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SECTION 1

GENERAL DESCRIPTION

GENERAL

The SDS Rapid Access Disc File Model 9367C (RAD) is manufactured by
Scientific Data Systems 1649 Seventeenth Street Santa Monica California.
The contents of this manual describe the electrical and mechanical characteristics
of the SDS 9376C its operation and basic programming requirements, theory of
operation and installation.
PURPOSE OF EQUIPMENT

The SDS Rapid Access Disc File Model 9363C system provides on-line, rapid

access, auxiliary data storage for the SDS 92,925,930 and 9300 Computers.
Storage capacity is modular, ranging from 524, 288 characters to 1,048576
characters per unit. As many as four storage units may be accomodated in the
system. The aﬁerage transfer rate is approximately 485,000 alphanumeric
characters a second.

The SDS Disc File Model 9367 is implemented through an Input/Output buffer

with Interlace and 12-bit character extension features as prerequisites.

EQUIPMENT FUNCTIONS
Each SDS 9367C RAD sytem consists of four basic functional parts:

a) one disc file coupler (controller)
b) one to four disc storage units
¢) one to four disc selection units

d) one power protection panel

The disc file coupler acts as a controller and intermediary between the data

disc units and the Input/Output channel. Data is assembled or disassembled and

transferred between these units under control of the coupler
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The disc storage units contain mass data in digital form stored under control
of the Input/Output channel and the disc file coupler which is randomly retrieva-
ble in blocks of 256 alphanumberic characters.

POWER PROTECTION PANEL

The Power Protection Panel is mounted near the Coupler Unit in the existing

computer. Two transformers step down the 115 vac primary voltage to 10 vac signals.
These signal voltages are connected to detector modules in the Coupler Unit.

The selection units contain the selection and comparison circuits required for
accesing the addressed data as well as the read/write circuits and basic timing and
registration circuits, Qv

The modular characteristics of the SDS 9367C RAD system permit expansion of the
disc storage units and selection units from one to four. Figure 1-2 desoribes a Si§

9367C RAD System with maximum storage capabilities.
SYTEM CONFIGURATIONS '

Two different basic disc memory sizes available with the SDS 9367C Rapid
Access File system are listed in Table 1-1.
Model 9367C-01 131,072 word capacity, 2discs
(524,288 alphanumeric characters)
Model 9367C-02 262,144 word capacity, 4 discs

X (1,048,576 alphanumeric characters)
LA ,
?\@gﬁ‘ - Table 1-1, Basic Storage Unit Models

\ 3
Additional memory is available by adding from one to three extenders to the

basic Star age Unit. The available supplemental memory options are listed in Table 1-2.
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Model 9367C-11 131,072 word capacity, 2 discs
_wﬂﬁgﬁ (524,288 alphanumeric characters)

Model 9367C-12 262,144 word capacity, 4 discs
(1,048,576 alphanumeric characters)
Table 1-2, Storage Extender Models
MECHANICAL CHARACTERISTICS ’

Each storage unit or extender comprises two or four dises, a motor control
circuit, a shroud for mounting read/write heads, a dust cover and front panel, and
support for mounting the unit-to the cabinet. It has head mounting boards and
mounting fixtures for 16, or 32 head boards depending upon the memory size.

In addition, it has head mouﬁts for two special timing tracks. The cables from the
basic storage unit to the selection unit are hardwired to the selection unit.

One selection unit is required for each disc storage unit. The basic disc file
and its selection unit are located in a separate cabinet and are connected to the

coupler via a'thirty foot cable,

The basic selection unit comprises three module chassis. Additional extender
cabinets are located adjacent to the first, and are connected by 6-foot cables from
one unit to the next in a serial manner.

The coupler consists of four module chassis and comprises the interface vetwee .
the selection units and the computer input-output channel. The cables from the
coupler to the channel are part of the coupler measures 19 inches and mounts in the
input-output cabinet. Where space in the inpyt-output cabinet is insufficient,

the coupler may be mounted in a separate cabinet.
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POWER REQUIREMENTS

In model 92, 930 and 9300 computer systems using the PX13 power supplies, and ac
input of 1.9 amp unregulated is required for coupler operation. In models 92, 925,
930 or 9300 computer systems using PX22/PX23 power supplies, the regulated ac input
requirement is 1.74 amp.

Each disc file configuration has a different total power requirement. The basic
storage and selection unit requires an ac input of 7.2 amperes. The requirement 1is
increased by 1.25 amperes for each extender unit added to the system. The extender
units have an ac input power requirement of 6 amp each.

DISC ORGANIZATION AND TIMING CHARACTERISTICS

The disc storage units are organized by discs, disc surfaces, bands, tracks, sectors

and words. Storage unit organization is described in tables 1-3.
Table 1-4 describes the mechanical and timing characteristics of the disc units.

MODULE COMPLEMENT

The 9367C coupler consists of four module chassis. The coupler module comple-
ment is listed in table 1-5. The selection unit consists of three module chassis.

Its module complement is given in table 1-6.
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GENERAL INFORMATION FLOW

The general information flow from the computer to the disc storage unit during
write operations, and the flow from the disc storage unit to the computer during
read operations, is shown in figure 1-3. A 15-bit address register is loaded from the
computer memory through the C register with data that designates the selection and
storvage unit, the disc, the band, and the sector address of the information to be
transferred. A 12-bit character register buffers the data between the coupler and
the I/0 channel during both read and write operations. The 12-bit character is
assembled (for reading) of disassembled (for writing) by the 12-bit assembler

disassembler which acts as a 3x4 serial-parallel register.

Information flow from one of four selection units is controlled by a unit
selection register in the coupler. Each selection unit has the capability of pro-
tecting memory areas in groups of 32,768 words under manual switch control., 1If a
memory protect switch is in the '"up" position, any attempt to write in an area of
disc memory corresponding to the switch address will be aborted. The memory

protection switches do not inhibit reading from any memory area.
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Discs per Storage Unit

2 or 4

Heads per Disc 64

Heads per Disc Surface 32

Heads per Band 4

Bands per Disc 16
Sectors per Band 64

Words per Sector 64
Timing tracks per Unit 2

Table 1-3 Storage Disc Organization

Disc Rotational Speed 1782 rpm -
Maximum Recording Diameter 11.0 in.
Minimum Recording Diameter \Vy‘ © 8.9 in.
Tracks per Radial Inch 30

Track Width 0.02 in.
Track Pitch 0.033 in.
Sector Time

Gap Time Between Sectors
Sector plus Gap Time

Bit Rate

Bit Density

Word Transfer Rate

Character Transfer Rate

Table 1-4 Storage Disc Mechanical and Timing

Characteristics

f487 usec

40 usec

e ager

527 usec ]ﬁwf4m&§
820 KHZ ¥
980 b/i max

133 kwds/sec
266,000 12-bit ch/s
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Number of Type of fiame of
Modules Modules Module

5 AH10 Signal Amplifier

5 AX14 Cable Driver

2 AX16 Cable Driver

10 EH10 Buffer Amplifier

5 FH19 DC Flip-Flop

13 Fli 20 Basic Flip-Flop

1 FL21 Basic Flip-Flop

19 K51 Diode Tate

2 1110 And/or Inverter

8 1114 Inverter Amplifier

1 MX12 Relay Module

1 0X12 One-Shot Multivibrater

2 SKo0 Primary Power Detector

Table 1-5 Coupler Module Complement
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Number of l Type of Name of

Modules Module Module
1 AK61 Read Input Control
2 AK62 Y-Select
16 AK63 Write Driver
1 AK64 Index/Sector Amplifier
3 AX14 Cable Driver
1 AK65 Write Clock Amplifier
1 BH10 Buffer Amplifier
4 FL21 Basic Flip-Flop
1 GH14 Gate Expander
4 HK73 Read Amplifier
4 HK74 Limiter
4 HK76 Data Decoder
4 HK75 Clock Discriminator
1 HK77 Index/Sector Decoder
1 IH14 Inverter
1 IL12 Inverter
4 NK59 Read-Write Decoder
1 0X12 One-Shot Multivibrator
1 SX69 Primary Power Detector

Table 1-6, Selection Unit Module Complement
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PROGRAMMING
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SECTION II

GENERAL

The following discussion of basic programming for the Rapid Access Disc
File Model 9376 system applies primarily to the SDS 925/930/9300 computers.
The relatively minor difference in programming methods required by the SDS
92 computer will be found in the SDS Reference Manual, 900505B. 1In general,
however, the basic techniques of programming for the RAD system apply to
all SDS 900 Beries computers including the SDS 92.

INSTRUCTION CLASSIFICATION

Four classes of input-output instructions are required to operate the
RAD System and its associated buffer. These instruction classes are:

EOM
SKS
POT
PIN

The assigned EOM and SKS address to direct all RAD operations is 26 octal,
Thus, the two least significatint octal digits of any EOM instruction addressing
the RAD is 26 for imput operations (reading), or 66 for output operations
(writing).

EOM INSTRUCTIONS
ALERT TO PIN

The Alert to PIN instruction takes the form EOM 1N226. This instruction
operates in the I/0 mode and alerts the addressed storage unit that a PIN
instruction if to follow. Octal digit "N'" addresses one of the four disc
storage units, where N=0 addresses storage unit 1; N=2 addresses storage
unit 2; N=4 addresses sborage unit 3; and N=6 addresses storage unit 4.

ALERT TO POT

The Alert to POT instruction takes the form EOM 10026. This EOM instruction
operates in the I/0 mode and alerts the disc coupler that a POT instruction
is to follow.

This EOM is always followed by a POT that will always be processed, and the
band selection matrix will always be set up to the new address at the next
sector mark. Gaps can be detected by the Disc Ready SKS 10026 after an
operation has been initiated.
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NON-INCREMENT MODE

No incrementing of band will follow Alert to PO% EOM 11026. This EOM or EOM
11066 is used in the special case that a full band is being transferred, starting
at an arbitrary sector, and band incrementing is not desired after sector 77g.
The computer will be programmed to disconnect at sector 77g, but only reconnecting
and resetting of interlace is required toicomplete the band transfer, as the A register
retains the address of the previously transferred sector +1, and another alert
EOM POT is not required.

CONNECT DISC MEMORY, READ

The Connect Disc Memory, Read instruction takes the format EOM02226. This
EOM instruction operates in the buffer mode and establishes the character packing
format of two 12-bit characters per word,'and initiates the resd operation when the
sector corresponsidng to the contents of the sector address register comes under the
read head. Two 12-bit characters are transferred for each interlace memory access.

Proper programming practice dictates that this instruction be preceded by an
ALC, EOM (IOC), POT sequence. The ALC and POT are needed to set up the interlace
and the I0C type EOM is used to specify the IOSD termination mode.

CONNECT DISC MEMQRY,.WRIZIE

The Connect Disc Memory, Write instruetion  takes the form EOM02266., This EOM
instruction operates in the buffer mode and establishes the character packing format
of the two 12-bit characters per word, and initiates the write operation when the
sector corregponding to the contents of the sector address register comes under the
write head. Two 12-bit characters are transferred for each interlace memory access.

Like the Connect Disc Memory, Rbadl command, this instruction must also be preceded
by the same ALC, EOM (I0SD), POT sequence.
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SKS INSTRUCTIONS

SKIP IF DISC READY

The Skip if Disc Ready instruction takes the form SKS 10026. This instruction
will cause the computer to skip the next normally sequenced instruction if the coupler
is not currently engaged in a read or write operation.

SKIP IF NO DISC ERROR

The Skip If No Disc Error instruction takes the form SKS 11026. This instruction
will cause the computer to skip the next normally sequenced instruction if no error
condition exists. An error condition can exist;for any of the following reasons:

J&Aﬁf azr* zMAvf }

o whs
A) An attempt has been made to write into a protected area of disc
memory
B) A POT instruction addressing the RAD system was executed while
the unit was in the process of reading or writing
) An attempt was made to contitue operation after the final sector of

a storage unit had been written or read.

SKIP IF SAND NOT WRITE PROTECTED

This instruction takes the form SKS 13026. The program skips the next normally
sequenced instruction if the sdgmeﬁt being addressed is not wri;e‘grotected by the’
memory protection switches. The program does not skip if the.ﬁﬁgéent being addressed
is write protected. The status of the memory protection switches can be tested by
executing an Alert to POT, followed by a POT instruction addressing the memory area
under question, programming a delay of §gg+microseconds, and then followed with

SKS 13026. The delay is required because the register which is tested with the switch
logic is not filled until the sector mark following the POT instruction.

POT INSTRUCTION

The execution of a POT instruction following an Alert to POT fills the coupler
address register with the contents of the specified memory word. At the next sector
pulse the band field of the coupler address register is transferred to the matrix
register in the Selection wunit, replacing the band address from the previous operation.

PIN INSTRUCTION

The execution of a PIN instruction following an Alert to PIN results in the
transfer of the contents of the sector counter (which contain the address of the
current sector) of the disc unit specified in the Alert to PIN EOM to the specified
memory location. The sector address appears in bit 18 through 23 of the memory word;
the contents of bits 0 through 17 are not significant.

(0 17 18___ 23

| XXXKXKXKKX |

i

Page 13



The information contained in the memory word includes the address of the disc
storage unit, the disc, the band, and the sector

0 8 9 10 12— 17 18— 23

? X ] XO0RaK] OO |

ORI B T S--8ECTOR”

T

LOCATION INSTRUCTIQN | ACTION

01202 SKS 10026 Skip if disc ready

01203 BRU oizoz Loop until ready

01204 EOM 10026 Alert to POT

01205 | POT 01213 POT address to coupler Unit
01206 EOM 50000 Alert channel interlace

01207 EOM 17200 I0SD Termination mode
' Also arms end of record and
word count zero interrupt

01210 POT 01214 : POT to interlace register

01211 EOM 02226 ConnecF disc memory, read

01212 BRU _ ___ Exit.ana ;ait for interrupt

01213 00000773

01214 30012707 Word count and starting coreb
' address
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SAMPLE READ PROGRAM

The listing shown in Table 2-1 is a simplified programming example intended to
clarify some of the steps required to read information from the disc file into the
core memory of the computer. It does not demonstrate sophisticated programming
techniques.

The,sagple program reads sectors 00773 through 01000 (384 words) into core loca-
tions iaigz through 13506. Each step of this listed program is explained in detail
in the following paragraphs.

The SKS instruction located in 01202 tests the RAD coupler for a ready status.
if the coupler is busy in either a read or write operation, the program takes its
next instruction from location 01203 which causes the computer to branch back to
01202 forming a two word loop until the disc coupler is no longer busy. When the
coupler is ready the program sequences to location 01204 for its next instruction.

The EOM instruction located at 01204 operates in the I/0 mode, and alerts the
disc coupler that a POT instruction is to follow. The POT instruction at 01205
transfers the contents of memory location 01212 to the address register of the coupler.
The contents of the word transferred (00000773) represents the address of the first
sector to be read and transferred to computer memory. (Unit O, Band 07, Sector 73)

The EOM instruction located at 01206 operates in the input output control mode
and selects the I/0 channels (the W buffer in this example) and alerts its interlace
that an EOM (I0C) and POT are to follow.

The BPM instruction located at 01207 operates in the I/0 mode and establishes
the I0SD extended mode operation (mandatory for Readimg: or writing), and arms
both the zero word count (I1W) and end of record interrupts (I2w) If only one interrupt
is to be used. it should be I2w which will always occur. If Ilw only were used and
the operation were aborted due to an error condition occurring prior to a zero word
count condition, the Ilw interrupt would not occur.
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The POT instruction located at 01210 transfers the contents of core memory
location 01204 to the I/0 channel interlace. The interlace word contains in bit
0 through 9 a binary number equal to the number of words to be transferred. &its
10 through 23 of the interlace word contain the address of the first of 384 core
memory locations into which the disc data. are to be transferred.

If the interlace word count exceeded the 10 bit field the most significant
5 bits would be held in bit 19-23 of the IOSD EOM located in location 01207.
Likewise if the starting core memory address required the most significant bit it
would be in bit 18 of the same EOM.

The EOM instruction located at 012]1 operates in the buffer comtzol mode and
selects the I/0 channel (W in this example) and connects the coupler to operate
in the two character per word mode wichout leader. The read operation starts 16
microseconds after the sector mark of the: addressed sector. The connect instruction is
progrvammed .’ last in order to avoid a computer hang-up condition. If the I/0 channel
is connected and the Ecw signal (device clock) is sent before the interlace is
set up, the computer does not receive the proper signal (Rt) from the channel in
response to the interlace POT. This signal is needed the release the computer from
the wait phase of the POT command. Thus the safe procedure is to set up the interlace
first.

The parameters required to initiate a'disc to core transfer have been established.
The branch instruction located in 01212 returns program control back to the main
program. When the interlace word count reaches zero the interrupt subroutine should
then test for any errors that may have occured during the reading and transfer of
the data. If the end of record interrupt occurs first, an error obviously occurred
and appropriate actions should be taken.

