEN TCS000-2

OXKEN PHRS DATAIN NED

However, the TCL delay line cannot be started to permit
this data until additional data has been stored in the K-
register {or K-register and I-register) as indicated by a
true KFID signal.

Paragraphs 4-49 o 4~50

DCL

It

CYCLE/C DCLSTART2 NRSAU
+ ...

DCLSTART2 = PHRS READ KFID + ...

The function of the FAM circuits during a read sequence is
to control data transfers from the FAM module io the K-
register (or K-register and I-register) so that data may be
stored in the O-register for transfer to the IOP on a one-,
two-, or four-byte interface. '

4-50 ONE-BYTE INTERFACE. For a one-byte interfacs
with the IOP, signal BYT1ID is tive, the byte counter is
not used, and the data path from the addressed location in
the FAM module is first to the K-register then to the most
significant latches of the O -register {©C00-007). (See
figure 4-11.)

¥ach time selection unit data is transferred from the D~
register to the J-register, signal JFI is raised and laiched.
The TRL delay line is started, and since a FAM write cycle
has priority over ¢ FAM read cycle, a FAM write cycle
takes place.

During the FAM write cycle that is started by this signal,
the following events take plcce:

a. The L-register is cleared.

b. The contents of the JP-register are read through
outputs of the L-register to the FAM moduie.

c. The contents of the J-register are tansferred in
parallel to the FAM module location addressed by the L-
register outputs.

d. The decremented value of the contents of the JP-
register is read from the L-register outpuis into the JP-
register,

e. The RK-counter is decremented.

These events are controlled by the foliowing equations:

L0O = L00 NTRS030 + .

JPXO0 = N(RWRITE-2 TRS180)

RWRITE-2 TRS180

(FAM write clock)

JPXL = RWRITE-2 TRS270 NTRS000
RKCK = N(TRSI30 + ...)
= RWRITE-2 NRK4

RWRITE-N4
Signal JFI goes false cs the contents of the J-register are

stored in the FAM module. Whendata is first stored in the
FAM medule, signal KFI is fo'se. Therefore, the data can
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be transferred to the K-register any time after a false REMPTY
signal indicates that data is available, provided that no
FAM write cycle takes priority.

SREAD = (CYCLER NTRS000 NFKI READ
+ ...) NTRS130 NREMPTY
KF1 = KXO0 (KFIX1 + KFI NPHRSAOO)
{ KFIX1 = KFISET RREAD-2 TRS180

During the FAM read cycle that is started by this signal,
the following events take place:

a. The L-register is cleared.

b. The contents of the KP-register are read through
outputs of the L-register to the FAM module.

c. The contents of the FAM module location addressed
the L-register outpuis are transferred to the K-register
(or the I-register).

~d. The incremented value of the contents of the KP-
register is read from the L-register outputs into the KP-
register.

e. The RK~counter is incremented.

These events are controlled by the following equations:

LOO = LO0 NTRSO3C + ...

L0O = KPO RREAD-1 + ...

KPXL = RREAD-2 TR3270 NTRS000

KPX0 = N(RREAD-z TRS180)

RKCK = N(TRS130 ~ ...)

RREAD-4 = RREAD-Z RK4

KXR = KXREN RREAD-2 TRS180
KXREN = BKZZ + ...

Signal KFlisraised and latched as the contents of the FAM
module are tranzferred to the K-register and KFI remains

true until the K-register is cleared following the transfer

of its contents to the O-register,

NKX0 = KXO0EN + ...

KXO0EN OXKEN TCS100-3

1 OXKEN PHRS DATAIN NED

This sequence of occepting data from the addressed selection
unit, transferring data to the FAM module, and reading
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data from the FAM module into the O-register for transfer
to the IOP continues under mutual control of phase conirol
circuits, FAM circuits, and selection unit interface circuits.
Data transfer to the IOP must continue at a high enough
rate so that there is always space in the FAM module for
new data vhich is accepted at @ constant rate. Request
strobes for the IOP cannot be generated unless there isdata
available for transfer. Any attempt to write into a full
FAM module or to read from the FAM module when it has
insufficient data causes a 1ate error as described in para-
graph 4-78.

4-51 MULTIPLE-BYTE INTERFACE. For a two= or four~
byte interface with the IOP, signal NBYTIID is true, the
byte counter is used to control data transfer from the od-
dressed iccation in the FAM module to the K-regisier and
I-register, and the data path from the FAM module to the

O -regisier is through the K-register and lower~order latches
of the I-register. (See figure 4-11.) This paragraph em-
phasizes the differences between a read szquence for acne-
byte intertace and for & multiple-byte intertace.

When seiection unit data is stored in the J-register, signal
JXD comes true and causes JFI to be raised and laiched as
for a one-byte sequence. Data transfers from the J-register
to the FAM module take place under control of signal JXD.
FAM write cycles ond FAM read cycles cause the sume se-
quence of events as for a one-byte interface. However,
signal KFiD cannot come true until sufficient data bytes
have been stored in the K-register and I-register.

The byte counter (BKO, BK1) is direct set to state (!, 1) by
sighal BKX1 each time signal KXO0EN is true. At this time,
data is hansferred to the O-registar from the K-registerand
I-register, both of which are then ciecred. Refer to para-
graphs A-C3, 4-37, 4-38, and 4-57 for details.

NKXu¢ = KXOEN + ...
BKX1 = NBKXIEN + ...
i{BKXTEN = READ KXOEN + ...

Once signal SREADEN is true, FAM read cycles, controlled
primarily by signal KFI, may take place whenever the FAM
module contains data bytes. Signals RREAD-1 and RREAD-2,
which conirol the priority of FAM read cycles over FAM
write cycies, become true during a FAM read cycie. Data
transfers nccur as described for a one-byte interface. As
the byte counter is clocked, it passes from state (1, 1} fo
(1, 0)to (3, 1) to (0, 0), as required.

NBKCK = BKCKEN TRS270 + ...
PKCKEN = NBYT1ID (READRR RREAD-1 +...)
READRR = READ RREAD-2

For a two-byte interface, two FAM read cycles must take
place before signal KFID goes true. When true, KFID
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enables a transfer to phase RSA and enables a request for
the IOP to accept data that has been stored in the O-reg-
ister. During the first FAM read cycle, data istransferred
from the addressed location in the FAM module to the K-
register, and the byte counter gaes to state (1, 0) so that
signal BKZW becomes true.

]

KXR KXREN RREAD-2 TRS180

KXREN

BKZZ + ...

Signal KFi does not latch true because signal KFIX1 is held
false by a false KFISET signal.

KFI = KX0 (KFIX1 + KFI NPHRSAOO}
KFIX1 = KFISET RREAD-2 TRS1E0
NKFISET = READRR NBYTIID BK1

+ READRR BYT4ID BKO

During the second FAM read cycle, data is transferred from
the oddressed location in the FAM module to the I-register
laiches 107 through 115, and the byte counter goes fo state
o, 1).

IXR-1

]

IXEN READRR BKZW

IXEN

NBYTiIC TRL180 NTRL240

Signal KFI latches during the second FAM read cycle be-
cause KFISET is true. (BK1 is false, and BYT4ID is false. )
Beccuse KFI latches, KFID aoes true and is latched until
the data transfer is made to the O -register.

KFID KXO(KFID + KFIDX1)

-KFIDX1 KFI TRS270

When the data transfer is rade, the byte counter isset to
state (1, 1).

For a four-byte interface, four FAM read cycles must take
place before signal KFID goes true. The first two FAM

read cycles are controlled as for a two-byte interface. How-
ever, after the second FAM read cycle, KFISET remains
false since the byte counter is in state (1, 0) and BYT4ID

is true. Therefore, KFIdoes not latch true, and a byte is
read from the FAM module into I-register latches 116 through
123.

IXR-2 = IXEN READRR BKWZ
During the third FAM read cycle, the byte counter goes to
state (0, 0). Therefore, during the fourth FAM read cycle,
a byte is read into [-register latches 124 through 131.

IXR-3 = IXEN READRR BKWW

Paragraph 4-52

During this FAM read cycle, KFISET is true, KFI latches,
and KFID is latched untii the data transfer to the C-register
is made. When the data transfer is made, the byte counter
is set to state (1, 1).

4-52 Operation of the TRL Delay Line for a Seek Order

During execution of a seek order, the contents of the I-
register must be transferred to the J-register, and the con-
tents of the J -register must be transferred fo the T-register
or S-register in two successive data out service cycles.

Data transfer from the IOP is controlled by the phase control
circuits as described in paragraph 4-20. Data from the 10P
is requested during phase RSA. As the IOP responds, the
TClLdelay line is started, 1OP data isstored in the I-register,
the byte counter goes from state (1, 1) to state {1, 0), and
phase RS is entered.

DCL = CYCLE/C PHRSA RSAU + ..
NBKCK = PHRSA SEKSEND TCS000-3
XD = PHRSADO TCSG00-3

New datais accepted after phase RSAis entered from phase
RS. This change of phase is enabled immediately after phase
RS is entered, if the request strobe ackrowledge signal is
false.

CYCLE/C DCLSTARTZ NRSAU

pCL =
+ ...
DCLSTART2 = PHRS SFKSEND + ...
. SEKSEND = SEEK NPHRSAOO + ...

Date transfers from the I-registes to the J-regist -r must take
place before new data is accepted from the IOP. The data
transfer is enabled hy the TCL delay line.

JXI1B = IOP PHRSADO TCS000-2 BYTIID

Signai BYT1ID is true even if the controller is operating
with @ two-byte or four-byte IOF interface. As indicated
in figure 4-21, byte width signals are true only auring exe~
cution of read orders, write orders, or checkwrite orders
for which signal WRCH is true.

For any IOP interface width, data transfers froin the J-
register to the T-register or to the S-register are enabled
by the TRL delay line and are conirolled by byte counter
signals. The byte counter is clocked during phase RSA,
(See paragraph 4-33.)

NBKCK = PHRSA SEKSEND TCS000-3
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Therefore, when phase RS is first entered, signal BKWZ is
true, and data is transferred from the J-register to the T~
register after the TRL delay line is started.

SEEK RWRITEDO BKZW TRS130

™>J

RWRITEDO DATAOUT RWRITE-2

1!

While the controller is in phase RSA a second time, the
byte counter is clocked again, causing signal BKWZ to be
true. After the second byte is accepted and stored in the
J-register, bits O through 3 are iransferred to the T-register
and bits 4 through 7 are transferred to the S-register. (See
paragraphs 4-25, 4-39, and 4-68 for details. )

o~

TXJ SEEK RWRITEDO BKWZ TRS130

1l

SXJ SEEK RWRITEDO -BKWZ TRS130

‘53. SELECTION UNIT INTERFACE CIRCUITS

- The seiection unit inlerface circuits control exchange of
signals between the controller and the selection units. When
the controller is executing an order, an 11-bit track address

lis sent to the addressed selection unit during intersector gap
time. (Twobits of the 11-bit address should clways be zeros. )
Angular position signals from the selection unit identify the
sector under the read/write heads. When the angular posi-
tion signals maich the sector address register signals, data
transfer can begin. Data is writt2n on the addressed track
for a valid write order; data is recd from the addressed track
for a valid read order or checkwrite order.

During execution of a write order, bits are written on the
track by the Manchester encoding method, using the clock
signals of @ 3-MHz oscillotor i the controlier. A counter
controls the shifting of the treck address and the writing
of the five-byte preamble, the 1024 data bytes, the two-
byte checksum, and ihe single hyte of zeros. The five-
.fe preamble is generated at ‘nputs to the K-register. The
Wi bytes are accepted from the FAM circuits into the K-
register.. Data from the K-register is transferred to the D-
register in parallel and is shifted inseries fromthe D-register
to the selection unit. After cll data bytes have been writ-
ten, zeros are stored in the K-register (if necessary) to
complete 1024 data bytes per sector, then the two-byte

checksum is transferred from the P-register to the K-register.

After the checksum is written, u byte of zeros is written
before the read/write heads are disabled.

During execution of a read order, clocking is initiallycon-
trolled by the oscillator in the coniroller. During this initial
period, the addressed selection unit develops a clock sig-
nal from the Manchester-encoded data. After an interval
established by logic circuits, cicck control is transfesred
to a data strobe clock signa! developed in the addressed
selection unit. When the preamble synchronization pattern
is detected, the data is accepted serially in eight-bit bytes
into the D-register and is transferred in parallel to the

o
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J-register.From the J-register, the data passes to the FAM
circuits, Afterthe 1024 dato byteshavebeenread, the two-
byte checksum read from the addressed selection unit is com-
pared with a checksum developed during execution of the
read order. After the checksum comparison is made, no
additional data is accepted from the addressed selection unit,

During execution of a checkwrite order, clocking isinitially
controlled by the cscillator in the controller, then by the
data strobe clock. The preamble synchronization pattern
indicates the start of data, as for a read order. Data from
the IOP is moved as far as the D-register. As IOP data is
shifted serially from the D-register, the data is compared
with data accepted from the addressed selection unii. This
comparison is made for 1024 data bytes and for the two-
byte checksum developed by controller logic. Thus, the
checkwrite order involves operations similar to thete for
execution of a write order (but does not include writing
date) and includes operations similar to those for exacution
of a read order (but does not include transferring data to

the 10OP).
4-54 TDL Celay Line

The TOL delay line, which inciudes control flip-fiop TDT
and associated logic elements, generates timing signals to
enable data transfer in the selection unit interface circuits.

(See figure 4-16.)

Whenever flip-flop TDT is set, the TDL delay line !sstarted.
After 4G ns, TDT is direct reset. After 60 ns, the input to
the delay fine is inhibited, so a new cycle cannot bestarted
unti! the previous puise has passed.

TDLOCO = TDTSET NTDLOSO

E/TDT

[}

1]

TDLO40

The d_éicy line provides pulses of nominal 40-ns durciion at
intervals of 20, 40, 60, 89, and 100 ns. Signal TOT1 is
equivalent to TDL0O20; signal TDT2 is equivelent to TDLOBO.

Fiip-flop TDT, which is clocked by read/write cleck signel
RWCK, is set wher.aver TDTSET is true and is reset whernever
TDTSET is false. :

S/TDT = TDTSET
RATDT = ...
C/TDI = RWCK

Signal TDTSET is controlled by signals generated by the B-
counter and by the selection unit interface logic. During
execution of a write order, signal TDTSET comes true at
eight-bitintervalsto enable the transfer from the K-register
to the D-register of the five-byte preamble, the 1024 data
bytes, and the two-byte postamble.
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Paragraphs 4-55 to 4-56

TDTSET = DXK + ...
DXK = WRITE NPOST BIT7RWE + ...
BIT7RWE = B10 B11 BI12 RWE

During execution of a read order, no transfer of data from
the K-register to the D-register takes place, and the pre-
‘amble synchronization pattern is used to identify the start

‘of the dota bytes. Once the data bytes are available, the
TDL delay line is storted at eight-bit intervals to enable a
transfer of data from the D-register to the J-register.

TDTSET = TDTSET! + ...
TDTSET1 = BIT7RWE NPOST iNPRE + ...
: JXD = NPRE READ TDT2

Q;ng execution of a checkwrite order, transfer of data

the K-register to the D-register takes place, and the
preamble synchronization patterr is used to identify the
start of the data bytes. When the preamble synchronization
pattern is recognized {PSPR truej, the rext bit received
from the seleciion unit will be the first data bit. Therefore,
the TDL delay line is started tc enable the first data byte
received from the IOP (ond in the K-register) to be trans-
ferred to the D-register and compared bit by bit with the
first data byte received from the selection unit.

TDTSET = DXK + ...
DXK = CHWR FSPR + ...
PSPR = NDAR NDGO DO1 D02 PSPBREND
PSPBREND = PSPB RCND
PSPB = BO7 B0& PRE RWE
REND = RWE RCHW

Subsequent data bytes from the ICP are transferred from the
K-register to the D-register ai eight-bit intervals.

TDTSET

DXK + ...

DXK

i

CHWR NPOST NPRE BIT7RWE + ...
Data bytes are received until postamble time (POST false).
For either read orders, write ordcrs, or checkwrite orders,
the TDL delay line is started at eight-bit intervals while
flip-flops RWP and RWE are in the set state.

TDTSET

I

TDTSETT + ...

Il

TDTSET1 RWP BIT7RWE + ...
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4-55 Interface Clocking

The clock signals controlling the selection unit interface
circuits are controlled by an internal 3-MHz oscillator hav-
ing an output signal designated CLK3MH, flip-flops DSE
and CLK, and conirol signals EXT and DSR. The read/write
clock signal, which is designated RWCK, is generated by
four identical ciccuits.

(RWCK-1 ~RWCK-4) = RWCK

CLK3MH (1.5 MHz write
NEXT CLK clock, not ex-
tended performance)

+ CLK3MH  {3.0 MHz write
EXT NDSE  clock, extended

performance}

+ DSE DSR  (Read clock)

RWCK

Durin:: execution of any order, the read/write clock is
generated by the internal clock at the start of a sector.
During this period, the controller is either writing the pre-
amble or counting locally generated clocks in a search for
the preamtle synchronization patiern.

RWCK = CLK3MH EXT NDSE + ...

For o writz order, this equation generates the read/write
clock thioughout the sector. Foi a recd order, the read/
write clock is controlled by the selection unit data strobe
after DSE is set, as described in paragraph 4-59.

RWCK DSE DSR + ...

/os/
When signal EXT is false (as described in paragreph 4-82),

the read/write clock frequency is recuced by a facre. cf
two, using flip~flop CLK as a frequency divider.

OSR

1

RWC!Y = CLK3MH NEXT CLK + ...
S/CLKX = NCiK NDSE

R/CLK = ...

C/CLK = CLK3MH

When control of the read/write clock is transferred o the
data strobz, the reduced frequency clock is read from the
signal as for an EP RAD selection unit.

4-56 B-Counter
The bit and byte counter (B-counter) consists of flip~flops

BOO through B12 and associated logic elements. These flip-
flops, which have no reset inputs, are set by a clock signal
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if the set input is true and are reset by a clock signal if the
set input is false. All logic equations for the B-counter
are written with the following simplificaticns:

(RWCK-1 - RWCK-4) = RWCK
PRE-1 = FRE

BX0-1 = BXO
NBX0-1 = NBX0
(6073) = BO5

(A£075) = B0O3 BO4 BOS
(2077) = B12

(6079) = B10 B11 BI2

The functions of the B-counter are:

a. To count bits transmitted to the addressed selection
unit or received from the addressed selection unit, in serial
order

b. To coniro! data transfers within the controller so
thot eight-bit bytes are transferred between registers

c. To control writing of the five-byte preamble during
execution of a write crde~

d. To enable search for the four-bit preamble synchro-
nization pattern during execution of a read order or check~
write order

e. Toidentify the postamble during execution of a
read order, write order, or checkwrite order .

Bits are counted by flip-flops B10, B11, and B12; bytesare
counted by flip-flops BOO through B09. The description of
the B-counter operation is rzlated to the sequences described
in paragraph 4-59.

At the beginning of each infersector gap, flip-flop PRE,
RWP, and BCE are in the reset state, and signals BXO and
SECP ore false. Read/write clock signal RWCK is gener-
ated from a source internul to the controller. When asector
pulse or index pulse is dei2cted, o true SECP signal clears

flip-flops BOO through BOS.

(E/BOO-E/BO5) = SECP
SECP = SPR + IPR
SPR = /SP/

IPR = /[ip/

The next read/write clock sets TSE and genearates a true
BXO signal that reseis flip-flops B06 through B12 because
set inputs to each of these flip-flops are fclse.

(C/B06-C/B11) BXO RWCK + ...

BXO = PXS + ...
PXS = NRWP TSE
- C/B12 = RWCK + ...
$/B0S = NB0O6 NBXO + ...
S/B12. = NBI2 NBXO + ...

During execution of a write order, flip-flops BU6 through
B1Z count subsequent read/write clocks in binary sequence
from 0 000 000 to 1 110 111 (decima! 119). Flip~flop PRE
is set when the B-counter is in state 1 001 000 (decimal 72).
Flip-flop RWE is set when the B-counter is in state 1 601 100
(decimal 76), provided the sector compare signal is frue and
nc errors are detected. Flip-flop RWP is reset when ihe
B-counter is in state 1 010 000 (decimal 80). Flip-flop
BCE is set when the B—counter is in sicte 1 110 000 (decimal
137). When the B-counter reaches a count cf 1 110 111
(docimal 119), signal BXQ is true, resetting flip-flops BO&
thiough B12 as before and causing PRE to be resct.

BX0 = PSP WRITE BITZRWE + ...
PSPB = BO7 BO8 PRE RWE
BIT7RWE = B0 B11 B12 RWE

R/PRE = BXO

C/PRE = RWCK

Flip-flop BCE is reset one clock time later wh=n PSPB is
false.

S/BCE = PSPB
R/BCE =
C/BCE = RWCK

While PRE is set and BCE is reset, signal WPRE causes the
five-byte preamble to be stored in the K-register for transfer
to the D-register. At counts 79, 87, 95, and 103, the

pattern 0101 0101 is stored in the K-register. At count

111, the pattern 0011 0101 is stored in the K-register.
(See paragraph 4-57.)
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WPRE BIT7RWE (Counts 79, 87, 95,
103, 111)

PRE WRITE NBCE (Counts 73 through
112)

BO7 B09 (Counts 104 through 111)

As BCE is reset, the B-counter is placed in siate 0 000 000

001 000 cnd begins a binary count to state 1 111 111 111

1.

4-62

S/B00

S/B06
C/B0O
BOSCK
C/B01
C/B02
C/B03
C/B04
C/B05
C/B06
S/B07
S/B08
S/B09
BO9X1
S/B10
S/B11
S/B12
C/B07
C/B08

C/B09

C/B10
C/B11

C/B12

]

i

n

il

NBOO NPRE + ...

NBO6 NPRE + ...

BOSCK BO5 B04 BO3 BO2 BO1 + ...

BO6 NBCE
BOSCK BO5 BO4 BO3 BO2 + ...
BOSCK BO5 BO4 BO3 + ...
BO5SCK BO5 504 + ...
BOSCK BOS + ...

BOSCK

RWCK B12 Rl1 B10 BO9 BO3 BO7+..

NBO7 NBXG + ...

NBO8 NBXC + ...

BOYX1 NBXO + ...

WCHW RWE

NB10 NBXO + ...

NB11 NBX2 + .

NB12 NBXO + ...

RWCK B12 Bi1 B10 BO9 BOS + ..
RWCK B12 Bl B10 BO9 + ...

RWCK B12 BI11 B10 + ...
RWCK B12 Bi1 + ...
RWCK B12 + ...

RWCK

When the B-counter reaches its maximum count, it iscleared
by the next clock signal and POST is set.

S/ OST NPOST NPRE

C/POST = BCO BO1 BO2 BO3 BO4 BOS5 BOSCK + ...

The B-counter then counts 32 bits (count 0 000 000 011 111)
and causes RWE to be reset, disabling the read/write heads.

R/RWE = RWERST
RWERST = POSTBS9 BIT7RW/E
POSTBSY = POST B08 BO9
BIT/RWE = B10 BI1 B12 RWE
C/RWE = RwWCK

The B-counter is cleared at the start of the new sector, as
described above. - During execution of a read order, the
B-counter is cleared by a sector pulse or index pulse and
counts in oinary sequence. At a count of 76, RWP is resei
and DSE is direct set to transfer clock control to the data
strobe of the addressed selection unit.

R/RVP = RWPRST
RWPRST = BOS BOB + ..
M/GSE = DSEM
DSEM = NRWP REND
PEND = RWE RCHW

Preamble ¢lip-flop PRE may be reset during any of the 16
clock times from count 112 o count 127 if the presmble
synchronization pattern is recognized (PSPR true).

R/ERE = BXO
BXO = PSPR + ...
PSPR = NDAR ND0O DOI D02 PSPBREND
PSPBREND = PSPB REND
oSPB = BO7 BOS PRE RWE
C/PRE = RWCK

When PSPB is true, BCE is set. While PSPB is true, ECE
remains i: the set state; after PRE is reset, BCE remains in
the set state for one clock time and clears the B-counter,
as for the write order.

During exccution of a read order, the B-counie: is preset

to 0 000 000 000 000 (instead of O 000 000 CC1 000, «s for



XDS 901565

a write order). The B-counter then advances to state 1 111
111 111 111, is cleared, and counts to 0 000 000 011 111,
similar to a write order.

During execution of a checkvrite order, the B-counter
operates as it does for a read order, first transferring clock
contro! to the addressed selection unit, then searching for
the preambie synchronization pattern, counting data bytes,
and counting preamble bits. :

4-57 K-Register

The K-register, which consists of buffered latches KOO
. through K07, stores data during execution of read orders,
write orders, or checkwrite orders. Data stored in the K-
register while signal KXO0 is true is retained until KXO0 is
false. -

]

K00 KOO KX0 + ...

Kev

i

K07 KX0 + ..

The K-register is cleared during phase RSA of an order out
service cycle when a sensz order is executed, when data s
transferred from the K-reyister to the O-register, and after
the TDT delay line is starteu during execution of a write
order or checkwrite order.

NKXo = PHRSAOO + SENSE + KXOEN
+ WCHVY TDT2
KXOEN = OXiitiN 1CS100-3

During execution of a sense uraer, two bytes of data are
transferred through the K-r~gister latches to the O-register
under control of the byte ccunter. For byte 2 of a sense
order (BKZW true), four bits of the track address are ac-
cepted from the T-register, and the four-bit sector address

is accepted from the S-register.

K00 = T07 KXSENSEl + ... )
KXSENSE1 = SENSE BKZW
Part of
K01 = TO8 KXSENSEl + ... » track
. address
K02 = TC9 KXSENSEl + ...
KO3 = T10 KXSENSEl + ... J
K04 = SO0 KXSENSE1 + ... )
K05 = SO1 KXSENSEl + ... | Sector
}.
K06 = $02 KXSENSEl + ... [Address
K07 = S03 KXSENSEl + ... |

Paragraphs 4-57 to 4-58

For byte 3 of a sense order (BKWZ true), the address for
the sector currently under the read/write heads of the disc
file (angular position) passes through K04, K05, K06, and
K07 of the K-register.

K04 = ANOR KXSENSE2 + ..
KXSENSE2 = SENSE BKWZ

K05 = ANIR KXSENSE2 +

K06 = AN2R KXSENSE2 + ...

Ko7 = AN3R KXSENSE2 + ...

During execuiion of a write order, the bytes of the preamble
are stored in the K-register while signal KXFRE is true.
When signal PSPWEN is false, the bit sequence (0101 0101)
is stored in the K-register; when signal PSPWEN is true, the
bit sequence (0011 0101) is stored in the K-regisier. The
preamble consists of four bytes of (0101 0101) followed by
the preamble synchronization pattern of (0013 9101). This
pattern is noted in the order KOO, KO1, K02, ... KO07.

In all cases the signal level for KOO, K04, and K06 is falsc,
ond the signal level for K03, K05, and K07 is true. Signals
KXFRE and PSPWEN are controlled by the B-counter and
are defined in paragraph 4-56.

KO1 = KXPRE NPSPWEN + ...

K02 = KXPRE PSPWEN + ...
KO3 = KXPRE + ...
K05 =. KXPRE + ...
K37 = KXPRE + ...

Vhile the controller is executing a read order, write crder,
or checkwrite order, data bytes are transferred from the
addressed location of the FAM module to the K-register
under cenirol of the TRL delay fine. (See parcaraph 4-41.)

K0o = ROD KXR + ...
KXR = KXREN RREAD-2 TRS180
KXREN = BKZZ + NREADRR

KOl = RO1 KXR + ...

Ko7 = RO7 KXR + ...

4-58 D-Register

The D-register, which is the temporary storage register for
data passing between the controller and the selection unii,

4-63
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consists of flip-flops DOO through D07 and associated logic
elements. During execution of a write order or a check-
write order, the D-register accepts data in parallel from
the K-register and shifts the data serially to the selection
unit before accepting a new byte. At the start of a write
order or checkwrite order, the D-register accepts the five-
byte preamble from the K-register; at the end of a write
order or checkwrite order, the D-register accepts the two-~
Ibyfe checksum from the P-register. During execution of a
read order, the D-register accepts data serially from flip-
flop DAR in eight-bit bytes and transfers the byte inparallel
to the J-register before the next serial bit is accepted. The
preamble and the checksum are read into the D-register but
are not transferred to the J-register. During execution of
o checkwrite order, IOP data transferred serially from the
D-register (us in a write order) is compared with selection
unit data fransferred serially from the flip-flop DAR (as in
a read order). If a mismatch oceurs, an error signal is
cenerated. The 1024 data bytes and the two-byte check-
are compared bit by bit during a checkwrite order.

ing the intersector gop time, puit of the D-register is .

vsed for frack address incrementing.

The D-register is clocked by read/write clock signal RWCK,
cnd reset inpuls are always true.

(C./D00-C/DG7)
(R/DO0-R/DO7) = ...

RWCK

it

Therefore, each time RWCK goes false, each flip-fiop in
the D-register is sct if its set input is true and reset if ifs
set input is faise. When signal DXK is true, the coatents
of the K-register -iie transferred to the D-register.

S/D00

Koy DXK + ...

.

S/D07 = K07 DXK + ...

After read/write enable flip-flop RWE is set duringexecu-
tion of a write order, DXK enables data transfer. Eight
bits are accepted by the D-register each time signal DXK
is true. This cperatfion is inhibited during postamble time,
during which time the checksum aad single byte of zeros
are stored.

DXK = WRITE NPOST BIT7RWE + ...

During execution of a checkwrite order, the preamble syn-
chronization pattern must be recognized (PSPR true) before
any data transfers are made. A dota byte from the IOP is
inthe K-register while asearch for the pattern is conducted,
~and the byte is tronsferred when PSPR is true.

DXK = CHWR PSPR + ...

4-64

After this initial byte is transferred, bytes are transferred
at eight-bit intervals until posiamble time is reached.

DXK = CHWR BIT7/RWE NPRE NPOST + ...

When signal DXP is true, the contents of P-register bits 7
through 14 (checksum bits) are transferred to the D-register,

S/Do0

DXP PO7 + ...

S/D07 = DXP P14 + ....

It

This trancfer is made for two byte times during postamble
Y g P

time (POST true).
DXF = POST BIT7RWE

During the intersector gap time, flip-flop DSL is set and
encbles o shift in four flip-flops of the D-register.

S/De4 = DO5 DSL + ...

S/005 = D06 DSL + ... Not uced

S/D0é = D07 DSL + ...

S/D27 = DO7SET DSL + ... (Track address increment)

The new data shifted in from signal DO7SET is used auring
track address increment, as described in paragroph 4-70.

During execution of a read order or checkwrite order, the
contents of the D-register are shifted right, and new dota
is stored from flip-flop DAR. Flip-flop DAR accepts data
from the seiection unit.

S/DAR = DAIR REND
DAIR = /DAI/
REND = RCHW RWE
R/DAR = ...
C/DAR = RWCK
/D0 = DXSR DAR + ...
$/D01 = DXSR DOD * ...
's/D07 = DXSR D06 + ...
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After eight bits have been stored, the byie is transferred to
the J-register.

Signal DXSR is true when all other signals controlling D-
register flip-flop inputs are false.

DXSR = NDSL NDXK NDXP

Therefore, signal DXSR comes true during execution of

read orders or checkwrite orders to enable acceptance of
data from the addressed selection unit. In each case, read/
write clock signal RWCK is controlled by a local oscillator
until the preamble synchronization pattern is detected. After
this event, RWCK is controlled by the data strobe signal
exiracted from dato written un the track. During execu-
iion of @ chech-write order, the serial output from DO7 of
the D-register is compared with the serial output from DAR
for all 1024 data bytes and for the two checksum bytes.

CHWER = CHWEREN (DAR + D07)
N(DAR D07)
CHWEREN = CHWR NPOSTB89 NPRE RWE

4-59 Interface Control Circuits

The selection unit interface is controlled by flip-flops that
synchronize data transfer, detect the preamble and post-
amble, control interface clocking, and control increment-
ing and transferring the track address.

Flip-Flop Function
BCE B-counter enable
DSE Data sirobe enable
DSL D-register shift left enable (used only
for tracic and sector incrementing)
PRE Preamble detect

POST Postamble detect

RWE Read/wriie enable
RWP Read /write possible
TSE Track shift enable
SECPD Sector pulse or index pulse detect

4-60 TRACK SHIFT SEQUENCE. (See figure 4-17.) While
a read order, write order, or checkwrite order is beingexe-
cuted, the track address is incremented during the inter-
sector gap time, and the incremented track address is trans—
mitted serially to the addressed selection unit.

Paragraphs 4-59 to 4-60

At the beginning of the intersector gap time, flip-flops
SECPD and POST are in the set state and flip-flops TSE,
DSL, and RWP are in the reset stote. Read/write clock
signal RWCK is generated by the local oscillator, as de-
scribed in paragraph 4-55. SECPD is reset at the falling
edge of sector pulse signal SPR or index puise signal IPR.

S/SECPD = GND

R/SECPD = ...

C/SECPD = SECP
SECP = SPR + IPR
SPR = /SP/

IPR = /IP/

After SECPD is reset, TSE isset. Signal DSL is then direct
set, :

S/TSE = NRWP NSECPD
C/TSE = RWCK
M/DSL = TSE

Signal PXS comes true, enables a data transfer irom the S-
g

‘register to the P-register and from the T-register 1o the P~

register, and clecrs the B-counter, (This date 15 the incre~
menred track address and sector addiass. )

BXO = PXS + ...
PXS = NRWP TSE
PXT = NRWP TSE

At the next clock signel, RWP is set, causing FYS to be-
come false, and SECPD to be direct set.

3/RWP = PXS NRWE

C/RWP = RWCK

M/SECPD = SECPDM
SECPDM = RWP + ...

For the next 11 clock times, TSE is in the sei state, and
clock signal SC1D enables the 11-bit track adaress to be
shifted out of the P-register to the selection unit. (Refer
to paragraph 4-60.)

/sC1/ = SCID
NSCID = TSE RWP RWCK
/TRK/ = Pl
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SECPD \ |
TSE ] 1
DSL ] l
BXO, PXS, PXT [
RWP [
sCID I[]]|i|}|[|;||l|i—}]|||
POST |
PRST |
PXSR 1 .
901565A, 421

Figure 4-17. Track Shift Sequence, Timing Diagram

Flip-flop TSE is reset as the last track shifr enable clockis
generated. '

R/TSE = TSERST
TSERST = BO% B11 + ...
C/TSE = RWCK

ter the track address has been shifted, the sequence of
operations depends on the type of order being executed.

4-61 WRITE ORDER SEQUENCE. If a write order is being
executed, the B-counter is cleared, the track address is
shifted, and RWP is set as described in paragraph 4-60.
After the B-counter is cleared, it counts read/write clocks
in binaiy sequence, as described in paragraph 4-56.

When the B-counter reaches a count of 72, PRE is set. (See
figure 4-18.)

S/PRE = PRESET WRCH
PRESET = RWP B06 B0 NBI10 NB11 (NPET
+ ...)
L C/PRE = RWCK

While PRE is set (B-counter states 73 through 119), the five-
‘fe preamble is written. (See poragraph 4-56.)

4-66

VPRE = WRITE PRE NBCE

When the R—counter reaches a count of 76, RWE s set if
the sec*~r under the read Zwrite hecds is the sectc: searched
for (SFCOMBPR true) and if no errors have been detected.
Refer ic paragraph 4-72 for a description of eiror flip-flop
operation, '

S/MNE = PRE RWESET
RWESET = B10 SECOMPR NUNE NFAULT
NFAULT = NRER NSEN NWPV

C/RWE = RWCK

After RWE hos been set, the read/write heads in the ad-
dressed selection unit are enabled by signal /WEN/, so

that daia signal /DAT/ and clock signal /SC2/ ar vali-
dated.

WEN/ = WEND

WEND = WRITE RWE
/sC2/ = SC2D

SC2D = WRITE CLK3MH
/DAT/ = D07
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Figure 4-18.

Interface Contro! Circuits, Timing Diagram
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Para gra‘ph 4-62

Flip-flop RWP is reset when the B-counter reaches 80.

R/RWP = RWPRST
RWPRST = BO6 BO8 + ..
C/RWP = RWCK

Afier the preamble is written, PRE is reset, BCE remains in
{the set state for one clock time, and the B-counter is pre-

set to {0 000 000 001 000).

R/PRE = BX0
BXO = PSPB WRITE BIT7RWE
PSPB = BO7 BO8 PRE RWE
BIT7RWE = B10 BI1 BIZ RWE

C/PRE = RWCK

S/BCE = PSPB

R/BC = ...

C/BCE = RWCK

$/B09 = BO9X1 BXO + ...
BO9XI = WCHW RWE

When th: B-counter reaches a maximum count (1 111 111
‘111 111), POST is set to identify the time for writing the
postambie.

1

S/POST NPOST NFRE
C/POST = BOO BO1 BU2 BO4 BO5 BOSCK + ...
BOSCK = BO6 NBCE + ..

After the postamble has been written (32 bits), RWE is reset.

R/RWE = RWERST
RWERST = POSTB8? BIT7RWE
POSTB8? = POST BO3 BO?
BIT7ZRWE = B10 B11 B12 RWE
C/RWE = RWCK

The interface control circuits are now in the initial states,
ready for sector pulse or index pulse and frack addressshift-
-ing, as before.

4-62 READ ORDERSEQUENCE. This paragraph emphasizes
‘!ifference in operation between the write order sequence

4-48
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described in paragraph 4-61, and the read order sequence.

If a read order is being executed, the B-counter is cieared,
the track address is shifted, and RWP is set as described in
paragraph 4-60. Afier the B-counter is cleared, it counts
read/write clocks in binary sequence, as described inpara-
graph 4-56. When the B-counter reaches o count of 72,
PRE is set, similar to a write order sequence. When the
B-counter reaches a count of 76, RWE is set, similar to a

~ write order sequence.

For o read order, the interface control circuits must search
for the preamble synchronization pattern {0011), rcther
than write the preamble. The state of the B-counter when
the patiern is detected may not be the seme as the state of
the B-counter when the pattern was written. Therefore, a
search is conducted for the synchronization pettern for two
byte times (16 bits). Furthermore, since data must ke read
from the selection unit, the datastrobe signal must be allowed
to contro! the read/write clock at some time during execu-
tion of the read order.

When the B-counter reaches a count of 80, RWP is .eset as
for a write order, end DSE is direct sof, erabling read/write
clock signel RWCK to be controiied by the data strche sig=
nal.

M/DSE = DSEM
DSEM = NRWP REND
REND = RWE RCHW
RWCK = DSR DSE + ...
DSR = /DS/

Once s2t, DSE remains in the set state until RWE is ioset
at the end of the postamble.

S/DSE = DSE RWE
R/DSE = ... .
C/DSE = RWCK

Preamble fiip~flop PRE may be reset during any of the 16
clock times frem count 112 of the B-counter to couni 128
of the B~counter (PSPB frue).

R/PRE = BXO
BXO = PSPR + ...
PSPR = NDAR NDOO DOl D02 PSPRREND
PSPBREND = PSPB REND
PSPB = B07 BO8 PRE RWE
C/PRE = RWCK
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Signal PSPR is true when the preamble synchronization pat-
tern (0011) has three bits in the D-register and one bit in
data flip-flop DAR. If the preamble is missed, PSPB istrue
at count 127 and error flip-flop CER is set. (See paragraph
4-76.) ,

i

PSPM BO9 BIT7RWE NRWP PSPBREND

I

BIT7RWE = B10 B1l BI2 RWE

For the read order, flip-flop BCE is set at count 112 to pre-
vent a search for the preamble beyond count 127. 1If the
preamble synchronization paitern is recognized, PRE is re-
set, and BCE is reset on the following clock, similar to a
write operation.

S/BCE = PSPB
R/BCE =
C/BCE = RWCK

If the preamble synchronization pattern is not recegnized,
BCE remains in the set statz, and a true BXO signal is gen-
erated after BUS is reset ot count 127.

BX0O = PRE NBO6. ...
After BXO is true, PRE is resot, then BCE is reset.

While BCE is set, the mos* significant flip-flops of the B-
counter carnot be clocked.

(C/BOU-C/BO4) = PRE BO5CK
BOSCK = BC5 NBCE
C/B05 = BO5CK

After BCE is reset, the B-ccunter is cleared.

For the read order sequence, signal BO9X1 is not tiue, and
the B-counter begins counting data bytes with a count of
(0 000 000 000 000). Thus the count of the B-counter is
one less than the data byte being read, as in the following
examples: »

Data Byte Write Order Stc_fg Read Order State

1 0 000 000 001 XXX 0000 000 000 XXX
2 0 000 000 010 XXX 0000 000 001 XXX
27 0 000 011 011 XXX 0000 011 010 XXX
1023 11T 11 111 XXX 1 11T 111 110 XXX

1024 0 000 000 000 XXX 1 111 111 111 XXX

Paragraph 4-63

The least significant bits of the B-counter count the eight
bits of each byte. During execution of a write order, the
B-counter is cleared just before the last data byte is fo be
written.

Data accepted from the addressed selection unit is read by
data flip-flop DAR after read/write enable flip-flop RWE
is set.

S/DAR = DAIR REND
DAIR = /DAl/
REND = RWE RCHW

R/DAR =

C/DAR = RWCK

4-63 CHECKWRITE ORDER SEQUENCE. This poragraph
emphasizes the differences in operation between the write
oraer sequence described in paragraph 4-61, the read order
sequence described in paragraph 4-62, and the checkwrite
order sequence. If a checkwrife order is beirg cxecuted,
the B-counter is cleared, the track address ic shifted, and
RWP is set as described in paragraph 4-60. Atter the B-
counter is cleared, it counts read/write clocks in binary
sequence, os described in paragraph 4-56. When the B-
counter reaches a count of 72, PRE is set, as for a write
order sequence. For a checkwrite order, the interface con~
tro! circuits must search for the preambie synchronization
pattern (0011), as in the read order, rather than write the
procinble.  Since data must be read from the selectionunit,
th> data strobe signal must be allowed to control recd/write
clock RWCK at some time during execution of the check~
write order. Therefore, data strobe enable flip-flop i« set,
PRE is reset when the preamble synchronization pattern is

_ recognized, and data flip~flop DAR reads datc from the

seiection unit, similar fo a read cperation.

M/DSE = DSEM
DSEM = NRWP REND
REND = RWE RCHW

RWCK = DSR DSE + ...
DSR = /DS/

R/PRE - = BX0

BXO = PSPR + ...

PSPR = NDAR NDOO DOl D02 PSPBREND
S/DAR = DAIR REND

DAIR = /DAl/
R/DAR =
C/DAR = RWCK
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igfggrophs 4-64 to 4-66

4-64 SENSE ORDER SEQUENCE. During execution of a
sense order, the interface control logic inhibits data trans-
fer until the period of the intersector gap time following
the transfer of the track address. This restriction guarantees
that data accumulated for the sense order (figure 3-5) iden-
tifies the next sector for which a full 1024 data bytes can
be processed. During the order out service cycle and after
the sense order code is stored, service call signal SCD can-
(not be raised until flip-flop SEM is set and flip-flop TSE is
reset.

M/SCN = DCB PHFS CYCLE/C

N{MSCNMEN)
N{NSCNMEN) = NCDN SCNMENI + ...

SCNMEN] = SEN NTSE + ...

,)—flop SEN is not set uniil the previously incremented
ack address and sector addressiiave been transferred from
the T-regisier and the S—register io the P-register. (See

paragraph 4-70.)

L

S/SEN = PXS SENSE
PXS = TSE NRWP
C/SEN = RWCK

Flip-flop TSE is reset by the following read /write clock.
(See paragraph 4-60.} Once SEN is set, it cannot Le reset
until the order in service cycle is entered, causing NDATA
to be true. (See paragraph 4-25.}

R/SEN = NDATA

"’eforc, for a sense order, the data in service cycle for

W first byte cannot begin until SEN is set, after which a
transfer from phase FS to phase i*SZ is possible. Flip~flop
SCN is direct set during phase I'S. When CDN is set, the
direct set equation is inhibited and the order in service
cycle follows.

4-65 ADDRESSING CIRCUITS
4-66 P-Register

The P-register, which consists of fiip=~flops POC through P15
and associated logic elements, is clocked by read/write
clock signal RWCK. Referto paragraph 4-55 for a descrip-
tion of the read/write clock. A tlip-flop of the P-register
is reset if the reset input is true and if the set inputisfalse.
‘If the set input is true, the flip—flop is set regardless of the
level of the reset input. Equations for the P-register are
written with the following simplifications.
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PXSR-1 = PXSR-2 = PXSR (P-register
shift right)

PRST-1 = PRST-2 = PRST (Preset P-

: register)

(RWCK-1-RWCK-4) = RWCK _ (Read /write
clock)

Reset inputs to the P-register are true when a D-register
shift left is enabled (DSL true) and during the intersector
gap time when data cannot be read from, or transmitted to,
the addressed selection unit (NRWP true).

(R/POG-R/P15) = PRST

PRST DSL + NRWP

For one clock time durihg the intersector gop time, signal
PXT is true, causing the track overflow bit TOF and the
contents of the T-register to be transferred to the P-register.
(See figure 4-17.)

S/P00 PXT TOF + ...

PXT = TSE NRWP

S/PO1

PXT 100 + ...

S/F1 PXT TH + ...

At the sume time, a sector address is stored in flip~ficps

P12 through P15.

S/P12

PXS 500 + ...

TSE NRWP

N
AN

S/P12

1}

PXS P13LD + ...

P13LD = PI3LDEN + 501
FI3LDEN = S03 S02 SO0 EXT
S/P14 = PXS S02 + ...

PXS SO3 + ...

If

S/P15

For all sector addresses from 0000 threugh 1010, the con-
tents of the S-register are transferred unchanged. Tnere-
fore, during the incrementing process described inpaiagraph
4-70, the normal binary sequence will be followed until a
count of 1011 is reached. For this count, ¢ value of 1111
will be transferred to the P-register if an EP RAD storage
unit is connected {signal EXT true). In this case, the in-
crementing process generates an address of 0000, so that a
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sector match occurs for sector 0000 of the next track. (The
track address is incremented in normal binary sequence each
time that the sector address changes from 1111 to 0000. )

Just before preamble time, the incremented track address

is returned to the T-register and the incremented sector
address is returned to the S-register. During preamble time
(PRE true), the P-register is preset to all ones in preparation
for generation of the checksum. Whensignal PXSR is true,
the contents of the P-register are shifted right, while new
data is stored in flip-flop POO.

1l

S/POO» PXSR POUSET
PXSR

S/PO1

[}

PRST NPXS

PXSR POO + ...

]

-
.

.

PXSR P14 + ..

/P15

The new information is used fo generate the checksumwhile
data is processed, as described in paragraph 4-71.

4-67 S-Register

The S-register, which censists of buffered latches 500
through S03 and associared logic elements, stores the
address of the sector ot which a rend s2quence or write
sequence will begin when cxecuted. During execution of
a seek order, the S-register is loaded from the J-register
under contro! of the byte counter and the TRL delay iine,
as described in paragraph 4-97.

S00 = J04 SXJ + ...
SXJ = SEEK R%WRITEDO BKWZ TRS120
SOl = JO5 SXI1 + .
S02 = J06 SXJ + ...
S03 = J07 SXJ + ..

Signal SXO is used to clear the S-register before storage of
new data and fo retain the stored data.

SO0 = S00 SXO0 + ...

S03 SC3 SX0 + ...

During phase RS of an order out service cycle, the S~
register is cleared if a seek order is to be executed, so that
a new address can be stored,

NSXG = PHRS ORDOUT SEEK + ...

Paraéraphs 4-67 to 4-68

At the beginning of each sector, the S-register is cleared
just before the incremented value is transferred from the P~
register if a read order, write order, or checkwrite order is
being executed.

NSX0 = RWP TDLO20 + ...

S00 = SXP P12 + ...
S$XP = STXPEN TDLI0O
STXPEN = SXPEN RWP
SYPEN = NPET + ...

so01 _ SXPPI3 4 ...

502 = SXP P14 + ...

S03 = SXP P15 + ...

Sector compare signal SECOMPR is controlled by a com~
parison between the contents of the S-regisier and the an-
guiar position signals from the addressed selection unit.

SECOMPR = (ANOR + NSO00) N(ANOR NSO0)
(ANIR + NSO) N(ANIR NSO1)
(AN2R + N3502) N(ANZR NS02)
(AN3R + NS03) N(AN3R NS03)

ANOR = /ANO/

ANIR = /AN1/

AN2R = /AN2/

AN3R = /AN3/

4-68 T-Register

Tha T-register, which consists of buffered latches T0O
triough T10 and associated logic elements, stores the ad-
drass of the track from which data will be read or into which
Jduta will be written. During execution of ¢ seek order, the
T-register is loaded from the J-register under conirol of the
byte counter and the TRL delay lire, as described in para-
grapn 4-97. The 11 bits (two of which shouid always be
zeros) are stored in two consecutive bytes.

T00 = J01 TXJ + ...

TXJ = SEEK RWRITEDO BKZW TRS5130
T01 = J02 TXJ + ...
T06 = J07 TXJ + ...

4-71
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The bits of the second byte are transferred from the J-
register to both the T-register and the S-register.

T07 = JO0 SXJ + ...
SXJ = SEEK RWRITEDO BKWZ TRS130
T08 = JO1 SXJ + ...
T09 = J02 SXJ + ...
T10 = J03 SXJ + ...

Signal TXO is used to clear the T-register before storage of
new daia and to retain the stored datu.

T00 = T0O TXO + ...

. .

T10 = T10 TXO + ...

Durin§ phase RS of an order out service cycle, the T-
register is cleared if a seek order is tc be executed, so
that a new address can be stored.

