INTERIM

FIELD SERVICE MANUAL

KEY-EDIT

SERIES 50 PHASE 1

March 1973

CONSOLLIDATED COMPUTER INC
TORONTO - OTTAWA

P R ——

S G A S



INTRODUCTION (pages 1-4)

Figure 1: Series 50 Phase I Block Diagram
SL-EDS-561A Series 50 Phase I Packaging 220/240 V Systems
SLB 118481 AC Cables

SLB 118501 DC Cables

GENERAL
CONTENTS




INTRODUCTION

General

Key Edit 50 is a data preparation system. It consists of
several data entry stations, an intermediate storage
device, a final storage device, and a computer to
control the flow of data. The block diagram (Figure 1)
shows the printed circuit boards and interconnections

used in a Phase 1 systenm.

Data Entry Stations

Key-Edit 1000 Key Data Terminals (KDT) are used to ehter
data from source documents to the Series 50 system. The
terminal consists of a keyboard and a graphic display. The
terminal operator uses the keyboard to transfer the data
on the source document to the system core memory.
Information about the batch and record being keyed is
displayed for her on the graphic display.

Data is transferred to and from a KDT on a 12 bit data
standard interface (12 BDSI) cable. Series 50 transfers
KDT data in bit-serial format on a two twisted pair cable.
Data transmission from the computer to a KOT 1nv01ves
translating bit-parallel data from the external bus to
bit-sarial data and then back again to bit-parallel form.
Data reception involves the same translations in reverse
order. The Video Control Unit (ycu) Terminal Control pcb
interfaces the external bus to four bit-serial lines. At
the KDT end of the line, an L/150 Adaptor consisting of

a Serial/Parallel Converter and 12 BDSI Simulator interfaces
a bit-serial Tine to the KDT.




Data is received from the keyboard by the programmed I/0
facility. Data is transmitted to the graphic display by the
direct memory access (DMA) facility. A11 KDT addressing

and all initializing of DMA transfers is done on the VCU
DMA Control pcbhb.

Intermediate Storage Device

A CCI Model 015 Disc is used to store records until a
complete batch or set of batches is ready for further
processing by another computer.

This rotating magnétic memory consists of a single
rotating disc that can store 1.4M 6-bit characters.

Data is written bit serially on 128 tracks on both

sides of the disc. Each track is divided into 128 sectors
of forty 12-bit characters. To maintain software com-
patability with earlier Key-Edit systems, each disc

track is subdivided to appear as two 64-sector tracks.

Data transfers between a disc and core remory are initiated
by software. The actual transfer uses the DMA facility.
Requests for memory access or break requests are initiated
by the Disc Control pcb. The Drum/MTT/VCU Multiplexor

sorts all of the peripheral break requests by priority

and grants memory access to the highest priority periphera][

~The disc has the highest priority in the system.

Data is transferred to and from the disc in bit-serial
format. The Disc Data pcb is used to translate between the
bit-serial disc and the bit-parallel Derandomizer pch.
The derandomizer is a 6-word buffer used as temporary

storage of data in transit between the disc and core memory.

It is necessary because the disc transfer rate of 4M bits/
second causes conflicts in the timing of memory accesses

required by and allowed to the disc.

S



Final Storage Device

Computer

The final storage of data is on magnetic tape. Key-Edit

50 uses a Cipher Model 100X magnetic tape transport (MTT)
to record data for further processing by another computer.
The following table shows the options available to the
customer.

MTT OPTIONS

7-or 9-Track

Read after Write

Overwrite

Tape Speeds (IPS): 45, 37.5, 25, 18.75, or 12.5

Data Density (BPI): 800, 556, 200

Dual Density Combinations (BPI): 800/556, 800/200, 566/200
Local Density Selection '

Facade Colour (white is standard)

Data transfer between the MTT and core memary uses the

EMA facility in the same way that a disc does. These data
transfers are initiated by the supervisor when the software
informs her that a batch is complete. '

The computer used is a Digital Equipment Corp. PNDP-8/E
The following is a Tist of options included with each

processor.
Processor PDP-8/E
Data Break Interface KD 8/E
Positive I1/0 KA 8/E
Memory Extension Control MC 8/E
8k Core MM 8/EJ two used

Omnibus Expander BE 8/E




Optipns

Key Data Terminal 7/

A maximum of four groups of terminals can be connected

to a system. Each group can contain up to four terminals.

Disc
A maximum of four discs can be addressed. The four discs
contain 512 tracks and can store 5.6M characters.

11 L

Real Time Clock

The real time clock is a counter that is incremented
once a second. The counter output can be read by
entering a command through the teletype.

Printers

There are four printers that can be used on a Key-Edit 50.

They are:
Centronics Model 101
Centronics Model 101A
Data Products Model 2310
Data Products Model 2410
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SERIES L KEY DATA TERMINAL SUBSYSTEM

General

The Series L Video Keystation subsystem consists of a CCI Series 1000
Data Terminal and a Series L Video Keystation Controller. (Figure 1).

The Series L Keystation Controller consists of a Video Control Unit
lTocated in the System cabinet and an L/150 Adapter located in the

Series K terminal.,

The CCI Series 1000 Keystation consists of a Series 1000 Keyboard
and a Series 1000 Graphic OJisplay. It will be referred to in

s

this manual as a Series K terminal (KDT). s A
| sERiES K Teemn N

Video Control Unit

The Video Control Unit (VCU) consists of three printed circuit boards.
They are the VCU Tevrminal Control, the VCU DMA Control and the Drum
(Disc)/HiT/VCU Multiplexor. These three cards control tarce levels

of transnission to the Series K terminal and one Tevel of reception
from the terminal. The three levels of transmission consist of two
Tevels of single cycle direct memory access (DMA) and one Tevel of
program interyupt.  The two DIMA Tevels are used to display information
on tihe Serics 1000 Video Graphic Display and the proqgram interrupt
tranciits commands to the Series 1000 Keyboard. Reception from the

Serics 1200 Keyboard dis by program interrupt.

Data transfer to and from the VCU is serial mode on a twisted pair

coble for each Series K terminal.

L/150 Adapter

The L/153 Adapter consists of two cards. They are the Serial/Parallel
Converter and the 12 BD SI Sinulator. These two cards interface the

VCU to the Series K terminal. (Figure 2.)
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S/P Converter (Figure 4, D11724L)

16 Bit Shift Register

Abort Circuit

S/P Timing and Control

PCB 11724

Function

Register used to shift data between
the VCU Terminal Control and the

12 BDSI simulator. Inputs are the
signals SPC IN xxxx and Data Serial
In (DS IN) Outputs are SPC QUT xxxx
and Data Serial Out (DS 0UT).

Resets the control circuits if a data
transfer to or from the VCU Terminal
Control is not completed within a

20 ps time slot.

Produces the control bits to condition
the 16 bit shift register and the data
line. Loads the data into the 12 BDSI
simulator. '
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Video Control Unit Circuit Functions

VCU DMA Control (Fiqgure 5, SLD 11836L) PCB 11830

Circuit

I0OT Generator

Transmit Priority and Address

Transmit Status

'ord Count Registers

Current Adrs Registers

Creak Timing

Function

Generates IOT pulses from IOT commands.

Senses the level of transmission in
use and enables the proper transmit

address register.

Provides a flag when a transmission
is finished and contains the level
information for that transmission.

Two registers that contain the word
count for the two Tevels of DMA.

Two rogisters that contain the current

address for the two Tevels of DMA.

Sorts YDU break reoquests by priority
and requests a DMA cycle.
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YCU Terminal Control (Fiqgure 6, C11835L) PCB 11835
Circuit Function
16 Bit Shift Register Transfers data between the parallel

CPU lines and the serial L/150 1lines.

Data Multiplexor Multiplexes three registers of data
and loads the 16 bit shift register
according to the level of transmission
enabled by the VCU DMA control.

Group Priority : Enables a buffer register to allow
the CPU to read the data received from
the Series K terminal.

Terminal Priority Enables Receive Request (RX RQST) and
sorts terminal receive priorities from
within one group of four terminals.

Terninal Address Selection Enables the desired terminal during

transmission cycle.

Peceive Data Register Latches data received from the keyboard
of a terminal until it is read by the
CPU. o
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Drum/MTT/VCU Multiplexor (Figure 7, D11839L) PC6 11839

Circuit

Break Priority

Drum and HTT Control

[CT Generator

Function
Enables direcct memory access cycle

and sorts periphcral break requests

by priority. Inputs are DRUM BRK REQ,
MTT BRX REQ and VCU BK REQ. OQutput

is BRK REQ

Provides control bits to condition
drum and magnetic tape transport
controllers. Input is from priority
circuit and Address Accepted (ADRS ACC)
from CPU

Generates 10T pulses from IOT
commands.
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KDT Controller Flows

Fiqures 8A through 10B show the controller modes of operation.

Each mode is shown on two pages. The w;itten flow shows a sequence
of events and signal locations. The block diagram shows the pchb
interconnections and timing charts that are involved in that
particular sequence of events. Refer to Appendix 2 for an
explanation of the use of the flow diagrams.
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OR B8 PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS , WITHOUT WRITTEN PERMISSION.
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REY K5 DEFPESSED

TZy 11725, C/, SI0E QYAMBLES Low -
£ SOC RS2 0ELRY DGR 11725, €1 S/DERVNIARLES Lo
RX MYTICTE(11725,6,0378) EABELES HIGH PX I TTHTE FLOP(IITRE 53.82-/4/5E7S
OR7H STROBED W0 X /NFORMATIN FECLSTEL RXSTH FLOPL/I 724, 05.F2-5)SETS OULY IF RY LATCHN 72 .C4 C3-6)/5 RESET
S00/75EC DERY - DY DISAGLES - SHIFT REGISTER CLOCK ENABLES(/1T24,06, 02-1/)
| wy DK /A3 ees RXMITIHTE FLOP RESETS
I RX MY TG7TE OISTRES Al TEANSIT/ T MODE SIGUALS DISABLE
RETLY OH7H DRIVER FL/IABLES
| AXRO57(//835,/, €2, 4//-5/5/44&55///6/1
1 PX OST FLOP(1/1B35,3, 5%, £10-9)SETS WiTH THE LEROIG EDGE OF M (//835, 3,
C2,E4-9)OUNLY /F TX RPST FLOR /5 SET.
o SELECT LINE (11835, 3,9C, €10-5) /5 A/GH
ZR7CH X BOORITY (//833, 3, 9C, FIO~4 ) EXIAELES LowY
TS QUTPUT OF THE PRICRITY CH/IP(//835, 4, C2, RI)PEFLELCTS THE HIGHEST
LEIOLITY KVBO REQUESTING AUS /N TRPT. THE OUTRUT PERTIALLY EARELES
THE RECEVAR' T CLOCk £ ORTR C/AES.
RAX AORS BIT5(/1835.3, 04, £/2-9) EVABLE .
T RN LATEH SETS
PECRT (1 TR4, B2, C2-/0) BEGINS TIMING OUT
THE RISIAMG EOGE OF THE LIME CLOCK /S USED TO CLOCK THE VEU TERM/IUAL COU/TROL .
SHIFT REGISTER. THE FALLIANG EDGE 15 USED 7O CLOCK THE P caayg,ere,( SHIFT
LEGISTEL. THE SEQUENCE /5 A4S FOLLOWS.
* . U CROER 70 LOCATE A SIGA/HL NAMED I THE FLOW FIRID THE FIRST PLACE
s ccoa(l l l | | l | ] 4 | ] [ | | | IT 15 USED. THEN USE THE OIAGRAM 70 DECODE THE LOCHTO .
RX BRST FLoP( /B35, 3, B4, £/0-9)
l e CHIP LOCITION E CUTPUT PIRS
l ' l l LOCATION X LOGK LIRGCERIM
. ; 2 3 @& 5 6 7 LOG/C IBGLIM PAGE
COMIT TINES LOGIC DIAGEAM & PCB AIMBER
LT COMIT TIME | THE LIE CLOCK ENARBLES £ THE VEU TERMINAL COUTROL THE LOGIC DIFGEAM PAGE MUMBER /5 OMLY /NCLUDED FOR MULTIPLE
LORDS WHATE VER DHTH THE KYSTA QATH LIMNE HAPPELS 70 PPESEA/T- PAGE LOGI LIRGEAITS.
AT COULIT TIME 2~ THE S/PCONVELTER POESERITS THE FIRST 817 OF
DRTR Ol THE KVYSTA DATA LIKE,
COUNIT TIME 7 A7 COUNIT TINE 3 THE WCU TERIMINAL CONTROL LORDS THE FIBST
wo rE(M/A/Az CONTROL BI7 /7 DECODER(1/83S3,3, A2, f5~8) BI7 OF OR7H IUTO THE /6 BIT SHIFT REG/STER.
EMABLES Low AT COUNT TIME 4 THE S/P COVERTER PRESERTS THE 2nd GIT OF OH7H
BEGIAI (MB35, 3,43, E6-2)EXABLES Lot ON THE KEYSIHTION DI7TRLINE
FOR 200 NISEC BT COUNT TIME § 7HE VEU TERMINAL COUTROL LOKDS THE 2nd B/7
X PQST FLOP RESETS OF DATRA KIT0 THE /6 B/T SHIFT CEG/ISTERL
S5€ MODE FLOP BESETS THIS SEQUELICE COUTINUES CAITIL /8 B/7S OF ORATA HAVE BEENS
; LD BX WIFO( B35, 3, 82, €9-3) EAMBLES TEUSFERED 70 THE VCU TERMMNIAL CONTROL. N
- HIGH FOR 200/5EC COUMT TIr7E &
alt £ D97 CECIIE3S. 4. B% | SPBIT 17 DECODER (11724, 32, £3-1/)EAIFELES LOW
; £2£c)g0e LoADED. L(£5£7(//72¢, BR,C2-7) EMABLES LOW FOR 200/)SEC .
Py ' G/TCHTR(/I729, B%, F3-/1) RESETS.
JAT7 (4835, 4, 83, 8/-11) L F
N 34’55 Zow 18674 LIT FLOP(//72%, 83, £2-5) ,efsers
HBORT RESETS
RX LATCH RESETS
[-2772]
WHER! TRIT ENABLES THE CPU BESPORIDS WITH
10T COMMALIDS TO LERD THE AOLS WD
DRTAH FIEOM THE LYED
i THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER INC. AND SHALL NOT BE REPRODUCED IN WHOLE
% OR M PART AS THE BASIS FOR THE MANKUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
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12 BOS/ SIMULATOR S/P CONVERTER
- - CU TELMINAL
SERIES 1000 KEYBOARO 277 72 N 2 405/ wanosuae TTALX /N 7TIATE S/P TIING AND CONTLIL Ve s
V243 2K 78 spcm 1 coNikoc
-7 2z
o0 - -, /6 4
o¢ T2-3) X /MroemATION BE” STER {776 vorsme TEer @X e I 00
or 72 2rH /0 6 BIT SHET P17V * ex A0S o7
a2
: - 20 RX LEQ OATH -
02 72w 77 CEGISTER 22
03 J22 J7-/5 “0 o5 N
06
o4 25 VA 100 o7
08
o5 T2 V7-F 200 B BT SR 09
KS7TA OATA /o
o6 T2-¢ J7/2 ¢00
/7
o7 72-4 7/ 1008
éa 72 -F] J7-5 2000
o9 7240 T/ #0000 i ‘
LINE CLOCk
/0 3 70 20,000 TX/RY TIMING ANO CONTROL
VZ4 J2-6 PR IE.
oP T2-H SEP
KYBD INT FLAG T
SERIES L 160V KEVSTATION SUBSVSTEN.
TININVG CHARRT RECE/IVE MOOE
REYSTRANS, i
- upr 70
- » s,
*1000 - CLACLL 7300 «sr6__t gz | |
TAD ADRS 1113 KEYSTATION ADDRESS 277 72-9 12805/ sm U
: LD ADRS 6364" 0 0000 aaF 724« 128051 simr U
- TAD CMD 1114 1 0001 o IyrIATE , 1
LD CMD 6371 2 0010
. . orRGS7 oo | T
SKP ON FLG 6331 3 0011 = .
UL Uy e
JMP. -1 5205 ’ :
’ RD ADRS 6332 caresn £Y PRIGEIZY A sc 2 s £
4 umgccoa(___rummm‘mm‘
STORE ADRS 7421 ‘
S s cLock .
RD DATA 6334 . yJyuuuururuurrgrururoruygr
IMP. -5 5205 | spse PE I _
- R ~ AORS  See table. Y reor onmme ceoce. U LT LT L LT LML Urrurururuy
CMD 0100 i : :
S ; reers enrec e | I
This program will turn the keystation selected by ADRS 1 &GV~ T
| SPRESET= ,
on-line and then read the keyboard address and data. : . |
. ' LD RY WO |
The address is stored in the .Memory Quotiemt Register W7
and the data is stored in the Accumulator. Each time a [
key is depressed the information is updated. ; THIS-DRAWING IS ms\mou‘nrv OF. ,ggusouon.eo COMPUTER LIMITED AND SHALL NOT BE REPRODUCED IN WHOLE
. OR IN PART AS THE BAS!S FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
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SOFTWREE DECISIoN TO SEMD CMO
| /07 6394 L0405 TX ADES CEGISTER (1836, 4,58, 5/2)
1 10T 635/ LIADS CMO OR75 BEGIS TER (11835, 2, 38, B4£85)
L'—[ SE75 KBO CHO FLOP (11836, /,88, F9-5)
T ADRS REG/ISTER EAABLES
CMD OR7H REGISTER EAIRBLES
TX ROST (11826, /, 70, SIDE @) ENRBLES HIGH
QTX FAST G (11835, 4A, N

-§) EMABLES LowW

ADES DECOOER (1/835, 1, 3C, /1) EARBLES

THE FALLING EOGE OF LINE CLOCK STROBES DATA FROM THE YCU TELMMAL
CONTROL 16 BIT SHIFT BEGISTER 7O THE KYSTH OR7H DLIVER. THE PISIAG
EOGE OF THE LINE CLOCK STROBES Q977 FROM THE KYSTN DATH LECENER

7O THE S/P COMVERTER 16 BIT SHIFT REG/STER THE SEQUENCE /SRS FOLLOWS.

TR BGST FLOP(/B3S, 3, 9C, E/0-5) RESETS W/TH MC (/1B35,3, 2C, £4-/0)
OALY 1F THE £X LPST FLOP (11835, 3,98, £10-9) /5 RESET
SELECT LME(1IB3S, 3,9C, £/0-5) ELABLES LOW
ALK DECODER OUTPUT 15 GRTED TO ERIABLE THE PROPER DATRE CLOCK LIMIES
ZATCH 7 PRICRITY (B35, 3, 9C, F10-9) EXABLES LOW TO LATTH THE TRANS/1/55/08/ LEVEL
PEIOEITY CHIP(1/83E, /, 7C, F/3)

CLOCK EAMABLE(/BIS, 3,9C, £//-3) DISABLES HIGH.

g CLOCK LIMVE ERIABLES :
L IE CLOCE (11835, 3, 90, £/2-4) ENABLES.

| CE
clock
/2 3 ¢ ‘ - 5 6
AT COUNT TIME 2: THE VCU TERMINAL COUTROL SE LOADS FEAM OISPLAY DATAH
REGISTER

THE FIRST 8)T OF ORATA /S PROVIOED Ol THE KYSTAI DATH

I 147 COUNT TIME 6! RESET (11724, 28,(2-7) EARELES LOW FOR 200/1SEC

PXLATCH( /1724 3C, £3-6) PESETS

LME TK OATA EQ/ABLE EXABLES HIGH.

A7 COUNT TIME. X BYST FLOP /S HELD D/SABLED.

BITCUTR(NTRY, 48, F3) PESETS

AT COUNT TIME B2 7HE P COAMYERTER LARDS THE FIPST BIT OF OAJR
A7 COUNT TIME 42 THE VCU TERMUAL COMTROL LORDS THE SECOMD &IT OF DATAH
AT COUNIT T/ HE 82 BEGIMI(1/835, 3, 3A,E6-2 ) EARBLES Low FOR 200/)SEC Ce

RX OST FLOP PESETS

l TX £RST FLOP SETS
58 /F0DE FLOP( //835,3,C3,FE~6) PESETS
TX EUBL FLOPSETS.

RXJTX FLOP(/I72%, PS5, F2-5) RESETS.
. LOWD (11724, C,C3-6) EARBLES FOR 200 /15EC

LOND IRITIRTES THE SEQUENICE SHOWN A/ THE

1 1[ LOHCR LEFT TIMMG DIFGLAM.

[7x 27 7825, 3, 28,710-10) Eampe és cow For 200 nsec

\KYED CrD FLOP RESETS
11 |7 €957 orsasees, — :
0 ) ” 5 26 27 28 29 30 ¥/ 3.
, : cock rimes S4B 3 5 8 T8 90 4RI NI T S DY B HIA WP S
Rz-x Jd 1
TX-X 1 ["'
CMDOB+ ORTA | . -
Aok
cMDS
B8sv-X I |
DAV X L[
DK X
SK SERIES DATA TERMINAL CMD L
TRRANSISSI0M TI/1IMG. o
ENO TS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER INC. AND SHALL NOT 8E REPRODUCED IN WHOLE
OR IN PART AS TME BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
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Keyboard Controller

The Keyboard Controller is a single pcb mounted in the Series 1000
Cata Terminal underneath the operator keys. The pcb number is
SKD 11840 A.

The controller assembles data words as the operator strikes keys.
The assembled word is transferred to the Terminal Controller by a
12 Bit Data Standard Interface (12 BDSI).

Figure 11 is a block diagram of the Keyboard Controller. The
standard Keyboard Tayout is illustrated by drawing SLB 11822 X.

feyboard Controller Flows

The sequence of events during both of the modes of operation are

shown in Fiqures 12 and 13.

SOTE:  On the Keyboardaﬁgg£{é1ler Error and Receive Flows, the pcb

number used is 113528 This should read 11840.

NG
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Key Strobe (KST8,11352,2, 8B ,85-5) enables for 1 msec :
Error flop (11352 z 78 .“-S) is clocked and renius reset only " th
i * i Error gate (11352,2, 78 ,C6-3) is disabled :
§ D Data Latches (11352,2, co13 ,A3-Ad) are clocked only 1f the FULL flop-
! ) (11352,2, 78 ,87-9) is reset
; FULL flop is clocked only if ft was reset .
E: e e T D — ———— __'~J - —— —— b
i'f DAYF flop (11352, 2. 78 288~ -8) 1s set only if the Receive Gate (11352.
) _ 2,78 ,B8-11) {5 enabled R _ ._.‘
. DL10 flop (11352,2, 6B ,B6-9) {s clocked and reu'lns.se: onle £ ske’
Error flop js reset " "7 *!
i Data Availlble (DAV-X, 11352 2 6A ,A8-6,J1-9) enables- R - =
{ e e e e c e e R “
% Error Detection . -»_ff_tir’go ts_ec _Data Afk_f"_'fl'?gfmg“ 11352 2, 48 ,C3 wJ:L enables.
! . Parity Errors = o L L 2, 6A ,A12-14) s disabled
. A parity bit is generated by the keyboard for both data and status Assume that the channel “,mm" is in the t,“mt wode when S U .
B words. This bit is used by the terminal controller to check the the KSTB enables
: word parity. If an error is detected the software responds by
sending a command to the terminal in the same manner as any other KSTB enables
5 . command. ' FULL flop sets
} Receive gate is held disabled !
) i : - Error gate enables :
i c ; Keyboard Errors . i_v_ o e ] R . L
! The keyboard controller must ensure that the present word in the KSTB enables . i
i Data Latch is received by the terminal controller before another Error flop sets {
i word is generated. There are two ways that the keyboard controller After some time RY enables {
P ! can detect errors. A timer is used to limit the interval betweea DAVF flop sets
! : keystrokes to at least 10 msec, and gating is used to ensure that e e s S e L
i the terminal controller has responded to one Data Available pulse DL10 flop sets
before issuing another. DLTO-X enables
Data Line 10 is used to indicate to the terminal cortro'ller that DAV-Y enables
.the keyboard has detected an error. ' After 500
i f two keystrokes occur within 10 ‘msec the controller responds as
ollows: . .
KSTB enables H
Full Flop (11352,2, 78 ,B7-9) sets ‘
Normal recefve cycle follows
. Error Flop (11352, 78 ,B6-5) is.clocked and remains resét :
' 10 msec timer (11352,2, 78 B5-7) is set - e e e
- - Error gate (11352,2, 78 .EG 3) enables ;
" within lo msec KsT8 cnables .
b e —— — - —_——— - m—— - .. - e —— R B TR NS P S
T “Error flop (11352, 7B ,B6-5) sets : i
. Tone 2 flop (11352,2, 5C B9-6) sets
H Error Lamp flop (11352,2, 5F ,D9-9) sets
,Fun flop sets ,
§~ L D‘A"‘f“:’ (“3_? 2‘—“7',:33-0_) setLL o o
0L10 Flop (11352 2 78 .IG-B) sets
{ .
_ ! Datn Available (DAV-X, 11352,2, 6B ,A8-6,J2-9) enables
After 500 rsec Data Acknowledge (DAK-X 11352 2, 8A .C7 9 J1- K) enables'

o p— g

B ———

nsec DAR-X enables i

T

DAK gate (11352, 2, 8A ,C7- 14) enables only if _the Transuit gate (11352 \

]

y After 500 nsec the FuLL flop resets

DAVF f'lop resets
v

liIv X d‘i;lb\cs

——— v———— s

" After 500 asec DAK-X disables t

)

EODT enables .
After 500

nsec the FULL fﬂp resets ’ . !
DAVF flop resets

BAV-Y disables f

The nuo f!op w'l'” be reset when the next data transfer occurs. B i

bL10-X (11352,2, 6B ,A8-11.J1- 11) enlbles‘

- r
A

3
.

: End of Data Tnnsmissiou (EODT 11352 2. 7A ,C7- 2) enubles P

Error flop reset

After 500 ssec the FULL flop resets :
DAVF flop resets '

DAV-X disables '

After 500 nsec DAK-X disables

£€0 description

.} TRANBTEX 15 S6ba-TR

B e D ——————

THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER LIMITED AND SHALL NOT BE REPRODUCED IN WHOLE
OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
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Key Strobe (XS78,11352,2, 88 ,85-5) enables for 1 msec !

— e .

Error flop (11352 2. 78 .lG-S) is clncked lnd re-ails reset ouly 1f the E
: : Error gate (11352,2, 7¢ ,C6-3) is disabled

o) Data Latches (11352.2; col3 ,A3-A4) are clocked only i{f the FULL flop:
. (11352,2, 78 ,87-9) is reset

FULL flop is clocked

b ———

Error Detection

Parity Evrors

. A parity bit is generated by the keyboard for both data and status

“ words. This bit is used by the terminal controller to check the

: word parity. If an error is detected the software responds by
sending a command to the terminal in the same manner as any other

: command. '

ol Keyboard Errors .

}he keyboard controller must ensure that the present word in the

i Data Latch is received by the terminal controller before another

i word is generated. There are two ways that the keyboard controller
! can detect errors. A timer is used to limit the interval betweem

i keystrokes to at least 10 msec, and gating is used to ensure that

the terminal controller has responded to one Data Available pulse

before tssuing another. '

Data Line 10 1s used to indicate to the terminal cortroller that
the keybolrd has detected an error.

IS SNUUUUPEUNE VIV SIUENIPIICE I RIOIIR SRR S CHEES S Le e L

“f two keystrokes occur within 10 msec the controller responds as
ollows: » .

KSTB enab!es
Full Flop (11352... 78 ,87-9) sets

: Error Flop (11352, 78 ,B6-5) is.clocked and remains resét

Normal receive cycle follows.

10 msec tiner (11352 2. 7l as-7) is set

only if it was rosnt

- —

DAVF flop (11352, 2- 78 ,B8-8) is set only if the Receive Gate (11352,
Z 7B »B8- 11) is enubled

Error flop js reset  __  — ——— "

DL10 flop (11352,2, 6B ,B6-9) is clocked and reulin5nsel.nn1¥ i‘—‘::}

Data Aviillble (DAV-X,11352,2, 6A ,A8-6,J1- 9) enables- J

b - —. -

Assu-e that the channel controller is in the truns-it mode when
the KSTB enables

KSTB enables
FULL flop sets
Receive gate is held disabled
Error gate enadbles

[

KSTB enables
Error flop sets
After some time RY enables

- Error gate (11352,2, 78 LE6-3) enables

Within xo -sec KSTB enables

Error flop (11352 1! .lS S) set:
1

,Full flop sets !

DAVF flop (11352 2,78 ‘88-8) sets

i

, Data Available (DAV-X, 11352,2, 6B ,A8-6,J2-9) enables

DAVF flov sets
.

. After 500 usec Data Acknowledge (ﬁix-i l1352 z AR ,C3-9,01- k[_enab!:s.

;11 sue

DAK gate (11352 2, 8A ,C7-14) enables only if the Transuit glte (11352.\

2, 6A ,A12-14) is disabled

Dtlo flop sets

BLTG-X emables

DAV-X enabies

After 500

Tone 2 flop (11352,2, 5C B9-6) sets
: Error Lamp flop (11352,2, 5F ,09-9) sets

DLIO F\op (11352 Z. 78 ,Iﬁ-l) scts

nsec DAK-X enables t

]

y After 500 msec the FuLL flop resets

DAVF flop resets
e [
51 B dislb\es

e tmme o st e e e e aman.

" After 500 asec DAK-X disables [

EODT enables . . . .
After 500 nsec the FULL flop resets ' !

DAVF flop resets

BAV-Y disables ‘,

The DL10 flop will be reset when thg next data transfer occurs. n i

DL10-X (11352,2, 6B ,A8-11.J1-11) enlblay

— r e -

After 500 rsec Data Acknowledge (DAK X 11352,2, BA .C7 9 Ji- K) enahlos‘

. End of Data Transmfssion (EODT 1!352 2 1A ,C7- 2) enables

———— i

Error flop re:et :
After 500 asec the FULL flop resets !
DAVF flop resets
DAV-X disables

After 500 nsec DAK-X disables
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Keyboard Controller Circuit Function

(Figure 11, SKD11840L, sht 1)

CIRCUIT

Data Generator

FUNCTION

Assembles a data word whenever a key is
depressed and produces Keystroke (KSTB)

to load the Data Buffer with the data
word.