PARTTAL SECTOR READ OR WRITE

It is not necessary that entire sectors of 64 words be written or read. However,
certain restructions are placed upon the program if less than a complete sector is
to be transferred. For example, if in thé sample read program the programmer wanted
to read only 32 words of sector 773, he would change the contents of the interlace
word 1214 to 02012707 octal. When the buffer word counter reaches a count of zero,
the buffer initiates a disconnect and will accept no more data from the disc coupler
unit. ‘

If less than a complete sector is written or read, the word boundary ranges from
the first word. It is not possible, for éxample, to read or write the last 32 words
of a sector without reading or writing thé first 32 words of the sector. If less
than 64 words are to be written into a sector, the data in all words following the
final data word written will be changed to zeros. If, for example, data is written
into only the first 20 words of a sector, the remaining 44 words will be written with
all zeros.
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IMMEDIATE MODE ACCESSING

Whenever one complete band (64 sectors) is to be transferred, access time
can be reduced to a minimum by special programming techniques. If the program
addresses the disc file system at random (i.e., without determining where sec-
tor 00 happens to be at the time of initiating the transfer) the access time
could be as long as 33 mjlljiseconds, For example, if the program is written
to read sector 00 through 77, and sector 13 is under the read/write heads at
the time the transfer is initiated, about 30 milliseconds will be spent before
sector 00 comes under the heads and the transfer can begin. During these 30
milliseconds the I/0 channel cannot be used for other input-output purposes.
This delay can be eliminated if the program is written in such a manner that
the complete 64 sector band can be read in two separate passes; the first pass
to read sector n through 77, and the second pass to read sectors 00 through
n-1, where n equals the first sector available to the disc storage unit. The
starting address in in the immediate mode is obtained by executing a PIN in-
struction to determine the current sector address, and by adding two to this
address. For example, if the PIN instruction indicates that sector 23 is
about to come under the read/write heads, the first pass should indicate a
transfer of sector 25 through 77, and the second pass should indicate a
transfer of sector 00 through 24,

Normally, if 64 sectors are to be transferred and the starting address
n does not equal 00, the band address will count up as the sector address
changes from 77 to 00. This must be prevented by placing a one in bit posi-
tion 14 of the alert to POT instruction.

When issuing the first transfer (current sector % 2 to sector 77), the
word count and the starting addresses must be properly adjusted. When using
the immediate access mode it is necessary to arm the End-of-Record interrupt
so that when sector 77 has been read the interrupt signal will cause the com-
puter to enter the interrupt subroutine. ' This interrupt subroutine must
supply the new address paramaters and word count for the core memory locations
for the transfer of sectors 00 through n-1. This set up of the second portion
of the transfer must occur during the gap time between sector 77 and 00.

PRIORITY INTERRUPT OPTION

Access time can also be reduced by use of the priority interrupt option.
This option allows the program to set up initial transfer conditions without
connecting the buffer. This permits the selection unit and coupler to search
for the first disc address to be transferred without tying up the I/0 channel.
About 28 microseconds before the addressed sector becomes available to the
selection unit, the interrupt occurs. The interrupt subroutine connects the
coupler with a Connect to Read or a Connect to Write instruction.
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SECTION III

THEORY OF OPERATION

INTRODUCTION

This section of the manual provides theory of operations for the SDS Rapid Access
Disc File Model 9367C. The theory of operation is divided into two main sections
in the following order:

a. General Theory of Operations

b. Logic Description
The General Theory of Operations describes in non-specific terms the component
parts of the coupler, the selection unit, and the disc storage unit, as well as the
general timing and data flow for each of the system operations.
The Logic Description describes in more specific terms those subjects covered
under the general theory, and provides the logical timing, control, and flow equa-
tions as will as detailed flow charts and timing diagrams. Special circuit consi-

derations are also discussed in this section.

GENERAL THEORY OF OPERATIONS
DISC FILE STORAGE UNIT

Each disc file storage unit consists of four discs that rotate on a common shaft.
The discs are made of a non-ferrous metal, plated with a nickel-cobalt coating
having magnetic properties. Disc drive is provided by a 1l5vac, 60 cps, single
phase, induction motor directly connected to a common drive shaft. The motor
requires 120 seconds maximum to comé up to operational speed of 1780 rpm after
power is first applied. No interlock exists to prevent reading or writing
during this acceleration time.

The read/write heads are mounted on head boards, eight heads to each board, and
are arranged at 90° intervals around the top and bottom surfaces of each disc.

Rotation of the disc creates an air flow in close proximity to the disc surface

and the dimensionally controlled flying surface of the heads uses this air flow to
maintain an air slider bearing that sustains the heads out of physical contact with
the disc surface at a uniform spacing of less than .00002 inches. This spacing is
not affected by disc runout or by thermal shock. When the unit is at rest, the
heads, which are suspended by two pivot bearings on an adjustable flexible reed,

make contact with the disc surface.
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Each disc mounts 64 heads, 32 on the top surface and 32 on the bottom surface.
Data is written four bits in parallel on the disc, and therefore, four heads
must be selected for both read and write operations. Each of the four heads
reads or writes a track; four tracks make up one band. One band of four
tracks extends for 360°, or for the entire disc circumference. Discs are
addressed octally as O, 1, 2 and 3, but are usually referred to as discs 1,
2, 3 and 4 respectively. Eight heads composing two bands are mounted on
each head board. The four outer heads on each head board are identified as
heads 1, 2, 3 and 4, and are connected by a common center tap, CTl4. The
four inner heads on each head board are identified as heads 5, 6, 7 and 8,
and are connected by a common center tap, CI58. Start and finish windings
of the corresponding inner and outer heads are wired in parallel and are
identified as S15, S$26, F26, S37, ¥37, and S48, F48. See Figure 3-1. Heads
are selected on an X-Y coordinate; the center taps selected by Y select
modules and the start and finish windings by the Read/Write Decoder modules
throﬁgh X selection gates. Eight head boards, all mounted on each disc,
four on the upper surface, and four c¢n the lower surface. Figure 3-2 shows
the head placement on each of the four discs. Note that the top disc,

Disc 1, also mounts three special read heads for timing and registration
purposes. One reads the sector and index marks and the others read two
identical clock tracks. These heads are not selectable through the X-Y
matrix. Note that all odd numbered head boards service the upper disc

surfaces while all even numbered head boards service the lower disc surfaces.

All head boards are dimensionally identical with each other. The eight
heads on each of the head boards would lie on a circular line equidistant
from the center of the disc if some provision was not made to prevent

this overlapping. Head boards HB5 and HB6 are mounted on a common head
board assembly fixture. A single shim is inserted between this head board
assembly fixture and the disc housing, displacing the tracks of HB5 and HB2
which are not shimmed. Two shims are used for HB9 and HBl0O assembly fixture,
and three shims are used for HB13 and HBl4 assembly fixture. 1In this manner,

the tracks of all head boards are interlaced with each other.

Table 3-1 shows the head board selection method as the addressed bands (bits

12 through 17 of the address register) progresses from 00 through 77.

Page 19



. 3 i‘y - ’l;_fk
\(\)}}ﬂ/‘(} &5
& EXA
OUTERMOST A7
2 CT 1Y
SIS; - F\S
S26 o e F 26
S37a F 37
SR o o [ 49
—iereeed CT 5
LEGEND

CT 1Y — CENTER TAP, HEADS | TwRouew Y
CT 5% - CENTER TAP, HEADS 5 ThRovGH
SI15 - START wWINDING, HEADS | AND &
F 48 - FINISH WINDING, HEADS H And ¥

Figure 3| HEAD ROARP CoNNECLTIONS

Page 20



Sull 5 fmee als ————

P 2 SHIMmS
/& Con (;;/
lo|4 . )
> _
3 SHIMS —, N\ s e
CERE] gle SECToR AND INDEX
‘///?un.ss READ HEAD
DIsC 1 |
P > YT cCrock P;"S?M/Mm a
EAD HEADS S
NO SHiIM REA s Walle G’%m&:ﬂ
2 SH\MS

DISC 2
3 SHIMS ™ NO SHiMm
4z
L o
- fFVEN ¥
el 45 37)38 . LOWER SURFACE
"HEAD BoARD
4
uf‘
Disc 3

34 1—:_\
A
&

UPPER SURFACE
HEAD BoARD

&
&
Disc Y <‘5

FIGURE 3-2 HeaD BOARD PLACEMENT

Page 21



Address

U00Ss
U01SS
U0028s
U03SSs
U048S
U05S8S
U06SS
U07SS
Ul10SsS
Ul1ss
012588
U138S
U14SS
U15SS
U16SS
U1788

U40SSS
U41SS
U42SS
U43SS
U4L4SS
U458S
U46SS
U47SS
U50SS
U51SS
U52SS
U5388
U54SS
U558S
U56SS
U57SS

01
33
19
51
01
33
19
51
02
34
20
52
02
34
20
52

09
41
27
59
09
41
27
59
10
42
28
60
10
42
28
60

*

U

SS

U20S8s
U21Ss
U2288
U23S8S
U2488
U2588
U26SS

Address

U27S8S

U308Ss
U31SSs
U328s
U338s
U34SS
U35S8s
U36SS
U37ss

U60SS
U61Ss
U62SS
U63Ss
U648S
U658S
U66SS
U67SsS
U70Ss
U71ss
U728s
U7388
U74Ss
U7588
U76SS
U77Ss

any selection unit

any sector address

address

Table 3-1 Band Address and Head Board Relationship
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05
37
23
55
05
37
23
55
06

38

24
56
06
38
24
56

13
45
31
63
13
45
31
63
14
46
32
64
14
46
32
64



Disc Data Format

Sector Format

Each band, which is composed of four tracks, contains 64 sectors spaced equidis-
tant around the disc, dividing the disc circumference into 64 equal parts. At

a rotational speed of 1780 rpm each sector requires 527 us to pass under the
read/write heads. These 527 us are divided into five major parts; gap, preamble,
parity, postamble, and data. Each sector is sequentially composed of a 13 clock
time leading gap, a 10 bit/track preamble, 64 words of data, a 1 bit/track par-
ity, a 11 bit/track postamble, and a trailing gap. See Figure 3-3. Each sec-
tor starts when the sector index pulse counts up the sector counter (D register),
and ends when the next sector index pulse arrives. See Figure 3-4.

Word Format

Four bits of each word are written simultaneously on the four tracks that make
up a band. Consider the computer word to be 8 octal digits, the most signifi-
cant called 0 and the least significant called 7 See figure 3-3. The binary
information contained in a word is éxtracted in such a manner that the octal
digits 0 and 4 are written on track 1, octal digits 1 and 5 on track 2, octal
digits 2 and 6 on track 3, and octal digits 3 and 7 on track 4. The placement
of the binary digits of the word in relation to the tracks is shown in Figure
3-3.
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Disc File

Selection Unit

One selection is used with each disc storage unit, and is mounted in the

same cabinet with the storage unit. One incoming control cable from the
Coupler Unit (mounted in the computer) is used to control the Selection Unit.
An output cable is connected between the Basic Storage Unit and the Extender
Storage Unit (if used). The power supplies in the Basic Disc Storage Unit
have sufficient capacity for one Extender Storage Unit. If additional stor-
age capacity is required, connect a second Basic Storage Unit to the system
to provide dc operating voltages for the third storage unit, and the fourth

storage unit (if used).

The Selection Unit contains the read/write selection matrix, the write drivers,
the read input control moudle, and four read-write decoders, read preampli-
fiers, and limiters. Table 1-6 lists the modules used in the Selection Unit.
Figure 4-7 shows the location of all modules used, including interconnecting
cable plug modules. The clock and timing circuit modules are included in

the Selection Unit. See Figure 3-7. Storage capacity determines the quantity
of Y Select Modules in use. One module is required for each 64 heads, or

2 modules for each 128 heads in the storage unit. Storage capacity may be
increased in the field by increasing the capacity of the smaller discs, but

additional Y Select Modules must also be installed at the same time.

Selection Matrix

The selection matrix in the Selection Unit, for a 256 head disc memory stor-
age unit (64 bands), consists of four Y-Select circuits on each of four Y
Select Modules AK 62 and four read/write coupler circuits on each of four
Read-Write Decoder Modules NK59 to provide a 16 x 16 X-Y coordinate matrix

to select the 256 possible head combinations in one storage unit.

The X and Y selection circuits receive their information in gated form from
the address register (A) located in the Coupler unit and from the matrix
register (A) in the Selection unit. This matrix register is a QUplication
of bits All through Al5 of the coupler address register. The address reg-
ister, in turn, receives the initial address from the C register in the

computer, bits 9 through 23, during the POT instruction.
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Bits Al8 through A23 represent the address of the sector; bits A9 and AlQ address
one of the possible four storage units, and bit All is always a zero in the 9367C.
It is used only in the larger capacity 9367B. Bits All through Al7 are used

to select the proper read/write heads. Each address in bits All through Al7
activates one of the 16 Y Selectors and four of the X selectors so that four

X-Y coordinates exist to select the four read/write heads of the addressed

band. See Figure 3-5.

Write Drivers and Write Flip Flops

The Selection Unit contains 16 Write Driver Modules AK63 and a Write Flip
Flop Module FL21 containing four write data flip flops. For any given band
address the data bits in the four write flip flops must be gated to one group
of four of the 16 write drivers. This write driver group is selected by
address register bits 16 and 17. Thus the write drivers and their associated
gates constitute the X selection circuits used during writing.

The write flip flops are varied in such a manner that they unconditionally
change their state every 1.2 microseconds and at the clock pulse which occurs
between these toggle changes, the flip flop will sample the data bit and
either set or reset accordingly. See Figure 3-6. The recording scheme is a
phase recording type sometimes called Manchester, Ferranti, Frequency Modu-
lation, Modified Non Return to Zero, or Double Transition. Flux changes may
occur as often as every 600 ns although some may be omitted. When reading
back the flux changes are sampled for polarity only every 1.2 microseconds

at the clock time. The polarity determines the bit significance.

Read Input Control

The Read Input Control module AK61 uses the two least significant bits of the
address, Al6 and Al7, to select the four heads to read. The center taps to

select the four heads to read. The center taps of the heads are still
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selected by the Y selection circuits. The Read Input control circuits select
the proper heads by enabling the proper four read Transformers. Thus the four
Read-d Input control circuits and the 16 associated read transformers consti-

tute the X selection circuits used during the read operation.

Read Modules

The read modules consist of four Read-Write Decoder Modules NK59, which con-
tain the read transformers and which are used to separate the write and read
circuits from the common head; the four Read Preamplifier Modules HK73 which
amplify and square the read signal to square-wave pulses of approximately 2
volts; the four Limiter Modules HK74, which limit the read pulses to essenti-
ally this same lgvely and the four Data Decoder Modules HK76 which decode the
recorded data and set the four Read flip flops accordingly. This data is then
sent to the Character Assembler register in the coupler where it is assembled

into a 12 bit computer half word.

Timing Circuits

The basic timing (clocks) for the read function is taken from the data by the
four Clock Discriminator Modules HK75. The timing (clocks) for the write
function is taken from the timing track located on the outer edge of the top
disc of each storage unit. These pulses from the prerecorded timing marks
from the timing head (WCH) are counted down by two in a flop-flop to produce
a clock pulse every 1.2 microseconds called WCK. The amplified timing head
signal (WCA) and the half-frequency signal (WCK) are used during the write
function to provide internal timing and to provide a source of clock signal
to generate the Manchester type of recording pulse. Note the delay between
writing and reading of the same bit as shown on Figure 3-6.

This delay between the read and write functions is caused by the requirement
to wait at least one pulse before mixing the Manchester code, and the nec-
essity to wait at least one pulse for the read plock, derived from the data
itself. These two separate timing circuits are required to eliminate any
skew which might exist.

Another timing pulse amplifier reads the pulses from the other timing track
located on disc 1 of each disc storage unit. This timing track contains 64
pulses distributed equally around the circumference of the disc. The pur-

pose of this pulse is to clock the sector counter to allow it to count in
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step with correspondingly numbered sectors on the discs as they pass under the
read/write heads.

One of these 64 sector pulses is a double doublet rather than a single doublet.
This is decoded in the Index/Sector Decoder module HK77 and is called the In-
dex pulse (IDX), thus leaving only 63 sector pulses (SEC). The purpose of this
index pulse is to establish the location of sector 00 on each disc unit, and

to reset the contents of the sector counter register (D) to zero.

Sector Counter

The sector counter (D register) is composed of six flip-flops designated as
DO1 through D0O6. This register is set initially to zeros by the index mark
when power is first applied to the disc storage unit, and is counted up by
one each time a sector pulse is detected. Thus, this register counts octally
from 00 to 77 and contains the address of the sector under the read/write
heads.

The contents of the D register are gated into the computer C register, bits

C18 through €23, during a PIN instruction.