X0 = SX0

NSX0 = PHRS ORDOUT SEEK + ...

At the beginning of each sector, the T-register is cleared
just before the incremented value is transferred from the
P-register if a read order, write order, or checkwrite order
is being executed.

X0 = SX0
NSX0 = RWP TDLO2U + ...

‘100 = TXP PO1 + ...
TXP = STXPEN TDL100
STXPEN = SXPEN RW?P
SXPEN = NPET + ...

T01 = TXP P02 * ..

T10 = TXP P11 + ...

4-69 U-Register

The U-register, which consists of flip-flops U0, U1, and
U2 and associated logic elements, stores the address of
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the EP RAD storage unit addressed for an input/output oper-
ation. The set input signals to the U-register come true
and are laiched during phase FSL of a response to an 10P
command. Data is clocked into the U-register only when
device controller busy flip-flop DCB is set when a new
input/output operation is started.

DCBSET

(C/uo-Cc/u2) =
DCBSET = PHFSL SIOPOSS OPER
SIOPOSS = SIOU NDCB NCIL

1l

(R/UD-R/U2) cee

s/U0 = SUOD

suoD = DASR IOP + PHFSL SUOD + ...
s/Ut - = SUID

SUID = DASR IOP + PHFSL SUID + ...
S/uz2 = SuU2D

SU2D = DA7R IOP + PHFSL SU2D + ...

During phase FSL of any input/output sequence, the con-
tents of the U-register are compared with the contents of
IOP dato iines /DA5/ through /DA7/. Signal DVSEL is
true if the two sets of signals are identical.

DVSEL = (SUOD + NU0) N(SUOD NUD) (SuUiD
+ NU1) N(SUID NUI) (SU2D + NU2)
N(SU2D NU2)

The contents of the U-register control address signals tothe
EP RAD siorage units.

/109y = SUOD
/ID1/ = SUID
/1D2/ = SU2D

4-70 Address Incrementation

The initiof track address and sector address are loaded by a
seek order, os described in paragraph 4-97. During execu-
tion of a read order, write order, or checkwrite order, two
operations must take place during the intersector gap time.
First, the sector address must be incremented so that a true
sector compare signc! SECOMPR can be generated for the
next secioi in sequence. Second, if the sector address
changes from 1011 (binary 11) to 0000, the track address
must be incremented, so thot the next track cddress in se-
quence can be selecied. These operations are conirolled
by the P-register and flip~flop D07 of the D-register. (See
figure 4-19.)
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Paragraph 4-71

During the intersector gap time, the contents of the T-
register and S-register are transferred to the P-register

when PXS and PXT are true. (See figure 4-17.) Flip-flop
DO7 is set at the same time. :

S/Dbo7 DO7SET DSL + ...

DO7SET

BXO + ...

{ For the next 16 clock times, the contents of the P-register
are shifted right (from POO toward P15) while new duta is
stored in P0O. For 11 of the 16 clock times, the 11-bit
track address is transmitted to the addressed selection unit.

/SC1/ = SCI1D
/TRK/ = P11

(Clock)
{Track address bits)

Flip-flop D07 acts as the carry flip~flop for a serial addi-

hor: of one of the contents of the P-register. After the one
.esef in DO7 is added to the least significant bit (P15) of
the P-register, DO7 remains in the set state if a carry is

regl

generated.

: S/D07 = DO7SET DSL + ...
DO7SET = D07 P15

As the serial addition process continues, the incremented
address is shifted into POO, and the more significant bits of
the previous address are shiftea into P15. When no carry
is generated, DO7 is 1eset and the bits of the previous ad-
dress are shifted unchanged.

$,/500 = PXSK POOSET
POOSET = (POOSETEM + P15)
N(PGOSETEN P15)
= DC7- NREADRWE + ...

POOSETEN

Therefore, as a track address is transmitted to the addressed
selection unit, a new track address is generated and stored
in the P-register. Just before flip-flop RWP is reset, the
new track address and sector address are transferred to the

" T-register and the S-register.

TXP = STXPEN TDL10O
STXPEN = SXPEN RW/P
SXPEN = NPET + ...

SXP = STXPEN TDL10O

Circuits of the P-register store a code of 1111 in flip~flops
, P12 through P15 if the code in the S-register is 1011, Thus,
" when the address incrementation process takes place, the

new sector address is 0000 and the track address is incre -

mented in normal binary sequence.

4-74
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" 4-~71 Checksum Generation

The checksum is generated in the P-register during the
execution of a write order, read order, or checkwrite order.
In all cases, the 16-bit checksum is transferred to the D~
register one byte at o time after the 1024 bytes of the sector
have been processed. For a write order, the checksum is
written on the disc file in the sector for which the check-
sum was generated. For a read order or checkwrite order,
the checksum generated during executien of the order is
compared Sit-for-bii with ihe checksum read from the disc
file. (See figure 4-20.) ‘

After flip-flop PRE is set and RWP is reset (figure 4-18),
the P-register is loaded with all ones.

S/P00 = PRE NRWP + ...

After the preamble has been written during execution of a
write order or detected during execution of a read order or
checkwrite order, PRE is reset and the process of gerzrating
the checksum begins. Because signal PRST is true, thecon-
tents of the P-register are continually shifted right (from
POO toward P15) and new data is entered in P00.

S/P00 = PXSR POOSET + .
PXSR = PRST NPXS
PRST = NRWP + ...

During execution of a write order or checkwrite o.aer
(NREADRWE true), P15 and D07 generate the new aato;
during execution of a read order (READRWE true), P15 and
DAR generate the new data. ' ‘

PCOSET = (POOSETEN + P15)
‘ N(POGSETEN Pi5)
POOSETEN = READRWE DAR
+ NREADRWE DO7
EADRWE = READ RWE

In either case, an .xclusive OR operation is perforined on
the content of the P-register and the new data, as indicated
in figure 4-20, for execution of a write order or checkwrite
order. Data bytes are stored in the D-register and read
serially as data is circulated in the F-register. in the
example of figure 4-20,a byte of 1011 0010 in the D~
register, when processed with the 1111 1111 initielly in
the P-reyister, produces a byte of 0100 1101, which is
stored in the P-register. The second data byte of the
exomple, when processed with the 1111 1111 initially stored
in the second half of the P-register, preduces a byte of
1010 1100, In a similer manner, after these bytes are pro-
cessed with additional data bytes, the P-register contains
(from P15 to POO) the bits 0000 1111 0101 1010, which will
be processed with the next data bytes received. The 16
bits stored in the P-register after 1024 data bytes are pro-
cessed (including any bytes of all zeros) become the
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o

cnecksum stored on the disc file. Wherndata isreadserially
from the disc file at the output of flip-flop DAR, the check-
sum generated should be identical to the checksumread from
the disc file following the 1024 data bytes. The process is
identical whether POOSETEN is controlled by D07 or DAR.

4-72 ERROR CIRCUITS

The error circuits of the controller consist of the flip-flops
listed in table 4-5 and of the ascociated logic elements.

These flip-flops and the signais controlled by them provide
information to the IOP concerning error conditions that
occur during execution of orders or as a result of power
failure or from progreamming errors.  Error signals are pro-

vided during the order in service cycle of an input/output
operation. Program response to ihese error conditions may
cause data to be provided by execution of additional com-
mands (TDV, AIO, TIO, HIO, or SIO), as summarized in

I3

66» 4-5.

4-73 Unusual End Logic

-

Unusual end flip-fiop UNE may ke direct set during phase
FS of any service cycle other thun an order out service
cycle.

\

L
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M/UNE = UNEM

UNEM = CYCLE/C DCB NORDOUT PHFS
(CER + UNEMI + DRESET)

UNEMI = RER + SUN + WPV
+ NFKI ORDO' PER REMPTY
+ NORD2 NORD3 NORD4
+ ORDIN PER + ORD1 SENSE
+ NDVOR

DVOR = /DVO/

DRESET = PWRMONR

. PWRMONR = PVW/RSV\ON/

MQ ‘ U‘!r}"fx}!mw

Direct sef\:/)%UNE takes place if error flip-flop CER, RER,
SUN, or WPV is set. Signal /DVO/ is controlled b, the
addressed sclection unit and is true if the addressed device
is not operational, as described in paragraph 4-104. Sig-
nal /PWRMON/ is controlied by circuits which detect
power faiiure, cs described in paragraph 4-7. Of the 32
possible order codes, eight are interpreted as seek orders
(X XX11j, eight as read orders (X XX10), four as write
orders (X X001), and four s checkwrite orders (X Xi01).

Table 4-5. Summary of Error Flip-Flops and Signals

4-76

10P INTERFACE SIGNALS CONTROLLED
FLIP-FLOP FUNCTION TDV* TSHt AIS Order In**
CER Checkrite error - - - /DAG/
INL Incorrezt iength - - - /DAY
PER Parity error (checksum) - - /DAG/
RER Rate errs. /FRO/ - /DAC/ /OAY/
/IOR/ /OR/
SUN Sector unavailable /FR2/ - /DA2/ -
/IOR/ /IOR/
UNE Unusual end - JFR4/ - /OAs/
WPV Write protect violation /FR3/ - /DA3/ -
/IOR/ /IOR/
*/IOR/ contioiled by FAULT = REK + SUN + WPV
'1sH = TIO + SIO + HIO
* ##/DA0/ controlled by TER = CER + PER + RER
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Of the remaining eight, four are illegal (X X000). Of the
possible forms of the sense order (X X100), two areillegal
(X 1100). Any one of the six illegal order codes causes
UNE to be direct set.

~ NORD2 NORD3 NORD4
+ ORDI SENSE + ...

UNEM1

SENSE = ORD2 NORD3 NORD4

Parity error flip-flop PER, which can be set only during
execution of a read order, causes UNE to be set for two
different conditions. For a read record order (0 XX10),
UNE is set during the order in service cycle, after a count
done terminal order has indicated that the entire record has
been read.

UNEM1 = ORDIN PER + ...

For a read sector order {1 XX10), UNE is set.if an error
occurs while data is read from any sector. End of sector is
indicated by an empty K-register (NKFI true) and anempty
FAM module (REMPTY true).

UNEM! = ORDO PER NKFI REMPTY + ...

If UNE is direct set for any reason, flip-flops (DATA, iN)
will be placed in the (0, 1} stote, as described in paragraph
4-32, because sigral DATASET will be false.

NDATASET = UNE + ...

Therefore, an order in service cycle will occur if UNE is

"set during any input/output operation. The order in service
cycle is begun after phase FS is entered. Flip-flop UNE
may be set by the IOP during terminal order operations, as

“described in paragraph 4-34. If UNE is set by a terminal
eorder, the sequence of operations is identical to that caused
by a direct set signal. Cr.ce set, UNE must be reset by
either a RESET signal or @ MANRST signal.

R/UNE = RESET

C/UNE = NTC5000

E/UNE = MANRST
MANRST = NPET RSTR
‘RSTR = /RST/

4-74 Parity Error Logic

Parity error flip-flop PER can be set only during execution
of a read order and then only while the checksum is being
read from the addressed selection unit. The checksum read
from the addressed selection unit through signal DAR is
compared with the checksum generated in the P-register

Paragraphs 4-74 to 476

during execution of the read order and read from P15. If
the two checksums are not identical, PER is set.

S/PER = PEREN POOSET
PEREN = READRWE POST NBO8
POOSET = (POOSETEN + P15) N(POOSETENP15)
" POOSETEN = READRWE DAR + ...
C/PER = RWCK

Once set, PER causes UNE to be direct set and can be reset
only by a RESET signal.

R/PER = GND
E/PER = RESET

4-75 Write Protect Violafion Legic

Write protect violation flip-flop WPV is set if a write order
is attempted on a write protected track. Track-protected
signal /TRP/ is generated within the addressed selection
unit as described in paragraph 4-106.

S/WPV = PRE WPVSET
WPVSET = WRITE TRPR
TRPR = /TRP/

- C/WPV = RWCK

If VPV is set during the preamble time, if causes UNE to
be wiract set and can be reset only by a RESEY signal.

R/WPV = GND

E/WPV = RESET

4-74 Checkwrite Error Logic

Checkwrite error flip-flop CER can be directsetif an index
pulse or sector pulse is received while RWE is set. This
condition would occur if data strobesare missedduring exe~
cution of a read order or checkwrite order. In that case,
the B-counter value would be incorrect.

M/CER = CERM
CERM = RWE SECP
SECP = IPR + SPR
SPR = /sP/

IPR = NP/

4-77



Paragraph 4-77

Flip-flop CER is set during execution of a checkwrite order
if the checksum bits read from the disc file through flip-
flop DAR do not match the checksum bits generated during
execution of the checkwrite order. The checksum bits are
read from DO7 after transfer from the P-register. An ex-
clusive OR gate is enabled by signal CHWEREN to make
the comparison.

S/CER = CERSET
CERSET = CHWER + ...
CHWER = CHWEREN (DAR + D07)
N(DAR D07)
CHWEREN = CHWR NPOST NPRE RWE
C/CER = RWCK

.’-ng execution of a read order or a checkwrite order, @

rch is conducted for the preamble synchronization pat-
temn, as described in paragrapk 4-56. If the preamble
synchronization pattern is not detected, signal PSPM is
true and CER is set.

S/CER = CERSET
CERSET = PSPM + ...
PSPM = PSPBREND NRWP BIT7RWE BO?9
PSPBREND = PSPB REND
PSPB = PRE RWE BO7 BO8
REND = RCHW TWE
C/CER = RWCK

‘ER is set, it remains in the -et state until signal RESET
P.ue. Before RESET is true, CER causes UNE to bedirect
set.

R/CER

GND

E/CER = RESET

4-77 Sector Unavailabie Logic

Sector unavailable flip-flop SUN maybe setinthe preamble
time interval during which PRE is set and RWE is reset. (See
figure 4-18.)

S/SUN = PRENRWE SUNSET
PRENRWE = PRE NRWE
SUNSET = S00 SOt EXT + T0O + TOI

+ T02 NTYPOR
+ T03 NTYPOR NTYPIR + ...

XDS 901565

R/SUN GND

C/SUN

RWCK

This interval follows the transfer of the incremented address
from the P-register to the T-register and S-register, as de-
scribed in paragraph 4-70. Therefore, SUN is set if asec-
tor address stored in the S-register, or a track addressstored
in the T-register, represents a location which does not exist

" in the RAD storage unit. (Signals TYPOR, TYPIR, and EXT

indicate the type of RAD storage unit, as described in para-
graph 4-82.)

During execution of a seek order, the T-register is cieared
ond a new track address is stored. If the most significant
bit of the new track address is a one, frack overflow signel
TOF comes true and is laiched.

TO0F = J00 TXJ + TOF TX0 + ...
TXJ = SEEK RWRITEDO BKZW TRS13C
TX0 = SXO0
NSX0 = SEEK PHRS ORDOUT + ...

Because a frack address with a most significant bit of one

is invalid for any RAD sforage unit, a true TOF signel causes
direct set of SUN during phase TO of the data out seivice
cycle.

M/SUN = SUNM

SUNM NDATASET (PHTO TCS107 3)

(SEKSEND SUNSET)

1]

NDATASET CDN + ..

SEKSEND = SEEK NPHRSAOCO + ...

TOF + T00 + TO1

+ T02 NTYPOR

+ T03 NTYPOR NTYPIR
+ S00 SO1 EXT

SUNSET

Signal TOF becomes true and is latched if address incre~
mentation causes the mostsignificant bit of the track address
to be true.

TOF POO TXP + TOF TX0 + ...

hl

TXP = TDLI0O STXPEN

i

A true TOF signal is not an error unless on attempt is made
to read from, or to write into, the nonexistent addressed

track. Therefore, for a sense order, a true TOF signol
direct sets SUN to provide the unusual end data. The IOP
is able to test for causes of unusual end.
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M/SUN = SUNM S/KFICK = KFID
SUNM = NDATASET (PHTO TCS100-3) KFID = KXO0 (KFID + KFIDX1)
(SEKSEND SUNSET)
KFIDX1 = KFI TRS270
SEKSEND = SENSE NPHRSAOO + ...

If SUN is set, it remains in the set state until signai RESET
istrue. Before RESET is true, SUN causes UNE to be direct

set.

E/SUN = RESET

4-78 Rate Error Logic

During execution of a write order or checkwrite order, data
from the IOP must be provided ir time for a transfer of data
from the K-register to the D-register at the rate estabiished
by read/write clock signal RWCK. During execution of a
read order, data must be accepted by the IOP before the
FAM module is filled, and additional data must be stored
in ihe FAM module ot the rate established by read/write
clock signal RWCK. Rate error flip-flop RER is set ifeither
kind of rate is detected.

During execution of a read order, a rate error is detected
if an attempt is made to transfer data from the D-register
to the J-register (JXD true) when the FAM module is filled
(NRKO true) and the IOP has not signalled count done
(NICDN true). When ali these conditions exist simulta-
neously, RER is direct set. :

Il

M/RER RERM

RERM JXD NRKO NCDN

During executien of a wiite order or a checkwrite order, a
rate error is detected aftar the preamble has been written
(INWPRE true) if an attempt is made to transfer data from
the K-register to the D-register (DXK true) before the K-
register has been filled (NKFICK true).

S/RER = REREN RERSET
REREN = DATA + JFI
RERSET = NWPRE DXK NKFICK
DXK = CHWR NPOST BIT7RWE NPRE
+ WRITE NPOST BIT7RWE + ...
C/RER = RWCH

When the K-register is filled from the FAM module, KFID
comes true and is latched. Flip-flop KFICK is set by the
following read/write clock and remains in the set state until
the K-register is cleared following a K-register to D~
register data transfer. :

NKX0 = WCHW TDT2 + ...

1t

R/KFICK .
C/KFICK = RWCK

Therefore, if a K-register to Dregister transfer is attempted
when KFICK is in the reset state, the K-register contains no
new data. ‘

A true JFIsignal enables KFICK to set afier the order in
service cycle is in process. This signal is required for the
multiple-byte interface, for which vatid date may still be
in the I-register after exit from the data out service cycle.
(Sce peragraph 4-48.)

JFI = N(JFIRESET RWRITE-2 TRS180) (JFIX1 + ...)

Ornice RER is set, it can Lo reset only by signai RESET. Be-
fere signal RESET is true, RER causes an unusual end condi-
tion.

R/RER GND

E/RER RESET

4-79 Incorrect Length Logic

Incorrect length flip~flop INL is set for any one of three
conditions:

a. The number of data bytes transferred during execu-
tion of a read order, write order, or checkwr’ e order is not
an integral multiple of 1024,

b. The number of data bytes transferred Aduring execu-
tion of a seck order is not 2.

c. The number of data bytes transferred during execu-
tion of a sense order is not 3.

Alihough these conditions are not necessarily =rrors, the
information that INL was set may be required by a program.
Therefore, although UNE is not set, a signal is returned to
the IOP through signal /DA1/ during the order in service
cycle.

/DAl/
001

001
OXORDIN INL +- ...

I

1

Flip~flop INL is reset during any order out service cycle and
is cleared following completion of any input/output operation.

4-79
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R/INL = ORDOUT
C/INL = TCS100-3
E/INL = NDCB

Count done flip-flop CDN, which should be set after all
data bytes have been transferred foliowing execution of ,
any order, controls signals related to setting flip-flop INL.
During execution of a seek order or sense order, INL is set
during the order in service cycle if CDN is not set.

S/INL = INLSET ORDIN
INLSET = INLEN SEKSEND + ...
SEKSEND = SEEK NPHRSAOO
+ SENSE NPHRSAOO
INLEN = NCDN + ...

During execution of a read order, INL is set during the
order in service cycle if CDN is set and the K-register is
still filled (KFI fruc). In this case, the byte transferred to
the K-register is o byte of zeros which follows removal of
oll vaiid doia bytes frem the FAM module.

i

S/INL INLSET ORDIN

INLSET CDN READKFI + ...

I

READKFI = READ KFI

During execution of a write order or checkwrite order, INL
is direct set if an atiempt is made to transfer data from the
K-registar to the D-register (DXK ‘rue) after CDN has been
set, the FAM modu'e has been empticd (REMPTY true), and
the preamble has been written (NWPRE t:ue). These con-
ditions exist cfter the last data byie has been stored in the
’:giste. following the removal oi all valid data bytes
T ihe FAM module and after a count done terminal order

has been received from the 10P. ‘

I

N/INL INLM

INLM = CYCLER REMFTY CDN NWPRE

DXK NKFID

4-80 INTERFACE TYPE LOGIC
4-81 Byte Width Logic

The data path between the IOP and the EP RAD controller
may be one, two, or four bytes wide. For any byte width,
data bytes are exchanged on a onz -byte interface during
execution of seek orders and sense orders. During execu-
tion of read orders, write orders, or checkwrite orders,
data bytes may be transferred one, two, or four bytes of a
time, depending on the states of signals /EDX2/ and /EDX4/

4-80
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from the IOP. (See figure 4-21.) When the controller is

service ~connected (FSC true), signals /DX2/ and /DX4/
are sent to the IOP to indicate byte width, under control
ofsignal WIDE which is true during execution of write orders,
read orders, and checkwrite orders (WRCH true). Signals
BYT1ID, BYT2ID, and BYT4ID are used internally during

dota transfers to control operations of the O-register, I-

register, and related registers.

4-82 RAD Type Logic

Signals /TYPO/ and /TYP1/, which are accepted from the
addressed RAD storage unit, indicate the storage capacity
of the addressed RAD. For an EP RAD storage unit, both
signals are frue and signal EXT is true.

EXT = TYPOR TYPIR
TYPOR = /TYPO/
TYPIR = /TYP1/

Signal EXT controls cperations within the controller. If
EXT is true, rea2/write clock signal RWCK is nominally
3 MHz; if EXT is false, read/write clock signal RWCK is
nominally 1.5 MHz. (See paragraph 4-55.)

For an EP RAD storage unit, the B-counter counts 1024
bytes per sector. (See paragraph 4-56.) for other tynes of
RAD storage units, the B-counter is preset with a vslse of

1 010 011 G00 XXX (decimal 664) and counts 360 byiesper

secior.

$/B0D = FRE BXIMED + ...
SXIMED = RWE NEXT

S/B2 = PRE BXIMED + ...

S /05 = PRE BXIMED + ...

$/B06 = PRE BXIMED + ...

For an EP RAD storage unit, there are 12 sectors per revo-
lution; for other RAD storage units, there are 16 seciosrs per
revolution. Therefore, signal LASTSECT is made true fore
count of 1011, if EXT is true.

ANOR ANTOTYP2 AN2R ANS3R

1]

LASTSECT

"

ANIOTYP2 = ANIR+ EXT

(Signal LASTSECT is used only by PET logic. )

4-83 OFFLINE OPERATION

Peripheral Equipment Tester Model 7901 (PET) can be used

either to monitor operation of the EP RAD controller or to
simulate 1OP inputs to the EP RAD conitroller. In either
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Paragraph 4-84

20
DX2 -2
Gl L P \iz BYT2IDD
128 » /DX2/
1__]
. 25 N\ EDX2 3,
b J/ t1ep YBYT2DL  bspy28
_10]
‘ .
DAT £
\i5 23 18 WIDE BYTIID 22 2 -
258 P20 138 NBYTIID
WRCH B/
eNp——L0135>12
Léir
R
. rep |36 BYT4ID 27
GND 288 } EDX4 37 ;
\__2_
\5 BYTLIDD e
N " 128 & /D4
/EDX4/ W FsC—= /
' BYT2ID BYT4ID
EDX2 EDX4 BYTID (NOTE) (NOTE) DATA SIGNALS
0 0 1 0 0 /DAO/ - /DA7/
i 0 0 1 0 { /DAY, - /DAT/
/oBO/ - /DBY/
/DAO/ - /OAT/
0 1 0 0 1 /DBO/ - /DB7/
1 /ocoy - o7y
/oD0/ - /Du7/
NOTE: BYT2ID OR BYT 4D TRUE ONLY WHEN WIDE IS TRUE

T01565A. 425

Figure 4-21. Byte Width Circuits, Logic Diagram

case, the PET must be connected to the EP RAD controlier
through two cable connectors, as indicated in figure 7-5.
When the PET is used to monitor operation of the contioller,
indicators on the PET pane! read selected signals of the con-
trolier during online operation. When PET is used fo sim-
ulate 1OP inputs, no RAD stcrage unit aitached fo the con-
troller is accessible to the IOP.

4-84 Online/Cffline Control (See figure 4-22)

The EP RAD controller is placed in the online state byset-
ting the switch on the LT25 module (tocation C23 in figure
7-5) to the 1 position. This action connects the PT185

signal to ground and energizes relays in the AT17 module
(location C26 in figure 7-5).  After these relays are ener~
gized, signal NINI is connected to ground anu signal INI
is dicconnected from ground and atlowed to go five. After
signal INI is hue, signal INC becomes true and signal NINC
becomes false.

When the switch is placed in the O position, signal PT185
is open and two reiays in the ATI7 moduie are ceenergized
in sequence, causing signals INC and INI to go false in
sequence and shortingsignal AVltosignal AVO to complete
the priority circuit to the next controtlerin sequence. When
signal INI becomes false, the controller is effectively
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Figure 4-22. Connect-Disconnect Timing Diagram

disconnected from the IOP interface because signal INI
grounds the following signals: AVOD, DCA, DORD, EDD,
FROD through FR7D, FSLD, HIPD, HPSD, ICD, IORD, O00
through O07, RSAR, RSD, NRSTR, and SCD.

Signal NINI, which is true, direct resets service connect
flip-flop FSC.

E/FSC = NINI + ...
4-85 Reset Control (See figure 4-23)

Control flip-flops of the EP RAD controller may be reset by
manually ~controlled signals or by computer-controlled sig-
nals. The error flip-flops (CER, PER, RER, SUN, and WPV)
,and SCR are reset by a halt input/output signal (HIOU),
“whether the HIO is controlled by the computer progrem or
by an offline test. These flip-flops are also reset by

4-82

DCBSET ct the start of an input/output operation. At the
end of an input/output operation, DCB is reset and causes
one group of flip-fiops to be reset. Computer-controlled
signal RSTR, which can also be generated at a puskbutton
on the computer control panel, gererates a true MANRST
signal.  This signal resets the error flip~flops, flip-ilop SCR,
and a greup of flip~fleps that includes DCB. Therefore,
signal RSTR resets a!l control flip-flops of the EP RAD con-
troller.  Signal MANRST is also controlled by the FET
through PET reset signal RSTP. When the EP RAD control-
ler is operating offline (PET irue), MANRST is true when-
ever RSTP is true.

4-86 PET Operations

When the PET is connected to the controller, the signals
listed in table 4-6 are available at the PET connectors. If
the PET is used to monitor online operation of the controller,
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Table 4-6. PET Interface Control Signals

Signal : Source . Description
ALTP A 32A-21 Alternate order centrol
CNTRCLKP 30A-14 Clock signal to the PET internal counter
DP0OO 30A-8 : A
DPO1 ’ 30A-7
DPO2 ' : 30A-6
DPO3 30A-5

Y Simulated data byte stored in the J-register

DPO4 30A-4
DPOS 30A-3
DP06 30A-2
DPO7 30A-1 J
ERSTOP 32A-20 Error sicp signal that enables k=lt if crror is detecred
FSPS - 32A-39 Function strobe simulation |
HIOP 32A~25 Halt input/output function indicator simulation
INDUP 32A-19 lnd‘ico’ror signal control
10P 32A-36 Online/offline control
ORDr1 32A-22 Order bii 1 simulation
ORDP2 32A-23 Order bit 2 simulation
ORDP3 32A-24 ' Order bit 3 simulation
‘ORDP4 . 32A-25 Order bit 4 simulation
REPEAT . 32A-42 Continuous cycle control
RSTP 32A-40 Reset signal simulation
SGLPH 32A-18 Single-phase operation control
SGLPHCK 32A-43 Single-phase operation clock
SGLIRKP 32A-41 Single-irack operation control
SIOP 32A-29 Start input/output function indicator simulation
TDVP 32A-27 Test device function indicator simulation
TIOP 32A-28 Test input/output function indicator simulation

(Continued)

4-84
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Paragraph 4-87

Table 4-6. PET Interface Control Signals (Cont.)

Signal Source Description

TRKRST ‘ 30A-15 True when PET internal counter equals counter reset
' switch settings of PET panel

UASO 30A-12 Storage unit address bit 0 simulation

UASI ‘ 30A-11 Storage unit address bit 1 simulation |

UAS2 30A-10 Storage unit address bit 2 simulation

signal IOP is true and signal INDUP, controlled from the
PET panel, causes the signais listed in table 4~/ to beread.
If the PET is used to controi offline operation, signal IOP
is false and signal PET is tnre, unless the PET reset signal
RSTP is generoted to reset the controller. ’

Signals DPOO through DPO7 simulate data bytes and provide
inputs to the J-register during dota out service cycles

(DATAOQUT true).

Joo = DP0O0 JXDP + ...

JXDP = DATACUT RWRITE-2 TRSC60 PET
Jo1 = DPOY JXDP + ...
Jo7 = DPO7 JADP + ...

These signals replace 1OP duta for simulated .rite orders,
checkwrite orders, and seek orders. For simulated sense
orders and read orders, datc is accepted from the disc file
similor to ouniine operation.

Signals ORDP1 through ORLP4 simulate bits of the order
code and are accepted by the order register under control
of alternate order signal ALTP and the clternate order cir-
cuits.

Signal UASG through UAS2 simulate storage unit address
bits and are accepted by the U-register at the start of a
simulated input/output operation.

SUoD UASC PET + ...

SU1D

UAS2 PET + ...

DCBSET

(C/uU0-C/U2)

Signals HIOU, TIOU, TDVU, and SIOU can be controlled
by signals HIOP, TIOP, TDVP, and SIOP to simuiate com-
mands from the 1OP. The simulated function strobe signal
from the PET is used to conirol operations.

HIOU = FNTP HIGP
+ HIOU NPHFSCYC + ...
FNTP = FSP PET
NPHFSCYC = N(CYCLE/C PHFS)
TIOU - = FNTP TIOP
+ TIOU NPHFSCYC + ...
TDVU = FNTP TDVP
+ TDVU NPHFSCYC + ..
SIOU = FNTP SIOP

+ SIOU NPHFSCYC + ...

4-87 iOP SIMULATION. When the PET simulates 1OP
signals, the controller responds as if the IOP were providing
the inputs. Inputs from the PET start the TCL delay line.
(Sa2 figure 4-24.) Other operations follow in wormal se-~
quence, as described in paragraph 4-20.

When signal PET is true, device controller address signal
DCAL is true to simulate o match of controller cddress and
IOP address signals.

DCAU = PET + ...

The function strobe which starts execution of orders is con-
trolled through signal FSU; the request strobe acknowledge
signal from the IOP is simulated through signa' RSAU; ser-
vice connection is controlled through signal FSCU by ser-
vice call flip-flop SCN. Function strobe sigro! FSU can
be controlled by a pushbuiton on the PET panel through
signal FSPSor by a combination of PET signalsand controller
signals.

FSU PET NPHFSL (SCN + FSP)

ESPS + ...

I

FSP

The function strobe is inhibited while the phase control
fogiv is in phase FSL since signal NPHFSL becomes false.
Additional service calls depend on the state of service call
flip-flop SCN, which is controlled through signal CDNPET.

CDNPET = PET LASTSECT POSTB39 (TRKRST
+ SGLTRK) (EXT + ...)
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Table 4-7. PET Interface Indication Signals

SIGNAL SOURCE DATA
‘ . If INDUP true if INDUP false

INDOI 19A-02 DCB DCB
INDO2 19A-01 READ CiL

 INDO3 19A-39 WRITE DVOR
INDO4 19A-42 CHWR RER
INDO5 25A-42 UNE PER
INDO6 25A-39 00 CER
INDO7 25A-01 101 WPV
INDOS 25A-02 T2 SUN
INDO09 25A-07 103 DATA

. INDI1O 25A-09 T04 iN
IND1] 25A-46 105 PHTO
IND12 25A-21 106 PHRSA
IND13 25A-14 107 PHRS
IND14 25A-12 08 PHFSL
IND15 25A-27 109 PHFSZ
IND16 25A-26 o | PHFS '

When the service call line is raiced by SCN, the data in
‘signals DPGO through DPO7 are accepted for data out
Vice cycles. For either dofa cut or data in service
cycles, request strobe acknowledge signal RSAU is simu-

lated by signal RSAUEN.

RSAU = PET (BYTHID + NJFI + NDATAQUT)

4-88 SINGLE PHASE MODE. The phase flip~flops de-
scribed in paragraph 4-22 can be cycled through normal
phase sequences one phase at a time if signal SGLPH is
true. (See figure 4-24.) In this case, signal CYCLE/C,
which conirols start of the TCL delay line, is controlled
through signal CYCEN (refer to paragraph 4-21 for a
description of TCL delay line operation). Single phase
enable flip-flop SPE is direct set whenever a TCL delay

fine cycle occurs. If signal SGLPI1 is true, CYCLE/C is
inhibited by a false CYCEN signai until SPE is reset. There-

fore, the TCL delay line cannot be started until SPE is reset.

A true single phase clock signal SGLPHCK is generated by
a PET panel pushbutton. As this signal goes false, SPE is

4-86

reset and CYCLE/C is enabled. In this manner, the ‘hases
associated with any IOP command or any service cvcie con
be enabled one at a time.

4-89 ALTERNATE ORDERS MODE. the PET can cause the
controller 1o either oxecute the order encoded by signals
ORDPI ihrough ORDP4 or alternate execution of thut order
with executior of a write order. For execution of ike order
encoded in signals ORDP1 through ORDP4, signal ALT® is
false and the PET order code is stored during phase REA of
the order out service cycle as for online operation.

M/ORDO = ORDXPET

ORDXPET = PHRSAOO PET TCS000-3
ORDI = ORDPi ORDXPET + ...
ORD2 = ORDP2A ORDXPET + ...

ORDP2A = ORDP2 ALTORD

ALTORD = NALTP + ...
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Figure 4-24. PET Interface Circuits, Simplified Logic Diagram (Sheet 1 of 2)
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Figure 4-24. PET Interfoce Circuits, Simplified Logic Diagram (Sheet 2 of 2)
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ORD3 = ORDP3A ORDXPET + ...
ORDP3A = ORDP3 ALTORD

ORD4 = ORDP4A ORDXPET + ...
ORDP4A = N(ALTORD NORDP4)
NORDP4 = N(ORDP4 PET)

For the alternate order mode of operation, sigﬁal ALTP is
true and the PET order code is stored only when flip-flop
ALTP is set.

ALTORD = ALT + ...
When ALT is in the reset state, a write order (1 X001) is

stored. Flip-flop ALT changes state each time alternate
order clock signal ALTCK gees false.

S/ALT = NALT
R/ALT = ...
C/ALT = ALTCK

Clock signal ALTCK is true during phase RSA of each
order in service cycle if PET panel signal TRKRST is true.

ALTCK ALTCKEN ALTP + . ..

Il

ALTCKEN = CRDIN PHRSA TRKRST

Signal TRKRST is true when the PET internal counter state
mciches the track address und the sector address switch
settings on the PET panel. Therefore, after each input/
output operation, ALT chonges state and alternates a write
order with the order encoced or the PET panel switches
ofter all data has been precessed. :

When signal ALTP is false, ALT is set by the first index
pulse and remains in the set state.

ALTCK = NALTP IPR + ...

- 4-90 COUNT DONE SIMULATION. The address at waich
an input/output operation begins is established by a single
phase seek order, during which a track address and a secior
address are loaded. A read order, write order, or check-
write order is terminated urder control of signal TRKRST,
which is generated by a counter in the controller.

CDNPET = LASTSECT PET POSTB89 (TRKRST
+ L) (BEXT + ..L)

Signal TRKRST is true when the state of a PET counter

matches o value set in PET panel switches. The counter is
incremented by signal CNTRCLKP, which is sent to the PET.

Paragraphs 4-90 to 4-92

NCNTRCLKP = LASTSECT RWE RWP NSGLTRK
+ ORDXPET TRKRST

Thus, the counter is incremented as the last sector of a track
is processed and is cleared when a new order is stored after
TRKRST is true.

4-91 SINGLE TRACK MODE. When the PET commands
the single track mode of operation, an order is executed
continually on o 12-sector track. Fer this mode of opera~
ticn, the sequence of events which cause incrementation

of the track address must be inhibited, but incrementation
of the sector address musi be allowed. (See paragraph 4-70.)
Incrementation of the S-register is enabled through DO7SET,
as in normal operafion, but incrementaiion of the T-register
is inhibited by a true SGLTRKP signal.

NDO7SET = B11 B12 SGLTRK NBXO
+ ND7P15 NBXO
SGLTRK = SGLTRKP PET

That s, after four bits have been processed (B!, B12), the
incrementing process is inhibited by forcing DO7SET false.

Signal SXPEN, which enables a transfer of dota from the
P-register to the T-register and S-register, is inhibited by
signal SGLTRK. (See figure 4-24. )

A count done signal is generated each time the Inst sector
is detected. :

CDNPET = LAST3ECT PET POSTB8? (SG!IRK +...)

Signal PRESET is inhibited if a write order is bein »xecuted
so thot writing is not aflowed or clternate revclutions,
thereby meeting read/write head duty cycle spacifications.

FRESET = RwP NB11 B10 B0O? BO6
N(ALTYP2 PET SGLTRK WRITE?

4-92 ERROR STOP MODE. When signal REPEAT from the
PET is true, the command chaining signal is true, causing
repetition of the order set into PET switches.

CCH = N(IOP DA3R)(REPEAT PET + ...)

The function strobe is geneiated under contrel of signal
ERSTOP from the PET. (See figure 4-24.) Afier the first
function sirobe is generated by a true FSPS sigi.el, no func-
tion strobe is needed to continue service cycles, provided
no unusual end occurs.

FSU = PET NPHFSL (REPEAT NDCB UNE NERSTOP
+ FSPS)

If signal ERSTOP from the PET is false, signal NERSTOP is

true and an unusual end generates a new function strobe.

4-89
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If signal ERSTOP from the PET is true, signal NERSTOP is
false. Whenr an unusual end ceccurs, DCB is reset as for
online operation, and lack of a function strobe causes op-
eration to stop. (The track address has been incremented.)

4-93 PHASE SEQUENCE CHARTS

The phase sequence charts describe the operation of the

: controller for normal online response to signals from the
IOP. The emphasis is on the phase control circuits de-
scribed in detail in paragraphs 4-20 through 4-35. Infor-
mation is exchanged betweenthe IOP and the controller as
these circuits cycle through a sequence of six phases (FS,
FSL, FSZ, RS, RSA, and TO), each of which is defined by
a flip-flop.

At certain times during a sequence of the phase control
circuit operations,signals are required from circuits asyn-
‘-hronous with the phase controi circuits. The three asyn-

ronous timing circuits of the controller are:

a. The TCL delay line, which controls transfer of in-
formation between the IOP and the controller

‘ b. The TRL delay line, which controls transfer of data

bytes to and from the FAM module

c. The TDT delay line, which controls transfer of data
between the coniroller und the uddressed storage unit

Data passing beiween the IOP and the adaressed storage
unit is controlied by ull three timing circuits during the
transfer process. Therefore, although details of operation
of asynchronous circuiis are not defined in the phase se-
quence chorts, their relation to the operation of the phase
control circuits cannot be ignored. Sigrals originating
outside the phase coniro! circuits, either in the IOP or in
asynchronous circuits of the coniroller, are identified in

'ie phase sequence charts.
or normal online operation, the controller is initially in

the ready automatic state. When in this state, the con-
troller responds to any IOP command (AIO. HIO, SIO,
TIO, or TDV) by possing through phases FS, FSZ, and FSL,
ond then returning io phase FS. If the command is an SIO
and if the SIO is acceptad, the controller enters the busy
automatic state and remains in this state until completion
of one or more input/output operations or until an- error
occurs. Upon entering the busy automatic state, the con-
troller requests an order out service cycle, during which
the controller stores the order transmitted from the 1OP.
After the order is stored, the controller will request a
sequence of data out service cycles or a sequence of data
in service cycles. If no error occurs during these service
cycles, a signal from the IOP indicates a count done after
all data has been transferred, after which the controlier

¥ requests an order in service cycle. During the order in
service cycle, information is sent to the IOP. Following
the order in service cycle, the controller may return to
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the ready automatic state or may start a new order in ser-
vice cycle, as determined by terminal order information.

Euch of the four service cycles (order out, data out, data
in, ard order in) is identified by the states of two flip-flops.
For any service cycle, the controller passes through phases
FS, FSZ, and FSL, followed by some sequence of phases RS
and RSA, followed by phase TO. During any TO phase,
the coniroller may receive information from the IOF which
indicates than dn interrupt has occurred, that all data has
been transferred, or that the IOP has commanded ar unusual
end. If an error is detected by circuits of the controller,
an order in service cycle will be requested during the next
TO phase in sequence. During phase TO of ar order in
service cycle, the controiler may receive acommand chain~
ing signal. This signal causes the controlier to start a new
order out service cycle, rather than return to the reody
auvtomatic state.

Therefore, operation of the controller consists of passing
from the ready automatic state to the busy automatic state
in respcnse to IOP signals, processing data, and reivrning
to the ready automatic state. For executionof seei orders,
write orders, and checkwrite orders, data istransferred from
the IGP in a succession of data out service cycles. For
execution of sense orders or read orders, data is tiunsferred
to the IOP in a succession of data in service cycles. Each
complete input/output operation begins with an order out
service cyrle and ends with an order in service cycie.

4-94 1P Command Sequences

In response to an IOP commond, the controller provides
informa*isn on function revzonse lines /FRO/ through /FR7/
and on Jdata or order lines /DOR/ and /IOR. The infor-
mation provided and the operations which take place within
the conticller depend upon the type of IOP commcnd, as
indicated in tables 4-8 through 4-12.

4-95 Order Out Sequence

Each input/output operation begins with an order out ser-
vice cycle. Anordercut service cycle follows anaccepted
SIO command or an order in service cycle during which a
command chaining signal isaccepted fromthe IOP. During
an order cut service cycle, an order is read from IO? data
lines /DA3/ through /DA7/ and stored in the order register
{ORDO through ORD4), as indicated in table 4-13. If the
order indizates seek, write, or checkwrite, subsequ2nt ser-
vice cycies will be data out service cycles; if the order is
sense or read, subsequent service cycles will be data in
service cycles. Thus, crder out service cycles normally
begin with the (DATA, IN) flip-flops in state (0, 0) and
end with these flip~flops in state (1, 0) or (1, i). If the
order is one of the illegal codes or if it is a write order
which addresses a write-protected track, an error wili be
detected. The (DATA, IN) flip~flops will be ploced in
the {0, 1) state, and the error will be reported during the
order in service cycle which follows.
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Table 4-8. AIO Command, Phase Sequence Chart

Comments

Phase Function Performed Signals Involved
Interrupt | Raise interrupt call line ICD ICD = LIL CIL set by terminal order
Pending when CIL set and remains in sef state
LIL = NAIOR CIL INC until AIO response re~
+ AIOR INI LIL NRSTR ceived from IOP
FS Encble TCL delay line DCL = CYCLE/C DCLSTART CYCSET latched true.
+ Delay line input when
AIOR signal received
CYCLE/C = 1OP CYCSET + ... from IOP {oniy for de-
vice controller with
DCLSTARTI = FSU PHFS AIOC + ... LIL true)
- AlOC = AIOM AIOR AVIR +...
AIOM = NHPIL LIL + .
Reset CIL R/CIL = CILRST
CILRST = AIOC + ...
C/CIL = NTCS000
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = 7CS100-3
Sei PHFSZ S/PHFSZ = PHFS Enter phase FSZ
C/PHFSZ = {CS100-3
FSZ Enable TCL d lay line DCL = CYCLE/C PHFSZ + ..
Reset PHFSZ R/PHFSZ = End phase FSZ
C/PHFSZ = TCS100-3
S/PHFSL = PHFSZ Enter phase F5L
C/PHFSL = TCS100-3 OPER may be sct, but
no significance for AIO
FSL Enable TCL dalay line DCL = CYCLE/C DCLSTART3 TCL delay line enabled
e . when function strobe
false
DCLSTART3 = NFSU PHFSL +...
Enable function response FROD = (FROD-FR3D) contain

signals

BSYC SWAOD + ..

device controller ad-
dress

{Centinued)
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Figure 4-8. AIO Command, Phase Sequence Chart {Cont.)

Phase Function Performed Signals Involved Comments
FSL -BSYC = AVIR AIOR AIOM PHFSL-I1
(Cont.) + ...
FRID = BSYC SWAI + ...
FR2D = BSYC SWA2 + ...
FR3D = BSYC SWA3 + ...
FR4D . = BSYC GND + ... FR4D always false
FR5D = BSYC UC + ... (FR5D-FR7D) contain
device address
FR6D = BSYC Ul + ...
FR7D =-BSYC U2 +
Enable status signals DAO = 000 + ... RER, SUN, wpv
indicate cause of
000 = OXAIGST RER + ... interrupt
OXAIOST = AIOC FSU
DA2 = 002 + ..
002 = OXAIGCST SUN + ...
DA3 = C03 + ...
003 = OXAIG3T WPV + ...
Enable condition cod~ IORD = PHFSL iORDEN + ... IORD true if all status
signals {(IORD, DOKD; signals false. Defins
: IORDEN = NIORDINT + ... normal 1/O interrupt
NIORDEN? = AIOC NFAULT + ...
NFAULT = NRER NSUN NWPV
DORD = DORDEN PHFSL + .. DORD always true
DORDEN = AIOC + ...
Reset PHFSL R/PHFSL = ... End phase FSL
C/PHFSL = TCS100-3
Reset NPHFS R/NPHFS = PHFSET Enter phase FS (service
connect flip-fiop FSC
- PHFSET = NFSCU PHFSL-1 not in set state)
FSCU = FSC IOP + ... |
- C/NPHFS = TCS100-3

4-92
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Table 4-9. HIO Command, Phase Sequence Chart

Phase

Function Performed Signals Involved Comments
FS CPU processes HIO instruction,
and IOP generates true HIOR
function indicctor signal and
true FSR function strobe
Enable TCL delay line DCL = CYCLE/C DCLSTARTI
T ...
CYCLE/C = CYCSET IOP + ... CYCSET latched true.
IOP true unless DC
DCLSTART] = FSU PHFS TTSHU DCAU is offline
+ ..
“FSU = FSRIOP + ...
TTSHU = TISH IOP + ...
TTSH = HIOR + ...
DCAU = DCA IOP + ... DCA true if (SWAC-
SWA3) maiches (DACR-
DA3R)
Reset R/OPER = PHrS Prepare to sample sig-
nai DVTR du-ing phase
C/OPER = NTCS080 FSZ
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = TCS100-3
Set PHFSZ S/PHFSZ = PHES Enter phase F5Z
C/PHFSZ = TCS100-3
FSZ Enable TCL delay line DCL = CYCLE/C FHFSZ + ...
Sample DVTR signal from S/OPER = DVTR OPERSET Set OPER if GVIR true,
addressed selection unit indicating RAD is op~
OPERSET = JTSHU PHFSZ erating
C/OPER = NTCS080
Reset PHFSZ R/PHFSZ = End phase FSZ
C/PHFSZ = TCS1C0-3
Set PHFSL S/PHFSL = PHFSZ Enter phase FSL
C/PHFSL = TCS100-3
FSL Enable TCL delay line DCL = CYCLE/C DCLSTART3 TCL deloy line enabled

+ ...

ot end of function strobe

{Continued)
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Figure 4-9. HIO Command, Phase Sequence Chart (Cont. )

Phase Function Performed Signals Involved " Comments
(gSL{. ) E.ncblle function response FROD = BFSD TSH CiL + .., FROD true if interrupt
ont. signals pending (CIL)
BFSD = FSLD
FRID FR2D FSLD = TTSH DCA PHFSL-]
0 0  Device ready PHFSL-1 = PHFSL
i 1 Device busy FRID = BFSD TSH DVBSY + ...
0 1 Devi(,e. not DVBSY = DCB DVSEL DVSEL true if (U0-U2)
operationg! matches (DASR-DA7R),
indicating device
selected
FR2D = BFSD TSH STSHO2 +...
) STSHO2 = DVBSY + NOPER
FR3D = BFSD TSH DVIR + ... Device test (DVT)
ERSD  FR6D FR4D = BFSD TSH UNE + ... Unusual end (UNE)
0 0  Device con- FR5D = BFSD TSH DCB + ...
troller ready
FR6D = BFSD TSH DCB + .
1 1 Device con-
troilzr busy FR7D = BFSD 7SH GND + .. FR7D aiways false
Enable condition code IORD = IORDEN PHFSL + ... IORD true if addressed
signals (IORD, DURD) device is not busy
IORDEN = NIORDZNT + ... (NDvBSY)
NIORDEN1 = NDVBSY HIOU + ...
DORD = DORDEN PHFSL + ... DORD true if addressed
B device is cperating
DORDEN = OPER + ... (OPER)
Clear flip-flops CER, PER, E/CER = RESET
RER, SCR, SUN, and WPV '
RESET = DVSEL HIOU PHFSL DVSEL true if (UO- U2)
+ ... matches (DASR-DA7R)
HICU = HIOR IOP + ...
E/PER = RESET
E/RER = RESET
E/SCR = RESET
E/SUN = RESET
Reset DCB E/ WPV = RESET
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Table 4-$. HIO Command, Phase Sequence Chart (Cont.)
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Phase Function Performed Signals Involved Comments
FSL | Reset DCB R/DCB = DCBRST
(Cont. ) DCBRST = RESET + ...
C/DCB = NTCS080
Clear flip-flops DCE, BKO, Flip-flops are direct
BK1, DAR, DATA, DSE, reset by equation of
DSL, EDISET3, IN, INL, form E/XXXX = NDCB
CRDO, PHRS, PHRSA,
PHTO, PRE, RWE, RWP,
SCN, SEN, TSE
Reset PHFSL R/PHFSL = End phase FSL
C/PHFSL = TCS100-3
R/NPHFS = PHFSET Enter phase FS (flip-
flop FSC can be set
PHFSET = NFSCU PHFSL-1 only by SIO ccmmand)
FSCU = FSC IOP + ...
C/NPHFS = TCS100-2
Table 4-10. SIO Command, Phase Sequence Chart
Phase Function Performed Signals Involved Commenis
FS CPU processes 51O
d{zz o | instruction, and 10P

generates trie func-
tion indicator signal
SIOR and function

strobe signai FSR_z>

Enable TCL delay line

Reset OPER

_ls1l¥cz

DCL

CYCLE/C

DCLSTART!