(Figure 11, SKD11840L, sht 2)

CIRCUIT FUNCTION

Data Buffer Contains the last data word assembled by the
Data Generator.
Drives the 12 BDSI cable.

Data Transfer Control Controls the Data Available/Data Acknowledge
handshaking.
Senses keyboard errors.
Enables the proper Tine drivers to transfer
key data or status data.

Command Register Controls the terminal response to command
words.
Status Register Contains a data word to identify the key

top configuration.

12 BDST Handshaking Performs Bus Busy (BBSY) handshaking with

the terminal controller.



L/150 Adapter Circuit Functions

12 BDST Simulator (Figure 3, DI11725L) PCB 11725
Circuit Function
Timing Generator Produces the clock pulses used to

control the transmit sequence. The
enabling signal is Receive (RX) high.
The outputs are timing counts (CNTxx).

Receive Information Register Stores data being transferred to the
S/P Converter. Input is the data
Tines from the Series K terminal.
Qutput is a set of signals called SPC
IN xxxx. The recgister is clocked by
DAK from the handshake control.

Transmit Information Register Stores data being transferred to the
Series K terminal. Input is a set
of signals called SPC OUT xxxx.
Qutput is the terminal data Tlines.
The register is clocked by LOAD WORD
(LD ®D) from the S/P Converter.

12 BDST Handshake Timing Produces the control bits used by the
Series K terminal during data transfers.
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VDU COHTROLLER

General

The VDU Controller is a single pcb mounted in the Series
1000 Data Terminal underneath the video display. The pcbh
number is SKD 11535A.

The controller accepts commands and data transmitted to it
from the CPU main memory. It provides the video display

with horizontal and vertical synchronization pulses and
translates the data received into video display information.
Refer to Figure 14.
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Circuit Functions

(Figure 14, SKD 11535L/1, sht 1)

Circuit

12 BDSI Handshake

12 BDSI Line Receivers

Data Register

Command Register

Parity Check

Memory Address Match

Function

Provides the signals that respond to
12 BDSI Bus Busy and Data Available/
Data Acknowledge Handshaking.
Generates a Strobe (STB) pulse to
clock the Data and Command Registers.

Isolates the 12 BDSI from the VDU
Controller.

Latches each data word as it is provided
by the 12 BDSI.

Latches each command word as it is
provided by the 12 BDSI.

Generates an output called Parity
Error (PALE) to provide the terminal
controller with a chieck on the parity
of each word transferred through the
12 BDSI.

This circuit consists of three sections,
a counter, latch and comparator.

The counter reflects the present Main
Shift Register address available.

The Tatch contains the Main Shift
Register address required.

The comparator . generates Memory Address
Match (MAM) when the latch and counter

are coincident.



Circuit Functions

(Figure 14, SKD 11535L/1, sht 2)

Circuit

Character Generation

Line Shift Register

Main Shift Register

Function

The Character Generator consists of
a latch, three Read Only memories,
and a shift register.

The Tatch contains part of the add-
ressing that enables the ROMs to
generate the character presently
being Jdisplayed.

The ROMs contain the bit patterns
that generate characters.

The shift register changes the parallel
output of the ROMs to a scriel bit
pattern for use as noncomposite video

data.

Contains forty data words for the

present line. Ihese words are Toaded
into the Chavacter Generation latch
sisteen times during each Character

Line Time.

Contains 480 data words. These words
are loaded forty at a time into the
Line Shift reqgister to write a com-
plete line of characters during ecach
Character Line Time.



{ Circuit Function

Data Multiplexor Loads the Main Shift Register either
from its own output (recirculate
mode) or from the Data Register
(upgrade mode).

Shift Register Control Clocks the Shift Register and controls
the Data Multiplesar. Provides Clear
Data, Cursor and Delineator information
to the Line Shift Register.

Video Data Control Controls the VYideo Data, Cursor Data
and Delineator Data flops.



Circuit Functions

(Figure 14, SKD 11535L/1, sht 3)

Circuit Function

Bit Time Clock Produces a train of 50 nsec clock
pulses synchronized with the local
mains.

Bit Time Generator Produces Bit Time nulses, ten of which
form one Character Width Time (CWT).
Input is the Bit Time Clock.

Character Yidth Time Generates timing pulses that define

Generator the width of one character on the
screen. Sixty CYTs from one Row time
(RT).

Row Time Generator ' Generates timing pulses that define

which row of the 10x156 character matrix
is being written on the scrcen and
provide addressing data to the ROMs to
enable the required bit pattern. Six-
teen tow Time form one Character Line
Time (CLT).

Character Line Time Generates Character Line Time (CLT)
Generator pulses that define the height of one
character on the screen.
Generates the Last Line (LSTL) pulse that
is used as a vertical svnc pulse by the
video display unit.
Input is KTI5.



Circuit

Horizontal Drive Pulse
Generator

Frame Format Control and
Shift Recister Timing

Function

Generates the horizontal drive pulse
used by the video display unit.
Input is from the CWT generator.

Provides the clock pulses for the two
memory shift registers and the memory
address match circuit. Defines the
frame size in terms of character
widths and character lines.

Provides Line End (LNE) signal.
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VDU Controller Flows (Figures 15 & 16)

General Description

The VDU Controller accepts 12 BNDSI Command and Data words
from the data terminal controller. Command words are used
to determine the controller mode of operation. Data words
are used as addresses in the Character Generation ROMs and
as addresses in the Main Shift Register.

Any block of words transmitted to the VDU Controller has a

format of Command and Data words mixed together. A sequence
to perform the loading of a data character into an address

would be as follows:

Command. . . . . . . . . Load Address

Data. . . . . . . . . . Nddress

Command. . . . . . . . . Load Data Same Address
Data . . . . . . . . . . Character Data

Once the data character is loaded into an address in the
Main Shift Register it is votated through to the Line
Shift Register by the Shift Reqister Timing. This timing
ensurcs that the character is written on the video display
screen at the proper place.



T AR

e oevent

e

The flows show the loading of a data character into the Main Shift
Register and then the generation of the bit pattern that writes the
character on the video display screen.

The word sequence to load a data character is: .
CODE
Load Address 4600

[

Load Address Flo-
Terminal Controller assembles 8 word.

T “Transmit (TX-X,11535, 1, 88, F12-13, pin 12, J1-C) enables.
Command Bit (CWDB, 11535, 1, 7B, €12-3, pin 5, J1-B) emables.
Data Bits (DLO7-X and DLOI-X, 11535, 1, 8D, J1-4, F) enable

_After 4 usec Command Reset (CMDR, 11535,1,78, F12-3, pin 5) enab\es for 2 usec.

i
- - ——

Command :
000 to 479 . :

Data Main Shift Reg. Address :
Command Load Data Same Address 4441 !
Data -Data Character for "A® 0101

In order to load a data address, both the Load Address and the Nain
Shift Register flows must be colpletea.

After 500 nsec STB (11535 l SA. Ell-l) elubles
°°""""d Remter (usss. 1. cor.4) 1s m.m,

T

Ready (11535. 1 QD, ElO 10) enlbles
*Set (11535, l. lD no.s) enables.

e — - et e

Load Address (m 11535 3 _6A, E13- 6) enlbles

\ Data Acknowledge (m 11535 l 8A c13-a. JI-K) enables

{ After 500 nsec m‘r disables

After 500 nsec DAK-X disables

Bus Busy (§F§V 11535. 1, D4, Cli ll) dislbles.

After 4 usec Conmand Set ('H'D'S’ 11535, 1, 78, F12-2, J1-E) enlblesfor-z usécv
—*
“ﬂ BB3Y emables. | -

After 12 usec Data Avannble (m usss. 1. aA 013 3, .u 9) encbles‘

M this tine the f'low stops until the Data Register Full (DRF 11535.
*1, 6B, €C9-5) signal enables. This signal enab!es when the Data
: Register has been loaded with the required Main Shift Register

-~ — Address. The flow is:
Temﬁnﬂ contro“er assenbles a d|t| word. g -
o "7 Data lines enabie ; R
DAV-X enables
After 500 nsec STB emables.

The Data Register is c‘lotkedl
DAR-X enables
DRF enables t

) /28OS’
cL 77 — - .
A B Ok TIMES GTOT7 1213141 sTe 7187191617 2 3 41516177819 01712 3 . &/578 778 970!
At BTT, Address Parallel Enable (APE, 11535, 3,5A, B7- 8) enables . ea I
During BT3 Address Clock (KCT, 11535, 3, 58, E7- 1) enables : e . .
‘ Memory Address Latch (11535, 1, ZB. Clowllnd uo) Yoads the address.’ ﬁm RRITY LK L
z Reset Data Register (m 11535, 3, SA, 08-11) enables ) 1 —
- . ) - i DRF df n
After 500 ' sec DAV-X disables ! At “ % J (-
After 500 nsec DAK-X disables. | —_— L
e e e o e e e e g DAL-X
J _—
. APE, AL E DRF l
CLOCK TIM '
; €S “sTol/T213]¢[516l718[9]0ol7s12131#1slel7]alolols[2]3]#lslel71&8ls510]
7% f ] /2 BOS/ DATA WORD TRAASFER
16BDS) PARITY iR -
X
] | I \
CMDBE DATA : 3| L
TR 1L s rimes T3lels [sT78]olel/ T2TaTlelsTel7Tglolol/ T2T]
CMDS 578
e S |
8BSy U
) ORF — o .
I AP :
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e e L LATCH LOADS
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OMPLETE -
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BIT TIMES”

(CWT4/44;
we

d

wrerie

et

" Character Generator Flov

The first data character ls loaded by the Character Generator at
Iit Time 0, Row Count 0, Character Width Time 4 of Character line;

' Time x where x is 3- 15 R

2,9,0,1,2,3,4,5.6,1.89.0,1,2,3,4.56.1.8%0,1,2.3,4,5,6.17.8%2.06,/,2,3,4,5£6.9.89,0,1,%,34,_

The data character 51;;‘:;;-;;;_:;;—Z;unt combine to address a bit
pattern in ghe‘chnrgﬁ@grrgepgtgfq:’EOHs.
At sit Time 8 (FTE. 11538,3, 5c Lz 3) the bit pattern is loaded into
: _a shift register (11535,2,28,E1-9) .|
_the v1deo Data Flop (11535,2,28,E2- 8) is reset : .
At Bit Time 9 the first bit of data is presented to the video display
unit. Each Bit Time Clock presents another bit of data until ten have
been sent. These bits make up the first row of the first character on the |

screen.

N |

At BTD of Character Width Tine 5 the second data character is loaded
by the character generator and is transferred to the video display
“unit. :
This sequence of load and display repeats until Character Width:
. Tine 4/44 (Cﬂ 4/44, 11535,3,68,02-13) disables. ';
Line Shift Register Clock ([§Ff 11535 3 GB,DS 11) disab!es.
When the tining sequence returns to CWNT4 [SRC enables-and the next
row of bit patterns is written on the video display screen.

During Row Time 15 (RTI5, 11535,3,20,E5-17) the line Shift Ieglster
ris loaded nith forty data chlracters. :

| R

The f,,st character ,s loaded by the ~The second character is Toaded by the
Character Generator_ Character Generator . T .

LI

t(irst bitf:rhis?egfiht
Shift Register loads bit pattern - iLast bit transferred.
Shift Register loads bit pattern '

This sequence repeats yptil‘cwi4;3l diél}]e;?

THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER INC. AND SHALL NOT BE REPRODUCED IN WHOLE
OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN " PERMISSION.
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Key Data Terminal Operator Controls

The Key Data Terminal (XKDT) includes three controls that the
operator uses to adjust the volume of the tone used to signal
errors, and the brightness and contrast of the information on

the display screen. The KDT status is shown by three indicator
lamps on the left side of the graphic display front panel, ON,
READY, and ERROR. Figure 19 shows the controls and their functions.

LIGHTS
. on
2, £EApY
3.ERPOR

HEGHT .

CoNTensy_

/» o
EV-L T OO0
LHE TECIIIMAL
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Keyboard Controller Adjustment

The only adjuistment provided on the keyboard controller pch
the 10 ms one shot used in the error detection circuits. The

adjustment sequence is:
1. Remove the data terminal cover and turn the terminal on.

2. Adjust R8 until the pulse seen at B5-7 is 10 ms long.
The pulse can be initiated by pressing any key on the key-

board.
Keyboard Controller Adjustments

NAME MEASURE ADJUST LIMITS

10 ms delay B5-7 R8 10ms + 1ms

is

19
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VDU Controller Adjustments

1. Remove the terminal cover and slide the keyboard

and VDU controllers forward in order to allow
access to R25 and R6 on the VDU Controller.

2. Turn the terminal on and adjust R25 until the

voltage at the junction of R6 and R8 is 4.2 volts.
If a Targe change is made, allow the meter to settle

before reading.

3. Check that the raster is stable. If not, adjust

R25 as necessary and check the voltage.

4, The voltage should be 4.2v + .1lv in order to allow
the phase lock loop circuit the widest possible
control range. Any major variation from this value
indicates a possible problem in the main timing
scquence. Each of the major timing pulses should be
checked, using the YDU checkout procedure in Figures
17 and 18.

ViU Controller Adjustments

ML ADJUST MEASURE LIMITS

Bit Time Clock Freq. R25 P6 voltago 4.2 v lv

CAUT IO

Do not ground the oscilloscope to the peb if Lhe tocwinal ds

connaected to thoe system.,

[f the vaster on a “DT dis coupletely unrcecognizable, the
timing circuits on the VDU Controller may be malfunctioning.
Disconnect J2 immediately to avoid damaging Q106 on the

Ball Bros. video display unit.
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Data Terminal Power Supply Adjustments

CAUTION:

The +15 volt power supply can be adjusted for voltage

and short circuit current output. The adjustment sequence
is:

1. Disconnect the cables at J6 and J7.

2. Adjust R5 until the voltage between R14 and ground is
15 volts. '

3. Turn R3 fully counter-clockwise.

4, Adjust the short circuit current between R14 and
ground to 750 ma.

Reconnect the cables to J6 and J7 and check the supply
output voltage.

(€2

The +5 volt power supply adjustment scquence ds:
1. [lisconnect the cables from Jd8 and J9.

2. Adjust R12 until the voltage between R15 and ground is
5 volts.

3. Turn R10 fully counter-clockuwise.
h. Adjust the short civcuit current botween R15 and ground
to 2 amp.

5. Raconnect the cables to J8 and J2 and check the supply

output voltage.

Do not short circuit these power supplics without adjusting
R and RIO fully CCW.

The -12 and -9 volt power supplies arc not adjustable or
short circuit protected. The ~12 volt power supply output
can be checked between J8-1 and J3-6 and the -9 volt supply
between J8-2 and J8-6.



(Y4

Do not disconnect the +5 volt powver supply from the L150
adaptor without disconnecting the -12 volt power supply.

[f cithe~ supply is left connected, damage to the line drivers
and recceivers may result.
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Data Terminal Power Supply Adjustments

SUPPLY ADJUSTMENT METER CONMECTIONS LIMITS

v15 v Voltage,R5 R14, GND 15v + .1lv

Short Circuit
R14, GND

Current, R3 750 ma + 50
+5 v Voltage, R12 R15, GND 5v + .05v
Short Circuit R15, GND 20 + 200 ma
Current, R10 '
-12 v Yoltage J8-1, J8-6 -12v + .6v
-9 v Voltage Jg-2, J8-6 -9v + .bv
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APPENDIY 1 - Mnemonics

ACL Address Clock

APE Adress Parallel Enable
RAC Buffered Accumulator
BBSY Bus Busy

BDSI Bit Data Standard Interface
BMB Buffered Mcmory Bus
BRUN Buffered Run

BT Bit Time

BTS Buffered Time State
CLT Character Line Time
cMDB Command Bit

CMDR Command Reset

CMDS Command Set

CRF Command Register Full
CUR Cursor

CUT Character Yidth Time
DAK Data Acknowledge

DAV Data Available

DEL Deliniator

0L Data Line

op Data Pavity

DRF Data Register Full

ns IN/OUT Data Serial In/O0ut
toL End of Line

HS llorizontal Signal
INCA Increment Address

0P Input/OQutput Pulse



KSTB

LD WD
LLR
LNE
LSTL

MAF
MAM
MSRC
PAE
RC
RDR
ROM
RT

SPC IN/OUT

VD
VS

HRT/REC

Keystrobe

lLcad Word
Last Line Reset

Line End
Last Line

Match

Memory Address Match

Flop

Master Shift Register Clock

Parity Error

Row Count

Reset Data Register

Read Only Memory

Row Time

Serial/Parallel

Video

Data

Yortical Signal

Urite

Recirculate

Convertor

In/0ut



APPLHDIY 2 - FLOW DIAGRAM EXPLANATION

'Tow diagrams

The flow diagrams given in this document show

the sequence of events that occur during a particular
operation of a controller. The peculiar format is used
to show which events are dependent on others,as well as
which events are simultaneous. A signal locator is
provided to reduce the amount of time wasted looking for

signals in the logics.

The flows are read from left to right, starting at the top
left corner. Fiqure 1 shows examples of the format used

in these flows. The first examnle shows that

L7XX enables, then YYYY enables, then /Z777Z. The second
shows AAAA enables, causing both BBBB and CCCC to enable
sinmultaneously. The third example combines both possibi-
Tities to show that EEEE and HHHH are dependent on DDDD
and that FFFF is dependent on EEEE.

XY XX LARAA LWDDD
Jervy BBBB FEEE
177 ccee l FFFF

!HHH
FIGURE 1

The Tocator is provided to show where Lhe signal can bhe
found in the logic rack. Figure 2 shows the meaning of

exch part of the locator.

e OUT -~ DRUM DATA (A22, 11839, 2, 1D, D1-8, B33)
Signal name—«—«J

Rack location

PC3 number— ——— o

l.cgic diagram sheet-—— -

Lojic diagram gqrid .reference

pPC3 qrid _Y"MPT'(‘Y ence o — e

Backplane pin--- - o

FIGURE 2



Using the Tocator involves reading only as much as
necessary. tYhen MB QUT-DRUM DATA occurs, it can be
found in the disc write flow: the locator shows where it

appears in the system. The outer numbers, A22 and B33

give the rack location and pin ruwber that the signal
should appear on. If MB OUT-DRUM DATA is not true at the
proper time, the next two numbers, 11839 and D1-8,

locate the pcb and IC pin in question. Gate chasing if
necessary begins on the logic diagram at page 2, location
1D.

There are three exceptions to these rules. The logic
diagram page number is included only if the logic has
more than one page, The backplane pin number is
given only of the signal being located actually appears
on the backplane. The third exception is in the case of
multiple IC registers and buffers. These are located

on the logics only by row or column and on the pcb by

IC localtion without output pin numbers, i.e.,

Track Address Select Register (A24, 11254, row B, G5, H5)



APPENDIX 3 - VCU IOT LIST

10T 6301 Load VCU TX, Complete Interrupt Mask, and then Clear

Accumulator.

The Accumulator contents will specify which transmission
level, or Tlevels (DMA 1, 2, or KYBD CMD), will cause an
Interrupt to the CPU upon completion of transmission

as follows:

BAC 4 (9)..... KYBD CMD, Terminals 0 to 174
BAC 2 (10)....YCU DMA Level 2, Terminals 0 to 174
BAC 1 (11)....YCU DMA Level 1, Terminals 0 to 174

The VCU INT Mask will be cleared (reseot) at power turn
on, and by the Clear A11 Flags (CAF) 10T, 6007.

The VCU INT Mask will not affect the action of the VCU
TX Abort Flag (see I0Ts 6302 and 6304).

20T 6302 Clear Accumulator, Read VCU Transmission Status, and
then Clear (Resel) VCU TX Abort Flag.

AC TH 10 (AC 8)...TX% Abort Flag Set (true), Terminals 0 to 17,
SCOIN 4 (AC 9). .. NYBD CHD, TX Busy, lovminals 0 to 17,
SCOIN 2 {(AC T0) . VCU DMA Level 2, TX Dusy, Terminals 0 to 17,4
LCOIN T (AC TT) L vcy DMA Level 1, TX Ducy, Teovminals 0 to 174

The three VCU TX Tevals (DHA T, 2, and XYeD CHD) will
be busy until the Final transmission has been complieted

to their vespective terminals.

The Abort Flag will be set (true), the YCU TX Comnlete
INT Flag set, and an Intevreupt geonerated to the CPU
when any of the three TX levels is still busy after a
period of 3 ms. This timeout will beain from the tiine
that data is available to the YCU for transmission on
any of the three TX levels. The TX busy status and
the fhort Flag will be cleared (reset) at power turn
on and by the Clear A1l Flags (CAF) 10T, 6007.

The TX busy status will also be cleared when the TX

Abort Flag is set (true).



INT 6304 Skip if VCU TX Complete Interrupt Flag is set (true),
and then Clear VCU INT Flag.

The YCU [NT Flag will be set (true) when the final
transmission of any of the three I'X levels (DMA T,

2, or KYBD CMD) has been completed. This action will
be independent of the VCU INT Mask. However, an
Interrupt to the CPU will be allowed as a function of
the VCU INT Mask (see IOT 6501).

The VCU TNT Flag will be cleared (reset) at power turn
on and by the Clear A11 Flags (CAF) 10T, 6007.

T 6311 Load Memory Address Register for VCU DMA Level 1, and

then Clear Accumulator.

The Accumulator contents will specify the Starting Memory
Address of the DMA transfer. Any Starting Address from
06000g to 777745 will be legitimate. The contents of this

register will be indeterminate at power turn on.

[or €312 Load Extended Memory Address Register for VCU DMA
Level 1, and then Clear Accumulator.
ihe Accumulator contents will specify the Extended

Homory Mddress (field) of the DHA transfer as follows:

(MSB)  BAC A0 (6).....0MA EMA 4 (EMA O)
GAG 20 (7). A EEA 2 (EHA T
(LSBY EAC 10 (8)..... DMA CHA T (EMA 2)

Any field from 0 to 7 will be leqgitimate. The contents

of this register will be indeterminaie at power turn on.

(07T 6314 Load Yord Count Register for VCU DMA Level 1, Clear

Accumulator, and Initiate Transfer.

The Accumulator contents will specify the two's
complement of the number of words in the transfer.

Any word count from 77774 (1 word) to 00005 (40964,
words) will be legitimate. The contents of this register

will be indeterminate at power turn on.

i



I0T 6321 Load Memory Address Register for VCU DMA Level 2, and

then Clear Accumulator.

The Accumulator contents will specify the Starting
Hemory Address of the DMA transfer. Any startinag
address from 0000g to 77774 will be legitimate. The
contents of this register will be indeterminate at

power turn on.

10T 6322 Load Extended Memory Address Register for VCU DMA

Level 2, and then Clear Accumulator.

The Accunmulator contents will specify the Extended
Memory Address (field) of the DMA transfer as
follows:
(MSB)  BAC 40 (6)...DMA EMA 4 (EMA 0)

BAC 20 (7)...DMA EMA 2 (EMA 1)
(LSB) BAC 10 (8)...DHA CMA 1 (EMA 2)

Any field from 0Ozto 75 will be legitimate. The contents

of this register will be indeterminate at power turn on.

(01T 62324 Load Word Count Register for VCU OMA Lovel 2, Clear
Accumnlator, and Initiate Transfer.
the Accurulator contents will speciiy the two's
complement of the nuwbor of words in thne transfer,
Sy ovorvd count frow 77774 (1 word) o 0000, (40964,
vords) will he leaitimate.
The contents of this register wiil ba indeierminate
at power turn on.
The format of terminal graphic display data as onrovided
via VCU DMA Level 1 or 2 will be as follows:
(Pef: SK HWHS-225A-1)

(115B) NDHMA MO 4000 (BMB 0)........ CHDB
DHMA MO 2000 (BMB 1)........Not Used
DMA MO 1000 (BMB 2)........ Hot llsed
DMA MO 400 (BMB 3) ... .. ... DL 8
DA 10 200 (BMB 4) .. ... ... nL 7



DMA MO 100 (BMB 5)....... DL 6
DMA MO 40 (BMB 6)....... DL 5
DMA MO 20 (BMB 7)....... oL 4
DMA MO 10 (BMB 8)....... oL 3
DMA MO 4 (BMB 9)....... DL 2
DMA MO 2 (BMB 10)...... DL 1
(LSB) DMA Mn T (BMB 11) ..., DL O

The 12 BDST Address (DL 9 to DL 11) will be provided
by hardware.

I0T 6331 Skip if Terminal-Keyboard 0 to 17¢ Interrupt Flag is
Set (true).

The fact that the KYBD INT Flag is set (true) will
cause an Interrupt to the CPU.

The KYBD INT Flag for KYBD Group O to 174 will be set
(true) when XKYBD Data and terminal address information

are available to bhe read by the CPU.

The KYBD INT Flag will be cleared (false) at puower
turn on by the Clear Al11 Flags (CAF) 10T, 6007, and
by 10T 6334.

(07 6332 Clear Accumulator, Pead Terminal-Keyboard 0 to 17,

Adidress, and remove the EYSD INT Condition to tne CPU.

ine Accumulator will be Toaded with the binary repre-
sentation of the terminal address of the highest priority
terivinal-keyboard with available data in Keyboard

Group 0 to 17 . (Terminal-keyboard 0 will have highest

priority and keyboard 17 will have lowest priority.)

The bit assignment will be as follows:

(MSB)  AC IN 10 (AC 8)....... KYBD RX ADRS 10
AC IN 4 (AC 9)....... YD RX ADRS
AC IN 2 (AC 10)...... KYBD RX ANDRS
(LSB)Y AC IN 1 (AC 11)...... KYBD RX ADRS 1

This 10T does not clear (reset) the KYBD INT Flag.



I0T 6334

Clear Accumulator, Read Terminal-Keyboard 0 to 174
Data, and then Ciear Terminal-Keyboard 0 to 17,
Interrupt Flag.

The Accumulator will bhe loaded with the data of the

highest priority terminal-keyboard with available data
in KYBD Group 0 to 175. (KYBD 0 will
priority and KYBD 17. will have Towest priority.)

have highest

The bit assignment of KYBD data will be as follows:

(Ref: SX EQHS 224A-1)
(MSB) AC IN 4000 (AC 0)...DL 11 (true to indicate KYBD
Status)
AC IN 2000 (AC 1)...DL 10 (true to indicate KYBD
Frror)
AC 1IN 1000 (AC 2)...Not Used
AC IN 400 (AC 3)...Not Used
AC TN 200 (AC 4)...DL 7 |
AC Til 100 (AC 5)...DL 6
AC TN 40 (AC 6)...DL & |
AC TN 20 (AC 7)...0L 4 LYBD Data or
AC TH 10 (AC 8)...nL 3 | KYBD Status
AC IN a4 (AC 9).. DL 2
AC TN 2 (AC 10)..0L 1 !
(LSB)Y AC IN 1 (AC T1)..0L O

This I0T must be precedad by 10T 06337.

<

Tuo types of KYBD error can be detocted and notified
via AC IH 2000 (AC 1).
(Ref: SK EOHS-224A-1)

These are as tollows:

1. Two keys are depressoed within a peoriod of 10.0 ms.
~y p i

2. A data character 1is qgenerated at the

keyboard before
the previous data character has been transferred

to the 12 BDSI.



167 6341 Load Terminal-Graphic Display Address Register for
VCU DMA Level 1 Transmission to one of Terminals
0 to 17,4, and then Clear Accumulator.

The bit assignment will be as follows:

(MSB)  BAC 10 (8)..... Transmission Address 10 (8)
BAC 4 (9)..... Transmission Address 4 (9)
BAC 2 (10)....Transmission Address 2 (10)
(LSB) BAC 1 (11)....Transmission Address 1 (11)

The contents of this register will be indeterminate at

power turn on.

ICT 6342 Load Terminal-Graphic Display Address Register for
VCU DMA Level 2 Transmission to one of Terminals
0 to 175, and then Clear Accumulator.

The bit assignment will be as follows:

(11SB)  BAC 10 (8)..... Transmission Address 10 (8)
BAC 4 (9)..... Transmission Address 4 (9)
BAC 2 (10)....Transmission Mddress 2 (10)
(1.SB)  BAC 1 (11)....Transmission Address 1 (171)

The contents of this reaister will be indeterminate

at power turn on.

[07 6244 Load Teroinal-"eyvhoard Vddress Roegister for KYBD
Command Transmission to one of Tevminals 0 to 174,

and then Clear Accumulator.

The bit as.ignment will be as follows:
(Pef: S COHS-224A-1)

(MSB)  BAC 400 (3)..... nL 8 (ilot Used)
BAC 200 (4)..... DL 7 (Not Used)
BAG 100 (5)..... L 6 (0n Line)
BAC 40 (6)..... DL 5 (Vot Used)
BAC 20 (7)..... NL 4 (Tone 2 Bit)
BAC 10 (8)..... DL 3 (Tone 1 Bit)
BAC 4 (9)..... DL 2 (1/2 Second)
BAC 2 (10)....DL 1 (Status)

(LSB) BAC 1 (11)....DL 0 (Error Lamp)



The 12 BDSI Address (DL 9 to 11) and the CMDB will

be provided by hardware.

Load Terminal-YYDBD Data Register for KYBD Command

TX lLevel and then clear Accumulator.