Sector Comparison Gates

The six bits of the address register making up the sector address (Al8 through
A23) are continually being compared with the six bits of the sector counter
register. When the sector addresses of these two registers are equal, a
sector comparision term (SAC) comes true. When SAC is true, the next sec-

tor about to come under the read/write heads is the sector specified by the

address register.

Write Protection Switches

The 16 write protect switches mounted on the selection unit panel guard por-
tions of disc memory. If one of these switches is in the "up'" position,

that portion of memory associated with the switch cannot be altered by a
write operation. An attempt to write on a guarded portion of memory sets

the error flip-flop and disconnects the buffer. Write protect switches do

not affect reading from any portion of memory.

The panel switches, their logical names, and their associated protected memory
areas are listed in Table 3-2. The write protect switches provide true or
false logic levels which are used in logic gates to abort any attempt to

write into memory locations corresponding to the switch. These switches
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are not "hard-wired" into the selection matrix; therefore, it is possible that

a malfunctioning gate could allow 'protected" data to be destroyed or converse-

ley, to '"protect' an unprotected area of memory.
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Logical

Bands

00-07
10-17
20-27
30-37

40-47
50-57
60-67
70-77

Not used on 9367C

Switch Name
0-0 SwWo1l
0-1 SW02
0-2 SW03
0-3 SWo4
1-0 SW05
1-1 SW06
1-2 SWO07
1-3 SW08
2-0
2-1
2-2
2-3
3-0
3-1
3-2
3-3

Affected
Addresses

00000-00777
01000-01777
02000-02777
03000-03777

04000-04777
05000-05777
06000-06777
07000-07777

Table 3-2 Write Protect Switches and Affected Adresses.
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DISC FILE COUPLER

The 9367C Disc File Coupler is located in the Input/Output cabinet and is con-
nected to the basic selection unit via a 20-foot cable. The Coupler Unit may
control as many as four Selection units, each having as many as 256 Tracks.

The coupler buffers and controls the data flow between the TMCC (orDACC) and the
selection unit. Power for the coupler is provided by the Input/Output unit.

The coupler contains registers and flip-flops for control and timing purposes

as well as for data handling. The following paragraphs describe the data

and control registers that compose the coupler unit. See Figure 3-7.

Character Buffer Register (VOl - V12)

The character buffer register comprises 12 flip-flops, VOl through V12. Dur-
ing write operations the V register is filled in parallel from the 12-bit
extended SCR register of the computer I/0 buffer. During read operations

the V register is filled in parallel from the Z register in the Coupler Unit.

Character Storage Register (&01 - Z12)

The character storage register consists of 12 flip flops. During write
operations the Z register is filled in parallel from the 12 bit V register.
During read operations the Z register is filled in parallel from the S reg-

ister. See Figure 3-7 .

Character Assembler/Disassembler Register (801-812)

The S register, made up of 12 flip-flops SOl through S12, assembles each 12-
bit character as it is read off the disc in a serial-parallel manner from

the four read amplifiers. When the S register contains the complete 12-bit
character, its outputs are gated to the Z register. At the same time this
new character enters the Z register, the previous character in the 2 register
is loaded into the V register.

During write operations the S register receives the 12-bit character from

the Z register in parallel. The character is then disassembled four bits

at a time and is gated into the four write amplifiers to be recorded on

the disc.

Track Parity Flip-Flops (P01-P04)

Longtitudinal odd parity is recorded on each of the four tracks of each band

such that for each sector recorded there is an odd number of data one bits

on each track. The four flip-flops, POl, P02, P03 and P04, generate this

[y
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parity bit when writing, and check for odd parity correspondence when reading.

Address Register (A09-A23) o

The address reigster (A), consisting of 15 flip-flops, A09 through A23, is
located in the coupler, and addresses the unit, the disc, the band, and the
sector. The A register receives its address data from the computer C register
during a POT instruction. A read or write operation cannot begin until and
unless equality exists between the contents of the sector counter register (D)
in the selection unit and the contents of the address register bits A18-A23.
Whenever equality exists between the contents of the D register and the six
least significant bits of the A register the read or write operation will be-
gin, provided, of course, that one of these operations has been initiated by

the program.

Module-3 Counter (MO1-M02)

The module-3 counter consists of two flip-flops, MOl and MO2. This counter is
triggered by the gated clock pulse (CNT) and counts from O to 2. During read
operations the O-count signifies that ome 12-bit character is being loaded in-
to the character storage register (Z), and during write operations the Z-count
signifies that one 12-bit character is being taken from the character storage
register. As the modulo-3 counter reverts from a count of two to a count of

zero, it provides a clock pulse to toggle the character counter register (K).

Character Counter Register (K)

The character counter consists of seven flip-flops, KO01-K07, and counts the
number of 12-bit characters in each sector being either read or recorded.
Since each sector contains 128 12-bit characters (64 24-bit words), when the
character counter is full (K = 177) one sector has been read or recorded.

The count relationship between the M and K register is shown in Table 3-3.
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MO1 MO2 KOl K02 KO3 K04 K05 K06 KO7

0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1
0 1 0 0 0 0 0 0 1
1 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 0
1 0 1 1 1 1 1 1 0
0 0 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1
1 0 1 1 1 1 1 1 1

Table 3-3, M and K Character Counter Relationships

Phase Counter (F01-F02)

‘The coupler operates in one of three phases under control of a phase counter
comprising the two flip-flops, FOl and FO2. Table 3-4 describes the three
phases, and their uses, and provides the logical expression of each of the

states or sequences.

Logical
FO1 FO2 Phase Condition Expression
0 0 Standby OOF
1 1 Write Ol1F
0 2 Read 02F

Table 3-4, Phase Counter

Subphase Counter (U01-U03)

Phase cne and phase twc contain substates or sequences under control of the
subphase counter which consists of the three flip-flops, UOl, U02, and UO03.
The functions of this subphase counter will be discussed in greater detail

under read and write operations.
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Flip Flop UO4

Flip flop U04 is the termination of write, and initiation of read flip flop.
The termination is accomplished by setting U04 at the clock time before the
next to last 8 to S transfer. The initiation is accomplished by setting

U04 at the first O-count after the preamble end is detected.

Flip Flop UO5

Flip flop UO5 is the read enable flip flop. This signal is used in the sel-
ection unit to enable the input gates to the read amplifiers 3.6 to 4.8

microseconds after the last possible address change.

Flip Flop UO6

The DC flip flop U06 is set by ap alert to POT EOM from the computer and
reset by a POT command. This flip flop allows a POT to occur during the

postamble of a read or write phase.

Flip-Flops X01 and X02

Flip-flops X0l and X02 are used primarily for PIN and POT operations. These
functions will be discussed in greater detail when these operations are de-

scribed.

Flip-Flop X03

Flip-flop X03 is used to designate that the I/O channel is either connected

or disconnected to the disc file system.

Flip Flop X04

Flip flop X04 is the rate error flip flop. If the condition exists that a
transfer from R to V has not occurred when it should, an error condition
exists, and the channel error indicator is set (Write operation). During
a read operation, X04 may be set by failure of the previous contents of &
to be transferred when the next character must be transferred out of the

S register.

Flip Flop X05

Flip-flop X05, when true, allows the sector portion (A18-A23) of the address
register to count each sector, but inhibits the generation of a carry into

the band portion after the sector exceeds its count of modulo 64.
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Data Shift Flip Flops X06-X09

Flip Flops X06 through X09 are used to control the shift of data between the
S, Z, and V registers in both the write and read phases. This control is
necessary because of the asynchronous slip between the memory computer cycle
and the character data rate of the Disc Memory System. This slip can be as

great as two memory cycles.

Flip-Flop EO1

The error detection flip-flop, E0l, is set true by the following error con-
ditions:
a) the address register is full (Al2 through A23 all ONES),

the coupler is not in the non-increment mode, and the
read/write operation has not been terminated.

b) An attempt is made to write into a switch-protected area
of the disc.

c) An attempt is made to POT data into the coupler while it
is not in the standby phase (00F X03) or the read or write
postamble. '

Unit Select Register (G01-G02)

The unit select register is made up of two flip-flops, GOl and GO2. These
two flip-flops are used during PIN operations only and are controlled by bits
12 and 13 of the "Alert to PIN" EOM instruction. The configuration of GOl

and GO2 determine which of the four disc units the PIN instruction addresses.

Timing and Data Flow

The remaining paragraphs of this general theory of operations treats the
coupler, the selection unit and the disc storage unit as an entity rather
than each unit separately in order to present a continuity in the explanation

of the read/write timing and data flow operations.

GENERAL READ/WRITE TIMING

In general the timing characteristics for both read and write operations are
similar. A read or write operation must be initiated while the disc file
unit is in phase zero standby state - that is, in phase zero with the buffer
and coupler not connected. Figure 3-8 shows the general timing for either
reading or writing the two sectors, 45 and 46. Note that the standby con-

dition exists only while the buffer is disconnected (X03) in phase zero. If
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the buffer is connected (X03) in phase zero, the standby condition no longer
exists.

If, after the buffer has been connected, the sector addressed by the address
register is not immediately available to the read/write heads, the coupler
remains in phase zero until the sector portion of the address register (AlS8
through A23) and the contents of the sector counter (DOl through D06) do be-
come equal to each other. This comparison is made immediately after the
sector counter has been incremented by the Sector Pulse. Equality is
determined by the sector compare gate SAC. When SAC is true, the address
register and the sector counter register contents are equal, signifying that
the next sector about to pass under the read/write heads is the addressed
sector. _

The contents of the D register are counted up by one each time a sector
pulse appears. The address register is counted up by one each time the
coupler leaves a read or write phase, unless the address is 7777 which is
the highest address of a particular unit. The coupler remains in either
phase one for writing or~in phase two for reading only long enough to write
or read the preamble, the data, the parity bits and the postamble. The

read and write operations treat the postamble portion in a slightly differ-
ent manner which will be made clear when these operations are covered in the
detailed theory of operations.

During the leading and trailing gaps the coﬁpler returns to phase zero

(with the buffer still connected) until the next sector is located.

Because the entire operation has not been completed and the buffer is still
connected, this condition of phase zero is referred to as the continuation
mode. After the final sector has been written or read, the coupler returns
to phase zero until the next read/write operation is initiated. The buffer
does not disconnect until after the coupler returns to phase zero following
the final sector read/write operation.

Figure 3-8 is a timing diagram showing both the phase zero standby and

continuation modes.
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WRITE DATA FLOW

During write operations the 24-bit word is taken from memory and placed into
the buffer 24-bit word assembly register WAR. The 12 most significant bits
of the 24-bit word are then shifted into the 12-bit single character register
SCR of the buffer and then transferred in parallel on lines Rwl through Rwl?2
to the character buffer register (VOl through V12) of the coupler. See Fig-
ure 3-9. If the character storage register (Z0l throughZ21)iiscempty,: the
character is transferred into it in parallel from the V register. The 12
bits in the Z register are next transferred in parallel to the S register
(S01 through S12) for disassembly.

The S register, which is mechanized in a 3x4 configuration, shifts left

one place and the data from SO1, SO4,>SO7 and S10 (bits 0, 3, 6 and 9) are
transferred in parallel through WD1-WD4 amplifiers and the cable drivers

to the write driver circuits, and finally to the four heads selected by the
X-Y matrix in the selection unit.

At the next clock pulse the S register again shifts left one place and the
data in S01, S04, SO07 and S10 (bits 1, 4, 7 and 10) are written in the same
manner as described above. This serial-parallel shifting of the S register
continues until the entire 12-bit character has been written. Three clock
pulses are required to empty the S register of its 12-bit character. As
bits 2, 5, 8 and 11 are clocked out of the S register the next 12-bit char-
acter (bits 12-23) of the original word is already waiting in the Z register
to be transferred in parallel to the S register and the process described
above is repeated until the complete sector has been written. The coupler
has the ability to store two 12 bit characters while the S register is dis-
assembling a character, provided that the 1/0 channel was able to access
them from the computer memory. After the final character of each sector is
recorded, one parity bit is written one each of the four tracks. Each track
must contain an odd number of one bi&s, including the parity bit; therefore,
one complete sector will contain an even number of one bits on all four

tracks.
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READ FLOW

During read operations the information is read four bits in parallel from the
disc, is decoded, amplified, and transferred to the S register in a serial-
parallel manner. Refer to Figure 3-10, Read Flow Diagram. As each four bits
are transferred into the S register, the S register shifts left one place.
After three clock pulses the S register is filled with one 12-bit character.
At the next clock pulse, the 12-bit character in the S register is transferred
to the Z register, and the next four binary digits are read from the disc and
transferred to the S register via the input gates to S03, S06, S09 and S12.
Also if the V register is empty, this same 12 bit character will pass through
the Z in parallel into the V register. As each bit is read from each of the
four tracks, parity flip-flops POl thfough P04 keep track of parity. After
the entire sector has been read these parity flip-flops compare their present
states with the odd parity bit previously written on the corresponding tracks.
If they .do not compare, the error signal WES is sent to the I/0 channel.

The contents of the Z register are transferred to the buffer on lines Zwl-Zwl2
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DETAILED
LOGIC DESCRIPTION

The remaining portions of this section treat in greater detail the read and
write operations of the Rapid Access Disc File Model 9367C. Logic equations
and timing charts are used to implement the text to give a clear picture of
each operation or status of the RAD system.

For purposes of simplicity in expressing logic equations in the text, all
flip-flop input logic terms use the following symbols: y and z for direct set
direct reset, s and r for dc true and false inputs, and t for toggle flip-
flop inputs.

A logic list with appropriate symbols and gate terminology will be found

in Section V of this manual.

A glossary of logic terms and input/output signals is also furnished in Sec-
tion V. Frequent reference to this glossary will be of value in clarifying

the RAD operations described in the following text.

Power Failure Detection

The basic power failure detection scheme is shown in Figure 3-11, Power Fail-
ure Detection Circuitry. The two SK60 Power Detectors are located in the
9367C coupler chassis. One SK60 detects ac power failure in the I/0 buffer
which supplies the dc power to the coupler; the other SK60 detects ac power
failure in the selection unit. The SK60 Primary Power Detectors require an
ac input of approximately 10 volts RMS, therefore, step-down transformers
are required at their inputs. '

Under normal operating conditioms the SK60 outputs are at ground level, the
relays are energized, and the PWR term is high. If primary power fails, the
filtered dc power supplies in the I/0 buffer or in the basic selection unit
will maintain usuable dc voltages for several milliseconds to satisfy normal
operation for that length of time.

If ac power fails, or drops below a level established by a threshold adjust-
ment on the SK60, the output of the detector goes to +25 volts which deener-
gizes the relay and drops the PWR term to ground level.
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As PWR drops to zero volts the output drivers of the write amplifiers are
inhibited from further writing, the coupler sequences to phase zero, the buffer
disconnects, the address register is cleared to zeros, and flip-flops UO1,

through U03 and X0l through X04 are reset.

zG01-G02 = PWR
zFO1-F02 = DRA
zX01-X04 = PWR
zU01-U03 = DRA
zA09-A23 = DRA

DRA ~ ACT PWR

zU04-U06 = PWR
The STO term from the Start button on the computer control panel is effectively
"anded" with the PWR term. When the Start button is depressed PWR is grount-

ed and the same action occurs as described for power failure.

Unit Selection Circuitry

If there are two, three, or four disc storage units connected to a disc file
system, some means must be provided for enabling the addressed unit and disebling
the remaining units. Figure 3-12, Unit Select Gates for Read/Write Operations,
shows the method of generating and distributing the unit select terms USL and
TSL. Note the precession of pins 40 through 43 within the cables P168 and
P169. This permits the proper address signal to be taken from the same pin
(pin 43) of each selection unit without changing address selection gates since
the gates are originated in the coupler and not in the selection units. This
scheme allows any selection unit to be substituted for any other without re-
wiring address gate circuits.

The selection gate USL is part of the input gating to the write flip flops

and x selection circuits.

If USL is not true, no data can be impressed into the write heads by the

write drivers. During read operations the unit select term is inverted (USI)
and is used at the disable input of the AX14 cable drivers (RD1-RD4) in the
selection unit. The USL term enables the cable drivers of the selected unit,
and disables the cable drivers of the non-selected units.

Bits A09 and Al0 of the address register determine the address of the selected

unit for reading and writing.
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"Head Selection Circuitry

Head selection within each of the selection units is similar for both reading
and writing. The X-Y matrix in each selection unit is made up of 16 Y-Selector
circuits and 16 X-Selector circuits. Because data must be read or written onto
the four separate tracks of a band concurrently, one Y-Selector and four X-
Selectors are gated in such a manner that four X-Y coordinates exist - one for
each of the heads of the selected band.

The 16 Y-Selectors are YOl through Y16. Input gates to the Y-Selectors are
controlled by the status of All, Al2, Al3, Al4, and Al5 of the address register.