FSU
DCAU
TTSHU
TTSH

R/OPER

C/OPER

= CYCLE/C DCLSTARTI

+ LI

CYTSET IOP + ...

1l

FSU PHFS TTSHU DCAU
L.

= FSRIOP + ...

DCA IOP + ...

1

TTSH 10P + ...

SIOR + ...

PHFS

NTCS080

CYCSET latched true.
DCA true if (SNAD-
SWA3) matches (DAOR-
DA3R). IOP true un-
less DC is offline

Prepare to scmple
signal DVTR dirring
phuse FSZ

(Continued)
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Table 4-10. SIO Command, Phase Sequence Chart {Cont.}

XDS 901565

o

DVBSY + NOPER

Phase Function Performed Signals Involved Comments
FS | Set NPHFS $/NPHFS = PHFS End phase FS
{Cont.)
C/NPHFS = TCS100-3
Set PHFSZ S/PHESZ = PHFS Enter phase FSZ
C/PHFSZ = TCS100-3
FSZ Enable TCL delay lire bCL = CYCLE/C PHFSZ
+ ...
Sample DVTR signal from S/OPER = DVTR OPERSET Set OPER if DVIR true,
selection unit ’ indicating RAD is op~
( OPERSET = TTSHU PHFSZ - erating
C/OPER = NTCS030
Reset PHFSZ R/PHFSZ = ... End phase FSZ
C/PHFSZ = TCS100-3
Set PHFSL S/PHFSL = PHFSZ Enter chose FSL
C/PHFSL = TCS100-3
Enable TCL delay line DCL = CYCLE/C DCLSTART3 TCL delay line enclied
+ ... at end of function si:obe
v FSR
DCLSTART3 = PHFSL NFSU + ...
FSL Enable function response ~ FROD = BFSD TSH CIL + ... FROD tiue if interrupt
signals : pending (CIL)
BFSD = FSLD
FSLD = TISH DCA PHFSL-
+ ...
TTSH = SIOR + ...
TSH = DCA (SIOR + ...)
FR1ID FR2D FR1D = BFSD TSH DVBSY
0 0  Device ready Feee
1 1 Device busy
DVBSY = DCB DVSEL
0 1 Devicc not
operational FR2D = BFSD TSH STSHOZ2
+ ...
STSHO2 =

4-96
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Table 4-10. SIO Command, Phase Sequence Chart (Cont.)
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Phase Function Performed Signals Involved Comments
FSL FR3D = BFSD TSH DVIR FR3D true if device
{Coni.) test (DVTIR) true;
FR4D = BFSD TSH UNE + ... FR4D true if unusual
end (UNE) true
FR5D FR&D FR5D - = BFSD TSH DCB + ...
0 0 Device con- FR&D = BFSD TSH DCB + ...
tioller ready
FR7D = BFSD TSH GND + .. FR7D always faise
1 H Davice con- .
troller busy
Enable condition code IORD = PHFSL IORDEN + ...
signals (IORD, DORD) :
IORD DORD IORDEN = DCBSET MR
DCBSET = OPER SICPOSS PHFSL
C 0 Not operational
SIOPOSS = NCIL NDCB SiOU
0 i Interrupt pending
or busy DORD = PHFSL DORDEN + ...
) 1 SO accepted DORDEN = OPER + ...
If SIO accepted, set DCB S/DCB = DCBSET
C/DCB = NTCS080
If DCBSET, clear flip-flops E/CER = RESeT
CER, PER, RE<, SCR, SUN, i
and WPV RESET = DCBSET + ...
E/PER = RESET
E/RER = RES:T
E/SCR = RESET
E/SUN = RESET
E/WPV = RESET
1f DCBSET, ctore device S/U0 = SUoON Device address retained
address in (UD-U2) at end in (U0-U2) during 1/0
of phase FSL suoD = DASR IOP + ... operation
sul = SUID
SU1D = DA6R IOP + ...
S/U2 = DAZR IOP + ...
(C/U0-C/U2) = DCBSET
{Continued)




I

XDS 901565

Table 4-10. SIO Command, Phase Sequence Chort (Cont. }

Phase Functien Performed Signals Involved Comments
FSL Reset PHFSL R/PHFSL = ... End phase FSL
{Cont.)
C/PHFSL = TCS100-3
Reset NPHFS R/NPHFS =~ = PHFSET Enter phase FS
PHFSET = NFSCU PHFSL-1 + ...
C/NPHFS = TCS100-3
Table 4-11. TDV Command, Phase Sequence Chart
Phase Function Performed Signals Invohved Comments
FS CPU processes TDV instruction,
and IOP generates true TDVR
function indicator signal and
trve FSR functior sirobe,
Enable TCL delay liue DCL = CYCLE/C DCLSTARTI CYCSET tatched tive.
+ .. IOP true unless DC is
offline. DCA true if
CYCLE/C = CYCSET iOP + , (SWAD-SWA3) mctches
(DAOR-DASR)
DCLSTARTY = FSU PHTS TTSHU DCAU
+ ...
FSU = FSRICP + ...
DCAU = DCA IOP + ...
TTSHU = IOP i7SH + ...
- TTSH = TDVR + ...
Reset OPER R/OPER = PHFS Prepare to sample cignal
DVTR during phase FSZ
C/OFPER = NTCS(30
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = TCS100-3
Set PHFSZ S/PHFSZ = PHFS Enter phase FSZ
C/PHFSZ = TCS100-3
FSZ Enable TCL delay line DCL = CYCLE/C PHFSZ + ...
Sample DVTR signal from S/OPER = DVTR OPERSET Set OPER if DVIR true,
selection unit indicating RAD is op-
OPERSET = TTSHU PHFSZ erating

(Continued)
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Table 4-11. TDV Command, Phase Sequence Chert (Cont.)

Phase Function Performed Signals Involved Comments
FSZ C/OPER = NTCS080
(Cont.)
Reset PHFSZ R/PHFSZ = ... End phase FSZ
C/PHFSZ = TCS100-3
Set PHFSL S/PHFSL = PHFSZ Enter phase FSL
C/PHFSL = TCS100-3
FSL Erable TCL delay line DCL = CYCLE/C Delay line enabled at
) DCLSTART3 + ... end of function strobe
DCLSTART3 = PHFSL NFSU+ ...
Enable functic. response FROD = {TDVR DCA FSD) RER| FROD true for rate

signals

Enable condition code signals

| (IORD, DORD)

Reset PHFSL

Reset NPHFS

(TDVR DCA FSB).

FSLD

PHFSL-1

FR2D

FR3D

IORD

IORDEN
NIORDEN]1
NFAULT

DORD

DORDEN
R/PHFSL

C/PHFSL
R/NPHFS

PHFSET
FSCU

C/NPHFS

Hi

+ ...
DCA FSLD TDVR

PHFSL-1 TTSH DCA
+ ...

PHFSL

(TDVR DCA FSD)
SUN + ...

(TDVR DCA FSD)
WPV + ...

PHFSL TORDEN
+ ..

NIORDENT + ...
TDVU NFAULT
NRER NSUN NWPV

DORDEN PHFSL
+ ...

OPER + ...

TCS100-3
PHFSET

NFSCU PHFSL-1
FSC ICP + ...

TCS100-3

error

FR2D tree if sector
vnavailable

FR3D true if write pro-
tection violation

IORD true if rcne of
the error flip-tlops in
set state

DORD true if device
is operating

End phase PHFSL

Enter phase PHFS if
service connect flip-
flop FSC not in set
state
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Table 4-12. TIO Command, Phase Sequence Chart

Phase Function Performed

Signals Involved

Comments

FS CPU processes TIO instruction,
and IOP generates true TIOR
signal and FSR signal

+ ...

DCLSTART3 = PHFSL NFSU + ..

Erable TCL delay line DCL = CYCLE/C DCLSTART! CYCSET latched true.
{ +, .. IOP true unless DC is
- _ ' offline. DCA true if
CYCLE/C = CYCSET IOP +. . (SWAO-SWAS) matches
DCLSTART1 = FSU PHFS TTSHU DCAU (DAOR-DA3R)
+. ..
FSU = FSR I1OP + .
TTSHU = TISH 102 + ,
DCAU =DCA IC? +. ..
TTSH =TIOR +. ..
Reset OFER R/OPER = PHFS Prepare to somple sig-
nal DVTR during phcse
FSZ
C/OPER = NTCSC80
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = TCS100-3
Set PHFSZ S/PHFSZ = PHFS Enter phase FSZ
C/PHFSZ = TCS106-3
FSZ Enable TCL delay .ine DCi = CYCLE/Z PHFSZ + ...
Sample DVIR signe! from S/OPER = DVTR OGFeRSET Set OPER if DVIR :rue,
addressed selection unit indicating RAD is op-
OPERSET = TTSHU PHFSZ erating
C/OPER = NTCS08)
Reser PHFSZ R/PHFSZ = End phase FSZ
C/PHFSZ = TCS100-3
Set PHFSL S/PHFSL = PHFSZ Enter phase FSL
C/PHFSL = TCS100-3
FSL Enable TCL delay line DCL = CYCLE/C DCLSTART3 TCL delay line enabled

at end of function strobe

(Continued)
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Table 4-12. TIO Commcnd, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
FSL Enable function response FROD = BFSD TSH CIL +. FROD true if interrupt
(Cont.) | signals pending (CIL)
BFSD = FSLD
FSLD = TTSH DCA PHFSL-1
PHFSL-1 = PHFSL
FR1ID FR2D
0 0 Device ready FRID = BFSD TSH DVBSY + .
! 1 Device buyy DVBSY = DCB DVSEL
0 1 Device not
operational FR2D = BFSD TSH STSHO2 + ..
STSHO02 = DVBSY + NOPER
FR3D = BFSD TSH DVIR + ... Device test (DVTR)
FR4D = BFSD TSH UNE + .. Unusual end (UNE)
FRED FR&D FR5D = BFSD TSH DCB + ..
0 0 Device con- FR6D = BFSD TSH DCB + .
noller ready
1 1 Device con-
iroller busy |
FR7D = BFSD TSH GND + .
Enable condificn code 10RD = PHFSL IORDEN + ... IORD frue if nu inter-
signals rupt, not busy, and
IORDEN = NIORDEN1 + ... device operating
IORD DORD NIORDENT = NCIL NDCB OPER
- T 1
1 1 Ready for nou ...
SIO
0 0 Device not TIOU = TIOR IOP + ..
operational DORD = DORDEN PHFSL + ...
0 1 ‘nterrupt
nending or :
DC busy DORDEN = OPER + . DORD true if device
: operating
Reset PHFSL R/PHFSL = End phase FSL
C/PHFSL = TCS100-3
Reset NPHFS R/NPHFS = PHFSET Enter phase F$
PHFSET = NFSCU PHFSL-1
FSCU = FSC IOP + ...
C/NPiFS = TCS100-3
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart
Phase Function Performed ' Signals Involved Comments
Device controller busy flip- Flip-flop NPHFS is
flop DCB has been set by reset following SIO
previously accepied SIO, or order in service
Phase FS is entered following cycle
SIO or following order inser-
vice cycle in which command
chaining signa! was received ORDOUT = NDATA NIN
from 10OP '
FS Direct set service call flip- M/SCN = PHFS DCB CYCLE/C CYCSET latched true
flop SCN N(NSCNMEN)
CYCLE/C = CYCSET 10P + ... IOP true when controller
o is online
N(NSCNMEN) = NDATA NRWE
NWCHW + ...
Raise service cail line SCD SCD = LSt Service call line heid
true until 10P responds
LSt = NASCR SCN INC with ASCR and FSR
+ ...
Start TCL delay line when DCL = CYCLE/C DCLSTARTI
ASCR and FSR true + ...
DCLSTART1 = PHFS DCB BSYCU
+ ...
BSYCU = BSYC IOP + ...
BSYC = ASCM ASCR AVIR FSR
+ ...
Reset flip-flop CON R/CDN = OKDOUT CDN set during phose
' v TO of last data trarsfer
ORDOUT = NDATA NIN of previous order
C/CDN = NTCS000
Enabie function response FROD = BSYC SWAOQO + (FROD-FR3D) encoue de-
signals FROD through FR7D vice coniroller address
FRID = BSYC SWAL +
FR2D = BSYC SWA2 + ...
FR3D = BSYC SWA3 + ...
FR4D = BSYC GRD +... FR4D always false
FR5D = BSYC U0 + ... (FR5D-FR7D) encode
) device address
FR6D = BSYC U1 +...
FR7D = BSYC U2 + ...
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
FS Set service connect flip-flop S/FSC = ASCB FSC must be set before
(Cont.) | FSC as function strobe FSR RSD raised in phase FSL
goes false ASCB = ASCM ASCR AVIR FSR ’
(delayed NFSC)
C/FsSC = NFSC FSR + ...
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = 7CS100-3
Set PHFSZ 'S/PHFSZ = PHFS Enter phase FSZ
C/PHFSZ = TCS100-3
FSZ Enable TCL delay line DCL = CYCLE/C PHFSZ + ... Phase FSZ functions
- not significa:: for
order out service cycle
Reset PHFSZ R/PHFSZ = ... End phase FSZ
Set PHFSL S/PHFSL = PHFSZ Enter phase FSu
C/PHFSL = TCS100-3
FSL Raise requesi strobe signal RSD = FSC NRSAR (FSCU RSD RSD latchec until re~
RSD + NPHRSA RSET + ...) quest strobe acknow-
ledge signal KSAR is
RSET = PHFSL NIN + ... frue
FSCU = F5C 10P + ...
Enable data or order signals, IORD = 7SC NIN + ... (DATA, IN} fiip-flops
request order out service in (0, 0) state at stait
cycle of I/O or at end of
order in service cycle
DORD = FSC NDATA + ...
Start TCL delay line DCL = CVCLE/C UCLSTART3 TCL delay line started
+ ... ’
DCLSTART3 = PHFSL NFSU + ...
FSU = FSR IOP + ...
Reset service call flip-flop R/SCN = SCNRST SCiN reset to nrevent
SCN service cal! unless re-
SCNRST = PHFSL + ... ‘quired
C/SCN = TCS100-3
Reset PHFSL R/PHFSL = ..

End phase FSL

(Continued)
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Coni.)

Phase Function Performed Signals Involved Comments
FSL Set PHRSA S/PHRSA = PHRSASET FSCU Enter phase RSA
(Cont. } '
PHRSASET = PHFSL NIN + ...
C/PHRSA = TCS100-3
RSA Wait for request sirobe
acknowledge signal RSAR
from IOP
Start TCL delay line DCL = CYCLE/C PHRSA RSAU
‘ ’ + ...
RSAU = RSAR IGP + ...
Direct set SCR M/SCR = PHRSAOO Preset for control of
FAM circuits
Store order code S/ORDO = DA3R IOP Crder code retained until
b order has been executed
(DA3R-DA7R)—{ORD0O-ORD4) |C/ORDO = QRDXICP ’
{Order register bit;)[0 1 2 3 4 ORDXIOP = IOP PHRSADO TCS000-3
(IOP data lines) 13 4 5 6 7 PHRSAOO = ORDOUT PHRSA
Write order XX001 ORDOUT = NDATA NIN
Read record order 10 X X 1 0]ORDI1 = DA4R GRDXIOP +
Read sector order {} X X 1 0|ORD2 = DASR GRrRDXIOP +
Seek order XX X1 1|ORE3 = DA6R CRDXIOP +
Sense order X011 0 O|ORD4 = DA7R ORDXIOP + ...
Checkwrite order (X X 1 0 1
Preset byte counter to (1, 1) M/BKO = BKX]1 Preset required for
multiple-byte 1OP
BKX1 = PHRSAQC + ... interfuce operations
M/BK1 = BKX1
Direct set flip-flop SCR M/SCR = PHRSAGC SCR and RK-counte:
preset for control of
FAM circuit
Preset RK-counter (S/RKO0-S/RK3) = ORDOUT FAM circutis
M/RK4 = PHRSAQOQO
Preset JP-register to 1111 (JPO-JP3) = PHRSAOO + ... Presets determine FAM
. location for first FAM
- Preset KP-register to 1111 (KPO-KP3) = PHRSAOQO + ... read cycle and first

FAM write cycle

(Continved)
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
RSA Reset PHRSA R/PHRSA = e End phase RSA
(Cont.) .
Set PHRS S/PHRS = PHRSET FSCU Enter phase RS
PHRSET = PHRSA + ...
C/PHRS = TCS100-3
RS Start TCL delay line as RSAR DCL = CYCLE/C DCLSTART3
goes false + ...
DCLSTART3 = PHRS NDATA NRSAU
L
Raise request strobe line RSD RSD = FSC NRSAR (FSCU RSD
+ PHRS TCS000-2 +...)
Reset PHRS R/PHRS = ... End phase RS
Set PHTO S/PHTO = PHRS ED Enter phase TO
ED = EDSET TCS000-2 End data signa! set
+ ED FSCU + ... internally and latched
EDI = EDI FSCU
+ IDSETI NPHRSA + ...
EDISET] = NDATA + ...
C/PHTO = TC$100-3
10 Start TCL delay line when DCL = CYCLE,/C DCLSTART]
request strobe acknowledge ‘ + ...
signal RSAR true
DCLSTARTY = PHTO RSAU + ...
Set DATA S/DATA. = DATASET NORDIN DATA set regardless
of order code stored
DATASET = NSKSBK NCDN
NCDNPET NUNE
ORDIN = NDATAIN
C/DATA = PRESTOD TCS100-3
PHFSTOD = PHTO + ...
If read order or sense order, S/IN = INSET NORDIN IN set for orders re-
set IN quiring data transfer
INSET = NORD4 + .. to computer through
1OP
C/IN = PHFSTOD TCS100-3

(Continued)
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Table 4-13. Order Out Service Cycle, Phase Sequence Chart (Cont.)

Terminal order operaticns

Phase Function Performed Signals Involved Comments
TO Reset PHTO R/PHTO = End phase TO
(Cont. )
Reset NPHFS R/NPHFS = PHFSET Enter phase FS
PHFSET = PHTO + ...
C/NPHFS = TCS100-3

Refer to table 4-19
for terminal order
operations resulting
in cther than execu-
tion of order

4-96 Sense Order Sequence

The sense order is executed if the sense order code
(0.0100) is stored in the order register during an order out
service cycle. During execution of a sense order, three

_ bytes of data are transferred to the O-register for transfer

“ to the IOP. The fiist byte contains seven biis from the
selection unit of the track address from the T-register and
the track protect bit. The secord byte contains four bits
of the track address, and the four~bit sector address from
the S-register. The third byte confains the four-bit address
of the sector currently under the read/write heads of the
selection unit, Equations controlling execution of the order

are listed in table 4-14; a timing diagram is provided in
figure 4-25.

Sense order data is trensinitied one byie at a time  regard-
less of the byte width of the IOP interface. The first byte
is stored in the O-register as request strobe signai RSD ic

raised. The IOP delays, reads the datu fromthe © —register,
then delrys before raising request strobe acknowiedge sig~
nal R3AR. The second and third bytes are transferred

through the K-register to the O-register. Transfer from
the T-register and S-register to the K-register and from the
K-register to the O-register is controlled by signals gen~-

erated within the controller as the order is executed, The
IOP @ :cepts data from the O -register while signal KD is trye.

Table 4-14. Sense Order, Phase Sequence Chart

Phase Function Performed

Signals Involv~d

Comments

Crder out service cycle
follows accepted SIC or
command chaining ter-
minal order, aftei which:

a. (DATA, i) in DATAIN =
state (1, 1)
BKZZ =
b. (BKO, BK1) in
state (1, ) SENSE =

c. (ORDO-ORD4)
store (0 0100)

d. DCBin set state
e. FSCinsetsiate

f. SCN in set state

DATA IN
BKO BK1

‘ORD2 NCRD3 NORD4

For 51O sequence,
refer to table 4-10

For order out service
cycle sequence, r=fer

to table 4-13

{Centinued)

4-166




XDS 901565

Table 4-14. Sense Order, Phase Sequence Chart (Cont.)
Phase Function Performed Signals Involved Comments
During preliminary phases IORD = FSC NIN + ...
(FS, FSZ, FSL) of data in
service cycle, SEN is set, DORD = FSC NDATA + ...
EP RAD controller address
and EP RAD storage unit S/SEN = SENSE PXS
address are placed on func- :
tion response iines (FROD- PXS = TSE NRWP
FR7D), and (DORD, IORD)
signals indicate data in
service cycle request
At end of preiiminary R/PHFSL = Exit phase FSL
operations, enter phase RS ,
S/PHRS = FSCU PHRSET Enter phase RS
PHRSET = PHFSLIN + ...
RS (TRPR)—=(O00) OXSENSE? = 5.NSE OXKEN BKZZ TRPR is track protect
bit from selection unit
(T00-T04) —= (001 -007) OXKENMN = DaATAIN NED PHRS
Start TCL delay fine DCL = CYCLE/C DCLSTART2
MRSAU + ...
DCLSTART2 = PrRS SEKSEND + ...
SEKSEND = >EINSE NPHRSAOO
+ ...
PiiRSAOO = FHRSA ORDOUT
Reset flip-flop PHRS R/PHRS = Exit phase RS
Set flip-flop PHRSA S/PHRSA = FSCU PHRSASET Enter phase RSA
PHRSASET = PHRSNED
PHRSNED = pHRS NED
Roise request sirobe RSD = 7SC NRSAR (PHRS Contents of Q-register
signal RSD 1CS000-2 + ... read into memory while
RSD true
RSA Decrement byte counter NBKCK = PHRSA SEKSEND
(BKO, BK1) 1o (1, O) TCS000-3 + ...
SEKSEND = SENSE NPHRSAQO
+ ...
PHRSAOO = PHRSA ORDOUT
BKZW = BKO NBK1

(Continued)
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Table 4-14. Sense Order, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
RSA (T07-1T10)—=(K00-K03) KXSENSE! = SENSE BKZW Prepare for transfer to
(Cont.) | - - O-register in phase RS
(S00-503)— (K04~K07) '
Start TCL delay line DCL = .CYCLE/C PHRSA RSAU
+ ...
Reset flip-flop PHRSA R/PHRSA = .. Exit phase RSA
Set flip-flop PHRS S/PHRS = FSCU PHRSET Enter phase RS
PHRSET = PHRSA + ...
RS (K00-K07) —=(C00-007) OXK = OXKEN TCS000-2
OXKEN = DATAIN NED PHRS
Raise request strobe RSD = FSC NRSAR Contents of O-register
signal RSD (PHRS TCSD00-2 + ...) read into memory while
RSD true
Stari TCL delay lire DCL = CYCLE/C DCLSTART2
NRSAU + ...
DCLSTART2 = PHRS SEKSEND + ...
SEKSEND = SENSF NPHRSAQO
PHRSAOO = PHRSA DRDOUT
Reset flip-Flop PHRS R/PHRS = ... Exit phase RS
Set flip-flop PHP-:S/-\ S/PHRSA = FSCU PHRSASET Enter phase RS‘A
" PHRSASET = PHRSINED + ...
PHRSNED = PHRS NED
RSA Start TCL delay iine DCL = CYCLE/C PHRSA RSAU
+ ...
Decrement byte counter NBKCK- = PHRSA SEKSEND
(BKO, BK1) to (C, 1) TCS5002-3
SEKSEND = SENSE NPHRSAOO
+ ...
PHRSAOO = PHRSA ORDCUT
BKWZ = NBKO BK1
(ANGCR-AN3R)=(K04-K07) KXSENSE2 = SENSE BKWZ Prepare for transfer to

O -register in phase RS
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Paragrophs 4-97 to 4-98

Toble 4-14. Sense Grder, Phase Sequence Chart (Cont.)
Phase Function Performed Signals Involved Comments
RSA Reset flip-flop PHRSA R/PHRSA = ... Exit phase RSA
(Cont.)
Set flip-flop PHRS S/PHRS = FSCU PHRSET Enter phase RS
PHRSET = PHRSA + ..
RS Raise request strobe :
signal RSD RSD = FSC NRSAR Contents of G-register
{PHRS TCS000-2 +...) read into memory while
RSD true
(K00-K07)—=(000-007) OXK = OXKEN TCS5000-2
{OXKEN = DATAIN NED PHRS
Raise end data signal ED £EDD = EDI FSC -
internally
EDI = EDISET1 NPHRSA
+ EDI FSCU + ...
EDIJSET = SENSE BKWZ + ...
Start TCL delay line DCL = CYCLE/C DCLSTART2
NRSAU + .
DCLSTART2 = PHPS SEKSEND + ..,
_ SEKSEND = SENSE NPHRSAOQO
+ .. .
PHRSAQO = PHRSA ORDOUT
Reset flip-flop PHRS R/PHRS = ... Exit phase RS
Set flip-flop PATO - §/PHTO = PHRS ED Enter phase TO
TO Terminal order operations See table 4-19

4-97 Seek Order Sequence

The seek order is e~ecuted if the seek order code (0 0011)
is stored in the order register during an order cut service’
cycle. During execution of a seek order, two bytes ofdata
are accepied on the IOP datu lines and are stored in reg-

isters of the controller.

The first byte contains eight

bits of the track address, which are stored in the T-register
{three bits are not used). The second byte contains four
additional bits of the track address, which are stored in
the T-register, and the four-bit secter address, which is
stored in the S-register. Equations controlling execution
of the order are listed in table 4-15; a timing diagram is
provided in figure 4-26.

Seek order data is transmitted one byte at a time, regard-
less of the byte width of the IOP interface. After the

controller raises the request strobe signal RSD, the 1OP
delays, places output data on the dota lines, then delays
again before raising the request strobe acknowledge signal
RSAR. .The first byte is accepted into the [-reqister and is
tronsferred to the J-register before the second byte is re-
quested from the IOP. Transfer from the J-register to either
the T-register or the S-register is controlled by signals gen~-
erated within the controller os the order is executed.

4-98 Write Order Sequence

If a write order {X X001) is stored in the order rugister dur=-
ing an order out service cycle, the sequence outlined in
table 4-16 follows. During execution of a write order, a
sequence of data cut service cycles is requested by the con-
troller. During each data out service cycle, data bytes are
accepted from the 1OP, stored temporarily in registers of
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NOTES:
1. NO TIME SCALE; SEQUENCE OF EVENTS ONLY

2. PRELIMINARY OPERATIONS: ORDER OUT SERVICE CYCLE AND FHASES

FS, FSZ, FSL, OF DATA IN SERVICE CYCLE

3. (TRPR}—= (O00) }
(100 - T06) —= (001-007) |~ FIRST BYTE

4. (107~ T10) —= (KOO - K03)
(500~ S03) —= (K04 - K07)

(ANOR-AN3R) —= (K04~ KO7) THIRD BYTE
6. (K0O- K0O7)—=(O00-007)
O - REGISTER READ WHILE RSD TRUE

}- SECOND BYTE

901565A, 4i2

Figure 4-25. Data Transfer During Sense Order, Timing Diagram
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Table 4-15. Seek Order, Phase Sequence Chart

Phase Function Performed Signals Involved Comments
Order out service cycle For SIO sequence,
follows accepted SIO or refer fo table 4-10.
command chaining ter- | For order out service
minal order, after which: cycle sequence, refer

. to table 4-13
a. (DATA, IN)in DATAOUT = DATA NIN
state (1, 0) '
b. (BKC, BK1)in BKZZ = BKO BK1
state (1, 1) SEEK - ORD3 ORD4
c. (ORD0-ORDA4)
store (0 0011)
d. DCB in set state
e. FSC in set state
f. SCN in set state
g. RSD true
During preliminary phases
(FS, FSZ, FSL) of data
out service cycle, EP RAD
controller address and unit
address on function response
lines (FROD-FR7D) and IORD = FSC NIN + ...
(DORD, IORD) signals in-
dicate data out service cycle DORD = 7SC NDATA + .
Start delay linz at end of DCL = CYCLE/C DCLSTART3
function strcbe +
DCLSTART3 = PFiIFSL NFSU + .
Reset flip-fle; PHFSL R/PHFSL = Exit phase FSL
Set flip-flop PHRSA S/PHRSA = FSCU PHRSASET Enter phase RSA
PHRSASET = PHFSL NIN + ...
RSA (DAOR-DA7K)—=-(100-107) IXD-1 = PHRSADO TCS000-3 Byte 1 (track No.
bits 0-6)
PHRSADO = rHRSA DATAOUT
Decrement byte counter NBKCK = PHRSA SEKSEND TCS000-3
(BKO, BK1)to (1, 0)
SEKSEND = SEEK NPHRSAOQOO + ...
PHRSAQO = PHRSA ORDOUT
BKZW = BKO NBKl BKZW signal enables
data transfer in phase RS
(Continued)
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Table 4-15. Seek Order, Phase Sequence Chart (Cont. )

Phase Function Performed ' Signals Invoived Comments
RSA Start TCL delay line DCL = CYCLE/C PHRSA RSAU
(Cont.) . + ...
Reset flip-flop PHRSA v R/PHRSA = Exit phase RSA
Set flip-fiop PHRS S/PHRS = FSCU PHRSET Enter phase RS
PHRSET = PHRSA + ...
RS (100-107)—=(JO0-J07) If one-byte interface:
JXI1B = IOP PHRSDO TCS000-2
BYTIID
PHRSDO = PHRS DATAOUT

If rct one-byte interface:

JXIN1B = IOP DATAOUT TRS060
: RWRITE-2 NBYTIID
(JO1 -JO7}—=(TOO-T06) TXJ = SEEK RWRITEDO BKZW
TRS13C
RWRITEDO = RWRITE-2 DATAOUT
Raisz reguest strobz RSD = FSC Ng&SAR (PHRS
signal RSD TCS00C-2 + ...)
Raise end data sigr:! EDD = EDI F>C
ED internally
EDI = EDISET? NPHRSA
+ EDI FSCU + ...
EDISETI = SEEK DKZW + ..
Start TCL delay line DCL = CYCLE/C DCLSTART2
NRSAU + .,
DCLSTART2 = PHRS SEKSEND + ...
SEKSEND = SEEK NPHRSAOO + ...
Reset flip-flop PHRS R/PHRS = Exit phase RS
Set flip-flop PHRSA S/PHRSA = FSCU PHRSASET Enter phase RSA
PHRSASET = PHRSNED + ...
PHRSNED = PHRS NED
~ RSA (DACR-DA7R)—=—(100-107) IXD-1 = PHRSADO TCS000-3 Byte 2 (track No.
¢ bits 7-10; sector
PHRSADO = PHRSA DATAOQOUT bits 0-3)

(Continued)
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Table 4-15. Seek Order, Phase Sequence Chort (Cont.)

Phase Function Performed Signals Involved Comments
RSA Decrement byte counter NBKCK = PHRSA SEKSEND TCS000-3 | BKWZ signal enables
{Cont.) (BKO, BK1)to (0, 1) data transfer in phase
) SEKSEND = SEEK NFHRSACC + .. RS '
PHRSAOO = PHRSA ORDOUT
BKWZ = NBKO BK1
Start TCL deloy line DCL = CYCLE/C PHRSA RSAU
+ .
Reset flip-flop PHRSA R/PHRSA = Exit phase RSA
Set flip-flop PHRS S/PHRS = FSCU PHRSET Enter phase RS
PHRSET = PHRSA + ..
RS (100-107)—={300-307) JXN8 = IOP PHRSADO TCS000-2
BY11ID
PHRSADO = PHRS DATAQOUT
Ra’se request srrobe RSD = FSC NRSAR (PHRS
signol RSD TCS000-3 + ...)
(J00-J03)——1T07-T10) TXJ = SEEK RWRITEDO BKWZ
TRS130
RWRITEDO = DATAQUT RWRITE-2
(J04-107)—={500-503) SXJ = SEEK RWRITEDO BKWZ
TRS130
Start TCL delay line . bCL = CYCLE/C DCLSTART2
MRSAU + ...
DCLSTART2 = PHRS SEKSEND + ...
SEKSEND = SEEK NPHRSAOO + ...
PHRSAOO = PHRSA ORGOUT + ...
Reset flip-fiop PHRS R/PHRS = Exit phase RS
Set flip~flop FHTO S/PHTO = PHRS ED .| Enter phase TO
TO ' Terminal order operations See table 4-19
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@
SO N s B

SCNSDPRI s R
bCL L JL_t_TIl

BKO ," - 1
BKI , | 7 |
BKCK ’ [ L

U é 2C 38 PHRSA [ | ] |
UL 2C23 PHRS /. I l , l l

UL ABICE PHO . f

NOTES:
1. NO IME SCALE: “EQUENCE OF EVENTS ONLY

2. PRELIMINARY OP:iATIONS: ORDER OUT SERVICE CYCLE AND PHASES FS, FSZ,
AND FSL OF DATA OUT SERVICE CYCLE

3. (J01-J07)—=(T00-T06)  FIRST BYTE .

(J04 - J07) —=(S07 - $03) SECOND BYTE

5. (DAOR- DA7R)—={100 - 107)
6. (100 - 107)—=(JOG~ JO7)

901565A. 411
Figure 4-26. Data Transfer During Seek Order, Timing Diagram

the controller, and transmitted to the addressed selection data bytes have been written, the IOP terminates execution
unitin serial form. The interface with the IOP may be one-, of the write order with a couni done terminal order, and an
two-, or four-bytes wide. Data bytes are written starting order in service cycle is requested by the controller.

at the track address and sector address indicated by the

contents of the T-register and S-register. The contents of Data transters from the 1OP to the FAM module proceed at
these registers are established by a seek order or by the a rate determined primarily by the IOP speed of respcnse
} contents remaining after execution of a previous order. to requests from the controller. Data transfers from the

The number of data bytes written is established by infor- FAM module to the selection unit must proceed at a rate
mation available to the IOP. When the proper number of determined by a clock signal internai to the controiler.
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Phase

FS

Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart
Function Performed Signals Involved Comments
The write order or check- WRITE = NORD2 NOCRD3 For both the write order
write order begins with an ORD4 and the checkwrite order,
order out service cycle data bytes from the 10P
during which a write order CHWR = ORD2 NORD3 ORD4 pass through the FAM
code or a checkwrite order circuits to the selection
code is stored in the order WCHW = WRITE NPHRSAOO unit interface circuits.
register. The order out + CHWR NPHRSAOO | No differences exist af
service cycle may follow the IOP interface
an SIO commeand or an WRCH = WRITE NPHRSAOO
order in service cycle + RCHW NPHRSAOO
which ends with command
chaining RCHW = CHWR NPHRSAOO
+ ...
DATAQUT = DATA NIN
BKZZ = BKO BK1
Direct set flip-flop SCN M/SCN = PHFS DCB CYCLE/C CYCSET latched true.
N{NSCNMEN) 1I0OP true when controller
is online, SCR preset
CYCLE/C = CYCSET 10P + ... during order cut service
cycle
N(NSCNMEN) = NCDN DATAOUT SCR
+ ...
Raise service call line RSD SCD = LSL Service call tine held
true cntil TOF responds
LSL = NASCR SCN INC with ASCR ond FSR
+ ... 1
Start TCL delay line when bCL - = CYCIE/C DCLSTARTI
ASCR and FSR true + ...
DCLSTART! = PHFS DCB BSYCU
L
BSYCU = BSYC IOP + ...
BSYC = ASCM ASCR AVIR FSR
+ oL.e
Enable function response FROD = BSYC SWAQ + (FROD-FR3D} encode
signals FROD through FR7D device contiotier address
FRIDC = BSYC SWA1l +
FR2D = BSYC SWA2 + ...
FR3D = BSYC SWA3 +
FR4D = BSYC GRD FRAD always false
FR5D = BSYC U0 + ... (FR5D-FR7D) encode
device address

(Continued)
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. )

Phase Function Performed Signals Involved Comments
FS FR6D = BSYC Ul + ...
(Cont.)
FR7D = BSYC U2 + ...
Set service connect flip- S/FSC = ASCB FSC must be reset before
; flop FSC as FSR goes false RSD can be raised in
if previously reset by end ASCB = ASCM ASCR AVIR FSR phase FSL
service signal {defayed NFSC)
C/FSC = NFSC FSR + ...
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = TCS100-3
Set PHFSZ S/PHFSZ = PHFS Enter phase FSZ
C/PHFSZ = TCS100-3
FSZ Start TCL delay line DCL = CYCLE/C PHFSZ + ... Phase FSZ functions
not significant for
write order
Reset PHFSZ R/PHFSZ = ... End phase FSZ
C/PHFSZ = TCS100-3
Set PHFSL S/PHFSL = PHFSZ Enter phase FSL
C/PHFSL = TCS1C0-3
FSL Raise request strobe RSD = FSC MRSAR (FSCU RSD RSD latches untii
signai RSD + NPHRSA RSET + ...) RSAR raised by IOP
RSET = PHFSL NIN + ...
Enabie data or order DORD = FSC NDATA + ... (DORD, IORD)is (G, i)
signals, and request
data out service cycle
IORD = FSC NI + ...
tart TCL delay line DCL = CYCLE/C DCLSTART3 +...| TCL delay line started
when FSR goes false
DCLSTART3 = PHFSL NFSU + ...
FSU = FSR IOP + ..
If enough data bytes have S/SCN = SCNEN If SCN not in se! state
been accepted, reset SCN; upon return to phase S,
if additional data bytes SCNEN = DATA SCN EXT .SCSET service calls inhibited
are required, hold SCN in until SCR set
set state SCSET = WCHW SCR RK1 + ...
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. )

Phase Function Performed Signals Involved - Comments
FSL R/SCN = SCNRST
(Cont.)
SCNRST = PHFSL + ...
C/SCN = TCS100-3
Reset PHFSL R/PHFSL = End phase FSL
Set PHRSA S/PHRSA = PHRSASET FSCU Enter phase RSA
PHRSASET = PHFSL NIN + ...
C/PHRSA = TCS100-3
RSA Start TCL delay when 10P DCL = CYCLE/C PHRSA RSAU
raises RSAR siynal + ...
RSAU = RSAR IOP + ...
Transfer data from IOP
data lines to I~egister
(DAOR-DA7R}—=(100-107) IXD = PHRSADO TCS003-3
PHRSADO = PHRSA DATAOUT
Reset SCR afier sufficient S/SCR = RREAD-2 SCRSET SCR reset during FAM
bytes have been stored in write cycle if SCRSET
FAM module SCRSET = NSCSET RK2 NRK3 NRK4 true
SCSET = WCHW RKISCR + ...
RKISCR = RK1 SCR
R/SCR = SCRSET
C/SCR = RKCK
NRKCK = TRS130 + ...

Set EDISET3 to generate
end data sign=l for use in
phase RS

If four-byte interface:

M/EDISET3

BYT4ID

If two-byte interface.

S/EDISET3

NEDIS3

NSCZR NEDIS3

PHRSADO NBYTHID

{Continued)
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. )

RWRITE-2 + BKCKEN
NTRS030 + ...)

Phase Function Performed ‘Signals Involved Comments
RSA If one -byte interface:
{Cont.)
S/EDISET3 = NSCR NEDIS3
NEDIS3 = PHRSADO NRK3
C/EDISET3 = TCS100-3
Internatly~generated end EDI = EDISETI TCS000-2
data signal + FSCU EDI + ...
EDISETI = EDISET3 + ...
Reset PHRSA R/PHRSA = ... End phase RSA
Set PHRS S/PHRS = PHRSET FSCU Enter phase RS
PHRSET = PHRSA + ...
C/PHRS = TCS100-3
RS Raise request strolie RSD = FSC MRSAR (FSCU RSD RSD latches until
signal R5D + PHRS TCS000-2 +...)|  RSAR raised by IOP
Start TCL delay line os DCL = CYCLE/C DCLSTART2 Signa! JFlat false
RSAR gees false NRSAU + ... level
DCLSTART2 = WCHW PHRS NJFI
+ ...
Preset cignal JFI JFI = N(JFIRESET RWRITE-2 Signal JF1 latched
TRS180) (J=IX1 until data cccepted
+ JFI NPHRSAOO from IOP has been
+ ...) transferred to J~
register
JFIX1 = PHRSDO TCS000-2
PHRSDO = PHRS DATAOUT
Mark byte counter M/BKO = BKX1 Byte counter direct set
to (1, 1) during order
BKX1 = NBKXJEN out service cycle, but
must be preset each
BKXIEN = WCHW JFIX1 + ... time phase RS is entered
from phase RSA
M/BK1 = BKX1
Clock byte counter MBKCK = BKCKEN TRS270 + ... For multiple-byte inter-
’ face, byte counter is
BKCKEN = NBYTIID (WCHW decremented as byte s

transferred from J-register

to FAM module
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
RS If one-byte IOP interface:
{Cont.)

(100-107 )—=(300-J07)

Reset PHRS

If end data, set PHTO

If not end data, set PHRSA

(100-107 )—=~(J00-~J07)

(108-115)—:~(100-107)

Decrement byte counter,
causing BKZW to be true

(100-107 )—= {J00-J07)
Signal JFIRESET false
causing JFI to be false

Reset PHRS, and set
PHTO or PHRSA

(100-107 )—=(J00-J07)

JXIIB

R/PHRS

S/PHTO

ED

C/PHTO
S/PHRSA

PHRSASET

1

IOGP PHRSDO BYTI1ID
TCS000-2

PHRS ED

EDSET TCS000-2
+ ED FSCU + ...
TCS1C0-3
PHRSASET FSCU

PHRSNED

If two-byte IOP interface:

JXINIB

IXI-1
RWRITEDO

IXEN
BKZW
JXIN1E

NJFIRESET

i

[OP DATAOUT NBYTIID
RWRITE-2 TRS060

BKZZ RWRITEDO IXEN
RWRITE-2 DATAOUT

NBYTIID TRL180
{TRL240

BKO NBKI1
iOP DATAOUT NBYTIID
RWRITE-2 TRSQ60

WCHW BK1 NBYTIID

v

DCLi controtled by NJFI

If four-byte IOP interface:

JXINIB

IOP DATAOUT NBYTIID
RWRITE-2 TRS060

Data transfer occurs as
soon as TCL delay line
is started. Data transfer
from J-register to FAM
module conirolled by
TRL delay line

End phase RS

Enter phase TO. End
data signal set inter=
nally during phase RSA
and latched {or received
from IOP)

Enter phase RSA

Data transfer accurs
under contro! of TRL
delay line

For second data byte,
data transfer nccurs as
part of first [-register
to J-register rransfer

Second data byte
transferred fo J-register

As signal JFIRESET is

false, latch is oroken

Data transfer occurs
under control of TRL
delay line

{Continued)
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Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont. )

Decrement byte counter,
causing BKZW to be true

(100-107)—=(J00-J07) -

(116-123)——(100-107)

Decrement byte counter,
causing BKWZ to be true

(100-107—=(J00-J07)

(124-131)—~(100-107)

Decrement byte counter,
causing BKWW to be true

Signal JFIRESET false,
causing JFI to be faise

Reset PHRS and set PHTO

RWRITEDO

IXEN

JXINIB

IX1-2

BKWZ

JXIN1IB

IXI-3

BKWwW

NJFIRESET

DCL

DCLSTART2

]

RWRITE-2 DATAOUT

NBYT1ID TRL180 NTRL240

IOP DATAOUT NBYT1ID
RWRITE-2 TRS060

BKZW RWRITEDO IXEN

NBKO BK1
IOP DATAOUT NBYT1ID

RWRITE-2 TRS060
BKWZ RWRITEDO IXEN

NBKO NE&X1

WCHW BKO BYT4ID

CYCLE/C DCLSTART2
NRSAU + ...

WCHW PHRS NJFI + ...

Phase Function Performed Signals Involved Comments
RS (108-115)—=(100-107) IXI-1 = BKZZ RWRITEDO IXEN For second data byte,
{Cont.) data transfer occurs as

part of {irst I-register
to J-register transfer

As second data byte is
transferred to J-register,
third data byte is truas-
ferred to higher order
byte of I-register

As third data byte is
tunsferred to J-register,
fourth data byte is trais-
ferred to higher order
byte of I-register

As signal JFIRESET is
false, JFI Ictch is
broken

Only one phase RS
needed to accept f-~ur

bytes from IOP

‘TO

Start TCL delay line when
RSAR true

If IOP transmits court done
terminal order, set CDN

If CDN, place (DATA, IN)
flip-flops to (0, 1) state to
request order in service cycle
during next phase FS

DCL

DCLSTART!
S/CDN

TORD
C/CDN
S/DATA

NDATASET

ORDIN

R/DATA

1

I

CYCLE/C SCLSTARTI
+ ...

PHTO RSAU + ...
DAIR TORD

IOP NES ZD PHTO
NTCS000

DATASET NORDIN
CDN + ...

NDATA 1IN

Refer to table 4-19 for
terminal order operati~ns
other than count don=

If IOP does not transmit
ferminal order, data cut
service.cycles contirue
following return fo phase

FS
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Paragraphs 4-~99 to 4-101

Table 4-16. Write Order or Checkwrite Order, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
10 C/DATA = PHFSTOD TCS100-3
(Cont.)
PHFSTOD = PHTO + ...
S/IN = INSET NORDIN
INSET = NDATASET + ...
C/IN = PHF5TOD TCS100-3
| Whether or not terminal
order received from 10P:
Reset PHTO R/PHTO = ... ) End phase TO
Reset NPHFS R/NPHFS = PHFSET Enter phase FS
PHESET = PHTZ + ...

Thus data must be accepted from the IOP and written in
the disc file at o predetermined rate so that all sectors are
filled with the coirect number of bytes. The FAM circuit
provides a buffer between these two independently-con-
trolled operations.

4-99 Read Order Sequence

If a read order (X XX10) is stored in the oider regisier
during an order out service cycle, the sequence outlined
in table 4-17 foilows. During execution of a read order,
a sequence of dota in service cycles is requested by the
contioller. During each data in service cycle, data bits
are accepted serially from the addressed selection unit,
assembled into eight -bit bytes, stored temporarily inregisters
of the controller, and transmiited to the IOP. The inter-
face with the IOP may be one-, two-, or four-bytes wide.
Data bits are read starting ot the track address and the
sector address indicated by the contents of the T-registe:
and S-register. The contfents of these -egisters are estab-’
lished by a seek order or by the contents remaining ofter
execution of a previous order, The number of data bytes
read is established by information available to the 1OP. .
When the proper number of duta bytes have been read, the
1OP terminates execution of the read order with a count
done terminal order, and an order in seivice cycle is re~
quested by the controller.

Data transfers from the selection unit interface to the FAM
circuits proceed at a rate determined primarily by the bit
rate of the addressed selection unit. Data transfers from
the FAM circuits to the IOP proceed at a rate determined
primarily by the ability of the IOP to accept data. Thus,
data must be accepted from the addressed selection unit ot
o rate established by a clock signal extracted from the
Manchester-encoded data and must be accepted by the

IOP ot a rate established by the IOP speed of response to
requests from the controller. The FAM circuits provide a
bufier between these two independently~contrelled opera-
tions.

4-100 Checkwrite Order Sequence

If ¢ Jheckwrite order (X X101) is stored in the order reg-
ister during an order out service cycle, the sequence out-
lined in table 4-16 follows. The checkwrite c.der combines
ope: .tions of the write drder with operations ol the read
ord 2. Cata bytes are accepted from the IOP on eitner a
one-, two-, or four-byte interface. Data is read from the
addressed selection unit, is assembled into eight-bit bytes,
and iz compared with the data accepted from the 10P. The
data wccepted from the IOP during the succession of data
out service cycles must have been previously writlen into
the addressed locations during execution of a write crder,
and ‘he same number of bytes must be read during execution
of ihe checkwrite order as were written during execution of
the write order. Data is neither written nor read during
execution of a checkwrite order.

4-1C! Order In Service Cycle

Each input/output operation ends with an order in service
cycle during which information is provided to the IOP, as
indicated in table 4-18. During the terminal order phase
of an order in service cycle, the command chaining bit is
sampled. If the command chaining bif is true, an order
out service cycle may follow the order in service cycle.

If the command chaining bit is false, the controlier returns
to the ready automatic state and cannot accept new orders
until ar SIO command is transmitted from the 10OP and is
accepted by the controller.
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Table 4-17.

XDS 901565

Read Order, Phase Sequence Chart

+ ...