The Bit Assignment is as follows: (REF. SKEQHS-224A-1)

BAC O to 2 ----- Not Used

BAC 3 ~-mcememm- DL 8 (Not Currently Used) (MSB)
BAC 4 ---cmee-e- DL 7 (Not Currently Used)

BAC 5 —cmememee DL 6 (On Line)

BAC 6 -=-coceme- DL 5 (Not Currently Used)

BAC 7 —-mmemeea- DL 4 (Tone 2 Bit)

BAC 8 —-ceceeaaa DL 3 (Tone 1 Bit)

BAC 9 —-ccmeene- DL 2 (1/2 Second)

BAC 10 -=-e-enoea- DL 1 (Status)

BAC 11 --------- DL 0 (Error Lamp) (1.58)



APPENDIX 4

Assembly Drawings and Parts Lists
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1. INTRODUCTION

1.1 This equipment technical description describes the CCI
disc interface to the CCI Model 015 Rotating Magnetic
Memory.

1.2 The interface is designed to replace the drum controller
as used on Mark V Key-Edit Series 100.

1.3 The interface consists of five pcbs located in the system

logic rack. They are listed below, with a column of
changes with respect to the Mark I drum controller:

PCB Changes from drum controller
Word Count and Current Address 10442 No change
Drum and Mag. Tape IOT Generator
and Multiplexor 10298 Modified by ECO
Derandomizer 10262 Modified by ECO 321
Disc Control 11254 New pcb
Disc Data 11255 v New pcb
1.4 In addition to the above changes some back-plane wiring is
required, and a -5v power supply, number . , must be
included. For further details see Equipment Installation
Procedure
1.5 The interface will service up to four Model 015 discs by

‘daisy-chaining' the I/0 cables to the discs. (See Section
4 and Figure 8).
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GENERAL SYSTEM OPERATION

Figure 1 shows the system flow diagram and demonstrates
how the disc interface is incorporated in the system.

The disc is a single cycle data break peripheral, capable
of both réading and writing information into core

(CPU memory). The data is available on the omnibus from
the memory and is controlled from there by the positive
I/0 interface, and the data break interface situated in
the DEC PDP-8/E housing. The five pcbs of the disc
interface control the data flow from the external bus to
the disc, and vice versa.

When data is being written on the disc, it is taken from

the core memory in parallel (12 lines) and stored temporarily
in the Derandomizer (Figure 2). This pcb controls the
data breaks from the CPU, demanding a break whenever its
temporary data buffer content is getting low. The data

is transferred from the buffer, on request, to the data

pcb (11255), where it is arranged in serial by a shift
register, and then sent to the disc.

When data f% being read it is sent from the disc to the

data pcb, where it is converted to 12 parallel lines of
data and stored in the temporary buffer of the Derandomizer,
which in conjunction with the Multiplexor, and the Word
Count and Current Address pcbs, places the data in the

core memory of the CPU via data breaks.
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The Derandomizer, Multiplexor, and Word Count and Current

Address pcbs are fully described in the Key-Edit Series 100/
100 Mk V Technical Manual. The changes to the uJerandomizer
and the Multiplexor are detailed in Section 3 of this document.

The function flow of the Disc Data and Disc Control pcbs
have been merged, and are shown in Figure 3. The address

of the track, upon which the data is to be written, or read,
is placed on the BAC lines (BAC 04-11). BACO0 is set high
for a write, or low for a read operation. An IOT strobes
the track address into the Track Address Buffer, and BACOO
into the Read-Write control circuitry. Thus the required
track address is available on the Track Select Lines and

the Read-Write control circuitry has been set up for the
required mode of operation.

The starting sector address is then placed on BAC lines 04-11
and strobed into the Sector Address Buffer by an IOT. The
output from this buffer is applied to the Sector Address
Comparator with the Current Sector Address from the disc.

The latter is continuously generated by a synchronous counter
in the disc, and indicates which sector is currently under
the read-write heads of the memory. When these two inputs
to the comﬂ%rator are the same a Match signal is produced.

The above procedure is common for a Read or Write operation.
For a Write operation the following procedure then takes
place: having achieved a match, one sector before the
required sector, the deraﬁdomizer presents the Shift Register
with the first word to be written. As soon as the next
sector clock is received the write command will be given to
the disc, which will send Read-Write Clock to the controller.
This is used to shift the data in the Shift Register both

to the CRC Register and to the disc.
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During the shifting operation the derandomizer presents

the next word on the parallel inputs to the Shift Register.
This new word is strobed into the Shift Register as soon

as the previous one is clear, and is shifted out in the
same way. The Bit/Word Counter ensures that the parallel
data is strobed in at the correct time.

Forty 12-bit words are shifted to the disc and the CRC
Register in this way. Then the CRC Register acts as a
shift register and sends out one more 12-bit word, which
is the Cyclic Redundancy Check Character (CRCC). The
control logic then removes the write command. This whole
procedure may be repeated in the next sector(s) if required.

- _For a Read operation, the sequence of events described in

2.6 and 2.7 takes place and then the following procedure
continues: at the beginning of the relevant sector the
control logic will issue the Read Command, and after the
disc has read its own preamble, it will present the first
serial bit of data on the Read Data line coincident with
the Read-Write Clock. This data is entered into the Shift
Register and the CRC Register. At the appropriate time
the contents of the shift register are transferred to the
Read Buffer, allowing the Shift Register to accommodate
the next word being clocked into it. This procedure is
controlled by the Bit/Word Counter.

After the forty 12-bit words have been treated in the same
way the CRC Register receives the last word, the CRCC, and
uses it to check that the forty words preceding were read
correctly. An indication is made on the status lines to
the CPU if there was an error. The only action that can
be taken is to reread.
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Multiple disc configurations

The interface allows up to four CCI Model 015 discs to be
attached to the system. This is achieved by using
differential drivers and receivers in the discs and the
interface. Each disc is allotted an address from 00, to
112, and a jumper is placed on the I/0 pcb of the disc
accordingly. The two most significant bits of the 9-bit
track address determine which disc is being selected.
This method is described more fully in Section 4.
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Hardware Description

Disc Control pcb, 11254

The Disc Control pcb, 11254, is located in slot B23 of the
Series 100, Level III Logic Rack, and performs the following
functions: (Refer Dwg. D11254L)

Track/Disc Selection

Starting Sector Selection and Match
Words per Sector Count |
Start/Stop Control

Break Request

Disc and Control Status Indication
Interrupt and Skip

Track/Disc Selection

The track (head) éddressing scheme is illustrated in
Figure 4. Nine track address lines (DO, D1, S, XB, XA,
YD, YC, YB, YA are made available to the disc to select

one-of 128y, tracks-as a function-of BAC 02 to BAC11

from the CPU. The disc clocking is such that each of

the disc tracks is divided into 128,0 sectors, each of
40,, data yords. Since the Key-Edit Level III
requirement is that tracks be divided into 64,0, sectors
of 40,, data words each, the disc tracks have each been
sub-divided into two sections corresponding to disc
sector addresses 00g to 77g and 100g to 1775 respectively.
The half-track selection is achieved via the sector
selection circuitry (Refer Starting Sector Selection and
Match description) as a function of the least significant
bit of the track address (BAC 11) from the CPU. Thus all
even track addresses (BAC 02 to BAC 11) correspond to the
first half (Sector Clocks {SC} 00 to 77s ) of a specific
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disc track and all odd track addresses (BAC 02 to BAC 11)
correspond to the second half (SC 100s to 177s) of a
specific disc track. The effect is to double the total
available track addresses per disc from 128:0 to 256.¢.
'Daisy-Chaining' will permit the installation of a maximum
of four discs for a total of 1024,, available track addresses
(256,90 per disc). I0T 6504 (B21, lower centre of D11254L)
loads the track address bits (BAC 02 to BAC 11) into two
quad D-flops (G5, H5) and two D-flops (A5-5 and ;9) on

the disc control pcb. The address lines to the discs are
driven by differential drivers. (See Section 4.)

Starting Sector Selection and Match

The starting sector address (00s to 77s ) of the data transfer
is loaded into two quad D-flops (G4, H4) by IOT 6502. The
output of these flip-flops, and the least significant bit
of the track address (G5-10), provide the B inputs to

two 4-bit comparators (G2, H2). Sector status bits SSO

to SS6 from the I/0 pcb in the disc are-received by
differential receivers (D1, E1, Gl1, F1) and provide the

A inputs to the comparators. These status bits are the
outputs of a synchronous counter in the disc. The counter
is reset by Index Clock (IC) and incremented by Sector
Clock (SC) (counts from 000g to 1775 ). Thus the binary
output of the counter is always one count greater than

the current sector address (e.g., SC 60"w111‘increment

the counter to 01). The most significant sector status
bit (SS6), which distingujshes sector addresses 00g to

774 from 1005 to 177, is compared (through F1-4) with

the least significant bit (BAC 11) of the track address.
Thus all even track addresses (BAC 11 low) correspond to
the SC 00g to 77 half of a track, and all odd track
addresses (BAC 11 high)'correspond to the SC 100 to 1174
half of a track. (Refer Track/Disc Selection description).
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The X and Y outputs of the two comparators (G2, H2-6 and -9)
will both be high when their respective A and B inputs are
equal (i.e., when a sector match occurs). These outputs

are applied through NAND gate F2-8 to the D input of the
Sector Match flop, E2-9. Thus E2-9 pin 12 will be Tow

for one sector before the selected starting sector address
of the data transfer. ‘

F3-1, a 40us one-shot multivibrator, inhibits the
Sector Match circuitry to allow sufficient track settling
time. It is triggered on the leading edge of IOT 6504,
and for 40 us it applies a high level pulse through E5-1
to the strobe inputs of the two comparators (G2-8, H2-8).
This action forces the comparator X and Y outputs to the
low state and thus inhibits a sector match. The pulse is
also applied through D3-6 to inhibit NAND gate D3-11 pin 12
and thus hold the Sector Match flop set.

When the pulse has expired, the direct set on E2-9
will be released and a sector match will be permitted at
E2-9 pin 11. The match will be clocked through D2-6 by the
next sector clock (i.e., the sector clock corresponding to
the selected starting sector address) provided that the
‘conditions on D2-6 are satisfied (Clock = SC-BRK RQST-
Matched). "D2-6 pin 5 will be high because E2-9 pin 10 was
previously set by the 40us pulse; D2-6 pin 4 will be high
if a disc data break is not being requested. When the
match is clocked through on the leading edge of Sector Clock,
E2-9 pin 8 will go high while E2-9 will go low to D2-6 pin 5
to prevent further Sector Clocks from clocking E2-9 until
shutdown. For example, if starting sector address 23 was
loaded by IOT 6502, the sector match would occur at SC 22
(i.e., F2-8 low) and would be clocked through to E2-9 .
pin 8 by SC 23.
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3.1.3 Words per Sector Count
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When the disc data pcb is activated, the transfer of each
word to or from the disc is indicated by the signal LWLB
(last word last bit, from the disc data pcb), which corres-
ponds to the negative-going portion of the 12th Read-Write
Clock. A 40 Word (ripple) counter (A4, B4) on the control
pcb is incremented on the negative-going leading edge of
LWLB at pin B34, and will count the number of words that
have been transferred. When 40 words have been transferred,
the signal 40 Word at pin B40 will go true (i.e., low at
R-S flip-flop B5-8) to the disc data pcb to inititate CRCC
Write (disc write operation) or CRCC Read and Check (disc
read operation). The LWLB pulse associated with the CRCC
word will increment the 40 Word Counter (A4, B4) to 41

and enable NAND gate C2-3 pin 1; pin 2 was conditioned
previously by 40 Word. The output of the gate, C2-3, is
one of the conditions of shutdown (Refer Start/Stop
Control). ‘ |

The 40 Word Counter, is reset by the signal

Match-SC-Interrupt at the output of NAND gate E3-8. The
conditions on the gate are that a sector match has occurred
(E2-9 pin 8 high to E3-8 pin 11), that the disc Interrupt
line is fa¥se (E5-13 high to E3-8 pin 10) and that SCB

(SC Buffered) is true at’E3-8 pin 9. This signal goes high
corresponding to SC. The inverse of it at B3-6 resets

the 40 Word R-S flop B5-8, and, as Match-SC at pin B36,

is used as a reset pulse on the disc data pchb.

Start/Stop Control

Start control is initiated by IOT 6504. This IOT loads

either the Read or Write command into the Read and Write
select D-flops, C4-5 or C3-5 respectively, according ,‘

to the state of BAC 00 from the CPU (BAC 00 low is disc

Read command; BAC 00 high is disc Write command).
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These two flip-flops were previously reset by IOT 6501 at
pin B26, or when the CPU was in the stop mode, pin B25.

The Q outputs are routed through I0OR‘'gate D4-8 to enable
NAND gate D3-11 pin 13. D3-11 output will go true, after
the 40 us pulse from F3, to make inverter D3-8 output

high to indicate that the disc controller is busy. The
high level will release the direct set input of the

Sector Match flop, E2-9, to permit a sector address compare
and match operation (Refer Starting Sector Selection and
Match).

The Q outputs of the Read and Write select flops,
in conjunction with the sector match signal (E2-9 pin 8
high is sector match), enable the signals Read+Match at
B31, and Write-Match at B38, to the disc data pcb and
derandomizer pcb. Another signal, WriteeSelect, pin B30,
is enabled to the derandomizer when the write command
has been loaded (C5-11 pin 12 high) and when the disc
interrupt is inactive (C5-11 pin 13 high).

The stop control, or shutdown, is initiated by resetting
the Read and Write selection flops. This results in D4-8
going low and applying a clock input, via D4-11, to the
disc Flag flop, C4-9 pin 11. This results in a low level
output at @-9 pin 8 and via D2-8 and F5-4 to the INTRPT line
to the CPU, pin B20. Disc Control Busy at D3-8 is also
low to directly set the Sector Match flop, E2-9 pin 10.

The conditions for shutdown at Sector Ctack time must
be satisfied at the inputs of NAND gate F2-6. These
conditions are: Word Count Overflow at B28 must be low
to indicate that the final data break has been accepted
to write the last data word-into, or read the last data
word from, the CPU memory; C2-3 must be low to indicate
that Word 41 has been read or written from the disc;
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Inhibit Shutdown at B41 must be high to pin 2 in the Write
mode to indicate that the derandomizer (both the RAM and
the output buffer) is empty (inhibit shutdown is always
high in the read mode); NAND gate E3-8 must be high

to pin 5. o )

3.1.5 Break Request

The Disc Break Request flop, C3-9, issues break requests
via pin B24 to the Drum & MTT IOT PCB, 10298, under control
of the signal 1 to Drum BRK REQ, pin B33, from the ‘
derandomizer pcb. This action indicates that the
derandomizer is ready to receive a data word from CPU
memory (disc Write operation) or transfer a word to CPU
memory (disc Read operation).

The break request flop is cleared by the signal
Drum BRK ADRS ACPTD from the Drum & MTT IOT pcb. This
signal originates in the Positive I/0 pcb and indicates
that the break request has been accepted by the CPU. The
flop is directly set by the WC Overflow signal and further
break requests are thus inhibited (D4-3 to E3-12 pin 1,
D3-3 to C3-9 pin 10).

. 3.1.6 Disc and Control Stati:s Indication
>

The status of the disc and the disc controller are available
to the CPU on demand. IOT 6512 at pin B13 enables the

disc status bits to the CPU accumulator. When the disc
control is busy D3-8 is high to C2-8 pin 9 and F5-1 pin 2.
When the disc is not ready there is a high level on pins

W and 19. D-flop E2-5 pin 1 will be directly reset by C2-8
to produce an Interrupt signal to fhe CPU via D2-8 and F5-4,
and to indicate that an illegal status condition exists.

The Disc Not Ready status, AC 00 at pin B11, and the bﬁsc
Control Busy status, AC 02 at pin Bl16, _indicate this
condition. :
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AC .01 'is a status indication for an abort function. It
is represented by:

Abort = Start Control plus 40ms. Control Busy-Flag + SC.
(Read command + Write Command)

This prevents the controller from holding up the system
should a track be unusable, even though the disc status
is good. The latter half of the equation is a hardware
check, as the Write or Read commands should never beé
true during sector clock time.

Monostable Al is triggered on pins 1 and 2 by IOT 6504,
and holds F4-6 pin 4 low for 40ms, after which time F4-6
is enabled. This 40ms is sufficient for any transfers to
be completed. Then, if the Flag flop is still false
(C4-9 pin 8 to F4-6 pin 5), and the controller is still
busy (D3-8 to F4-6 pin 2), F4-6 will go low true and set
the Abort flop B1-5. Similarly Write Command, pin B27,
or Read command, pin B12, are IORed at B3-8 and applied
to the D input of the Abort flop. SC is applied to the
C input, consequently the flop will be set if either of
the write or read commands (sent to the disc) are true at
SC time. If B1-5 is set (high) then E5-10 pin 9 will be
true and status bit one will be set upon interrogation by
IOT 6512. *Simultaneously an Interrupt will be generated:
B1-5 pin 6 will be low, and through D2-8 pin*T0-and: F5- 4
assert TﬁTﬁﬁ—'at pin 20.

Interrupt ‘and Skip

The Interrupt line to the-CPU (B20) will go low true via

the Rositive I/0 pcb to indicate that the disc has completed
the initiated operation, or that an illegal status condition
exists.



3.

2

3.

2.

1

EQTD-203-0
3-8

When the CPU recognizes the interrupt it will perform a
JMS 0 to field 0 and begin to search for the interrupting
device. The test to see if the interrupt was initiated
by the disc consists of issuing IOT 6511 and thus
conditioning the CPU Skip line at pin B23. If the disc
has initiated the interrupt, F5-10 pin 9 will be Tow, and
thus I0T 6511 will assert the Skip line to the CPU.
This condition is interpreted by the CPU program as
indicating a disc interrupt condition and appropriate
action is taken to service the interrupt.

DISC DATA PCB, 11255

The Disc Data pcb, 11255, is located in slot B22 of the
Series 100, Level III Logic Rack, and performs the
following functions: (Refer Dwg D11255L)

Write Data Word Control and Serializing
Read Data Word Control and Assembly
CRCC Calculation and Serializing

CRCC Read and Check '

Write Data Word Control and Serializing

The disc Write operation data flow is shown in Figure 2.
When the disc Write Command is loaded by IOT 6504
the Derandomizer pcb, 10262, will request six consecutive
data break cycles to fill the four RAM locations (only 4
of the 16 available RAM locations are used), and the RAM
Input and Qutput Buffers with the first six data words to
be written on the disc. Twelve-bit Write Data words are
then available at the output of the RAM Qutput Buffer,
0BO to 0B11, and loaded (under control of the data pcbh)
into three 4-bit shift regisfers on the data pcb D5,
C5, A5 for serializing to the disc.
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The first data word to be written is loaded into the 12-bit
Shift Register during sector clock time, as illustrated
in Figure 5. The Shift Register is enabled to the parallel
or load mode at pin 1 from B5-8 and E3-8 as a function of
SCB, pin B14, and Write-Match, pin B11. A strobe pulse at
pins 12 and 13 is provided from the pulse shaping circuit
R8, €35, CR3 and F5-12. ‘As shown in Figure 5,
the effect of this circuit is to'provide a load strobe to
the Shift Register whilé the latter is in the parallel’
mode, and thus load the first Write Data word from the _
RAM Qutput Buffer (OB1 to OB11) into the Shift Register.

It is desirable to fetch the next data word from the
RAM to the RAM Output Buffer while the current word is
being written on the disc. This allows a maximum of 12
bit times (3us) to perform the necessary RAM read operation.
The RAM read is inititated by the signal Load<Preamble,
pin B16, on the disc Data pcb. The signal is set either
at sector clock time to inititate fetching the second
- data word to the RAM OQutput Buffer (E5-8, B5-8, to E5-3
pin 1), or from the trailing edge of RWC 10 to the
trailing edge of RWC 11 (Figure 5) to initiate fetching
of each of the data words, 3 to 40, in a sector (E5-11,
B5-8, to E5-3 pin 1) in turn from the RAM to the RAM
output bufifler. Note that NAND gate E5-3 pin 2 is
conditioned if the signal %0 Word pin B5 from the 40 Word
Counter on the disc control pcb is false (high). Thus load
preamble will not occur after 40 words have been written
on the disc until the 40 Word Counter is reset by Match.SC
(the CRCC word is made available by the data pcb and
written as word 41 on the disc).
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Whenever a word is read from the RAM into the RAM Output
Buffer, the derandomizer will sense that it is no longer
full and will write the word currently in the Input
Buffer into the empty location in the RAM. Simultaneously,
the derandomizer will request a data break cycle from the
CPU to refill the input buffer. Break requests may not
be answered for up to 4.6us, so it is possible that the
derandomizer may be deficient two words from the full
condition of six words. In this case, consecutive break
requests will be made to ensure that the data pcb will
always have a supply of six words on which to draw during
a disc write operation.

The condition that 11 Read-Write Clocks (RWC) have
occurred (to enable E5-3 pin 1) is determined by the Bit/
Word Counter, a synchronous counter consisting of the group
of seven D-flops A3-5 to D3-5. This counter is reset by
the signal Match-SC, at pin B13, from the control pcb and
incremented on the leading edge of RWC (H2-4 to F4-8).
Figure 6 illustrates the counting sequence. A count of 11
is decoded from D3-5, and C3-5 pin 6, to NAND gate E3-6
pins 4 and 5 respectively; the output of E3-6 will be true
(low) until the counter is reset. During a disc write
operation (Write<Match true {low} at pin B11) NAND gate
E5-11 will e true (low) on count 11 to provide the mode
select via B5-8 to the Switch Register, and to set the
Load Preamble signal via E5-3 to pin B16. 1In addition, a
count of 12 is decoded from C3-9 pin 8, and D3-5, to NAND
gate E3-8 pins 9 and 10 respectively. The output of E3-8
is typically 50 ns wide and E3-8 resets the Bit/Word Counter
and hence inhibit both E3-8 and E3-6 (high).
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The least significant bit of the Shift Register
output, A5 pin 2, is made available to the disc and the
CRCC circuitry as Write Data. The write data is routed
to the disc via D1-11, E1-6, and differential driver
A1 when the following conditions are satisfied:

WriteeMatch is true (high) at E1-6 pin 5 (from pin B11
through inverter G5-2) thus indicating that a disc write
operation is in progress, and 40 Word (pin B5) is false
(high) to inhibit D1-8 pin 9 through inverter B4-11 and
thus enable D1-11 pin 12. When a data word is loaded

in parallel into the Shift Register from the derandomizer
output buffer, the least significant bit (0B11 at A5 pin 2)
is immediately available to the disc. The disc loads

write data and provides the disc data pcb with the signal
RWC (negative-going edge) to synchronize the shifting of
the next data bit to the disc. The RWC signal is received
via differential receiver H2 from pins 6 and F, and clocks
the Shift Register (in the serial mode via B4-8 and E5-6

if not at sector clock or count of ll)hand makes the next
data bit available at A5 pin 2.

Read Data Word Control and Assembly

The data flow for a disc Read operation is illustrated
in Figure 2;

Serial Read Data is made available by the disc at pins
W and 19, and shifted into the Shift Register and the CRCC
Register on the data pcb in synchronism with the RWC signal.
The Shift Register will be in the serial mode for the entire
disc Read operation since Write-Match, from pin B11, false
(high) inhibits E5-8 pin 10 and B5-8 to ensure a low level
at pins 1 of the register. A shift to the right occurs on
the negative-going edge of RWC, thus ensuring that the
Shift Register clock occurs approximately in the centre of

the Read Data signal (Refer Figure §)'
, 3
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The first eleven bits of data word are shifted into
the regisfer; the twelfth RWC loads these eleven bits
(available at the register Q outputs) and the twelfth bit
of Read Data (MSB available at the serial data input of the
Shift Register, D5 pin 10) into the Disc Read Buffer (DRB),
formed by three quad D-flops D4, C4, A4, The Shift Register
will be shifted as usual by RWC 12 (Refer figure 7) and there-

fore the DRB must be loaded before the register is shifted,
so that the data to the DRB is correct. The DRB load
sequence is initiated typically 20 ns before the Shift
Register shift. RWC 12 to the DRB is equivalent to LWLB
and is provided as shown in Figure 7. A count of 11 is
decoded from the Bit/Word Counter and conditions B5-6 pins
4 and 5 via E3-6 and G5-10. The output of B5-6 will go
true (low) when the positive-going portion of RWC 12 enables
B5-6 pins 1 and 2. Both the Bit/Word Counter (incremented
by RWC) and the 40 Word Counter (incremented by LWLB) are
operational during the disc Read operation. Figure 7 shows
that a clock is provided to the Shift Register during
sector clock time from the pulse shaping circuit associated
with F5-12. This clock is essentially a 'don't care'
condition since read data does not arrive until after the
preamble time. The Read Command to the disc is set via
flop I5-9 to H1-13 pin 2 on the trailing edge of sector
clock if Read-Match is true (low).

The Read Last signal at pin B29 removes the 12-bit
Read Data word from the DRB before the next word, currently
being assembled in the Shift Register, is loaded into the
DRB (12 bit times - 3us - between DRB loads). Read Last
goes true from the leading edge (negative-going of RWC 11
to the leading edge (negative-going) of RWC 12 (Figure 7)
at the output of NAND gate F5-6. A count of 11 from the
Bit Word Counter is decoded at E3-6 and applied through
inverter G5-10 to enable F5-6 pin 4.
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F5-6 pin 3 will be true when the Read Command is enabled
to the disc from I5-9, on the trailing edge of sector
clock after Read-Match goes true. As with Load Preamble,
the signal Read Last does not occur after 40 Word goes
true from pin B5 via F5-6 pin 5.

Read Last is applied to the derandomizer pcb where
it initiates a RAM Write operation to write the word from
the DRB into the RAM. A total of six locations, four RAM
locations plus the input and output buffers, are available
in the derandomizer pcb for temporary storage of disc read
data. The RAM Scaler Flag, Cl1, senses the state of the
RAM and will issue a break request to the CPU when the RAM
is not empty during a disc read operation. The first data
word written in the RAM will automatically be read (from
the RAM) into the output buffer, and thus made available
to the CPU. When the data break request is accepted the
data currently in the output.buffer is written into memory
and a RAM Read operation is initiated, if the RAM is not
empty, to fetch the next word to the output buffer. Since
break requests may not be answered for a maximum of 4.6us,
it is possible to have a data word in the RAM output buffer
and a data word in the RAM during a disc Read operation.
In this case, two consecutive break requests will be
demanded by the derandomizer to return the RAM to the empty
condition. ’

CRCC Calculation and Serializing

In addition to the forty 12-bit data words written in
each sector of a disc track, a 12-bit Cyclic Redundancy
Check Character (CRCC) is also written as word 41 in each
sector. The CRCC is an exotic check-sum character
accumulated, by a register on the disc data pcb (A2 to F2),
on the 40 data words currently being written in a disc

-~

sector.

-
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The CRCC ca]cd]ation follows the pq]ynomia]:

X12 + X]] + x3 + X2 + X+ 1

where X= Position of XORS in the CRCC Register.

The current write data bit to the disc (LSB of the
Shift Register) is provided to the CRCC Register through
NAND gate G4-6, IOR gate G1-6, and XOR gate B1-13 pin 14.
This action is conditional on Write-Match being true
(high) at G4-6 pin 5 (from G5-2) and 40 Word fdlse (high)
at G4-6 pin 4. The latter condition dictates that write
data from the Shift Register (A5 pin 2) will no longer
be available to the CRCC Register after the LWLB pulse
associated with data word 40 (this pulse increments the
~ 40 Word Counter to 40, and thus inhibits 40 Word via
G4-6 pin 4). Thus B1-13 pin 14 will be low during the
CRCC write time.

Until 40 Word goes true (low) the output of NAND gate
D1-8 will be false, 40 Word inhibits D1-8 pin 9 through
inverter B4-11, to enable NAND gate D1-11 pin 12 and thus
permitHWrite data to the disc through D1-11 pin 13 to E1-6
pin 4. In addition, D1-8 false (high) will enable G1-11
pin 12 to permit the LSB of the CRCC Register (F2-9) to
condition pne input of XOR gate B1-13, via G1-11 and G1-8.
Thus the LSB of the CRCC Register and the current write
data bit from the Shift Register are XORed through B1-13
(as the polynomial) and clock the XOR gates, and flop A2-5
D input, of the CRCC Register. '

The CRCC Register is reset on the leading edge
(negative-going) of sector clock, from inverter G5-6
through power drivers E4-6 and -8, and clocked on the
trailing edge (positive-goihg) of RWC from H2-4 and
inverted through F3-8. This is the same edge of RWC that
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When 40 Word goes true the CRCC Register will supply
the write data for word 41 (CRCC word), and the output of
the Shift Register will be inhibited. Thus G4-6 pin 4
~will be low, and G1-6 will be low to XOR gate BI1-13 pin 14.

NAND gate D1-8 will be true (low) to inhibit G1-11 pin 12
and provide a low level at B1-13 pin 15. The output of
B1-13 will be low until the 40 Word signal is inhibited;
this action will force all the XOR gates in the CRCC
circuit to act as non-inverting buffers between stages.
The effect is that .the CRCC circuit is then a 12-bit shift
register. The CRCC which has been calculated on the 40
data words, and which is currently in the CRCC Register,
will be shifted by RWC from left to right to the Write
Data line without being altered by the XOR gates.

The LSB of the CRCC Register is presented to the Write
Data line (pins S and 15) to the disc via NAND gate E1-12
and IOR gate E1-6. E1-12 pin 2 is conditioned through
inverter B4-11 when the signal 40 Word is true (low).

Twelve bit times are required to shift the contents
of the CRCC Register to the Write Data line. However, the
shifting will continue as long as RWC 1is available to
clock the CRCC Register. The signal 40 Word will go false
(high) and thus inhibit further data from the CRCC Register
to the Write Data line when the 40 Word Counter is reset at
sector clock time. The LSB of the Shift Register will then
provide the write data through D1-11 pin 13 (D1-11 pin 12
is conditioned because 40 Word false inhibits D1-9 pin 9)
until 40 Word goes true again. Data written after the CRCC
word and before sector clock time is the Postamble, and will
have a binary value of zero because B1-13 is low to A2-5
pin 2 (i.e., zeros will be shifted after the 12th bit of CRCC
until sector clock time).
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~ The signal Load Preamble was inhibited;by 40 Word

~true (low) to E5-3 pin 2. Thus when a count of 11

associated with the CRCC word, conditions NAND gate

E5-3 pin 1, the other input, pin 2, will be previously
inhibited by 40 Word. This action excludes the possibil-
ity of initiating a RAM Read operation after the last bit
of the CRCC word has been written, at least until the next
sector clock.