The output of each Y-Selector is connected to the center tap windings of

16 read/write heads. »

There are actually 20 X-Selector circuits that are divided into two groups;
sixteen X-Selectors in one group, and four in the other groups. One group

is used only for writing, the other group for reading. In the group used

for writing, are four sets of four identical circuits, so in effect there are
only four X selectors. Thus the matrix is actually 4 x 16, thus selecting
only one band out of 64. Each write X select circuit enables one Write Driver
circuit. Four are always enabled at one true, one for each bit. The other

X selector group is used only for reading and comprises only 4 selector
circuits. Each of these X selectors enable four of the 16 read transformers.
The address register terms that enable both the read and write X selectors

are Al6 and Al7. See figure 3-13.
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Logic for both X and Y selection is given below. Table 3-5 presents the X-Y
coordinates by band address (bits Al2 through Al7) for both read and write.

Y-Selector Logic

YOl = A1l Al2 " Al13 Al4 AlS

Yo2 = " m nmnm arg
Y03 = " " " Al4 AIS5
YO4 = " " v A4 ALS
Y05 = " Al3 Al4 Al5
Yo6 = " " " ATL ALS
Y07 = " " " Al4 AlS
Yog = " " " Al4 AlS
Y09 = " Al2 Al3 Al4 Al5
Y10 = " " " Al4 AlS
Yyir= " v Al4 ALS
Yi2= " " " A4 AlS
Y13 = " " A13 Al4 AlS
Y4 = " " " Al4 AlS
Yis = " " " Al4 AlS
Y16 = ALl Al2 Al3 Al4 Al5

X Selector Logic

Read Write
DSI = REN Al6 Al7 X01-08, 41-48=PWR WEN USL Al6 AL7
DS2 = " Al6 Al7 X11-18, 51-58=" ' " Al6 Al7
DS3 = " Al6 Al7 X21-28, 61-68=" " " AT6 Al7
DSL = " Al6 Al7 X31-38, 71-78=" " " Al6 Al7
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Band
Address

00
01
02
03
04
05
06
07
10
11
12
13-
14
15
16
17
20
21
22
23
24
25
26
27
30
31
32
33
34
35
36
37
40
41
42
43

Table 3-5

Write
Y
Selection

Y01
YOl
Y01
YOl
Y02
Y02
Y02
Y02
Y03
Y03
Y03
Y03
Y04
Y04
Y04
Y04
Y05
Y05
Y05
Y05
Y06
Y06
Y06
Y06
YO7
Y07
Y07
Y07
Y08
Y08
Y08
Y08
Y09
Y09
Y09
Y09

Write
X
Selection

X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X01-X08
X21-X28
X11-X18
X31-X38
X41-X48
X61-X68
X51-X58
X71-X78
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Read
X
Selector
Outputs

RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18

RX31-RX38™'

X-Y Selection coordinates by band addresses.

Read
X
Selector
Gate

DS1
DS3
DS2
DS4
DS1
D83
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4



Band
Address

44
45
46
47
50
51
52
53
54
55
56
57
60
61
62
63
64
65
66
67
70
71
72
73
74
75
76
77

Table

Write
Y
Selection

Y10
Y10
Y10
Y10
Y11
Y11
Y11
Y11
Y12
Y12
Y12
Y12
Y13
Y13
Y13
Y13
Y14
Y14
Y14
Y14
Y15
Y15
Y15
Y15 .
Y16
Y16
Y16
Y16

3-5 (Continued)

Write
X
Selection

X41-X48
X61-X68
X51-X58
X71-X78
X41-X48
X61-X68
X51-X58
X71-X78
X41-X48
X61-X68
X51-X58
X71-X78
X41-X48
X61-X68
X51-X58~
X71-X76
X41-X48
X61-X68
X51-X58
X71-X78
X41-X48
X61-X68
X51-X58
X71-X78
X41-X48
X61-X68
X51-X58
X71-X78
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Read
X
Selector

Outputs

RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38
RX01-RX08
RX21-RX28
RX11-RX18
RX31-RX38

Read
X
Selector

Gate

DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4
DS1
DS3
DS2
DS4 -
DS1
DS3
DS2
DS4



OPERATIONAL STATES

The 9367C Disc File system operates in one of three separate phases or sequences
which are controlled by flip-flops FOl and F02. These three phases are listed

in Table 3-6. Phase Counter.

Flip-Flops Phase Lﬁgigal Condition
FO1 FO02
0 0 Phase Zero  OOF Standbxﬁﬂav
0 1 Phase Omne OlF Write
1 0 Phase Two 02F Read

Table 3-6, Phase Counter
Phase Zero

If the buffer connect flip-flop, X03, is false in phase zero (OOF X03), the
coupler is in a standby or ready state. A read/write operation should be in-
itiated only when the coupler is in this standby condition. When the coupler
is in phase zero with the connect flip-flop X03 true (OOF X03), either a read/
write operation has been initiated, or one is in progress and has not been

completed.
Phase One

All write operations occur while the coupler is in phase one. Phase one be-

gins with the preamble and ends eleven clock pulses after the parity bit has been

written.

N

Phase Two

All read operations occur while the coupler is in phase two. Phase two

begins with the preamble and ends after the last character has been accepted

by the channel.

Clock

When power is initially turned on the coupler assumes the condition repre-
senting phase O.

00F = FOl1 02

The clock pulses in phase 0 and phase 1 are derived from a write clock track

consisting of 27,712 bits permanently recorded around the circumference of the

recording surface. The nominal bit frequency in 800K bits/sec. at a 2% slip
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of the device motor. The wave form of this clock is a .5 usec. pulse inverted

by the line driver and called CLK and occurs every 1.2 usec. The clock for

the read phase is derived from the data being read.

The signal RCN = 02F
is used in the selection Unit to select the write clock.

INITIATING A READ/WRITE OPERATION

The timing considerations in OOF (phase zerd) to initiate either a read oper-
ation or a write operation are identical. The only difference is whether the
coupler enters OlF (phase one) or 02F (phase two) when leaving O0OF. This, in
turn, depends on the status of W9 in the I/O buffer. If W9 is true, the
coupler sequences from OOF to OlF for writing; if W9 is false, the coupler
sequences from OOF to 02F for reading. W9 = WRITE 117%- :;READ

To initiate either a read or write operation, the program normally presents

six instructions in the following order:

a) EOM, I/0 mode (Ale:t to POT)

b) POT (Load coupler address register)
c) EOM, ALC (Alert channel interlace)

d) EOM, I/0 mode (Establishes termination mode)
e) POT (Load interlace word)

f) EOM Buffer mode (Connect RAD to channel)
The generalized timing diagram of Figure 3-17 will aid in clarifying the
following logical explanation of these instructions and how they affect

the disc file coupler and selection unit.

Response to an EOM - Alert to POT

An EOM to POT an address from the computer always sets U06, a dc flip flop.
alo3totet —55U06 = IDT
—_— ot
IDT DMA Cl16 IOC
p whgre o - Ao .
Red dod e ,&C.«?,«}DMA Cl7 C19 C20 C21 C22 C23
If the coupler is in @0 or in any but the postamble of @1 or @2, X0l is set on

Dorye

the first PTQ (POT 1 from computer) that occurs due to the execution of the

POT instruction, which must follow the EOM Alert to POT which initially caused
U06 to set. The PTQ is derived from a delta gate on the cable plug module

. L A H3
for the POT cable. f{
PTQ = POT 1 Q2

Page 45



alet% 18T | = F= go tMoT PsTangss

o )3 e ,*‘Jw:w

where T01 U02 OOF = NUF =
and U0l U02

Il

postamble of the read or write phase

Lf the coupler is in the postamble of @1 or $2, X0l will not be set until the
first PTQ to occur after the coupler enters phase 0 immediately after the post-
amble. The true level of the next PTQ in P0 also resets U06.

rU06 = X01 PIQ
The flip flop, X02, is set at the same time as X01 provided that the POT

was given at a legitimate time; that is, during @0 or inégggtamble time and

the-channel is not connected.to-the—eoupler. If the POT occurs while still

in the postamble, X02 will set as soon as the phase counter enters phase O.
yX02 = OOF K03 X01 tofle corplifion

The Blgﬁis the response signal to the CPU telling it to leave @2 of the POT

command . ils _generated by X01. The RTO is sent to the CPU any time

that X01 is set.

RTO = X01 PT1
rX01l = NUF PT1
The RTO is disabled at the driver whenever X01 X02 is true. Normally X02

would be in the set state at this time, and the address register loading

takes place after the clearing of the A reglster by ACT.
neek e & o of - M’W v

z(A09-A23) = pra -7 &
where DRA = ACT + PWE

ACT = 00F X03 U06 = @D« H/OT Cov¥ecTep « AbERT T¢ PoT

PWR = Power detection circuit indicated that the voltage is going off or that

the Start button on the CPU console is depressed.

yAQ9 = C9 LDA
; acdwas L g0 % e
yA23 = c2’3 LDA RAD "R" mifvv
where IDA = X01 X02 PTQ v '

PoT J;sn PoT,
If the POT was given at an'illegitimate time, the A register will not be

cleared due to the OOF and the X03 in the ACT equation. If either of these

are missing it would signify that the coupler was in some state other than
standby and disconnected. Also at this illegitimate time, no setting of a
new address into the A register would occur because X02 is false. The error

flip flop would then be set upon issuance of the POT command if X0l was set
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3

o &)
and X02 reset. éwéﬁ Pﬁaww

————— L4
%EOl = X01 X02 PTQ

Figure 3-14 shows the timing relationships of the signals used during an

Alert to POT and POT sequence executed while the RAD coupler was in @0 standby
mode. Figure 3-15 shows the same signals occurring while the coupler is in

a @1 or @2 postamble. Note that in this figure that the end of postamble
(00F) occurs during PTQ resulting in a shorter ACT. If OOF occured slightly
later X01 would have to wait until the following PTQ to set. Thus U06 would
have to wait an additional machine cycle before it could reset thus keeping
ACT up almost 1.75 us. longer.

Flip flops X0l and X02 are both reset by the end of PTI.

rX0l = NUF PT1
rX02 = PT1 +.....
Flip flop U0l indicates that the coupler has accepted a new address.
yUOl = LDA aly s Aoon oy T 4e
Flip-flop X05 follows the output of<:::2and determines the non-ipgremepnt
mode status. T
sX05 = Gl4 INI XOS= Now INCKEMEXNT Hode
rX05 = Cl4 TNI

TNI = X03 IDT (NUF 4 OOF)

The setting of X05 signifies that in the read or write operation that is
to follow, the address register cannot alter its current band address as

the sector portion (A18-A23) counts from 00 to 77. TNI is a term that

specifies the time to set X05, which is during an alert to POT command if

,given at a proper time.
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Table 3-7 shows the effects on UJ6, XJ)1 X02, E0l, LDA and ACT

as a result of the POT command being executed during various

conditions of the coupler.

£ 402
i <ﬂK} {i’»,;{{:m w&. -
Can ﬂiaﬁi “”“Qﬁd

Cpoalrgn
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CONDITION pac. KET | 35 001 Uo2 $0 + 93 UIL Va2
e 'O | postamsi OTHER TIMES
~ ( PBET " Uos IMMEDIATE | IMMEDIATE TMMEDIATE
7S keser uoe 2nd PIQ 2ad PTQ in' @0 2nd PIQ
! gsm X01 1st PTQ st PTQ in ¢0 1st PTQ
N (JRESETLe, XQ1 PT1 Wait for PT1 PT1
[ pa? in @0
orlo € SSET  X02 lst PTQ 1st PTQ in @0 NEVER
SET  EO01 EVER NEVER 2nd pro£RRP
CT Uo6 Wait for @0 NEVER
L5 DA = oy 2nd PIQ 2nd PIQ in @0 | NEVER
e 5::; - TABLE 3 - 7 POT CONDITIONS




Initiation of a Read/Write Operation

If a new address has been loaded into the A register (U01 = 1) and the POT

§ACPR AT P

action is complete (X0l = 0), the next sector pulse, Sié;rtriggers a 4.0 usec.

one shot, BSC. Bscg 4 e,

sBSC = 00F HSD SIP 5]
where HSD = UO1 XO1 +...... STP—» SED—S£C —» SINMH

This sector pulse SIP, is derived from the pulses recorded on the sector track
in the following manner. The pulses are read from the disc and amplified
(SID) and decoded so as to distinguish the 63 sector pulses (SEC) from the one
index pulse (IDX) per revolution of the disc.

The sector and index pulses generate a term, SIM, which is wused to reset a

flip flop ¥SC, during the sector/index pulse time. This flip flop generates

the SIP pulse used in the coupler and also allows setting the band address

flip flops in the selection unit at the sector pulse time. These band flip

flops, Al1-Al5, contain the same band address bits that are in the coupler

address register (A reg.) These are used so that the head selection matrix

will not be changed during the Data time, even though a POT command may be

issued at any time. See Figure 3-16.
SIP = YSC SECTOR INCREHENT PULSE

sYSC = SIM WCK cp7 /& 7He BAMD ADDRESS
rYSC = .SEC WCA™
where SIM = SEC+IDX SACTOR oR |WDEX PULSE
SWCK = SIM WCA A/OT 1P AwD CLOCKED
tWCK = WCA+ (DX cLOCk or |1WDEX Potse
WCA is output of clock pulse read amplifier.
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The D register in the selection unit is also incremented by the sector pulse

SEC.

tD06 = SEC
tD05 = D06
tDO01 = D02
zD01-D06 = IDX

The one shot BSC defines the time that a comparison between the D register

and the sector portion of the A register is made. Therefore both of these

registers must not change during the time that BSC is true. To insure this
SIP is true for at least 1.2 usec. This is the time that the D register is
incrementing. The A register is filled by the POT command or the AIN term
and it will be stable for at least 1 usec. before BSC starts. This is insured
by the fact that BSC cannot set until X0l is reset and X0l cannot be reset
until the end of PT1l. During the time that BSC is true the current sector

address is. compared with the sector address in the A register, and if they

are equal the flip flop U02 is direct set by the sector compage gg;g, SAC.
yU02 = O0OF BSC SAC HSD = «:wc“fm/.? lonpat ard av A Mm}r gw’.é

where SAC = CUH CLH
CUH = Al8 + AI8 CD1 + Al9 + CD2
+ A20 CD3 + A20 CD3
CLH = A21 CD4 + ADT CD4 + A22 + cD5

+A23 CDG + A23 CD6
If the buffer has not been connected by this time, a signal is generated
which may be used as an input to the priority interrupt chassis. This
signal indicates that the search for desired sector has ended and that there
is about 15 usec. before the preamble bits are available to be read or written.
This gives the computer time to set up the interlace registers in the Input/

Output channel and connect4the RAD to the channel with a BUC type EOM.

hrste, — —
INT = QOF BSC SAC U0 XOL X03. o4 & 904 fufro Buc

409 2 alfnsa
Figure 3-17 shows the most important timing relationships starting from the

Alert to POT command to the preamble time.
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2 3
cO, 01,10, cU, &

Operation of the Counters

This counter is actually made up of two separate counters. One is a two stage

modulo 3 counter, that steps through 3 distinct counts. The other is a normal

seven bit binary counter with 128 different configurations. Every third state® ltﬁRU
S A
of the modulo 3 counter steps the character counter portion by one. The_char-

acter coupter is re-clocked at ghgui the middle position, KO04&.
sMO2 = MO1 ONT Mod CMT=cLk Vog
?o?sb“‘ rM02 = CNT Mo3 cor= 0T MG e evr,
o P 01 = 02 ONT Mol oaM= MOl

rMO1 = ONT rMol
sK07 = (O1F UOL K06) MOl Ko7
rK07 = MOl ko7
Lq sK06 = K07 573
PW rK06 = UOL O1F MOL + KO7
M\t‘ sK05 = (O1F UO1 K06) K06

rK05 = K06
tk04 = K05 K06 LSC CNT
tKO3 = K04
£K02 = K03
i tKO1 = K02 |
where LSC = MO1 KO7 (every 6th count) J4 BI7S

The term CNT is a gated clock pulse to the counters. It is only enabled during

leading gap, preamble, data and pogtamble time.
The counters are reset by the logic term DRK. The timing relationships of these
counter stages can be seen in Fig. 3-18.
Two amplified outputs of the modulo 3 counter are provided. These are count
0 and count 2.
Count 0'= 00M = MOL MO2
Count 1 = MO2
Count 2 = 02M = MOl

The logic term NXL signifies the last two counts of the character - counter
. e e .

portion. s =z

NXL = KOl KO2 KO3 ‘K04 K05 K06

Poge G4 J{M&;&o
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Leading Gap

Once the proper sector has been located it is then necessary to count the 13
clock pulses which define the leading gap. This is done with the M and K
counters. These counters are initially reset by DRK.

zK02 - K07 = DRK dc reset

zM01 - MO2 = DRK

where DRK O0OF U02+ .......