Phase Function Performed Signals Involved Comments
The read order begins with READ = ORD3 NORD4
an order out service cycle
during which a read order RCHW = READ NPHRSAOQOO
code is stored in the order + ...
register. The order out
service cycle may tollow WRCH = RCHW NPHRSAOO
an SIO command or an + ...
order in service cycle which ‘
ends with command chaining BKZZ = BKO BK1
DATAIN = DATA IN
FS Wait until selection unit S/SCR = RREAD-2 SCRSET SCR preset during order
interface circuits transfer out service cycle, reset
sufficient data to FAM SCRSET = NSCSET RK2 NRK3Z when data in FAM module
circuits NRK4
SCSET = READ NRK1 + ...
R/SCR = SCRSET
C/SCR = RKCK
NRKCK = TR3130 + .
Direct set SCN M/SCN = PHFS DCB CYCLE/C
N{NSCNMEN)
CYCLE/C = 10P CYCSET + ... CYZSET latched irve
N(NSCNMEN) = NCON READ KFID IOP true when cont-oller
NSCR + ... is online. KFID tru: when
K-register filled and four
© KFID = KXC (KFID bytes in FAM modul »
+ KFIDX1)
KFIDX1 = KFI TRS270
Raise service call iine SCD SCb = LSL Service call line held
true until 1OP responds
LSL = NASCR SCN INC with ASCR and FSR
+ ...
Start TCL delay line when DCL = CYCLE/C DCLSTARTI
ASCR and FSR true + ...
DCLSTARTI = PHFS DCB BSYCU
o,
BSYCU = BSYC IOP + ...
BSYC = ASCM ASCR AVIR FSR
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Table 4-17. Read Order, Phase Sequence Chart (Cont.)

XDS 901565

Phase Function Performed gnals Involved Comments
FS Enable function response FROD = BSYC SWAO + ... (FROD-FR3D) encode
(Cont.) | signals FROD through FR7D device controller
address
FRID = BSYC SWAl + ...
FR2D = BSYC SWA2 + ...
FR3D = BSYC SWA3 + ...
FR4D = BSYC GRD + .. FR4D always false
FR5D = BSYC U0 + ... (FRSD-FR7D) encode
device address
FR6D = BSYC U1 + ...
FR7D = BSYC U2 + ...
Set service connect flip-flop S/FSC = ASCB FSC must be sz before
FSC as FSR goer false if FSC RSD can be raised
was previously reset by end ASCB = ASCM ASCR AVIR FSR
service signal (delayed NFSC)
C/FsC = NFSC FSR + ...
Set NPHFS S/NPHFS = PHFS End phase FS
C/NPHFS = TC5100-3
Set PHFSZ S/PHESZ = PHFS Enter phase F$Z
C/PHFSZ = TCS100-3
FSZ Start TCL delay line DCL = CYCLE/C PHESZ + ... Phase FSZ functions
not significant for
read order
Reset PHFSZ R/PHFSZ = End phase FSZ
Set PHFSL S/PHFSL = PHFSZ Enter phase FiL
C/PHFSL = TCS100-3
FSL Enable data or order signals. DORD = FSC NDATA + ... (DCORD, TORC) are
to request data in service (0, C)
cycle ,
IORD = FSC NIN + ...
Start TCL delay line DCL = CYCLE/C DCLSTART3 TCL delay line started
+ ... when FSR goes false
DCLSTART3 = PHFSL NFSU + ...
FSU = FSR IOP + ...

(Continued)
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Table 4-17. Read Order, Phase Sequence Chart (Cont. )

Phase Function Performed Signals Involved Comments
FSL If enough data bytes are S/SCN = SCNEN If SCN not in set state
(Cont.) |available for transfer to upon return to phase FS,
IOP, hold SCN in set SCNEN = DATA SCN EXT SCSET service calls inhibited
state; if additional data until SCR is reset
bytes are required for SCSET = READ NRK1 + ...
data in service cycle,
reset SCN -
R/SCN = SCNRST
SCNRST = PHFSL + ...
C/SCN = TCS100-3
Reset PHFSL R/PHFSL = End phase FSL
Set PHRS S/PHRS = PHRSET FSCU Enter phase RS
PHRSET = PHFSL IN + ...
FSCU = FSC 1IOF + ...
C/PHRS = TCS100-3
RS Start TC!. delay line when DCL = CYCLE/C DCLSTART2 TCL delay line started
RSAR faise NRSAU + ... when RSAU false, be~
DCLSTART2 = PHRS READ KFID cause KFID at frue ievel
+ ..
RSAU = RSAR ICP + ...
Raise request strobe RSD = FSC NRSAR (FSCU RSD Signul RSD first raises
signal RSD + PHRS 7CS000-2 in phuse FSL, but muet
+ ...) be raised each time
phase KS is entered
Transfer data from addressed Transfer of data from
location in FAM module to addressed location in
K-register FAM module to K=
register takes place
(ROO-RO7 )—(KC00-K07) KXR = KXREN RPEAD-2 735180 under control of FAM
circuits. This transfer
KXREN = BKZZ + . must occur before exit
from phase FSL to phase
Transfer data from K-register RS, and before TCL
to O~register delay line is started in
phase RS (KFID true)
(K00-K07)—=(000-007) OXK = OXKEN 7CS000-2
CXKEN = PHRS DATAIN NED
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Toble 4-17. Read Order, Phase Sequence Chart {Cont.)

Phase Function Performed Signals Involved Comments
RS Transfer data from addressed If multiple-byte 10OP interface For multiple-byte 10P
(Cont.) | location in FAM module to interface, additional

I-register, clock byte counter.

Raise end data sigral if suffi-
cient data-bytes are not stored
in FAM module, preset KFI

when K-register and l-register
filled with data for O-register

Mark byte counter

Clcck byte counter

First data byte transferred
as for cne-bvte IOP inter-
face

(ROO-RO7 )~ KD0-K07)

Decrement byte counter,
causing signal BKZW to
be true

Transfer second data byte
from addreszed location in

FAM modul>

(ROO-RO7)—= (108-115)

“M/BKO = BKX]
BKXi = PMNBKXI1EN
"NBKX1EN = KXOEN READ + ...
KXOEN = OXKEN TCS100-3
M/BK1 = BKXI
NBKCK = BKCKEN TRS27¢
BKCKEN = NBYTiID (READ-! READRR

+ BKCKEN NTR:030
+...)

If two-byie 1OP interiace:

KXR = KXREN RREAD-2Z TRS180
KXREN = RSADRR + ...
READRR = READ RREAD-2
BKZW = BKO NBK1
IXR-1 = IXEN READRR BKZW
IXEN = NBYTIID TRL1&)
NTRL240

bytes are taken from
the FAM module to the
[-register for transfer
to O-register. Data
transfer is controlled
by the byte counter

Byte counter direct set
to (1, ])dui‘ing order
out service cycle, but
must be preset each
time data is transferred
from K-register and I-
register to O-register

For multiple-byte 1OP
interface, byte counter
is incremented as the
byte is fransferred

from the FAM mcdule
to the K-register or
I—egister

(Continued)
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Phase Function Performed Signals Inveived Comments
RS As second data byte is KFI = KX0 (KFIX1 + KF1 During each FAM read
(Cont.) |stored, raise and latch NPHRSAOO) cycle, RREAD-2 is true.
KFI When BK1 is false,
NKX0 = KXOEN KFISET is driven false,
and KFIX1 raises KFI,
KXO0EN = OXKEN TCS100-3 which is latched until
KX0 is false
KFIX1 = KFISET RREAD-2 TRS180
NKFISET = NBYTIID READRR BK1
+ ...
Raise and latch KFID KFID = KXO0 (KFID + KFIDX1) KFID enables TCL delay
line to start in phase RS
KFIDX1 = KFI TRS270 {next RSAR signal)
Transfer date to O=iegister Transfer of data frem
K-register and I~
(K00-K07)—=(00c-007) OXK = OXKEN TCS000-2 register to O-register
. takes place at start of
) (108-115)—=(008-015) OXK = OXKEN TCS000-2 phase RS.. Transfer of
data from FAM module
to K-register and 1-
register is independent
of phase control timing,
but data must be avail -
able before transfer to
phase RS is allowed
Mark byte counter KXOEN = Prepare for next phase RS

First data byte transferred

as for one-byte IOF inter-

face

(RO0-RO7 )—=(KOG-K07)

Decrement byte counter,
causing signal BKZW to
be true

Transfer second data byte
from addressed location in

FAM module

(RO0-RO7)—=-(108-115)

If fourbyte 10OP

OXKEN TCS100-3

interface:

KXR =

KXREN

READRR

il

BKZW

IXR-1

IXEN

i

KXREN RREAD-2 TRS180
READRR + ...
READ RREAD-2

BKO NBKI1

IXEN READRR BKZW

NBYTIID TRL180 TRLZ40
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Table 4-17. Read Order, Phase Sequence Chart (Cont.)
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Phase Function Performed Signals Involved Comments
RS Decrement byte counter, BKWZ = NBKO BK1
{Cont.) | causing signal BKWZ to
be true
Transfer third data byte
from addressed location
in FAM module
(ROO-RO7 )—=(116-123) IXR-2 = IXEN READRR BKWZ
Decrement byte counter, BKWW = NBXO NBKI1
causing signal BKWW to
be true
Transfer fourth data byte IXR-3 = [XEN READRR BKWw
from addressed location '
in FAM module
As second data byte is KFI = KX3 (KFIX1 + KFI During each FAM read
stored, raise and latch NPHRSAQQO) cycle, RREAD-2 is rrue.
KFI by driving KFISET When BKO false, KFISET
false NKX0 = KXOEN + .., driven false. KFIX1
raises KFI, which is
KX0EN = OXKEN TCS100-3 lctched until KXO0 is
false
KFIX1 = KFISET RREAD-2 TRS180
NKFISET = BY74ID READRR BKO
+ ..
Raise and latch KFID KFID = KX0 (KFID + KFIDX1) KFID enables TCL delay
line to start in phase RS
KFIDX1 = KFI TRS270 (next RSAR signal)
Transfer data tc C-register Transfer of dute from
K-register c..d I-register
(K00-K07)——(C00-007) OXK = OXKEN TCS000-2 tc O-register iakes place
- at start of phase RS.
(108-115)—=(D08-015) CXK = OXKEN TCS000-2 Transfer of data from FAM
module to K-register and
(116-123)—{016-023) OXK = OXKEN TCS000-2 I-register is independent
of phase contrel timing,
(124-131)—(C24-031) OXK = OXKEN TCS000-2 but data must be avail-
able before transfer to
‘ ~ phase RS is allowed
Mark byte counter KXO0EN = OXKEN TCS100-3 Prepare for next phase RS
End data signal raised and EDI = EDISET2 NPHRSA Signal KA8 raised and
latched internally to con- + EDI FSCU + ... latched if FAM module
trol phose sequence EDISET2 = OXKEN KAS empty when KFIDX1
_ ] . trve. If so, EDISET2
KAS8 = SCR REMPTY KFIDX1 raised and latched
+ SCR KA8 KFID
REMPTY = RKO RK1 RK2 RK3 RK4

(Continued)
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Table 4-17. Read Order, Phase Sequence Chart (Cont.)
Phase Function Performed Signals Involved Comments
RS Reset PHRS R/PHRS = ... End phase RS
(Cont. )
Ifend data, set PHTO S/PHTO = PHRS ED Enter phase TO
C/PHTO = TCS100-3
If not end data, sef S/PHRSA = PHRSASET FSCU Enter phase RSA
PHRSA
PHRSASET = PHRSNED
PHRSNED = PHRS NED
C/PHRSA = TCS106G-3
RSA Start TCL delay line DCL = CYCLE/C PHRSA RSAU O -register data ac~
when IOP raises RSAR + ... cepted by IOP
RSAU = RSAR IOP + ...
‘ Reset PHRSA R/PHRSA = ... End phase RSA
Set PHRS S/PHRS = PHRSET FSCU Enter phase RS
PHRSET = PHRSA + ...
TO Start TCL delay line DCL = CYCLLE/C DCLSTARTI
when RSAR true + ...
DCLSTART1 = PHTO R3AU + ...
If IOP tronsmits count done S/CDN = DAIR TOPFD Refer to table 4-1¢
terminal order, set CDN for terminal order
TORD = [OP NEs> ED PHTO operations other thun
count done
C/CDN = NTCS009
If CDN, place (DATA, IN) S/DATA = DATASET NORDIN If 1OP does not transmit
flip-flops to (0, 1) state to termina! order, data in
requesi an order in service NDATASET = CND + ... service cycles continue
cycle during next phase FS following refurn to phase
: ORDIN = = NDATA IN FS
/DATA =
C/DATA = PHFSTCD TCS100-3
PHFSTOD = PHTO + ..
S/IN = INSET NMORDIN
INSET = NDATASET + ...
C/IN = PHFSTOD TCS100-3
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Table 4-17. Read Order, Phase Sequence Chart {Cont.)

Phase Function Performed Signals Involved Comments
1O Whether or not terminal order
(Cont.) | received from 1OP:
Reset PHTO R/PHTO = End phase TO
Reset NPHFS R/NPH#S = PHFSET Enter phase FS
PHFSET = PHTO + ...
Table 4-18. Order In Service Cycle, Phase Sequence Chart
Phase Function Performed Signals Involved Comments -
FS If phase FS foliows count Service call line held

done terminal crder or 10P
vnusual end, (DATA, IN)
flip-flops are piuced in
state {0, 1) during previous
phase TO:

Raise service cail line SCD

Start TCL deiuy line when
ASCR and FSR fwe

Enable function response
signals FROD through FR7D

SCD =
LSL =

M/SCN

n

N(NSCINMEN)
DCL =

DCLSTARTI

1

BSYCU =
BSYC

i}

FROD =

FR1D =

FR2D =

FR3D =

FR4D =

FR5D =

FR6D =

FR7D =

LSt

MASCR SCN INC
oo

PHFS DCB CYCLE/C
N(NSCNMEN)

NDATA NRWE NWCHW
+ ...

CYCLE/C DCLSTARTI
+ ...

PHFS DCB BSYCU
...

BSYC 10P + ...

ASCm ASCR AVIR FSR
o

BSYC SWAOD + ...
BSYC SWAL + ...
BSYC SWA2 + ...
BLYC SWA3 + ...
BSYC GRD + ...
BSYC UO + ...

BSYC Ul + ..

BSYC U2 +

true until IOP responds
with ASCR and FSR

If DATA is not in reset
state, previously exist-
ing conditions hold
N{NSCNMEN) zt true
level

(FROD-FR3D) encode
device controller
address

FR4D always faise

(FR5D-FR7D) encode
device address

{Continued)
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Table 4-18. Order In Service Cycle, Phase Sequence Chart (Cont. )

Phase Function Performed Signalis Involved Comments
FS If phase FS follows S/DATA = DATASET NORDIN (DATA, IN) flip-flops
(Cont.) | detection of controller must be in state (0, 1)
error, place (DATA, IN) DATASET = NCDN NCDNPET to request order in ser~
flip~flops to (0, 1) NUNE NSKSBK vice cycle
ORDIN = NDATA IN
C/DATA = PHFSTOD TCS100-3
PHFSTOD = PHFS DATA
R/DATA =
S/IN = INSET NORDIN
INSET = NDATASET + ...
C/IN = PHFS10OD TCS100-3
Set NPHFS S/NPHFS = PHFS End phaose FS
C/NPHFS = TCS100-3
Set PHFSZ S/PHFSZ = PHFS
C/PHFSZ = JCS100-3 Enter phase FSZ
FSZ Siart TCL delay lire DCL = CYC'.'::/‘(: PHFSZ + ...
Reset PHFSZ R/PHFSZ = End phase FSZ
Set PHFSL S/PHFSL = PHFSZ Enter phase FSL
C/PHFSL = TCS1C0-3
FSL Start TCL delay line DCL = CYCLE/C DCLSTART3 TCL delay line srarted
+ ... when FSR goes faise
DCLSTART3 = PHFSL NFSU + ..
FSU = FSRIOP + ...
Reset service call flio-flop R/SCN = SCNRST SCN reset to prevent
SCN additional service calls
SCNRST = PHFSL + ...
C/SCN = TCS100-3
Reset PHFSL R/PHFSL = End phase FSL
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Table 4-18. Order In Service Cycle, Phase Sequence Chart (Cont.)

Phase Function Performed Signals Involved Comments
FSL Set PHRS S/PHRS = FSCU PHRSET Enter phase RS
{Cont.)
PHRSET = PHFSL IN + ...
FSCU = ESCIOP + ...
RS Start TCL delay line DCL = CYCLE/C DCLSTART3
+ ..
DCLSTART3 = PHRS NDATA NRSAU
+ ...
»RAS‘AU = RSAR IOP + ...
Raise request strobe line RSD : = FSC NRSAR (FSCU RSD RSD remains high until
RSD + PHRS TCS000-2 + ...)| request strobe acknowl-
edge signal received
from IOP
iLoad data into O-register 000 = OXOREIN TER + ... Contents of O-register
on IOP data iines contains
(TER, INL, 1, UNE)—=(O00, OXORDIN = PHRSNED ORDIN (XX01 X000}, depend-
001, 003, 0O04) ing on state of flip-flops
PHRSNED = PHRS NED
o0l = OY.ORDIN INL + ...
Q003 = OXORDIN + ...
004 = OXORDIN UNE + ...
Reset PHRS R/PHRS = .. End phase RS
Set PHRSA S/PHRSA = PHRSASET FSCU Enter phase RSA
PHRSASET = PHRSNED + ...
C/PHRSA = TCS100-3
RSA Start TCL delay line when DCL = CYCLE/C PHRSA RSAU I0P accepts duia in
request strobe ricknowledge + ... O -reqister
signal received from IOP
RSAU = kKSAR IOP + ...
Reset PHRSA R/PHRSA = End phase RSA
Set PHRS S/PHRS = PHRSET FSCU Enter phase RS
PHRSET = PHRSA + ...
C/PHRS = TCS$100-3

(Continued)
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Order In Service Cycle, Phase Sequence Chart (Cont.)

Table 4-18.
Phase Function Performed Signals Involved Comments -
RS Start TCL delay line when DCL = CYCLE/C DCLSTART3
request strobe acknowledge + ...
signal RSAR goes false
DCLSTART3 = PHRS NDATA NRSAU
+ ...
Raise request strobe iine RSD = FSC NRSAR (FSCU RSD RSD remains high until
RSD + PHRS TCS000-3 RSAR received from IOP
+...)
Reset PHRS R/PHRS = End phase RS
Set PHIO S/PHTO = PHRS ED Enter phase TO
ED = EDSET TCS000-2 End data sigral set
+ ED FSCU + ... internally and latched
EDI = EDI FSCU
+ EDISET1 NPHRSA
+ ...
EDISETI = NDATA + ...
C/PHTO = TCS100-3
T0 Start TCL delay line when DCL = CYCLE/C D)CLSTART!
RSAR trun + ...
DCLSTART1 = PHTO RSAU + ...
If end service, reset £5C R/FSC = ESR FSC
C/FsC = FSC RSD + ...
If end service, reset DCB, R/DCB = DCBRST
If not end service, not
vnusual end, and command DCBRST = DCBRST1 + ...
chaining is ordered by IOP,
inhibit reset of DCB DCBRST! = PHTO ORDIN DCBRSTEN
DCBRSTEN = N(CCH NES NUNE)
CCH = JOP DA2R NDA3R
C/DCB = NTCS08G
Reset PHTO R/PHTO = End phase TO
Reset NPHFS R/NPHFS = PHFSET Enter phase FS
PHFSET = PHTO + ...
C/NPHFS = TCS100-3
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4-102 Terminal Order Ogerations an order in service cycle. Interrupt terminal orders and

, unusual end terminal orders are commanded by the IOP and
Every service cycle ends with a terminal order phase during may cause the data processing to stop. A command chain-
which a terminal order may be received from the IOP, as ing terminal order can occur only during an order in service
indicated in table 4-19. if no terminal order is received cycle and causes an order out service cycle to follow the
and no errors have occurred during data processing, the order » order in service C)’Cle- Confro”er errors are acted upon
in process continues. The count done terminal order that during the teiminal order phase, regardless of when they
ends every errorless input/output operation is followed by occur. )

Table 4-19. Terminal Order Operatiors, Phase Sequence Chart

Phase Function Perfcrmed Signals Involved Comments
TO Start TCL delay line DCL = CYCLE/C DCLSTARTI
J + CYCLE/C DCLSTART2
: + ..
DCLSTARTI = PHTO RSAU + ...
DCLSTART2 = FHTO ES + ...
IOP Signals
If count donc, set CDN S/CDN = DAIR TORD Indicates ali data has
) been transferred for
TORD = 10OP NES ED PHTO read, write, or check-
write operation. Reset
-C/CDN = NTCS000 during next order out
service cycle
If interrupt, sct CIL S/CIL = DAOR TORD Reset by AIO command.
New SIO canrot be ac-
~epted untii CIL is reset.
The order in process goes
to completion
C/CiL = NTCS000
If unusual end, set UNE - S/UNE = DA3R TORD Reset by new SIO
C/UNE = NTCS000
If UNE or CDN set, reset S/DATA = DATASET NORDIN
DATA and sct IN to request
order in service cycle  pon DATASET = NCDN NCDNPET NUNE
return to phasc F$ NSKSBK
ORDIN = NDATA IN
C/DATA = PHFSTOD TCS100-3
PHFSTOD = PHTO + ...
S/IN = INSET NORDIM
INSET = MNDATASET + ...
C/IN = PHFSTOD TCS100-3

{Continued)

4-133



Paragrophs 4-103 to 4-107

Table 4-19.

XDS 901565

Terminal Order Operations, Phase Sequence Chart (Cont. )

Phase Function Performed Signals Involved Comments
~TO Reset PHTO R/PHTO = ... End phose TO
(Cont.)
C/PHTO = TCS100-3 A
Reset NPHFS R/NPHFS = PHFSET Enter phase FS
PHFSET = PHTO + ...
C/NPHFS = TCS100-3

4-103 EP RAD SELECTION UNIT

The EP RAD selection unit either accepts data signals and
control signals from the EP RAD controller and writes Man~-
ester-encoded data on the magnetic surfaces of the disc

or reads Manchester-encoded data from the disc file
and transmits data signals and control signals to the EP RAD
controller. A maximum of eight LP RAD selection units
may interface with one EP RAD controller. Each EP RAD
selection unit inter{aces with one disc file.
&
All EP RAD selection units of ar [P RAD file are connected
to the associated EP RAD controller by a common cable as-
sembly, as indicoted in figure 3-3. Interface signals com-
mon to the EP RAD coniroller und to all EP RAD selection
units of ar EP RAD file are listed in table 4-20. Signals
generaied by an EP RAD selectinn unit or received by an
EP RAD selection unit are valid only if the EP RAD selec-
tion unit is addressed by the EP RAD controller.

4-104 ADDRESS CIRCUITS (See figure 6-5)

Signals IDOR, IDIR, and ID2R, which are transmitted from
the U-register of the controtler, provide inputs to all se-
Tection units. For one selection unit, the address encoded
‘he signal levels matches the address encoded by swiich
Fings of the LTZ6 Switch Comparator module, causing
signal SEL for the addressed seleciicn unit to be true. If
no power failure has occurred (NPDLY true), signal DVT
is true, generating a true device test signal DVTD, In
response to an accepted SIO command, the controller gen-
erates a true SLNR signal.  As signal SLNR goes false, flip-
flop USLA of the addressed selection unit (SEL true) is sef.
Once signal USLA is true, signuls USLB, TYPO, TYP1, and
DVOD are true, and inferface sianals for the addressed se-
lecticn unit are valid.

4-105 TRACK REGISTER (See tigure 6-6)

The track register, which consisis of flip-flops TRO through
TR10, is cleared by a true PDLY signal.

(E/TRO-E/TRIO) = PDLY
The track register is a serial register clocked by signal

SLIR, which is generated by the controller. While the
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selection unit is addressed, the track register is loaded with
an 11-bit track address during each intersector gap time.
Signal SCIR is true 11 times, and the track address bits are
accepted from the controller through signal TRKR. {The
two most significant bits should always be zeros. )

S/TRO = TRKR USLA
S/TR1 = TR0
S/TR10 = TR9
(C/TR0-C/TR10) = SCIR

Oulputs of the track register address one of the 512 read/
write hecds and permit reading from or writing into the
track cssociated with the addressed read/write head. Sig-
nals from TR2 through TR5 are used in the memory protect
circuits,

4-106 MEMORY PROTECT CIRCUITS {See figure 6-8)

The memoty protect circuits accept output signals frem the
four mo:t significant bits of the track register (TR2, TP3,
TR4, and TR5) and generate 16 output signals, as suramarized
in table 4-21. For any possible combination of the four in-
puts, one of signals NGTO1 through NGTI16 is false. Ifthe
switch associated with the signal is closed, signal TRP is
driven false. If the selection unit is addressed, signai USLA
is true and a true TRPD signcl is generated t:: indicate that
the addressed track is write-protected. If an order ciher
than writz is being executed, signal TRPD does not affect
operation of the controlier, Tracks must be protected in
groups of 22, as indicoted in table 4-21 since the four most
significant bits of any address cause all tracks in that range
to be protected.

4-107 ANGLE REGISTER (See figure 6-9)

The ongle register, which consists of flip-flops ANO through
AN3, is cleared to 0000 by index pulse IP.

(E/ANQ-E/AN3) = IP
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Table 4-20. EP RAD Selection Unit Interface Signals

Signal ‘ Function

/ANO/-/AN3/ ‘ Sector address (angle) data to controller. A four-bit code which indicates the
’ - oddress of the sector currentiy. under the read/write heads

/DAY : ' Data signal to controller. Developed from Manchester-encoded data written on

disc file
/ DAT/ .Data output to storage unit from D07 of controller
/DS/ Data strobe to controller. Developed from Manchester-encoded data. Provides

the clock signal associated with /DAL/

/DVT/ Device test signal to confroller
/DvO/ Device operational signal to control ler
/1D0/-/1D2/ Device address signals from controller. The sefection unit controls signal levels

on the common cable assembiy only if the device address signals match the address
set in the module

/e/ Index pulse to controller. Generated once per revolution of the disc
/NMNRST/ Manual reset signal f:om controller. Developed by signal NPWRMON
/PWRMON/ Signal to controller. True when power ciscuits operating properly

/SAL/ Sector amplified enable sigaai from controfler. True after irack address has been

shifted from cortroller to addressed selection wnit during intersector gap time

/sC1/ - , Tracic and sector shift clock. True 11 times during intersector gap time to permit
output of TRKR to be stored in track register

/5C2/ Data clock from controller. True during execution of write order to enakle
Manchester-encoded data to he stored on disc

/SLN/ Select now signal from coniroller. True when an SIO command is accept=d
/Sp/ Sector pulse signal to controller. True 11 fimes fqr each revolution of the disc
/TRK/ A Track address bits from controller. Read under control of signal /SC1/

/TRP/ Track protect signal to controller. True when controller attempts fo write ina

write-protected track

/TYPO/-/TYP1/ Storage unit type signals to controller. For EP RAD storage unit, both signals
are true
/WEN/ Write enable signal from controller. True during execution of write order, after

read/write enable flip-flop in controller is set
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‘ Table 4-21. Memory Protect Signals
TRACK REGISTER OUTPUTS TRACKS OUTPUT
TR2 TR3 TR4 RS PROTECTED SIGNAL
0 0 0 0 0-31 NTGOI
0 0 0 1 32-63 NTG02
0 0 1 0 64-95 NTG03
0 0 1 i 96-127 NTGO04
0 ] 0 0 128-159 NTG05
0 1 0 1 160~191 NTG06
0 1 ] 0 192-223 NTG07
0 ] 1 ] 224-255 NTG08
1 0 0 0 256-287 NTGOy
1 0 0 1 288-319 NTG10
] 0 1 0 320-351 NTG11
1 0 1 1 352-383 NTG12
i 1 0 0 384-415 NTG13
1 1 0 ] 416447 NTG14
] 1 1 0 448-479 NTG15
1 1 | 1 1 480-511 NTG16
et input o each flip-flop is irs complement, so a flip- C/ANT = NSP AN3 AN2
l o5 from the set state to th: reset state on the falling
pf a clock signal. C/LND = NSP AN3 AN2 AN]J

S/ANO = NANO
S/ANT = NAN]I
S/AN2 = NAN2
S/AN3 = NAN3

The clock signal for flip-flop AN3 is the complement of
sector pulse SP, so that it changes state on the rising edge
of each sector pulse SP. The clock signal for other flip~
flops is the complement of sector pulse SP gated with out-
puts of other flip-fiops.

C/AN3

NSP

el FANZ NSP AN3
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Therefore, the angle register changes stete ot the rising
edge of each sector pulse, counting in binary sequence
from 0000 to 1011, in which AN3 represents the least sig-~
nificant bit and ANO represents the mosi sigrificant bit,
After the angle register reaches 1011, the index pulze clears
it to 0COC.

4-108 HEAD SELECTION MATRIX

Selection of a read/write head is controlled by outputs of
the track register which select a read/write head through
the L1746 Read/Write Coupler modules and the RT18 Y-
Select modules. (See figure 4-27.) The selected recd/
write head either provides inputs to the LT76 module for
transmission fo the controller or accepts signals from the
controller which enable writing dcta on the disc file.
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Figure 4-28. Write Channel, Schematic Diagram
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s o (Track 221), Schematic Diagram

PO1565A, 429




XDS 901565

Paragraphs 4-111 to 4-112

(DATA)  (0) )] (0) m

© - - 0 M )

90G1565A. 430

Figure 4-30. Write Signals, Timing Diagram

4-111 LOGICAL SPARING CIRCUITS

The logical sparing circuits {figure 4-33) consist of two
BT12 Binary-to-Octal Decodei modules, eight LT105 Spares
Selector modules, one RT18 Y-Select medule, and asso-
ciated logic elements. These circuits control the selection
of one of the 64 spare read/write heads in place of a XDS-
assigned read,‘write head. Signals TRM1X2, TRM1X3, and
TRM1X4 select one of eight LT76 Read/Write Coupler mod-
ules, as described in parag.aph 4~108. When logice! spar-
ing is used, signals SPSEL, $70. SP1, and SP2 cause one of
signals YSPO ihrough YSF7 ic be true, providing a Y-select
signal which activates a spar. read/write head.

Figures 6-10 through 6-13 indicate the correspondence
between the 512 read/write heads and the 512 track ad-
dresses as assigned ot XDS. if a read/write head fails or if
the circuits between the LT/76 module and the read/write
head fails, one of the 64 sparz read/write heads can be
assigned to the track address by changing wiring on one of
the eight LT105 Spares Selector modules.

If logical sparing is not used, signals NSPSEL, NXSP2,
NXSP3, and NXSP4 are true, and signals TRMI1X2, TRMI1X3,
and TRM1X4 are controlled by outputs of track address reg-
ister flip-flops TR2, TR3, and TR4. Also, « false SPSEL
signal inhibits gates in the RT18 module used in the spares
select logic, so that all Y=select signals for the spare read/
write heads are false. If logical sparing is used, signal
SPSEL is true and one of the spare read/write heads is ad-
dressed in place of the normally assigned read/write head.

The BT12 modules provide 24 signals which represent all
track address register signals in octal notation. Signals

X0 through X7 represent the most significant (sixty~fours)
digit; signals YMO through YM7 represent the iiext most
significant (eights) digit; signals YLO through YL7 represent
the least significant {units) digit. A track address for which
a spore read/write head is assigned is detected by an LT105
moduizs (figure 4-24).

If lagical sparing is not used, each of the eighi input gates
of the LT105 module is connected to ground, so that signals
NSP), NSP1, NS3P2, NSPSEL, and the module identifica-
tioin signal (NMODT1 through NMODS) are true. When

logic sparing is to be used, the ground conneciicn is removed
from one input gate, and the address of the track to be
spared is encoded at the input gate disconnected from ground.
When that tiack is not addressed, the output signals are all
true. When that track is addressed, the signals ‘o the as-
signed input gates are true, the cutput of the assigned gate
is faise, and the LT105 module output signals are os indi-
cated in figure 4-34. Signals NSPSEL, NSPC, MSPi, and
NSP2 cause one cutput of the RT18 module to be true, pro-
viding a Y-selec! signal. The module identification signa!
geneciates a combination of signals NXSP2, NXS5?3, and
NXSP4 that selects one of the LT76 modules. Therefore,

one cf the 64 spare read/write heads is addresscd in place

of the initially assigned read/write head. Figure 4-35 il-
lustrotes the logic elements involved for sparing track ed-

dress 221 (octal 335).

4-112 TYPICAL OPERATIONS

Table 4-22 outlines the sequence of EP RAD file operations
in response to an SIO command, followed by a sense order,
a seek order, ond o write order. This sequence of opero-
tions is typical. The sense order detects the sector currently
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Figure 4-32. Read Signals, Timing Diagram

under the iead/write heads of the EP RAD storage unit. follows the order which stored the addressed location. The
The seek oider provides a rrack number and sector number table provides references to paragraphs, phosz sequence

at which execution of the following order is to begin. (A charts, and illustrations which provide details of the opera-
program using this sequence assures minimum delay while tions outlined. Figure 4-36 shows major elements of the
waiting for an addressed sector because the available sector EP RAD controller and can be used with other reference
isaddressed in constructing the seek order.) The write order maierial to review operation.

Table 4-22. Typical Operations of the EP RAD File

Oreration Refererces
The IOP address an SIO command to the EP RAD Function strobe and function indicators {par. 4-10
controiter and one ~f cight (maximum) EP RAD and table 4-1)

storage units. The STO command is accepted if:
SIO function indicator {par. 4-17)

a. The EP RAD controller has priority
Phase control circuits (par. 4-22)

b. The EP RAD controller and EP RAD

storage unit are ready Phase sequence chart (table 4-10)
c. No interrupt i5 pending Flow diagram (fig. 4-8)
During the order out service cycle, the sense Phase sequence chart (table 4-10)

order code is stored in the order register
Order register (par. 4-31)

Order signals (table 4-2)
Flow diagram (fig. 4-8)
Phase control circuits (par. 4-24)

During the following three dato in service cycles, Data path {fig. 3-5)
data is transterred to the IOP

Timing diagram (fig. 4-25)

(Continued)
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Table 4-22. Typical Operations of the EP RAD File (Cont.)

Operation References

a. Write protect bit from selection unit and Phase sequence chart (table 4-14)
five track address bits from T-register

Flow diagram (fig. 4-8)
b. Four track address bits from T-register and
four sector address bits from S-register Byte counter (par. 4-33)

c. Four current sector bits from selection unit O-register (par. 4-38)
K-register (par. 4-57)
T-register (par. 4-68)
S-register (par. 4-67)
Address circuits (par. 4-104)

Memory protect circuits (par. 4-106)

During the order in service cycle, command chaining Phase circuits (par. 4-29)
¢ permits the order out service cycle to follow
Phase sequence chart (table 4-18)

Flow dicgram (fig. 4-8)

During the order out service cycle, the seek order Phasc sequence chart (table 4-13)

cede is stored in the order register _
Order register (par. 4-31)

Order signals (table 4-2)
Phase controi circuits (par. 4-24)

Flow diogram (fig. 4-8)

During the following two data out service cycles, Dato 1nth (fig. 3-4)
data is transferred from the IOP
Timing diagram (fig. 4-26)
a. Five bits of track address
Phase control circuits (par, 4-26)
b. Four bits of track address and four-bit

sector address Flow uiagram (fig. 4-8)

Phase sequence chart (table 4-15)
Byte counter (par. 4-33)
I-register (par. 4-37)

J-register (par. 4-39)

T-register (par. 4-48)

S-register (par. 4-67)

(Continued)
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Table 4-22. Typical Operations of the EP RAD File (Cont.)

Operation

References

During the order in service cycle, command chaining
permits the order out service cycle fo follow

During the order out service cycle, the write order
code is stored in the order register

During execution of a write order, the number of
data out service cycles depends upon the number of
data bytes to be transmitted and the byte width of .
the 1OP interface. After all data bytes have been
transferred, the IOP transmits a count done terminal
order

During the order in service cycle, the EP RAD
controller disconnects from the 10P

Phase circuits (par. 4-29)
Phase sequenée chart (table 4-18)

Flow diagruﬁ) (Fig. 4-8)

Phase sequence chart (table 4-1 3)
Order register (par. 4-31)

Order signals (table 4-2)

Phase contro! circuits (pcr; 4.24)

Flow diagram (fig. 4-8)

=

Da%a path (fig. 3-6)

Phase control circuits (par. 4-27)
Flow diagram (fig. 4-8)

Phase sequence chart (fable 4-16)
I-register (éar. 4-37) .
JF-register (par. 4-43)
J-register {par. 4-39)

£AM circuits (par. 4-46)
L-register (par. 4-45)

kP -register (par. 4-44)

¥ -register (par. 4-57)

D-register (par. 4-58)

t egister (par. 4-66)

Preamble (par. 4-61)

Checksum {par. 4-71)

Address increment (par. 4-70)

Terminal order (table 4-19)

Phase circuits (por. 4-29)
Phase sequence chart {table 4-18)
Terminal order (table 4-19)

Flow diagram (fig. 4-8)
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Figure 4-34. LT105 Spares Selector Module, Simplified Logic Diagram
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XDS 901565 Paragraphs 5-1 to 5-2

SECTION V
LOGIC EQUATIONS AND GLOSSARIES

5-1 GLOSSARIE§ ‘ ' selection unit signals. Al glossaries are in alphanumeric
Definitions of EP RAD file terms are contained in table sequence.

5-1. Table 5-2 contains a glossary of EP RAD controller

signals and table 5-3 contains a glossary of EP RAD ‘ 5-2 LOGIC EQUATIONS (See tcbles 4-8 through 4-19.)

Table 5-1. Glossary of EP RAD File Terms

Term . Definition

B-counter Flip-flops BOO through B12. Counts bits and bytes during exe-
cution of read order, write order, or checkwrite order

Byte ccunter Flip-flops BKO and BK1. Used during execution of all orders
to count bytes of a service cycle

Condition code A two-bit code transmitted from the EP RAD file which indicatcs
the staius of the EP RAD file to the IOP

Data in service cycle A service cycle during which data bytes are transferred from the
EP RAD file to the 10OP

Data out service cycle A service cycle Juring which data bytes are transferred from the
1OP to the EP RAD file

D-register Flip-flops DOO ti.rough DO7. Used during execution of write
order or checkwite order to transform data format from parallei
to serial. Used during execution of read order to transform duta
format from seria! to parallel

Enc' data signal : Signal ED, whick may be generated by either the 1OP or the
EP RAD controll=r and which causes an end to data transfer

End service signel Signal ES, which is generated only by the 10F and which causes
an end of the input/output operation

Fast access memery (FAM) FT25 module which stores a maximum of 16 addressable bytes.
module Receives data inputs from J-register and addrcss inputs from L-
register. Outputs of addressed register are designated RCO
through RO7

FAM read cycle A cycle of opera*ion of the fast cccess memory (FAM) circuit,
during which a byte is transferred from the addressed location
in the FAM module to the K-register or the I-register

FAM write cycle A cycle of operation of the fast access memory (FAM) cireuit
during which a byte is transferred from the J-register to the od-
dressed {ocation in the FAM module

Function indicator A signal that indicates the type of function (AIO, ASC, HIO,
T10, TDV, or SIO)

(Continved)
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Glossary of EP RAD File Terms (Cont. )

Term

Definition

Function response signals

Function strobe

Indicator signals

IOP byte signals ¥

I-register

JP-register

J-register

KP-register

K-register >

! -register

Order code

Order in service cycle

Order out service cycle Y

Order register

O-register Fe

PET

Signals FROD through FR7D. Signals transmitted to the IOP in
response to a function strobe (FSR) and a function indicator signal

(AIOR, ASC, SIOR, TDVR, TIOR, HIOR)

A signal /FS/ generated by the IOP to indicate that a response is
required of a controller

Signals INDO1 through IND16. Signals sent to the PET to indi-
cate state of EP RAD controller during test

" Signals DAOR through DA7R, DBOR through DB7R, DCOR through

DC7R, and DDOR through DD7R. Transfer data between the
controller and IOP. Signals DAOR through DA7R are also used
for exchange of orders

Consists of basic I-register (100 through 107) and extended I-
register (108 through 137). Stores data from either the FAM
circuit or the 10P

Buffered latches JPO through JP3. J-pointer register establishes
the FAM module locotion for input

Buffered latches JOO through JO7. Accepts data from the I-
register or D~register fer tronsfer to the FAM circuit

Buffered latches KPO through KP3. K-pointer register, which
establishes the FAM .codule location for output

Buffered latches KCO through K07, Accepts data from the FAM
module for transfer t¢ O-register, I-register, or D-register.
During execution of ;ense order, accepts data from S-register
and T-register for transier to O-register

Buffered latches LOO through LO3, and NLO3. Addresses the
FAM circuit and causes ircrementing of KP-register or JP-
register

A five-bit code indicating the type of order to be executed by
the controller (read, write, checkwrite, seek, or sense)

A service cycle during which order information is transmitted
from the controller tc the 1OP

A service cycle during which an order code is accepted from

the 10OP

Flip-flop ORDO and Luifered latches ORD1 through ORDA4.
Stores order code (seek, sense, read, write, or checkwrite)
during execution of order

Consists of basic O-register (O00 through O07) and extended
O-register {(O08 through O31).. Stores data for transfer to com-
puter memory under cantrol of IOP

Peripheral Equipment Tester Model 7901

{Continued)




XDS 901565

Table 5-1. Glossary of EP RAD File Terms (Cont. )

Term

Definition

PET data signals

Phase contro!l circuits

P-register

Read sequence
Request strobe acknowledge
signal

Request strobe cignal

RK~counter

Sector address
Service call sigra!
Se.rvice connect
Service cycle code
S-register
Subcontroller

Termina!l order

Track address

T-register

Signals DP0O through DP07. Signals received from the PET to
simulate signals DAOR through DAZR during offline test

Flip-flops NPHFS, PHFSZ, PHFSL, PHRS, PHRSA, and PHTO
and associated circuits. Establish phase of controller and re-
spond to subcontreller outputs and internal timing and control
signals

Flip-fiops POO thrcugh P15. Used to generate checksum during
execution of read order, write order, or checkwrite order, and
to increment frack address and sector address during intersector
gap

Tha sequence of operations (service cycles, data transfers) that
takes place during execution of a read order

RSAR signal which: is generated by the IOP to indicate that a
data exichange has taken place in rasponse to an RSD signal

RSD signal which is genzrated within the controlier to requast
a daia strobe from the IOP, causing a data transfer between
the IOP and the controller

Flip-fiops RKO through RK4. Indicates the number of active
bytes in the FAM module during execution of read order, write
order, or checkwriic order

A four-Lit code wnich addresses one of the 12 sectors of eash
track

SCD signal whicl: is generated by tiie controiler when service is
required for datc transfer

A state of the controller in which data transfers between the
10P and the conircler may occur

A fwo-bit code indicating the type of service cycle requested
by the controller

Buffered latches 00 through S03, and NSO03. Stores secior
address

A standard set of modules which form part of every device con-
troller and which monitor and respend to IOP signals

An optional order following execution of a seek order, sencs
order, write order, read order, or checkwrite order, which indi-
cates count done, interrupt, chonnel end, unusual end, or.
command chaining

An 11-bit code which addresses one of 512 tracks on the su*fccps
of the disc file. (Only 9 of the 11 bits are used)

Buffered taiches TOO through T10. Stores track address

(Continued)

5-3




XDS 901565

Table 5-i. Glossary of EP RAD File Terms (Cont. )

Term

Definition

Unit address

U-register

Write sequence

A three-bit code which addresses one of the eight (maximum)
EP RAD storage urits in.an EP RAD file

Flip-flops UQ through U2. Stores cddress of EP RAD storage
unit '

The sequence of operations (service cycles, data transfers) that
takes place during execuiion of a write order

Toble 5-2. Glossary of EP RAD Controller Signals

Signalb Definition/Function

/A10/ Acknowledge inpuf/ouf‘puf function iine. Causes highest priority device with

' interrupt call line raised to send status and address data.  Transmitted from
IOP to device controller ‘

AIOC Acknowledge 1/0 control.  Enables gating of status for A1O if controller is
the highest priority device with interrupt call line raised

: AIOM Acknowledge 1/O monitor. Indicates that controller has raised interrupt call

line. Enables BSYC and AIOC if true, enables /AVO/ if false

AIOR Acknowledge 1/O receiver

ALT Flip-flop which alternates o write order with the order encoded in the PET
panel switches, and provides for skipping revolutions when writing in singie
track mode

ALTCK ALT clock

ALTCKEN ALT clock enable

ALTORD PtT-generated simulation of ALT

ALTYP2 ALT signal for extended performance {TVP2) use

/ANO/-/AN3/

(ANOR-AN3R)

ANIOTYP2

/ASC/
ASCB
ASCM

ASCR
/AVY/

Sector address (angle) data from selecrion unit
Sector address receivers
Equivalent to ANTR or EXT

Acknowledge service call function linc. Couses highest priority device with
service call line raised to send address data

Acknowledge service call buffer. Eratles seiting FSC if the controller is the
highest priority device with service call line raised

Acknowledge service call monitor. Indicates that the controller has raised
a service call. Enables ASCB and BSYC if true; enabies AVO if false

Acknowledge service call receiver

Available input priority line. Driven by the IOP to the highest priority con-
troller. Passed on by inactive controllers as signal AVO

5-4
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Table 5-2. Glossary of EP RAD Controller Signals {Cont. )

Signal Definition/Function

AVIR Available input receiver

/AVO/ Available output line

AVOD Available output driver. Driven by any controller that is not addressed or
that does not have priority for an interrupt or service call

(B00-B12) B-counter: (BO0O-BO9) for byte count, (B10-B12) for bit count

BO5CK BO5 clock

BO?X1 Store a one in B0?

BCE B-counter count enable. Permits (B00-B05) to be incremented by clock
signals

BFSD Buffered function strobe delayed. Gates TIO, SIO, and HIO status to FROD
through FR7D

BIT7RWE Read/write enable and bit number 7 (binary 111). Times parallel transfer of
(DOO~D07)——= (J00- J07) or {K00-K07) ——=—(D0O-D07)

BKO-BK1 \Byte counter for seek, sense, and expanded interface byte handling

BKWW

BKWZ - v - '

BKZW Byte counter decodes: ZZ = (0, 0); ZW = (0, 1); WZ = (1, 0y ww = (1, 1)

BKZZ

BSYC Busy control. Gates the address data to FROD through FR7D for an ASC or
AIO when priority recognized, thus defining the busy device for the TOP

BSYCU Busy clamp latched from PHFSL to PHFS

BXO Clear B-counter

BXIMED Preset term for B-counter (used on 360-byte sector medium speed controller)

BYTIID

BYT2ID Identify width of IOP interface (one, two, or four bytes)

BYT4ID

CCH Command chaining bit in terminal order from 10P

CDN Count done flip-flop. Causes order in when set by IOP to indicate end of
data transfer :

CDNPET PET simulation of CDN flip-flop

CER Flip-flop set if checkwrite error or if preamble synchronization pattem
missed

CERM Mark flip-flop CER

CERSET Set fiip-fiop CER

(Continued)
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Toble 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

CHWER Checkwrite error; set CER on noncomparisen of disc file data and D-register
output during checkwrite operation '

CHWEREN Checkwrite error enable

CIiL Interrupt call ﬂip-—ﬂ.op may be set by 10P during terminal order

CILRST Reset CIL, true for AIO function indicator

/cLy/ Clock 1 MHz. 1.024 MHz signal from the CPU via the 1OP

CLIR Clock 1 MHz receiver

CLIR Clock signal from 10P

CLK Clock divider flip-flop; creates a 1.5 MHz clock when controller is used
as medium speed controller

CLK3MH 3 MHz clock

CNTRCLKP Clock sent to PET !5 increment its internal counter

CSLI Service call inhibit. A delay of 100 to 350 ns to allow control logic‘ to
settle between disconnecting a service cycle and raising a new seivice call

CYCEN Control cycle enable term used in sing.e-phase mode (PET)

CYCLE/C Conirol cycle enable; indicates when a phase cycle is possible {TCL delay
line)

CYCLER FAM cycle enable; indicates when “AM cycle is possivle (TRL delay line)

(D00-D07) D-register; the register which shifts Jata between storege unit and con-
troller

DO7SET Set DO7; presets DO7 when the T-register and the S-register are to be in-

/DA0/-/DA7/

(DAOD-DA7D)
(DAOR-DA7R)
/DAY

DAIR

/DAM/
DAMD

DAR

cremented

Bidirectional communicotion lines. Signals between the IOP and controller
are tunsferred via these lines. The information carried includes device ad-
dress, AIO status, orders, terminal orders, operational status bytes during
order in, and data byte 1

Data line drivers

Data line receivers

Data signal from storage unit to centroller

Data receiver

Manchester-encoded data to medium speed RAD storage unit

Medium-speed RAD data driver

Synchronized data flip-flop; set by DAIR und DSR

5-6
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Table 5-2. Glossary of EP RAD Controller Signals (Cont.)