CRCC Read and Check

The CRCC calculated on the 40 write data words of a
sector, and written as word 41 in the sector, is such that
if it were included in a new CRCC calculation as an
additional data word to the original 40, the new CRCC would
be zero. Therefore, during a disc read operation, if the
40 data words, plus the CRCC word, that were written
previously are put through the CRCC Register, the result
should be a calculated CRCC value of zero (Q outputs of
A2 to F2 should be low). If the result is not zero a CRCC
error condition exists and the Read Data is in question.

During a disc read operation, Read Data is made
available to the CRCC Registef from differential recejver
H2-9, via G1-3,.G1-6, and XOR gate B1-13. NAND gate G1-3
pin 1 is conditioned when the Read Command is enabled to
the disc b;’f1op 15-9 (on trailing edge of Sector Clock).
The CRCC Register will operate as during a disc write
operation until the signal 40 Word goes true (when word 40
has been read from the disc¢). At this time, inverter B4-11
will go high to condition D1-8 pin 9 and E1-12 pin 2 (as
during a disc write). However, D1-8 pin 10 is inhibited
(Tow) because Write<Match from inverter G5-2 is false (low).
Therefore, G1-11 pin 12 will remain high to maintain the
input at XOR gate B1-13 pin 15 from the LSB of the CRCC
Register via F2-9, 61-11 pin 13, 61-8, B1-13 pin 15).
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Thus, the action of the CRCC Register is allowed to
continue to include the CRCC word (previously written)
in the calculation. Note that the Write Data line to
the disc is held high during a disc Read operation
because Write+<Match is false (low) at E1-6 pin 5.

When the last bit of the CRCC word has been clocked
into the CRCC Register, the Q outputs of A2 to F2 will all
be high. Multiple input IOR gates F3-6 and G2-8 sense the
condition of the Q outputs and through NOR gate G3-10
condition the D input of flop I5-5. 1If one of the Q
outputs is low (thus indicating a CRCC error condition)
the data input to I5-5 will be low and when the flop is
clocked from F5-8 the Q output will go high to NAND gate
H5-10 pin 9. This gate is conditioned on pin 8 by IOT
6512 (Read Status) from the CPU. Its output is applied
to the CPU accumulator (ACO3 IN), and when it is true (low)
it indicates a CRCC Error condition.

The CRCC Error status is cleared by the signal Drum
Write Sync, at pin B3, from the disc control pcb. This
signal occurs when I0T 6501 (Reset Disc Done Flag and
Control) is issued, or when the CPU is in the stop. mode
(B Run false). When Drum Write Sync is true (low) D-flop
15-5 is set to inhibit H5-10 pin 9 (low).

The CRCC Error flop, I5-5, is clocked when NAND gate
F5-8, pin 10 is inhibited. Read:itatch true (high) will
condition F5-8 pin 11 so that CRCC Error status is only
checked during a disc Read operation. After the 40th word
has been read from the disc, 40 Word true (low) will condition
F5-8 pin 9 through inverter B4-11. When a Read Command
(pins 8 and J) is enabled to the disc (on trailing edge of
sector clock) by I5-9 true, input F5-8 pin 10 will be
enabled. Thus F5-8 will be true (low) when the CRCC word
(word 41) is being read into the CRCC Register.
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When 40 Word goes true (low), the data input of flop D3-9
pin 12 will go high from inverter B4-11. The trailing edge
(positive-going) of the LWLB signal associated with the
CRCC word (word 41) will clock D3-9 to the set condition.
Thus D3-9 pin 8 will be Tow to IOR gate F1-6 pin 4, to
directly reset I5-9 and thus inhibit both the Read Command
to the disc, and gates F5-8 pin 10 and G1-3 pin 1. F5-8
will go high to clock the CRCC Error flop, I5-5, and hence
sample the state of the CRCC Register Q outputs. When
G1-3 pin 1 is inhibited B1-13 pin 14 is conditioned low
(from G1-6) to ensure that the contents of the CRCC
Register are maintained. ‘

During a disc Write operation, the action of flop D3-9
will inhibit the Write Command to the disc on the trailing
edge (positive-going) of LWLB associated with the CRCC word.

When shutdown is initiated on the disc tontrol pcb,
the signal Match-SC will go low, and stay low, until a new
disc operation is initiated. This action will hold the Bit/
Word Counter on the disc data pcb in the reset condition
(pin B13 through E3-3). In addition, the signals Write-Match
and Read+Match from the disc control pcb will be false (high)
to inhibit the Write and Read Commands to the disc via the
data pcb (pin B11 through inverter G5-2 to HIl- 8 9, and pin B15
through inverter GS 4 to H1-12,13).

The Write Data line to the disc will be held high when
Write-Match is inhibited by G5-2 to E1-6 pin 5. Derandomizer
control signals Read Last and Load Preamble will both be
inhibited under shutdown conditions. The former at F5-6
pin 3 when Read-Match false resets 15-9, and the latter at
E5-3 pin 1 when Write Match false through inverter G5-2
inhibited NAND gate E5-8 to IOR gate B5-8 pin 12, and when
B5-8 pin 13 is inhibited by the Bit/Word Counter reset
(E3-6 false to inhibit NAND gate E5-11). The signal LWLB
will be inhibited when the Bit/Word Counter is held reset
(65-10 low to B5-6).
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Thus all control signals from the disc data pcb to
the Disc, derandomizer pcb and disc control pcb will be
invalidated under shutdown conditions.
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SPECIAL DEVICES

General

To enable up to four discs to be used on one system the
method of 'daisy-chaning' was used, see Figure.8. This
required using differential drivers and receivers because
of the length of cable involved. The controller has 62Q
terminating resistors included at the end of the cable,
and terminator number is required in the socket of
the last disc. '

Daisy-Chaining

The principle of 'daisy-chaining' involves sending all

the interface signals to every disc, but the two most
significant bits of the track address (DO & D1) represents
the disc address: '

Do D1 Disc
0 0 0
1 0 1
0 1 2
1 1 3

>

These two bits of the track address are decoded in
each disc and the decode is fed to the inhibit input of
the drivers and receivers in that disc. Thus only one
disc is allowed at a time.

’
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Special Integrated Circuits

The differential drivers and receivers are Texas
Instruments SN 75110 and SN 75107A respectively, with an
inhibit input.

They were chosen because of this extra input and
because of their speed. The maximum delay through either
of the devices is 25ns. These devices require a -5v power
supply, thus supply number is used in the logic rack.

For full details of these devices and the way in
which they are used see Texas Instruments book 'The Integrated
Circuits Catalog' page 3-132 to 3-148.
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DESCRIPTION

GENERAL

‘ The Magnetic Tape Transport (MTT) Controller provides the Key-Edit interface between the PDP-8/E

\>”/ processor and the PEC magnetic tape data storage devices. Up to four transports may be used with the
controller; they may be either 7-1/2 inch reel (mini-) or 10-1/2 inch reel (maxi-) tape transports.

The MTT primarily provides the final data storage for the system, but it can also be used to
read in programs or dumped data.

Refer to the PEC manuals for more detailed fnformatfion.

BRIEF DESCRIPTION

The controller accomodates either 7- or 9-track magnetic tapes with 200, 556, or 800 bpi density,
at speeds of 25 or 12.5 ips in an NRZI format: the 200 bpi density is available only on the maxi-tape
units. (A 1600 bpi density is available as an option.) The sequential access time is approximately
50 ms.

The electrical requirements are 117 or 230 vac, 48 to 400 hz; the operating temperature range
is 35.5 to 123F (2 to 50C).

The maxi-transport is fitted with a dual gap head. The read and write heads are separated by
0.15 inch, which enables simultaneous read after write operations to be performed for vertical, longi-
tudinal, and cyclic redundancy check purposes. (These checks are also performed on read operations.)
An adjacent erase head is automatically activated during write operations.

I1luminating push-switch controls are mounted on the front panel. The three control pcbs are
mounted beneath the deck and are accessible by sliding the transport out from the cabinet.

A Tape Adapter must be used when more than one MTT is employed in a system. Where only one MTT
. is used a cable connects the logic rack interface pcbs (locations B24, B25, B26) and the MTT. Where
~ more than one MTT {is used the pcbs are connected to the adapter, which in turn provides outlets for
cables to each MTT (refer Figure 6-2-1).
Logic signal levels for the MTT are approximately:

true (low) , 0 to 0.4v
false (high), 3v

CONTROLLER DESCRIPTION
The controller comprises three dedicated pcbs, some ancilary pcbs devoted to drum-to-MTT data
transfer controls, and the interconnecting cables.
The basic pcbs are:
1. MTT Control, pcb 10285

2. MTT Data, 7-Track, pcb 10366
or 9-Track, pcb 10365

3. MTT Readcheck and Status, 7-Track, pcb 10368
or 9-Track, pcb 10246

These pcbs are located in the Key-Edit logic rack, locations B25, B24, and B26 respectively.

The ancillary pcbs are:
1. Drum and MTT IOT Generator, pcb 10298
2. Word Count and Current Address, pcb 10442

These pcbs are located in the logic rack locatfons A21 and A29 respectively; their operation is des-
cribed in this Section.



BRIEF OPERATING THEORY

The controller provides the following functions:

1. MTT motion and timing control

2. MTT to CPU data transfer control

3. MTT read, and read after write, error detection.

Refer Figure 5-1. The CPU initiates commands to the control pcb which then generates status
and control information to the readcheck circuitry and the MTT respectively. The status information
is returned to the CPU, and the MTT issues a read strobe to the control pcb and data to the CPU via

the data pcb. The control pcb generates Read Clocks for the data pcb, and the data pcb provides the
parity checks.

~Figures 5-2 and 5-3 illustrate the Read and Write Data flow and 5-4 and 5-5 the cycle timing.



LEVEL 3 IOT INSTRUCTIONS

6521

6531

6532

6534

6541

CONTROLLER DESCRIPTION

Select Tape Drive.

AC

08
09
10
11

Transport 1
2
3
4

Skip if Tape Done flag is false.

Clear Tape Done flag and control and stop tape. This instruction clears the following
status bits:

AC
AC
AC
AC
AC
AC
AC
AC

01
02
03
07
08
09
10
1

Lateral parity
Longitudinal parity
I11egal command
Record too long
Record too short
EOF

Tape control busy
CRCC error

Set Tape Done flag and cause an interrupt if interrupt facility is on.

Clear Accumulator.

Read magnetic tape status and control status

1.

5.

6.

AC 00

AC 01

AC 02

AC 03

AC 04

AC 05

Transport Not Ready

Set status - off-line or power off.

Clear - on-line and power on.

Lateral Parity

Set status - Vertical Parity Error detected.
Clear - 6532

Longitudinal Parity

Set status - Longitudinal Parity Error detected.
Clear - 6532

I1legal Command

(Sets Tape Done flag if motion is commanded)
Set Status - Issue Write Command with no write ring present.

- Issue 6542, 6552, or 6551 when Busy status is already up.
- Tape improperly selected.
Clear 6532

No Write Ring

Set status - Write enable ring not present.
Clear - Write enable ring present.

EOT Tab Sensed

Set status - Set and held when leading edge of EOT tab is sensed.
Clear - Issue Rewind command or sense leading edge of EOT tab during
reverse motion.



6542

6551

6552

6554

10.

1.

12.

Load Command and Clear Accumulator.

AC

AC

AC

AC

AC

AC

07

08

09

10

1

BOT Tab Sensed

Set status -
Clear -

Sense BOT ~
BOT tab clear of detector

Record Longer than Word Count

Set status -
Clear -

Word count expired before IRG is found during read forward.
6532

Record Shorter than Word Count

Set status -

Clear -

EOF Detected

Set status -
Clear -

Tape Control

Set status -
Clear -

CRCC Error

Set status -
Clear -

IRG encountered before word count has expired during forward

read.
6532

A one frame record of 174 on forward read only.
6532 unconditionally

Busy

6551
Stop tape motion, or 6532

CRCC error detected
6532

The appropriate bits are loaded into the accumulator and then IOT 6542 is issued.

AC

AC

AC
AC
AC
AC

00

01

02
03
04
05

1
0
1

Write
Read

Forward motion
Reverse motion

Write long gap
Write EOF
Rewind to BOT

Rewind to BOT and go Off-Line

Load Word Count, Clear Accumulator, and Start motion.

AC 00 to AC 11 contains the two's complement of the word count.

Load Current Address (buffer address) and Clear Accumulator.

AC 00 to AC 11 contains the buffer address.

Load Extended Current Address from AC bits 06, 07, and 08 and Clear Accumulator.



MAGNETIC TAPE TRANSPORT CONTROL - 10285 Rev A
Rack Location B25

The MTT Control (PEC) pcb provides the timing and start/stop commands for the MTT.

START PROCEDURES

The operation is defined by six of the D flops at the bottom left of the diagram; 14-5, 14-9,
15-5, 15-9, H5-5, H5-9. These command flops are initially set by the accumulator bits BAC 00 to BAC
05, and 10T 6542.

10T 6551, at connector pin B33 (left side), starts the MTT when the flops are set. Whenever a
Write command is issued the Write flop, I5-9, T automatically sets the Forward flop (I4-5) to ensure
write routines are done in the forward motion. Similarly Write Long Gap (WLG) or Write End of File
(WEOF) commands set either H5-5 or H5-9 to set the Write flop (I5-9) via G5-3 and G5-6, and consequent-
ly set the Forward flop.

The five flops - Rewind, Rewind and Off Line, Write, WLG, and WEOF - are reset simultaneously
when either 10T 6532 or B Run, at connector pins B18 and B19, are applied to IOR gate F5-3, whose out-
put is inverted by B2-6 to reset the Done flop, F4-5. The inverted output also provides one input to
IOR gate F5-6 pin 5, whose output is then inverted to reset the five command flops.

Two adjacent flops, H4-5 and H4-9, control the stop circuitry. H4-5 is set by the first Read
Clock, from connector pin 8, and enables the D input to flop H4-9. After the block of data has been
read by the data pcb a 1 to Stop signal is received, via connector pin Bl11, to set the Stop flop and
initiate shutdown procedures.

The commands requested by the six command flops are effected when a start motion signal, I0T
6551, is applied to connector pin B33. The Motion and Write Enable flops, F2-5 and H2-5, will set
providing an illegal status does not exist.

The Illegal flop, F2-9, will set and an illegal status will exist 1f any of the following con-
ditions occur:

1. 10T 6551, IOT 6552, or IOT 6542 is issued when the MTT is busy; the flop D input will be
high from D1-11 and D1-8.

2. A Write Select command is issued with no write ring present; the flop D input will be high
from D1-11, D1-6, D1-3, and G3-8.

3. The MTT had not been selected properly; the flop D input will be high from DI1-11, D1-6,
D1-3, and connector pin B42 (Set Illegal).

When the IT1legal flop D input is high the output of inverter B1-2 will be low. This output is
applied (wired OR) with G1-10, G2-11, and G2-3, to the Motion flop, H2-5, to prevent motion.

The Illegal flop is normally set by I0T 6551. When the flop sets F2-9 goes high, appears as
an Illegal signal at connector pin B31, and sets the Done flop, F4-9.

EOT DETECTION AND RESET

The EOT flop, H2-9, is set via G2-8 pin 9, and G1-4 from connector pin A; G2-8 pin 10 is only
enabled when Forward motion is selected. The EOT flop will set when Forward and EOT signals are pre-
sent on G2-8 pins 10 and 9. NAND gate G2-6 pin 5 senses the EOT signal, pin 4 senses the Reverse
motion condition and the gate resets the EOT via H1-13. When the leading edge (first edge encountered
on Forward motion) of the EOT tab has been sensed G2-6 will go low, and a pulse will be generated at
H1-13 to clock the flop; the D input is ground, therefore the flop will reset.

The Rewind pulse at connector pin S is applied directly to reset the flop at H2-9 pin 13. Thus,
the EOT flop can only be reset by a backspace over the EOT tab, or by a Rewind command.



WRITE SEQUENCE

The Write flop is set by IOT 6542 and the appropriate AC bit. The Motion flop is set by IOT
6551 if no illegal conditions exist; the flop. Q output and Ready input from connector pin C, inverted
by G1-8, enable NAND gate F1-11. The gate pulls down the Tape Run line at connector pin B35 to trans-
fer the Motion command to the data pcb. The Motion Flop § output is routed via IOR gate G4-6 to indi-
cate a Busy condition to the Readcheck and Status pcb via connector pin B14.

When the Forward flop sets the Forward command from the Q output is issued to the MTT via NAND
gate C1-11 and connector pin T.

The Write Enable flop, H2-5, also sets and activates the MTT tape write drivers via NAND gate
F1-10 pin 9 and connector pin J, Write Permit.

The Tape Run signal at F1-11 is inverted by B1-4 and applied as a high level to NAND gates C1-11
pin 13 and C1-3 pin 1, which provide the FWD and RVS signals at connector pins R and T. B1-4 also re-
leases the Read flop, C3-5 (top), enables it (at C3-2), and enables NAND gate G4-11 pin 13. C(3-5 pin
6 is high, therefore G4-11 goes low to IOR gate G4-8 pin 10. G4-8 output will go high to remove the
reset condition from the adjacent Motion Oscillator B3 flops; the output is also inverted by A5-12
to remove the reset from Scalers C4, B4, D4, and E4.

The Motion Oscillator 511.57 khz output is divided by the B3 flops and the Scalers. When
Scaler D4-11 goes high, after approximately 16 ms, NAND gate D5-12 pin 13 will go high. WEOF and WLG
conditions are non-existent on D5-12 pin 1 and the BOT signal at connector pin B41 has not set the
Read Inhibit R-S flop, D3-8 and D3-11, whose output is applied to D5-12 pin 2. Thus the gate is en-
abled and its output will go Tow. D5-8 will then go high and set the Read flop, causing C3-5 pin 6
to go low. NAND gate G4-11 will be disabled and consequently inhibit both the Motion Oscillator and
the Scaler. Inverter A5-2 output will also go high from the Read flop set and release the Data Oscil-
lator flop, C3-9, which permits the division of the oscillator output. The flop output activates the
data pcb via connector pin B40.

Simultaneously the Gated Read Clock pulse is applied through connector pin F (top left) and in-
verter H1-4 to clock the D flop H3-5. The flop will only set if the D input is high as a result of a
read data parity error signal from the Read Check pcb via connector pin B24. Two concurrent clocks
and a parity error are necessary before a parity error is issued to the flop (because the last charac-
ter from the LRCC could contain a parity error).

The data pcb presents T to Break pulses at connector pin B35 (lower right). The trailing edge
of the ground true pulses (going high) set the MTT Break flop C2-9; Q issues an MTT Break Request sig-
nal, via connector pin B36, to the multiplexor to request more data from the CPU.

During a Write sequence the data must be held ready for transfer in the data pcb. The MTT Break
flop is set via NAND gate D2-8, providing:

the MTT Write Select is a 1 at D2-8 pin 10,

I0T 6551 is present on D2-8 pin 9,

the WLG or WEOF command does not exist on D2-8 pin 11.

The break requests are inhibited because they are only required during Read or Write Forward
sequences. The 8-input IOR gate E2-8 provides the inhibiting function for all other conditions (WLG,
WEOF, Reverse, Stop, Break Requests, MTT Address Accepted).

The Data Permit flop, C2-5, issues a Write Data signal to inform the data pcb, via connector
pin B33, when to transmit data. R-S flop F3-6, F3-8 sets when the word count overflow occurs; F3-8
will go low via E2-8 to the Data Permit flop, C2-5 pin 2. Thus the next T to Break pulse resets the

Data Permit flop.



SHUTDOWN PROCEDURE

When the data pcb detects or writes blanks {t {ssues a 1 to Stop pulse to the control pcb via
connector pin B11 (bottom centre) to set the Stop flop, H4-9. The Read Sync flop, H4-5, is true,
therefore the Stop flop will set and commence shutdown procedures.

The Stop flop Q output will go low to IOR gates G4-8 pin 9 and G4-6 pin 5. G4-6 applies a Busy
condition to the Readcheck and Status pcb via connector pin B14. G4-8 enables the Motion Oscillator
flops, which permit scaling until D4 pins 12 and 11 go high to enable NAND G4-3, after 18 ms with
7-track application. G4-3 will go low to IOR gate E5-11 pin 13; pin 11 will go high to E5-6 pin 4;
pin 5 is enabled by the Stop flop set. Therefore pin 6 goes low to IOR gate F3-3 pin 2. The gate
output is inverted and applied as a low level to reset the Motion flop and stop the MTT.

The Motion Osc continues functioning until approximately 64 ms have elapsed and scaler E4-9
enables NAND gate E5-3 pin 1; pin 2 is set when the Stop flop is true. E5-3 causes F5-11 pin 12 to go
low. The gate output is inverted by E3-10 and sets the Done flop, which applies an interrupt via
E3-12 and connector pin B28 to the CPU to indicate completion of the data transfer. The low output
from E5-3 is also applied to IOR gate F5-6 pin 4 to initiate the complete control reset where all con-
ditions return to zero, including the Stop flop.

During a Read sequence the 8-input NAND gate B5-8 (adjacent to the Scalers) pre-empts C5-6
(activated in 4.85‘ms) to determine when the tape motion stops. Normal shutdown procedures continue

as described.
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MAGNETIC TAPE DATA, 7-TRACK - 10366 Rev Q1
Rack Location B24

The Magnetic Tape Data, 7-Track, pcb controls data transfers between the CPU and a 7-track Mag-
netic Tape Transport. The bottom and extreme right of the logic diagram shows data control circuitry;
the remainder of the diagram shows data handling circuitry.

The logic consists of the following main blocks:

1. Data Register B2, D2, E4, F4

2. Data OQutput Drivers B4, B85, D4, D5, E5, F5
3. Data Receivers E2

4, Parity Generator and Check c4, E1

5. Timing Circuits and Control Circuits 12, H2

6. End of File Detection C2, G4, H4, E3

WRITE DATA SEQUENCE

When the MTT control pcb, 10285, starts motion of the tape transport, it issues a Tape Run sig-
nal to the data pcb, connector pin B5. This signal is inverted and enables gate I5-6; it is also ap-
plied to I5-3 pin 2. The output of I5-3 resets scaler I2 and is inverted and applied to I3-11 pin 12.
13-1 output resets scaler H2. Tape Run inverted is also used to reset flip-flops H4-5 and F2-9.

Immediately after motion has started the control pcb issues an MTT Break Request to fetch the
first character to be written on tape from the CPU. The CPU responds by sending an MTT Address Ac-
cepted signal to the data pcb at connector pin B9, and to the control pcb to reset the BRK REQ flip-
flop. The MYT Address Accepted signal is inverted by H3-3 and 1s gated with Write Select, from connec-
tor pin B12, by G3-8 to reset the Data Register — B2, D2, F4, E4. The CPU then applies an MB Out to
MTT Buffer signal to connector pin B23. The signal is inverted by G2-3 to enable NAND gates F3, D3,
and B3. This allows the data from the CPU, available on BMB 00 to BMB 11 lines at connector pin group
B18 to B26, to pass through these gates and direct set the Data Register. As soon as the register has
been loaded its outputs apply the data to the Data Output Driver NAND gates, where it waits to be
strobed out to the MTT.

When writing on 7-track tape, a 12-bit word must be divided into two 6-bit bytes. This means
that for every 12-bit word of data, there are actually two 6-bit words written on tape. This leaves
one track on the tape for the parity bit.

When tape motion is started flop H4-5 is reset by Tape Run via 13-8. The flop J output enables
gates H5-3 and I4-12. 14-12 is also enabled by a Write Select and WLG+WEOF. Therefore the output of
14-12 is true (low). This is inverted by I3-3 to enable output drivers F5-4, E5-4, D5-4 and 10, and
D4-4 and 10.

When the tape reaches speed the control pcb sends (Data) Clock pulses to the data pcb, connec-
tor pin B3. These pulses are applied to 15-6 pin 5. 1I5 was previously enabled by Tape Run. The gate
- output, I15-6, drives the clock input of scaler 12, which divides the clock pulses by a factor of 16.
The scaler output is shaped to a pulse by an RC network and gated with Write Select at H3-11. The out-
put of H3-11 is inverted and applied to G3-6 pins 4 and 5. G3-6 has been enabled by the Write Data
signal from the control pcb via connector pin B8 and gate G2-8. The output of G3-6 is the Write Clock,
which, via I5-11, H5-6, H4-6, and I14-12, strobes the six most significant bits of data out to the MTT
via the enabled output drivers. The Write Clock also resets scaler H2 via I3-11, and clocks flop H4-§
via I5-11 and H5-6. Flop H4-5 then toggles, thus disabling gates H5-3 and I14-12, and enabling gates
H5-11 and I14-8. This disables the six most significant output drivers and enables the six least signi-
ficant, i.e., gates F5-10, E5-10, B5-4 and 10, and B4-4 and 10. Scaler I2 continues to scale until a
second Write Clock is produced as described previously. This Write Clock strobes the second byte of
data out to the MTT, and is also applied to H5-8 pin 10 via I5-11. The output of H5-8 is the T to BRK
pulse which is applied to the control pcb to initiate a second Break Request. The second Write Clock
is also used to toggle flop H4-5 again to disable the six least significant drivers and re-enable the
six most significant drivers.



NOTE: The propagation delay through H5-6 and H4-5 is slow enough that H4-5 will not change
states until a T to BRK pulse has been produced by H5-8.

Each successive word of data 1s written as described above until the complete record has been
written. The controller then writes LRCC on the tape then stops the tape motion.

WRITE LRCC

After the last byte has been written on tape the control pcb cancels the Write Data signal at
connector pin B to disable gate G3-6 via G2-8, thus eliminating any further Write Clocks. Because
there are no Write Clocks to reset scaler H2 it is allowed to continue scaling: H2-8 and I2-11 will
then go hgih simultaneously. Consequently the output of H3-6 will go low, sending a Write Reset sig-
nal to the MTT via connector pin F. Write Reset automatically writes LRCC on the tape.

STOP SEQUENCE

H2 continues to scale until its last stage, H2-11, goes high. This is the 1 to Stop signal,
and it is sent to the control pcb via connector pin B7 to stop the tape motion.

WRITE LONG GAP

The control pcb issues a WLGFWEOF signal to the data pcb via connector pin B6 to write a long
gap on tape. This disables I4-8 and [4-12, thus disabling the data output drivers so that nothing can
be written on the tape. The control pcb starts tape motion but does not issue any (Data) Clocks until
the long gap has been written. After it has been written, clock pulses are sent to the data pcb and
I2 and H2 begin to scale. During a Write Long Gap, Write Data is false (high) and WEQOF is false (low)
to disable G2-8 via G2-11. The output of G2-8 disables G3-6 to prevent the production of Write Clocks.

When the scalers have scaled to the end, so that H2-11 goes high, a 1 to Stop is issued to stop
the tape motion.

PARITY GENERATION AND CHECKING

Parity is generated by the parity tree C4-8 (top left). It senses the Write Data lines and
produces the correct parity bit for each byte of data applied to its inputs. C4-8 pin 12 can generate
either even (high) or odd (Tow) parity.

Parity is checked by the parity tree D1-8. It operates in the same manner as the generator, but
it senses the data from the MTT Read Data Lines. If it detects a parity error the signal, Parity
Error, is applied to the control pcb via connector pin B24 for processing.

By definition the EOF code (17) must always be even parity. Therefore, the choice of odd parity
is controlled by the signal WLG+WEOF. For a normal data write sequence WLG+WEOF is high at connector
pin B6, forcing I5-8 low, and C4-8 pin 12 and D1 pin 12 low. This sets the pcb to generate and check
for odd parity. When writing an end of file, WLG+WEOF is low, causing C4-8 pin 12 and D1 pin 12 to
generate and check for even parity. (This forcing of even parity prevents the detection of false par-
ity errors when the EOF is read after a write operation. The PEC MTT is a Read after Write model.)
When an EOF is detected during a read operation it is accompanied by a parity error {f the data pcb is
set to operate in odd parity.



WRITE END OF FILE

The control pcb issues two signals to the data pcb - WEOF and WLG+WEOF - to write a File Mark
on tape. WLG*WEUF at connector pin B6 disables the data output drivers in the same manner as it does
when writing a Long Gap. It also conditions the output data 1ines with the EOF code 17 via 15-8 and
the C3 inverters (top left).

The WEOF signal at connector pin B15 releases the reset of flop F2-5, places a high level on
the D input and enables gate G2-11 at pin 13. The control pcb sends clock pulses to the data pcb and
12 and H2 begin to scale. When the first Write Clock is produced at G3-6 {1t strobes the EOF level
via I5-11, H5-6, H4-5, H5-11 and H4-9, out to the MTT at connector pin B14. The clock trailing edge
clocks and sets flop F2-5. The Q output of F2-5 goes low, causing the output of G2-11 to go false
(high) to disable 63-6 via G2-8 and prevent any further Write Clocks being issued.

12 and H2 continue to scale to produce a Write Reset at connector pin F to put LRCC on tape and
to produce a 1 to Stop to initiate a normal stop sequence.

READ DATA SEQUENCE

The control pcb starts tape motion and applies Tape Run to the data pcb at connector pin B5.
When the start sequence has finished, the control pcb begins sending (Data) Clock pulses to the data
pcb via connector pin B3. The MTT reads the first character on tape and applies it to the data pcb
via a cable to the Read Data inputs at pin group N to A. The parity checker senses the data and
checks for a parity error. The data is recefived by the E2 inverters and applied to the D inputs of
the Data Register. The MTT also sends a Read Clock signal to the control pcb, which then applies a
Read Clock level to the data pcb at connector pin B4,

RD RCL resets the scalers 12 and H2 via 15-3 and is applied to gates H5-3 and H5-11 via inver-
ter G2-6. H5-3 is enabled at pin 2 by flop H4-5 §. Therefore the data is clocked into the most sig-
nificant byte of the data register by the RD RCL via H5-3 and inverter G5-6. RD RCL also clocks flop
H4-5 via 15-11 and H5-6. This causes H4-5 to set and enable gates H5-11 and H5-8. When the second
character on tape is applied to the inputs of the Data Register, the RD RCL clocks the data into the
least significant byte of the register and toggles H4-5 back to the reset condition to receive. the
next character from tape. Two 6-bit bytes from the tape have then been assembled into one 12-bit word
in the Data Register and applied to the Output Drivers. The second RD RCL also clocks H5-8 to produce
a 1 to BRK signal which is applied to the control pcb to initiate an MTT BRK REQ to the multiplexor.
The multiplexor responds by sending a Data In pulse to the data pcb via connector pin B16, which then
'strobes the data out to the CPU via the Output Drivers.