The KO1 flip flop is also reset by Biﬁ, but it is accomplished in a different
way. DRK is tied to true output of KOl (through a buffer amplifier) and
when DRK goes to OV it resets the flip flop by pulling its true output down
to ground. The counter will start to count the clock pulses (CNT) as soon
as these are enabled by UQ2.

CNT = CLK U02 + .....

At the third clock pulse to occur in the leading gap the dc flip flop UO5
is set. UO5 is the Read Enable signal which is used in the Selection Unit
to enable the input gates to the read amplifiers 3.6 to 4.8 usec. After the
last possible address change.

sUO5 = OOF U02 KO7 00M jeeAb & v7iGed

REN = OOF UO5
The counting of the leading gap proceeds for 13 clock counts to generate a
15.6 usec. delay period. This delay period is used to insure stabilization
of the read amps and the head selection matrix and to allow time to program
the required instructions before the data read/write time.
If the BUC wasn't previously issued, it must be done during the leading gap
time. When the coupler becomes connected to the I/0 channel the X03 flip

flop is set and the error flip flop is reset.

sX03 = 00F BUC DMA CLK /
. . V&‘[ﬂ‘lfg’w
where DMA = CI7 C19 C20 C21 G22 C23 e Lo
rEO1 = OOF DMA BUC

ngfhg 13th count, U02 is reset thus stopping the count and ending the leading

gap

rU02 = OOF KO5 CLK
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At this time the coupler enters the read or write phase if the buffer is ready
(X03 set), and the channel has the RAD address in W10-W14. W9 is used to con-

trol the phase counter as we leave ¢0.

_sFO1 = _FRW DMW W90 CLK (Read)
sF02 = ERW DMW W90 CLK (Write) o
it - So——— u
where DMW = W10 W1l W12 W13 Wi4 < RAD ADDRESS om w deney
ERW = OOF KO5 XO03 (13th count)

If the operation is a write, the read enable flip flop, which was set on the
3rd clock of the leading gap, is reset as the coupler exits phase zero.

rU05 = ERW DMJCLK
If for some reason the channel is disconnected (ﬁﬁﬁ) ffom the RAD at any time
except during the leading gap or preamble, the coupler connected flip flop is
reset.

rX03 = DMW UOLl CLK + ......
The flip flops U02, U03, U04 and UO5 are initialized at the end of the leading
gap, for their roles in the ensuing read or write phase.
Figure 3-18 shows the timing relationships between the various signals used

during the leading gap time.
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{ Phase 1 Write

S e wi e bin a7

ame——————e

et

Phase one is defined by:
OlF = FOl FO2
This phase begins at the 13th clock count (15.6 us) after SIP and lasts for
a period of 406 clock pulses. (487 usec). However, if the band address selec-
ted is write protected, this phase lasts only one clock period during which

the error flip flop, EOl, is set and the connected flip flop, X03, is reset.

SEOL = O1F WLK CLK +......
rX03 = O1F WLK CIK + .......
rFO2 = O1F WLK CLK +......
rU01 = 01F WLK CIK

where WLK is a signal from the selection unit that the band addressed is

also protected by the switches.

Write Preamble

A ten bit preamble, 0101010100, is written on each of the four tracks in par-
allel. The data bits are sent to the selection unit on four lines, WD1-4.

It is mixed with the clock signals WCA and WCK, and sets the Write flip flops
WDEl-4. It is then amplified and sent to the proper heads. See Figure 3-6.

sWDEl = WDE1l WCA (WCK + WCK WD1)
rWDE1l = WDEl WCA (WCK + WCK WD1)

- L/
swons Asmé  WDL = UOL UO3 OLF + .., ,. ¢ ;¢ 0 LouF 8 thyle
iy el RSS2 W vo's of
et wikes S—U03 = 01F U0l PN CLK
e

anrt bF o : n Ai%:” .
tegghe  FIWROE  when st boresk PHC, Y03 48 off o st ¥ E o’ 2 .,

Figure 3-19 shows a more detailed data flow and clock generations. The flip

~d

b=

(@]
n

flop UO3 as toggled with every other count thus generating the pattern used

for the preamble. The first clock after entering phase one sets the flip

flop U02 which enables the counter (CNT).

sU02 = O1F U0l WLK CLK
CNT = U02 CIK + O1F U0l CLK

At the end of the preamble UOl is reset by the counter.

rU0l = O1F WPC CLK
where WPC = U0l K06 MO1

WPC is true during a count of 9 but since the counter didn't start counting
until the second clock pulse in the preamble, because U02 was reset, the pre-

amble is 10 bits in length.
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Also at the end of the preamble the counter must be returned to zero so it can
then be used to count the 128 characters of data to be written. This is accom-

plished by inhibiting the setting of KO7 and KO5 at the end of the preamble by
JK57 being false.

sKO7 = MO1 JK57
sK05 = K06 JK57
JK57 O1F K06 UO1

Request of Data Characters

At the first clock pulse after the preamble the first four data bits are written.
Therefore during the preamble they were requested from the CPU and shifted
through the appropriate registers in time to be transferred to the write flip
flops.
WDl - 4 = O1F 23U S01-4
where 23U = UO1 U02 (data time)

vol. Vo 2 A o
l | —> Prearble + lzcuoé«ﬂ;' 76’-/‘9

¢ | —m Dalor Tivnz
< o Fimlarnfle o ékﬁp
O - atanh A,a tec T - ofbn Lol A
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Figure 3-20 is a timing diagram showing all the important signals used during
the write preamble and write data time. The first data character is requested
from the CPU by setting X08 as phg§$ygne is entered. v

sX08 = ERW DMW W90 CLK XO% = ERW
The Z and V registers are 12 bit buffer registers used to hold data for up
to 2 memory cycles during the asynchronous slip between the memory computer
cycle and the character data rate to the RAD. If the V register can accept
a character from the channel as specified by X08 being true, the ECW signal
is generated.

ECW = O1F X08 W50 W60 X03
W50 (W5) and W60 (W6) are included to permit transfer of data at near maximum
rate. (286K char/sec). X03 stops data requests if a partial sector is called
for in the interlace count register and the interlace count goes to zero, thus
disconnecting both the channel and the disc.

rX03 = UOL DMW CLK + .......

At the leading edge of the first clock after W60 is set in response to the
ECW, the R lines ready flip flop, X06 is set and the V empty flip flop, X08,
is reset at the falling edge of the same clock, becuase the data was trans-

ferred into V at that time. X06 is reset on the leading edge of the next

clock. arie of CM Mé‘f“

sX06 = O1F W56 CLK*
rX08 = O1F X06 CLK
rX06 = O1F CLK
W5b< Weé Wk

PRY =05t X0k,
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To allow the data transfer by only the true R lines from the I/0 channel,

the V register is cleared before loading

zV1-12 = DRV

DRV = W56 X06 CLK FO02
where W56 = W5 W6
then sV0l= LDV RO1
sV12= LDV R12
Where LDV = OLF X03 X06 W-0 STV CLK

and STV is a 250ns strobe pulse initiated EEE
On the next clock leading edge after X08 is reset, that X09 is also true
(indicating that Z register is clear), X07 is set and the contents of V are
transferred to Z; and also on the leading edge of the same clock pulse,
X08 is set again indicating that V is now clear and ready to receive another

character from the I/0 channel. LDZ is the logic term that enables the data

transfer from V to Z.

sX07 = O1F X09 X08
sX08 = O1F UO4 X09 CL

|IB]

=~

Again to transfer the data using only the tru. lines the Z register must

first be cleared.

2Z1-12 = DRZ
where DRZ= O1F X08 X09 CLK

the data then is set into the Z register
<201 - VOl LDZ

. . .
- .

sZi2 = Vi2 LﬁZ
Where LDZ = 01F X07 CLK
On the next clock leading edge X07 is reset
rX07 = CIK
Since the Z register now contains data the Z empty flip flop X09 is now reset.
(It was initially set at the beginning of the preamble).
yX09 = U02 U0l
rX09 = O1F X07 U0l CLK
Although during other than the preamble time (661) the Z may transfer its
data to the S register at the same time at V to Z transfer takes place. In
this case X09 would not reset. This is the reason for the different gating
during data write time.

rX09 = 01F X07 MOl CLK
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This double transfer can only occuf at the clock which occurs when the counter
is in its 02M configuration. The Z to S transfer always occurs at this time.
s S01 LDS z01 CLK
r S01 = LDS ZO01 CLK

Similarly for S04, 507 and S10
v 02 = LDS 802
Similarly for $03,305, 500, S08, S09, SL1 and S12
where LD3 = 01lF 02M CLK
During most of the preamble X09 is reset because the first 12 bit character oi dat.
is eld in the Z register. At the last clock of the preamble this character is
transferred to the S register and then X09 is set.
8X09 = 01F WPC CLK
where WPC= U0l K06 MO1 (end of preamble)
During the data transfer time, X09 also sets eacti tiwe a character is transierred:
into the S register.

sX09 = O1lF MOl UOl CLK

If the condition exists that a transfer from R tc ¥ has nct occurred, as suown
by X0& beinmg true, at the time that a transfer from Vv to 7% to S occcurs {02M X9y), a

rate error conditionm exists and the chahnel error indicator is set.

A e —— ———
sX04 = '01F X08 X09 .02M UOL CLK
DA

WES = X04 an*ﬁdg{ /st

The parity flip flops POl through P04 are set during the preamble in preparation
for the longitudinal parity generation.
y POl - 4 = SPR
where BPR # 0l¥ 01
WRITE DATA
Each clock time except 02M clock, the S register data is shifted one position in
order te write the succeeding & bits on the disc.
sS01 = 802 SHS CLK
similarly Efor S04, SO7, and S10
sS02 = S03, SHS
similarly for S03, S05, S06, S08, S09, S11 and Sl2
where SHS = 01F 02M CLK

Since LR1-4 are false in the write phase, zeroes are shifted in S502,3,5,0,8,9,

11, Bhd? 1D deried ‘the' BHLECIfy ptocess wndtiwesthese can:be eet'by the direct emt' inpit

1

A
3



when transferring an new character into S.
384 bits of data are written on each of the foum tracks during phase onec.
WD1 = SO1 23U
WD2 = S04 23U
WD3 = S07 23U
WD 4 = S10 23U
where 23U = UOL U02 (data time)

The termination is accomplished by setting UO4 at the clock time prior to the next
to last Z to S transfer and inhibiting further setting of XO08
sUO4 = OLF NNL KO7 024 CLK
where NNL = KOl‘KOZ K03 K04 KO5
LONGITUDINAL PARITY GENERATION

At the end of the write preamble time the four parity flip flops are all set to
thaiw true state.. These flip flops, POl-PO4 are used for generating the longitudinal
parity bits written at the end of the data time, and they are also used for checking
parity on a read operation.
y POl - P04 = SPR
where SPR OlF U0l + .......

]

During phase one data time each of these P flip flops is toggled with the data
bits being written on that particular track. POl correspmis to track one etc,

t POl = O1F WDl CLK

t P02 = O1F WD2 CLK
t P03 = O01F WD3 CLK
t P04 = O1F WD4 CLK

When the writing of the data is. completed, U02 is reset.

r U02 = OLF NXL LSC CLK
where LSC = MOl K07 (every 6th count)
NXL = KOl KO2 KO3 K04 KOS5 K06 (last word time of sector)

WRITE PARITY AND POSTAMBLE
A lbomgtidinal parity bit and 11 additional zeros ecompideerkhell2 bitpper:txack

postamble. The additional 11 zeros written are used to insure proper read back for the

final data and parity bits when in phase two, It is not desirable to shut off the read
amplifiers immediately with the final bit. The parity bits are written by gating the

cantents of the P flip flops into the write circuits.



WDl = 01U #OL + ....

WD2 = 01U PO2 + ...

WD3 = 01U PO3 + ....

WD4 = 01U PO4 + ....
where 01U = UOL U02

As the parity is written WD1l-4 signals again toggle the parity flip flops as
previously described, thus resetting any that were on. The WD gates above then will
be all false thus writing zeroes in each track until the coupler goes to phase zero

‘after the counter has counted 11 of these postamble zero bits. See figure?3~P1.
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Mow the address register is checked for an overflow condition. If the A
register contains all ones in bits 12 through 23, U03 is set, and an error is iadicated
in phase zero if the buffer is not disconnected by SIP time.
| s .03 = OLF U02 LSC AFL LK
where AFL = Al2 Al3 Al4 .....A23
If the A register is not full {(band 77 sector 77) at the begiuning of the postasbl

it will then be incremented by one at the time that the delévim_th }olt'amble zero is serv
AA

to the write circuits. “Agfflﬁ (2
AIN = OlF UOl U02 LSC KOo AFL <LK
tA23 = Al
tA22 = A23
tAl8 = Al9
tAl7 = AFC AIN
tAls = Al7
tAl5 = Alb
tAl4 = Al5
tAl3 = AF: AFC é!!
tﬁlZ = Al3
tA09 = ALO

e —

where AFB = Al4 Al5 Al6 Al7
AFC = A18 A19 A20 A2l A22 A23 X05

This concludes the write phase and the coupler returns to phase zero at the

end of the postamble.
rF02 = 01F U02 LSC K06 CLK

When writing is is necessary to disable the Z lines to the I/0 channel. This
is done by disabling the cable drivers with FOL. The enable term is a 0 volttrue logic.
The Z. lines therefore are only active during the read phase (@2).

Another term X12 is generated in the coupler and sent to the I/0 Cha.rel. This
signifies to the channel that the RAD is using the 12 bit extended single character

register.
X12 = DMW

G



SECTOR AP FOLLOWING A READ/WRITE OPERATION

At the end of each sector read or write, the coupler returns to phase zeroc in

both single and multisector operation, and if appropriate, re-enters the read or
write phase by the same procedure as previously described in the initiate Read or
Write operation. The only difference is that the triggering of BSC will be gated by
15D of a different origin. If the previous sector written was not aborted by an
attempt to write in a protected disc area, or an attempt was made bo increment the
A register across a unit boundary, HSD will be trug. “f ‘ . P
USD = X03 03 4 ., S vl Aawvend gent fhey LosF vblisa
At the following SIP, 5SC is triggerred in the same manner a® in the initial gap.
The conclusion of data transfer is semsédcd by the disconnection of the device by
thie: chamnel at the end of the interlace count.
r X03 = DMW UOl CLK
With X03 reset and the coupler in phase zero or postamble time, the coupler
is ready and can receive another EOM, Alert to POY.
The following chart shows the incidence of various timing signals occurting

at the end of a write operation.

13.0 yg ¥ l4.4ys 15.645 1.2us 15.6 us
ey Ao { L ' / (
1 L] Bl i} \ ] .
11 I2 A POSTAMBLE B TRATIENGC SIP D LEAD GAP E

2.34us¥~ +PARITY GAP

to 3.37us
The Il interrupt occurs at the time the last word is transferred from memory

to the channel buffer register, due to the faet that the interlace count reached .
zero, Il will not occur if the channel disconnects the device prior to the
interlace count equal to =zero, due to a Whs signal sent to the channel by the
coupler.
The following conditions cause the end if record signal Whs, to be sent to
dhe I1/0 channel.
1. An attempt was made to increment accross a unit
address boundary
2. An attempt was made to write in a write protected
area
At point A on the chart, 13 u sec. after I1, the last data bit is recorded on
the recording medium and the coupler becomes ready. From point A to point %, the
parity bit and elevem postamble bits (zeroes) are recorded. At % the coupler enters

phase zero, and responds to any POT that is pending. A POT must occur within % wSec.

if it is to find sector equivalence with the value that the D register will
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attain when it is incremented at SIP time in this particular gap. This is point ©
on the chart. 2 u sec. later, at point D, the sector pulse 8IP trailing edge occurs
and the coupler tests for equality between the A register sector and the sector counter
of the addressed selection unit. At point E, 15.6 u sec. later, the coupler enters
the read or write phase.

If the EOM (BUC) instruction is the last of the RAD instructions to be programmed
in the gap, it must be executed by E time or an entire device revolution will be
lost. (EiW will not occur because X03 is false)
DAND WUN-INCREMENT MODE

This mode of operation is indicated by X05 being set. In this mode, address
incrementation is limited to the sector portion only. Thus a full band transfer caun.
be programmed with minimum instructions.in the gap at sector 8, if the transfer starts
at an arbitrary sector. In this mode, triggering of BSC is gated by dSD of a different
source,

HSD = UOL X05 EOL

That is, the qualification that an EOM POT sequence must occur before an operation

can occur, is waived for the non-increment mode.

ERROR_PROCESSING

Thie: followiirg . errors cause a coupler error by setting f£lip flop EOL.

A. Write Error:
When an attempt is made to write on a write-
protected band,:a writecerror: resuits. The
coupler enters the write phase for one clock
period during which EOl is set, X03 is reset, and
the coupler returns to phase zero.