Signal Definition/Function

/DAT/ Dcfu. output to storage unit from DO7

DATA Data/order flip-flop; set for data, reset for order

DATAIN Data in signal; true when data sent to IOP (read or sense)

DATACUT Data out signal; true when data accepted from 1OP (seek, write, or checkwrite)

DATASET Set flip-flop DATA

/DB0/-/DB7/ Data byte 2 lines (B-lines). Bidirectional lines that carry data for two- or
four-byte interfac:

(DBOD-DB7D) Data line drivers

(DBOR-DB7R)

/DCO/-/DC7/

(DCOD-DC7D)
(DCOR-DC7R)

DCA
DCA47

DCB
DCBRST
DCBSET

DCL

/DbD0/-/DD7/

(DDOD-DD7D)
(DDOR-DD7R)

/DOR/

DORD

DORDEN
(DPO0O-DPO7)

DRESET

Data line receivers

Data byte 3 lines (C-lines). Bidirectional lines carrying data for four-byte
interface

Data line drivers
Data line receivers

Device controller address recognition. Compares (DAOR-DA3R) with
(SWAOD-SWA3) for address recognition

Part of DCA controlled by bits 4 through 7 for single byte conirollers. (ivot
used by EP RAD file)

Device controller busy flip-flop, set by successful SIO
Reset flip-flop DCB

Set flip-flop DCB

Start term for TCL delay line

Data byte 4 lines (D-lines). Bidiractional lines carrying daia for four-byta
interface

Data line drivers

Data line receivers

Data or order indicator line. If false during service cycle, indicates that
A-lines contain data; if true during service cycle, indicates that A-lines
contain orders.  Indicates address recognition for all instructions

Data or order line driver

DORD enable

Data lines from PET

Device reset, true when a power failure occurs

(Continued)
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Table 5-2. Glossary of EP RAD Controiler Signals (Cont. )

Signal Definition/Function

/DS/ Data strobe from selection unit

DSE Data strobe enable. Gates DSR into RWVCK during a read or checkwrite oper-
ation

f DSEM Mark flip-flop DSE

DSL . D-register shift left. Used when incrementing T-register and S-register

DSR Data strobe received

DVBSY Device busy

/DVO/ Selected device operational signal from selection unit

DVOR Selected device operational signal receiver

DVSEL Device selected

/ov1/ Device test signal from selection unit

DVTR Device test signal receiver

/DX2/ Request for two-byte interface (trar;sFer 16 birs in parallel). False for one-
or four~byte interface

/DX4/ Request for four-byte interface (transfer 32 bits in parallel). False for one-
or two-byte interface

DXK Transfer contents of K-register to D-register; (K00-K07) — (D00-D07)

DXP Transfer contents of P-register to D-register; (P07-P14j —— (DC0-D07)

DXSR Shift contents of D-register fo right

/ED/ End data line. Bidirectional line true when the last data byte is on the
line

EDD End data driver

EDI EDD gating term, combines all conditions for end data

EDISET3 End data flip-flop

EDR End dota receiver

EDU End data from 10P or PET

ERSTOP Error stop switch signal from PET, halis operation on error

EXT _ Extended performance operation

FAULT A fault condition caused by SUN, WFV, or RER

5-8
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

FNTP Simulated function strobe enabled by PET

/FRO/-/ER7/ Function response lines from IOP

(FROD~FR7D) Function response line drivers

(FROR-FR7R) Function response line receivers

/FS/ Function strobe line. The /FS/ signal from the IOP defines period during
which the controller should respond to function indicator or acknowledge
service call indicator if it recognizes its address or priority. Used as
clock term for setting or resetting device controller busy flip-flop DCB or
for setting FSC .

FSC Service connect fl ip-flop. Defines the period during which data or ordeis
may be requested and transferred

FSCU FSC for 10P or PET

FSLD Function strobe driver

FSP Offline simulation of function strobe

FSPOCSL Simulated CSL signal for offline operation

FSPS Simulated function strobe from PET

FSR Function strobe receiver

FSU Function strobe, 10OP or PET

GNDxxx Ground connection (false levei}

/HIO/ Halt 1/O function line. Causes the controller to t2rminate the /O
sequence and to return to ready :tate

HIOP - PET simulation of HIO function indicator

HIOR Halt /O receiver

HIOU HIO function indicator, PET or JOP

/HPI/ High priority interrupt fine. When raised, overrides a higher priority
device interrupt call. Not presently used in Sigma peripherals

HPID High priority interrupt driver

HPIL High pricrity interrupt latch. Inhibits AIOM, thus preventing a low
priority interrupt from responding to an AIQ instruction

HPIR High priority interrupt received

/HPS/ High priority service call line. When raised, overrides any higher
priority with a service call raised. Net presently used on Sigma peripherals

HPSD High priority service call driver

(Continuved)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

HPSL High priority service latch. Inhibits ASCM, thus preventing a low priority
service call from responding to ASC

HPSR High priority service receiver

(100-131) Incoming data storage buffer (I-register)

/1c/ Interrupt call. Raised by the controller in response to an order modifier or
a terminal order (zero byte count, channel end, or unusual end)

ICD Interrupt call driver

/1D0/-/1D2/ Device address signals from controller to storage units

IN Input/output control flip-flop; set for input, reset for output

INC Inhibit calls, Prevents interrupt call or service call when the controller is
offline or when controller dc power fails

(INDO1-IND16) Indicator drivers to PET

INDUP PET indicator select switch signal. Selects upper or lower set of functions
to be displayed by (INDO1-IND16)

INI Inhibit input. Permits signal /AVO/ to go true when required, but forces
all other signals between 1OP and controller false when the controller is
offline or when the controiler dc pover fails

INL Incorrect length flip-flop. Set if hyie count is not a multiple of sector
storage, if seek byte count is not two, or if sense byte count is not three

INLEN . Enable set of flip-flop INL

INLM Mark flip-flop INL

INLSET Set flip-flop INL

INSET Set flip-flop IN

10P PET signal. True for online, false for offline (during test, IOP true enables
monitor mode of PET)

/10R/ Input/output request. Defines direction for communications on the daia lines
for service cycie. Defines status for instructions

IORD Input/output request driver

IORDEN Enable IORD

Vit74 index pulse from storage unit

IPR Index pulse receiver

(IXO-1 ~ 1X0-4)

IXD-1

Clear I-register

Enable transfer of (DAOR-DA7ZR) —== (100-107)

5-10
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

IXD-2 Enable transfer of (DBOR-DB7R) ~——(108-115)

IXD-3 Enable transfer of (BCOR-DC7R) — (116-123)

IXD-4 Enable transfer of (DDOR-DD7R) — (124-131)

IXEN Extended interface option

IXI-1 Enable transfer of (108-115) —— (100-107)

IXI-2 Enable transfer of (116-123) — = (100-107)

IX1-3 Enable transfer of (124-131) —= (100-107)

IXR-1 Enable fran;fer of (RO0-R07) ——=~ (108-115)

IXR-2 Enable transfer of (RO0-R07) — (116-123)

IXR-3 Enable transfer of (RO0-R07) — = (124-131)

(J00-J07) J-register (input buffer for FAM module)

JFI J-register filled latch

JFIRESET Force JFI false

JFIX1 Force JFI true

(JPO-JP3) J-pointer register (JP-register;, Address register for data written into the
FAM

JPXC Clear the JP-register

JPXL Load the incremented JP address into the JP-register (LOO-L03)—
(JP0O-.iP03)

JX0 Clear the J-register

JAD Load the contents of the D-regisier into the J-register:
(D00-D07) —= (J00- JO7)

JXDP Load PET data into the J-register

JXIiB Load contents of I-register intc J-register (one-byte interface only)

JXINIB Load contents of I-register inte J-register (not one-byte interface)

{K00-K07) K-register. Provides sense datc storage, preomble. synchfonizcﬁon pattern
generation, and functions as FAi module output buffer

KAS8 Control latch indicating that FAM moduie is empty and fast byte is in
K-register :

KFI K-register filled latch

KFICK KFI delcy flip-flop used for setting rate error flip-flop RER

{Continued)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal V Definition/Function

KFID Latch signal that sets KFICK

KFIDX1 Force KFID true

KFISET Selects condition for forcing KFI true

KFIX1 Force KFI true

(KPO-KP3) KP-register (K-pointer register). "Address register for data read from the
FAM module

KPX0 Clear the KP-register

KPXL Load the incremented KP address into the KP-register; (L0O0-L03)——
(KPOO-KPO3)

KX0 Clear the K-register

KXOEN Enable KXO0

KXPRE Load the preamble synchronization pat‘arn into the K-register

KXR Load the addressed FAM byte into the K-register; (ROO-R07)—
K00-K07)

KXREN Enable KXR

KXSENSE! Load second sense byte inio the K-register; (TO7-T10) — (K00-K03),
(500- £03) ~—— (K04-K07)

KXSENSE2 Load third sense byte into the K-register; (ANOR-AN3R) —= (K(4-K07)

(LOO-L03) L-register; address register for FAM module

LASTSEC PET decode of sector preceding index maik

(LEO-LE2) Exclusive OR adder used to increment .iP-register and KP-register

LIH Latch inteirupt high. Retains the fact that a high priority interrupt has been
raised. Enables AIOM

LIL Latch interrupt low. Retains the faci that a low priority interrupt has been
raised. Enables AIOM

LSH Latch service high. Retains the fact ihui a high priority service call has
been issued. Enables ASCi

LSL Latch service low. Retains the fact thet o low prierity service call has
been issued. Enables ASCM

MANRST Manual reset from RSTR (IOP) or from RSTP {PET)

/NMANRST/ Manual reset signal from controller to cforage unit

(O00-031) O-register; data drivers to IOP

OPER Device operational flip-flep
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Table 5-2. Glossary of EP RAD Controller Signal {Cont. )

Signal Definition/Function
(ORDO-ORD4) Order register flip-flop and order register buffered latches
ORDIN Order in signal
ORDOUT Order out signal

(ORDP1-ORDP4)
ORDX0

ORDXIOP
ORDXPET

0sCJ
(OXC-1 - OX0-4)

OXAIOST

(OXK-1 - OXK-4)

OXKEN

OXORDIN
OXSENSET

(POO-P15)

POOSET
POOSETEN |
P13LD
PI3LDEN

/pC/

PCD
PER
PEREN

PET

PET order switch signals used to load order register
Clear the order register

Load the data line (IOP) into the order register; (DA3R-DA7R)—
(ORDO-ORD4)

Load the PET data lines into the order register latches; (ORDP1-ORDP4)
——— (ORD1-ORD4)

Oscillator jumper for 3 MHz operation

Clear the O-register

Enable status response to AIO; (RER, SUN, WPV) — (000, 002, OG3)
Load contents of K~register inte O-register (K00-K07) —

(O00-007) and contents of I-register into O-register. (108-131)——»
(OC08-031)

Enable OXK

Enable status signals for order in; (TER, INL, 1, UNE)——
(000, Cul, 002, 004)

Load first sense byte into O-register; (TRPRO) —=- (O00); (TCO-T06)
— (001-007)

P-register; a two-byte parity regisier used to generate parity for the storage
unit and to increment the T-register and the S-register

Set flip-flop POO

Enable set flip-flop P00

Increment sector number from 1011 to 0000
Enable increment sector number

Parity check. Bidirectional line which is raised whenever byte 0 parity
(A-line parity) should be checked (not used by EP RAD file)

Parity check driver
Parity error flip-flop (read operation)
Enable set PER

Inverted IOP signal; indicates offline operation

(Continued)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

PHFS NPHFS flip-flop in reset state; idle phase, indicates function strobe can be
accepted

PHFSL PHFSL flip-flop; indicates function strobe ackrowledge sent to 10P

PHFSCYC PHFS and CYCLE/C signa! true

PHFSDAT PHFS and DATA signal true

PHFSET Set flip-flop NPHFS

PHFSLNFN PHFSL and SCN true (service call)

PHFSTOD Phase FS of data tmn;fer (PHFSDAT) or phase TO (PHTO)

PHFSZ PHFSZ flip-flop; delay phase for gathering status of storage unit

| PHRS PHRS flip-flop; RSD is sent to IOP, and FAM cycle is siarted for previously
processed bytes
B PHRSA PHRSA flip-flop; request strobe acknowledge

PHRSADO PHRSA and data out; (DATA, IN) = (1, 0)

PHRSAQO PHRSA and order out; (DATA, IN) = {0, 0

PHRSAORD PHRSA and order (DATA = 0)

PHRSASET Set phase flip-flop PHRSA

PHRSDO Phase PHRS and data out; (DATA, Ty = (1, 0)

PHRSET Set flip-flop PHRS

PHRSNED Phase RS and not end data

PHTO PHTO flip-flop; termination phase used to return to PHFS

POST Control flip-flop that indicates parity check portion of sector

POSTB8Y POST and B08 and B0O9

PRE Control flip-flop that identifies preamble portion of sector

PRESET Set flip-flop PRE

:gg:;’ Reset term for P-register

PSPB Preamble synchronization bytes; true for two byte times during search for
preamble synchronization pattern

PSPM Preamble synchronization pattern missed

PSPR Preamble synchronization pattern recognized
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

PSPWEN Preamble synchronization pattern write enable; generates the four-bit
preamble synchronization pattemn (1100)

PT18S PT18 switched. Ground for K1 and K2 (INi and INC) on the AT17 module.
This term is normally from the PT18 power supply, but may be chassis ground.
It is fed via switch S1 (online/offline) on module LT25

/PWRMON/ Power monitor line from selection units

PWRMONR Power monitor signa! from selection unit; true when addressed storage unit
power fails

PXS Load contents of S-register into P-register; (S00-S03) — (P12-P15)

PXSR-1, . | . .

PXSR-2 Shift contents of P-register to the right

PXT Load contents of T-register ints P-register; (TOF) ——= (P00); (TOO-T10)
— (PO1-PII)

{RO0-RO7) Oufpuf. of addressed location ix fast access memory (FAM) mcdule

RCHW Read order or checkwrite order

READ Read order

READRR Clock signal for FAM read cycle

REMPTY FAM module (R-register) empt

REND Read or checkwrite cperation and read/write enable

REPEAT PET continuous cycle switch signal

RER Rate error flip-flop; indicates storage unit processed information faster thar
10P '

REREN Enable set flip-flop RER

RERM Mark flip-flop RER

RERSET Set flip-flop RER

RESET Reset EP RAD controller circuits

(RKO-RK4) RK-counter; indicates number of active bytes in FAM module. Counts down
from 1 1111 when data is written into FAM module; counts up when data 1s
read from FAM module

RKCK R-counter clock

RREAD-1

RREAD-2 Control terms true when FAM read cycle has started

RREAD-4

{Continued)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont.)

/scl/

SCID

Signal Definition/Function -
/RS/ Request strobe. Requests the transfer of data or orders while service con-
nected. One byte, halfweord, or word is transferred following each RS.
May be used as a clock for gating data or orders into the controller or for
changing state of control logic circuits
{ /RSA/ Request strobe acknowledge. Raised by the IOP to indicate that the data
. or order transfer is complete. Causes RS to go low
RSAR Request strobe acknowledge receiver
RSARC Request strobe acknowiedge latch
RSAU Request strobe acknowledge from IOF or PET
RSAUEN Enable RSAU for PET
RSD Request strobe driver
RSET Request strobe in phase RS
/RST/ /O reset. Nommally resets all contisl logic in the controller and device.
RST is generated by 1/O RESET or SYSTFM RESET switches, by a program-~
mable reset for the Sigina 5 or Sigma 7, by the RESET position of the
INITIALIZE switch for the Sigma 2, or by the start term as power is applied
to the Sigma 2, 5, or 7
~ RSTP PET reset pushbutton signai
RWCK Read/write clock (3 Miz oscillator or data strobe bit rate clock)
RWE Read/write enable flip-flop; allows duta transfer operaticns to begin
RWERST Reset flip-flop RWE
RWP Read/write possible flip-flop; indicate= that ¢ data transfer order can be
accepted
RWPRST Reset flip~flop RWP
RWRITE-1 1
RWRITE-2 Control terms true when FAM write cyvcle has started
RWRITE-4 |
(500-503) S-register; contains add}ess of next secior to be operated on by read order
or checkwrite order
/sc/

Service call. Raised by the controller to start a data or order service
cycle .

Track and sector shift clock to storags unif

Shift clock driver

(Continued)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function

/sc2/ Data clock to storage unit

SC2D Data clock driver

SCD Service call driver

SCN Service call flip-flop; marked on when service is required and kept in set
state when additional service required

SCNMEN Enable mark flip-flop SCN

SCNREN Enable reset flip-flop SCN

SCR Reod/writé servibe flip-flop; set or reset when additional bytes can be stcred
in FAM module during execution of write order or checkwrite order, or read
from FAM module during execution of read order

SCRSET Set flip-flop SCR

SCSET  Inhibits SCRSET if true

SECOMPR Sector compare; (ANOR-AN3R} matches (S00-503)

SECF Sector pulse or index pulse

SECPD 1 Sector pulse disable flip-flop

SECPDM i Mark flip-flop SECPD

SEEK i Seek oruer in process

SEKSEND i End signal for seek order or sense nrder

SEN ; Sense flip-flop; indicates sense operation possible

SENSE : ! Sense o'rder in process

SGLPH ! PET single-phase switch signal

SGLPHCK i PET singie-phase clock signal

SGLTRKP PET single-track mode switch signal

/S10/ Start /O function indicator. Causes the device controller to go busy when
accepted

SIOP | PET SIO function indicator switcl, signal

SIOPOSS SIO possible

SIOR Start input/output receiver

SIOU SIOP ér SIOR

SKSBK Seek order or sense order with final byte count

{Continued)
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Tablé 5-2. Glossary of EP RAD Controller Signals (Cont. )

(SUOD-5U2D)
SUN

SUNM
SUNSET
(SWAO-SWA3)
SWRITE

X0

SXJ

SXP

SXPEN
(T00-T10)
TClxyz
TCSxyz
TDLxyz

DT

TDT1, TDT2
TDTSET

/TDV/

Signal Definition/Function
/SLN/ Select now line to selection units

SLND Strobe sent to storage unit fo connect the storage unit addressed by

(SUOD-SU2D) »

/SP/ Sector p;lse line to selection units

SPE PET single-phase encble flip-flop

SPR Sector pulse from storage unit

SREAD Read cycle from FAM module is pending

SREADEN Encble SREAD

STSHO2 SIO, TIO, HIO status device not busy and operational
"STXPEN Enable SXP and TXP

Storage unit address signals

Sector unavailable flip-flop (error)

Mark flip-flop SUN

Set flip-flop SUN

Device controller address switches iocated on LT25 module
Write cycle into FAM odule is pending

Clear S-register '

Load contents of J-register into S-register: (J00-J03) —= (T07-710),
( J04~ JO7) ——> (S00-503)

Load contents of P-register into S~iegister: (P12-P15) — (S00-503)
Enable SXP for PET

T-register; stores track address

Phase delay line outputs (xyz = deluy in nanoseconds)
Phase delay line sensor outputs (xyz = delay in nanoseconds)
D-register delay line outputs (xyz = delay in nanoseconds)

- TDL delay line flip-flop

Buffered outputs of TDL delay line
Set flip-flop TDT

Test device function indicator line

(Continued)
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Table 5-2. Glossary of EP RAD Controller Signals (Cont. )

Signal Definition/Function
TDVP PET simulation of TDVR signal
TDVR Test device receiver
TDVU TDVR or TDVP
" TER T?ansmission error signal (CER, PER or RER)
/TI0/ Test 1/O function indicator. Tests the I/O system. Status returned is the |
same as for the HIO and SIO commands
TIOP PET simulation of TIOR signal
TIOR Test /O recei;/er
TIOU TIOR or TIOP
TOF Track overflow bit
TCRD Terminal order
/TRK/ Track address line to szlecticn units
TRKRST True when PET interval counter equals counter reset switch setting
TRLxyz TRL delay line outputs (xyz = delay in nanoseconds)
/TRP/ Track protect switch signal from selection unit
TRPR Track protect swiich signal receiver
TRSxyz TRS delay line sensor outputs (xyz= = delay in nanoseconds)
TSE Track shift enable flip-flop
TSH Gating; term fha'f indicates TI0), SIO, or HIO is for this controller because
of address recognized. Used io enable gating of status to (FROD-FR7D)
TTSH Gating term that defines the instruction being perfor?ned is a TIO, TDV,
SIO, or HIO
TX0 Clear the T-register
™>J Transfer contents of J-register to T-register: (JO1-J07) ——=-
(T00-T06)
TXP Transfer contents of P-register to T-register: (PO1~P07) ——
(TO0-T06)
;TT;,::?;' Storgge unit type signals from sefection unit
TYPOR, Storage unit type receivers
TYPIR
(U0-U2) Storage unit address loaded by an SIO cperation

(Continued)
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Table 5-2. Glossary of EP RAD Controller Signals {(Cont. )

(ANOD-ANS3D)

AOK

CLKUNDLY
CLOCKDLY
CLOCKNEG,
CLOCKPOS
/DAY

DAID

/DAT/

DATR

/bs/

DSD

Signal Definition/Function
(UASO-UAS2) PET switch signals for storage unit address
UNE Unusual end flip-flop
WCHW Write order or checkwrite order in process
‘l /WEN/ Write enable signal to storage urit
WEND Write enable driver
WIDE True when wide interface option (32 bits) is used and a write, read, or
checkwrite operation is performed
WPRE Write préamble
WPV Write protection violation flip-flop (error).
WPVSET Set flip-flop WPV
WRCH Write, read, or ;:heckwrite operation in process
: WRITE Write order in process
Table 5-3. Glossary of EP RAD Selection Unit Signals
Signal Definition/Function
ACSENSEL, Power monitor ac inputs, Qutnuts of LYV transformer in power distribution
ACSENSE2 panel
/ANO/-/ANZ/ Sector address signals to EP RAD contre!!=r

Sector address signal drivers

Output of power monitor. When true, indicates that ac and dc power
is on

Undelayed clock discriminator output

Delayed zlock discriminator output. Used to clock read data flip-flop
DAID

Inputs fo clock discriminator »

Data signal to controller
Read data flip-flop

Data signai from controller
Data receiver

Data strobe to controller

Data strobe driver
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont. )

Signal Definition/Function

/DVO/ Device operational signal to controlier

DVOD Device operational driver

/DVY/ Device test signal to controller

DVTD Device test driver

/1D0/-/1D2/ Storage unit address signals from controller

(IDOR-ID2R) Storage unit address signal receivers

/1®/ Index pulsg signal io controller

IPD Index pulse d?iver

ngl:ése' Inputs to data decoder

LONGSTROB Strobe output of pulse packing compensator. If true, extends duration of
signal CLOCKDLY

/MANRST/ Manua! reset signal from controller

MANRSTR Manual reset signal receiver

MC3 3 MHz signal divided down from frequency doubler. Used to create
Manchester-encoded data

MCé 6 MHz signal output of frequency doubler

(NMOD1-NMODS)
PDLY

POS25SENSE
POWERON
RDAMPNEG,

RDAMPPOS

RDXOdNEG,
RDX0dPOS

SAE

/scl/

/sc2/

Module location signals for LT105 Spares Selector modules
Power or signa! delayed 10 seconds
Sense +25V input

Power on; indicates that all conditions necessary for operation are
present

Outputs of read amplifier

Inputs to read amplifier from readwrite couplers. (d = 0, 1, 2, 3,
4,5, 6, 7)

Sector amplifier enable

Track address shift strobe. Consists of 11 pulses from controller during
intersector gap time

Data strobe from controller

(Continued)
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont.)

Signal Definition/Function

SCIR A Track address shift strobe receiver

SC2R Data strobe receiver

SECT o Sector amplifier output

ggg?:é?’ Sector track signals

SEL Unit selected. True when (IDO-1D2)} compare with address switch signals

/SLN/ Select now strobe from controller. Used to set unit sefect flip-flop USLA

SLNR Select strobe receiver .

. /Se/ Sector pulse signal to controller

(SP0-SP2) Three-bit code that enables read/write head selection signals (YSPO-YSP7)

for spare Y-select value
: SPD Sector pulse driver

SPSEL Spare select signal, true when spare :eud/write head is addressed

TGn Outputs of track protect matrix (n =€0, 01, ... 15, 14)

{TRO-TR10) Track address register

TR5AG, TR5BG Track address register bit 5. Controlz read/write head selection. Disubled
when SPSEL is true

/TRK/ Track address bits from controller; read while SCIR is true

TRKR Track address receiver

‘ (TRMIX2-TRM1X4) | Track address register bits 2, 3, and 4. Represents X-value for selection of

normal read/write head or spare read/write head

/TRP/ Track protect signal to controller

TRPD Track protected signal driver

ﬂzg?;’ Storage unit type signals te controller

.I\Y{g?g’ Storage unit type drivers

USLA Unit select flip-flop. Set if storage unit has been addressed by (ID0-1D2)
signals, and SLNR is true

USLB USLA buffered

agﬁ;' Write data flip-flops. Used to encode data in Manchester form

’ (Continued)
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Table 5-3. Glossary of EP RAD Selection Unit Signals (Cont.)

Signal Definition/Function
WDS Synchronized write data flip-flops
/WEN/ Write enable signal from controller
WENR Write enable signal receiver
agimg;' Write amplifier outputs
(X0-X7) Represents X-vaiue (most significant actual digit of track address) of spared
address
{X08B--X78) Buffered (X0-X7) signels

(NXSP2-NXSP4)

(Y00-Yé63)

(YLO-YL7)

(YLOB-YL7B)

(YMO-YM?7)

(YMOB-YM7B)

(YSPO-YSP7)

Represents X~-value of selected spare read/write head. Controls
(TRM1X2-TRM1X4) if SPSEL is true

Outputs of Y-select matrix

Represents least significant octa! digit of spared track address (least
significant octal digit of Y-vaive)

Buffered (YLO-YL7) signals

Represents middle octal digit of spared track address (most significant
octal digit of Y-value)

Buffered (YMO-YM?7) signals

Y-value of addressed spare rcad/write head, controtled by (SPO-5P2) and
SPSEL
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SECTION Vi
DRAWINGS

6-1 SCOPE OF SECTION

This section contains engineering drawings necessary fo
support the text of other sections and a list of related
engineering data (table 6-1) necessary to maintain the

EP RAD File.

6-2 LOCATION OF RELATED TEXT

Figures 6~1 through 6-3 are discussed in paragraphs 4-5.
Figure 6-4 is discussed in parugraph 4-2. Figures 6-5
through 6-9, which are logic diagroms of the EP RAD selec-
tion unit, are discussed in paragraph 4-103. Figures 6-10
through 6-13, which provide detailed information concern-
ing the recd/write head selection matrix, are discussed in
paragraph 4-103. Figure 6-14 is a schematic of a modified
motor control assembly which is installed on some EP RAD
storage units. Figures 6-15 through 6-22 are schematic
diagrams of the EP RAD contraller, showing differences
introduced by the logical spering option. Differences in-
troduced by logical sparing circuits are discussed in para-
graph 4-111.

Paragraphs 6-1 to 6-2

Table 6-1. List of Related Engineering Data

Drawing Number

Title/Content

134029
134293
137532
139812
139866-202
139866-502
159866-902
146883-002
146883-100

146884-202
146884-502
146884-902
147608
148784

Wire list, motor control assembly
JT18 operating procedure

Wire list, power distribution panel
Wire list, switch power and connector
Wiring dato, EP RAD selection unit
Wiring data, EP RAD selection unit
Wiring data, EP RAD selection unit
Logic equaiions, EP RAD controller

List, siznal dictionary, EP RAD con-
troller

Wiring datq, EP RAD controller
Wiring data, EP RAD coniraller
Wiring data, EP RAD coniralier
Wire list, power, EP RAD controller

Wire list, cabinet, péwer
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Figure 6-12. Y-Select Location Chart (Without Legical Sparing)
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Figure 6-13. Input/Output and Start/Finish Location Chart (Without Logical Sparing)
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Figure 6-20. Y-Select Location Chart
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Y01565A.620
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Paragraphs 7-1 to 7-4

SECTION VII
SPECIFICATIONS AND INSTALLATION DATA

7-1 SPECIFICATIONS

Specifications for the EP RAD storage unit are listed in
table 7-1. An EP RAD file consists of a maximum of eight
EP RAD storage units, one of which contains an EP RAD
controller.

7-2 INSTALLATION

7-3 INSTALLATION REGUIREMENTS

Refer to figure 7-1 for overall space requirements of an EP
RAD storage unit, including front and rear access areas for
maintenance. Refer to figures 7-2 and 7-3 for cabling re-
quirements,

Table 7~2 summarizes cable connections between an EP
RAD controller and an IOP for various systems. The 1OF
equipment may be one of the following:

a. Multiplexing Inpui/Output Processor Model 8271
(Sigma 5)

b. Multiplexing Input/Output Processor Model 8471
(Sigma 7)

c. Four-byte MIOP Model 8273 (Sigma 5)
d. Four-byte MIOP Model 8473 (Sigma 7)

e. Selector Input/Output Processor Model 8285
{Sigma 5)

f.  Selector Input/Output Processor Model 8485
(Sigma 7).

g- Integral IOP (Sigma 2)

h. Integral 1OP (Sigma 5)
7-4  INSTALLATION PROCEDURE
The installation sequence indicated in table 7-3 may be
used for installation of an EP RAD file as o subsystem of a

comolete computer installation or as an addiiion to a com~
p-ter installation.

Table 7-1. EP RAD Storage Unit Specifications

Characteristic

Specificetion

Physical Characteristics

Height
Width
Depih
Weight

Pover Source Requirements

Voliage

Current
Starting (max)
Rurining (max)

Power Requirements

EP RAD storage unit

63~1/2 inches
29-1/2 inches
35-1/2 inches

1200 Ibs

208 Vac + 10%, three-phase,
60+ 1/2 Hz

S7A

15A

3000w

(Continued)
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Environmental Characteristics

Ambient room temperature

Relative humidity

Table 7-1. EP RAD Storage Unit Specifications (Cont. )
Characteristic Specification
Power Requirements (Cont. )
EP RAD controller 300W
EP RAD file (maximum size) 24, 300w
Operofi.onal Characteristics
Disc file speed 1774 rpm
Period of revolution 33.8 ms
Per.iod per sector 2.81 ms
Intersector gap time 100 ps
. Effective data ircnsfer-rofes
Bits/second 3,070, 000
. Bytes/second 354, 000
“ Words/second 88, 500

10°C to 40°C
(50°F to 104°F)

10% to 90%

Table 7-2. -Corneciions Between EP RAD Cenircller and 1IOP

n

IOP MODJLE AND LOCATION
EP RAD CONTROLLER Somo2 —

MODULE AND LOCATION siop MIOP 'tegral IOP Integral IOP
AT17 AT ATITY 1A AT
26C 9E 1D i 7C 9E
ATIO |/ AT12 AT12 / AT12 ATi2
28C 1E 14C 1 9F
ATIT ATH AT/ ATIH ATII
30C 21E 324 3C 8L
AT12 ATI0 ATIO / ATH ATIO
22c VY 14E 148 | s 10L

o [T R B
ATIT* ATIT™ ATIIE*
288 19E WA
A’ atit' ATII**

, 318 17E ~19C

1* Used
! Used only for four-byte 10P interface {Models 8285,/8485)
:Used only for four-byte IOP interfoce (Modals 8273/8473)

only for two- or four~byte 10P interface {Models 8285/8485)
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Table 7-3. Installatiion Procedure Checkoff List

Item Operation
1 Visually inspect crated equipment for obvious signs of damage during shipment
2 Check that eqch item of the Installation Material List (IML) is included in the
shipment
3 Check that maintenance documents specified in the IML are included in the
shipment :
4 Check that revision lével of maintenance documents agrees with revision level

of equipment*

5 Check that revision leve! of diagnostic program documents agrees with revision
level of media

ey
i CAUTION |

Do not tilt EP RAD storage unit more than 15 degrees from
vertical during uncrating

Note

Inspect equipment for damage during uncrating
6 Uncrate equipment using following tools:

a. Claw hammer
b. 12-inch crescent wrench
c. 1-1/8-inch socket wrench with 18-inch ratchet

d. Four metal plates to prevent floor damage by EP RAD
storage unit feet

7 Locate equipment according to Installation iloor Plan
Note

Do not move EP RAD storage unit after it has
been installed and is eperating

8 before connecting power cables or control cables, check that all circuit breakers
and switches of primery power source are off i

*Revision level of maintenance documents is indicated by change letter. Revision level of modules
is indicated by change letter on mother board. Revision level of avtomated wire lists is indicated
by letter suffix of part number. Revision level of equipment is indicated on attached sticker

(Continued)
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Table 7-3. Installation Procedure Checkoff List (Cont.)

Item Operation
9 Check power supplies (PT16, PT17, PT18, PT19, and PT20) for loose connections
10 Check that all power supplies have circuit breckers set to ON and MARGIN
switches set to N (normal)
11 Check power distribution boxes (PT14 and PT15) for loose connections
12 Check that items connected to the primary power source are distributed among
al! three phases as evenly as possible
13 Check primary power source outlets for proper wiring of each phase and neviral
to ground '
14 Check primary power cables for short circuits
15 Check power buses on side of each frame for short circuits and loose connections
16 Conrect control cables according to Installation Cable List, noting the following
features:
a. Port expander cables are connected uvpside down
b. Al terminated cables have 16 ohms impedaence to yround
<. Major assemblies of computer are locoted as indicated in Computer
Assembly Chart
d. Cables for add-on installations labeiled end-for-end (A, B, C, ... ), s0
that corresponding ends can be identified ofter cables ore beneatn
flooring
17 Check that modules of EP RAD selection units are installed as indicated in
figure 7-4
Note
Optional modules in EP RAD controller are depen-
dent on use of one-, two-, or four-byie interface
with IOP
18 Check that modules of EP RAD controller are insialled as indicoted in figure 7-5
19 Connect primary power cabling according to Installation Power Chart
20 Turn on circuit breckers and switches of primary power source

(Continued)
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Taoble 7-3. Instolloﬂlon Procedure Checkoff List (Cont.)

Item Operation
21 Check that all fans are operating
Note

EP RAD storage units are checked before ship-

ment; however, the procedure of paragraph 8-4

may be used as required during installation
22 Use turn-on procedure for each item of computer installation (computer, memory,

IOP, peripherals)

23 Exercise each item of installation with its diagnostic
24 Exercise systems evaluation and test program (SEVA)

7-5/7-%
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MOTES, UNLESS bTHERNISE SPECIFIED
1. REFERENCE DRAWINGS,

A. INSTALLATION DRAWING, SIGMA SYSTEM POWER
INTERCONKECT I ONS .~ 139273
B. INSTALLATION DRAWING, RAD MEMORY ~ 126657
T. INSTALLATION DRAWING, RAD MEMORY - 137841
) B. INSTALLATION DRAWING, RAD CONTROLLER - 135747
’ E. INSTALLATION DRAWING, SINGLE BAY CABINET - 131417
F. INSTALLATION DRAWING, DISC MEMORY - 135345
c. PROCEDURE, INSTALLAT{ON RAD
TNTERCONNECTIONS - 134124
H. INSTALLATION ORAWING, STORAGE UNIT-137534
. t. INSTALLATION DRAWING, CONTROLLER-137506
Jo INSTALLATION ORAWING PT20-137403

~ Ko INSTALLATION DRAWING STORAGE UNIT-149338
Le INSTALLATION DRAWING CONTROLLER 149333

2, AN EP RAD FILE MAY BE EXPANDED BY ADDING
S STATIONS TO EITHER SIDE OF THE STATION
CONTAINING THE RAD CONTROLLER. FOR
' - EFFICIENCY A NUMERICAL BALANCE OF
? ADDED STATIONS MUST BE MAINTAINED TC THE
LEFT AND RIGHT OF THE CABINET CONTAINING
THE RAD CONTROLLER,

3. INSTALL SIDE PANELS TO EP RAD STORAGE UNITS
AT EXTREME ENDS OF EP RAD FILE

7

o INCOMING REMOTE ON-OFF POWER CABLE CONNECTS

S T0 120V, 50/60 HZ INPUT, REMOTE ON-OFF"
(J3) OF fHE POWER DISTRIBUTION PANEL LOCATED
iN THE CONTROLLER CASINET (STATION NO, 1),
THE 120V, S0/60 HI OUTPUT, REMOTE ON-OFF"
(J4) OF THE LAST STATION IS AVAILABLE FOR
CONNECT!ON TO SUBSEQUENT PHERIPHERAL STATIONS,

S.  INTERCONNECTING POWER CABLES ARE CONNECTED
IN SEQUENCE FROM STATION NO. T TO NO. 3 10
NO. 2 TO NO. & AS SHOWN, (ALL CABLES BETWEEN
STATION NO, 2 & NO. 3 ARE 12 FT,). IF THE
SUBSYSTEM CONTAINS ONLY TWO STATIONS ( NO. 1
§ NO. 2), INTERCONNECTING POWER CABLES BETWEEN
®O. 1 & % WiLL BE 6 FT.

. a INPUT POWER (208V, 39, 50/60 HZ), INPUT POWER
B4 CABLES, AND 30 aMB. CIRCUIT BREAKERS FOR EACH
RAD STATION TO BE PROVIDED BY THE CUSTOMER.

FOR CONNECTIONS OF SIGNAL AND PRIORITY CABLE
CHAIN FROM THE RAD CONTROLLER TO THE 10P

INTERFACE OR DEVICE CONTROLLER SEE; INSTALLATION

ORAWING, PERIPRERAL DEVICE AND CONTROL
PAREL INTERCONKNECTION SYSTEM-137113,

8. ROUTE INTERCONNECTING SIGNAL CABLES ALONG
HINGE SIDE OF FRAMES, .

9. ROUTE STATION TO STATION (NTERCONNECTING
SIGNAL CABLES ALONG CABLE TROUGHS PROVIDED
AT THE TOP OF CABINETS.

10. ROUTE AND HARNESS ALL CABLES AS REQUIRED
USING CABLE STRAP - 124712,

M, RAD SUBSYSTEM TO BE ASSEMBLED WITH ALL
CABINETS ADJACENT TO EACH OTHER,

®> AC CORDS FURNISHED WITH PT20 POWER SUPPLY,

@
AN

TO LAST STORAGE UNIT IS FORTY FEET,

3 PHASE.#OWER INPUT 1S TO BE ALTERNATED
OMTO TB-1 AT POWER FILTER TO PROYIDE EQUAL
LOAD DISTRIBUTION AS FOLLOWS,

()
Ny

MAX IMUM SIGNAL CABLE LENGTH FROM CONTROLLER °

PWR FILTER UNITS 1,87 UNITS 2,5,8 UNITS 3,6
181-1 [l . 62 @3
181-2 TR '} ']
181-3 @3 ()} 92
181-4 NEUTRAL
TB81-5 GROUND

MAX IMUM NUMBFR OF STORAGE UNITS PER
EP RAD FILE IS E1G4T(8).

16 REFERENCE XDS DWG: 137115-1C, 4C

38 FROM 120¥. 50/60 HZ
PORER FILTER

TO MOTOR

CONTROL UNIT \ \)

DETAIL B3

120V, S0/60 WZ 120V, S0/60 HZ
OUTPUT-REMOTE OUTPUT-PT20 OUTPUT — FAN
ON-OFF
120V, 50/60 HZ 120V, 50/60 HZ SELECTION
IKPUT -RENQTE OUTPUT — FAN UNIT
HARDWIRED

W'NF—\

J 5 B a3
TERMINATOR CABLE CONKECTOR RIQUIRED TQ
LEGEND, TERMINATE CABLE CHAIN
UNIT ASSEMBLY (HASSIS DESIGNATION
A. AND MODULE LOCATION
CONNECTION MADE TO COMPONENT SIDE OF MOCULE
CABLE ASSEMBLY TYPE
l——— LENGTH
EC-L o
1] 36 {TeY1]
B. CODE DESCRIPTION PART NO.
EC-L ETCHED TO COMPONENT 127314 -CHARTED
CABLE ASSEMBLY
1 TERMINATOR 127315
c. SYMBOL FUNCTION
-— HAROWIRED CABLE
-~...r.{:D YERMINATE WITH 127315 TERMINATOR IF

CABLE CHAIN SHOULD END AT THIS POINT.

Figure 7-2. EP RAD File, Cabling Diagram
(Sheet 2 of 2)
901565A.701/2
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9015654, 702

Figure 7-4. EP RAD Selection Unit, Module Locotion Chart
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Paragraphs 8-1 to 8-5

SECTION VIII
MAINTENANCE

8-1 SCOPE OF SECTION

The EP RAD file maintenance procedures in this section are
for use following installation. However, the basic checks
and adjustments of paragraph 8-4 can be used during instal-
lation, if required. For any operation requiring relocation
of an EP RAD storage unit, refer to section VII.

8-2 GENERAL MAINTENANCE

All assembly and maintenance documents should be avaii-
able at the installation that includes the EP RAD file.
These documents should accurately reflect the change level

of the EP RAD file.

External surfaces of the EP RAD file must be kept clean and
dust free. Doors and panels must close completely and be
in reasonable alignment. The tops of cabinets must remain
clear to allow free intake and exhaust of air.

The interiors of the EP RAD file must be kept free of wire
cuttings, dust, spare parts, und other foreign matter, Nc
clip leads or push-on jumpers should be in use during normal
operation, and all cables must be neatly dressed by ciamps
or routing. All chassis and frames must be properly bclted
down, with all hardware in place. Air filters should be
checked periodically for cleaniiness and replaced if dirty.

8-3 DIAGNOSTIC TEST PROGRAMS

Diagnostic test programs should be run at trequent intervals
as the primary preventive maintenance method for the EP
RAD file. Programs should be run with the MARGIN switch
of the PT20 power supply set at N (normal), L (low), and

H (high).

Note
Before using a diagnestic test, check that

documentation and media are for the same
revision level,

The following documents are required for diagnostic festing:

Title XDS Pyblication No.

Sigma 5 and 7 Extended Performance 901540
Rapid Access Data (RAD) File, Pro-
gram No. 7049788, Diagnostic

Program Manual

Title XDS Publication No.
DiognosﬁcVContro| Program for 900712
Sigma 5 and Sigma 7 Computer Pe-
ripheral Device, Reference Manual
Sigma 5 and 7 Relocatable Diag- 00972
nestic Program Loader, Diognostic
Pregram Manual '

Sigma 2 Relocatable Diagnostic 901128
Program Loader, Diagnostic Program

AACnua'

Sigma 2 High Capacity, Rapid Access 901538

Data (RAD) File Test, Diagnostic
Program Manual

Any failures that cannot be isolated using the diagnostic
test programs may be isolated using one or mere of the off-
line tests, '

84 BASIC CHECKS AND ADJUSTMENTS

i CAUTION ;

During adjustment procedures, it will be
often necessary o remove a module, in-
sert the card extender (XDS part Nc.
117306), and adjust components of ‘he
module., Before removing a module, chut
down dc power from the PT20 powér sup-
ply by setting the circuit breaker to OFF.
After inserting the card extender and the
module, set the circuit breaker to ON.

8-5 PRELIMINARY OPERATIONS

a. Check that ac power is not connected to the EP
RA T storage unit.

b. Check that all cables are installed. (See figures
7-2 and 7-3.)

c. Inspect controller and selection unit fer loose wires,
bent pins, or other obvicus mechanical defects.

d. At the power distribution panel, check that the
REMOTE-OFF~ON switch is in the OFF (center) position.

8-1



Paragraphs 8-6 to 8-8

Note

For normal operation, the EMERGENCY
USE ONLY circuit breaker is left ON,
so that power is always applied to the
compressor. For installation or test, the
circuit breaker may be set to OFF.

e. At the motor control assembly, check that the
POWER switch is OFF, and that the circuit breaker (under
the EMERGENCY USE ONLY cover} is OFF.

8-6 POWER TEST

a. Connect the EP RAD storage unit to the ac power
source.

b. At the PT20 power supply, set the MARGIN switch
N (normal) and the circuit breaker to ON.

c. At the power distribution panel, set the REMOTE-
OFF-ON switch to ON.

Note

If any of the voltages measured are not
within +2 percent of nominal value, ad-
just @s necessory, using the fest point of
the selection unit as a reference. (Refer
to XDS publication No. 901157 for adjusi-
ment procedure. )

d. Check the dc voltages of the controller and the
selection unit as follows:

UL

Voltage Controller Selection Unit
+4.0 2A-49 20B-49
+8.0 2A-51 218-51
-8.0 2A-50 208-50
+25.0 - 208-45 (2 1B4S)
-25.0 - 20B-41
+45.0 -

2IB-46

e

{ cavtion |}
| caution !
an b

If the phase relations specified are not
correct, the magnetic surface of the
disc file and the fiying heads may be
damaged.

XDS 901565

e. Check that the phase relation at TB1 of the power
distribution panel is as follows:

A TB-1
B T8-2
C T8-3

f. At the motor control assembly, set the circuit
breaker (under EMERGENCY USE ONLY cover) to ON.
Check that the compressor starts.

g. Set POWER toggle switch t¢ ON. Check that the
disc rotates clockwise.

8-7 ADJUSTMENT OF TIMING SIGNALS

a. While observing the output at test point A of the
CT10 Clecik Oscillator module (controller location 2A), UL
adjust inductor L1 for peuk signal amplitude.

b. Adjust pulse shape pctentiometer R16 for positive
pulse width of 140 £10 ns at pin 2A-34. (See figure 8-1.)

c. Replace CT10Clock Oscillator module and remove
sector/index amplifier P35 from location 1B of the selec-

tion unit. Connect sector/index amplifier P35 through the
card extendar.

Us

d.  Adjust R28 for waveshapes as iilustrated in figure
8-2.

e. Synchronize on signal IF {pin 2B~13) and observe
signals ;P and SP (pin 2B-19). Check that there cre 11 SP U 5
pulses for each IP pulse and that weveforms are as indicated
in figure £-3.

Note

¥f there are not 11 SP pulses for each 1P
pulse, as indicated, the timing track
must be re-recorded, as described in JT18
Operating Procecure, XDS Drawing No.
134293.

f.  Replace sector/index amplifier P35.

8-8 POWER FAIL-SAFE TEST

a. Remove WT29 Power Monitor module from selection
unit location 4B.

Note

If adiustment potentiometers of WT29
module have been sealed, skip tostep
I. If potentiometers have not been
sealed, proceed with step b.
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W, L CLK3MH l*”*i , .

(2A-34)
‘ 12 -—-——-———-’hl

NOTES:

1. ITEMS IN PARENTHESES INDICATE LOCATION IN THE EP RAD CONTROLLER
(MODULE - PIN NUMBER)

2, TTIS 140 £ 10 NS

3. T2 1S 324 TO 336 NS

9015654, 813
Figure 8-1, Signal CLK3MHK, Timing Diagram
SECT |
US as30 ‘ L] avs
—bl T1 I—s— w—l 72 Lﬁ—- '
) A. SECTOR PULSE
T3 - -

I—xv et
V8 oo L L T 1| 1T
N L S I

B. INDEX PULSE
NOTES:
1. ITEMS IN PARENTHESES INDICATE LOCATION IN THE EP RAD SELECTION UNIT
(MODULE - PIN NUMBER)
2. THIS 400 TO 750 NS
3. T2 1S 500 TO 2530 NS
4. 7315 9.5 uS MAXIMUM

901565A, 612

Figure 8-2, Signal SECT, Timing Diagram

b. Connact the WT29 Power Monitor module through i- Adjust R11 as described in step i for PS5,

card extender.

c. Connect a clip lead from pin 4B~44 to pin 43-45, k. Adjust R19 as described in step i fer R5.

‘d. At the power distribution panel, remove fuse F1. I.  Replace the WT29 module in location 4B.
e. On the WT29 modu!s, adjust R15 untilsignal AOK

(pin 4B-26) just reaches 0.0V. (Normal voltage is +8.6 19A-14) is at +4V.
+1.0V.)

f.  Remove the clip lead instalied in step b and re- n. Temporerily connect selection unit pin 10A-31 to
place fuse F1 (removed in step c). ground. Check that signal NPDLY falls to Ov.

g. Remove the WT29 module (with card extender from Note
location 4B) and place in location 5B, =

h.  Check that output at pin 26 is normal (+8. 0 £1. 9V). If 10-second delay is not attained after

removal of ground connecticn in step o,

i.  Adjust R5 counterclockwise until output level falls adjust 810 on OT15 10-Second One-~Shot

to OV; then adjust R5 siowly clockwise until output leve! module {selection unit location 6B), Use

returns fo normal range and remains there. card extender during adjustment,

m. Check that signal NPDLY (selection unit location
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2.2703.0 5
. U——i I—q—

el Lt (28-19) ___| |

_.I

I

Y,
L 57k Ao l—« 78 TO 2,91 MS-——//———P‘l

A. SECTOR PULSE

—>l !«s— 22 TO 3.045
P v
Sec. ty2B-13) 5___]———[

1 I

F

A
LA |

2.7870 2.91 MS

NOTE:

[F 2L I

UL,;ggé’é —— 33,4 TO 35. 4 MS |

. B. INDEX PULSE
= 33,4 TO 35,4 MS - -

IPR
(2B-13) 1 l
SPR |
(28-19) i l | | | | | | | | |

C. RELATION OF INDEX PULSE AND SECTOR PULSE
ITEMS IN PARENTHESES INDICATE LOCATICH IN THE EP RAD SELECTION UNIT (MODULE-PIN NUMBER) oo15754, &1

Figure 8-3. Signals SP and

0. Remove ground connected in step n. Check that
NPDLY remoins at OV level for at 1zast 10 seconds fol!ow-
ing removal of ground connection.

recb

ADJUSTMENT OF AT41 WRITE CLOCK DRIVER

a. At the power distribution panel, check that the
REMOTE-OFF-ON switch is OFF {center).

: b. Insert PET connector P181 in controller lccation
32A.

c. Insert PET connector P183 in controller location
30A.,

d.  Check that all modules are inserted in controller

(Figure 7-5) and in selection unit (figure 7-4).

e. Place the PET panel overlay (figure 8-4) over the
 PET control panel.

f.  Set the FET pancl ADDRESS cvitches to the ad-
.:s of the EP RAD storage unit under test.

84

1P, Timing Diagram

g. At the controller, place online/offline switch of
LT25 Special Murpose Logic module (location 23C) in the O
posifion (down). (See figure 2-2.)

h. A: PET, place PET/MONITOR switch to PET, place
three switches marked with arrows to position md:cofed by
arrowhead, and place all other switches in down pocition.

i. Apply power to PET.

i Apply power to the controller ond selection unit.

k. Se* the following switches in the up position:
ORDER 1, SIO, REPEAT, and COUNTER RESET switches
1, 2, 4, 8, 16, and 32.

. Press and release the RESET pushbutton.

m. Press and release the COUNTER INITIALIZE push-
button. ’
n. Press and release the FS pushbutton. Note that

the WRITE lamp is lighted, and thot the TRACK lamps incre-
ment from TRACK lamp 10 lighted (000 0000 0CO1} to TRACK

. lamp 5 lighted (000 0010 0000}, and repeat.
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Remove dc power before removing modules.