RD RCL pulses to the data pcb terminate when the entire record has been read. 12 and H2 are
allowed to scale through to the end to produce a 1 to Stop signal, at connector pin B7, which then

initiates a normal stop sequence.

READ LONG GAP.

When the controller begins a normal read sequence and no Read Clocks are applied to the control
pcb, RD RCL pulses to the data pcb are inhibited. The absence of RD RCLs allows I2 and H2 to scale
to the end and initiate a normal stop sequence.



READ EOF

The EOF code 1s recognized by gates C2-8 and E3-6. The inputs of C2-8 and E3-6 will all be
true when the code 1717 has been assembled in the Data Register, causing their outputs to be true.
These are inverted by G4-3 and E3-8 and applied to G4-6, causing 1ts output to be treu to the D-input
of flop H4-9.

When the RD RCL pulse clocks the least significant byte into the Data Register, via H5-11 and
G5-8, H5-11 also clocks flops H4-9 and F2-9. This causes F2-9 to set and if the EOF code is present
H4-9 will reset. The Q output of H4-9 goes high to send the EOF signal to the readcheck pchb.

The Q output of F2-9 enabfes gate G4-8. If another RD RCL arrives indicating that the EOF just
detected was not a true EOF, then the output of G4-8 will go low (true) and set flop H4-9 to remove
the EOF signal from the readcheck pcb.

T
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MAGNETIC TAPE DATA, 9-TRACK - 10365 Rev A
Rack Location B24

The Magnetic Tape Data, 9-Track, pcb controls data transfers between the CPU and 9-track Magne-
tic Tape Transport. The lower portion of the logic diagram shows data control circuitry and the upper
portion shows data handling circuitry.

The logic consists of the following main blocks:

1. Data register E2, E3

2. CRCC register c2-9, Cc3, Ca

3. CRCC Drivers A3, B2-13, B3

4. Data Drivers and Receivers c1-6, C1-7, F2, A5,

B5, A4, B2-1, B4

5. Timing Circuits 14, 15

6. Parity Generator and Check F4, F3

7. End of File Detection H3, H4

WRITE DATA SEQUENCE

When the MTT control pcb starts motion of the MTT it issues a Tape Run signal to the data pcb,
connector pin B5. The signal is inverted and applied to gate I3-3 pin 2, it also enables gate I3-11
at pin 13. The output of 13-3 resets Timing Scaler I4 and is also inverted and applied to I3-6 pin 4,
whose output resets scaler I5.

Immediately after motion has started, the control pcb issues an MTT Break Request to fetch from
the CPU the first character to be written on tape. The CPU responds with an MTT Address Accepted sig-
nal which is applied to the control pcb to reset the Break Request flip-flop, and to connector pin B9
of the data pcb where it is applied to IOR gate H2-3 pin 1. The output of H2-3 is gated with Write
Select, from connector pin B12, at F1-6 to reset the Data Register flip-flops. The CPU then applies an
MB Out to MTT Data signal, to connector pin B23, which is inverted and gated with Write Select at H1-8.
The output of H1-8 is inverted and used to enable NAND gates E4 and C5 to allow the data available on
BMB 4 to BMB 11, connector group B28 to B26, to direct set the Data Register.

When the Data Register is loaded its outputs apply the data to the CRCC Generator Circuit, the
Parity Generator circuit F4, and the Qutput Driver NAND gates A4 and B4. The parity bit generated by
F4-8 is applied to the Parity Driver, B2-1 pin 3. The OQutput Drivers and the Parity Driver — A4, B4,
B2-1 — are enabled by the Write Data signal from connector pin B8. The signal is routed via IOR gate
H2-11 and applied to NAND gate H2-8 with the inverted WEOF signal from connector pin B15. Thus the
driver gates have the complete data word available at their outputs.

When the tape reaches speed the control pcb sends (Data) Clock pulses to the data pcb connector
pin B3. These pulses are applied to 13-11 pin 12, which was enabled by Tape Run. The output of I3-11
drives the clock input of scaler I4. The scaler divides the elock pulses by a factor of 16 and this
output is used to-trigger the Monostable, I1. The 3 pus pulse output is gated with the Write Select,
from connector pin B12, by H2-11 whose output is inverted and gated by I3-8 with the Write Data signal
from H2-11. The output of I3-8 is applied to G5-6 pin 5, I13-6 pin 5, and H1-6 pin 5 to produce the
1 the Break signal at connector pin B11,

The output of G5-6 is gated by G5-8 with the Q output of flip-flop G2; G2 is held in the reset
state except during a WLG or WEOF condition. Thus G5-8 is enabled and produces a Write Clock signal
at connector pin J. The signal strobes the data available at the outputs of the driver gates — A4, B4,
and B2-1 — into the MTT data electronics via the cable connected at pin group X to D (top left).

The output of I3-6 is used to reset scaler I5 every time the monostable, I1, initiates a Write
CTock during a normal write data sequence.

12



The next word of data is requested by the trailing edge of the T to BRK signal, at connector
pin B11, which sets the BRK REQ flip-flop on the control pcb. The T to BRK signal is produced at the
same time as the Write Clock signal. The circuit then operates as previously described for each suc-
cessive break request until the complete record has been written. The controller then writes LRCC and
CRCC on the tape, then stops the tape motion.

WRITE CRCC

When the last Address Accepted pulse comes from the computer an MTT WC Overflow pulse is issued
by the WC and CA pcb, 10442, to the MTT control pcb to inhibit any further Break Requests from the MTT.
When the data pcb issues the 1 to BRK pulse, which corresponds to the last Write Clock, the control
pcb cancels the Write Data signal so that connector pin B8 goes high. This inhibits I3-8 via H2-11 and
prevents the 3 ps pulse produced by I1 from enabling gate I3-8; thus any further 1 to BRK signals and
the reset of scaler I5 are inhibited; I5 continues to scale.

Because Write Data is high, G3-6 pin 6 will be high to enable gates G4-6 and H2-6; F5-1 pin 2
will also be high and prevent clocking of the CRCC Register.

When scaler I4-11 goes low, I5-12 will go high and enable G4-6. When I4-11 next goes high, the
monostable will produce a 3 pus pulse to be gated with Write Select by H1-11, inverted by G3-2 and ap-
olied to G4-6 pin 3. The output of G4-6 1s then applied to H2-3 pin 2 whose output is gated by F1-6
with Write Select from connector pin B12 to reset the Data Register.

When scaler 15-8 goes high, four character times after the last data word was written, H2-6
output will go low and H5-12 pin 2 will be enabled. The low signal at the output of H2-6 is inverted
by B1-9 and enables the CRCC Driver gates A3, B3, and B2-13. The CRC character available at the CRCC
Register flop outpouts is then applied, via the inverters Bl and C1 and the output drivers, to the write
data lines to the MTT.

While 15-8 is still high 14-11 will go high, causing the moenostable to produce a pulse which is
applied to H5-12 pin 13 via H1-11 and G3-2. H5-12 pin 12 will go low, causing G5-6 to go high. This
high is applied to G5-8 pin 9, which is enabled by G2-5 pin 6, and a Write Clock is produced at connec-

tor pin J to write the CRC character on tape.

When the 3 us pulse terminates H5-12 pin 12 will return to the high state and clock the flip-
flop G2-5. G2-5 pin 6 will go low and disable gate G5-8, thus {inhibiting any further Write Clocks.

WRITE LRCC

Scaler I5-11 will go high four character times after I5-8 goes high, or four character times
after CRCC was written on tape. When I5-11 goes high, G5-3 pin 3 will go low to send a Write Reset
signal to the MTT via connector pin F. The signal resets the Write amplifiers and the MTT automati-

cally writes the correct LRC character on tape.

STOP SEQUENCE

When 15-11 goes low again the output of adder D4 will go high and clock flip-flop 12-9 to set
the flip-flop, which then sends a 1 to Stop signal to the control pcb via connector pin B7 in initiate
the stop sequence.

Flip-flop G2-5 will be reset to allow Write Clock pulses when the control pcb removes the Write
Select signal.
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WRITE LONG GAP

To write a long gap on tape the control  pcb issues a WLGFWEOF signal to the data pcb via con-
nector pin B6. This low signal is applied to G5-11 pin 12 and H5-12 pin 1. G5-11 will be high, forc-
ing E5-8 pin 8 low to hold the CRCC Register reset for the time the long gap is being written. G5-11
pin 11 will also force E5-6 pin 6 low to hold the EOF detection flip-flops (H3 and H4) reset while
writing a long gap. WLG*WEOF also holds the output of H5-12 high. This prevents a Write Clock from
being produced through G5-6 and G5-8 when [15-8 goes high.

The control pcb inhibits clocks to the data pcb until the long gap has been written. When the
clocks begin scalers I4 and I5 start to scale and tape motion is stopped by the normal Stop Sequence.

WRITE EOF
The control pcb sends a WLG*WEOF signal to the data pcb to write an EOF on tape. The WLG+WEOF
signal conditions the data pcb in the same manner as it does when writing a long gap.

The WEOF signal at connector pin B15 releases the reset and conditions the D-input of flip-flop
12-5, and also enables NAND gate H1-3. Because flip-flop K2-5 is reset, pin 6 is high and H1-3 output
will go low to H2-11 pin 12. The output of H2-11 enables I13-8 pin 9, and is also inverted by G3-6 and
applied as a low to H2-6 pin 4 to disable the CRCC Driver gates - A3, B3, and B2-13.

WEOF is also inverted by C1-1. This low level is applied to H2-8 pin 9 to disable the Qutput
Drivers — A4, B4, and B2-1. It is also applied to inverter E1-8 whose output is applied to inverters
A2-1, A2-4, and A2-13 The outputs of these gates go low to place the EOF code 23 on the output data

lines.

The control pcb inhibits clocks until a long gap has been written then issues them to the data
pcb and I4 begins to scale. When 14-11 goes high the monostable I1 produces a pulse which is applied
to H1-11, inverted, and applied to I13-8. The output of 13-8 clocks flip-flop I12-5 on the trailing
edge. 1I12-5 pin 6 then goes low, forcing the output of H1-3 high. This causes H2-11 to go low and
disable I3-8 to inhibit any further pulses from the monostable. The single pulse allowed to pass I[3-8
enables G5-6 to produce a single Write Clock at G5-8 pin 8 and connector pin J.

" This Write CTock strobes the first word of the EOF code to the MTT to be written on tape. IS5
is then allowed to scale: when I5-11 goes high it enables G5-3. When I4-11 goes high it triggers the
monostable which applies a pulse to G5-3 via H1-3 and G3-2. The output of G5-3 goes low and applies
a Write Reset signal to the MTT via connector pin F. This Write Reset writes the second word of the
EOF code on the tape.

When I5 finishes scaling and I5-11 goes low it sets flip-flop I2-9 and a normal stop sequence
is initiated.

READ DATA SEQUENCE

The control pcb starts tape motion and sends the Tape Run signal to the data pcb as for the
Write Data Sequence. When the start sequence is complete the control pcb sends clock pulses to the
data pcb. The MTT reads the first character and sends the data to the data pcb via cable connector
pin group S to K where it is received by .inverters F2, C1-6, and C1-7. The inverted data is applied
to the D inputs of the Data Register flip-flops and the inputs of the Parity Checker F3. The output
of F3 is applied to flip-flop G2-9 pin 12. Simultaneously the MTT reads the character and sends a
Read CTock signal to the control pcb and to the data pcb via cable connector pin H. The control pcb
produces a Gated Read Clock which it sends to connector pin B4 of the data pcb. This signal is applied
to H1-6 pin 4 to produce a T to BRK pulse at connector pin B11: it also applied to inverter G1-13 pin
12. The output of G1-13 {is applied to inverter E1-6 whose output clocks the data into the Data Regis-
ter. The Data Register outputs then apply the data to the inputs of Data Driver gates A5 and B5 to
await transfer to the CPU. The Read Clock signal at connector pin H clocks the Parity flip-flop G2-9.
1f there is a parity error G2-9 will set and send a Read Parity signal to the control pcb, via connec-
tor pin B24, to be processed.

14



The T to BRK pulse produces an MTT BRK REQ at the control pcb. This is sent to the multiplexor
which responds with a Data to MB In signal at connector pin B16 to strobe the data out to the CPU via

output Data Drivers A5 and BS.

When motion starts Tape Run releases scalers I4 and I5. When the start sequance has ended the
control pcb sends clocks to the data pcb and I4 and I5 will scale. Each Bated Read CLlock resets the
scalers via 13-3, G1-1, and 13-6. When the record has been read the Bated Read Clock signals stop and
14 and I5 are allowed to scale through to initiate a normal stop sequence.

READ LONG GAP

The controller starts a normal read sequence. When no Read Clock signals reach the control pcb,
no Gated Read CTock signals are produced to send to the data pcb. The absence of a Gated Read Clock
for 16 word times causes the most significant bit of scaler I5 to set and produce a 1 to Stop signal.
This indicates a blank detect condition to the control pcb which will then start a normal stop proce-
dure.

READ EOF

An EOF is coded as two successive 23 octal characters. Gates F5 and G4-12, and G4-8 recognize
the code of 23; G4-8 enables gate H5-6 and flip-flop H3-9 via inverter G3-9. The trailing edge of the
first Gated Read Clock sets flip-flops H3-9 and H3-6. H3-9 enables H5-6 previously conditioned by
G4-8 and WEOF on pins 5 and 3 respectively. H5-6 output puts a low level on the D input of H3-5. The
Gated Clock Teading edge clocks H4-12 to a set condition. The second Gated Read CTock toggles H4-12 to
a reset condition and the Q output clocks H4-9 to a set state. Flip-flop H4-9 set condition indicates
that two characters have been read. The trailing edge of the second Gated Read Clock resets H3-5.

The output of H5-8 then goes low, and is inverted by G3-7, and applied to the control pcb via connector
pin B14 to indicate an EOF has been received.

When H4-9 is set the Q output disables the K input of H4-12. H4-12 can now only be set, and not
reset. If a third Gated Read Clock arrives it sets H4-12 and the § output disables H5-8. This inval-
idates any EOF codes by removing the EOF signal. Any further clocks will have no effect.

The MTT motion stops in the normal manner.

CRCC GENERATION

The CRCC Register is originally reset so that its content is zero. The Q outputs of the CRCC
Register are applied to one input of the full adders D1, D2, D3, D4, D5; the Q outputs of the Data
Register are applied to another input. The Parity Generator output from F4 is applied to adder D5-9
pin 12 via F4-6 and G3-1. The outputs of the full adders are applied to the next most significant
flip-flop in the CRCC Register. When the CRCC Register is clocked (at the same time as Write Clock)
the adders accomplish the add and shift portion of the CRCC generation. The output of adder D5-7 is
fed back to an input of each of D1-9, D2-7, D2-9, and D3-7. This causes register flop Q outputs at
C3-10, C3-7, C3-6, and C4-9 to be inverted if the parity bit, at flop C4-6 output, becomes a 1 when the
register is shifted. Inverters Bl and C1 invert the contents of the CRCC Register, except flops C3-10
and C3-6, to write the CRC character on tape.

NOTE: A description of how CRCC is actually written on tape is contained in the Write Data Se-
quence portion of this description.
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MTT READCHECK AND STATUS, 7-TRACK
10368 Rev 0
Rack Location A26

- The 7-track MTT Readcheck and Status pcb operates in exactly the same manner as the 9-track
pcb, 10246. The cyclic redundancy check character circuitry is not used on 7-track magnetic tape
and is not included on this pcb.

ot
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9-TRACK MTT READCHECK AND STATUS - 10246 Rev A
Location B26

The MTT Readcheck and Status pch provides error detection during & read data sequence, includ-
ing read after write, by enabling appropriate status bits to the CPU. Status bits are 2lso gemerated
to fndicate to the CPU the current state of the WTT,

The peh contatns a longitudinal redundancy check character register (LRCC), the cyclic redun-
dancy check character register (LRCC), the cyclic redundancy check character register (CRCC), and the
status ouwtput gates. :

LRCC

The parity bit and efght data bits ave applied to the pcd via connector pin group 8 to L, left
side. The faputs are applied via DTL recefver-inverters H1-2 to E1-6 to the J and K tnputs of the
LRCC register — J-K flip-flops H2-13 to A2-8. The Read Clock input to the pch, via connector pin B32,
is applied through gates AS-8, C2-6, and A)-6 to the C inputs of the register flops.

The flop resets are cennected in common to power driver A3-8, which is pulsed by the output of
wmonostable CS-6. The monostadle ts triggered by the Tape Rum pulse at connector pin B8 and resets the
register esach time a Tape Rum pulse occurs.

When the first data word occurs the register J-K inputs will be either high or low, depending
upon whether the corresponding data bit is a } or 0. Any flop with a high input will toggle when a
Read Clock arrives; any flop with a low input will remain in the same state. Thus a flop receiving
an even number of ones will always be in the reset condition.

The number of ones on each track in NRZ magnetic tape recording is always even because of the
LRCC written by the write amplifier reset strobe. Therefore {f the LRCC s correct the register will
be a1l reset at the end of each data transfer.

The § outouts of all the J-K flops are applied to the multiple inputs of I0R gate C1-8. When
a correct LRCC state exfsts all the J outputs will be high, caustng C1-8 to be low. This low level
is applied to NAND gate J5-11 as 2 positive going pulse. 10T 6541 is applied to connector pin B3 at
Read Status time to strobe the LRCC status to the .PU accumulator via J5-11 and connector pin B7.

During Reverse motfon connector pin B9, Forward, will be high to 05-8 pin 9, which will make
€2-6 pin 4 low to cause an inhibit state and prevent Read Clocks being applied to the register.

CRCC

CRCC Handling

Nine-track magmnetic tapes are wreitten with a Cyclic Redundancy Check Character (CRCC) at the
end of each data dlock.

The CRCC is based on a modified cyclic code and provides a more rigorovs method of error detec-
tion than uwsing the VRC or LRC checks only. VWhen reading, it can also be used in conjunction with the
YRC and LRCC checks for error correction, provided that the errors are confined to a single channel.

The character is generated in the CRCC register, which consists of nine flops, designated CP,
and CO to C7. (IBM use the designations P, parity, and 0 to 7, fe. 27 to 2°).



With the register originally reset to zero the CRCC character i{s generated as follows (refer
to the following figure and tables].

1.

6.

A1l data characters are added to the CRCC regtster without carry (each bit position n is
exclusive ORed to C).

Between additions thé CRCC register {s shifted one posttion (CP to CO.....C7 to CP).

If a shift causes CP to become 1 the bfts being shifted into C2, C3, C4, and C5 are inver-
ted.

After the last character has been added the CRCC register content shifts again in accor-
ance with steps 2 and 3.

Before writing the register contents onto tape the contents of all positions, except C2
and C4, are inverted. The parity CRCC is odd if the number of data characters within the
block is even, and the parity {s even if the number of characters within the block is odd.
The CRCC may only contain all O-bits 1f the number of data characters is odd.

Its value fs such that the LRCC always has odd parity.

To check CRCC in a Forward command the CRCC register recalculates the CRCC. When the original
CRCC is combined with the new CRCC, the result should be a match pattern of 111010111 in the CRCC re-
gister; Table 1b shows this function.

To check CRCC in a Reverse command, the significance of the data bits entaring the CRCC regis-
ter must be reversed; Table 1c shows this function.

The figure gives details of circuit implementation.
The full. adders can be used to provide the exclusive OR

0 or a1, for example:
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Table la:

Table 1b:

Table lc:

FORWARD CRCC GENERATION
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REVERSE CRC CHECKING
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CRC PARITY
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CRCC Check

The CRCC Register consists of the nine flops I4-5 to E4-9, CP to C7. The leading edge of the
Tape Run signal at connector pin B8, via monostable C5-6 and power driver A3-6, sets the register to
its zero state. This ensures that the register is reset before the first data character is received
at the beginning of each data block. The Q output of each register flop is applied to the A input
of its associated full adder flop, I3-7 to D3-7.

Wwhen the first data word is applied from the Read Data connector pins B to L to the B inputs of
the adder flops via the receiver-inverters, H1-2 to E1-6, all of the A inputs will be low (the regis-
ter was reset by Tape Run). Therefore the sum output of the adders will correspond to the applied
data at the B inputs (e.g. if the data applied to H3-7 pin 3 is high then pin 7 will be high).

The first data word presented to the register is 15, refer to the figure. This will cause the
B input of adder flop D3-7 pin 3 to go high; the B input was low from E4-9 because of the initial re-
set from Tape Run. Consequently the sum output at D3-7 pin 7 will be high and the sum output at pin
6 will be low. Pin 6 is fed back to pin 12 (ci) of H3-10 and G3-10. Pin 7 is fed back to pin 4 (ci)
of H3-7 and G3-7 to cause inversion of bits 2%, 2%, 2%, and 22 (refer to CRCC Handling).

The CRCC Register will perform an add-shift function for every data word applied to the pcb;
the final word is the CRCC as originally written on the tape. When this word is exclusive ORed to the
re-generated CRCC the result is a match pattern, refer to the figure. The pattern is checked by 10-
1npu£ I0R gate H5-8. The gate inputs are individually derived from the Q outputs of the CRCC Register
flops. Thus when a match pattern exists in the register all of the inputs to H5-8 will be high,
causing pin 8 to go Tow as a wired OR with inverter D5-6 to CRCC Error flop D4-57p1n 2. The wired OR
ensures that the CRCC Error flop can not be set during a Reverse motion.

It is possible for the tape CRCC character to be all zeros, therefore the facility to produce
a phantom strobe has been provided for use when it has been determined that the CRCC is zero data.
Under normal read data conditions, including read after write, the read data strobe, Read Clock, is
applied via connector pin B32 to inverter B3-8 pin 9 and IOR gate A5-8 pin 9. Therefore Read Clocks
appear at A5-8 for every word read off the tape. The positive-going clock pulses at B3-8 are applied
to a retriggerable 150 us Monostable 1, B4-7 pin 4. Thus the monostable will be continuously set while
Read Clocks are being received. B4-7 Q will be low to flop C3-5 pin 3 during this time, causing it to

remain reset.

If the read strobe is absent from B4-7 pin 4 for more than 200 us, i.e., four character spaces,
the monostable will not be retriggered. Consequently pin 7 will go high to clock flop C3-5, which
in turn triggers the 150 pus Monostable 2, B4-10 whose Q output causes the D input of flop D4-9 to go
high. If the CRCC is not zero data a Read Clock pulse will arrive at D4-9 pin 11 and set the flop.
The Q output is connected to the direct set and latches the flop once it is set; the § output also in-
hibits NAND gate A5-11 pin 12 to inhibit the phantom strobe, generated by B4-10, to allow the normal
read data condition. If the CRCC was zero data D4-9 would not set, therefore NAND gate A5-11 would be
enabled and the Read Clock strobe would pass through to clock the registers.

The phantom strobe is generated by the positive to negative transition of Monostable 2. Assum-
ing that the input to inverter A5-6, pins 4 and 5, and NOR gate B5-10 pin 9 are logic high, the output
of B5-10 will be low (because of pin 9). When B4-10 goes low B5-10 pin 9 will immediately follow the
change, while the input to B5-10 pin 8 is slowed by the 680 pf capacitor. Thus-at some time both in-
puts to the NOR gate are low for a pulse period with the pulse width depending upon the capacitor.

The trailing edge of the phantom strobe circuit output pulse clocks the CRCC Error flop D4-5,
via inverter A5-3; the flop is cleared by 10T 8532 from connector pin B2.

The flop E4-5 ensures that the Record Longer than Word Count status does not give a false indi-
cation, due to the extra CRCC strobe.
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TAPE TRANSPORT SELECTLION

The four Transport Select flip-flops, J3 and J4, bottom left, provide capabilities for selecting
one of up to four tape transports. The select bit is presented to the D inputs and IOT 6521 is pre-
sented to the C inputs of the four flops. The appropriate flop will set and its output will be
buffered and inverted by its associated inverter, J1-3, J1-4, J1-10, or J1-11, and applied to the se-
lect line of the required MTT via connector pins S, R, T, and U.

If an MTT has not been selected and an attempt is made to issue tape commands a Set Illegal
status will be generated, via exclusive OR gates J2 and connector pin B31. This status will also occur
if more than one MTT is selected simultaneously.

J3-5 and J3-9 flop outputs are connected to exclusive OR gate J2-8; J4-5 and J4-9 outputs are
connected to J2-3. The outputs of both gates are connected to exclusive OR gate J2-6. If none of the
Select flops are set the inputs to J2-8 and J2-3 will be low, causing the outputs to be lTow to J2-6
to provide a Set Illegal condition. When an MTT is correctly selected a high level will appear at

J2-6.

STATUS OUTPUT

The status outputs are provided by the 12 power NAND gates FG5-3 to J5-4 (top of illustration)
which provide the following status information when enabled by IOT 6541 at connector pin B3:

Vertical Parity EOF

I1legal Command Busy

EOT CRCC Error

BOT LRCC Error

Record Longer than Word Count Transport Not Ready
Record Shorter than Word Count No Write Ring
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WORD COUNT AND CURRENT ADDRESS - 10442 Rev B

Rack Location A23

The circuitry consists basically of four 12-bit binary counters, which control high speed data
break transfers between the CPU and magnetic storage drum, and the CPU and magnetic tape transport.
The pcb contains two similar circuits: one for the drum and one for the MTT. Each circuit consists of
two presettable 12-bit binary counters: one for current address and one for word count. The drum cir-
cuitry only will be described.

WORD COUNT (WC)

The drum word count register, D1, F1, H1 counts the number of words transferred between the drum
and the CPU. It is initially preset to a value that is the two's complement of the total number of
words to be transferred. This value is supplied by the CPU BAC lines 00 to 11, connector pinygroup B40
to A4. The drum WC register consists of 4-bit binary counters D1, F1, and Hl. The register is preset
by IOT 6522 via connector pin A2 and inverter H5-12.

The drum word count register is incremented during each break cycle via the Drum Address Accept-
ed pulse at connector pin B4 (lower left). This pulse is routed via F5-3 and gated by B Break (0) at
F5-11 to prevent noise from incrementing the registers when a break cycle is not in progress. A pulse
generator, consisting of G5-10, G5-6, and G5-4, produces a 150 ns pulse which is transmitted via F5-8
to clock the drum WC register. (It also clocks the drum CA register, consisting of D3, F3, and H3.)

When the most significant bit of the drum WC register changes from a one to a zero (i.e. over-
flow) a Drum WC Overflow pulse is produced at connector pin B37. This indicates to the Drum Control
pcb that the desired number of words have been transferred.

CURRENT ADDRESS (CA)

The Drum Current Address Register consists of 4-bit binary counters 03; F3, and H3. These are
preset via I0T 6524 at connector pin B2. The CA register value indicates to the CPU which address in
memory is to be used for data transfer. The 12-bits are capable of addressing 4096 memory locations.
The drum Extended Memory Address Register consists of three flip-flops E5, D5, and C5. The flops are
used to select one of the eight 4096 word memory fields which is to be used in the transfer. This re-
gister is loaded via IOT 6544 at connector pin A24 from accumulator bits 06, 07, and 08.

The value held in the drum CA-and drum EMA registers is applied to open collector NAND gates E3,
G3, I3, and C3. The 15-bit value is gated onto the Data Address bus lines by the Drum Address to DA
pulse applied at connector pin A13 (top left).

B RUN CONDITIONING

The B Run signal is taken directly from the CPU to connector pin A27 then through a noise sup-
pression circuit consisting of an integrator and Schmitt trigger. This circuit is capable of rejecting
high-going noise pulses up to 4 us wide. The signal is inverted by paralleled power gates, B5-6 and
B5-8, and fed to the CCL logic via connector pin A26.
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DESCRIPTION

GENERAL

The Level 3 Drum Controller used in the Mark V systems provides the Key-Edit interface between
the 8/E processor and the VRC 1004S or 1016 temporary data storage drum.

BRIEF-DESCRIPTION

The drum storage capability is divided into tracks; each track contains 64 sectors. The 1004S
drum has 128 tracks and the 1016 drum either 256 or 512 tracks.

The controller sectors contain 40 data words, each of 12 bits, plus one 12-bit CRCC word; the
CRCC word is written on the drum and not transferred as data to the CPU. Each sector has an 8-bit
preamble and a 3-bit postamble. Thus there are 503 bits in each sector (40x12)+12+8+3

There are 64 sectors in each track. The first sector clock, and the index clock, are separated
by four bits to facilitate sector synchronization. There are 32,196 bits each track (503x64)+4
Figure 3-1 illustrates the drum clocking.

CONTROLLER DESCRIPTION
The basic controller consists of three printed circuit boards:
1. Drum Control, pcb 10282

2. Drum Data, pcb 10284
3. Derandomizer, pcb 10262

The pcbs are located in the Key-Edit logic rack, locations B23, B22, and A26 respectively. A
cable, part number 10337, connects the control and data pcbs to the storage drum.

BRIEF OPERATING THEORY
The controller performs three main functions (Figure 3.2):

1. Serializing and CRCC Generation and Check (Data pcb)
2. Stop-Start Control (Control pchb)
3. Data Word Handling (Derandomizer pcb)

The Word Count and Current Address, and Drum and MTT IOT Generator pcbs are ancillary to this
interface; they are described in the MTT interface section.

The necessary data transfer parameters are:

CPU memory starting address
Number of words to be transferred
Track number

Starting sector

Read/Write mode

S I N R S R

The first two parameters are stored in the Word Count and Current Address pcb; the remaining
three are stored in the control pcb.

Figure 3-2 illustrates the controller data handling. The write data sequence is — data word
transferred from the CPU to the derandomizer, then via the data pcb to the drum. The function of the
ancillary pcbs is explained in detail in Section 5, MTT Controller.

Figures 3-3 and 3-4 illustrate the function flow for the controller Read and Write operations.