B, Address overflow error:
At the end of any sector read or write, if the
address bits Al12-A23 are all ones, the address
incrementation (AIN) is inhibited. The coupler
returns to phase zero with U03 set if the coupler
is not in the band non-increment mode. If U03
is set an address overflow results if a new
address has not been potted by the time the

next SIP appears.
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s EO1 = OOF U03 SIP

(read)
r U03 = RF1 AFL CLK
where RFI = Last character read
s U03 = OLF U0Z LSC AFL:CLK  (write)
and AFL = A12 A13 .... A23 X05

C. POT error:
A POT issued at other than idle or postamble will
also indicate an error, regardless of whether
a read or write operation is taking place. Even
under these conditions the address POT is responded
to by sending an RTO signal to the computer, but
the contents of the A register are not changed.
yEO1 = X01 X02 PT2
In the first two error types, the operation is terminated before the interlace
count is zero. Therefore Il will not occur but I2 will, because Whs is sent to the
channel based on X03 being false or U03 being true at SIP time.
WHS = O00F (X03 BUC + UO3 SIP) DMW
Flip Flop UO3 will be reset when the buffer is disconnected.
r UO3 = OOF X03 CLK
The following error cause a channel error to be indicated by sending the
WES signal to the I/0 channel. Py
A. Read Error: u«/d 4:1«&%‘3 /LME‘:‘)?' f‘*“"-’&df we=o
When reading the longitudiailuparityfbitsthherpartty
mismatch signal PCP will cause WES to be true.

WES= 02F UO01 U0O2 OOM K06 K07 PCP CLK

B. Rate Error:
If during the transfer of the data in a read or writelopera-
tion, characters are missed due to infering time shares or the
data rate, the grger-ifpAsl WES will Bergéht i Tmmediately
and a_Whs will pe sent at the end of the sector.
WES = K04 p
where &XO&s! 02F PST X09 UOL OOM DMW CLK + OLF X08 X09 02M U61 CLK
Whs =00F DMW BUC X03
and r X03«00F X04 CLK
In the case of the read error, the operatfon is allowed to continue until the

interlace counts is zero, Thus Il is always generated. In the case of the rate error

GY



I2 is always generated at the next gap after the error occurred.

The flip flop X03 is reset by detecting that W10 through W14 no longer contain
the RAD address, 26.
PHASE TWO-READ

Phase two is defined by

02F = FOl F02
The read phase begins at the 13th clock count (15.6 us) after SIP and lasts
until the last character is accepted from the coupler. The clock used in this
phase is derived from the data by the read decoder module. The four clocks (ome
from each track) are "ored" together at the input to the one shot RCK which
generates clock pulses of .5 usec width., The switching from the write clock,
used in phase 0, to the read clock in phase two, is done in each Selection
unit under control of RCN, which is generated in the coupler.

RCN = 02F
The count registers K02 through K07, and MOl and MO2 are reset by DRK at two
places during the preamble. One is at the beginning of the read phase, until
the first clock is detected and the other occurs after six clocks are counted,
until the first double zero is detected. '

bRK = B vo1 Toz
The clock pulses are counted in the count register by the CNT pulses.

CNT = UO2 CLK + 02F UO1 CLK
Once the read phase is entered, a complete sector will be read and the longitu-
dinal parity will be checked even though the buffer may disconnect earlier after
reading only a part of the sector.
The read phase will be described in three parts in the order of their occur-
rence. The detection of the preamble, reading of data and tramsfer of char-
acters, and checking of longitudinal parity.

DETECTION OF PREAMBLE

The first clock detected after entering the read phase sets UO2.
sU02 = 02F UOLl UO3 OOM CLK

where U0l was set in § O by the LDA l g e
—— ——— }"\/',\‘
OOM = MO1 MO2 % Ww‘é pbond
7
Six clock times later, U02 is réset and U03 is _set. and the search for the pre-

amble double zero begins.
rU02 02F UOl 02M K07 CLK

sU03 = 02F U0l U02 02M K07 CIK
Flip flop U02 is set again when the first zero read is in SO03 and the second
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zero is in RD1. On the basis that U03 &8 set (search for end of preamble) and U02
is set (found end of preamble), U0l and UO3 are reset on the next clock.
sU02 = 02F UOL U03 S03 RDI CLK —5 J Z#107 aue drurdl
rU01 = 02F UO2 U03 CLK
rU03 = 02F UO1l U02 OOM CLK
The parity flip flop POl through P04 are set prior to reading data so that the
longitudinal parity may be checked at the end of the data read time. '
yPO1l =SPR
yP0O4= SPR
where SPR= 02F UO1l U02
READDATA ‘Figure 3-22 shows the timing relationships used in reading the preamble and data,
and also how the caracter is transferred to the Input/Qutput Channel. Each track
will read 384 bits of data which will -set into the S register and be shifted twice.
Then it will then contain one 12 bit character.
s503 = LR1 CLK
rS03 = ILR1 CLK
s506 = LR2 CLK
r506 = LR2 CLK
8509 = LR3 CLK
rS09 = LR3 CILK
8512 = LR4 CLK
rS12 = TR& CLK
Where LR1-4 is the output of the read circuits gated by 02F.
POl through P04 are toggled whenever & one is read in from the corresponding
track.
tPO1 = LR1 UO02 CLK
tP02 = LR2 U02 CLK
tP0O3 = LR3 U02 CLK
tP04 = LR4 UO2 CLK
Two 12 bit buffer registers are supplied to provide the buffering required to
operate with the 92 computer as well as with the 930,940 and 9300 computers. These
two buffer registers also allow sufficient time for lower priority time: share
operations to occur when using a TMCC. These two registers are called the Z and V
registers. At each OOM clock, a 12bit character is transferred from the S register
to the Z register. DC flip flops are used in the Z register and the information is
thus transferred at the'heginning of the clock pulse, CLK.
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sZ01 = LRC SOl
rZ01 = LRC SO1
sZ12 = LRC S12

r Z12 = LRC 512
where LRC is the term which allows this transfer
LRC = 02F 0oOM CLK
The X09 flip flop is used to record the fact that the Z register is full by
being reset every OOM time during the data transfer portion of a sector.
rX09 = 0OM UOL 02F CLK
The transfer of data from the Z register to the V register occurs under control
of the X07 flip flop in every case except when the response to the ECW (signified by
flip flop X06) is so late that X08 flip flop must be used on the other clock phase
as describedilater intthis-section.
sVOl = LVR Z01

VOl = LVR ZO1
sVlz = LVR Z12
V12 = LVR Z13

Where LVR enables this transfer

LVR = 02F X07 X08 CLK + ...
_gis WEXT PRGE, Corclé AREA

Except at the beginning#\the sequence of events is initiated by the first clock,
CLK, to occur during W5 W6 time, which indicates that the previous information on the
Zw lines (from to V-register to the I/0 channel) has been accepted by the I/0 chann-l.
Thus X06 is set to indicate this condition.
sX06 = 02F W5 W6 U04 CLK
On the next clock leading edge the X07 flip flop is set if the data presently
in the V register had not arrived directly from S (as indicated by X09 being reset)

or if it had, it would be at some clock time other tham 02M.

sX07 = 02F X06 X09 CLK 947 Ki:lo V)
sX07 = 02F X06 MOL CIK (S to & to V)

If the clock time is 02M and X09 is set, V should not be loaded, for the same

character would be transferred twice to the I/O channel. The character is then
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allowed to be sent to the V register only while X07 is true. On the following
clock leadimg edge X07 is reset. .
rX07 = CLK s <o v enfY
The same terms which set X07 also reset X06 if potxigbthe preamble and if the terminati:
flip Flop UO3 has not been set, '?/jhuth x#ﬁ? /
rX06 = 02F UO03 UOL CLK (MOl + X095
The ECW clocks to the channel are based on 255, which indicates that the previous
character has been accepted by the I/0 channel.t:%he Ij0.chanbeirdetms W5 and W6 are
bﬁﬁeluatﬂCin:thk3icwulbgicftofallawndata:txnnsferfratesaclose:to;&hé maximum-of 286K
bytes/sec. ECW = 02F 104 W5 W6 DMW (X06 + U03 X09)

U04 is included for initialization as described later.

If an interfering time share operation occurs at a time that the I/0 channel wants
to access memory, the process will be delayed and W5 will stay on for an extra
memory cycle (ﬁg W5 WZ) and the channel cannot accept another character. In this
case, X07 will not become true at OOM clock time and the character transferred frov
§ to Z will not be transferred to V until a later clock. In the case of a second
interfering time share, the transfer tc V must take place later than the second
clock past OOM, »but Sefore OOM ZLK, in order to prevent the transfer of the next ~%:r-
acter into Z. This case, which is defined by X08 being true, is clocked
differently. .
LVR = 02F X08 OOM CLK
If the X07 is not set on the leading edge of the clock in 02M, X08 is used
to transfer the data, if it becomes available before the fall of CLK in 02M. This
only occurs with interfering time shares by another device on another I/0
channel operation simultaneously.
8X08 = 02F X09 02M X06 CLK '~ I %
It is reset at the following clock leading edge,
rX08= 02F CLK 02M
A rate error is declared if the data is not transferred out of the Z register,
as indicated by X09 still being reset by OOM CLK time.
sX04 = 02F X09 UOL OOM CLK DMW PST
Wes = X04 .
Flip flop X09 will be set when Z is transferred to ‘as determined by X07 or X08
sX09 = 02F X07 CLK |
+ 02F X08 CLK
To initialize this sequence it is necessary to delay the sending of ECW clocks tc

to the I/0 channel until the leading edge of the second OOM in the read data portion

of @2 when the first 12 bit character has been read. This accomplished by having
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UO4 in the ECW logic and not setting UO4 until the proper time.
sUO4 = UOL OOM O2F
This initial setting of X06 should occur at the Lesiiing:edgecof: CLK. in the first
02M so that the first S to Z to V transfer occurs on the second OOM CLK to occur ‘
._in the read data portion of @2. /@L/ﬂﬂd%1fo dﬂé;
o _sX06 = 02F 02M UOL U04 CLK

‘ rermlnatlon of the ECW pulses for a sector must occur on the 128th ECW.

Flip flop U03 is set to 1nd1cat?$that X06 should not be reset after its setting for
s m’i“"b
the 128th time. v{p;i_ﬁ.n\“g’
sU03 = 02 F‘UOI U02 KO7 X08 CLK

The condition of UOL U02A1nd1cates the clock at which S is transferred to Z

for the 1g§?ﬁ}t1me
rU02 = 0ZF NXL LSC CLK
where LSC = K07 MOl (every sixth count)
and NXL = K01 K02 K03 K04 K05 K06

In the case in which the next to last character is transferred to V in the firs:t
part of the same OOM that the last character is transferred from S to Z, there will
be two ECW's required to transfer out all of the data. Py including X07 X08 in the

set U0O3 equation, UO3 does not get set until the last character is transferred to t-.e
V register.

LONGITUDINAL PARTTY GHECK

Thie: longitudinal parity bit which immediately follows the last data bit of tue

sector is compared against that which has been formed in the P flip flops while rezanirn:

the Dnata. If they fail tg coqpare, the error s1gna1 WES, is generated,

ettt o ..\

WES = 02F UOL U02(00M K06 KO7)PGP CIK
LT 5 S Polortle

The time that phe! parity bits owec readyi is' defined bry U011 U020 00M K06 KO7. PCP is

the gate Tn whith the cmtpar«inn is done. L ghe Oﬁa‘b' L“"P PL o el o f\m,l{
s/ ¥ PCP = P01@1 ¥ PoL(RD @1 deta
i““',, 2 + P02 LR2 + P02 RD2
Z.
< whb oo
},g,‘,"f{‘r/{ + P03 LR3 + P03 RD3

+ P04 LR4 + PO4 RDA
When the last character is accepted, if an address overflow condition does not
exist (not band 77 sector 77), the address increment signal AIN is generated, whi:h
adds one to the address in the A register. It's generated if in the non-increwent

mode due to the X05 term in the AFL,
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AIN = RF1 AFL (LK

The read phase ends when the last character is accepted by the I/0 channel, and
the coupler returns to phase 0.
rFO01 = RF1 CLK
where RF1 = 02F U01 U02 02M K06
AFL = A12 Al13 .... A23 X05
The flip flop UO3 is reset unless AFL is true in the non-increment mode.
rU03 = RF1 AFL CLK
If U03 fails to reset, it will then be on at the time that the next SIP pulse
occurs, thus indicating an address overflow. error by setting EOl,
sE0OL = OOF UO03 SIP
Flip flop UO5, the read enable signal, is reset at the time the last character
is accepted by the channel, in order to prevent any transtions into the read circuits
at the time that the A register increments.
rU05 =RF1
Flip flop UO4, which signifies the time for read ECW's, is also reset by RF1l
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If a rate error has occured in phase one or two the flip flop X04 is in the

set conditon. To prevent any further reading or writing beyond that sector in which
the error occurred, the connected flip flop X03 is reset in the next @@ and the opera-
tion terminates,

rX03 = 00F X04 CLK

X04 is also reset at the same time

rX04 = 0OF CLK

PIN OPERATIONS

A PIN instruction transfers the contents of the D register (current sector
address) to the specified core memory location. The contents of D0l-D06 are
transferred to memory word bits 18 through 23 respectively by the computer C register
C18-C23 See Figure 3-23, Sector Counter PIN Flow.

The PIN instruction does not affect the current status- of the addressed selection
unit or the coupler, and may be executed during any phase or operation of these units.
ALERT TO PIN

An EOM, Alert to PIN instruction must preceed the PIN Operation. This EOM alerts

the coupler that a PIN is to follow by setting flip-flop X02 true.
5X02 = IDN

IDN = Cl6 I0C DMA {y ;{fwwff-"é .
e —— /,a"—" e & 1
RTO = XO01 X02 ENP* 12 “?‘“‘ﬁ

X02 :will 'remain true-until Rti from the computer signals that the PIN instruction has
terminated.
rX02 = RTI +....
The Alert to PIN EOM instruction also selcts the addressed selection unit by
setting the address code into the unit address regiser, GOl-G02.
sGO1 = IDN C1l2
rGOl = IDN C12
sG02 = IDN Cl13
rGO2 = IDN C13

The outputs of GOl and GO2 are gated to be used as cable drive inhibit terms

in each of the selction units.
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GS1 = GOl GO2 Selection Unit 1
6S2 = GOl 502 Selection Unit 2
GS3 = GO1 GO2 Selection Unit 3
5S84 = GO1 GO2 Selection Unit 4

In each selection unit the S address term unique to the unit becomes the tern
PSL, See Figure 3-24, Unit Select for PIN Operations. The PSL term is precessed
on the cable connector modules in the same way as they are for unit selection durin:
read and write selection. See Figure 3-12, Unit Select for Read/Write Operatioms.

If the contents of the D register happened to be transferred into the »ufier
at the instant the register is counting up, an erroneous sector address could he
obtained. Teo prevent this possiblity, the RTO signal will be delayed by the
YSC flip flop to allow the D register to settle. The term YSC comes from the f:lse
output of the sector increment flip flop which is triggered by the sector pulse
SEC. Normally the false output of YSC is kew.. When the sector pulse SEC appears,
YSC goes to Ov for 1.2 microseconds which causes the signal ENP to delay RTO.

RTO = X01 X02 ENP
ENP = YSC + PSL
PSL = GS1 + GS2 4+ GS3 + GS4 ,

If the Sector increment pulse is not present during a PIN operation, the YSC

flip flop will be in its normally true state and RTO will not be delzyed,

The current secotr address in the D register is transferred t~ tl.e C re.ister
on lines Cd18-Cd23.
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Cd18 = DO1 DAP
Cd23 = DO6 DAP

DAP = XO1 + X02
Normad PIN Operation timing is shown in the timing diagram of Figure 3-25.
Figure 3-26 timing diagram shows the timing when a PIN operation occurs as the
D register is incrementing.
SKS INSTRUCTIONS

The SKS instructions do not affect the current operation of the coupler in any
way; thus, and SKS instruction may be executed while the disc file is reading,
writing, or while it is in the standby condition. Each of the SKS instructions tests
the status of the 8I0 line for a true or false condition. The logic levels of the
SI0 term are inverted, If SIO is at ground level, the computer skips the next sequen-
tial instruction; if the ST0 signal is at a positive level, the computer executes
the next sequential instruction.