) UL
~— o. At controller, remove BT11 Buffered AND Gate
module from location 7A.

p. Connect a clip lead from ground to signal REND
(pin 7A-1).

q. Connect o clip lead from signal RWCK-3 (pin 2A-
10) to signal SC2D (pin 7A-35).

_ r. At selection unit, remove AT41 Write Clock
Driver module from location 18A and connect through card
extender.

s.  Synchronize on, and display, signa! NSC2R (18A-27).

t.  Alternctely adjust L4 and L6 for maximum sinusoi-
dal amplitude at pin 18A-2.

Note

For jitter test, trigger the oscilloscope on
the falling edge of signal MC6 (pin 18A-
8). Adjust falling edge of signal MC6 for
thinnesi trcce possibie. Use the expanded
scale to check the next two falling edges
for jitter. Any jitter on these edges will
seriously reduce the cverall timing margin
of the system.

Paragraph 8-10

u. Adjust R43 to place the falling edge of signal MC6
within 130 to 140 ns from falling edge of signal NSC2R, as
indicated in figure 8-5.

v. [If any jitter is observed on signal MC6, readjust
L4 a maximum of 1/8 turn in either direction tc remove

jitter.

w. Recheck the sine wave at pin 18A-2 to check that
the amplitude hes not decreased.

x. Remove clip leads installed in steps p and q.
y. Replace AT41 module in location 18A.
z. Disconnect PET.

8-10 DATA PATH TIMING ADJUSTMENT

a. At the power distribution panel, check that the
REMOTE-OFF-ON switch is CFF (center).

b,
32A.

Insert PET connector P181 in controller lecation

¢. Insert PET connector P183 in controller location

30A.

d. Check that all modules are inserted in controller
(figure 7-5) and in selection unit {figure 7-4).

SINGLE IND. ERROR ALTEi..i. r———ORDER ——— . SINGLE
PHASE UP _STOP ORDERS 3 4 2 1 KO TOV TIO__Sio PET TRACK REPEAT FS RESET
‘ A b 2 i 4) OQ
o L i FORITOR ' 3
. . PHASE
r——————————COUNTER RESET — ' STEP
.- O Ol OO
1024 512 256 128 64 32 I 8 4 2 ! [ I
e o R g 7 & r & K3 Z %
COUNTER
UNIT ADDRESS T DATA 3 COUNT INITIALIZE
|
(oo o D) O Ot 1O
4 F3 t [ 1 2 3 4 5 7 [
RAD CONTROLLER
CHECK f TRACK Y
DCB READ WRITEWRTE UNE O | 2 3 4 5 [ 7 3 9 10—~
[i1:) OVO RER PER CER WPV SUN DATA IN PHTO PHRSA PHRS PHFSL PHFSZ PHFS

NOTE : REFERENCE XDS DWG:147152-1A

901565A, 801

Figure 8-4, PET Panel Overlay
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NSC2R
(18A-27) | 1

| L

NOTES:

=130 10 140 NS-»{
MCé
(15A-8) m_f—_l____J

1. ALL SIGNALS ORIGINATE IN EP RAD SELECTION UNIT
2. ITEMS IN PARENTHESES INDICATED MODULE LOCATION AND PIN NUMBER

901565A.805

Figure 8-5. Date Clock Signals, Timing Diagram

e. Place PET panel overlay !figure 8-4) over the PET

‘z'ol panel,

f.  Set the PET pclnel ADDRESS switches to the cddress
of the EP RAD storage unit under fest,

g. At the controller, place the online/offline switch
of the LT25 Special Purpose Logic mndule ’Iocahon 23Q)
in the O position {dcwn). (See figure 2-2,)

h. At PET, place the PET/MONITOR switch to PET,
place the three switches marked with arrows to the positions
indicated by the arrowhead, and piace oll other switches
in the down positicn.

i.  Apply power to the PET.

i Apply powsr to the coni olier and selection unit.

k. Set the following switches in the up posmon

ORDER 1, SIO, and DATA 1, 3, 5. and 7.

Note

Steps k, |, and m cause a 01010101
pattern to be written on the disc file.

l.  Press and release the RESET pushbutton.
m. Press and release the FS pushbutton.

n. At the selection unit, remove the LT85 Pulse
Packing Compensator module from focation 14A.

Note

Do not replace the LT85 medule af this
time.

o. Set the following switches in the down position:
22 1 and all DATA switches.

8-6

p. Set the following switches in the up position:
ORDER 2, SINGLE TRACK, REPEAT, and COUNTER RESET
1.

q. Press and release the RESET pushbutton.

r.  Press and release the FS pushbutton, Check vhat
the READ iamp is lighted.

Note

Disregard any error indicators.

s. Remove the AT51 Clock Discriminator module from
location 15A.

t.  Adjust R33 of the AT51 module to the center of its
range (approximately 12 turns from either end).

u. Adjust R20 of the LT85 module fully counterclock~
wise.

v. Adjust the oscilloscope to trigger on signal <P (2B-
19), using c timebase of 10 ps/cm.

w, Insert the AT51 module in place {location 15A)
using the card extender.

x. Display the data test point (pin 15A-5) on the A-
trece of the oscilloscope and trigger the A-trace timebase
negative o: the data test point signal.

Note

Operate the oscilloscope in the A-
delayed-by-B mode, 100 ns/cm.

y. Display the clock test point signal (pin 15A-7).
Adjust the deloy multiplier of the oscilloscope to view the
data pattern close to the preamble.
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2. Adjust R33 on the AT51 module for a delay of 230
*2 ns (A, figure 8-6). Use the expanded scale of the os-
cilloscope.

aa. Replace the AT51 module in location 15A and in-
sert the LT85 module (location 14A) using the card extender.

ab. While viewing test points of the AT51 module (A,
figure 8-6), adjust R20 on the LT85 module for a pericd of
270 22 ns.

ac. Synchronize negative on, and observe, signal
DAIR (controller pin 26A~13). Observe signal DSR (con-
troller pin 26A-10)." Use ar A~timebase of 100 ns/cm.

ad. At the selection unit, replace the LT85 module in
location 14A and insert the LT77 Data Decoder module (lo-
cation 13A), using the card extender.

ae.  Adjust R20 on the £T77 module for delay time be-
tween signal DAIR and sigrol D3R (B, figure 8-&).

af. . At the P‘ET, set the REPEAT switch fo the down
position end write data on ihe entire disc,

ag. Read the contents of the dis¢c. No errors should
occur.

8-11 OFFLINE TESTS

Peripheral Equipment Tester Model 7901 (PET) is required io

perform offfine tests. Offline tests enable the PET to simu-
late 10P signals and cause the EP RAD file to respond as it

Paragraphs 8-11 to 8-i2

would for actual IOP signals. Single-phcse operation of the

EP RAD file can be controlled from the PET. The PET may
also be used to monitor online operation. The PET panel

overiay (figure 8-4) is used with the PET during offtine test-

ing of the EP RAD file. The functions of switches marked by

the TET panel overlay are indicated in table 8-1. Test
equipment required for offline testing is listed in table 8-2.

8-12 PRELIMINARY OPERATIONS

a. At the power distribution panel, check that the
REMOTE-OFF~ON switch is OFF (center).

b. Insert PET connector PI181 in controiier iocation 32A.

c. Insert PET connector P183 in controiler location 304.

Weuo

TEST POINT  +gV
(15A-5) Y l I

FOR C TO 0 TRANSITION: 230:2 Ns R332 1SR
FOR 1 10 0 TRANSITION (PREAMBLE}: 27022 NS R20

[ L

TEST POINT
(15A-7)

-d

-5y \ ) ) \

[

UL [k
]

A. EP RAD SELECTIGN UNIT SIGNALS

| I

DAIR (26A-13)

—

UL (.

DSR (26A-10)

NOTES:

~=—120 NS (NOMINAL)

<160 NS (MAXIMUM)

B. EP RAD CONTROLLER SIGNALS

1. THE NUMBERS AND LETTERS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER
2. SHADED AREAS INDICATE RANGE OF RISE TIME

Ro{ R0 LT9%

d

901585A. 804

Figure 8-6. Data Synchronization Signals, Timing Diagram

8-7
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Table 8-1. Functions of PET Panel Overloy Switch Designaﬁons'

Switch Designation

Function

PET/MONITOR switch

RESET pushbutton

FS pushbutton

HIO switch
TDV switch
TIO switch
SI1O switch

SINGLE TRACK switch
REPEAT switch

ORDER 1 switch
ORDER 2 switch
ORDER 4 switch
ORDER & switch

ALTERN. ORDERS switch
ERROR STOP switch
IND. UP switch

SINGLE PHASE switch

PHASE STEP pushbutton

When in PET position, transfers control of EP RAD con~
troller to PET; when in MONITOR position, transfers
control of EP RAD controller to IOP, but enables INDI-
CATOR lamps to display state of controller as selected by
IND. UP switch '

Resets EP RAD controiler by generating a true RSTP signal

When pressed, simulates function strobe signal by gener-
ating a true FSP signal

Simulates function indicator HIOR
Simulates function indicator TDVR
Simulates function incicator TIOR
Simulates function iadicator SIOR

Inhibits track register from incrementing by generating
a true SGLTRKP signal

Permits continuous operation on tracks defined by the

SINGLE TRACK switch

Generate order codes as follows:

Order Switch
8421

Write 0001
Seek o011
Read ¢C010
Sense 0100
Checkwrite cC101

Provides a means of execuiing an automatic write oper-
ation before the order set into the ORDER switches is
executed

Halts the operation being executed when a transmission
error is received. When an error is detected, the faiiing
track number is displryed and the sector counter is incre-
mented by one ‘

Selects the upper row or lower row of functions fo be
displayed by the 16 PFT indicators

Enables the single phaze mode of operation, Used with
PHASE STEP pushbuttor to progress through an operation
one phase at a time

Provides an enoble pulse which generates one clock signal
to cause a change of phase in the controller

8-8

(Continued)
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Faragroph 8-13

Table 8-1. Functions of PET Panel Overlay Switch Designations (Cont. )

Switch Designation

Function

COUNTER RESET switches

COUNTER INITIALIZE
pushbutton

DATA switches
UNIT ADDRESS switches

IMNDICATOR lamps

(Arrows)

Select the number of tracks to be operated on. Cause a
reset term (RSTP) to be generated when the PET internal
counter equals the value set in COUNTER RESET switches

Resets PET internal counter

Simulate 10P data
Address cne of eight storage units

Display one of two seis of 16 signals from EP RAD con~
troller, depending on position of IND. UP switch

Not used, Plece each switch in position indiccted by
adjacent arrowhead

Table 8-2. Test Equipment Required for Offline Tests

tquipment

Card Extender
Timing Track Recorder JT18
- Peripheral Equipment Tester {(PET) Model 7901
PET Panel Overlay
Oscilloscope
Preamplifier

Volt-ohm-milliammeter

Part No. Munufacturer
117306 xDS
134046 XDS
xXDs
147152 XDS
Model 543 Tektronix
Mode!l 1A1 Tektronix
Mode! 630A Triplett

d. Check that all modiles are inserted in the control-
ler (figure 7-5) and in the seiection unit (figure 7-4).

e. Place the PET panel overlay (figure 8-4) over the
PET contro! panel. :

f. Set the PET panel ADDRESS switches to the address
of the EP RAD storage unit under test.

g. At the controller, ploce the online/offline switch
on the LT25 Special Purpose Logic module {location 23C) in
the 0 position (down). (See figure 2-2,)

h. At PET, place the PET/MONITOR switch to PET,
place the three switches marked with arrows to the position
indicated by the arrow, and place all other switches in the
down position.

i. Apply power to the PET.

i- Apply power to the controller and selection unit.

k. Perform testing as required.
8-13 SINGLE PHASE SEQUENCES
T —

o. Perform the preliminary operations described in
paragraph 8-12, unless previously done. Check thet
switches are in positions noted in steps e through h of para-
graph 8-12,

b. Place the HIO switch and the SINGLL PHASE
switch i the up position.

c. Press and release the RESET pushbutton. Note that
the PHFS lamp is lighted. :

d. Press and release the FS pushbutton. Note that
the PHFS lamp goes off and that the PHFSZ lamp is lighted.

e. Press and release the PHASE STEP pushbutton.

Note that the PHFSZ lamp goes off and that the PHFSL lamp
is lighted.

8-9



‘m’agmphs 8-14 to 8-15 XDS 961565

f.  Press and release the PHASE STEP pushbutton again. Step  Lamps Lighted Remarks
Note that the PHFSL lamp goes off, and that the PHFS lamp
is lighted. 12 PHRSA

: Data in service cycle.
g. Place the HIO switch in the down position. 13 PHRS Data lamp off. Illegal
: ' order sets UNE

h. Place the TDV switch in the up position. 14 PHTO
[ I 2 aa
7 i. Repeat steps ¢ through f. F & , 15  PHFS, UNE Order in service cycle.
Plyene Sl e IN lomp goes off

j.  Place the TDV switch in the down position. g

f.  Perform additional testing as required.

k. Place the TIO switch in the up position. Note

I Repeat steps ¢ through f. Relation between DATA switch settings

iti i i ‘ db f seek order is as indi
m. Perform additional testing as required. an ytes of seek order s as indicated
: in table 8-3.

°

JLLEGAL ORDER SEQUENCE

Toble 8-3. Data In Bytes of Seek Order

a. Perform the prelimi'nary op’eroﬁons described in. DATA Switch Byte 0 Byte |
paragraph 8-12, unless previously done. Check that switches
are in positions ncted in steps e through h of peragraph 8-12 22725
¢ = : 0 TOF (track overflow bit}* TC7 48 a3
" b, Picce the SIO switch and the SINGLE PHASE | ‘100 A9E 9
3
switch in the up position. ] (not used)* TOO 108 ngwa
y ot * AR 46 ‘
c. Press and release the RESET pushbutton. Note that 2 (not used)™ T01 TC? 484 ‘fg
the PHFS lamp is lighted. 3 102 ATA21 116 ASA24
d. Press and ralecse the FS ~ushbuiton, 'Note that the , . ‘ - A
PHFS lamp goes off and that the PHFSZ lamp is lighted. ! 103 AamAky s0' ABHAU
5 .t »
e. Press and release the PHASE STEP pushbutten for - 04 Aap1Z S0iT Akt
¢ i the followin s
each step of the following sequer 5 105 19 8AF S6z A8 Z.?—
! ioh < - .
Step  -amps Lighted Remarks 7 06 19026 C3 48A2€
! PHFSL *[f TOF, 700, or TO1 true, a sector unavailabie
2 PHFS, DCB, DVO error occurs
fuL) 4324 " . .
3 PHESZ 260 22(!11.) If $00 and SO are both true, a sector unavaiicble
error occurs
4 PHFSL A successful SIO sets DCB. : -
Order out service cycle 8-15 SINGLE PHASE SEEK ORDER O 3) 4403
5 PHRSA R G e T T Vg PR .
a. Perform the preliminary operations described in
6 PHRS . paragroph 8-12 unless previously dore. Check that switches
are in positions noted in steps e through h of paragraph 8-
7 PHTO J 12. '
2C¥F 2¢ 3‘-’—

8 PHFS, DATA, IN b. Set the following switches in the up position:

SINGLE PHASE, ORDER’?,“ORDER?i(SIO, PET.
? PHFSZ, UNE bgofu ;N service cycle. ~c. Set DATA switc?‘es 3 through 7 to the center po~
ata lemp off. Illegal -
10 PHFSL order sets UNE sition.
(UL) A3C 37- d. Press and release the RESET pushbution. Note that
11 PHRS J 5CD the PHFS lamp is lighted.

8-10
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uL

e. Press and release the FS pushbutton. Note that Step  Lamps Lighted Remarks
~3C 3B the PHFS lamp goes off and that the PHFSZ lamp is lighted. -
3 PHFSL A
f.  Press and release the PHASE STEP pushbutton for
each step of the following sequence. 4 PHRS

| DATA lamp goes off.

Step Lamps Lighted Remarks 5 PHRSA Order in service cycle
(3CAF 1 pHFsL ‘ & PHRS
S1O accepted
SC9@ 2 PHFS, DCB, DVO | 7 PHTO )
3C 38 3 PHFSZ N 8 PHFS DCB lamp and IN lamp

go off

(, A'f" 4 PHFSL :
3c . n. Set DATA switches 0, 1, and 2 to down position;
2¢C 28 5 PHRSA ? Order out service cycle set DATA switches 4 and 5 to center positiorn.

2C23 6 PHRS 0. Repeat steps d through f. A new seek order with

— different byte is stored,
ARC &7  PHTO 4
p. Repeat steps |, k, ond m. Note thot lamps SUN

S5C9 8 PHFS, DATA Y T and UNE are lighted at step 1 of m. This indicates that o
, sccior unavailable error was detected in the second byte
RCAE 9 PHESZ (S00 and SO1 both true).
2c /[7 10 PHFSL a. Perform additional testing as requirad.
-+ . pByte one of seek order
2 281 PHRSA 8-16 SINGLE PHASE SENSE ORDER (OL{)){4C3L[
2222 PHRS a. Perform the preliminary operations described in
b pa:agraph 8-12, unless previously done. Check that
2¢c g 13 PHRSA J swit;hes are in positions noted in steps e through h of para-~
graph 8-12.

g. Place the IND. UP switch to the up position. Note

i . o, 2 - e .
that TRACK lamps 2, 3, 4, 5, and 6 are lighted. b.  Set the following switches in the up j ositions:

SIMNGLE PHASE, ORDERA, SIO, and PET.
‘2

A EAE S
h. Set DATA switches 0 through 4, 6, and 7 to the
' center position, and set DATA switch 57to the down positicn,
2.
i.  Place the IND. UP swiicn to the down position.

c. Press and release the RESET pushbutton. Note that
the PHFS lamp is lighted.

d.  Press and release the 'S pushbution. Note that the

i, Press and release the PHASE STEP pushbutton, PHFS lamp g .es off and that the PHFSZ Irczmp is lighted.

Note that the PHRSA lamp goes off and the PHRS lamp is e. Press and release the PHASE STEP pushbutton for

lighted. each step of the following sequence.

k. Press and release the PHASE STEP pushbutton again. "
Note that the PHRS lamp goes off and the PHTO lamp is Step Lamps Lighted Remarks
lighted. i PHFSL - SIO accepted

l.  Place the IND. UP switch to the up position. Note

\
that all TRACK lamps are lighted, 2 PHFS, DCB
4,,/( Jnd. AT g@,ﬁ,{c.«-‘—o +he dosn P 3 PHFSZ
m. Press and release the PHASE STEP pushbutton for
each step 9f the following sequence. 4 PHESL  Order out service cycle
-Step  Lamps Lighted Remarks
» , 5 PHRSA
! PHES, IN DATA lamp goes off.
2 PHFSZ Order in service cycle 6 PHRS J




‘phs 8-17 to 8-18
Step Lamps Lighted Remarks
7 PHTO Order out service cycle
8  PHFS, DATA, IN)
9 PHFSZ
“10 PHFSL
n PHRS
12 PHRSA
Data ir. service cycle
13 PHRS } (three bytes of sense
order)
14 PHRSA
‘ PHRS
16 PHRSA
17 PHRS
18 PHTO y
19 PHFS - A
20 PHFSZ
21 PHFSL
99 PHRS »DAT/\ !3mp goes off.
Ord:r in service cycle
23 PHRSA
24 PHRS
. PHTO ) y
DCB famp and IN lamp

26 PHFS
. go off

f. Perform additional testing as required.
8-17 REPEAT MODE SEEK ORDER
I O N R

a. Perform preliminary operations described in para-
graph 8-12, unless previously done. Check that switches
are in positions noted in steps e through h of paragraph
8-12. ¢

o e
Do e P Yot e

.

b. Set the follo;ving switches in the up position:
ORDER,2, ORDER ¥, SIO, PET, and REPEAT.
3 4

c. Press ond release the RESET pushbutton.

4. Press and release the FS pushbutton. Note that
CB lamp is lighted.

o

8-12
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Note

During step d, the controller cycles con-
tinuously through the phases indicated in
paragraph 8-15.  All lamps listed will be
lighted briefly and will appear to be dimly
lit,

e. Set the REPEAT switch to the down position. Note
that the PHFS lamp is lighted.

f.  Set the REPEAT switch to the up position.

g. Press and release the FS pushbutton. Note that the
DCB lamp is lighted and that the controller cycles as ir step
d.

h. Set the IND. UP switch to the up position.

i. Set each DATA switch, one at o time, in turn, fo
the up position. For each DATA switch, note that the cor-
respanding TRACK lamp, as indicated in table 8-3, is
lighted, For CATA switches 0, 1, and 2, note that UNE
and SUN are lighted.

jo  Perform additional testing as required.

8-18 SINGLE PHASE WRITE ORDER (ozy Abhc12
. Tl e - e -

a. Perform the preliminary operutions describe? in
paragraph 8:-12, unless previously done. Chsack that <witches
are in positions noted in steps e through h of paragrapn
§-12,

b. Set the following switches in the up position:
SINGLE PHASE, ORDER X, SIO, and PET,

c. Connect a clip lead from ground to SECOMF :ig-
nal (pin 20A~6) in the controller.

d. Press and relzase the RESET pushbutton. Note that
the PHFS lamp is light 4.

e. Press and release the FS pushbutton. Note that the
PHFS lamp goes off and the PHFSZ lamp is lighted.

f.  Press and release the PHASE STEP pushbutton for
each step of the following sequence:

Step Lamps Lighted Remarks
1 PHFSL
2 PHEFS, DCB
: SIO accepted. Order
3 PHFSZ out service cycle,
write order stored
4 PHFSL



XDS 901565 Paragraphs 8-19 to 8-20

Step Lamps Lighted Remarks switches are in positions noted in steps e through h of
paragraph 8-12. T
5 PHRSA . . S e Aw R A L
{(vr)14c 42 | SIO accepted.  Order b. Set the following switches in the up position: Eu :D.
6 PHRS, WRITE out service cycle, UP, ORDER4, SIO, PET, REPEAT, and COUNTER RESET
write order stored switches 1,"’2, 4, 8, 16, and 32.
7 PHTO '
c. Piess'ond release the RESET pushbutton.
8 PHFS, DATA Start at data out
service cycle d. Press and release the COUNTER INITIALIZE push-
9 PHFSZ ‘ button. D wiment
10 PHFSL 2. Press and release the FS pushbutton. Note that the
WRITE lamp is lighted, and the TRACK lamps increment from
1 PHRSA TRACK lamp 10 lighted (000 0000 0001) to TRACK femp 5

This sequence occurs 16

times to fill the FAM lighted (000 0010 0000). T T

12 PHRS ’
f.  Synchronize on, and display, signa! ANOR (con-
13 PHTO trolier pin 20A-1).

g. Observe signals ANOR through ANSR, as illus-

This service coll is trated in figure 8-7.

aborted because the
FAM module is filled
and no additional ser-
vice calls are required
for data

15 PHFSZ
h.  Synchronize on, and display, signal TD! {con=-

16 PHFSL trolier pin 5C-10).

14 PHFS 1
!

17 PHFS i. Observe signals TDT, TDT1, and TDTZ, as itlus-
troted in figure 8-8.

g. Disconnect clip lead installed in step c.

8-20 EXTENDED INTE’?FACE T!:ST (TW") -8BV "Lv ODTIOA\

h. Perform additional testing as required.

8-19 SECTOR C.OUNTER TLS'

a. Perform the prehmmor/ operotu ns ces\.nbed in
e e paragraph 8-12, unless previously done. Cneck that

a. Perform 1he prenm.na*y operations described i switches are in positions noted in steps e through h of
paragraph 8-12, unless previously done. Check that paragraph 8-12.

20
AN2R —

90R 45 (20A_-45)-L________r_— Uwr
ANIR

20812 (20A-2) J ' |
ANOR

200 (20A-1) ——[ __| l

(GK&GMQ) 4»1 }«2.78 TO2.0' MS
Syvy~ivv oot IR e N e Y S s [ S Y

NOTES:
' 1. ALL SIGNALS ARE GENERATED IN THE EP RAD SELECTICN
UNIT, BUT ARE MEASURED AT THE INPUT TO THE EP RAD CONTROLLER

2. THE ITEMS IN PARENTHESES INDICATE MODULE LOCATION AND PIN NUMBER
9C1365A. E07

Figure 8-7. Sector ldentification Signals, Timing Diagram
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}4— 65 TO 140 NS -_-—-I
T
(5C-10) ____I 1
10— 0010085 =
I _

284S (1B-34)

e 90 TO 140 NS =l 60 TO 100 NS—>~]
TDT2 | ‘

12B Yy (18-35) B 1
A. RELATION BETWEENN SIGNALS

f——————2.61 45 (ONE BYTE) _,._l
™r
oc-10__[ ] | I

B. PERIOD

NOTES: -
1. ALL SIGNALS ARE GENERATED IN THE EP RAD CONTROLLER

2, THE ITEMS IN PARENTHESES INDICATE MODULE LOCATIOIN AND PIN NUMBER

901565A.806
Figure 8-8. TDL Delay Line Signals, Timing Diagram
b. Set the following switches in the up position: - Step Lamps Lighted Remarks
SINGLE PHASE, ORDER-, SIC, ¢nd PET. ‘
! . c o
c. Connect a clip lead fror ground to SECOMP sig- 6 PHRS, WRITE 21? ;\;:;/?:;ej):d?.c’er
I (pin 20A~6) in the controller. 7 PHTO write order storea
d. Press and release the RESE( pushbutton. Note
that the PHFS lamp is lighted. 8 PHFS, DATA Start data out service
e. Press and release the FS pushbutton. Note that 9 PHESZ cycle
the PHFS lamp goes off und the PHFSZ lamp is lighted.
f. Press and release the PHASE STEP pushbutton for 10 PHFSL
each step of the following sequence. n PHRSA This sequence occurs
Step Lamps Lighted Remarks 12 PHRS :Elt\, ;xorr;isl;o Fill the
i PHFSL 13 PHTO
2 PHFS. DCB ) 14 PHES This service call is
» ! aborted because the
3 PHFSZ - SIO accepted. Order 15 PHFSZ FAM mOdU|,e,'S fI'“ed
. out service cycle, af\d no additional ser-
4 PHFSL write order stored 16 PHESL yice calls are required
5 PHRSA J 17 PHFS

8-14




XDS 901565 Paragraphs 8-21 to 8-22

g. Remove clip lead installed during step c. g. Remove clip lead installed duriﬁg step c.
h. - Perform additional testing as required. h. Perfons additional testing as required.
8-21 EXTENDED INTERFACE TEST (FOUR BYTE OPTION)
g T 8-22 REPEAT MQDE WRITE ORDER
a. Perform the preliminary operations described in W T e

paragraph 8-12, unless previously -done. Check that
switches are in the positions noted in steps e through h of
paragraph 8-12,

a. Perfonz the preliminary operations described in
paragraph 8-12, unless previously done. Check that
switches are in positions noted in sfepw e through h of para-

b. Set the following switches in the up position: graph 8-12. B .

SINGLE PHASE, ORDER-¥; S!O, and PET. T Ty e

4
c. Connect a clip lead from ground to SECOMP sig~

et \
nal (pin 20A-6) in the controller. UP, ORDERA, SHD, PET, REPEAT, and COUNTER RESET

swiiches 1, 2, 4, 8, 16, and 32.
d. Press and release the RESET pushbutten. Note
that the PHFS lamp is lighted. : c. Press ond release the RESET pushbutton.

e. Press and release the FS pushbutton. Note that d. Press and release the COUNTER INITIALIZE push-

the PHFS lamp goes off and that the PHFSZ‘ famp is lighted. button. & w&m”{p
Nete e. Fress and release the FS pushbutton. Note that

the WRITE lamp s lighted and the TRACK lainps increment

For ¢ four-byte interface option, a new from TRACK lamn 10 lighted (000 0000 CO01) to TRACK

s=rvice call is requested for each group - lomp 5 lighted {30 0010 0000).

of four bytes transferred. Therefore, only o

one sequence of PHRSA, PHRS occurs dur- f.  Set the BEPEAT switch down, then up. Note that

ing the data out service cycle. TRACK lamp 5 through 10 are lighted (000 0011 1111).

f. Press and release the MHASE STEP pushbutton for g. Set the BEPEAT switch to the up posiiion.

each step of the following secuence:

h. Set the SINGLE TRACK switch to the up position.

Step Lamps Lighted - Remarks
. i. Press and release the FS pushbutton. Note that
1 PHFSL the WRITE lamp is lighted and that the track register does
net count.,
2 PHFS, DCB
: j- Set the SINGLE TRACK switch to the down posi-
3 PHFSZ ’ ' fion. Note that Fie track register increments s in siep e.
4 PHFSL SIO accepted. . Order k.  Set the SINGLE TRACK switch to the up position.
out service cycle,
5 PHRSA write order stored . Set the BEPEAT switch to the down position. Note
: that the track register does not count,
6 PHRS, WRITE
' m. Press ond release the FS pushbutton. Note that
7 PHTO s ' the track displayed is written once, and the operation halts.
8 PHFS, DATA Start data out service n. Perform additional testing as required.
: cycle
9 PHFSZ 8-23 Y-SELECT 3EST
10 PHFSL a.  Perform the preliminary operations described in
paragraph 8-12, wnless previously done. Check that
11 PHRSA . switches are in positions noted in steps e through h of para-
L graph 8-12.
12 PHRS < b. Set the following switches in the up position: IND.
13 PHTO UP, ORDER ¥, S#D, PET, REPEAT, and COUNTER RESET
switches 1,1 2, 4, 8, 16, ond 32. ,
14 PHFS ' c. Press ond release the RESET pushbuiton.

b. Set the following switches in the up position: IND.



.g raph 8-24

d.
button.

e,

XDS 901565

Press and release the COUNTER INITIALIZE push-

Press and release the FS pushbution. Note that

the WRITE lamp is lighted, and the TRACK lamps increment
from TRACK lamp 10 lighted (000 0000 0001) to TRACK
lamp 5 lighted (000 0010 0000), then repeat.

g. Check the outputs of the Y-select drivers at the
locations indicated in table 8-4. Cutputs should be low
(0 to 1V) when selected and high (+45V £10%) when not
selected, as indicated in figure 8~9. Check that the Y-
select outputs are low in proper sequence and that only one
output is low at any time.

8-24 TCL DELAY LINE TEST

d f. At the selection unit, synchionize oscilloscope a. Perform the ;;rf;lim-i‘n;ry operations described in
negative on signal YOO (pin 258-36). %rogruph 8-12, unless pyeviously done. Check that
Tabld 8-4. Locations of Y-Sdlect Output Signafs -
MODULE LDCATION

PIN NO. 258 248 ‘ 238 228 10B B 1 7B
' 36 Y00 Y08 Y16 Y24 Y32 Y40 Y48 Y56
5 YO1 Y6o Yi7 Y25 Y33 Y41 Y49 Y57

38 . Y02 Y10 Y18 Y26 Y34 Y42 Y50 Y58

6 Y03 Y1 Y19 Y27 Y35 Y43 Y51 Y59

35 Y04 Y12 Y20 Y28 Y36 Y44 Y52 Y60

4 Y05 Y13 Y21 Y29 Y37 Y45 Y53 Y61

37 Y06 Y14 Y22 Y30 Y38 Y46 Y54 Y62
7 Y07 Yis Y23 Y31 Y39 Y47 Y55 Y63

voo 7Y ] |
—= |=— 33.8 MS (TYPICAL)
+45V ————“——"l » [ 14

Y01 oV

y i
7

’ I

S g

+45V

Y02 oy

. 5V
Y62 oV

ov

P01565A. 803

8-16

Figure 8-9. Head Select Signals, Timing Dicgram
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switches are in the positions noted in steps e through h of
paragraph 8-12.

b, Set the following switches in the up position:
ORDER 1, ORDER 2, SIO, and REPEAT.

c. Press and release the RESET pushbutton.

Note

During step d, the controller cycles con-
tinuously through the phases indicated in
paragraph 8-15. All lamps listed will be
lighted briefly and will appear to be dimly
lit.

d. Press and release the FS pushbutton. Note that

the DCB lamp is lighted.
e. Synchronize on signal DCL (controller pin 4B-15).

f.  Check that the phase control delay line timing it
as indicated in figure 8-10.

g. Perform additional testing as required.

8-25 TRL DELAY LINE TES'I

L s

a. Perform the preliminary operations described in
paragraph 8-12, unless previously done. Check that
switches are in positions noted in steps e through h of paru-
graph 8-12,

b. Set the following switches in the up position:

ORDER 1, ORDER 2, SIO, and REPEAT.

c. Press and release the RESET pushbutton,

Note

During step d, the controller cycles con-
tinuously through the ohases irdicated in
paragraph 8-15. All lamps listed will be
lighted briefly and will appear to be dimly
lit.

d. Press and release the 'S pushbutton. Note that

the DCB lamp is lighted.

e. Set the REPEAT switch to the down position. Note
that the PHFS lamp is lighted.

f.  Set the IND., UP switch to the up position.

g. Select track 12, sector 3, by setting DATA
switches 0 through 7 to positions 1100 0011 (table 8-3).

h. Set the ORDER 2 switch to the down position.

Paragraphs 8-25 to 8-26

i. Set the following switches to the up position: RE-
PEAT and COUNTER RESET switches 1, 2, 4, 8, 14, and
32.

j- Press and release the RESET pushbutton.

k. Press and release the COUNTER INITIALIZE push-
button,

1. Press and release the FS pushbutton. Note that
the WRITE lamp is lighted, and that the TRACK lamps in-
crement from TRACK lamp 10 lighted (000 0C00 0001) to
TRACK lamp 5 lighted (000 0010 0000), then repeat the

sequence,

m. Synchronize on signal SWRITE (controller pin 10B-~
2).

r. Check that the TRL delay line is as indicated in
figure 8-11.

2. Perform additional testing as required.

8-26 'WRITE AMPLIFIER TEST
—e s T e e

c. Perform the preliminory operations described in
paragraph 8-12, unless previously done. Check that
switches are in positions noted in steps e through h of para-
graph 8-12,

b. Set the following switches to the up nesition:

ORDER 1;,"ORDER.2;” SIO, and REPEAT.

4/1 2‘)

¢. Press and release the RESET pushbutton.

Note

During step d, the controller cycles con-
tinuously through the phases listed in
paragraph 8-15. All lamps listed wiil be
lighted briefly and will appear to be dimly
lit.

d. Press and release the FS pushbutton. Note that

the DC8B lamp is lighted.

e. Set the REPEAT switch to the down pcsition. Note
that the PHFS lamp is lighted.

f. Set the ORDER 2 switch to the down positidn.

a. Set the REPEAT switch to the up position.

h. Set DATA switches 1, 3, 5, and 7 to the center
position.

i.  Press and release the RESET pushbutton,

j. Press and release the COUNTER INITIALIZE push-
button,

8-17
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NOTES:
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2. ALL SIGNALS ORIGINATE IN THE EP RAD CONTROLLER
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Paragraph 8-27

k. Press and release the FS pushbutton.

l. Synchronize delayed on signal PSPB (controller
pin 7A-34).

m. Synchronize internally on signal WRTAMP1 (selec-
tion unit pin 21B-26) and signal NWRTAMPT (selection unit
pin 21B-39) and display the signals. Check that these sig-
nals are complements of one another and that WRTAMP] is
‘as indicated in figure 8-12.

n.  Set the REPEAT switch to the down position,

o. Set the ORDER 2 switch io the up position. -
.

i3
et

p. Set DATA switches 0 through 7 to the center posi~

«tion.
G- Repeat steps c through f.

r.  Set DATA switches 0, 2, 4, and 6 to the down
position,

s.  Repeat steps i through I.

t.  Synchronize internally o signal WRTAMP2 (selec-
tion unit pin 11B-26) and signal NWRTAMP2 (selection unit
pin 11B-39) and dispiay the signals Check that these sig-
nals are complements of one anotiisr and that WRTAMP2 is
as indicated in figure 8-12.

u. Display signal BIT7RWE (~cntrotler pin 13A-14)
with signal DATR (selection unit pin 3A-6).

XDS 901565

Note

Check that DATA switch 7 changes the data
at bit time 0, DATA switch 6 changes the
data at bit time 1, and so forth until DATA
switch 0 changes the data at bit time 7.

v. Change each DATA switch in turn, and check. that
each switch controls one bit of information per byte, as
shown in figure 8-13.

w.  Perform additiorsl testing as required.
8-27 CHECKWRITE TEST

a. Perform the preliminary operations described in
paragraph 8-12, unless previously done. Check that
switches are in positions noted in steps e through h of para-
graph 8-12,

b. Set the following switches in the up position:
ORDER 1, ORDER 2, SIO, and REPEAT.

273

c. Press and release the RESET pushbutton.

Note

During step d, the controiler cycles con-
tinvously through the phases listed in
garagraph 8-15. All lamps listed will be
iighted briefly and wili appear to be dimly

‘el
i,

o] =327 TO 333 NS

NOTE:.
PEAK-TO-PEAK VOLTAGE IS 20 TO 30V

—! - 162 TO>168 NS

; SYNCHRONIZATION
— PREAMBLE - —————u-l-—.— PATTERN g

DATA ————y

901565A. 802

Figure 8-12, Write Amplifier Output Signals, Timing Diagrom

8-20



XDS 901565

Paragraph 8-28

s

BIT7RWE
(13A-14) Il

DATA 1 DATA 7
(3A-6) |

NN L

NOTES:

1. BITZ7RWE IS GENERATED IN THE EP RAD CONTROLLER
2. DATR IS GENERATED IN THE EP RAD SELECTION UNIT

3. THE ITEMS IN PARENTHESES INDICATE THE MODULE LOCATION AND PIN NUMBER

901565A.810

Figure 8-13. Data Path Timing Signals, Timing Diogmrh

d. ' Press and release the FS pushbution. Note that
the DCB lamp is lighted.

e.  Set the REPEAT swiich to the down position. Note
that the PHFS lamp is lighted. '

f. Set DATA switches 0, 1, 4, ond 5 to the center
position.

: g. Set the following switches to the up position:
IND. UP, REPEAT, and COUNTER RESET switches 1, 2, 4,
8, 16, 32, 64, 128, and 255.

i.  Press ond release the RESET pushbutten.

j- Press and release the COUNTER INITIALIZE push-
button. ‘ :

k. Press and release the FS pushbutton. Note that
the WRITE lamp is lighted and that TRACK lamps increment
from all off lamps to all lighted lomps, and repeat.

. Set the REPEAT swirch to the down position. Note
that the PHFS lamp is lighted. -+ WD . TN
ey

m. Set the ORDER 2 switch to the up position.
n. Set the REPEAT switch to the up position.
o. Repeat steps ¢ through e.

p. Set the ORDER/§ switch to the down position.
q. Set the ORDER.4 switch to the up position.
r.  Set the REPEAT switch to the up position.

s.  Repeat steps i through k. The CHECKWRITE lamp
is lighted, the TRACK lamps increment, and no error lamps

are lighted. + IND VP

-

1. After the entire disc has been checked (cpproxi=~
matily 16 seconds) set the REPEAT switch to t! e down posi-
tion. Note that the PHFS lamp is lighted.

u. Set DATA switch 4 to the down position.

v. Set the REPEAT switch to the up position.

w. Repeat steps i through k. Lamps CER end UNE are
lighted, indicating o checkwrite error and an uausual end.

x. Perform additional testing us requirez.

8-28 ALTERNATE ORDERS MODE, REPEATED OPERATION

o

4. Perform the preliminary operations uescribed in
paragraph 8-12, unless previously done.  Check that
switches are in positions noted in steps e through h of para-
grap. 8-12.

b. Set the following switches to the up pusition: IND.
UP, ALTERN. ORDERS, ORDER 4, ORDER 1, SIO and RE-
PEAT.

c. Set the ERROR STOP swiich in the up position, un-
less reset at error detection is desired.

d.  Set the DATA switches to the eight-bit pattern
setected for writing.

e. Set the COUNTER RESET switches to the number of
the highest track into which data is to be written,

f.  Press and ielease the RESET pushbutton.

¢. Press and release the COUNTER INITIALIZE push-
butten,

Mote

Following step h, a write order wiil be exe~
cuted (WRITE lamp lighted) and the pattern

8-21



eogrcphs 8-29 to 8-34

established in step d will be written in track
0. After the write order is executed, a
checkwrite order will ke executed (CHECK-
WRITE lamp lighted). If the ERROR STOP
switch is up, detection of errors will cause
reset of the track register and automatic re=
writing of data on the disc. If the ERROR
STOP switch is down, the track register will
be reset at the track address established in
step d, and the operation will repeat from

track 0.

h. Press and release the FS pushbutton.

i.  Perform additional testing as required.

8-€9 ALTERNATE ORDERS MODE, SINGLE TRACK OPER-

RS ————

a. Perform the preliminary operations described in
paragraph 8-12, unless previously done. Check that
switches are in positions noted in steps e through h of para-
graph 8-12,

b. Set the COUNTER RESET switches to the track
number to be tested.

c. Set the following switches in the up position:

ORDER 1, SIO, REPEAT, and IND. UP.

d. Press and release the COUNTER INITIALIZE push-~
button.

e. Press and release the RESET pushbutton.

f.  Press and release the FS pushbuiton.  Note that
the operation halts with ihe track numiber selected in step
b displayed on the TRACK lamps.

g. Set the DATA switches to any eight-bit pattern.

h. Set all COUNTER RESET switches to the down
position.

i. Set the following switches in the up position:
ORDER 4, ERROR STOP, ALTERN. ORDERS, and SINGLE
TRACK.

Note

Do not press RESET pushbutton,

i Press the FS pushbutton. Note that the WRITE
lamp and the CHECKWRITE lamp are lighted and that the
TRACK lamps do not increment.

k. Perform additional testing os required.

"8-30 CPU MODE TESTS

The following machine language programs can be used to
‘!he EP RAD file.

8-22
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8-31 SIGMA 5 OR SIGMA 7 MACHINE LANGUAGE TEST
PROGRAM :

Table 8-5 defines a simple machine language program that
can be used for basic troubleshooting of the EP RAD con-
trolier. When run, the program causes a continual start of
an input/output operation (SIO), followed by a hait of the
input/output operation (HIO) after @ controlled delay. Sig-
nals of the EP RAD controller may be read continually as
the program repeats.

8-32 SIGMA 2 MACHINE LANGUAGE TEST PRCGRAM

Teble 8-6 defines a simple machine language program that
can be used for basic troubleshooting of the EP RAD file.
When run, the program seeks sector 0, track 0, writes 360
bytes, then szeks sector 0, track 0 again and checkwrites
360 bytes.. The starting address is 0100 (hexadecimal). The
instructions used are described in table 8-7. For more de-
tailed infunination, refer to XDS publication No, 900964,
The progrori of table 8-6 will be run once. To cause con-
tinual recycling, change the contents of the last cadress as
indicated.

8-33 REPAIRS, REPLACEMENTS, AND ADJUSTMENTS
9-33. Todhomeker OWIPUT VILTREE TEST Progdimm @aie
8-34 REPLACEMENT OF THE DRIVE MOTOR STATCR

Replace the Arive motor stator as follows:

I CAUTION ;f

Study the entire procedure before attempt-
ing replacement. Do not loosen any bolis
or screws on the RAD bulkhead because
th.s will cause severe damage to the disc

file.

a. Af the motor control assembly, set the POUWER
switch to OFF.

b. Afier the disc has come to a complete halt, set
the circuit breaker under the EMERGENCY USE ONLY
cover fo OFF.

c. Pull the bulkhead assembly forward and drop the
front legs down to support the extended bulkhead assembly
(figure 7-1).

d. Loosen and remove the four Alien screws that se-
cure the brake and tachometer assembly to the end of the
motor housing (see section IX). Remove the brake and ta-
chometer aszembly from the motor housing, leaving the
stator wires attached,

e. Loosen and remove the four Allen screws that se-
cure the stator to the motor housing and the motor housing
to the spindle housing. Remove the motor housing and sta-
tor from the spindle housing with the brake and spindle
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INSTRUCTIONS (Cont.)
8-32A TACHOMETER OUTPUT VOLTAGE TEST PROCEDURE

The tachometer generates an output of seven volts per 1000 rpm. The normal output at RAD
operating speed is approximately 12 vde and should not drop belew 10 vde. Volitages lower
than 10 vde can cause problems during start-up. Noisz spikes greater than 10 vde can cause

data errors.
The tachometer output voltage should be checked on @ monthly basis as follows:

a. Connect the oscilloscope ground probe to the white wire on the tachometer and

the signa! probe to the blue wire or the tachometer.
g p

b. At RAD operating speed any tachometer with an output of less than 10 vdc or with
noise spikes greater than 10 vdc should be replaced. There will be some ripple,
which is normal. If there is no output, inspect the tachometer shaft coupling for

possible failure.

~

e
| CAUTION j

During the replacement of a tachometer, use care when re-
moving the three No. 2 screws (XCS part No. 123054-104)

‘hat attach the adapter plate to the tachometer. These screw
heads can be easily damaged due tc the torque required to
cvercome the Loctite applied fo their threads. The applicution
of Loctite has now been discontinued, therefore it should not be
used when installing the adapter plate on a new tachometer.

(See figure 9-5 for assembly drawing).

8-22A
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Table 8-5. EP RAD File Program for Continuous Test (Sigma 5 or Sigma 7)

Memory Location*

Contents*

Remarks

0008

0009

OGOA

000B

000C

000D

0200

0201

2200 0100

2220 XXXX

4C00 OYYY

6420 000B

4F00 OYYY

6800 0009

OOXM MMMM

FFXX BBBB

Load immediate (LI). The value 0000 0100, which
“is the address of the first half of the command double-
word, is stored in general register 0. (For doubleword

addressing, 0200 is addressed as 0100)

Load immediate (LI). The value 0000 XXXX, which
controls the number of counts in the delay introduced
by the BDR instruction, is stored in general register
2. (A typical value for XXXX is 0200)

Start input/output operation (SIO). The value YYY
must address the EP RAD controller

Branch on decrementing register (BDR). The value in
general register 2 is reduced by one. If the value is
then positive, the BDR instruction is repeated (loca--
tion 000B). When the value is zero, the instructic:

in location 000C is executed

Halt input/output operation {HIG). The operation
started by the instruction in lccation 000A is halted

Branch on conditions reset (BCR). The logical produ.t
of the R-ficld of this insiruction (0) and the conditica
code, which is always zero, couses the instruction in

memory location 0009 tc be executed

First half of command doubleword. ~ Character X has
no significance. Characters M MMMM represent tie
memory byie address at which the SIO instruction wil!
start processing information. Characters OO represeat
one of six EP RAD file order codes, as foilows:

Code Order
X' Write
X-02* ~ Read record
X'2! Read sector
X3t - Sense
Xt04' Seek
X'05! Checkwrite
Second half of command doubleword. Characters XX

have no significance. Characiers BBBB represent the
byte count {number of bytes to be written, read, or

checked by write order, read order, or checkwrife order).

Characters I represent flag codes, but may be set to 00
for this test. (Refer to XDS publication No. 900950 and
900959 for flag codes in normal operation)

* Memory location and contents are in hexadecimai notation
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Table 8-6. Sigma 2 Machine Language Test Pregram for EP RAD File

Memory Lecation* Contents* Mnemonic Remarks
0000 400A B Branch to first instruction
0001 0003 wD Order byte for seek
! 0002 0001 wD Order byte for write
0003 0005 . WD Order byte for checkwrite
0004 0169 WD . Byte count for write and checkwrite
0005 0003 wbD Byte count for seek
0004 00FD WD : Starting address for seek
{ 0007 00FF wD Starting address for write and checkwrite
0008 0000 WD Track to sector
0009 00%0 wD RAD devic: number (90)
000A 8006 LDA . Load seek starting address
0008B 000A wD Load starting address in 1/O register A
000C 8005 LDA Load seek byte count
000D 0008 WD Store byte zount in I/O register B
000E 8001 LDA Load order byte for seek
000F EOFL STA Store order byte in table I/O for starting address
€010 8009 LDA Load RAD device number
0011 1041 RD Start seek cperation (SIO)
0012 | 1042 RD Test for comparison {T10)
0013 6202 BNC Branch if complete (address +2)
0014 49FE B Branch back if not complete (address ~2)
0015 8007 LDA Load write starting address
0016 000A WD Lood starting address in /O register A
0017 8004 LDA Load byte count '
0018 000B WD Store byte count in I/O register B
0019 8002 LDA Load write crder byte
001A EOFF STA Store order byte in /O table starting address

‘* Memory locations and contents are in hexadecimal notation
(Continued)
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Table 8-6. Sigma 2 Machine Language Test Program for EP RAD File (Cont.)