The controller is activated when the Read or Write instruction is loaded by IOT 6504. The con-
trol pcb will stop the operation of the drum, by an interrupt system, if the drum becomes inoperable
during data transfers (low voltage, not up to speed, heads not activated, high temperature).

Three tracks on the drum provide four clocks: PA and @B clocks are derived from one track and
the Sector and Index clocks from the remaining two tracks.

The PA and PB clocks are pulses that occur 32,196 times each drum revolution. The pulses are
evenly distributed around the drum and have a width of 125 + 25 ns; they are 180° out of phase with
each other (Figure 3-1). The PA clock is not used by the Level 3 controller. The PB clocks indicate
the location of each bit cell on a track; they are used to synchronize the writing of data on the drum.

The Sector Clock pulse occurs 64 times each drum revolution, and is used to divide the data
stored on each track into 64 blocks, or sectors. The pulse width is 275 * 50 ns and envelopes the
first PB pulse of each sector by a minimum of 25 ns on either side (Figure 3-1). Each sector contains
503 bit cells (PB pulses): data is stored in 480 cells, the cyclic redundancy check character (CRCC)
is stored in 12 cells, and 11 cells are used to store the sector preamble/postamble pattern. The pat-
tern is used for read data synchronization.

The Index Clock pulse occurs once each drum revolution. The pulse width is 275 + 50 ns and
envelopes the first @B pulse by a minimum of 25 ns on either side. The Index Clock indicates the end
of the sixty-fourth sector. Between the Index Clock and the first Sector Clock there are four bit cells
which are used for sector synchronization.

A Read Clock signal is generated from the recorded data when data is read from the drum. The
clock is used to synchronize the controller, because data will be shifted an unknown amount in relation
to the clocks by the delay in the drum electronic circuitry and thermal effects on the drum surface.
Since the Read Clocks are generated from the recorded data a certain amount of bit-to-bit jitter will
be present. The jitter does not exceed 100 ns and is defined as the difference between the maximum
and minimum time between read clocks.

3-2



CONTROLLER DETAILS

LEVEL 3 IOT INSTRUCTIONS

6501

6502

6504

6511

6512

Clear Drum Done Flag and Control.

This 10T clears the Drum Done Flag and Control. It also clears status bits 01, Sector Not
Found and 03, Drum Data Error (See IOT 6512). Note that an interrupt to the CPU is gener-
ated when the Drum Done Flag is set. The Drum Done Flag and Control, and Status bits 01
and 03, are also cleared by B Run when the CPU is in the stop mode.

Load Drum Sector Address.

The six bit binary number in AC 06 to AC 11 is transferred to the sector address register
to be used as the starting sector for the data transfer, and the accumulator is cleared.

To be valid the value specified must be 0;, to 63,0 inclusive. A value greater than 63;,
is illegal and will result in no data transfer to or from the drum if a transfer is com-

manded by IOT 6504. Status bit 01, Sector Not Found, will be set with the Drum Done Flag
in response to the illegal command.

Load Drum Track Address and Initiate Read/Write Transfer (AC 00 = 0 initiates drum read,
AC 00 = 1 initiates drum write).

The nine bit binary number specified in AC 03 to AC 11 is transferred to the track address
register, a data transfer to or from the drum is initiated, and the accumulator is cleared.
When this IOT is issued the binary value of AC 00 is sensed. If AC 00 is a 0 data is read
from the drum into the CPU memory, starting from the specified track and sector. If AC 00
is a 1 data is written onto the drum from the CPU memory, starting at the specified track
and sector. Only AC bits 05 to 11 are sensed on a 1004S (128 track) drum, and hence the
binary number may be 0 to 127,, inclusive. A larger number will result in track address
'wraparound'. ie. a track address of 128 is identical to specifying track address 0. Sim-
ilarly wraparound occurs at tracks 256 and 512 respectively for the 1016 256-track and 1016
512-track drums. This feature may be used by the software to sense the size of drum in-
stalled in a system.

Since this IOT initiates drum data transfers, all I0Ts for specifying Word Count, Current
Address, and Sector Address must have been previously executed if a valid transfer is to
occur.

Skip If Drum Done Flag Is False.

If the Drum Done Flag is false the CPU program counter is incremented by one so that the
next sequential instruction is skipped.

Read Drum Status.

The accumulator is cleared and the drum status bits are transferred to the accumulator.
The accumulator bits will be a binary 1 when the stated condition is true:

AC 00 Drum Not Operational
AC 01 Sector Not Found

AC 02 Drum Control Busy
AC 03 Drum Data Error

AC 00 Drum Not Operational.
This bit will be a binary 1 if any of the following conditions are true:
Power not applied to drum
Drum not up to speed
Drum heads not activated
Drum ambient temperature above 100F (38C) — corresponds to an internal drum tem-
perature of 118F (48C).

The Drum Done Flag will be set if Drum Not Operational and Drum Control Busy are true.

Q 0 oo

3-3



AC 01 Sector Not Found.
This bit will be set if the selected sector address is greater than 63,, and the con-
troller is activated via IOT 6504. It is always accompanied by status bit 02, Drum
Control Busy, and will set the Drum Done Flag. This bit is cleared by IOT 6501 or
B Run when the CPU is in the stop mode.

AC 02 Drum Control Busy.
This bit is set when I0T 6504 is issued. It is normally cleared after the data trans-
fer requested is complete and the last cyclic Redundancy Check Character (CRCC) is
generated or checked. This bit is also cleared by I0T 6501 or B Run when the CPU is
in the stop mode.

AC 03 Drum Data Error.

This bit is set if the cyclic redundancy check circuitry indicates a data error after
a drum read of one twelve bit word added to each 40 word sector produced using the
generating polynominal:

x12+x P +x34x2+x1+1  (IBM CRC-12)
The CRCC is automatically generated and checked by hardware and is not available to
be read by the software. This status bit should be checked after every drum read
operation. If it is set a number of re-reads may be attempted to establish whether
the error is recoverable (read error) or non-recoverable (write error). Bit AC 03
is reset by IOT 6501 or B Run when the CPU is in the stop mode.

6514 Set Drum Done Flag.

This command sets the Drum Done Flag and hence generates an interrupt to the CPU. The
complete equation for setting the flag is:

Set Drum Done Flag = 10T 6514
+ Data Transfer Complete (including CRCC)
+ (Drum Not Operational«Drum Control Busy)
+ (Sector Not Found+Drum Control Busy)

6522 Load Word Count.

The binary number contained in the accumulator is transferred to the word count register
and the accumulator is cleared. This binary number is interpreted as the two's complement
value of the total number of data words to be transferred. Minimum number of words is two;
maximum number of words is 2560,, (complete track).

6524 Load Current Address.

The binary number contained in the accumulator is transferred to the current address re-
gister and the accumulator is cleared. This binary number is the CPU memory address of
the first data word in the transfer.

6544 Load Extended Current Address.

The extended current address is loaded from bits AC 06, 07, and 08 (AC 06 most significant,
AC 08 least significant), and the accumulator is cleared. Note that the extended current
address is not incremented when the current address changes from 7777 to 0000. Because

the three bits are loaded, drum transfers may take place into any of the eight PDP-8 mem-
ory fields.



It is possible to write multiple sectors with this controller. For example a starting sector
of 42 could be specified and the word count set to 240,, words. This would result in writing or read-
ing of sectors 42,, through 47,, in one drum operation. Becuase the Tast sector (63,,) is the same
as every other sector it is possible to do multiple sector transfers across the boundary between sec-
tor 63,, and sector 0;,.
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DRUM CONTROL - 10282 Rev A
Rack Location 23

The Drum Control pcb handles the drum track and sector selection, the stop/start sequences, the
words per sector count, illegal operations, and controller status.

TRACK SELECTION

The track select command pulse from the CPU, IOT 6504 at connector pin B21 (bottom centre), is
inverted and clocks the Track Select flops H3, F3, and D3-5 to store the track addressing data BAC 03
to BAC 11, at connector pin group B39 to B10 (bottom right). The nine bits of stored data are applied
to the drum, via connector pin group F to 8 and Z, to be decoded to prepare the selected track for use.

SECTOR SELECTION

The sector command pulse from the CPU, IOT 6502 at connector pin B19 (bottom centre), is invert-
ed and clocks the Sector Select flops H2 and F2 to store the available sector address data, BAC 04 to
BAC 11, at connector pin group B8 to B10. The flop outputs are applied to an 8-bit comparator (H1,

F1) which indicates equal status at E3-8 when the Static and Current Sector flop values are equal.

The drum issues sector clock pulses as it rotates through each sector. The clocks are applied
to the pcb at connector pin V (top right) and pass through NAND gate B3-6 and I0T gate B3-11 to clock
the Sector Counter at E1-14. The counter (E1-G1) counts sector clocks and the 8-bit outputs are
sensed at the comparator inputs with the Sector Select flop outputs. When the outputs from the counter
and select flops match at the comparator the output of E2-8 will go low to the D input of the Match
flop, D1-5.

The Track Select Command triggers the 40 us monostable, HJ4, which inhibits the comparator for
40 us. The delay allows for track switching time before a sector compare occurs.

The drum produces an Index Clock at each complete revolution and applies it via connector pin
J to reset the Sector Counter at G1 and E1 pin 2. The clock also pulses the Sector Not Found circuitry
— G4-11 and the two G2 flops.

The Match flop is released at pin 4, after a 40 us delay, by the Drum Controller Busy line when
either of the Start flops, C3-5 and C3-9 (bottom left), are set. The flop is clocked by the next Sec-
tor Clock, from connector pin V via C2-8 and C1-8, after the Match is made. The Match is allowed when
Drum Break Request, at connector pin B24, and Match (D1-5) are high on C2-8 pins 10 and 9. The flop
Q output is applied to NAND gate E3-12 pin 1. The gate output resets the 40 Word Counter B1, B2, and
also activates the Drum Data pcb, 10284, via C1-3 and connector pin B36. The output of E3-12 is in-
hibited by the Sector Clock and any interrupt condition present on pins 2 and 13 respectively.

START/STOP SEQUENCE

Prior to a Write or Read sequence the sector and track are selected. The condition of BAC 00
determines whether a Read or Write Start sequence will occur (0 = Read, 1 = Write).

The Start sequence commences after the 40 us delay when either of the C3 Start flops set, de-
pending on the condition of BAC 00 at connector pin B35 (bottom left) when IOT 6504 is issued.

If either flop is clocked by I0T &504 via inverter E4-6, and the 40 ps monostable is not acti-
vated, the Q output drives C4-6 true, via B4-3 and B4-11. This true output is the Drum Controller
Busy state. NAND gate F4-4 (right side) senses the busy state on pin 6, and IOT 6512 on pin 5, to pro-
vide the AC 02 In level to the CPU at connector pin B16.
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The Control Busy state also releases the set input to the Match flop, D1-5 pin 4. The flop D
input is the sector match and the C input is the Sector Clock (with conditions); when both inputs are
true the correct sector has been reached and the flop will lock until the Controller Busy state ter-

minates.

The Q outputs from the Start flops will also make Read Match or Write Match true, at connector
pins B31 and B38 respectively, to enable the data pcb, 10284, in the correct mode. Write Match will
activate the drum write drivers via the data pcb. The Read Match signal also activates the Derandom-
izer pcb, 10262.

The Stop sequence is effected by resetting the C3 Start flops. A word count overflow condition
will be applied from the Word Count and Current Address pcb (WC & CA), 10442, via connector pin B28
(WC Overfiow) to reset the D2 R-S flip-flop. The fortieth word of a sector condition will be trans-
ferred from the 40 Word Counter via A2-12 and B4-6, and the Inhibit Shutdown, at connector pin B41
(during a write mode), will indicate that the Derandomizer pcb is empty. These conditions will be
strobed from connector pin V at Sector Clock time to enable NAND gate A4-6, whose output is routed via
E2-6 and B3-3 to reset the Start flops.

The Drum Flag flop, D3-9, sets when the Drum Controller Busy state terminates. The Q output,
Drum Flag, applies an interrupt to the CPU via IOR gate E3-8, inverter H4-13, and connector pin B20
(detailed in the subsequent Il1legal Operation and Controller Status description).

The Drum Break Request flop, D1-9, will reset active when the T to Drum Break Request level
from the derandomizer goes true at connector pin B33 (note that the flop operates in reverse). The
flop set can be inhibited by a WC Overflow at connector pin B28, or by the Start flops being reset.

WORDS PER SECTOR COUNT

When the data pcb is activated the transfer of each word to or from the drum is marked by a
LWLB (Last Word Last Bit) pulse at connector pin B34. The pulses clock the 40 Word Counter — C1, B2 —
and the 40 Word signal at connector pin B40 will go true, via A2-12, on a count of 40,, (50¢). The
signal causes the data pcb to do a CRCC write, or a read and check, and also permits the control pcb
shutdown. The counter is reset by the next Sector Clock.

ILLEGAL OPERATION AND CONTROLLER STATUS

An I1legal status can only occur when the Drum Not Operational and Busy conditions are true.
The illegal status will not develop if the drum is active and sector synchronization is possible.

The failure-to-synchronize condition is called Sector Not Found. The status occurs when the
controller is active and the two flops, G2-5 and G2-9, count two Index Clocks from connector pin J
(right side). If the static and current sector values do not match before one drum rotation the second
stage of G2 will set; the Q output will apply an Interrupt level to the CPU, with the Drum Flag state,
via E3-8 and GH4-13 to connector pin B20. G2-9 Q output is sensed with I0OT 6512 at NAND gate F4-1 to
present AC 0T In to the CPU via connector pin B17.

The Drum Status Switch (right side) will not set when the ac power is below 107 (or 198 or 216)
vac, the temperature exceeds 100F (38C), the drum heads are not activated, or the drum is not up to
speed. Any of these conditions will set the G3 Illegal R-S flop, via connector pin N and G4-3. The
flop will apply an Interrupt to the CPU at connector pin B20. The Drum Status Switch is sensed with
10T 6512 at F4-13 to provide AC 00 In to the CPU at connector pin BI11,
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DRUM DATA - 10284 Rev 0
Rack Location B22

The Drum Data pcb provides controls for the transfer of data between the CPU and drum. It ex-
erts five controls on the system (Figure 3-5):

1 Word Handling (Drum Read Buffer, Shift Register, Preamble)
2. Read Control

3. MWrite Control

4 Word Control

5 CRCC Generation and Check

Figures 3.6 and 3.7 illustrate the pcb Read and Write operation functional flow.

WRITE DATA

The write sequence starts when the Write-Match level at connector pin B11 (bottom left) goes
true (ground). The level is generated by the Control pcb, 10282, at the beginning of the selected
sector (sector clock time). It is routed via connector pin B11, inverter G4-3, and connector pin 5,
as the Write Enable signal to the drum to activate the drum write drivers.

Simultaneously the Sector Clock level at connector pin B14 goes true for 275 ns. It is inverted
by F5-1 and applied to NAND gate H1-8 pin 9. Write-Match (from connector pin B11) is inverted by G5-6
and applied to H1-8 pin 10. The gate output will then be true (ground), and be applied to:

1. NAND gate B2-6 to inhibit the Load-Preamble pulse from being issued to the Derandomizer

pcb, 10262, via connector pin B16.

2. J2-9 pin 10 to set the Write Preamble Flag flip-flop.
3. The Preamble Insertion circuit — B5, C5, and D3-12 — to insert the 1100001 preamble data.

4. 10T gate I2-6 pin 5 to change the Shift Register — A4, B4, C4 — from a serial to a paral-
lel shift mode.

Except during preamble load the Load Preamble signal is true when the Shift Register is in the
load mode.

Write Preamble

Refer Figure 3-8, Drum Data Write Timing.

The conditions are set for Preamble activation, as described above. The Write-Match, connector
pin B11, and Match-Sector Clock, connector pin B13, control levels are true at the beginning of a sec-
tor to activate the pcb. NAND gate H1-8 is enabled to activate the Preamble Insertion NAND gates.

The preamble pattern of 1100001 is then presented to the Shift Register — B4, C4. The register is in
a serial mode to present data serially to the drum when Sector Clock goes false. The drum circuitry
synchronizes on the 0 to 1 transition, and the data pcb synchronizes during the final 1. The pattern
is applied to the register at the beginning of each sector. A1l data words are supplied from the der-
andomizer.

The Sector Clock directly resets the Bit/Word Counter via G2-6 pin 2, and Match will release
this direct reset.

Preamble Load

The preamble pattern is activated when §B, connector pin D, and Write-Match, connector pin B11,
both go true. @B is true for 125 ns; Write-Match is inverted by G5-6. Consequently H1-11 clocks the
Shift Register, pins 12 and 13, via G2-8.
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Therefore the register is in the load mode (Write Match and Sector Clock), the clock is present
(B and Write Match), and the preamble pattern is available at the NAND gates while D3-12 is enabled:
the 7-bit pattern is then loaded on the negative-going trailing edge of PB.

The Sector Clock terminates before the arrival of the next PB and returns the Shift Register to
the serial mode. Match-Sector Clock goes true and, via G2-6 and [2-8, releases the reset on the Bit/
Word Counter — flops J2-5 to J5-5.

NOTE: The counter shift-reset and the register shift-load occur on the pulse trailing edge.

The Bit/Word Counter will start incrementing on the next @§B, via G4-6. The counter Q outputs
are initially all zeros, and successive PB pulse trailing edges shift all ones from left to right.
Simultaneously the data in the Shift Register is being shifted left to right.

The register preamble pattern at C4-2 is sensed at NAND gate D4-3 pin 1; pin 2 is true until 40
data words have been counted. D4-3 therefore enables D5-12 which applies a Write Data level to the
drum circuitry via connector pin S. This level causes the pattern to be written on the drum.

The counter will start to shift all zeros from left to right after six PB pulses (ones) have
been counted. When counter flop J5-9 is true at the count of six the output of NAND gate I14-12 will
go true; I4-12 pin 2 was enabled by the Write Preamble Flag J2-9. 14-12 output, via 12-6, returns the
Shift Register to the load mode

Write Data
The first data word is to be loaded into the Shift Register in parallel and shifted out seri-

ally.
) g PSP S R T S < — J © e e

=
The tra1]1ng edge of the seventh fB pu]se increments the B1t/Word Counter and loads the first
[ = 2
data word from the derandom1zer, 0B 00 to OB 171, 1nto the Shift Register ‘via connector pin group B18
to B26. Simultaneously Load-Preamble will go true to the derandomizer. When counter flop J5-5 Q goes
false connector pin B16 will go true via I5-3, 15-6, I3-11, and I2-6. The drum writes the last bit on
the positive-going leading edge of @B.

NAND gate I4-6 resets the counter via G2-6 and 12-8. 14-6 is true when the Write Preamble Flag
is set (to pin 3) and the counter is at a count of seven (to pins 4 and 5). The reset condition inval-
jdates NAND gate I4-12 and removes the register load mode via I2-6, which terminates the Load:Preamble
to the derandomizer via B2-6. The pulse trailing edge at connector pin B16 causes the derandomizer to
transfer the next data word from its Output Buffer into the Shift Register. 114-6 is invalidated by the
counter reset; the positive-going trailing edge of the pulse resets the Write Preamble Flag, pin 11,
and removes the counter reset via J2-9, I4-6, G2-6, and I2-8.

Thus the preamble sequence is complete; the first data word is in the Shift Register (in serial
shift mode), and the derandomizer is transferring the next data word from the RAM to its Output Buffer,
which requires between 400 and 800 ns.

The subsequent 11 @B pulse trailing edges will shift the data word in the register and increment
the counter. Write Select at connector pin B11 is true (gnd), G5-6 is false, and I3-11 pin 12 is en-
abled. gg trailing edge of pulse 11 conditions counter J4-5 pin 6; I5-3 goes true to I5- 6}boes true

S i ST gomdsswee to [2-6 to condition the register in a load mode. 12-6 output also causes
the Load-Preambie at connector pin B16 to be true.

The counter reset condition removes the load mode from the register via I15-3, 15-6, I3-11, and
12-6. It also terminates the Load-Preamble level to the derandomizer which causes it to transfer the
next data word from the RAM to the Output Buffer.



Thus the first data word has been shifted through the registers and the second data word has
been loaded into the register, the Bits/Word Counter is reset, and the derandomizer is internally

transferring the next word.

The previous procedure of processing one data word is repeated for every 12 @B clocks for 40
words per sector. The forty-first word is the CRCC word.

WRITE CRCC

The Cyclic Redundancy Check Character (CRCC) is one 12-bit word added to each 40 word sector
produced, using the generating polynomial:

x124x T 4x34x2+x+1

where x is the position of the exclusive OR gates in the register.

When the cyclic word is added to the 40 data words the CRCC will have a sum of all zeros. The
CRCC generator (flops F1 to Al), top left, is concurrently generating the CRCC while the 40 data words
are being written. The final value is derived at the end of the fortieth word. The CRCC is a serial
device whose clocking (trailing edge positive-going) is derived from power NAND gate G1-8. The gate
is enabled by the Write Preamble Flag being reset (G1-8 pin 9 from J2-9 pin 8), and the clock pulses
to the Shift Register (G2-8). The clock pulses are all @B after the Preamble has been written. Since
the CRCC is sector orientated it is reset by Sector Clock, connector pin B14, via F5-1 and power gate
G1-6.

The CRCC data is supplied by the Least Significant Bit (LSB) of the Shift Register. The output
C4-2 is applied to NAND gate D5-8 pin 9; the other two gate inputs are enabled because Write-Match is
true from connector pin B11 via inverter G5-6 to pin 11, and 40 Word is true to pin 10. The 40 Word
signal will go true when the Drum Control pcb detects that 40 words have been transferred to the drum
during a sector. 1I0R gate D2-6 pin 4 reflects the state of the LSB from the register via D5-8. The
data is then presented to XOR gate E2-13 pin 14; pin 15 input is derived from the LSB of the CRCC Gen-
erator (part of formula) from A1-9 via D4-6 and D3-6. E2-13 output is applied to the XOR gates and
the D input of the generator. Therefore the Write Data bit is added to the CRCC Generator.

The first 40 words of the register LSB (C4-2) are applied to NAND gate D4-3 pin 1; pin 2 is
enabled because NAND gate D4-11 is not true when the 40 Word signal is not true. When Write-Match
(connector pin B11) enables pin 2, via D4-11, D4-3 inverts the state of the register LSB and applies
it to IOR gate D5-12 pin 1. D5-12 is routed via connector pin 5 to the Write Data input of the drum.
This level is clocked into the drum write circuitry for each PB pulse (leading edge, positive-going).
When Write+Match is not true during a read sequence D5-12 pin 2 is held Tow to avoid unnecessary line

fluctuations to the drum.

When 40 Word goes true (gnd) the fortieth data word of the current sector has been written, and
the CRCC value is to be gated to the Write Data line, connector pin S, as the next word to be written.
The 40 Word signal, via D3-2, enables D4-8 pin 9. The LSB of the CRCC (A1-9) is applied to D4-8 pin
10 and D4-8 goes to Write Data via IOR D5-12 and connector pin S. The normal data is then inhibited
by NAND gate D4-3 pin 2 being disabled by NAND gate D4-11 true (40 Word and Write-Match true).

D4-11 also inhibits NAND gate D4-6 pin 4 and prevents the CRCC LSB from reaching the XOR gate
E2-13. This forces E2-13 pin 15 low, pin 14 is low because D5-8 is inhibited at pin 10 by 40 Word
true. Therfore E2-13 goes low. The data input is always low, which forces all XOR gates in the CRCC
Generator to function as non-inverting buffers between stages. Thus the CRCC Generator is effectively
a normal shift register. The data is then shifted left to right to the Write Data line without being
altered by the XOR gates. At this time 40 Word also inhibits Load-Preamble (B2-6) and the Read Last
pulses at I4-8 pin 9 (explained in READ DATA) because no data words are being transferred.



The contents of the CRCC Generator are shifted to the Write Data line in 12 bit times. Because
the Sector Clock is only three bit times away after the last CRCC bit has been written the shifting is
allowed to continue past 12 clocks. These three bits are Postamble bits whose binary value are of no

consequence.

When the Sector Clock arrives at connector pin B14, Match-Sector Clock goes false for the dura-
tion of Sector Clock to reset the Bit/Word Counter and start the same sequence as described in WRITE
DATA. If the Drum Control pcb, 10282, requires a shutdown it will occur at the beginning of Sector
Clock. Write-Match will go false and Match-Sector Clock will stay false and terminate all Drum Data
pcb write functions.

READ DATA

When the Write Enable line to the drum is not true, at connector pin 5, the drum circuitry as-
sumes a Read Enable state (Read Clock and Read Data are normally in evidence).

pcb is put into a read mode. The Read Data line from the drum, connector pin W, is normally displaced
by 1-1/2 bit times from the write timing. The first Read Data the drum will produce is the preamble
pattern in the form XXXXX00001 (refer to Figure 3-9). The read control will enable the read clocks

in the middle of the zeros, and do a final synchronization on the trailing edge of the clocked 1 — in
the following manner.

When Read+Match is true it releases Read Sync Flag 1 — F4-5 pin 1. The flag is set by Sector

Read Sync Flag 1 set permits @B pulses (connector pin D) to increment the Bit/Word counter via
NAND gate G4-6 and IOT gate G4-8. G4-6 pin 4 is enabled by Read Sync Flag 1 Q output via G4-11 pin 123
pin 5 is enabled by the PB pulses.

The first PB is masked by Sector Clock: Match.Sector Clock does not release the counter until
the completion of Sector Clock. When six PB clocks have been counted at J5-9 power NAND gate G5-8,
pins 12 and 13, will go true and set Read Sync Flag 2; pin 9 was enabled by Read Sync Flag 1 set. When
Read Sync Flag 2 sets it will:

1. reset Read Sync Flag 1, via its Q output to F4-5 pin 3, to prevent subsequent PB clocks

being routed to the counter.

2. enable Read Clocks to reach Read Sync Flag 3 (F3-5 pin 3) via connector pin 6, I1-4 and -6,

and F2-3 pin 1.

3. hold the counter reset via F4-9 pin 8, G2-6, and 12-8.

The drum Read Data signal, connector pin W, should be in the middle of the preamble pattern zeros
(Figure 3-9).

The Read Data level is applied to the D input of Read Sync Flag 3 — F3-5 pin 2. The flop is
clocked by the trailing edge of the Read Clocks, and set by the trailing edge of the final 1 of tne
preamble pattern. When Read Sync Flag 3 sets it will:

1. reset Read Sync Flag 2 — F3-5 to F4-9 pin 11 - to release the counter — F4-9 pin 8 to G2-6

pin 4.
2. permit Read Clocks to:

a. increment the counter via connector pin 6, I1-4, I1-6, F2-8, G4-8, and G3-8.
A2-3, A3

b. issue clocks to the Shift Register via F2-8 and GZ—Blfbins 9 and 10 (the drum Read Data
is the serial data into the register at A4-10).

Thus, the preamble pattern has been read and the first data bit can be shifted into the register
and counted by the counter.



There are no load modes to the register during a read operation.

When 11 data bits have been shifted into the register NAND gate I5-3 will be true from J5-5
and J4-5 pin 6 to inverter I5-6, which will enable power NAND gate G3-6, pins 1 and 2, on the trail-
ing edge, to accept the twelfth Read Clock, via F2-6 and F2-8, at pins 4 and 5.

Read Last, connector pin B29, is also true via NAND gate I4-8 pin 11 from I5-6 (counter = 11);
pins 9 and 10 are enabled by 40 Word being false and Read Sync Flag 3 respectively.

When the twelfth Read Clock trailing edge arrives the register data will be strobed by G3-6 into
the Drum Read Buffer — A3, B3, C3. The Most Significant Bit (MSB) of the buffer accepts data directly
from the drum Read Data line, connector pin W to A3-15.

The counter is then a 12 and NAND gate I5-11 will be true (gnd) to produce LWLB at connector
pin B10 and also reset the counter via G2-6 pin 1. The LWLB signal indicates to the Drum Control pcb
that a word has been transferred from the drum to the Drum Data pcb.

When the counter resets it will:

1. terminate LWLB via I5-11

2. invalidate G3-6 via I5-3 and I5-6

3. terminate Read Last via I5-6 and I14-8.

When the Read Last signal to the Derandomizer pcb terminates it indicates that a data word is
available on DRB 1ines 00 to 11, connector pin group B17 to B42.

Thus the first data has been read and is stored in the Drum Read Buffer. It is then presented
to the Derandomizer, which takes 100 ns to transfer the data to its Input Buffer (Derandomizer descrip-
tion, BMB to RAM), and the counter resets.

The remainder of the 40 data words are handled in the same manner. The forty-first data word
is the CRCC word.

READ CRCC

The CRCC is a check word injected as the forty-first word of a sector. When the check word is
added to the other 40 words the result is zero. The read operation checks the total, and sets an error
flag if it is not zero.

The CRCC Generator is clocked by the same pulses as the Shift Register (Read Clocks after Pre-
amble), via power gates G2-8 and G1-8 pin 10 (Write Preamble flag is false on pin 9). Read Data is
applied to the generator via connector pin W, D2-8 pin 9 (top right, pin 10 is enabled by Read Sync
Flag 3), D2-6, and E2-13 pin 14.

The 40 data words and one CRCC word are clocked into the register and checked for zero total
by B2-8, C2-8, and E3-4. E3-4 output is applied to the CRCC Read Error Flag D input. The positive-
going trailing edge of D5-6 clocks the flop at pin 11.

D5-6 is true when the following are true:
1. 40 Word (pin 5), via connector pin B5 and inverter D3-2
2. LWLB (pin 3), from the counter via I5-11 and 15-8
3. Read-Match (pin 4), via connector pin B15 and I1-2
Therefore the NAND gate produces a pulse after the twelfth bit of the forty-first word (CRCC word) has

been read.

The Read Error Flag will reset and lock-up (Q to R) if it is clocked while its D input is low.
The flag is sensed by IOT 6512, connector pin B6, at NAND gate F5-13 to produce AC 03 In true, the

—

CRCC Error, at connector pin B8. The flag is set by Drum Write Sync, connector pin B3 (B Run + IOT
6501).