When SIO is not being tested it is positive. It can go to ground level only
when it is being sensed and the condition being tested exists. The conditions tested
and the corresponding control terms are:

Skip if Disc Ready 00F X03 + OOF U0l UO02 X03
Skip if No Disc Error EOL
Skip if Track Not Protected WLK

SKE Operations

SIG = DMA <13 Cl4 PUF X03 PWR
+ DMA TI13 cl4 EO1
+ DMA C13 Cl4 WIK

where PUF = OOF + OOF UOL 002
and WLK = (Zand Protected by switch).USL

USL = US1 = A09 Al0 Selection Unit 1
+ IS2 = A09 A1Q Selection Unit 2
+ U53 = AD9 Al0 Selection Unit 3
+ US4 = A09 A10 Selection Unit 4
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SECTION IV INSTALLATION AND MAINTENANCE

The 9367 RAD is provided with a comprehensive diagnostic program (594003)

that provides én extremely useful and versatile tool for testing and trouble-
shooting the RAD system. However, to effeétively use this tool, it is first
necessary to determine that the RAD can perform the basic functions outlined

below:

1. Respond properly to computer tests.

2. Accept an address correctly.

3. Communicate with a TMCC or DACC.
This section is intended to provide guidance in testing these functiomns.
It should be remembered that total testing of the RAD requires the use of
the RAD apocalyptic Diagnostic and that the procedures herein will test

only basic operation.

The following instructions control the 9367 RAD operation and are configured
for operation through the E channel of the DACC. Operation through channels

other than E require instruction modification for channel selection,

SKS 50026 Skip if RAD ready

This SKS instruction shall cause the program to skip if the RAD error
Flip-Flop is not set. The RAD Error Flip-Flop is set by the following
conditions:
1. An attempt is made to POT new address and the controller
is not ready.
2. An attempt is made to write in a write protected area.

3. The address register increments across a unit boundary.

SKS 53026 Skip if band not write protected,

This SKS instruction shall cause the program to skip if the currently
addressed band is not located in a write protected area. A minimum of 0.6
milliseconds must elapse between the potting of a new RAD address and the

write-protect SKS for the SKS response to be valid.

EOD 10026 Alert to POT
EOD 11026 Alert to POT, inhibit band incrementing.

Either instruction shall enable the controller to accept a potted addresss

provided the instruction is performed when the controller is in the ready
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state. The address is located in C09 to C23 of the potted word.

Unit Band Sector

€09, Cl0, c11, c€l2, c13, Cl4, Cl5, Cl6, C17, c18, €19, €20, C21, C22, C23

Should the alert to POT instruction be performed when the controller is
not ready the subsequent POT shall not alter the address but will set the
RAD Error Flip-Flop.

When the alert to POT, inhibit band incrementing is used to alert the
coupler, band incrementing is inhibited during the subsequent write or

read operations.

EOD 1N226 Alert to PIN

This instruction enables the controller to gate the contents of the sector

counter located in unit "N" to the computer by a PIN instruction.

N Unit
0 or 1 @
2 or 3 1
4 or 5 2
6 or 7 3

Contents of effective PIN address

0's Sector

EOD 02266 Connect RAD memory write.

This instruction shall cause the RAD to connect to the channel and write
a consecutive number of words as defined by the contents of the interlace
registers. Operations involving less than a multiple of 64 words result
in the unused portion of the last sector being filled with all zeros. An
attempt to write on a write protected band shall cause the RAD to discon-

nect from the channel and shall set the RAD Error Flip-Flop.

EOD 02226 Connect RAD memory, Read.

This instruction shall cause the RAD to connect to the channel and read a
consecutive number of words as defined by the contents of the interlace
registers. Parity is tested at the end of each sector, A parity failure

will result in the Channel Error indication.
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The following test loops may be used to test basic RAD functions:
SKS 50026 Skip of RAD ready test.

This loop tests the RAD response to the Ready Test.

Insert Program

100 04050026 SKS test ready
101 00100100 BRU return, not ready
102 00100100 BRU return, ready

Step through the program. The program shall skip from 100 to 102.

Ground 37A03 in the coupler. The RAD shall now test busy and the program
shall step through 100 and 101.

SKS 51026 Skip of no RAD error test.
This loop tests the RAD response to the Error test.

Insert program

100 04051026 SKS, test no error
101 00100100 BRU, return, error
102 00100100 BRU, return, no error

Step through the program. The program shall skip from 100 to 102.
Ground 31D23 in the controller, The RAD shall now test errors and the

program shall step through 100 and 101.

SKS 53026 Skip if band not write protected test.

This loop tests the RAD response to the write protect test.

Insert program

100 04053026 SKS, test not write protected
101 00100100 BRU, return, write protected
102 00100100 BRU, return, not write protected

Push start. Check that the write protect switches are down. Step through
the program. The program shall skip from 100 to 102.

Set the first write protect switch., The program shall now step through

100 and 101.

EOD 10026 Alert to POT test.

This loop tests the ability of the RAD to accept ones and zeros into its'

address register,
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Insert Program

100 00610026 EOD, alert to POT
101 01300105 POT, zeros

102 00610026 EOD, alert to POT
103 01300106 POT, ones

104 00100100 BRU, return

105 00000000 Constant, zeros
106 77777777 Constant., ones

Step through the program and observe the contents of the Address Register

following each POT,.

EOD 10226 Alert to PIN and PIN test.

This test verifies that the RAD releases the computer from the PIN operation
and displays the result of the PIN in the A register. The validity of the

PIN data is not tested.

Insert Program

100 00610226 EOD, alert to PIN

101 03300104 PIN, input sector address
102 07600104 LDA, display result

103 00100100 BRU, return

104 PIN, data area

Display the A register. Step through the program. The data displayed in
the A register shall vary between 00g and 77g.

EOD 02266 and EOD 02226 Connect to Write or read test.

This program loop can be used to write or read from any location in the
RAD units. The starting RAD address can be changed by altering the con-
tents of location 130. Locations 131 and 132 respectively contain the
write and read interlace values that may be modified to test multiple
sector transfers. BPl reset enables the write operation, BPl set enables

read.
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Insert Program

100
101
102
103
104
105
106
107
110
111
112
113
114
115
116
117

130
131
132

1000 - 1777
2000 -

04050026
00100100
00610026
01300130
04020400
00100113
00650000
00614200
01300131
00602266
00100100
00650000
00614200
01300132
00602226
00100100

00000000
04001000
04002000

SKS,
BRU,
EOD,
POT,

test busy

return, busy
slert RAD for POT
RAD address

BPTLl, test breakpoint 1

BRU,
EOD,
EOD,
POT,
EOD,
BRU,
EOD,
EOD,
POT,
EOD,
BRU,

branch to read
alert interlace
set conditions
load interlace
connect to write
return to start
alert interlace
set conditions
load interlace
connect to read
return to start

Constant, disc address

Constant, interlace data, write

Constant, interlace data, read

Data area, write
Data area, read

Run this loop with various record lengths and patterns, first by loading

the write area with a known pattern then writing in on the disc and call-

ing it back, When the RAD can be operated without error, using this pro-

gram, the RAD Apocalyptic Diagnostic should then be used to complete

testing.
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SECTION ¥

LOGIC EQUATIONS

GENERAL

This section contains a listing of all the logic equations that apply to the
operation of the 9367C RAD coupler and selection units. This section is div-
ided into the following three parts:
a) Logic Symbol Convention. A brief explanation of input
gating structure, mechanization and terminology.
b) Logic Equations. Input equations for all register and
control flip-flops, and output equations of unbuffered
gates or gates buffered by logic amplifiers or inverters.

c¢) Glossary of terms.

LOGIC SYMBOL CONVENTION

A complete logic term is made up of three parts: a one-digit polarity or function
identifier; a three-digit mnemonic; and a one-digit source tag. These three

parts are described in the following paragraphs.
First Digit.

The first digit, when numeric, serves to identify the signal with its polarity
and the type of connection it is making within the system. An odd number is
assigned to a false or negated signal (true when at Ov). An even number is
assigned to a true or assertive signal (true at +8v). The numbers "0" and

"1" are reserved for flip-flop outputs only, "0" being reserved for the set

-,

and "1" being reserved for the reset 51de/)(The numbers ''2" through 5T are L

:;used for buffer amplifier ‘and inverter outputs; "4'" and "5" being the second

stage outputs, '"6" and "7" for diode gate outputs, and "8" and "9" for cable !

81g,nals ; e 0 e i e

A letter instead of a number is used when a signal is generated or gated for
the sole purpose of connecting to one of the inputs shown in figure 5-1.
The first digit is left blank for signals whose polarity is either undefin-

able or insignificant such as write driver outputs and ground jumpers.
Middle Three Digits

Three alphabetic characters from the basic mnemonic of the signal. Signals

of external origin, such as those from the computer buffer, retain their

Page O6



identity as much as possible with the addition of zeros when necessary to make

up the three digits.

Last Digit

The last digit is a letter, or source tag, that defines the unit in which the
signal is originally gepnerated. The letters are assigned as follows:

A Coupler signal; WM""‘*«%; D— D cér}yﬁt[ ,44;11‘&0

C Computer signals %

®

S Selection unit signals

e

W Computer buffer signals
The last digit is a numeric for a ground or jumper wire where the above con-

vention is not used.
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2SIPS =
y REVS
s ReEVS
rn.REVS
2IDXS =
2 SECS =
2 RpYs =
2weNns =
3 WENS =
2¢CLlsS =
2CL2S =
3¢cLi1s =
3 CLes =
2 USLA =
2 CLKS
s MCC =
nMcee
T mec
2SFTs =

i

i\

it

Lloaic EQVUATIioN S
9367 D
SELE ¢TioN UNIT

2 SECS
OREVS
2IDbX5S
2IDXsS
Iroxs

qSecsS
ZRDYS

TFWENA 9JUSLA 3 RDYS Zwiks
2 WENS

2CL1S 2ULSLA

3cczS ZTUsLA

LCLis

vsm—s

BCLzS

ety

Qus A

imees 2CL1 S
zcLzs

2cL2s

98ECS

2ZWENS OoMce S

2 LlDWS = 2WENS | MccCS
I prRpS = OReVS 2T0x%

IAhIIS =
JAl2s =

3/135 =
S AMS
BAI5S
RAES =
3A/17S =
RAIBS =

)

SANA qUSLA
b AZA AUSCA
BATRE  FUSCA
TAmA  Fusia
SAISA FUsiA

BAIGA FUsLA

BAIA TUSLA
ODo|S qusLA

39

(SH\F‘\‘)
<LQAD)



il

HANS DANS AUSLA

HAlzS = A 2S JUSLA
HAI3S = 3A13S Jysia
HA14S = IAWS qusca

Hel5s = 3AISS JUs1A
HAIC & = aplbs §Usia

HAI7S = 3A175 Qusg
HAIES = IDbel s qusea
5SANS = FANA
SAlzs = FAA
SAIRS = 3AI3A
S Awms = A

2D5315 = HAIIS + HAS

2P3ZS = HAS + 54125

6wWPlIS = Sols 2gP1S
+ So2S ZGPzs
+Soz3s 2GP3%
+ SodS 2&FY4S
+ So%s 2G6pP1S
+ S06S 2Z2&Pr2 S
+ So07S Z26P3S
+So0gS 2GPUS

J3WPIS = G wPis

- ZDPS3S = TAIS + HAIZS

2054s = 5AUS + CTAI1ZS

bw?P2s = So9s 2@rPIsS
+ SIes 264prP2 S
+SIES 26P3 S

+ SI12S 2G6pP45
+ SI13S 26P)| 5

+SIHS z2aP2s
+DISTS 2&6P3S
+SI1658 26PYS
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BwWP2Z S = 6WwWPZS

ZwLKS = 3wpPrs DwP2S
ZGP1LS = HAIMS 4+ HAIRS
2GP2S = SAMS + HABZS
L&GP3S = HAI4S + GANRRS
2GPYS = 5AIMS + SAIZS
sDo) = 9ome2zs
~be) = opezs

t bol = 3IBRBS
S Do = epoed S
nboez = oboe3s

t Doz = TpRLS
S5Do3 = oDois
ADo3I = obe4ds
+ 003 = ZITRSS
sbhoH = opbeS.S
~Dod4 = o peS S
t Doy = IFTESE
S Des = ppesS
nDes5 = opobt S

t DoeS = Tpros

sDob = =25ECS

n-Doe = z2secs

T Dot = ‘:;;m

UeDls = ppols AUSLA

9epP2S = ©oDozS QUSLA

Gep3IS T ODeBS QUSLA

QcpH S = oboqds 9quSLA

QACpES = ©oDOETS qusLA

Qe peS T ODo6s GUSLA

2 81PS =

2S1PS SA0UsLA
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@DolS 3PsLs
opozs 3IPsL .S
Obo3s 3BPsSLS
©po4s BPSLS
ADesTS = OGboss 33PsSLS
ADoES = ODE6S  IPSLS
9ENPS = 2g8IPs 3PsLS
3PSLS = @ pPsLA

il

It
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PIN
sgcToR

coV NTER

sTcel = 2Z2LDWS 2wWD38% 2cCcLlS

+ BZIWENS 2RL1IS =2cCL1s

2LDWS AwWD3IA 218
FWENS 3RL1IS 2.¢01%

ATCL

2 SFTS 2CL158
sTcz

2SFTs OTels 2zceels,

ottt 4w

AYc2

+ 2 SFTS 1Tcl1S 2cuLis
S T3 = 2LDWS

ATe3 = 21Lpws

+2SFTsS 2cu S
s TeY =2wwws 2wpzS 2cu1s

+ 3WENS OTC3 S 2culs
+2SFTs oTc3zs =2cus

ATCH = 2LpwS 9wbzA  =2cuiS
+ SWENS 1Tc3S 2¢CL1S
+ 2SFTS 1Tc3S =zcuis
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sPc| = oPcz2$ ha

APCy = oPc2z S

& Pl = 9s8cs PrRepAmBLE
S Pz = P3RS

A Poce = OPc 38 CONYERTER
£+ Pc2z = J%Ecs

SPe® = 1Pc1S 2 wpls

APc3d = 1Pc1s M J

t Pc3 = Tsecs -

2RL1IS = 3RL1S 3wENS

2rRL1S = BRLLS HWENS

SRLzZS = 3IRLZ S 3IWENS

FRLZS =YRLZ S BWENS

2WDiS = GWDIA

2 WDES = QWb 2ZA

2LWD3IS = GWD3A

2Z2WwbY S = qQuwpHh

FBWL1S = | Tz S 4+ oPCIl S

FwLes = ITCHS + oPe| S
GRDIS = OTC2S QusLA
GRD2 S = OTe44S SQUSLA

ARD3IS = O0Tcl1 S SGUSLA
QGRDHYHS = o Tec3IR GusLA
GeLtkS = 2c¢cLtKkKS GUSLA

GuwiLKS = 2wWLKS SUusLA
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LORc EQUATIONS A
92698, Saelackwon Umit,

9CDnsS = ODONS @v\abie Yerm on cable dvivep
1S gUS LA )QOUJ Hrue Io&!c)

LCLKES = FRCHNA QawWCES
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GRDIS = D-_f01$ cable dwiven Mabud.ht’]y
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G RDIS = 0 DO3S | °
9RD4S = 0DOHS
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o W AR ey

QACTA=200FA 0U06A 1 XOIA
AAFLA<= QAFAA . 2 AFRA
2LRAFAA = OAIZLA OMIZA
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4 AFC A
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t A/ICA - OAIIA
taAmA : ALLAA gC/OC
T A/A =OAI2A
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YAIHYA:=2LDAN BCIYye

tAIsA . O AIGA
WRISA 2 LDAA EBCISC
tAIT6A = OAI7A

YA A *2LDAN -SC/bC './ﬂ» e
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tAIYAH =OAI9A
YAIEA =2LDAA FcigcC
TAI9A =0A20A

YWAITA 2 LDAA CI19C
LtA20A -0R21 A

YR20 AR =2LHAR B C20C
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YA® A S2LLAA scaIC

t Aau i - OA23 A

;,An.:.ﬂ\ = WDAA ¢ caac

tAS2A = ZAINA
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9367 C

RAD

Glossary of Loglc Terms
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A09-A23 Address Register

ACT Clear the A register on Alert to POT

AFA Address bits 1? and 13 both true -
AFB Address bits 14 through 17 all true

AFC Address bits 1.8 through 23 all true

AFL All bits true in A register (12 through 23)

(Band 77 sectoxr 77)

AIN Increment the address in the A register

B
BSC Beginning of sector pulse triggered by trailing edge of SIP
BUC " A signal from the computer that is true <uriung an EOM buffer

control mode instruction.

C
C09-C23 Computer C register terms.
CD1-CDé6 Current sector address from the selected unit to be compared against
the sector bits in the address register.
CLH Lowér half of sector address compare.
CLK Basic clock. Derived from clock track in phase zero and one. In

phase two it comes from the read data signal from disc.