Memory Location* Contents* Mnemonic Remarks
0018 8009 LDA Load RAD device number
001C 1041 RD Start write (SIO)
001D 1042 RD Test for comparison (TIO)
001E 6202 BNC Branch if cc;mplefe (address +2)
001F 49FE B Branch back if not complete (address -2)
0020 8007 LDA Load starting address for checkwrite
0021 000A wD Store starting address in 1/O register A
0022 8004 LDA Load byte count
0023 ' 0008 WD Store byte count in I/O register
0024 8003 LDA Load order byte for checkwrite
0025 EOFF STA Store order byte in table I/O starting address
0026 8009 LDA Load RAD device number
0027 1041 RD Start checkwrite (SIO)
0028 1042 RD Test for comparison (TIO)
0029 6202 BNC Branch if checkwrite complete (address +2)
002A 49FE R Bronchy back if checkwrite not complete {address -2}
002! 00D0 WD End of pragram

* Memory locations ard contents are in hexadecimal notation

F To cause the program fo recycle continually, change the contents of memory location 002B to 400A.
This commands a branh to the first instruction as in memory lczation 0000

Table 8-7. Instructions Used in Sigma 2 Test Program

Mnemonic Operation

B BRANCH. The effective address is loaded into the program
address regicter (general register 1). The next instruction is
accessed from the location pointed to by the effective ad-
dress of the brunch instruction

BNC BRANCH IF NO CARRY. The branch condition is true onrly
if the carry indicator is reset {0)

LDA LOAD ACCUMULATOR. The effective word is loaded into
the accumulator (general register 7)

RD READ DIRECT. The contents of the effective location are

interpreted by mode (bits O through 3) and function (bits 4
through 15) for read direct operations

(Continued)
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Table 8-7.
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Instructions Used in Sigma 2 Test Pregram (Cont. )

Mnemonic

Operation

STA

wD

STORE ACCUMULATOR. The contents of the accumulator
(general register 7) are stored into the effective location

WRITE DIRECT. The contents of the effective location are

interpreted by mode (bits 0 through 3) and function (bits 4
through 15) for write direct operotions .

attached, This removal may requite some effort as the end
of the motor housing is tightly fitted into a lip in the spin-
dle housing.

f. Position the stator and motor housing on the spin-
dle housing so that the four mounting holes in the stator
are aligned with the four tapped holes in the spindle hous-

"g. Install and tighten the four Allen screws that were

noved in step e,

g. Loosen and remove the three Allen screws that
secure the tachometer to the broke and tachometer assem-
bly. Remove the tachometer from the assembly.

4
h.  Mount the brake and tachcmeter assembly on the
end of the motor housing. Install and tighten the four

Allen screws that were removed in step d.

Note

Make sure that the fork cin the tachometer
is properly inserted.

i.  Mount the tachometer on the brake and tachometer
assembly by first inserting the tactometer shaft into the
shaft coupier and then aligning the three holes in the ta-
chometer base with the three tapped holes in the brake and

hometer assembly. Install and tighten the three Allen
rews that were removed in step g.

j. Push ihe bulkhead assembiy back into the RAD
storage unit and raise the front legs.

Note

If the RAD storage unit aborts following the
turn-on procedure of steps k and I, check
the coupling between ti.2 tachometer and
the coupling shaft,

k. At the motor control assembly, set the circuit
breaker under the EMERGENCY USE ONLY cover to ON,

. Set the POWER switch to ON,

+ 8-35 ADJUSTMENT OF THE DISC FILE BRAKE

a. At the motor contro! assembly, set switch S1 to

é

8-26

Note

Wait until the disc has stopped before
proceeding.

b. Set the circuit breaker (under the EMERGENCY
USE ONLY cover) to OFF,

c. Disconnect the EP RAD file from the 208V three-

phase souice.
1 CAUTION

Use the feet at the base of the disc file to
support the file when it is in the extended
position (figure 7-1). Place plates on the
floor to protect the floor from the feet, if
recessary.

d. Pull the disc file forward, and set the adjustable
feet on the floor.

e. Remove relay K7 to prevent the cpplication of
power in the disc file motar.

f.  Connect a jumper from the +4V connection on the
selectinn unit (E2, E4, or E8) to terminal board TB1-F4,

WARNING
DO NOT REACH INTO THE MOTOR

CONTROL ASSEMBLY AFTER POWER
HAS BEEN CONNECTED.

g. Connect the EP RAD file to the 208V three~phase
power scurce.

h. At the motor confrol assembly, set the circuit
brecker to ON.

i.  Setswitch S1 fo ON. Note that the disc file
brake retracts.

j- Measure the gap between the armature and fric-
tion brake at all four cutouts in the brake collar. The gap
should be 0.G10 in. to 0,015 in. Adjust the gop as de-
scribed in step% k and I. :
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k. Loosen each of four slot-head screws two turns.

Note

The gap changes by 0.015 in. for each
1/4 tum of the brake collar.

I. To increase the gap, rotate the brake collar clock-
wise; to decrease the gap, rotate the brake collar counter-
clockwise.

m. At the motor control assembly, set switch S1 to
OFF. :

n. Set the circuit breaker to OFF.

o. Disconnect the EP RAD file from the 208V three-
phase source.

p. Replcce relay K7 “izmoved in step e).
q. Remcve the jumper connected in step f.

. Connect the EP RAD file to the 208V three-phause
source.

s. At the motor contiol assembly, set the circuit
breaker to ON,

t. Set switch S1 to ON.
8-36 REPLACEMENT OF THE DISC FILE BRAKE LININGS

a. Remove the power trom the EP RAD file and pre-
pare for replacement by performing steps a through i of

paragraph 8-35.
i CAUTION |

Do not citempt to remove the brake
assembly with the power off.

b. Remove three Allen-head screws at the back of
the brake assembly and removz the tachometer,

c. Remove four slot-head screws and remove the
brake assembly,

Note

Replace the brake linings with XDS part
number 147222-002 even if the part re-
placed has a different number. If neces-
sary, adjust the brake collar to allow for
increased thickness of the new lining.

d. Replace brake linings.

Revised June 1970
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e. Measure and adjust the gap os described in steps
k and | of paragraph 8-35.

i CAUTION !

Never remove power from the breke unless
the four broke housing screws are secure.

f. Replace the brake assembly and tighten the four
slot-head screws. '

Note
Replace the tachometer coupling with XDS

part number 149272, cven if the part re-
placed has a different number.

g. Engage the slotted tachometer drive and coupling
with the pin on the end of the motor shaft (see section IX).

h. Replace the tachometer and tighten the three Allen-
head screws.

i. At the motor control assembly, set switch S1 to
OFF.

Note

Wait until the disc has stopped before
proceeding. :

j- Perform steps n through t of paragraph 8-35.

8-27 RAD FILTER REPLACEMENT

These instructions are applicable to motor coatral unit,

part number 146485 and to motor control unit, part number
152692,

The motor control unit, part number 146485 is equipped
with three separate filters, two charcoal and one absolute,
that must be replaced periodically. See table 8-7A.

The motor control unit, part number 152692, 1s equipped
with two separate filters, one charcoal and ene abso-
lutc, which must be replaced once a year. See table
8-78. :

In some coses the obsolute filter, part number 158947, has
an additional part number on the identifying label. It is
assumed to be a vendor part number.

Always order the XDS part number.
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Table 8~7A. Replacement Filter Part Numbers for Motor Control Unit, Part Number 146485

Item Service Number Part Part C N
Number Frequency Required Number omments
1 90 Days 2 Charcoal 132514 One gasket, item 2 should be installed
Filter with each filter every time it is replaced
2 90 Days 2 Gasket 132744 See Comment, ltem 1
3 1 Year 1 Absolute 158947 This item, which is to be used in place of
Filter assembly part number 129666, is a com-
plete assembly
Table 8-7B. Replacement Filter Part Numbers for Motor Control Unit, Part Number 152692
Item Service Number Part Part ‘Commenfs
Number Frequency Required ¢ Number
1 1 Year 1 Charcoal 145527 This is a complete item
Filter C
2 1 Year 1 Absolute 158947 This is a compliete item
Filter
The number, 1024514, which may appeor
on the label, is assumed to be a vendor
part number

8-38 RAD INTERFACE CONNECTOR CLEANING

PROCEDURE

The RAD interface connectors, which aie mounted on top

_of the disc file, are to be cleaned os follows:

Use only isopropyl alcohol {filtered)
and a typewriter cleaning brush for

this procedure. Any other materials
may contaminate the connectors.

a. At the motor control assembiy, set the POWER

switch to OFF.

b. Check that the disc is not rotating and that the

compressor is running.

Note

Do not dip the brush in the alcohol, as
this action will contaminate the alcohol.

c. Pour sufficient alcohol over the brush to remove

flux and other soluble contaminants from the brush.

°7

d. Pour additional clcohol over the brush and shake
out the excess by strikingthe brush handle against a sharp

‘ner.

8-28

e. Brush both parts of the connector perallel to the
long dimensinn of the connector. '

f. R=peat steps ¢ through e, so that *he connector is
cleaned with at least two applications of alcohol.

g. Roirate the connectors as socn as possible cfter
cleaning. :

h. Al the motor control assembly, place the POWER
switch to ON, Check that the disc rotates,

8-39 SELECTION OF A SPARE WRITE CLOCK

When necessary, select a spare write clock as follows:

a. Check the maintenance log to determine if spare
write clock sources are available.

b. At the motor control assembly, set the POWER
switch to OFF.

c. Check that the disc is not rotating and that the
compressor is running.

Note

Write clock signals are available from
four heads, as indicated in figure 8-14.

Revised June 1970
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“SELECTION l
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NOTES:
1. JI6A-14 IS ACTIVE WRITE CLOCK TRACK

2, J16A-5, J16B-14, ANC J16B-5 ARE SPARE WRITE CLOCK TRACKS
3. WIRE FROM P16A-5 TO P35-19 MAY BE DISCONNECTED

901565A4. 815

Figure 8-14. Write Clock Tracks, Schematic Diagram
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d. If possible, select a spare write clock by dis~
connecting P16A from J16A and inserting it in J16B
(or by disconnecting P16A from J16B and inserting it
in J16A). : :

e. If necessary, rewire connector P16A to select the
write clock signal from pin 5 instead of pin 14 (or pin 14
instead of pin 5).

f. If rewiring is necessary, insert P16A in J16A or
J168B.

g. At the motor control assembly, place the POWER
switch to ON. Check that the disc rotates.

8-40 LOGICAL SPARING OF READ/WRITE HEAD

Replace a failing read/write head circuit with a spare
4 /write head circuit as follows:

a. Express the track address of inhe failing read/write
head circuit in three~digit octal nciation. Example: Track
address 221 (decimal) is track address 335 (octal).

4
Note

An unused gate on any LT105 Spares
Selector module may be used with the
restriction that modules must be in-
serted in localions 22A, 234, 24A,
and 25A before modules ~un be in-
serted in locations 26A, 27A, 28A, or
29A. (See figure 7-4.)

XDS 901565

b. Activate an unused gate on an LT105 Spares Se-
lector module by removing the ground jumper from the gate
input. (See figure 6-21.)

Note

Each gate selects a spare read/write head
. circuit when activated. Therefore, do not
provide identical inpufs to two gates.

c. Connect jumpers from the octally coded track od-
dress signals to the inputs to the activated gate, as sum-
marized in table 8-8. Example: To spare read/write head
circuit 335 (octal), connect one gate input fo signal X3 at
pin 33, one gate input to signal YM3 at pin 24, and one
gate input to signal YL5 at pin 18,

d. Solderthe jumpers atboth sides of the circuit board.

- e. Record spared address and spare read/write head
circuit used on the head wiring connection chart. (See

figure 8-15.)

f. insert the LT105 Spares Selector module in the se-
lection unif,

8-41 SELECTION OF SPARE READ/WRITE HEADS

If aspare read /write head is needed, select itasindicated in
the following example which substitutes aspare for track 221,

Note

Cecimal notation is used throughout this
paragraph.

Table 8-8. Summary of Logical Sparing Signals

8-30

X-VALUE Y-VALUE
. gg f}L Most giigg;;ficanf Mig (dlig ;)igi , Least éiz?:ﬁconf
(109) 8 (1)
Signals Pin Signals Pin Signals Pin

0 X0, X0B | 2 YMO, YMOB 21 YLO, YLOB 2 |
1 X1, X1B 30 YMI, YMIB 22 YLI, YLIB 13
2 X2, X2B | & YM2, YM2B 23 YL2, YL2B 14
3 X3, X3B 33 YM3, YM3B 1 24 YL3, YL3B 15
4 X4, X4B 34 YM4, YMAB | 25 YL4, YL4B 17
5 X5, X58 35 YMS, YM5B 26 YL5, YL58 18
6 X6, X6B 36 YM8, YM6B 27 YL6, YL6B 19

’ 7 X7, X78 37 YM7, YM7B 28 YL7, YL7B 20
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SPARE  HEAD-S
FAULTY HEAD- 0 HEAD CENTER TAP WIRING CHART DISC FILE ASSY SERIAL NO.
USED  SPARE - X
NO.1 NO. 2 NO. 3 NO. 4 HEAD PLATE
08&4|18&5[286(3&7[0&4|18&5(286{3&7|0&4|1&5[286{387(0&4(1&5|2&6|3&7| SLOT NO.
19]si27(s (9| S{27|S |95 |27|S | 91S[27|s |9 (5 127|S |9 |5 |27|S |9 |5 {27{S |9 |5 [27|S
211 19| |1 19| 11| 9] |1 190 |1 190 1 190 |1 19 |1 19
310l 28] (10| |28| [0l |28] 10| 128 |10| |28 [i0| 28] (10| |28 |10| |28
412 200 l2 | 20| |2 20 (2| |20] |2 20| (2| 20 |2 |20 |2 |20
sPi {29 p1n] (29 | q2ol (1) f2el (11| q29] v l29| (n) (29| i) |29
613 |21 |3| |21 s| |2 1s] Jaa] Ts] Jai] T3] j2a] [a] Ja1] [3] la
7021 {30l (12| |30] [12| |20/ |i2{ |ec| |i12| 30l |12l {30] [12] (30| [12| |3
S islal [22] |4l |22] [4] l22] |4] |22 22| |4 22| |4 |22] 4| |22
2 lo13] [a1; [3] [a1] D3| |a1] |13 Ja1| 13| |31 |13] |31] D3| {a1] [13] |31 CONNECTOR
U Z Nojra] 320 Tra| (32l sl rsry Tval ezl yta| fsa| ia] 3] pa] [z [i4] a2 PIN'NO.
% nls | (23] 5] l23] |s| |20 [a] 123] 5| [23| [5| l2a| [5] |23] [5] |23
T li2lis| [s3] Dis| s3] [1s] s3] |is| s3] 15| 33| 5| (s3] |s| s3] [i5| |33
136 | (24 6| (24 [6] {24 |6 |24] 6| [24] le| |24] |6 24 (6| |24
140161 [34] 16| [34] 16| (34 16| |34] [16| (34| 16| |34| [|16] 34| |16| |34
157 |25 71 d25| |7 | 125y (7! {250 |7]| |25/ |7 |25 71 |25 | 7] |25
160171 (35| |17 |35 17| (35| |17\ |35] |17| 35| (17| |35| |17| [35| [17] |35
17]8] 26| (8] l26] [8] 26 |8 | [26] [8] |26] [8] Tl26] |8 | 26| [s] |26
18/18 1S 1365 18]S [36/5 [18]5 [36] 5 [18]s [36]5 | 18]S [36]S [18]S {36]S [18]S [36]5 [18]S {365
J8 - 0A J8 - 08 J8-1A J8 - 18 J8 - 2A J8 - 2B J8 - 3A J8-38 |CONNECTOR

NOTE: REFERENCE XDS DWG: 136588-1A

G95106 SAX -
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a. Find track 221 on the input/output and start/finish
location chart (figure 6-13). Since track 221 is in the
range (208-223), it has an X-value of 3 (NTR2 TR3 TR4)
and is connected to the LT76 Read/Write Coupler module
in location 178 through signals 2X03S and 2X03F (pins P8~
1B-42 and PB-1B-43).

b. Find the X-values of 3 on the head location chart
(figure 6-10, sheet 1 of 2). The read/write head for track
221 is on surface 2, slot 5, and is controlled by Y -select
signal Y29.

c. Y-select signal Y29 is connected to the read/write
head assembly at J8-1A-33.

8-32

d. A spare read/write head is available at J8-1A-36.
(A read/write head is available at J8-1A-27, since this
read/write head is connected to the same read/write

coupler through P8-1B-42 and P8-1B-43.)
Note

Record any changes in wiring on the
site documentation and on the head
wiring connection chart of the EP RAD
file (figure 8-15).

e. Disconnect the centertap wire from J8~1A-33 and
connect it to the spare.
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Paragraphs 9-1 to 9-2

SECTION IX
ILLUSTRATED PARTS BREAKDOWN

9-1 GROUP ASSEMBLY PARTS LIST

The Group Assembly Parts List is a breakdown of all systems,
assemblies, and subassemblies which can be disassembled,
reassembled, or replaced and which are contained in the
end article, The Group Assembly Parts List consists of
columnar listings of parts related to illustrations. Parts

are listed in order of disassembly sequence, except in cases
where sequence of disassembly cennot be maintained. -
Attaching parts are listed below the related assembly or
subassemblies, Items which are purchased in bulk form

(for example, wire and insulating materiols) are not listed.

Each parts list table is arranged in seven columns as follows:

a. The figure number of the port listed and the index
number correspondirg to the illustration reference

b. The XDS manufacturer's part number for the part
c. The vendor's part number for the part (if évoilable)
d. A brief desciiption of the part

e. The monufacturer's code for the port

f. The quantity of the part used per assembly

g. Usable on code column indicating that when a
letter is used in the code column, the use of the coded part

is restricted to the model identified by the code letter,
(Where no letter symbol appears in this column, the part is
used on all models of this configuration. )

How to use the lllustrated Parts Breakdown,

To obtein information about a part, the following steps
should be taken:

a. Refer to the applicable assembly breakdown

b, Compare the part with the illustration until part is
located.

c. Note the index number

d. Locate the index number in the correspoiding Group

Assembly Parts List

e. Find the part number and name of part opgosite
the Index number listed

9-2 NUMERICAL INDEX

This index is a listing of the items contained in the Group
Assembly Parts List. The numerical order of the index
(tablz 9-11) is determined by the XDS part number,
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Figure 9-1. Extended Performance RAD Storage Unit and RAD Controller
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Table 9-1. Extended Performance RAD Storage Unit

Fig. &

(Fig 9-9)

XDSs Vendor Description Mfg.  [Units Per {Usable on
Index No. Part Number |Part Number |1 2 3 4 5 6 7 Code Assy Code
9-1- 139576 D Extended Perf RAD Storage Unit (7232)
- (Fig 9-1) '
-1 149763 C Storage Unit Cabinet Assy i
) (Fig 9-2)
131419 . Cabinet Door Assy (Not shown) 2
-2 131410 Cabinet Side Panel Assy 2
-3 139697 C Disc File Assy (Spindle and Drive) 1
(Fig 9-5)
- 4 139696 E . Selection Unit Assy 1
(Fig 9-3) -
-5 149330 M Extended Perf RAD Cornitroller (7231) 1

9-4




XDS 901565

901565A. 992

Figure 9-2. RAD Storage Unit Cabinet Assembly




Table 9-2. RAD Storage Unit Cabinet Assembly

XDS 901565

Fig. & XDS Vendor Descripti .
Index No. Part Number |Part Number|1 2 3 4 5 6 7escr prien I(\:A:ge PrX:zyPer Usé};:!o"
9-2- | 149763 C . RADStorage Unit Cabinet Assy REF |

-1 153320 A . Cabinet Basic Structure 1
-2 117424 . .+ Cap Cabinet Top 1
-3 139565-002 . . Clip, Speed U Type 2
-4 139814-001 . Bracket, Chassis Locking LH 1
-4 139814-002 . Bracket, Chassis Locking RH 1
(Aﬁaching Parts)
- 101441-105 Screw, Cap Hex Hd 2
- 101441-104 Screw, Cap Hex Hd 6
- ]00015-600 . . Washer, Flat 16
- 100023-600 Washer, Lock Spri‘ng 8
- 100008-60G0 . Nut, Hex 8
. .
-5 139994-001 . . Angle, Mtg LF (Retma) 1
-5 139994-002 . Anagle, Mtg RF (Retma) 1
-6 132019 . . Angle, Mtg Rear (Retma) 2
(Attaching Parts)
- 101441-1C4 . Screw, Cap Hex Hd 18
- 100023-600 . Washer, Lock Spring 18
- 107311 . Nut, Unistrut 18
R
-7 145412-001 . Bracket, Latch Adjusting LH 1
-7 145412-002 . Bracket, Latch Adjusting Rii 1

" (Continued)



Table 9-2, RAD Sférage Unii Cabinet Assembly (Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
Index No. Part Number |Part Number|{1 2 3 4 5 & 7 Code Assy Code
9-2- {(Attaching Parts)

- 101441-104 Screw, Cap Hex Hd 8
- 100018-600 Washer, Flat 8
- 100023-600 Washer, Lock Sprirg 16
- 100008-600 Nut, Hex 8
P
-8 111097 . érackef, Locking 2
{Attaching Parts)
- 100012-610 Screw, Pan Head 4
- 100018-600 . Washer, Flat 8
- 100023-600 Washer, Lock Spring 4
- 100008-600 . Nut, Hex A
---F L
-9 129459 . Slide, 20 inch (75 Ib) 4
-10 131354 . . Brocket Slide, Mtg Front Z
-1 132088 Bracket Siide, Mt¢c Rear 2
-12 -139815-001 Bracket Slide, Sel Mitg RH Frt !
-i2 139815-002 . Brocket Slide, Set Mty LH Frt
-13 139816-001 Bracket Slide, Sel Mtg RH Rear i
-13 139816-002 Bracket Slide, Sel Mtg LH Rear ]
(Attaching Paits)
- 100039-510 Screw, Flat Head 28
- 100018-500 Washer, Flat 28
- 100024-500 Washer, chk Int Tooth 28 .
- 1100008-500 Nut, Hex 28
[

{Continued)



Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.}

XDS 901565

Fig. & XDS Vendor Description Mfg.  |Units Per [Usoble on
Index No. Part Number | Purt Number |1 2 3 4 5 6 7 Code Assy Code
9-2-14 7 139858 Angle, Support Front | 1

(Attaching Parts)
- 100012-406 . Screw, Pan Head 4
- 100018-400 Washer, Flat 4
- 100024-400 . Washer, Lock Int Tooth 4
R .
-15 145698 . Burﬁpér, Rubber 4
{Attaching Parts)
- 100018-307 . . Screw, Pan Head 8
- 100018-300 . Washer, Flat 8
R
-16 147912-001 . Bracket, Frame Mtg RH 1
-16 147912-002 Bracket, Frame Mtg LH 1
(Attaching Pcrts)
- 100039609 . . Screw, Flat Head 6
- 100012-505 Screw, Pan Head 6
- 100024-500 Washer, Lock 6
R .
-17 139690 . Selection Unit Assy (See Fig. 9-3) REF
-18 132646 Plate, Counter Balance 1
-18 133155 . . Plate, Counter Balance 1
(Attaching Parts)
- 101441-407 . Screw, Cap Hex Head 6
- 100018-600 . Washer, Flat 6
- 100023-600 . Washer, Lock Spring 6

(Continued)



XDS 201565

Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.)

Fig. & XDS Vendor Description Mfg.  |Units Per {Usoble on
Index No. Part Number | Part Number 23456 7 Code Assy Code
9-2-19 145315-001 Angle, Spacer Slide RH 1

-19 ]453]5—002 . Angle, Spacer Slide LH 1
~ (Attaching Parts)
- 100039-609 Screw, Flat Head 8
—— - oo
-20 131356 . Plate, Drum Mounting 1
(Attaching Parts)
- 100012-520 l . Screw, Pan Head 10
- 100018-500 3 . Washer, Flat 10
- 100023-500 . Washer, Lock Spring 10
m e * o
-21 132644 . leg Support Assy 2
-22 131342 Bracket, Leg Support 2
(Atiaching Part.)
- 100012-500 Screw, Pan Head 6
- 100018-500 I Washer, Flat 12
- 100024-~500 . Washer, Lock Int Teoth 6
100008-500 . Nut, Hex Machine 6
mm %L
-23 131357 . Bracket, Shipping 1
(Attaching Parts)
- 101441-104 Screw, Cap Hex Head 2
- 100018-600 . Washer, Flat 2
- 100023-600 . Washer, Lock Spring 2
100008-600 . Nut, Hex 2

(Continued)
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Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg.  [Units Per [Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-2-24 147931-006 Mount, Shock 4

=25 129633-628 Screw, Cap Soc Hd 4
(Attaching Parts)
- 100012-305 Screw, Pan Hd 8
- 100018-300 Washer, Flat 8
- 100024-300 . . Washer, Lock Int Tooth 8
- % L.
-26 139697 Disc File Assy (See Fig. 9-5) REF
=27 100008-410 Nut, Hex 8
-28 100018-310 . Washer, Flat 8
-29 101918 . Bolt 4
=30 149960 Compressor Assy 1
-3i 111945 Pump, Positive Pressure 1
-32 117026-005 Mount, Sh.ear 4
=33 132083-001 . Union, Tube Fitting 1
-33 132570--001 Terminal, Ins Ring Tongue 1
- (Attaching Parts)
- 106008-600 Nut, Hex 4
- 100018-600 Washer, Flat 4
- 100024-600 Washer, Lock Int Tooth 4
- e o
-34 146649 Bracket, Compressor Mounting 1
(Attaching Parts)
- 100008-600 Nut, Hex 4
- 100018-600 Washer, Flat 4
- 100023-600 Washer, Lock Spring 4

{Continued)




XDS 901565

Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.)

Fig. & XDS Vendor Description Mfg.  [Units Per [Usable on
Index No. Part Number | Part Number {1 2 3 4 5 6 7 ’ Code Assy Code
9-2-35 116701 Tubing, Pressure AR

-35 101625-003 Tubing, Spirap AR
~36 100657-003 Clamp, Nylon 2
-36 100657-008 Clamp, Nylon 2
(Attaching Parts)
- 100012-506 . . Screw, Pan Hd 2
- 100018-500 Washer, Flat Vi
- 100024-500 . Washer, Lock Int Tooth 2
-——-F L .
-37 146485 Motor Control Unit Assy 1
(See Fig. 9-6)
(Attaching Parts)
- 100012-506 | Screw, Pan Hd 8
- 100018-500 Washer, Flat 8
- 100024-500 ! . Washer, Lock Int Tooth 8
- - L.
-38 137529 Power Distribution Panel Assy i
(See Fig. 9-8)
(Attaching Parts)
- -100012-506 Screw, Pan Hd 6
- 100018-500 . Washer, Flat 6
- 100024-500 Washer, Lock Int Tooth 6
- —-r .
-39 136674 . . Power Supply Assy (PT20) 1
-40 146488-001 . . Angle, Chassis Mounting RH 1

(Continued)

9-11



Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg. Units Per {Usable on
Index No. Part Number {Part Number|1 23 4 5 6 7 Code Assy Code
9-2-40 146488-002 Angle, Chassis Mounting LH 1

(Attaching Parts)
- .]000]2—504 Screw, Pan Hd 10
- 100012-506 Screw, Pan Hd 10
- 100018-500 Washer, Flat 10
- 100024-500 Washer, Lock Int Tooth 10
U
-41 139222 . Power, Filter Assy 1
(Attaching Parts)
- 100012-508 Screw, Pan Hd 3
- 100018-500 . Washer, Flot 3
- 100024-500 .« Washer, Lock Int Tooth 3
S
-42 139223 Plate, Mounting 1
=43 139224-002 . . ZCover, Filter 1
(Attaching Ports)
- 100012 -404 . Screw, Pan Hd 4
- 100018-400G Washer, Flat 4
- 100024-400 Washer, Lock Int Tooth 4
R
-44 100840-001 Grommet, Nylon AR
~45 100840-003 Grommet, Nylon AR
-46 139175 . Filter, Power (C1 C2 C3 C4) 4
-47 132570-004 Terminal, Ring Tongue 9
-48 110996-105 Resistor Fixed Film 1W 4
-49 100274-016 . Sleeve, Plastic A/R
-50 . Block, Termiral Stack Type 10

109432-001

{Continued)




XDS 201565

Table 9-2. RAD Storage Unit Cabinet Assembly (Cont.)

Fig. & XDs Vendor Description Mfg.  [Units Per {Usable on
Index No. Part Number | Part Number |1 2 3 4 5 6 7 Code Assy Code
9-2-50 109432-005 . . . Clip Retaining 4 |

-50 109432-006 . . Channel, Mounting 2

=50 109432-008 . . . Plate, End 2

=51 . 130191-002 .« . Clamp, Conduit 2
(Attaching Farts)

- 100039-405 - - Screw, Flat Hd 4

- 100024-4C0 . . . Washer, Lock Int Tooth 4

- 100008-400 . . Nut, Hex o 4
_———%

-52 149330 . Extended RADControlla (Sée Fig. 9-9) REF




XDS 901565

901565A. 903

Figure 9-3. Selection Unit Assembly

9-14



XDS 901565

Table 9-3. Selection Unit Assembly

Fig. & XDs kVendor : Description Mfg.  |Units Per {Usable on
Index No. | Part Number |Part Number|1 2 3 4 5 6 7 Code | Assy | Code
9-3- 139690 . Selection Unit Assy REF |

-1 131958 Door, Chassis 2

-2 131959 Hinge, Chassis Door 1

-2 131960 . . Hinge, Chassis Door 1
(Attaching Parts)

- 100012-204 . Screw, Pan Hd 8

- 100018-200 . Washer, Flat 8

- 100024-200 . . Washer, Lock Int Tooth 8

-_—— - .

-3 129554 . . Trigger, Door Latch 2
(Attaching Parts)

- 100012-105 . Screw, Pan Hd 2

- 100024-100 . . Washer, Lock 2

-4 129540 Spring, Door Latch Mounting 1
(Attaching Parts

- 100012-304 Sc.revv, Paon Hd 2

- 100018-300 Washer, Flat 2

- 100024-300 Washer, Lock Int Tooth 2

---F L.

-5 130639 . Bracket, Door Latch Mounting Support 1
(Aﬁaching Parts)

- 100012-203 Screw, Pan Hd 4

- 100018-~200 Washer, Flot 4

- 100024-200 . Washer, Lock Int Tooth 4

(Continued)




Table 9-3. Selection Unit Assembly (Cont.)

XDS 901565

Fig. & XDs Vendor Description Mfg.  {Units Per |Usable on
Index No. Part Number | Part Number}{1 2 3 4 5 6 7 Code Assy Code
9-3-6 116231 . . Chassis, 32 Module (See Fig 9-4 for 2 |

Mod Location)
’ -6 129567-001 . . Nut, Strip Speed 4
‘ -7 129694 . Panel, Blank 1
(Attaching Parts)
- 100012304 Screw, Pan Hd 19
- 100018-400 Washer, Flat 19
- 100024-400 . Washer; Lock Int Tooth 19
- 100008-400 . Nut, Hex Mach 5
——e* oo
;-8 116522 Channe!, Cable Routing 1
-9 123940-001 Channel, Cable Routing 2
(Attaching Parts)
- 100012-203 Screw, Pan Hd 12
- 100018-200 Washer, Flat 12
- 100024-200 . Washer, Lock Int Tooth 12
—— o .
-10 117427 . Filter, Air 1
-1 100657-002 . Clamp, Cable 2
(Attaching Parts)
- 100012-407 ' Screw, Pan Hd 2
- 100018-400 Washer, Flat 2
- 100024~-400 Washer, Lock Int Tooth 2
- 100008-400 Nut, Hex Mach 2
S
=12 139865 Backwiring Bocrd Assy 1
-13 100657-003 . Clamp, Plastic 2
-

(Continued)




Table 9-3. Selection Unit Assembly (Cont.)

XDS 901565

Fig. & XxDS Vendor Description Mfg.  |Units Per {Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-3-14 152673 . Ground Strap Assy 2

(Attaching Parts)
- 114538-214 . Screw, Sheet Metal 36
- 100008-300 . Washer, Flat 36
- 160024-300 . Washer, Lock Int Tooth 36
R
-15 139968 . " Strip Mounting, Wire Clamp 1
(Attaching Parts)
- 100012-304 . Screw, Pan Hd 3
- 100018-300 . Washer, Flat 3
- 100024-300 . Washer, Lock Int Tooth 3
R
-16 139969 . Block, Wire Clampirg 2
(Attaching Parts)
- 100039-310 . Screw, Flat Hd )
R
-7 139637 Top Fan Assy 1
(Attaching Paris)
- 100012-304 Screw, Pan Hd 8
- 100018-300 . Washer, Flat 8
- 100024-300 . Washer, Lock iin‘ Tooth -8
T
-18 100657-011 . Clamp, Cable 2

(Continued)



XDS 901565

Table 9-3. Selection Unit Assembly (Cont.)

Fig. & XDs Vendor Description Mfg.  |Uniis Per |Usable on
Index No. Part Number |Part Number|{1 2 3 4 5 6 7 Code Assy Code
9-3-19 100657-009 . Clamp, Cable 2

(Attaching Parts)
o 100012-407 Screw, Pan Hd 4
- 100018-400 Washer, Flat 4
- 100024-400 . . Washer, Lock Int Tooth 4
T
-20 109432-001 . Block, Terminal Stack Type 14
-20 109432-011 . End, Block 4
-20 109432-008 End, Plate 2
i -20 109432-006 . Channel, Mounting 2
(Attaching Parts)
- 100012-310 Screw, Pan Hd 4
- 100018-300 . Washer, Flat 4
- 100024-300 . Washer, Lock Int Tooth 4
R
=21 139967 . Bracket Mounting, Terminc! Block 2
(22-4 AWG)
' {Attaching Parts)
- 100012-405 . Screw, Pan Hd 4
- 100018-400 . . Washer, Flat 4
- 100024-400 Washer, Lock Int Tooth A
—— ¥
-22 139634-001 . Panel, Side Chassis RH 1
-22 139634-002 . Panel, Side Chassis LH 1
-23 139635 . Frame, Pivot Chassis Mounting 1
(Attaching Parts)
;. =24 126340-010 . Fastener, Captive 2

9-18
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Table 9-3. Selection Unit Assembly (Cont.)

XDS 901565

Fig. & XDs Vendor Description Mfg.  |Units Per {Usable on
Index No. Part Number |Part Number|{1 2 3 4 5 6 7 Code Assy Code
9-3-25 107199-308 . Pin, Roll Corrosion 2

-26 116722-003 Spring, Compression 2
-27 145419-001 Rod, Latch 1
-27 145419-002 Rod, Latch 1
-28 145418 Guide, Rod 4
" (Attaching Parts)
- 100012-407 Screw, Pan Hd 8
- 100018-40C Washer, Flat 8
- 100024-400C . Washer, Lock Int Tooth 8
—— o
-29 145420-001 Block, Latch 1
-29 145420-002 Block, Latch 1
(Attaching Parts)
- 100039-520 Screw. Flat Hd 4
- 100012-524 Screw, Pan Hd 4
- 100018-500 Washer, Flat 4
- 100024-500 . Washer, Lock Int Tooth 4
S
-30 1073%6 . Switch, Toggle 16
-31 145704 . . Panel, Switch Mounting 1
(Attaching Parts)
- 100012-505 Screw, Pan Hd 8
- 100018-500 Washer, Flat 8
- 100024-500 . Washer, Lock Int Tooth 8
-32 147024 Rod Hanger, Interface Plate 1
-33 139686 Pin, Hinge 2

(Continued)



XDS 901565

Table 9-3. Selection Unit Assembly (Cont, )

9-20

(Continu~d)

Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
Index No, Part Number | Part Number |1 2 3 4 5 6 7 _ Cede Assy Code
9-3 -34 139636 . Frame, Pivot Selection Unit Mtg 1

-35 139892-002 . Angle, Support 1
~ -35 139892-C01 . Angle, Support
(Attaching Parts)
- 100012-508 Screw, Pan Hd 4
- 100018-500 . . Washer, Flat 4
- 100024-500 . . Washer, Lock 4
-36 109159-008 Bumper, Rubber 2
Z {(Atteching Parts)
- 100018-400 . Washer, Flar 2
- 100024-400 . Washer, Lock Int Tooth 4
- 100008-400 . . Nur, Hex Mach 6
-37 113800-212 Screw, Shoulder Slotted 2
-38 145515 . Cover, Connector-Base Pla‘e 1
-~ (Attaching Parts)
{‘ - 100012-205 . Screw, Pan Hd 4
- 100018-200 Washer, Flai 4
- 100024-200 . Washer, Lock Int Tooth 4
——m %o
-39 | 146673 Hanger 2
-40 113800~-204 . Screw, Shoulder Slotted 2
_———r o
-4] 145514 . Cover, Connector 1
-41 153709-001 Chart, Head Wiring 1
-42 126340-002 . Captive, Fastener 2
@



XDS 901565

Table 9-3. Selection Unit Assembly (Cont.)

i

Fig. & XDs Vendor Description Mfg.  [Units Per Usable on

Index No. Part Number {Part Number 1 23456 7 Code Assy Code

9-3 -43 139969 . . Block, Wire Clamping : ’ 2
' . (Attaching Parts)

- 100039307 « . Screw, Flat Hd 6

*

-44 | 127489-002 1. . Connector, 50 Pin 8

4 v(Attcching Parts)

- |100012-205 | . . Screw, Pan Hd . 16

- 100024-200 . . Washer, Lock Int Tooﬂ"\ | 16
—m ok

-45 | 127614 . . Plate Mtg, Connecter Plug 1

-46 152429-001 . . Screw, Captive 2

-47 | 152429-002 ~ .. Not, Mtg 2

9-21
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Figure 9-4. Module Location (Selection Unit Assembly)
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Table 9-4. Module Locations (Selecfién Unit Assembly)

XDS 901565

XDS

Vend§r

ey No. | Part Number | Port iber |1 23 45 6 7 P " lig. | Units Per lUscble on
_ ode Assy Code
9-4 - 149853 B Module Kit Assy (Selection Unit Assy) 1
-1 139418 . Module Assy, LT76 Read Writ;e 8
-2 139409 . Module Assy, HT42 Read AMP 1
-3 l3956& . Module Assy, RT18Y Select 9
-4 139714 Module Assy, HT44 Limiter 1
-5 147791 . Module Assy, AT51 Clock Discr 1
-6 139716 . Module Assy, LT77 Datc Decode 1
~7 139792 . Module Assy, HT43 Write AMP -2
-8 130747 . Module Assy, LT32 Sec Ind Dec 1
-9 139570 . Module Assy, AT41 Wrire Clock 1
-10 133500 . Module Assy, WT29 RAD Pwr Monitor B
-1 126982 . Module Assy, LT26 Switch Comp 1
-12 117028 . Module Assy, FT12 Gated FF 2
-3 | 116029 . Module Assy, BT11 BAND Gate 2
14 | 145221-001 . Module Assy, P35 Sector AMP 1
~15 124629 . Module Assy, AT12 Cable Driver 1
-16 123018 . Module Assy, AT10 Cabie Rec 1
-17 131572 . Module Assy, QT12 Lamp Dr Rec 1
-18 116994 . Module Assy, IT11 Inverter Matrix 1
-19 131572 . Module Assy, FT11 High Speed Ctr N
-20 116257 . Module Assy, XT10 Term Module 1
-21 130689 . Module Assy, BT15 10 Sec st 1
-22 147800 . Module Assy, LT85 Pul Puc Comp 1
-23 145085 . Module Assy, BT31 BAND Gate’ 1
-24 145095 . Module Assy, 1T31 NAND Gate 1
~25 115965 . Module Assy, BT12 Binary Decoder -2
-2 | 164375 . Module Assy, LT105 Spare Selector 8

9-23



XDS 901565

901565A, 905

Figure 9-5. Spindle and Drive Assembly
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XDS 901565

Table 9-5. Spindle and Drive Assembly

Fig. & XDS Vendor Description Mfg.  [Units Per [Usable on
Index No. Part Number | Part Number{1 2 3 4 5 6 7 Code Assy Code
9-5 - 139697 C Disc File Assy REF
9-5 - 148433 D . Bulk Hd Unit-(Disc File Assy) 1
9-5 - 123455 R Spindle & Drive Assy 1

-1 127387-001 . Nut, Lock 2

-2 127388 . Washer, Hub Positioning 1

-3 127389 Hub Assy 1

-3 126716 . . Dise, Hub 1

-3 127054 . . Insert, Hub | 1

-3 111468-502 Insert, Thiead 6

-4 126623 . Bearing, Retainer i

-5 123456 . Bail, Bearing 2

-6 147222-001 . Brake, Magnetic 1
{Attaching Ports)

-7 133079-406 . Screw, Flat Hd 4
S .

-8 132086 . Spline, Brake Drive 1

~9 107199-413 Pin, Roll 1

-10 131965 Cap, Motor Housing 1
(Attaching Paits)

-11 113440-206 Screw, Cap Sco Hd 4
oo

. =12 136561-001 Connector, Male 14 Pin (J37) 1

-13 132570-002 Terminal, Ins Ring Tongue 1
(Attaching Farts)

-14 100012-404 . Screen, Pon Hd 1

-15 100018-400 Washer, Flat 1

-16 113221-400 Washer, Lock 1

(Continued)



Table 9-5. Spindle and Drive Assembly {Cont.)

XDS 901565

Fig. & XDs Vendor Description Mfg.  |Units Per Usc:brle on
Index No.A Part Number | Part Number|1 2 3 4 5 6 7 Code Assy Code
9-5 -17 149581 . Clomp, Cartridge 1
. (Attaching Parts)

-18 129633- 206 . Screw, Cap Soc Hd 4
-19 100008-200 . Nut, Hex Mach 2
A L
-20 149479-001 . Cartridge, Brush Holder i
-21 149580 . Bracket, Cartridge 1
~22 152008 . Plug, Screw 1
2 _use oo |zisesoer . b Mol Grephite !
£-24 1007 20-00¢6 . Grommet, Rub_ber 2
-25 128155-001 . Thermostat, Overtemp 1
(Attaching Parts)
-26 100012104 Screw, Pan Hd 2
~26 100018-100 . Washer, Flat 2
-26 100024-130 . Washer, lLock 2
~-26 100008-100 ‘ Nut, Hex Mach 2
-7 |130777-001 . Spacer, Rotor 1
~-28 131977-005 Motor, Rotor 1
=29 131186 . Cap, Load Spring Retaining i
(Attaching Parts)
-30 129633-508 . Screw, Cap Soc Hd 4
-30 129633-506 . Screw, Cap Soc Hd 4
S
=31 123460-021 . "O" Ring, Teﬂoer 2
L =32 127346-001 . Shim, Retaining Bearing AR
-32 | 127346-002 Shim, Retaining Bearing AR

9-26
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XDS 901565

Table 9-5. Spindle and Drive Assembly (Cont.)

ln;eii. Ngc; PortXNDLS:mber chelr\‘lct{;orr:ber 1 23456 ‘;esc"ipfion '(\:Afg. Uriits Per Uscble on
, . ode Assy Code
9-5 -32 127346-003 Shim, Retaining Bearing AR
-33 128163-002 . Washer, Spring 2
-34 123458 Shaft, Spindle 1
-35 126835-003 Woodruff, Key 1
-36 107199-108 Roll, Pin 1
-37 131964 Baffle, Motor Housing 1
| " (Attaching Parts)
-38 129633-204 Screw, Cap Soc Hd 4
-39 100018-200 Washer, Flat 4
—m* oo
-0 |131997-004 Motor, Elec Three Phase (Stator) 1
(Attaching Parts)
-4 132103-001 Screw, Moter Hcusing Mtg 4
R
-42  |131963 Housing, Motor |
-43 129687 Baffle, Air Spindle & Drive i
(Attaching Parts)
-44 131530-103 Screw, Drive 4
_——— %o oo
-45 127056 . Spindle Housing Assy 1
-46 107199-614 Pin, Roll Cre'?' (3/16 Dia x 7/8 Lg) 3
-47 | 126624 Liner, Spindle Housing 1
-48 133080 Plate, Adaptor Tachometer 1
(Attaching Parts)
-49 113440-206 Screw, Cap Soc Ha 3
S .

(Continued)
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Teble 9-5. Spindle and Drive Assehbly {Cont.)

XDS 901565

Shaft, Coupling-Tachometer

Fig. & XDS Vendor Description Mfg. |Units Per |Usoble on
Index No. Part Number | Part Number|1 2 3 4 5 6 7 : Code Assy Code
9-5 -50 132593 . Generaotor, Tochometer 1
b ——" y .
XRx 48749 8- c0oPp (Attaching Parts)
=51 123054-104 . Screw, Button Hd 3
—m %o
-52 133559-026 . Wire, Twisted Pair AR
-52 102066-001 . Cord, Lacing A/R
-53 149272 . . Coupling, Shaft 1
-54  |132743 . !
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XDS 901565

901565A. 906

Figure 9-6. Motor Control Unit Assembly
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XDS 901565

Table 9-6. Motor Control Unit Assembly

Fig. & XDS Vendor Description Mfg. |Units Per |Usable on
| Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-6 - 146485 J . Motor Control Unit Assy REF
-1 132175 . Chassis Motor Control Unit 1
(Attaching Parts)
- 113526-006 . Nut, Self Clinching 10
- 113526-012 . Nut, Self Clinching 5
——m %o
-2 146484 . CHcssis, Filter Mtg Control Unit 1
(Attaching Parts) o
- 113526-012 . Not, Self Clinching 2
- 100012-508 Screw, Pan Hd 5
- 100018-500 . Washer, Flat 5A
- 113221-500 . Washer, Lock Spl;ing 5
- 100008-500 . Nut, Hex Mach 5
S
-3 146487 ) Angle, Mtg RH 1
-3 146486 . Angle, Mtg LH 1
(Attaching Parts)
- 100012-508 . Screw, Pan Hd 6
- 100018-500 . Washer, Flat 6
- 113221-500 . Washer, Lock Spring 6
- 100008-500 . Nut, Hex Mach 6
R
-4 132176 . Cover, Chassis (Motor Control Unit) 1
-4 126340-012 . Fastener, Captive 4
S
-5 147044-001 . Label, Filter 2
-6 129731 . Filter, Container Assy 2
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Table 9-6. Motor Control Unit Assembly (Cont.) ‘

XDS 901565

Fig. & XDS Vendor Description Mfg.  Units Per {Uscble en
Index No. Part Number | Part Number|1 2 3 4 5 6 7 Code Assy Code
9-6 -6 127990 Container, Filter-Charcoal 2

-7 126440-012 Fastener, Captive 4
-8 116702-002 . Connector, Elbow 4
-9 134844-001 . Nut, Lock 8
-10 | 132514 . Filter, Air Charcoal 2
-1 132744 ) Gasiet, Filter Mtg 2
12| 147044-002 ; Label, Filter 1
-13 158947 . Absolute Filter Unit Assy 1
(Attaching Parts)
- 100012-306 Screw, Pan Head 4
ok
-14 | 132084 ) Union, Bulkhead 2
-15 116701 . Tubing, Pressure 72
-16 117226 . Filter, Air 1
-17 134993 . Regulator, Pressure 1
-18 133033-061 . Plug, Pipe Hex Hd 1
-19 132749-001 . Nipple, Pipe Fitting 2
-20 145646 . Fitting, Adapter Bulkhead 1
-21 116702-001 . Connector, Elbow 2
-22 | 132534 ; Valve, Solenoid (K12, K13, K14) 3
(Attaching Parts)
- 100012-508 . Screw, Pan Hd 6
- 100018-500 . Washer, Flat 6
- 113221-500 . Washer, Lock Spiing
S
-23 | 100720-009 Grommet, Rubber -3

(Continued)
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Table 9-6. Motor Control Unit Assembly (Cont.)

XDS 901565

*

Fig. & XDS Vendor Description Mfg.  |Units Perv Usable on
Index No. Part Number |Part Number[1 2 3 4 5 6 7 Code Assy Code
9-6 -24  |132359 Bracket, Solenoid Mtg 1

(Attaching Parts)
- 100012-306 Screw, Pan Hd 2
- 100018-300 Washer, Flat 2
- 113221-300 Washer, Lock Sering 2
R
-25 113707-002 Switch, Pressure (2, 53] 2
-26 134843 - Cover, Protective 2
~27 116702-002 Connector, Elbow 2
-28 132749-005 Nipple-Pipe Fitting 5
© =29 132083-002 Union, Tube Fitting {(Male) 1
-30 116701 Tubing, Pressure A/R
=31 132532-002 Elbow, Street 2
-32 132528 Tee, Tube Fitting 1
-33 132529-001 Tee, Female Pipe Fitting 4
=34 |133033-002 Plug, Pipe Hex Hd 1
-35 1132178 . bracket, Component Mig 1
% |100840-002 " Grommet, Nylon 2
(Attaching Parts)
- 100012-407 . Screw, Pan Hd 3
- 100018-40G . . Washer, Flat 3
- 113221-400 . Washer, Lock Spring 3
. L
~37 100657-004 Clomp, Cable Nylon 1
{Attaching Parts)
- 100012-410 Screw, Pan Hd R
- 100018-400 Washer, Flat |
- 113221-400 Washer, Lock Spring 1
- 100008-400 Nut, Hex Mach 1
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XDS 901565

Table 9-6. Motor Control Unit Assembly (Cont.)

Fig. & XDS Vendor Description Mfg.  {Units Per {Usable on
Index No. Part Number |Part Number}{1 2 3 4 5 6 7 Code Assy Code
9-6 -38 149710 . Cover, Protective 1

(Attaching Parts)
- ]06012-306 . Scr‘ew, Pan Hd | 2
- 100018-300 . Washer, Flat 2
- 113221-300 Washer, Lock Spring 2
———* oo
-39 132495 . VT.hyrisfor, (XDS 236) (SCR1, R2, R3) 3
(Attaching Parts) .
- 132570-005 . Terminal, Ins Ring Tongue 3
- 113220-600 Washer, quf 3
-40 | 113694 Switch, Subminiature DPDT Toggle SI 1
~41 133034-001 . Circuit, Breaker CBI i
(Attaching Parts)
- 100039-304 . Screw, Flat Head 100° 4
—— % . |
-42 100992-003 . Capacitor, DV Oil/Paper (C30, 31, 32) 3
-43 107132-003 Spacer, Round 2
-44 107018-314 . Standoff, Hex 2
(Attaching Parts)
- 100012-320 . Screw, Pan Hd 2
- 100012-307 Screw, Pan Hd Recessed 2
- 100018-300 . Washer, Flat 4
- 100024-300 Washer, Lock 4
R
-45 109432-001 Block, Terminal 18-8 AWS' 20
-46 109432-005 . Clip, Retaining 1

~ (Continued)
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Table 9-6. Motor Control Unit Assembly {Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
Index No. Part Number |Part Number|{1 2 3 4 5 6 7 Code Assy Code
9-6 -47  |109432-006 ' Mounting, Channel 1

-48 109432-008 . Plate, End 1

-49 109432-012 . Jumper 2
(Attaching Parts)

- 100012-407 . Screw, Pan Hd 4

- 100018-400 . Washer, Flat 4

- 113221-400 . Woshe'r, Lock Spring 4

. - 100008-400 . Nut, Hex Mach 4
R

-50  |132343 PW Assy, (TB1) (See Fio, 9-7) 1

-51 100657-005 . Clamp, Cable Nylon 1

-52 107018-308 . Standoff, Threaded 4
(Attaching Parts)

- 100012-306 Screw, Pan Hd 4

- 100018-300 . Washer, Flat 4

- 113221-300 Washer, Lock Spring 4
R .