DERANDOMIZER - 10262 Rev 03
Rack Location A26

The Derandomizer pcb consists of six parts (Figure 3-10):
1. Random Access Memory (RAM) and flags

Input Buffer, with mixer and flags

OQutput Buffer, with drivers and flags

Read Control

Write Control

A s w N

Data Break Control

Figure 3-11 illustrates a functional flow for a read operation. There are two simultaneous
operations: Start illustrates the function of a data transfer from the Drum Data pcb, 10284, to the
RAM; Start-1 illustrates a data transfer from the RAM to the CPU. Since the RAM can only perform one
function at a time the broken line shows the conflict in timing between the two operations. When a
conflict occurs the RAM functions on a first-come first-served basis, with the latest operation delay-
ed until the first is completed.

Figure 3-12 illustrates a functional flow for a drum write operation. The same simultaneous
operations occur as in Figure 3-11: Start is for CPU to RAM; Start-1 is for RAM to Drum Data pcb.
The Derandomizer pcb performs five functions:
1. Data transfers from BMB data lines (BMB 00 to 11) to the RAM
Data transfers from the Drum Data Read Buffer (DRB 00 to 11) to the RAM
Data transfers from the RAM to the CPU Data In lines (Data 00 to 11)
Data transfers from the RAM to the Drum Data In lines (0B 00 to 11)

[ 7 I N

Initiates Drum Break Requests

BMB TO RAM (DRUM WRITE)

Break requests are enabled when a write command is issued to the control pcb. 4When the CPU re-
sponds with an Address Accepted level a pulse is issued via the Drum and MTT Multiplexor pcb, 10298,
as MB Out to Drum Data at connector pin B7; the data appears as BMB 00 to BMB 11 at connector pin group
B18 to B26. The pulse is delayed for 50 ns by inverters C2-12 and C2-10, then applied to power driver
B2-6 to drive the Input Mixer NAND gates — B5, B4, and B3 (bottom right). The mixers put the inverted
data levels to the Input Buffer — C5, C4, C3. The pulse at B7 is also applied through IOR gate B1-8
and power driver H1-6 to set the Input Buffer Flag, G2-9 pin 10, and load the RAM Input Buffer on its
trailing edge.

When the Input Buffer flag is set, the pulse MB Out to Drum Data is complete, the RAM is not
full, and a Read sequence is not in progress, then all the input conditions are met and H1-8 will be
true (gnd). NAND gate H1-8 output determines the start of a data transfer from the Input Buffer to
the RAM — D3, D4, D5. The value of Write Address Scaler — flops D1-5 and D1-9 — is routed via Fi1-6
and H2-6 and applied to the RAM Address Lines 1 and 0. The RAM Select Line 1 — D5-2, D4-2, D3-2 - is
enabled by IOR gate F2-8 and inverter H4-7. The RAM data inputs — D5, D4, and D3 pins 4, 6, 10 and
12 — are applied by the Input Buffer. When all inputs are true inverter C2-4 (lower left) initiates
the timing sequence (Figure 3-13). Inverters C2-4, A2-2, and A2-4 provide a 120 ns delay for selection
settling time. The Write Enable level at D2-6 is applied to the RAM (D5, D4, and D3 pin 3); after
100 ns inverters A2-12 and A2-10 inhibit NAND gate D2-6. The positive-going trailing edge increments
the RAM Scaler (C1, 4-bit shift register, top left) via IOR gate D2-3 and inverter D2-8. C1-9 is as-
serted as an increment mode via H1-8 and G1-12.
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Inverters A2-6 and B1-11 (bottom left) provide a 50 ns delay after Write Enable conclusion,
then reset the Input Buffer flag. The reset flag disables H1-8 to terminate the write sequence. 1In-
herent delays in the flops add another 50 ns delay before shutdown. The termination increments the
Write Address Scalers, D1-5 and D1-9, through B1-3.

DRB TO RAM (DRUM READ)

The Drum Reéad Buffer transfers to the RAM are initiated by the Read Last pulse, connector pin
B13, from the Drum Data pcb, 10284. The positive-going trailing edge indicates that the read data
has been strobed into the DRB (DRB 00 to 11). Inverters H2-3 and H5-6 provide a 100 ns delay to per-
mit the DRB data lines to settle. The delayed pulse is further delayed for 50 ns via H4-2, C2-2, and
B2-8 to the Input Mixer gates, A5, A4, and A3 (similar to MB Out to Drum Data). The pulse from B13
is also applied through IOR gate B1-8 and power driver H1-6 to set the Input Buffer Flag. The se-
quence is then the same as described in the previous section, BMB to RAM.

RAM TO CPU (DRUM READ)

The status of the Output Buffer Flag, G2-5 establishes read operations from the RAM. The Drum
Write Sync signal, connector pin B29, initializes the Derandomizer and resets both the Input and Out-
put Buffer Flags, and also both the Read and Write Address Scalers. The flag reset will demand data
from the RAM via NAND gate F2-6. The other gate input conditions are RAM not empty, F2-6 pin 3, and
Write Control not active, pin 4. When the input conditions are true F2-6 will be true (gnd) and ini-
tiate a Read operation. The Read Address Scaler, flops E1-5 and E1-9, gates the RAM Address Lines 0
and 1 via NAND gates F1-8 and F1-11. The RAM Select Line goes true via F2-8, pins 9 and 10, and H4-7.

A11 inputs to the RAM are then satisfied and the read timing sequence is initiated by inverter
G1-10 (from F2-6), which provides a 150 ns delay to permit the RAM to perform its read operation. NAND
gate F2-12 produces a signal, buffered through power driver E2-6, to strobe the RAM contents to the
Output Buffer, E3, D4, and E5, pins 4 and 13. Inverters GI1-4 and G1-2 insert a 100 ns delay before
setting the Output Buffer Flag; F2-12 pin 13 then goes false and terminates the strobe. The negative-
going trailing edge of the delayed pulse from E2-6 strobes the data into the Output Buffer; the posi-
tive-going trailing edge at F2-12 increments the Read Address Scaler, E1-5 pin 3, and applies a clock
pulse to the RAM Scaler Flag via D2-3 pin 1 and D2-8. Because a Write mode does not exist (H1-8) the
RAM Scaler Flag is decremented at pin 9 by the mode change. When the Qutput Buffer Flag sets F2-6
pin 5 will go false and terminate the Read operation after a 50 ns gate/flag propagation delay (Figure
3-14).

Thus, when the Qutput Buffer is full the drum data break request control will place a request to
the CPU (refer Drum Break Request Initjate explanation) providing the RAM is not full. The CPU will
respond via the multiplexor pcb with the pulse Drum Data to MB In, connector pin B23. The pulse is
routed directly to the Output Driver NAND gates, G5 to G3, to transfer the Output Buffer data to the
CPU data input lines, Data 00 to Data 11. The same pulse is also routed via NAND gate H5-3 pin 2
(pin 1 is Write Select) H4-6 and NOR gate H3-1 to reset the Output Buffer Flag on the positive-going
trailing edge. The flop D input is at ground during a Read operation.

The Output Buffer Flag reset will initiate another RAM to Qutput Buffer operation if all other

conditions of F2-6 are met.
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RAM TO DRUM DATA INPUT (DRUM WRITE)

When the Drum Data pcb is loading the data from the Output Buffer (OB 00 to OB 11) into its
Shift Register the Load-Preamble pulse is applied to connector pin B16. The pulse is delayed for
100 ns by H5-8, C2-6, and C2-8 before being applied to H3-1 pin 2. The delay provides a wait for the
20 Word level at connector pin 3. The Output Buffer Flag D input is normally at ground to ensure the
flag is reset to initiate another RAM to Output Buffer sequence. The forty-first word of a sector is
the CRCC word, therefore the Load-Preamble must be made invalid. The 40 Word signal will be true at
the completion of the fortieth word written after the Load-Preamble pulse terminates. The signal is
applied via H3-13 pin 11 (pin 12 is enabled by Write Select) and NAND gate A1-6 (pin 5 reflects the
current status of the Output Buffer Flag) to the flag D input to ensure a 'no change' state of the
Read Control.

DRUM BREAK REQUEST INITIATE

The RAM Scaler Flag is incremented by a Write operation completion, and decremented by a Read
operation completion (BMB to RAM, and RAM to CPU explanations). C1 pin 11 is true (gnd) when the RAM
is full; C1 pin 15 is false (gnd) when the RAM is empty.

The T to Drum Break Request s:gnal at connector pin B14 is produced by NAND gates H2-11 and
F1-3. The signal conditions are:
1. Drum Write - Write Select is true at H2-11 pin 13, and the RAM is not full (C1 pin 11 is
false).
2. Drum Read - Read Select is true at F1-3 pin 2, and the RAM is not empty (C1 pin 15 is
true).
The Input and OQutput Buffer conditions are not sensed. The CPU will always respond with one addition-
al break cycle to either take the last word from the Output Buffer (Drum Read), or put one to the In-
put Buffer (Drum Write).

The 1 to Drum Break Request is conditioned at the Drum Control pcb, 10282, by the Word Count
Overflow and Illegal circuits.

During a Drum Write operation the Inhibit Shutdown, connector pin B6, indicates to the Drum con-
trol pcb that the Derandomizer is not empty. The conditions for a Drum Control shutdown are that all
data words are completed from:

1. CPU to Derandomizer (Word Count Overflow)
2. Derandomizer to Drum Data (Derandomizer empty).

The shutdown circuit involves NAND gate H2-8, which is enabled by Write Select, and IAND gate H5-11.
H5-11 pin 12 senses that the RAM is empty, and pin 13 senses that the OQutput Buffer is empty.






(L)

sc

M

S N S

J | B

n,n_n n

31,694 32,196 | 2 3 4 s 6 507 508
N n,nononnn N Ml L
- | : [ o
"o [N vl o
[ [ . [
1 1 1 1
\ | H [
5 ! b [
! ! [ 1
) | 1 ' i |
|
l —'7 Vv
SECTOR 63 [ SECTOR SYNC SECTOR 0O SECTOR |
[ TIME
] 1
i 1
[} 1
1f 1 —

TRACK CLOCKING
©OA -32,196 PULSES, WIDTH
@B - 32,196 PULSES, WIDTH
SC - 64 PULSES, WIDTH =

125Ns ¥ 25Ns.
125NS * 25NS, 180 DEGREES FROM ©A.

275 % SONS,

IC - | PULSE, WIDTH = 275 * 50NS,

SC AND IC PULSES MUST ENVELOPE

@B PULSES

BY A MINIMUM OF 25NS ON EITHER SIDE

32,196 BITS/TRACK
503 BITS/SECTOR

CLOCK TIMING
FIGURE 3-1
ACTIVATE
DATA PCB
DERANDOMIZER WILL TRANFER
ANDOM
DER N::o IZER WILL ;BCCEPT NO GE:DD:TA WORD TO DATA PCB AND S
WORDS M DATA P wo ROM
CONTROLLER 0 N GET NEW WORDS FROM CPU
BLOCK DIAGRAM AND TRANSFER TO CPU DRMZR
VRC 1004S OR 1016S DRUM FIGURE 3-2
WRITE CRCC
WORD
SERIAL SECTOR TRACK PUT DATA
DATA TIMING DATA WORD IN
AND TIMING, AND STATUS AND MODE DERANDOMIZER
DATA (10284) SECTOR STOP/START CONTROL (10282)
WORD TO BIT CONTROL AND CRCC START STOP /START , SECTOR
AND CRCC GEN & CHK NUMBER OF SYNC AND TRACK CONTROL |
WORDS SERIALIZED
WORD TRANSFER T
OMA
WORD DATA REQUESTS
REQUEST
AND TIMING WC OVERFLOW
TIMING
DMA WORD . IF THE DATA WORDS FROM THE
DERANDOMIZER (10262) TIMING MULTIPLEXOR (10298) DERANDOMIZER HAS STOPPED
WORD DATA DMA CONTROL NO THE LAST DATA WORD IS
AND CONTROL TIMING w>\ REPEATED UNTIL THE CRCC
count HES sToP WORD IS WRITTEN
QVFL
CONTROLLER WRITE FLOW
FIGURE 3-4
sToP/
WC & CA (1044
DMA o4s2) ! START SET
DATA : PARAMETER ERROR CONTROLLER READ FLOW
INITIAL DMA INSTRUCTIONS STATUS FIGURE 3-3
PARAMETER TIMING
PDP—8/E
Y Bruardow)
used on scale date drawn
unless specified CONSOLIDATED COMPUTER DRUM CONTROLLER
desis
tractons 21/64 | esin ceprd | SERVICES LIMITED
00 = %0l
. chacked TORONTO-OTTAWA titte
000 = 008 <737
rev description date by | appred angles: £0°30' finish final apprvi sheot | of | l&DF'GLRES 3-3’ 3-4 rov |

©

PARAMETERS
PROVIDED FOR
RD OPN

CONTROL PCB DETERMINES
IF DRUM OPERABLE AND IF
SECTOR SPECIFIED LESS
THAN 6410
L

PRMTR PROVIDED

FOR
WRT OPN
CONTROL PCB DETERMINES
YES \F DRUM OPERABLE AND
SECTOR NUMBER <6410
NO
FILL DRMZR

WITH DATA WD

(STG= §” “KTING)
(ACTE = ACTUATE)

ACTE DATA PCB
AND TURN ON
DM WRT DRVR

. ) Thasmvex 1 we-iin




START

READ ENABLE
AND
MATCH SC ARE TRUE

READ CONTROL ;

DETERMINES START

START

OF FIRST DATA WORD
WRITE ENABLE
AND MATCH SC
ARE TR
WORD CONTROL £ Ve
DETERMINES THE WRITE CONTROL DETERMINES
NO OF BITS A WORD PREAMBLE END OF PREAMBLE
SHIFT REG
READ ALLOWS CONTROL
DATA BIT PCB TO DETERMINE
WORDS A SECTOR
READ READ WRITE WRITE Al
DATA CLOCK @8  ENABLE DATA
A NO
/Gtears DERANDOMIZER
/
THAT A MB D
OUTPUT / SSEMBLE
Zwono IS IN BUFFER
MIXER S ——
. SHIFT REGULAR WORD WORD COMES FROM DERANDOMIZER
SHIFT DATA TO FORTYFIRST WORD OF SECTOR IS NOT SHIFT REG
CRCC GENERATE OQUTPUT DATA BFR TRANSFERRED AS A DATA WORD IF ,
AND CHECK MORE THAN ONE SECTOR IS READ
I MATCH SC WiLL GO FALSE FOR SEND LOAD PRMBI
SEND LWLB TO DURATION OF SECTOR CLOCK TO TO DRMZER AND
LOAD /SHIFT CONTROL RE—INITIALIZE READ CONTROL TO LWLB TO CONT PCB ALERTS DERANDOMIZER THAT
PCB SENSE PREAM
WORD SENS BLE ONE WORD HAS BEEN TAKEN
TIMES AND A p
l l DRUM READ SHIFT WORD TO ND ALLOWS CONTROL PCB
BUFFER SEND READ WRITE DATA TO DETERMINE WORDS PER
|| LAST TO SECTOR
READ WRITE DERANDOMIZER
WORD CONTRO CONTROL
CONTROL | INCR - ] SHIFT REGISTER
p— t—
RESET g — 12TH
BIT SHF
ENABLE
PREAMBLE
INCR
RESET
l ¥ v READ BIT
LWLB READ 40th MATCH  WRITE LOAD READ WORD IN WORD OUT
ENABLE WORD @ SC  @MATCH ®PREAMBLE  LAST
CONNECT WRITE
CONTROL PCB DERANDOMIZER 0
CRCC REG CRCC IS INHIBITED FROM
DRUM DATA BLOCK DIAGRAM GENERATION AND IS SHIFTED
FIGURE 3-5 OUT TO WRITE DATA ONLY

12TH
BIT SHF

CrCC
ERROR
?

{F MORE THAN ONE SECTOR IS TOBE WRITTEN
MATCH SC WILL BE FALSE FOR DURATION

OF SECTOR CLOCK WHICH REINITIALIZES
WRITE CONTROL TO INSERT PREAMBLE

SET CRCC
ERROR FLAG

DRUM DATA READ FLOW
FIGURE 3-6

DRUM DATA WRITE FLOW
FIGURE 3-7

¢ Aewdens
used on scale | date drawn

CONSOLIDATED COMPUTER
SERVICES LIMITED

DRUM CONTROLLER

unless speci fied

fractions +1,/64 design apprvi

material

00 = +0i
000 = +.005 checked TORONTO-OTTAWA title
rev description dote by | apprvd onales = £0%30° finish final apprvi sheet of DHGURES 3'5»3’6;'7 rev
t _]no o

N TRANSTEX 13 300-11-70




w ST

SECTOR CLOCK

WRITE SELECT

12-8
B8IT/WORD RESET

WRITE PREAMBLE
FLAG

LOAD MODE

LOAD PREAMBLE

X

7
WRITE DATA

A
—

\—
N—

e

o

N\
A

—

VZ_:/A_Et, 4 _//[i—Z :’ f -

|
PREAMBLE
TO SHIFT REGISTER

FIRST DATA WORD
TO SHIFT REGISTER

| DIVISION= 1/2 BIT TIME

A7

2

SECOND DATA WORD
TO SHIFT REGISTER

used on scale | date

N
drown

unless specified

CONSOLIDATED COMPUTER

DRUM DATA WRITE TIMING

wocrens 21768 | peestin e | (f§ SERVICES LIMITED
P chacked TORONTO-CTTAWA e
oy description date by Tepprea] "0 20730 1 ah finol apprvt oot of oo D FIGURE 3-8




SECTOR CLOCK

READ CLOCK
READ DATA

READ ENABLE

MATCH SC

READ SYNC
FLAG |

READ SYNC
FLAG 2

READ SYNC
FLAG3

i2-8
BIT/WORD RESET

G3—8
(BIT/WORD CLOCK)

READ LAST

G3-6
(SW RGTR TO
DRUM RD BFR)

T

+

UL 7]

|

N N

TR AT,

)

—r —

J U u

XN

U U U U

I

I
I
|
I
I
1
|
I
|
1
I
I
|
I
|
!
[
|
I
!
I
i
I
i
I

PREAMBLE ¢——L— pata

I DIVISION = 1/2 BIT TIME

9

DATA WORD U DATA  WORD

2

used on

scale

daote

18 FEB72 . :

rawn

unless specified
fractions +1/64

design apprvi

CONSOLIDATED COMPUTER
SERVICES LIMITED

DRUM DATA READ TIMING

00 = +.01 material
000 = *+.008 checked TORONTO-OTTAWA title
ongies+ 20030 RE3-9 [

rev description date by Jewora] “™"* " 2939 Ly final apprvt sheet _of lna. D FiGu rev

A TRANSTEX 13 800-11-70



[ crarr )
\
T
CPuzDATA IN DRUM WRITE DATA WRITE ENABLE
T IS TRUE
—I’ QUTPUT DRIVER ‘ »
RAM
OUTPUT YES
BUFFER FULL
40TH WORD ——————‘ FLAG ?
—b‘ OUTPUT BUFFER J @
DATA TO CPU |
COAD'REAMBLE  —————B " \1Ro T - 70 DRUM
L
INHIBIT SHUTDOWN —<t—————i — | BRK REQ

READ ENABLE DATA RAM
| TO DRUM BREAK <@——————— BREAK RANDOM ACCESS MEMORY
REQUEST > CONTROL FLAG READ ENABLE
IS TRUE CPU BMB TO
INPUT BUFFER
I TC DRUM
WRITE ENABLE I BRK REQ
!
READ LAST ———————» WRITE CONTROL ?
BMB TO DRUM ~ ———————> e
~.{ INPUT BUFFER 1 Ut
DRUM READ NO BFR Ram To
INPUT .
T T
L eurFer pATA TO EMPP Y OUTPUT BUFFER
FLAG INPUT BUFFER j

J INPUT MIXER J

CPU — BMB J L DRUM READ DATA

INPUT BUFFER
TO RAM

DERANDOMIZER BLOCK DIAGRAM
FIGURE 3-10

INPUT BUFFER RAM TO RESET
10 RAM OUTPUT BFR FALSE 08 FLAG
?
DERANDOMIZER WRITE FLOW
FIGURE 3-12
OUTPUT BFR
TO CPU DATA IN
AND RESET 0B FLAG
DERANDOMIZER READ FLOW
FIGURE 3-II
used on scale Lun ;};:/:;\“ 7
unless specified CONSOLIDATED COMPUTER DRUM CONTROLLER
wactins 2168 | aestan apere | § SERVICES LIMITED
000 + 2008 chackes TORONTO-OTTAWA tine
rev description date by | apprvd cralers £0°30' tinish flnal apprvi shoet _of I& DF‘GURE 340'3—”‘342[ rev |

AU TRANSTEX 13 500-11-70




e —— e

BMB TC DRW ——‘

B N T R e t ——— et

)
L

READ LAST LY
T | i
0ATATO NS ———) L
|
18 FLAG j
HI—8 L‘ -J ﬁ%L
RAM SELECT - SN

RAM ADDRESS

RAM WRITE

—
Ve

ENABLE

_

SCALE iDIV= IOONS DERANDOMIZER WRITE TIMING. FIGURE 3-13

r + + . + + + 1+ + + t t + t ot =t t + t t + t t + + + u At
“OAD PREAMBLE ﬁ% 1 f
;‘ e
| !
ORUM DATA | { S
TO MB IN (B23) 9
S Ly
OATA QO3 i1 ~ —_— — —— — - —
e 77 i
[ 7/ / /i
GUTPUT SUFFER ! .
FLAG (62-5) I | 3 T i
) { |
SN
F2—g -
| — ‘ {
| - !
0uUTPUT BUFFER Ui
STROBE (E2-6) i i | ’
|
X
RAM SELECT
| | 9 | |
| B
RLN ADDRESS - R Lo ) - ———
I 3 7777,
RAM WRITE SN
ENABLE 35

QUTPUT BUFFER /

VO DI 7 %
oo L L L L L L L

Siv s 100N DERANDOMIZER READ TIMING FIGURE 3-14

N
used on scale Tﬁu't drawn

unless specified

fractions +1/64 desion appryi

CONSOLIDATED COMPUTER
SERVICES LIMITED

DRUM CONTROLLER

06 = aor  |moterial
, oo« oos checked TORONTO-OTTAWA e
! . rora0
e | description date by Tammd] 00 2O i finol apprvi shest _of Lo_ DFiGuRES 3-!3,3‘14‘[ N

M TRANSTEX 15 3001170




&
) "é’: x 08 N < i g n o £
S < LRTE R 2 SleElE
z g Sgdlolx < § s % | &
R glaglhle s =53°k 3 .
CHIP CHART = = o = o .
~ R6
7
; > 3 p 840 83 833 836 824 — ILLEGAL .
i cl 9
A 7410 7420 | 8 08 v SECTOR
oy 10 1" cLock
8 | 7493 | 7493 | 7400 | 7400 Py MATCH 0 RS .
[ o FLOP 47K (DRUM Ji—t)
¢ 7400 | 7410 | 7479 | 7440 [
Lo 8
2 17z
o | 7479 | 7400 | 7479 | 7400 Vvee
a
E 7493 7420 7410 7440 9 £ 4 SFATAR
6
SECTOR CLOCK 2] 3] JoJio 83 825 SECTOR
F | 8200 | 4015 | 4015 7401 - 5 €3 CLock
8 BIT COMPARATOR 345 6 (10284 ,814)
G | 7493 | 7479 | 7400 | 7400 s SECTOR  SELECT i -, ILLEGAL
H | 8200 | 4015 | 4015 | 7401 | GH l 84 vl RERE _____
o 24121 12 6 HI s El “‘I;;TERRUP;'
a2 A4 B4 | A3 B3 [A2 B2| Al 8 A4 B4 | A3 B3| A2 B2 | Al BI 91—1,830)
13 12 213 {4 i0 13 e 213 4 10
i3 i _ SKIP
Vee 2 (10391—1,828)
A2 40 WORD COUNTER 7
B34 6 14 i 14 —— 6 (c'>02T9:5L|6)
R | .
LWLB (——3%>—0(:|_ —dcL i Q4 e 4 BI6 PR
(10284,810) 3 Z R BI i 82 @ AC 02 IN
2
5 A s . R A s c 5 B 5l 2 5 (10295, 813)
T 8
12 2 1 Gl "
3 13 BII [
R fa AC 00 IN
Q2 63 Ve 2 ® (10295,811)
BI3
" i3 10T 6512
12 _f s ]9 2 (10298,B10)
DRUM al 0 Q | BI7
CONTROLLER Fa AC O1 IN
BUSY 6
R al e Ve 3 @ (10295, 812)
14 3|2 c_a
DRUM [ il 8
.3K
(10262, 86) BRK REQ - B
o2 SECTOR INDEX CLOCK
INH
SHUTOOWN € COUNTER o J (DRUM Ji=v)
HU N
v SECTOR NOT s 20
WC OVERFLOW ¢ FOUND 5.6k 2 CRI
(10442,837) DRUM 2.2 yF N (DRUM J2—AA)
F
. y TAG ol VA~ " DRUM STATUS
vee Q4 R9 180 Vee ———— 18§
> X é}—“ e L, SwiTe
4 6 9 8 J
i [2 8 ) A% }
3 10 45 Q3 H
El ] H
n RII
3 |
9 F
Q2 RI2 |
D
=3 ’-z TRACK SELECT
13 12 12 k L (DRUM J1)
84 aQl AN~ )
8 9,10 RI4
3 © R A L
61,2 E RI5 |
vee 1 |4—? 3(2 K
83 84 83 me VMV | 8
B vee RI7 8 |
3 2 | A
DRUM FLAG
R STATIC CURRENT
10T 6514 B32 l TRACK
5.6K 7 6 9 10 7 6 9 10 6 7 10 9 6 7 10
(10298,A12) "3 yec . :zcmw o - L .. SECTOR seLect g3 BAC 03
Q4 Q3 Q2| Qi d. ) Q4 Q3 Q2 al Q4 Q3 Q2 -
START ic SPiiz 13 c T EY N a5 4.5 (10391 —5,810)
404 H2 i F2 H3 1,12 iz F3 ADDRESS
RD  WR FLOPS MONOSTABLE 8 3 3 3 338
SEL  SEL, c3 i 2 15 4 vee T 2 5 a vee 2 1 ia 15 2 i 14 (DRUM Ji=K)
] Vee
8
8 é;
£4 €4
83 Vee ) SECTOR BAC 04, BI2)
1,2,415 | 9,0 12,3 SELECT BAC 05 , BI4)
sfio BAC 06, 816)
86
BAC 07 , BI8)
815
BAC 08, B20)
818
B 10,11 BAC 09, B22)
Bia BAC 10, B24)
A2 510 10
BAC 11 ,826)
(ALL 10391-5,
8 NOTE LINK, W1, (S INSERTED ON 128
AND 256 TRACK SYSTEMS AND RACK LOCATION B23
TRACK SECTOR REMOVED ON 52 TRACK SYSTEMS
- COMMAND COMMAND
2le PULSE PULSE
|
ol
THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER LIMITED AND SHALL NOT BE REPRODUCED IN WHOLE
835 538 821 ale OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
o e - I — _ ) st CONSOLIDATED | vk v
W (g > = — P ~ < O ~ — —~ ) <
LB P2 ez.z fz L% ks b g $2 i e o] & COMPUTERuvmss | ORUM CONTROL
ML 08 38 28 |53 g2 [Ea 2F 48 8 = 2 * e OTTAWA
Z10S = S |2 v 3 e - oo~ O o © 3 © o ifi
e N 2 ¢ o 9 5 R 2% 28 5o ] unless specified checked title
N @ @ w o o o ° ¥ +
s |25 25 oo o 29 @ 3 = oy o 2 e e 2 oLl asa v srmuvn RV 00 = .0 fractiont 1/64 3
EEE S S w 2 g = z = z - - - = = - = 000 = £.005 angles=*0 30 , 10282 L l
El1z2 g @ = z - g !§ rev | eco description date by chk faporvd final apprv! material ish sheat of no. rev
o] . ppre - — L2
[=]



CRCC GENERATOR B3y prRUM WRITE
vee—2 Jio 4 lio Ja o 4 1 g, ST 19262.8%)
2515 4, S19 Sals 12552 _2[554515 125512 25,15 12 72 6 2p"a (10282, B 40)
a a 102570 D A D D~ R D j).v 7 »
Fi ~5)@QIZDF, ﬁa@— DE!_/ El_ DI_ DI_ RSN , JAD ) Al _ 5 o 523, 15
c 316, e e Tl e e R P e P S Ve 2 i e gaf [Da)-206 Py
‘%r 73 I 3 il 3 B ! ! >