CcMC Write enable signal inverted to center taps of read transformers.
CNT A signal that allows the M and K registers to count.
CUH Upper half of sector address compare
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DO1-D06 Current sector address register.
DAP Enables DO1-D06 cable drivers for PIN
DMA RAD address contained in C register.
DMW RAD address contained in Unit Address register.
DRA Direct reset to A register.
DRK Reset count registers M and K
DRV Direct Reset V register
DRZ Direct Reset Z register
E
EO1 Error flip flop
ECW Data character transfer clock to I/0 channel.
EDSW A signal from DACC when word count =4, used fox an early

EARLY D)18ComVERT Siannl

interrupt on a scatter read operation.

ENP True while D register is incrementing at sector pulse time.
ERW Enter read or write phase from phase zero.
F
FO1l-F02 Phase counter flip flops
G
G01-G02 Selection unit address register used for PIN operation.
GSI-4 Selection unit address gates. These four lines are used to select

the addressed storage unit whose sector address is required for the

PIN operation.
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HSD

IDL

IDN

IDT

IDX

INT

10C

JK57

K01-07

LDA

LDS

LDV

LDZ

H
A conditional signal level required in phase zero to trigger
the beginning of sector one shot, BSC, with the sector increment

pulse, SIP.

I
Address increment period. This one shot is true during the

time that the A register is incrementing.

An Alert to PIN command is in progress.

An alert to POT command is in progress,

Index pulse from disc, which is used to-reset.thetseetor coanter
etce:each revodutione type oi cead

The interrupt signal generated when the sector address equals
the current sector location.

A signal from the computer demoting that an EOM command in the

Input/Output control mode is being executed.

J
A signal that enables the resetting of the character counter at

the end of the wrtgewbpteamble,

Character counter register.

L
A signal to load the address register on a POT command.
A signal to load the S register with data from the Z register.
A signal to load the V register with data from the Rn lines

from the 1/0 channel.

A signal to load the Z register with data from the V register
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LR1-4

LRC

LSC

LVR

MO1-MO2

NNL

NUF

PO1-PO4

PCP

PNE

Data lines from the controller cable receivers., These four

bits of data from the selection unit are placed into the S register
during phase two.

A signal to load the Z register with data from the S register.

A signal that denotes two 12 bit characters have been written

or read. It is true every six pulse times,

A signal to load the V register with data from the Z register.

M
Modulo 3 count register. Each full count of this register signifies
that one 12 bit character has been written or read. Each full

count of this register toggles the character (K) counter.

N
A signal which denotes that the character (K) counter has a
counted 1257 characters. (KO1-KO5 are all true)
A signal that marks the last (64th) word time of a sector.

Phase zero or not postamble time.

P
Parity checking and generating register for each of the four tracks.
parity compare signal used in checking longitudinal parities of all
four tracks at the end of a sector read.
A signal derived from the character and modulo 3 counter which
inhibits setting of U0O3 after the 8th preamble character is written,

thus causing the last two preamble bits to be zeros,
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PSL

PST

PT1

PT2

PTQ

PUF

PWR

Q20

RCO1-4

RCCl-4

RCD1-4

A signal in each selection unit that enables the output of the
sector counter during a PIN operation.
Data time or first 6 clocks in postamble. Time for setting rate

error flip flop X04 on read.

S

T

The POT 1 signal from the computer.
The POT 2 signal from the computer.
The same as PT2 although it is made up in the coupler of POT1
and Q2 signals from the computer.

Postamble time or phase zero.

Power on signal. Normally true. It goes false when power fails

or when the computer START button is pressed.

Q

The Q2 signal from the computer.

R

' The 600 ns one shot output of the clock discriminators.

The unused clock compensator flip flop in each of the four read
circuits.
The 600 ns one shot output of the clock discriminators after it

has passed through a 200 ns delay.
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RCK

RCL1-4

RCN

RCS1-4

RCS

RD1-4

RDA1-4

RDD1-4

RDL1-4

RTO

RTI

The read clock pulse one shot. This generates the clock pulses
used on in phase two.
The outputs from the read limiter cicuits which feed the clock

dicriminators.

The signal that is true only during phase two which selects the
read clock signal for CLK.
The read clock signal out of each of the four read circuits. The

first of these to occur gehggzates’'the'couplier glockadurink @2it.

The ORed output of the four track read clocks, RCS1-4

The data output flip flops of each of the four read circuits.

The outputs of the read preamps.

The outputs of the read data differential amps which feed the inputs
to the read data flip flops.

The outputs from the read limiter circuits which feed into the

read data differential amps.

Read enable signal to the selection unit which enables the portion
of the X selection circuits that allows the read transformers to be

used.

Vst 4‘3”{0&5

A signal which is true only at the end of the read”phase when the last
character has been accepted by the channel.
The RT signal to the computer that gets a POT or PIN command out of the

wait phase.

A signal $rehcenéngodipster PRMicartivg thef £7'PPN -command has ended.
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S501-12

SAC

SEC

SHS

SID

SIH

SIM

SIO

SIP

SPR

STO

STV

S
The 12 bit character assembler/disassembler register.
Sector address compare gate which is true when the contents of the
sector  portion of the address register is equal the sector address
(D) register.
Sector timing pulse out of the Index Sector Decoder,
The signal that causes the S register to shift.
The output of the Index Sector amplifier.
The output of the Index Sector read head.

A signal that is true during either the sector or index pulse time.

The response signal to the computer during an SKS instruction.

When this signal is true to computer skips the next instruction.
Sector increment pulse. The pulse starts at the leading edge of SEC
and lasts about 1.2 us. This delays the start of BSC to allow

the D register sufficiently settling time after incrménting.
Initialize the Parity flip flops at the beginning of the read or

write phase.

"The signal from the START button on the CPU

250 W8 one shot which is a strobe pulse to load the V register

with the LDV signal.
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T
TNI This signal is true only during the EOM alert to POT and it allows

the setting of the non-increment mode flip flop X05 from Cl4.

U
uo1 This flip flop sets when the controller accepts a new address at
the sector pulse time after an EOM, POT sequence, or when phase one
or two is entered. Essentially it defines leading gap and preamble

time, and search for starting sector.

U02 This flip flow enables the character and module 3 counters to be
clocked.
uo3 © This flip flop generates the preamble pattern during write preamble

time. During read preamble time it defines the search for end of

preamble time. It also signifies end of data transfer time on a read
operation.Another use is to detect an overflow condition.
Uo4 This flip flop defines end of write time and also initiates read

ECW's during phase two

Uo5 Generates the read enable signal

U06 Recognizes an EOM alert to POT command and remains set until a POT
is executed.

Usl-4 Four unit select circuits in controller which sample each of the

four configurations of A09 and AlO.

USL Unit select signal in selection unit.
v
vVo1l-12 V register (character buffer register).
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W0l-38
W9-W14
W50

W60

W56

W90

WCA
WCK
WCH
WCO
WD1-4
WDE1-4
WEN

WES

WLK

WPC

X01

X02

X03

X04

Write driver outputs

Signals from the I/0 channel unit address register

Signal from W5 flip flop in I/0 channel

Signal from W6 flip flop in I/0 channel

A signal true when W6 is set and W5 is reset (Data transfer time)
Signal from W9 flip flop in I/0 channel. True on outputs from

CPU only

Output of clock read amplifier

A clock signal used in the selection unit during phase zero and one.
Outputs from the clock read head

Output of phase zero and one one shot which generates CLK.

The four write data lines from the controller to the selectiom-unit.
The four write data flip flops

Write enable signal to the X selection gates.

The error line to set the I/0 channel error flip flop.

The halt signal to the I/0 channel.

An attempt was made to write in a protected disc area.

End of preamble signal

X
Generates RT signal to computer on a POT command
True if POT given at legitimate time or an alert to PIN command
was executed,
RAD connected indicator

Rate error flip flop
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X (Cont'd)

X05 Non-increment mode indicator. This inhibits the incrementing of the
band address with the index pulse.

X06 The R lines from I/0 channel are ready with data on a disc write
operation or the character on the Z lines to I/0 channel has been
accepted by the channel on a disc read operation.

X07 Time to transfer V register to Z register on a disc write operation

or time to transfer Z register to V register on a disc read operation.

X08 Allows a late Z to V transfer on read if the I/0 channel was temporarily
delayed in accepting a character,
X09 Z register empty indicator.
X12 12 bit Single Character Register selection line to I/0 channel,
Y
YSC The inverse of this signal allows setting the band address in

the controller to the band address register in the selection

unit during sector increment pulse time.

Z
Z01-12 Character Storage Register (Z Register).
OOF Phase zero signal
00M Module 3 counter flip flops both reset
OlF Phase one signal
01U U01 and UO2 flip flops both reset which is phase 0O or postamble time

of phase one or two
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0O2F Phase two signal

02M Flip flop MOl is set

223U Flip flop UOl is reset and UO2 is set which signifies data read or

)

write time.
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Appendix A
9367 B Differences

The Model 9367 B utilizes a drum memory rather than a disc. The 9367 B is

available in three different capacities.

93678-01 131,072 word capacity

(524,288 alphanumeric characters)
9367B-02 262,144 word capacity

(1,048,576 alphanumeric characters)
9367B-04 524,288 word capacity

(2,097,152 alphanumeric characters)
Additional memory is available by adding from one to three extender units.

These have the same capacities as above but are called:
9367B-11, 9367B-12 and 9367B-14

Mechanical Characteristics

A standard Bryant Auto-Lift drum consists of a drum and spindle assembly, a
high-performance plated magnetic medium on the drum surface, an induction
motor, a housing, dust-tight removable panels, and magnetic read/write Uni-

Just data heads which can be adjusted radially.

The drum is 10 inches in diameter and vertically mounted and comes with a
maximum of 512 data heads plus 6 pre-recorded timing tracks. It utilizes
a 3 phase induction motor and rotates at approximately 1730 RPM There is

actually room to mount 640 data heads.

Recoxding Media

Surfaces of standard Auto-Lift drums are coated with Bryant's super-finished
magnetic plating. This plating has a tough, abrasive-resistant surface, and
gives extremely uniform playback and resolution characteristics over large

drum surfaces with a low noise level,

Magnetic Heads

Uni-Just aerodynamic data heads are used to optimize drum performance through
a broad range of operating frequencies and recording densities. These heads
can be adjusted for proper playback and the heads can be replaced, if required,

without taking the unit out of operation.



Electrical and mechanical specifications are given in Table 1.

TABLE A-1 SPECLFICATIONS

Pole Piece Gap Length 0.00025 inch

Pole Piece Frequency Up to 2 MC

Range

Inductance-half-coil 17-22

(at 140 KC) microhenries

D-C Resistance 1 ohm

Drive Current to fit application

(Up to 250 ma)

Balance-half-coil to 10%

half-coil

Resonant Frequency 3.8 megacycles
(minimum)

Track Width 0.020 inch

Track-to-track Spacing 0.035 inch

Surface Speed Limits 1,000 to 3,500 inches

per second

The drum heads are mounted on head bars around the outer surface of the drum,
These head bars are mounted in a vertical position and each can hold 20 heads.
There are 16 of these head bars mounted around the upper half of the drum

and 16 more head bars around the lower portion of the drum. These bars are
numbered from 1 to 32 starting in the back of the drum on the top row and
coming around the left side to the right side. There are four upper and four

lower head bars in each quadrant.

Each bar has the capacity of holding 20 heads but only 16 are mounted. Eight
are at the top with a space for two under these; then eight more are mounted
with two more spaces at the bottom of the head bar. The 6 pre-recorded timing
tracks and their heads are located at the bottom position of head bars 26,

27, 28, 30, 31 and 32.

The clock and sector data is brought out on a separate cable than the data.
The spare timing tracks are wired to separate connectors. Thus, changing
from one set of timing tracks to another is accomplished by moving one

cable plug to a different connector,.

A-2



AutosLift Cpncept.

Magnetic drum memory design dictates that a magnetic pickup be maintained at a
relatively fixed distance from a recording media and in extremely close prox-
imity to it under all conditions of system environment as dictated by the
particular circumstances. These conditions include shock, vibration, thermal
changes and extremesteady-state conditions, and different atmospheric densities

and humidity levels. Bryant has successfully achieved this goal with the Auto-T:.

Lift Series of flying head drums.
Avto-Lose v a0 Lo Snmanis Ll e

Auto-Lift drums feature a simple, automatic head-drum spacing mechanism which
wwoxks together with an adjustable flying head to assure reliable operation
Wholly different in concept and design, these devices have been operationally
integrated with the drum to assure the ultimate in fail-safe performance

by completely eliminating the prime cause of drum failure - inadvertent

head-to-drum contact.

Flying heads were devised to maximize temperature performance capability as
well as to expand the ‘ata storage density of the drum The major temperature
problem with drums is the rapid shrinking of the housing when the drum is
turned off because then the heads are moved closer to or in contact with
the drum surface. This condition results in head-to-drum contact if the
drum is restarted before the drum shrinkage has caught up with the housing
shrinkage and has restored the proper head-to-drum spacing.

Some types of flying heads used with conventional drums can "fly'" only

when drum speed is sufficient to produce a laminar film of air capable of
supporting them. Therefore, the heads rub on the drum surface during stop/
start cycles and remain in contact throughout down periods. Obviously, the
tension of the heads against the surface and the resultant friction varies
with temperature. The former condition leads to wear and eventual failure
of the drum coating and/or the head polepieces; the latter provides an
opportunity for the heads to freeze to the drum surface under operating
conditions where frost might be produced - a condition that almost always

leads to motor failures and coating damage.



The Auto-Lift drum-head spacing mechanism overcomes these disadvantages by
bringing the recording surface into close proximity of the heads only when
the drum has reached a speed high enough to provide an adequate laminar air

film (or "air bearing' support).

An essential design fcature of the Auto-Lift drum is its tapered recording
surface design, a proprietary Bryant structural arrangement which has long
permitted technicians to adjust fixed heads by manually positioning the
drum rather than the heads. In the case of Auto-Lift Drums, however, fly-
ing heads are used and the drum is automatically moved up and down by the
self-regulating drum-head spacing mechanism which is contained entirely

within the drum itself.

Operation of the Auto-Lift Mechanism

The mechanism for moving the drum axially comprises a pair of simple scissor
links which are straightened out by centrifugal force as the drum acceler-
ates to approximately 75% of its operating speed. Straightening of the
links raises the drum against a precision stop which defines its operating
position, Thus, repeatability of the track location is exact. Spring
tension is used to collapse the links and lower the drum as it slows down

to approximately 65% of operating speed,

In the static, or down position, the drum surface is 0,010 inch or more
from the heads. By the time the drum rises to the up position, the heads

have gone into a flying attitude approximately 0.0002 inch from the surface,

Logic Differences

The 9367B uses the same coupler and selection unit as the 9367C. The only
difference in logic would occur on the largest capacity drum, 9367-04. This
drum thus contains 512 heads which utilize 128 bands. (Addresses 00-177)
therefore the head selection matrix must be larger. This is accomplished

by the addition of 16 more Y selection circuits.

See page 43 for the equations for the first 16 Y selection circuits. The

additional logic required is given on the following page.

a-4,



Y17 = A1l A12 Al3 Al4 ALS
Y18 = A1l Al12 Al3 Al Al5
Y32 = A1l A12 A13 Al4 A15

The following table may be used for finding the X and Y selection circuits

utilized for any given band address in the RAD Model 9367B.



Channel #1 X01 %02 X21 X22 X11 X12 | X31 X32 _
X Channel #2 X03 _X04 X23  X24 X13 X14 733 X34 iy
SELE “hannel #3 X05_ _X06 %25 X26 X15 X16 X35 X36 ‘
Channel #4 X¥07 _X08 X27 X28 X17 X18 X37 X38 R
Y01 0 1 2 3
702 4 5 6 7
703 10 11 12 13 <
704 14 15 16 17
Y05 20 21 22 23 < AND
706 24 25 26 27
) 07 30 31 32 33 SELECZED
SELECZ V08 34 35 36 37
Y09 40 41 42 43
710 44 45 4o 47
] 711 50 51 52 53
_ 12 54 55 56 57
713 60 61 62 63
Y14 64 65 66 67
Y15 70 71 72 73
Y16 74 75 76 77
Channel #1 X41  X42 X61 X62 X51 X52 X71 X72
X Channel #2 X43  Xb4b X63 _ X64 X53  X54 X73 _X74 |
SELECY  Channel #3 X45 X446 X65 X66 X55 X56 X75  X76
Channel #4 X47  X48 X67 _X68 X57 X58 X77 _X78
—— = =
v17 100 101 102 103
Y18 104 105 106 107
v19 110 111 112 113
Y20 114 115 116 117 +AHD
7 V21 120 121 122 123
722 124 125 126 127 SELECTED
SELECT 723 130 131 132 133
V24 134 135 136 137 I
725 140 141 142 143
726 144 145 146 147
¥27 150 151 152 153
¥28 154 155 156 157
Y29 160 161 162 163
Y30 164 165 166 167 "
Y31 170 171 172 173
¥32 174 175 176 177 I
Table A-2

X & Y Driver Selection Chart
For Bryant Drum (9367B)
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