. -53 130422-001 . Contactor, 3 Pole (K5, Ké) 2
(Attaching Parts)

- 100012-307 Screw, Pan Hd Recessed 6

- 100018-300 Washer, Flat 6

- 100024-300 . Washer, Lock 6

- 100008-300 . Nut, Hex Mach 6
R

-54 106994 . Relay, DC (K3, K4, K7, K8) 4

9-34

(Continued)



Table 9-6. Motor Control Unit Assembly (Cont.)

XDS 901565

lncgg. NB;. Pcrtxgzmber Po::e&ior:ber 1 23456 ?eSCﬁpﬁon :\;Aige UIX::\/PH Usgggee on

9-6 -55  |106843 Socket, Relay 4
(Attaching Parts)

- 100012-207 Screw, Pan Hd 4

- 100018-200 Washer, Flat 4

- 113221-200 Washer, Lock Spring 4

- 100008-200 . Nut, Hex Mach 4
; _ L

-56 146260 Bracket, Relay Mtg 1
(Attoching Parts)

- 100012-407 Screw, Pan Hd 2

- 100018-400 Washer, Flat 2

- 113221-400 Washer, Lock Spring 2

- 100008-400 Nut, Hex Mach 2
_———*_ oo

57 {13012 . Relay, DPDT 10A (K1, K2, K9) 3
‘ (Attaching Parts)

- 100012-306 Screw, Pan Hd 9

- 100018-300 Washer, Flat 9

- 115221- 300 Washer, Lock Spring 9
N

-58 110996-471 Resistor, Film 1W (R56) 1

59 | 132179 Bracket, Relay Mtg 1
(Attaching Parts)

- 100012-306 Screw, Pan Hd 4

- 100018-300 Washer, Flat 4

- 113221-300 Washer, Lock Spring 4

*
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XDS 901565

Table 9-6. Motor Control Unit Assembly (Cont.)

Fig. & XDS Vendor Description Mfg. |Units Per |Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-6 -60 130765 Relay, 4 Form C 24VvDC (K10) 1

(Attaching Parts)
oL 100012-407 Screw, Pan Hd 1
- 100018-400 Washer, Flat 1
- 113221-400 Washer, Lock Spring 1
———
61 [129681 Relay, Time Delay (K15) 1
' -62 129482 Socket, Time Delay 1
-63 132570-001 Terminal, Ins Ring Tongu? 2
. (Attaching Parts)
~ 100012-314 Screw, Pan Hd Recessed 2
- 100018-300 Washer, Flat 2
- 100024-300 Washer, Lock 2
- 100008-300 Nut, Hex Mach 2
R .
-64 101155-150 Resistor, Fixed WW (R1) 1
; {(Attaching Parts)
!. - 100012-210 Screw, Pan Hd 2
- 100018-200 Washer, Flat 2
- 113221-200 Washer, Lock Spring 2
- 100008-200 Nut, Hex Mach 2
R
-65 108474 Capacitor, JN Electrolyiic (C1) 1
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XDt 9015645

Table 9-6. Motor Control Unit Assembly (Cont.)

[ndF;i.Ng;. Pari(zimber Paxelzic:r:ber 1 234546 ?escripﬁon I(\:Acije Urz::yper Usgl;:; "

9-6 -66 126945-002 Bracket, Capacitor Mtg 1
(Attaching Parts)

- 100012-306 . Screw, Pan Hd 3

- | 100018-300 Washer, Flat 4

- 113221-300 Washer, Lock Spring 2

- 1C0008-300 Nut, Hex Mach 3
RN

-67 100992-003 . Capacitor, DV Oil/Paper (C3,C4) 2

-68 107132-005 . Spacer, Round LH 2

-68 107132-006 Spacer, Round RH 2
{Attaching Parts)

- 100012-320 Screw, Pan Hd 2

- 113220-300 . Washer, Tiot 2

- 113221-300 Washer, Lock Spring 2
I .

-69 100992-006 . Capacitor, DV Oil/Paper (C5) 1
(Attaching Parts)

- 100012-306 Screw, Pan Hd 2

- 11'3220-300 Washer, Flat 2

- 113221-300 . Washer, Lock Spring 2
R

-70 132177 . Bracket, Capacitor Mtg 1
(Attaching Parts)

- 100012-306 . Screw, Pan Hd 4

- 100018-300 . Washer, Flat 4

- 113221-300 Washer, Lock Spring 4

(Continued)
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XDS 901565

Table 9-6. Motor Control Unit Assembly (Cont.)

Fig. & XDS Vendor Description Mfg.  Units Per |Usable on
Index No. | Part Number |Part Number|1 2 3 4 5 6 7 Code | Assy | Code
9-6 -71 100992-003 . Capacitor, DV Oil/Paper (C6,7, 8) 3

(Attaching Parts)
- 100012-306 Screw, Pan Hd 6
- 113220-300 Washer, Flat 6
- 113221-300 Washer, Lock Spring 6
%
-72 132369 Transformer (T1) 1
(Attaching Parts)
- 100012-508 Screw, Pan Hd 4
- 100018-500 Washer, Flat 4
- 113221-500 Washer, Lock Spring 4
- 100008-500 Nut, Hex Mach 4
—o* o
-73 132492 Transformer (T2) 1
(Aitaching Parts)
- 100012--306 Screw, Pan Hd 4
- 100018-300 Washer, Flat 4
- 113221-300 Washer, Lock Spring 4
. L
-74 136179 Cable, 4 Conductor {Grn Wire) AR
-75 130191-001 Connector, Cable Grip 2
T =76 ]32570-001 Termin'ol, Ins Ring Tengue 1
(Attaching Parts)
- 100012-306 Screw, Pan Hd 1
- 100018-300 Washer, Flat 1
- 113221-300 Washer, Lock Spring ].
- 100008-300 Nut, “Hex Mach 1
oo

(Continued)



Table 9-6. Motor Control Unit Assembly (Conf.»)

XDS 901565

'

i

Fig. & XDS Vendor Description Mfg.  |Units Per |Uscble on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code . | Assy Code
9-6 -77 136560-002 Connector, 14 Contact-Female - 1

-78 101625-003 . Tubing, Spiral A/R

[
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XDS 901565

9015454, 907

9-40

Figure 9-7. Printed Wiring Board (TB1)




XDS 901565

Table 9-7. Printed Wiring Board TB1

"Fig. & XDS Vendor Description Mfg.  |Units Per |Usable on
Index No. Part Number | Part Number|1 2 3 4 5 6 7 Code Assy Code
9-7 - 132343 . . . PW Motor Control Unit (TBI) 1

- 132344 | . . . . Board, PW ‘ 1
- 111530 .. ... Teonsistor XDS 231, (Q1,5) 2
- 100698 . - . . . Transistor XDS 219, (Q2,3,6,7, 7
8,10,11)
- 102055 . . . . . Transistor XDS 214, (Q4) 1
- 103242 .. .. . Transistor XDS 216, (Q9) 1
- 124298 . . .+ Pad, Transistor (Q1 thru 8, 10, 10
1) -
- 100323 . . . . . Diode XDS 106 (VR1,2,5 thru 9) 7
- 100025 e ‘DiodeXDSTOI,. (VR3, 4) 2
- 111516 . . . . . DiodeXD5 123, (CR14) !
- 132494 . . . . . Diode XDS 135, (CR23, 24, 25) 3
- 101154 . . . . . Diode XDS 113, (CR1 thru 13, 21
16, 17)(CR19 thru 22, 26, 27)
- 123300-475 . . . . . Capacitor, Tantalum (C9 thru 12) 15
(C14 thre 20, C24 thru 27)
- 123300-1z6 .« - . . . Capaciter, Tantalum (C13, 22, 23) 3
- 110996-103 : . . . . . Resistor, IW {R2) 1
- 110996-152 . . . . . Resistor, 1W (R3) 1
- 1 110996-20 . . . . . Resistor, 1W (R25, 45, 50) | 3
- 110996-102 . . . . . Resistor, W (R18, 30, 38) 3
- 110996-105 | . .« . . Resistor, IW (R20 thry 24) 5
- 110996-622 . . . . . Resistor, 'W (R32) 1
- 110996-473 . - « . . Resistor, {W {R33) ' 1
- | 110996-273 e Resistor, YW (R46 thry 49) ‘ 4
- 130109-097 | .« . Resistor, 1\ (R39, 41, 43) 3
- 110996-183 .+« . . Resistor, W (R31) 1
- 123363-164 e« « « . . Resistor, 1/8W (R37) ]

(Continued)




XDS 901565

Table 9-7. Printed Wiring Board TB1 (Cont.)

Fig. & XDS Vendor _ Description Mfg.  {Units Per {Usable on
Index No. Part Number | Part Number |1 2 3 4 5 6 7 Code Assy Code
9-7 - 123362-243 oL Resistor, 1/8W (R4,5,9,13, 35, 7

51,10)
- 123362-084 . Resistor, 1/8W (R, 8) 2
- 123362-281 . Resistor, 1/8W (R7) 1
- 123362-147 . Resistor, 1/8W (R28, 40, 42, 44, 6
53, 54)
- 123362-197 . . Resistor, 1/8W (R12) 1
- 123362-219 . ‘Iéesistor, 1/8W (R14) 1
- 123362-176 . Resistor, 1/8W (R17,34,11,15, 6
29,52)
- 123362-212 . Resistor, 1/8W (R26, 36) 2
;- 1233462-339 . Resistor, 1/8W (R19, 27) 2
- 123362-172 . Resistor, 1/8W (R16) 1
- 110996-101 ) Resistor, W (P55) 1
- 123300-124 . Capacitor, Tanroium (C29) 1
- 126297-001 . Terminal, Bif Rivet (E1 thru 45) 45

*
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XDS 901565

901565A, 908

Figure 9-8. Power Distribution Panel Assembly
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Table 9-8, Power Distribution Panel Assembly,

XDS 901565

XDS

Fig. & Vendor Description Mfg.  |Units Per {Uscble on
Index No. Part Number {Part Number |1 2 34 56 7 ' Code Assy | Code
9-8 - 137529 E . . Power Distribution Panel Assy REF

-1 137530 . Chassis Distribution Panel 1.
-2 131326 . Cover, Distribution Panel 1
(Attaching Parts)
- 100012-407 . Screw, Pan Hd 14
- 100018-400 . Washer, Flat 14
- 100024-400 . Washer, Lock 14
IS
3 |127085 . . . Transformer (T1) 1
(Attaching Parts)
- 100012-407 . Screw, Pan Hd 4
- 100018-400 . Washer, Flat 4
- 100024-400 . Washer, Lock Int Tooth 4
- 100008-400 . Nut, Hex Mach 4
.
-4 130132 . Relay, DPCT 10A (K4) 1
-4 110996-331 ) Resistor, 330 IW (R1) 1
(Attaching Parts)
- 100012-307 . Screw, Par Hd 1
- 100018~-300 . Washer, Flat 1
- 100024-300 . Washer, Lock Int Tooth 1
—m o %o
-5 129681 . Relay, Time Delay Theinal (K5) 1
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Table 9-8. Power Distribution Panel Assembly (Cont.)

XDS 901565

Fig. & XDS Vendor | . Description Mfg.  |Units Per |Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-8 -5 129682 . Socket, Relay 1

(Attaching Parts)
- 100012-316 . Screw, Pan Hd 2
- 100018-300 . Washer, Flat 2
- 100024-300 . Washer, Lock Int Tooth 2
- 100008-300 . . Nut, Hex Mach 2
—— e
-6 130540 Relay, DPDT 5A 24V|5C Coil (K3) 1
-6 101154 Diode, XDS 113 {CR1) 1
(Attaching Parrs)
- 100012-406 Screw, Pan Hd 1
- 100018-400 Washer, Flat 1
- 100024-400 Washer, Lock Int Tooth 1
——— %o
i 130422-001 Contactor, 3 Pole AC (K1) 1
(Attaching Parts).
- 100012-414 . Screw, Pan Hd 3
- 100018-400 Washer, Flat 3
- 100024-400 Washer, lLock Int Tooth 3
- 100008-400 . Nut, Hex Mach 3
———* o
-8 109432-001 . Block (TB1, TB2) 22
-8 109432-005 Clip, Retaining 4
-8 109432-006 Mounting, Channel 2
-8 109432-008 Plate, End 2

(Continued)
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XDS 901565

Table 9-8. Power Distribution Panel Assembly (Cont.)

Fig. & XDS Vendor Description Mfg. |Units Per \Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-8 -8 109432-012 Jumper, Terminal 4

- (Attaching Parts)
- 100012-407 Screw, Pan Hd 4
- 100018-400 Washer, Flat 4
- 100024-400 Washer, Lock Int Tooth 4
- 100008-400 Nut, Hex Mach 4
-9 100653-006 Fuse, .250 AMP 3AG (Fi) 1
-10 100331 Holder, Fuse 1
-11 130462 Switch, Toggle DPDT (31) 1
-12 101430 Receptacle, Female 3 Contact (J2 thru 7
J8)
-13 127675 Receptacle, Male 3 Conicct (J1) 1
(Attaching Parts)
- 100012-307 Scréw, Pan Hd 16
- 100018-300 Washer, Flat 16
- 100024-300 Washer, Lock Int Tooth 16
- 100008-300 Nut, Hex Machine i6
PR
-14 109350-021 Plug, Snap In 1
-15 | 130191-002 Clamp, Cable 2
-16 100657—0(11 Clamp, Cable 1
-17 100657-005 Clamp, Cable 1
(Attaching Parts)
- 100012-307 Screw, Pan Hd 2
- 100018-300 - Washer, Flat 2
- 100024-300 Washer, Lock Int. Tooih
- 100008-300 Nut, Hex Mach 2

*
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Table 9-8. Power Distribution Panel Assembly (Cont. )

XDS 201565

Fig. & XDS Vendor Description Mfg.  |Units Per [Usable on
Index No. Part Number | Part Number {1 2 3 4 5 6 7 Code Assy Code
9-8 -18 | 100720-004 } Grommet, Rubber 1

-19 100720-007 . Grommet, Rubber 1
- 132570-004 . Terminal, Ins Ring Tongue 4
- 132570-001 . . Terminal, Ins Ring Tongue | 49

*
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XDS 901565

901565A., 909

Figure 9-9. Extended Performance RAD Controller
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XDS 901565

Table 9-9. Extended Performance RAD Controller

Fig. & XDS Vendor Description Mfg.  [Units Per |Usable on
Index No. Part Number | Part Number 23456 7 Code Assy Code
9-9 - 149330 D RAD Controller Assy (7231) REF

-1 131958 Door, Chassis 2
-2 131960 Hinge, Chassis Door LH 1
-2 131959 Hinge, Chassis Door RH 1
(Attaching f’crfs)
- 100012-204 Screw, Pan Hd 8
- 100018-200 Wc.sher, Flat 8
- 160024—200 Washer, Lock Int Tooth 8
_———
-3 129940 Bracket, Door Latch Mig 1
{Attaching Parts)
- 100012-203 Screw, Pan Hd 3
- 100018-200 Washer, Flat 3
- 160024-200 Washer, Lock Int Tooth 3
——
-4 129554 Trigger, Dcor Latch 2
(Attaching Parts)
- 100012-105 Screw, Pan Hd 2
- 100018-100 Washer, Flat 2
R
-5 129540 Spring, Door Latch i
(Attaching Parts)
- 100012-304 Screw, Pan Hd 2
- 100018-300 Washer, Flat z
- 100024-300 Washer, Lock Int Tooth 2
R
-6 116231 Chassis, 32 Module (See Fig. 9-10 for Module 3

Locations)

(Continued)
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XDS 901565

Table 9-9. Extended Performance RAD Controller (Cont.)

Fig. & XDS Vendor Description Mfg.  [Units Per |Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-9 -6 129567-001 Nut, Strip Speed 6

(Attaching Parts)
{ - 1.0001 2-405 Screw, Pan Hd 24
- 100018-400 Washer, Flat 24
- 100024-400 Washer, Lock Int Tooth 24
R
-7 116522 Channel, Cable Routing 2
-8 123940-001 . Channel, Cable Routing 1
(Attaching Parts)
. - 100012-203 Screw, Pan Hd 15
- 100018-200 Washer, Flat 15
- 100024-200 Washer, Lock Int Tooth i5
R
-9 117427 Filter, Air Panel 1
-10 139637 Top Fan Assy 1
(Attaching Parts)
- 100012-304 Screw, Pon Hd 8
- 100018-300 Washer, Flat 8
- 100024-300 Washer, Lock Int Tooth 8
R
-1 139876 B Backwiring Board Assy - 1
(Attaching Parts)
- 114538-214 Screw, Sheet Metal 54 |
- 100018-300 Washer, Flat 54
- 100024-300 Washer, Lock Int Tooth 54
14 Tootees
-12 145474-001 Parel, Side Chassis Mtg LH 1

9-50

" (Continued)



Table 9-9. Extended Performance RAD Controller (Cont.)

XDS 901565

Fig. & XDS Vendor Description . Mfg.  {Units Per [Usable on
Index No. Part Number | Part Number |1 2 3 4 5 6 7 Code Assy Code .
9-9 -12 145475-002 Panel, Side Chassis Mtg LH 1

-13 109432-001 . Block, Terminal 7
-13 109432-012 . Jumper, Termingl Block 1
-13 109432-006 . Channel, Mtg (3.65 LG) 1
-13 109432-008 . End, Plate 1
-13 109432-011 End, Anchor 2
(Attaching Parts)
- 100012-304 . Screw, Pan Hd ) 2
- 100018-300 . Washer, Flat 2
- 100024-300 . Washer, Lock Int Tooth 2
-——_-t .2
-14 139967 . Bracket, Mtg Terminal Block 1
(Attaching Parts)
- 100012-410 . Screw, Par Hd 2
- 100018-400 . Washer, Flat 2
- 100024-400 . Washer, Lock Int Tooth 2
-—--% o
-15 100657-005 . élomp, Cable Nylon 1
.15 | 100657-007 . Clamp, Cable Nylon 2
(Attaching Parts)
- 10001 2-405 . Scre;N, Pan Hd >l
- 100018-400 . Washer, Flat 1
- 100024-400 . Washer, Lock Int Tooth 1
- -
-6 147842 . Frame, Swing 1

{Continued)
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Table 9-9. Extended Performance RAD Controller (Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg.  |Units Per [Usable on
Index No. Part Number |Part Number|1 2 3 4 5 6 7 Code Assy Code
9-9 -17 147843 . Bracket, Mtg 1 .

(Attaching Parts)
- 100012-506 . Screw, Pan Hd 4
- 100018-500 Washer, Flat 4
- 100024-500 . Washer, Lock Int Tooth 4
N
-18 [ 139592 . Block, Shear Pin Mrg 2
(Attaching Parts)
- 100012-508 . Screw, Pan Hd 2
- 100018-500 Washer, Flat 2
—— Lo
-19 139593 Block, Swing Frame Stop 2
-20 149332 . Plcte, Block Mtg 2
(Attaching Parts)
- 100012-507 . Screw, Pan Hd A2
- 100023-500 . Washer, Lock Spring 2
e m %o oo
- 149219 . Hinge Assy 2
(Attoching Parts)
- 108605-710 . Screw, Cap Stee! Soc Hd 4
- 100023-7C0 . . Washer, Lock Spring 4
—em %o .
-21 148498 . Bracket, Hinge 1
-22 148499 .. Bracket; Hinge Swing Frame 1
23 | 152051 ) Pin, Hinge 1
-24 132268-008 . Washer, Flat 2

(Continued)




Table 9-9. Extended Performance RAD Controller (Cont.)

XDS 901565

Fig. & XDS Vendor Description Mfg.  |Units Per [Usable on
Index No. Part Number |Part Number |1 2 3 4 5 6 7 Code Assy Code
9-9 -25 | 149331 | . . Angle, Swing Frame Mtg 1

| (Attaching Parts)
- 108605-712 Screw, Cap Steel Soc Hd 4
- 100018-700 . . Washer, Flat 4
- 100023-700 + . Washer, Lock Spring 4
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XDS 901565
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Figure 2-10. Module Location (RAD Controller)
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Table 9-10. ‘Module Locations (RAD Contreller)

Fig. & XDS Vendor Description Mfg.  [Units Per [Usable on
Index No. Part Number |Part Number{1 2 3 4 5 6 7 Code Assy Code
9-10 (Module Locations) RAD Controller Assy
9-10-1 128168 . Module Assy, AT24, Clock Driver #2 1

-2 123018 . Module Assy, AT10 Cable Rec 2
-3 123019 . Module Assy, AT11 Cable Dr/Rec 1
-4 124629 . Module Assy, AT12 Cable Driver 2
-5 126714 . Module Assy, AT17 Cable Dr/Rec 1
-6 116056 . Module Assy, BT10 Buff AND/OR Gate 1
-7 116029 Module Assy, BT11 BAND Gate 8
-8 116407 . Module Assy, BT13 Buff Matrix 1
-9 125262 . Module Assy, BT16 Gated Buffer 1
-10 123491 Module Assy, CT10 Clock Osciliator i
-1 126611 . Module Assy, AT16 Rejection Gate 1
-12 127393 . Module Assy, BT22 Fast Buffer 1
-13 116380 . Module Assy, FT10 bosic Flip-Flop 4
-14 117028 . Module Assy, FT12 Gated Flip-Flop 2
15 27319 . Module Assy, DT14 Delay Line 2
-16 126743 . Module Assy, FT25 Fost Access Mem 1
-17 126856 Module Assy, FT26 Buff Latch No. 3 4
-18 126986 . Module Assy, FT27 Buff Latch No. 2 8
-19 133251 . Mcdule Assy, FT41 Register FF 3
-20 127391 . Module Assy, HT15 Delay/Line Sense 1
=21 116994 . Modulé Assy, 1IT11 NAND Gate )
-22 117000 . Module Assy, IT13 In-erter Matrix 2
=23 | 17375 . Module Assy, IT15 Gated Inverter 2
-24 124634 . Module Assy, FT18 Counter Flip-Flop 1
-25 125264 - Module Assy, 1T16 Gated Inverter 1
-26 128188 . Module Assy, 1T24 NAND-NOR Gate 1

(Continued)
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Table 9-10. Module Locations (RAD Controller) (Cont.)

Fig. & XDS Vendor Description Mfg.  [Units Per [Usable on

Index No. Part Number |Part Number{1 2 3 4 5 6 7 Code Assy Code
9-10-27 126710 . Module Assy, LT24 Logic Element 1

-28 126712 . Module Assy, LT725 Logic Element 1

-29 126982 . Module Assy, LT26 Switch Comp - 1

-30 133392 . Module Assy, LT41 Logic Element 1

231 [ 133657 . Module Assy, LT43 Logic Element » |

-32 134278 . Module Assy, LT58 Incr Decr 2

-33 116257 . Module Assy, XT10 Term Module 4

-34 | 117389 . Module Assy, BT15 Gated Buff No. 1 2

-35 127643 . Module Assy, LT29 Clock Logic 1

-36 136547 . Module Assy, LT71 Exclusive OR 1
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Table 9-11, Numerical Index
Inl;ie%; %\lo. PaerNDimber Description ]:;2;&;\10. po”x[\?jmber Description
100008-100 |Nut, Hex Mach 100012-410 | Screw, Pan Hd"
100008-200 | Nut, Hex Mach 1000i2-4l4 Screw, Pan Hd
100008-300 ‘Nut, Hex Mach 100012-500 | Screw, Pan Hd
100008-400 |Nut, Hex Mach 100012-504 | Screw, Pan Hd
- 2-27 100008-410 | Nut, Hex 100012-505 | Screw, Pan Hd

| 100008-500 |Nut, Hex Mach 100012-506 | Screw, Pan Hd
100008-600 |Nui, Hex 100012-507 | Screw, Pan Hd
100012-104 |Screw, Pon Hd © 100012-508 Screw, Pan Hd
.
100012-165 |Sciew, Pan Hd 100012-520 | Screw, Pan Hd
100012-203  |Screw, Pan Hd 100012-610 | Screw, Pan Hd
100012-204  [Screw, Pan Hd 100018-100 | Washer, Flat
100012-205 {Screw, Pan Hd 100018-200 | Washer, Flat
100012-207 |Sctew, Pan Hd 100018-300 | Washer, Flat
100G12-210 |Screw, Pan Hd 2-23 100018-310 | Washer, Flat
100012-304 | Sciew, Pan Hd 100018-400 | Washer, Flat
100012-305 |Screw, Pan Hd 100018-500 | Washer, Flat
100012—306 Screw, Pan Hd 100018-600 | Washer, Flat
100012-307 |Screw, Pan Hd 100023-500 | Washer, Lock Spring

3- 100012-310 |{Screw, Pan Hd 100023-600 | Washer, Lock Spriing
100012-314 | Sciew, Pan Hd 100023-700 | Waosher, Lock Spring
100012-316 | Screw, Pan Hd 100024-100 | Washer, Lock Int Tooth
100012-320 | Screw, Pan Hd 100024-200 | Washer, Lock Int Tooth
100012-404 | Scrcw, Pan Hd 100024-300 | Washer, Lock Int Tooth
100012-405 | Screw, Pan Hd 100024-400 Washér, Lock Int Tooth
100012-406 -|Screw, Pan Hd 100024-50C | Washer, Lock Int Tooth
100012-407 | Screw, Pan Hd 100024-600 | Washer, Lock Int Teoth
100012-408 | Screw, Pan Hd 7-8 100025 Diode, XDSI101 (VR3, 4)

(Continued)
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Table 9-11. Numerical Index (Cont.)
Fig. & XDS - Fig. & XDS .
Index No. | Part Number Description Index No. | Pamt Number Description
100039307 Scréw, Flat Hd 2-45 100840-003 | Grommet, Nylon
3- 100039-310 | Screw, Flat Hd 6-42,67,69| 100992-003 | Capacitor, DV Oil/Paper
(C3, 4,6,7,8, 30,31, 32)
¢ 100039-405 | Screw, Flat Hd '
6-75 100992-006 | Capacitor, DV Oil/Paper
100039-510 | Screw, Flat Hd (C5)
3- 100039-520 | Screw, Flat Hd 7-1 101154 Diode, XDS113 (CR1 thru
13,16, 17,19 thru 22,
2- 100039-609 | Screw, Flat Hd 26, 27)
2-49 100274-016 [ Sleeve, Plastic” 6-64 101155-150 | Resistor, Fixed WW (R1)
.7-7 100323 | Diode, XDS106 (VR1,2,5 8-13 -101430 Receptacle, Female 3
thru 9) Contact (J2, 3,4,5, 6,
7,8)
8-11 100331 Fuse, Holder
2- 101441-104 | Screw, Cap Hex Hd
i 8-10 100653-006 | Fuse, .250 AMP 3AG (F1) :
2- 101441-105 | Screw, Cap Hex Hd
8-17 100657-001 |Clomp, Cable
2- 101441-407 | Screw, Cap Hex Hd
3-11 100657-002 | Clamp, Cable
- 6-78 | 101625-003 | Tubing, Seirap
2-36,3-13 | 100657-003 |Clamp, Cable 2-99 101918 Bolt
6-37,8-19 | 100657-004 |Clamp, Cable Nylon 2.4 102055 Transistor XDS 214 (Q4)
6-51,8-18 | 100657-005 |Clamp, Cable 5.59 102066-001 | Cord, Lacing
817 | 100657-007 | Clamp; Cable Nylon 7-5 103242 Transistor XDS 216 (OS)
'2“35 100657-008 | Clamp, Nylon 6-55 106843 Socket, Relay
3-19 100657-009 | Clamp, Cable 6-54 106994 Relay DC (K3, 4,7,8)
3-18 100657-011 | Clamg, Cable 6-52 107013-308 | Standoff, Threaded
7-3 100698 Transistor XDS210 (Q2, 3, : .
6,7,8,10,11) 6-44 107018-314 | Standoff, Hex
8-18 100720-004 | Grommet, Rubber 6-43 107132-003 | Spacer, Round
5-24 | 100720-006 | Grommet, Rubber 6-68 | 107132-005 | Spacer, Round LH
8-20 | 100720-007 | Grommet, Rubber 6-68 | 107132-006 | Spocer, Round RH
6-23 | 100720-009 | Grommet, Rubber 9-22 | 107151-303 | Screw, Set Socket
2-44 | 100840-001 | Grommet, Nylon 3-25 | 1@Z19%-308 | Roll, Pin
4
6-36 100840-002 | Grommet, Nylon 5-9 107199413 | Roll, Pin

9-58

(Continued)




XDS 901565

Table 9-11. Numerical Index (Cont.)

Fig. & XDS . Fig. & XDS ..
Index No. | Part Number Description Index No. | Part Number Description
5-46 107199-614 | Roll Pin, Cres (3/16 Dia x 7-2 111530 Transistor, XDS231 (Q1,5)
7/8 Lg) .
_ 2-31 111945 Pump, Positive Pressure
3-30 107396 Switch, Toggle
6- 113220-300 | Washer, Flat Light Series
6-€5 108474 Copacitor, JN Electrolytic
{C1) 6~ 113220-600 | Washer, Flat Light Series
3-36 109159-008 | Bumper, Rubber - 6- 113221-2060 | Washer, Lock Spring
8-15 109350-021 | Plug, Snap In v 6~ 113221-300 | Washer, Lock Spring
3-20, 2-50, o Block, Terminal Stack Type 6- 113221-400 | Washer, Lock Spring
645 | 107432001 T i Awe
6~ 113221-500 | Washer, Lock Spring
2-50,6-46 | 109432-005 | Rctaining Clip
5-11 113440-206 | Screw, Cap Soc Hd
3-20,2-50, 109432-006 | Mounting Channel
6-47 9 6- 113526-006 | Nut, Self Clinching
3-223(;50, 109432-008 | End Plate 6~ 113526-012 | Nut, Self Ciinching
6-40 113694 Switch, Subminiature DPT
3-20 109432-011 | Fnd Anchor Toggle (51)
6-49,9-13 | 109432-012 | Jumper, Terminal Block 6-25 113707-002 | Switch, Pressure (52, 3)
7-18 110996-100 | Resistor 1W (R18, 30, 38) 3-40 1138060-204 | Screw, Shoulder Slotted
7-36 110996-101 Resistor 1W (R55) 3-37 113800-212 | Screw, Shoulder Slotted
7-15 110996-103 | Rsistor 1W (R2) 3- 114538-214 | Screw, Sheet Metal
2-48 110996-105 Rasistor TW (R20 thru 24) 7-14 115763-103 | Capacitor Mylar (C21, 22,
23)
7-16 110996-152 | Resistor 1W (R3)
10-7 116029 Module Assy, BTii BAND
7-24 . 110996-183 | Resistor IW (R31) Gate
7-17 110996-202 | Resistor 1W (R25, 45, 50) 10-6 116056 Module Assy, BT10 Buff
AND/OR Gate
7-22 110996-273 | Resistor 1W (R46 thru 49)
3-6,2-6 116231 Chassis, 32 Module (See
8-4 110996-331 Resistor 1W (R1) ' Fig. 9-10 For Module
Locations)
6-58 110996-471 | Resistor 1W (R56) :
10-33 116257 Module Assy, XT10 Term
7-21 110996-473 | Resistor 1W (R33) Module
2-8 111097 Bracket, Locking 10-13 116380 Module Assy, FT10 Basic
‘ ' Flip-Flop
5-3 111468-502 | Insert Thread
10-8 116407 Module Assy, BT13 Buff
7-9 111516 Diode, XDS123 (CR14)

Matrix

(Continued)
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Table 9-11. Numerical Index (Cont.)

Fig. & XDS . Fig. & XDS . .
Index No. | Part Number Description Index No. | Part Number Description
3-8 116522 4 Channe!, Cable Routing 7-12 123300-475 | Capacitor, Tantalum (C9
thru 12)
2-35,6-15, . i
30 116701 Tubing, Pressure 7-27 | 123362-084 | Resistor, 1/8W (R6, &)
6-27 116702-001 Connector, Elbow 7-29 123362-147 Resistor, 1/8W (R28, 40,
, : 42,44,53,54)
6-8,6-21,271 116702-002 | Connector, Elbow
7-25 123362-164 | Resistor, 1/8W (R37)
3-26 116722-003 | Spring, Compression
7-35 123362-172 | Resistor, 1/8W (R16)
10-21 116994 Module Assy, IT11 NAND
Gate 7-32 123362-176 | Resistor, 1/8W (R17, 34,11,
15,29, 52)
.10-22 117000 Module Assy, IT13 _
Inverted Matrix 7-30 123362-197 | Resistor, 1/8W (R12)
2-32 117026-005 | Mount, Shear 7-33 123362-212 | Resistor, 1/8W (R26, 36j
10-14 117028 Module Assy, FT12 Gated 7-31 123362-219 | Resistor, 1,/8W (R14)
Flip-Flop
7-26 123362-243 | Resistor, 1/8W (R3,5, 9,
9-21 117136 Pivot, Hinge Swing Frame 10,13, 35, 51) '
9-24 117137 Block, Hinge Swing Frame 7-28 123362-281 | Resistor, 1/8W (R7)
6-16 117226 Filter, Air 7-34 123362-339 | Resistor, 1/8W (R19, 27)
10-23 117375 Module Assy, IT15 Gated 5-34 i 123450 Shaft, Spindle
Inverier 1
5- | 123455 Spindle & Drive Assy
10-34 117389 Module Assy, Bi15 Gated
Buffer No. 1 5-5 123456 Ball Bearing
i
bZ-l 117419 Cabinet, Basic Structure 5-31 | 123460-021 "O" Ring Teflon
2-2 117424 Cap, Crbinet Top 10-10 123491 Module Assy, CT10 Clock
Oscillator
3-10 117427 Filter, Alr
3-9,9-8 123940 Channel, Cable Routing
10-2 123018 Module Assy, ATI10 Cable
Rec 7-6 124298 Pad, Transistor (Q1 thru
A 8,10,11 REF)
10-3 123019 Module Assy, AT11 Cable
Dr/Rec 10-4 124629 Module Assy, AT12 Cauble
Driver
5-51 123054-104 | Screw, Button Hd
10-24 124634 Module Assy, FT18
7-37 123300-124 COPGCiTOI’, Tantalum (C29) Counter F“p-—F'op
7-13 123300-126 | Capacitor, Tantalum (C13, 10-9 125262 Module Assy, BT16
' 28) Gated Buffer

{Continued)
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XDS 901565

Fig. & XDS . L. Fig. & _—
Index No. | Part Number Description Indgx No. pgrfx[\lj)usmber Description
10-25 125264 Module Assy, IT16 Gated 5-32 127 346-001 Shim, Retaining Bearing
Inverter
5-32 127346-002 | Shim, Retaining Bearing
7-38 126297-001 | Terminal Bif Rivet (E1 thru
' 45) 5-32 127346-003 | Shim, Retaining Bearing
3-42,6-4 126340-002 | Fastener, Captive XDS 5-1 127387-001 | Nut, Lock
3-24 126340-010 | Fastener, Captive XD$S 5-2 127388 Washer, Hub Positioning
6-7 126440-012 | Fastener, Captive XDS 5-3 127389 Hub, Assy
10-11 126611 Module Assy, AT16 10-20 127391 Module Assy, HT15 Delay/
Rejection Gate Line Sense
5-4 126623 Bearing, Retainer 1012 127393 Module Assy, BT2Z Fast
’ Buffer
5-47 126624 Liner, Spindle Housing
3-44 127489-002 | Connector, 50 Pir.
10-27 126710 Module Assy, LT24 Logic
Element 3-45 127614 Plate Mtg, Connector
Plug
10-28 126712 Module Assy, LT25 Logic
Element 10-35 127643 Module Assy, L729 Clock
Logic
10-5 126714 Module Assy, AT17 Cable
Dr/Rec 8-14 127675 Receptacle Mcle, 3
Contact (J1)
5-3 126716 Disc, Hub
6-6 127990 Cortainer, Filter-Chorcool
10-16 126743 Module Assy, FT25 Fast
Access Memory 5-25 128155-C01 | Thermostat, Overtemp
5-35 126835-003 | Woodruff, Key 5-23 128163-002 | Wosher, Spring
7-17 126856 Module Assy, FT26 Buff 10-1 128168 Module Assy, AT24 Clock
Latch No, 3 Driver #2
6-66 126945-002 | Bracket, Capocitor Mtg 10-26 128188 Module Assy, 1724 NAND
NOR Gate
10-29 126982 Module Assy, LT26 Switch
Comp 2-9 129459 Slide, 20 Inch 175 4
10-18 126986 Module Assy, FT27 Buff 3-4,9-5 129540 Spring, Door Latch
Latch No, 2
3-3,9-4 129554 Trigger, Door Latch
5-3 127054 Insert, Hub ’
3-6, 9-6 129567 Nut, Strip Speed
8-3 127055 Transformer (T1) '
5-38 129633-204 | Screw, Cap Soc Hd
5-45 127056 Spindle, Housing Assy
5-18 129633-206 | Screw, Cap Soc Hd
10-15 127319 Module Assy, DT14 Delay :
Line 5-30 129633-506 | Screw, -Cap Soc Hd

{Continued)
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Table 9-11. Numerical Index (Cont.)

Fig- & XDs Description
Index No. | Part Number
5-30 129633-508 | Screw, Cap Soc Hd
2-25 129633-628 | Screw, Cap Soc Hd
6-70 129645-002 | Bracket Capacitor Mtg
6-61,8-5 129681 Relay, Time Delay Themal
(K5, K15)
6-62,8-6 129682 Socket, Time Delay
5-43 129687 Baffle, Air Spindle &
Drive
3-7 129694 Panel, Blank
6-6 129731 Filter, Container Assy
9-3 129940 Bracket, Door Latch Mtg
7-23 130169-097 | Resistor, 1W (R39, 41, 43)
6-57,8-4 130132 Relay, DPDT 10A (K1,2,9)
6-75,8-16 | 130191-001 | Conrector, Cable Grip
2-51,8-15 | 130192-002 | Clamp, Conduit
6-53, 8-8 | 130422-001 | Contactor, 3 Pole St (K5,
6,1)
8-12 130462 Switch, Toggle DPDT (S1)
8-7 130540 Relay, DPDT 5A 24vDC
Coil (K3)
3-5 130639 Brackst, Door Latch Mtg
Support
6-60 130765 Relay, 4 Foim C 24VDC
(K10)
5-27 130777-001 | Spacer, Rotor
5-29 131186 Cap, Load Spring Retaining
8-2 131326 Cover, Distribution Panel
2-10 131354 Bracket, Slide Mtg Front
2-20 131356 Plate, Drum Mtg
2-23 131357 Bracket, Shipping

9-62

{Continued)

!:ég;(&No. PoerI\Dlimber Description
2-22 | 131362 Bracket, Leg Support
5-44 131530-103 Screw,- DriVé
9-2 131950 Hinge, Chassis Door LH
3-1,9-1 131958 Door, Chassis
3-2 131959 Hinge, Chassis Door
3-2,9-2 121960 Hinge, Chassis Docr RH
5-42 131963 Housing, Motor
5-37 131964 Baffle, Motor Housing
5-10 131965 Cap, Motor Housing
5-40 131977-004 | Motor, Elec Three Phase
(Stator)
5-28 131977-005 | Motor, Rotor
2-6 132019 Angle, Mtg Rear {Retma)
2-23 132083-001 Union, Tube Fitting
6-29 132083-002 | Union, Tube Fitriug {Male
Pipe to Plastic)
6-14 132084 Union, Bulkhead
5-8 132086 Spline, Brake Drive
2-1 132088 | Bracket Slide, Mig Rear
5-41 132103-001 | Screw, Motor Housing
6-1 132175 Chassis, Motor Control
Unit
6-4 132176 Cover, Chossis Motor
Control Unit
6-70 132177 Bracket, Capacitcr Mtg
6-35 132178 Bracket, Component Mig
6-59 132179 Bracket, Relay Mtg
7- 132343 Printed Wiring, Motor
- Control Unit (TB1)
7-1 132344 Board, Printed Wiring
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Table 9-11. Numerical Index (Cont. )

Fig. & XDS . . Fig. & XDS —
Index No. | Part Number Description Indgx No. | Part Number Description
6-24 132359 Bracket, Solenoid Mtg 5-48 133080 Plate, Adaptor Tachometer
6-72 132369 Transformer (T1) 2-18 133155 Plate, Counter Balance
6-73 132492 Transformer (T2) 10-19 133251 Module Assy, FT41
Register FF
7-10 132494 Diode, XDS 135 (CR23, 24,
25) 10-30 133390 Module Assy, LT41 Logic
: Element
6-39 132495 Thyristor, XDS 236 (SCRI,
SCR2, SCR3) 5-52 133559-026 | Wire, Twisted Pair
6-10 132514 Filter, Air Charcoal 10-31 133657 Module Assy, 1.T43 Logic
Element
6-32 132528 Tee, Tube Fitting -
10-32 134279 Module Assy, LT58 Incr
6-33 132529-001 |Tee, Female Pipe Fitting Decr
6-31 132532-002 |Elbow, Street 6-31 134843 Cover, Protective
6-22 132534 Valve, Solenoid (K12, 13, 6-26 134843 Cover, Proteciive
14)
6-9 134844-001 | Nut, Lock
3-45,6-63 1132570-001  [Terminal, Ins Ring Tongue
9-23 134897 Pin, Hinge
5-13 132570-002 | Terminal, Ins Ring Tongue
6-17 134993 Regulator, Pressure
2-47 132570-004  |Terminal, Ins Ring Tongue
6-74 136179 Cable, 4 Conductor
6- 132570-005 i Terminal, Ins Ring Tongue
10-36 136547 Module Assy, LT71
= 5-50 132593 Senerator, Tachometer Exclusive OR
T e it v, i I I e .
2-21 132644 'eg Support Assy 6-77 136560-002 | Connector, 14 Contact
Female
2-18 132646 Plate, Counter Balance
. 5-12 136561-001 | Connector, Maie 14 Pin
5-54 132743 Shaft, Coupling-Tachometer (J37)
6-11 132744 Gasket, Filter Mtg 3-41 136588 Chart, Hd Wiring
6-19 132749-001 | Nipple, Pipe Fitting 2-39 136674 Power Supply Assy, PT20
6-25 132749-002 | Nipple, Pipe Fitting 2-38, 8- 137529 Power Distribution, Panel
: : Ass
6-28,6-34 |132749-005 |Nipple, Pipe Fitting : ’ .
8-1 137530 Chassis, Distribution Panel
6-18 133033-001 | Plug, Pipe Hex Hd ,
2-46 139175 Filter, Power (C1,2, 3, 4)
6-34 133033-002 | Plug, Pipe Hex Hd
2-41 139222 "Power, Filter Assy
6-41 133034-001  |Circuit Breaker (CB1)
2-42 | 139223 Plate, Mtg
5-7 133079-406 |Screw, Flat Hd
2-43 139224-002 | Cover, Filter

(Continued)
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XDS 901565

Numerical Index (Cont.)
Fig. & XDS . Fig. & XDS .
Index No Part Number Description Index No. | Part Number Description
4-1 139418 Module Assy, LT76 Read 9-14,3-21 | 139967 Bracket Mtg Teminal
Write Block
. 2-3 139565-002 |Clip, Speed U Type 3-15 139968 Strip Mtg, Wire Clamp
1- 139576 Extended Performance, RAD 3-16, 3-43 139969 Block, Wire Clamping
Assy
2-5 139994-001 | Angle Mtg, RF (Retma)
9-18 139592 Block, Shear Pin Mtg
2-5 139994-002 | Angle Mtg, RF (Retma)
9-19 139593 Block, Swing Frame Stop
2-19 145315-001 | Angle Spacer Slide, RH
3-22 139634-001  |Panel, Side Chassis RH
‘ 2-19 145315-002 | Angle Spacer Slice, LH
3-22 139634-002  |Panel, Side Chassis LH o
. 2-7 145412-001 | Bracket, Latch Adjusting
3-23 139635 Frame Pivot, Chassis Mtg LH
S 3-34 139636 Frame Pivot, Sel Unit Mtg 2-7 145412-002 | Bracket, Latch Adjusting
: RH
3-17,9-10 (139637 Top Fan Assy
3-28 145418 Guide, Rod
3-33 139686 Pin, Hinge
3-27 145419-001 Rod, Latch
2-17, 3- 139690 Selection Unit Assy
3-27 145419-002 | Rod, Latch
2-26,5- 139697 Disc File Assy '
3-29 145420-001 ! Block, Latch
4-6 139716 Module Assy, LT77 Data
Decode 3-29 145420~-002 | Block, Latch
2-4 139814-001 Bracket, Chassis Locking LH 9-12 145474-001 Panel, Side Chassis Mtg
LH
2-12 139815-001 Bracket, Slide Sel Mig RH
Front 9-12 145474-002 | Panel, Side Chassis Mig
RH
2-12 139815-002 |Bracke!, Slide Sel Mtg LH
: Front 3-41 145514 Cover, Connector
2-13 139816-001 Bracket, Slide Sel Mtg RH 3-38 145515 Cover, Connector-Basa
Rear Plate
2-13 139816-002 |Bracket, Slide Sel Mtg LH 6-20 ‘]45646 Fitting, Adapter Bulkhead
Rear
. 2-15 145698 Bumper, Rubber
2-14 139858 Angle Support, Front
3-3 145704 Panel, Switch Mtg
3-12 139865 Backwiring Board Assy
6-56 146260 Bracket, Relay Mtg
?-N 139876 Backwiring Board Assy
6-2 146484 Chassis, Filter Mtg Motor
3-35 139892-001  |Angle Support Control Unit
3-35 139892-002 {Angle Support 2-37, 6- 146485 Motor Contro! Unit Assy

(Continued)




Table 9-11. Numerical Index (Cont.)

XDS 901565

Fig. & XDS - Fig. & ~ “XDbS$ .
Index No. | Part Number Description Index No. | Part Number Description
6-3 146486 Angle Mtg LH, Motor - 2- 149763 RAD Storage, Unit
Control Unit Cabinet Assy
6-3 146487 Angle Mtg RH, Motor 2-30 . 149960 Compressor, Assy
Control Unit
5-22 152008 Plug, Screw
2-40 146488-001 | Angle, Chassis Mtg RH :
. 3-46 152429-001 | Screw, Captive
2-40 146488-002 | Angle, Chassis Mtg LH ’
3-47 152429-002 | Retainer, Inseri Screw
2-34 146649 Bracket, Componert Mtg
3-14 152673 Ground Strap Assy
3-39 146673 Honger _
4-13 158947 Absolute Filter Unit Assy
3-32. | 147024 Rod Hanger, Interface
6-5 147044-001 | Label, Filter
6-12 147044~002 | Label, Filter
5-6 147222-001 | Rroke, Magnetic
4-5 147791 Module Assy, AT15 Clock
Discr
9-16 147842 Frome, Swing
9-17 147843 Bracket, Mtg
2-16 147912-001 | Biacket, Frame Mtg RH
2-16 147912-002 | Bracket, Frame Mtg LH
2-24 147931-006 | Msunt, Shock
5- 148433 Bu!khead Unit-Disc File
Assy
2-52,9- 149330 7231 RAD Controller Assy
9-25 149331 Angle Swing Frame Mtg -
9-20 | 149332 Plate, Block Mtg
5-23 149578-001 | Brush, Meta! Graphite
5-20 149579-001 | Cartridge, Brush Holder
5-21 | 149580 Bracket, Cartridge
5-17 149581 Clamp, Cartridge
6-38 149710 Cover, Protective
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Xerox Data Systsme

PDQ NO. 70-054

?QBLEﬂATIGN | PUBLICATION NO. __XDS 901565A-1

DATE _ 22 July 1970

Page __1 of _ 2

TO: ALL HOLDERS OF XD5__Extended Performance RAD File, Models 7231,/7232
SUBJECT: TEMPORARY CHANGES TO TECHNICAL MANUAL

The following changes to Technical Manual __901565A-1" are necessary to ieflect the latest

technical information. The changes ure released in this manner for purposes of expediency.

The next scheduled revision to the manual will incorporate these changes formally.

PURPOSE: To add a monthly check of the tachometer output voltage to the maintenaice

section.

INSTRUCTIONS:
1. Make the following changes in the technical manual with pen and ink:
a. Page 8-22, paragraph §-33. Betweer last line of pcragraph 8-33 and para-
graph 8-34, write in:
ug.33A TACHOMETER OUTPUT VOITAGE TEST PROGRAM (zee insert on
attached page 8-22A)".

2. Insert pages of this PDQ into fiie technicc! manual as follows:
a. Page 1 of this PDG between cover ard title page of the technical manual.

b. Page 2 of this PDQ {rorked page 8-22A) between peges 8-22 and 8-23.

Do not remove these pages until the above charges have been incorperated in a ro-

leased revision or re-issue of the technical manual.

APPROVED: V&Mzﬁ%w
MANACGER PUBLK‘AT!U'\Q DEVELOPMENT
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