2 llo
B} 04
2]
5)p0D%
s WRITE DATA
(DRUM J2-R)
,'f Fopl2 B8,CRCC ERROR
B4 (10295, Bl4)
> 10T 6512
——  BIO (10298,8B10)
LWLB -
i | gy %5, soee o0 woreapy)
L9y 12— ;1 | 9 £55 4 6 CcRecc 32 3DRB 02 A39)
10, 2[p a5 112 Q2 120 a5 112 42 120 g5 |12 qol 12 als s K A2 2] b3 8 |rrserd6 DRB 03 A38)
12 D b a ba creC(eN T (4 B2 5 prB 04 A37)
13 J2_ J3_ J3_ Ja Ja_ 1Ys LY5 CLOCKING, _ 3 0RB 05 233
I 123CR © Wead) | Bead Mepd)  BPrgdty Miead? | Pl Is w15 03008 05 | A9
2 a B3
in 8 ! B i i3 ! A—I IE fr )»—alfS 456 13 11 Vee DRB 08 A33)
1o - 1)~y ’—2—@’ £LL5DRB 09 A32)
1z B23p22 19 (IO%ZA%B
1205 VeelB— | 9 |7 le o 1 1z e o Pz e lo
s I4 12 Q) Qi al a3 Q@ Qi 0 g 2 ! o @3 DRUM READ
8gsf0 Vas j 4 6 3 3 3 1Blc " |ec3 BUFFER
— E) < D2 A?)i Dl D3 D2 B[)l Do| D3 D2l DI 03
AT B29 B B ]I 2 |4 5 1T |2 |4 5[ |2 |4
(READ LAZT3) au 4 e DATA LsB
10262, 81 = 6 '
330 14 oo le la [z o 12 16 la |z 10 4 2
. 10 ool o1l o2 a3 110 aol ai| ezl as TP o] el ee] «a] SHIFT
z ZM T A ZM | pa 1Z] ce REGISTER
1450 ﬁ? S oro] " op| op2| opo 1312 oro| o] wee| oe3 DPg DPI| DPP| ©P3
9 R 77 & 3 T CERE) T 5 3
84 F ot /.
@ vce '\Z/K\/\,-—V:c
2[5 WRITE
DF3Q Ll PREAMBLE 8 13 le o1& 13 6
3 2[pS 5] F2 2. 5 . PREAMBLE
LR é DF40 10 vce 4.5056 @i@oﬁ D3 cs (8! 8_5 85 B2 €5 (5] |yserTion
3lc! z¢ I R 13R3, | Plo R 7213 19110 T2]) 5
C A F5 ; _“’l >
R [WRITE SELECT 12K |, I B26 508 1/ (0262, A2 )
! 2 LZ) >4 B365,p 10 A3)
LZK ) A2 2 8 DELAY L B4050p o9 A4)
ITAN 0] HI GATES 837508 08 As5)
CHIP CHART | 1 [ aq 2 \; p22
13144 44 73 4.5 0B 07 Aé )
| 2 3 4 5 szvi —S-D)‘ 7 B2 9o 21375 0B 06 A7)
A 7479 901459 | 4015 4012
45 AES 12 I PAE 8 08 05 A8)
B | 7479 | 7420 | 4015 | 4012 | 3001 . 44 J.g%bé @ % ggszAOB 04 A9)
¢ | 7479 | 7430 | 4015 | 4012 | 3003 ' ey 08 03 Alo)
D 7479 | 7400 | 7404 | 7400 | 7410 221 O§ 02 All)
vee R3 vee , R3 M A C8 0 1 A2
E | 7479 | 901459| 7402 532‘( 27K L?/S’/\;i- 2.2K 5 5#( 0B 00(10262,A13)
F | 7479 | 7400 | 7479 | 7479 | 740 ol \ _/\N\’l - © < M R2 3.3k 3
6 | 7440 | 7440 | 7440 | 7400 | 7440 i VZL 0 Q Q lCO Q 3 VWA—Vec K LOGIC RACK SLOT B22
X ~ ]
| 7400 g’@ Y= §3 Sa S—\\ 53\\ ‘P\ <6: 2@ THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER LIMITED AND SHALL NOT BE REPRODUCED IN WHOLE
| 836 7440 | 7400 | 7410 7400 Ug gL gé\ ’;3 ':(3 d&)‘ ] );j— 3 OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
~ Bl 3 - N 2 Qo
: v [ e [ e | e | Og o Woks 3 s 8 st it CONSOLIDATED LOGIC
ﬁ\\l 83 =3 R gw C‘S St 2&1 S(N N“‘l 27 SEP 72 | quuion apprsl COMPUTER inc.
T 5K g <9 AN 9 53 ) scote ™ =l aote oy 2 OTTAWA DRUM DATA
T+ N ol ot = ~ N unless specified e
N A g o N D |55 REDRAWN To DRAFT sTOl7sERZML] ik [f50] 00 =200 “acton 16 {2z - l ool ]
§ rev | eco description date by chk |apprvd 000 = :‘005 angles=-0 30 final aezrvl material finish sheet / of/ no. D Q.
TRANSTEX 13 00872 2 1
* 8 7 | 6 5 4 4 | 3 I




CHIP CHART

] 2 3 4 5
7400 | 836 | 846 846 | 846
7400 | 7440 | 846 846 846 ) . _ . -
@ o s 5 - c - .Y —
- X - @ - 5w @ = o 2 ~ I I ) ©
8300 | 836 | 40i5 | 4015 | 40I5 & @ P R o P8 e ER T _ 7 e g
‘ 2 g Brgfleap s silete ke 2y 8 iz preie ook
7479 | 7400 | 4064 | 4064 | 4064 i « 23 Feeglresy S3le 288 s © 83 lfd2 s fessless M
| 5 °8 [ 1= & Z N I EE 293 2298229 &
. I R | o o e g o e > o 2 o |2 °© by c2 o5 log Sid g =} et
7479 | 7440 | 7475 | 7475 | 7475 RAM r 8 ° e © °eg e 2 g ¢ g 2 = - <
[ : = ° = > < © e -
SCALER s
846 7410 i - 5] et a4 ~ P sl ~ ~os o~ o
Lag | [ ait | 833] Ao 834 | a8 {838 a5 | Bar|as | e37 a3 A2
836 | 7479 | 858 858 858 | | | | J
NOTE : RZ,i2 RESISTORS i ! | |
7440 | 8as | 7402 | 475 | 8ac | ! [, | " |
ouTPUT (2] 5} D @
DRIVERS /
{ 6a G3le
W i vee | 61 13 2
TNHTBIT Ao<|] 5,6 ! 2
o ° \NCI i
SHUTDOWN g i
B6 8 - H5
(10282,841) & H2 . 9 | 10 5 1€ 15 10 B I
— )
i3l }
WRITE SELECT P 0 = 13 o l:v{
85 | B 4 3
(10282 ,830) ! P -
R ouTPuT 3 A 7 > 3 5 7
BUFFER
R SV A A~ FAMA EAAA- R2
7O BROM ) _ ® v s 7 ° I
it Bi4 . q - -
BRK.REQ. £ i | | | vee
(10282, 833) | D4 h Vo 03 | [
. BR | i i s
REAL MATCH | | i S 12k
(10282, 831) ! I } | 1
At ! |
EN | | [ 1
| R4
|
’ I 1 | 4.7k
13 l i3 : ‘B
= i
04 14 t—| 03 14
[ | | [
ca 4 | | | !
100pF AS| i | i |
© 1 ADRS | LINE 1 1T | | | |
__ i | | | |
40 WORD ’Y;
83 0 | | | | :
(10282 ,840) &——rf | | | | i
3 S 15 | lis | 15
WATESELECT L‘_;z\" READ P>, ] | 0a M 03 =
(10282,45) &——r z CONTROL | | | |
823 By | | i |
DRUM DATA  &—o | [2 2} 2
1
TO MB IN 150 NS | LINE | | | | i
(10298, A36) OuTPUT RAM DELAY READ ADRS | | ! | |
BUFFER SCALER H | ! | I
LOAD | |
0 FLAG aso | ADRS | LINE © | | | |
PREAMBLE 68 pF i
4 | | [ | i I
(10284,816) c3 |
i ! | | I | | ! Xl
100 NS_DELAY : | | D4 [y - D3
FOR 40 WORDS i | | | | _l
| L g [ - I
100 NS LINE | 3@ 10 2 RANDOM 3 10 12 3| a 3 0 2
SETTLING DELAY ACCESS
ca ENBL MEMORY
- H2 H5 100 pF
READ LAST 813 1,2 3 4 6 ]0" . S
| 7 s 10 s 7 ) i
(10284,829) e 5L e It ©
R3 Q e a 13 e Q 13 a Q Q 13
22k ¢ ca c c3 c
D D s o s s 0 s b s S 0 s s o s
6 2 [E1 0 ST 2 4 TR |
WRITE CONTROL 13 iz T T T5 ° T” " le 2 T 75 T T 2 vee
MB OUT . RN .
— e PUT FFER
T0 BRUM DATA © INPUT BUFFE
(10298, 833) INPUT BUFFER
c2
FLAG 3
100 NS N/ c2 INPUT
DELAY L]
c2 a2 a2 4 MIXERS
13
" 8 8 6
1,2 4,5 12 . . .
82 100pF Az a5 A4 Ba | A4
ca
i3 2]3 o] sfio] s5]a
I
50 NS DELAY 2 |
L—o< }—— 3
CIRCUITS 5 . oo gis | A40 | B2 |A39 |83 |A38 |B32 A37 | B2 |A36 |835 | A35 |si9 | A34 |22 A33 | B39 |A32 | B40O
120 NS s 2 s 5z @ -~ 8 - % < 3§ = 3 - 3 5 3 g - 3
SELECTION - @ 0 ES ) 2 - ® 5 < 53 & o N ~ o o m = " = 0 N ©
=~ - ~ 3 1 E 3 @ & © @ @
. SETTLING DELAY WRITE ENABLE g2 g7 o= ¢ 8§88 §¢ 38 3« 38 3. 83 8y 8= &% 58 5% 88 87338 37 o o _® _ g
SROWATE L 2y 29 8¢ 24 2¢ 20 4 24 8¢ 2 Y 26 By 24 03 %4 Ey 3L EF To 2y oz, ByoBb
e |%>x 9,10 8 8 23 82 33 82 33 8z &g S8 8¢ 83 &3 &g 33 52 33 Sg 83 oz o8 3 28 ] 29
(10282 83) 3 12,13 ﬂ>: ° ° ° 3 2 3 ) E ° 3 ° s S 3 ° 8 ° 3 ° S e 8 2 3
THIS DRAWING IS THE PROPERTY OF CONSOLIDATED COMPUTER LIMITED AND SHALL NOT BE REPRODUCED IN WHOLE
RACK LOCATION OR IN PART AS THE BASIS FOR THE MANUFACTURE OR SALE OF ITEMS,WITHOUT WRITTEN PERMISSION.
used on sroen CONSOLIDATED MK Vv
scaie | aue o COMPUTER uvmeo DERANDOMIZER
} fied OTTAWA
uniess specifiel
. ite R 00 = .01 fractiont /64 Fheeked title
FEOLTED F 77 oF ¥ '
doscription dote 00 = -005 angles=-0 30}, apprv!__| material finish sheet  of | no. 10262L rev

4

1




5-3
5-3
5-5
5-8
5-12
5-16
5-17
5-22
5-24

SECTION 5
MTT CONTROLLER

CONTENTS

DESCRIPTION

General

Brief Description
Controller Description

Brief Operating Theory

CONTROLLER DETAILS

I0T Instructions

MTT Control, pcb 10285

MTT Data, 7-track, pcb 10366

MTT Data, 9-track, pcb 10365

MTT Readcheck and Status, 7-track, pcb 10368

MTT Readcheck and Status, 9-track, pcb 10246

Drum and MTT Multiplexor and IOT Decoder, pcb 10298
Word Count and Current Address, pcb 10442

Figure 5-1 MTT Data Control and Status Routing
5-2 MTT Read Data Flow

-3 MTT Write Data Flow

-4 MTT Read Cycle Timing

-5 MTT Write Cycle Timing

o oo

Logic Diagram - MTT Readcheck and Status, 9-track - 10246
- MTT Control - 10285
- Drum and MTT Multiplexor and IOT Decoder - 10298
- MTT Data, 9-track - 10365
- MTT Data, 7-track - 10366
- MTT Readcheck and Status, 7-track - 10368
- Word Count and Current Address - 10442






DESCRIPTION

GENERAL

The Magnetic Tape Transport (MTT) Controller provides the Key-Edit interface between the PDP-8/E
processor and the PEC magnetic tape data storage devices. Up to four transports may be used with the
controller; they may be either 7-1/2 inch reel (mini-) or 10-1/2 inch reel (maxi-) tape transports.

The MTT primarily provides the final data storage for the system, but it can also be used to
read in programs or dumped data.

Refer to the PEC manuals for more detailed information.

BRIEF DESCRIPTION

The controller accomodates either 7- or 9-track magnetic tapes with 200, 556, or 800 bpi density,
at speeds of 25 or 12.5 ips in an NRZI format: the 200 bpi density is available only on the maxi-tape
units. (A 1600 bpi density is available as an option.) The sequential access time is approximately

50 ms.

The electrical requirements are 117 or 230 vac, 48 to 400 hz; the operating temperature range
is 35.5 to 123F (2 to 50C).

The maxi-transport is fitted with a dual gap head. The read and write heads are separated by
0.15 inch, which enables simultaneous read after write operations to be performed for vertical, longi-
tudinal, and cyclic redundancy check purposes. (These checks are also performed on read operations.)
An adjacent erase head is automatically activated during write operations.

IlTluminating push-switch controls are mounted on the front panel. The three control pcbs are
mounted beneath the deck and are accessible by sliding the transport out from the cabinet.

A Tape Adapter must be used when more than one MTT is employed in a system. Where only one MTT
is used a cable connects the logic rack interface pcbs (locations B24, B25, B26) and the MTT. Where
more than one MTT is used the pcbs are connected to the adapter, which in turn provides outlets for
cables to each MTT (refer Figure 6-2-1).

Logic signal levels for the MTT are approximately:

true (low) , 0 to 0.4v
false (high), 3v

CONTROLLER DESCRIPTION

The controller comprises three dedicated pcbs, some ancilary pcbs devoted to drum-to-MTT data
transfer controls, and the interconnecting cables.

The basic pcbs are:

1. MTT Control, pcb 10285

2. MTT Data, 7-Track, pcb 10366
or 9-Track, pcb 10365

3. MTT Readcheck and Status, 7-Track, pcb 10368
or 9-Track, pcb 10246

These pcbs are located in the Key-Edit logic rack, locations B25, B24, and B26 respectively.

The ancillary pcbs are:
1. Drum and MTT IOT Generator, pcb 10298
2. Word Count and Current Address, pcb 10442

These pcbs are located in the logic rack locations A21 and A29 respectively; their operation is des-
cribed in this Section.



BRIEF OPERATING THEORY

The controller provides the following functions:

1. MTT motion and timing control

2. MTT to CPU data transfer control

3. MTT read, and read after write, error detection.

Refer Figure 5-1. The CPU initiates commands to the control pcb which then generates status
and control information to the readcheck circuitry and the MTT respectively. The status information

is returned to the CPU, and the MTT issues a read strobe to the control pcb and data to the CPU via

the data pcb. The control pcb generates Read Clocks for the data pcb, and the data pcb provides the
parity checks.

Figures 5-2 and 5-3 illustrate the Read and Write Data flow and 5-4 and 5-5 the cycle timing.



LEVEL 3 IOT INSTRUCTIONS

6521

6531

6532

6534

6541

CONTROLLER DESCRIPTION

Select Tape Drive.

AC

08
09
10
11

Transport 1
2
3
4

Skip if Tape Done flag is false.

Clear Tape Done flag and control and stop tape. This instruction clears the following

status bits:

AC
AC
AC
AC
AC
AC
AC
AC

01
02
03
07
08
09
10
"

Lateral parity
Longitudinal parity
I1legal command
Record, too long
Record too short
EOF

Tape control busy
CRCC error

Set Tape Done flag and cause an interrupt if interrupt facility is on.

Clear Accumulator.

Read magnetic tape status and control status

1.

5.

6.

AC 00

AC 01

AC 02

AC 03

AC 04

AC 05

Transport Not Ready

Set status - off-line or power off.

Clear " - on-line and power on.

Lateral Parity

Set status - Vertical Parity Error detected.
Clear - 6532

Longitudinal Parity

Set status - Longitudinal Parity Error detected.
Clear - 6532

I1legal Command

(Sets Tape Done flag if motion is commanded)
Set Status - Issue Write Command with no write ring present.

- Issue 6542, 6552, or 6551 when Busy status is already up.
- Tape improperly selected.

Clear 6532

No Write Ring

Set status - Write enable ring not present.
Clear - Write enable ring present.

EOT Tab Sensed

Set status - Set and held when leading edge of EOT tab is sensed.
Clear - Issue Rewind command or sense leading edge of EOT tab during
reverse motion.

5-3



5-4

6542

6551

6552

6554

7 AC
8. AC
9 AC
10. AC
11 AC
12. AC

06

07

08

09

10

BOT Tab Sensed

Set status -
Clear -

Sense BOT
BOT tab clear of detector

Record Longer than Word Count

Set status -
Clear -

Word count expired before IRG is found during read forward.
6532

Record Shorter than Word Count

Set status -

Clear -

EOF Detected

Set status -
Clear -

Tape Control

Set status -
Clear -

CRCC Error

Set status -
Clear -

IRG encountered before word count has expired during forward
read.
6532

A one frame record of 17 on forward read only.
6532 unconditionally

Busy

6551
Stop tape motion, or 6532

CRCC error detected
6532

Load Command and Clear Accumulator.

The appropriate bits are loaded into the accumulator and then IOT 6542 is issued.

AC 00

AC 01

AC 02
AC 03
AC 04
AC 05

Load Word Count,

1
0
1

Write
Read

Forward motion
Reverse motion

Write lTong gap
Write EOF
Rewind to BOT

Rewind to BOT and go Off-Line

Clear Accumulator, and Start motion.

AC 00 to AC 11 contains the two's complement of the word count.

Load Current Address (buffer address) and Clear Accumulator.

AC 00 to AC 11 contains the buffer address.

Load Extended Current Address from AC bits 06, 07, and 08 and Clear Accumulator.



MAGNETIC TAPE TRANSPORT CONTROL - 10285 Rev A
Rack Location B25

The MTT Control (PEC) pcb provides the timing and start/stop commands for the MTT.

START PROCEDURES

The operation is defined by six of the D flops at the bottom left of the diagram; 14-5, 14-9,
15-5, 15-9, H5-5, H5-9. These command flops are initially set by the accumulator bits BAC 00 to BAC
05, and I0T 6542.

10T 6551, at connector pin B33 (left side), starts the MTT when the flops are set. Whenever a
Write command is issued the Write flop, I5-9, Q automatically sets the Forward flop (I4-5) to ensure
write routines are done in the forward motion. Similarly Write Long Gap (WLG) or Write End of File
(WEOF) commands set either H5-5 or H5-9 to set the Write flop (I5-9) via G5-3 and G5-6, and consequent-
ly set the Forward flop.

The five flops - Rewind, Rewind and Off Line, Write, WLG, and WEOF - are reset simultaneously
when either 10T 6532 or B Run, at connector pins B18 and B19, are applied to IQOR gate F5-3, whose out-
put is inverted by B2-6 to reset the Done flop, F4-5. The inverted output also provides one input to
IOR gate F5-6 pin 5, whose output is then inverted to reset the five command flops.

Two adjacent flops, H4-5 and H4-9, control the stop circuitry. H4-5 is set by the first Read
Clock, from connector pin 8, and enables the D input to flop H4-9. After the block of data has been
read by the data pcb a 1 to Stop signal is received, via connector pin B11, to set the Stop flop and
initiate shutdown procedures.

The commands requested by the six command flops are effected when a start motion signal, I0T
6551, is applied to connector pin B33. The Motion and Write Enable flops, F2-5 and H2-5, will set
providing an illegal status does not exist.

The I1legal flop, F2-9, will set and an illegal status will exist if any of the following con-
ditions occur:

1. I0T 6551, IOT 6552, or 10T 6542 is issued when the MTT is busy; the flop D input will be
high from D1-11 and D1-8.

2. A Write Select command is issued with no write ring present; the flop D input will be high
from D1-11, D1-6, D1-3, and G3-8.

3. The MTT had not been selected properly; the flop D input will be high from D1-11, DI1-6,
D1-3, and connector pin B42 (Set Illegal).

When the Illegal flop D input is high the output of inverter B1-2 will be low. This output is
applied (wired OR) with G1-10, G2-11, and G2-3, to the Motion flop, H2-5, to prevent motion.

The Illegal flop is normally set by I0T 6551. When the flop sets F2-9 goes high, appears as
an I1legal signal at connector pin B31, and sets the Done flop, F4-9.

EOT DETECTION AND RESET

The EOT flop, H2-9, is set via G2-8 pin 9, and G1-4 from connector pin A; G2-8 pin 10 is only
enabled when Forward motion is selected. The EOT flop will set when Forward and EOT signals are pre-
sent on G2-8 pins 10 and 9. NAND gate G2-6 pin 5 senses the EOT signal, pin 4 senses the Reverse
motion condition and the gate resets the EOT via H1-13. When the leading edge (first edge encountered
on Forward motion) of the EOT tab has been sensed G2-6 will go lTow, and a pulse will be generated at
H1-13 to clock the flop; the D input is ground, therefore the flop will reset.

The Rewind pulse at connector pin S is applied directly to reset the flop at H2-9 pin 13. Thus,
the EOT flop can only be reset by a backspace over the EOT tab, or by a Rewind command.



WRITE SEQUENCE

The Write flop is set by IOT 6542 and the appropriate AC bit. The Motion flop is set by IOT
6551 if no illegal conditions exist; the flop Q output and Ready input from connector pin C, inverted
by G1-8, enable NAND gate F1-11. The gate pulls down the Tape Run line at connector pin B35 to trans-
fer the Motion command to the data pcb. The Motion Flop Q output is routed via IOR gate G4-6 to indi-
cate a Busy condition to the Readcheck and Status pcb via connector pin B14.

When the Forward flop sets the Forward command from the Q output is issued to the MTT via NAND
gate C1-11 and connector pin T.

The Write Enable flop, H2-5, also sets and activates the MTT tape write drivers via NAND gate
F1-10 pin 9 and connector pin J, Write Permit.

The Tape Run signal at F1-11 is inverted by B1-4 and applied as a high level to NAND gates C1-11
pin 13 and C1-3 pin 1, which provide the FWD and RVS signals at connector pins R and T. B1-4 also re-
leases the Read flop, C3-5 (top), enables it (at C3-2), and enables NAND gate G4-11 pin 13. C3-5 pin
6 is high, therefore G4-11 goes low to IOR gate G4-8 pin 10. G4-8 output will go high to remove the
reset condition from the adjacent Motion Oscillator B3 flops; the output is also inverted by A5-12
to remove the reset from Scalers C4, B4, D4, and E4.

The Motion Oscillator 511.57 khz output is divided by the B3 flops and the Scalers. When
Scaler D4-11 goes high, after approximately 16 ms, NAND gate D5-12 pin 13 will go high. WEOF and WLG
conditions are non-existent on D5-12 pin 1 and the BOT signal at connector pin B41 has not set the
Read Inhibit R-S flop, D3-8 and D3-11, whose output is applied to D5-12 pin 2. Thus the gate is en-
abled and its output will go Tow. D5-8 will then go high and set the Read flop, causing C3-5 pin 6
to go low. NAND gate G4-11 will be disabled and consequently inhibit both the Motion Oscillator and
the Scaler. Inverter A5-2 output will also go high from the Read flop set and release the Data Oscil-
lator flop, C3-9, which permits the division of the oscillator output. The flop output activates the
data pcb via connector pin B40.

Simultaneously the Gated Read Clock pulse is applied through connector pin F (top left) and in-
verter H1-4 to clock the D flop H3-5. The flop will only set if the D input is high as a result of a
read data parity error signal from the Read Check pcb via connector pin B24. Two concurrent clocks
and a parity error are necessary before a parity error is issued to the flop (because the last charac-
ter from the LRCC could contain a parity error).

The data pcb presents 1 to Break pulses at connector pin B35 (lower right). The trailing edge
of the ground true pulses (going high) set the MTT Break flop C2-9; Q issues an MTT Break Request sig-
nal, via connector pin B36, to the multiplexor to request more data from the CPU.

During a Write sequence the data must be held ready for transfer in the data pcb. The MTT Break
flop is set via NAND gate D2-8, providing:

the MTT Write Select is a 1 at D2-8 pin 10,

I0T 6551 is present on D2-8 pin 9,

the WLG or WEOF command does not exist on D2-8 pin 11.

The break requests are inhibited because they are only required during Read or Write Forward
sequences. The 8-input IOR gate E2-8 provides the inhibiting function for all other conditions (WLG,
WEOF, Reverse, Stop, Break Requests, MTT Address Accepted).

The Data Permit flop, C2-5, issues a Write Data signal to inform the data pcb, via connector
pin B33, when to transmit data. R-S flop F3-6, F3-8 sets when the word count overflow occurs; F3-8
will go low via E2-8 to the Data Permit flop, C2-5 pin 2. Thus the next T to Break pulse resets the
Data Permit flop.



SHUTDOWN PROCEDURE

When the data pcb detects or writes blanks it issues a 1 to Stop pulse to the control pcb via
connector pin B11 (bottom centre) to set the Stop flop, H4-9. The Read Sync flop, H4-5, is true,
therefore the Stop flop will set and commence shutdown procedures.

The Stop flop Q output will go low to IOR gates G4-8 pin 9 and G4-6 pin 5. G4-6 applies a Busy
condition to the Readcheck and Status pcb via connector pin B14. G4-8 enables the Motion Oscillator
flops, which permit scaling until D4 pins 12 and 11 go high to enable NAND G4-3, after 18 ms with
7-track application. G4-3 will go low to IOR gate E5-11 pin 133 pin 11 will go high to E5-6 pin 4;
pin 5 is enabled by the Stop flop set. Therefore pin 6 goes low to IOR gate F3-3 pin 2. The gate
output is inverted and applied as a low level to reset the Motion flop and stop the MTT.

The Motion Osc continues functioning until approximately 64 ms have elapsed and scaler E4-9
enables NAND gate E5-3 pin 1; pin 2 is set when the Stop flop is true. E5-3 causes F5-11 pin 12 to go
low. The gate output is inverted by E3-10 and sets the Done flop, which applies an interrupt via
E3-12 and connector pin B28 to the CPU to indicate completion of the data transfer. The low output
from E5-3 is also applied to IOR gate F5-6 pin 4 to initiate the complete control reset where all con-
ditions return to zero, including the Stop flop.

During a Read sequence the 8-input NAND gate B5-8 (adjacent to the Scalers) pre-empts C5-6
(activated in 4.85 ms) to determine when the tape motion stops. Normal shutdown procedures continue

as described.
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MAGNETIC TAPE DATA, 7-TRACK - 10366 Rev 01
Rack Location B24

The Magnetic Tape Data, 7-Track, pcb controls data transfers between the CPU and a 7-track Mag-
netic Tape Transport. The bottom and extreme right of the logic diagram shows data control circuitry;
the remainder of the diagram shows data handling circuitry.

The logic consists of the following main blocks:

1. Data Register B2, D2, E4, F4

2. Data Output Drivers B4, B5, D4, D5, E5, F5
3. Data Receivers ' E2

4. Parity Generator and Check C4, EI

5. Timing Circuits and Control Circuits 12, H2

6. End of File Detection C2, G4, H4, E3

WRITE DATA SEQUENCE

When the MTT control pcb, 10285, starts motion of the tape transport, it issues a Tape Run sig-
nal to the data pcb, connector pin B5. This signal is inverted and enables gate I5-6; it is also ap-
plied to I5-3 pin 2. The output of I5-3 resets scaler I2 and is inverted and applied to I3-11 pin 12.
13-1 output resets scaler H2. Tape Run inverted is also used to reset flip-flops H4-5 and F2-9.

Immediately after motion has started the control pcb issues an MTT Break Request to fetch the
first character to be written on tape from the CPU. The CPU responds by sending an MTT Address Ac-
cepted signal to the data pcb at connector pin B9, and to the control pcb to reset the BRK REQ flip-
flop. The MTT Address Accepted signal is inverted by H3-3 and is gated with Write Select, from connec-
tor pin B12, by G3-8 to reset the Data Register — B2, D2, F4, E4. The CPU then applies an MB Out to
MTT Buffer signal to connector pin B23. The signal is inverted by G2-3 to enable NAND gates F3, D3,
and B3. This allows the data from the CPU, available on BMB 00 to BMB 11 1ines at connector pin group
B18 to B26, to pass through these gates and direct set the Data Register. As soon as the register has
been loaded its outputs apply the data to the Data OQutput Driver NAND gates, where it waits to be
strobed out to the MTT.

When writing on 7-track tape, a 12-bit word must be divided into two 6-bit bytes. This means
that for every 12-bit word of data, there are actually two 6-bit words written on tape. This leaves
one track on the tape for the parity bit.

When tape motion is started flop H4-5 is reset by Tape Run via I3-8. The flop Q output enables
gates H5-3 and I4-12. 14-12 is also enabled by a Write Select and WLG+WEOF. Therefore the output of
14-12 is true (low). This is inverted by I3-3 to enable output drivers F5-4, E5-4, D5-4 and 10, and
D4-4 and 10.

When the tape reaches speed the control pcb sends (Data) Clock pulses to the data pcb, connec-
tor pin B3. These pulses are applied to I5-6 pin 5. I5 was previously enabled by Tape Run. The gate
output, I5-6, drives the clock input of scaler 12, which divides the clock pulses by a factor of 16.
The scaler output is shaped to a pulse by an RC network and gated with Write Select at H3-11. The out-
put of H3-11 is inverted and applied to G3-6 pins 4 and 5. G3-6 has been enabled by the Write Data
signal from the control pcb via connector pin B8 and gate G2-8. The output of G3-6 is the Write Clock,
which, via I5-11, H5-6, H4-6, and 14-12, strobes the six most significant bits of data out to the MTT
via the enabled output drivers. The Write Clock also resets scaler H2 via I3-11, and clocks flop H4-5
via I5-11 and H5-6. Flop H4-5 then toggles, thus disabling gates H5-3 and I4-12, and enabling gates
H5-11 and I4-8. This disables the six most significant output drivers and enables the six least signi-
ficant, i.e., gates F5-10, E5-10, B5-4 and 10, and B4-4 and 10. Scaler I2 continues to scale until a
second Write Clock is produced as described previously. This Write Clock strobes the second byte of
data out to the MTT, and is also applied to H5-8 pin 10 via I5-11. The output of H5-8 is the T to BRK
pulse which is applied to the control pcb to initiate a second Break Request. The second Write Clock
is also used to toggle flop H4-5 again to disable the six least significant drivers and re-enable the
six most significant drivers.
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NOTE: The propagation delay through H5-6 and H4-5 is slow encugh that H4-5 will not change
states until a T to BRK pulse has been produced by H5-8.

Each successive word of data is written as described above until the complete record has been
written. The controller then writes LRCC on the tape then stops the tape motion.

WRITE LRCC

After the last byte has been written on tape the control pcb cancels the Write Data signal at
connector pin B to disable gate G3-6 via G2-8, thus eliminating any further Write Clocks. Because
there are no Write Clocks to reset scaler H2 it is allowed to continue scaling: H2-8 and I12-11 will
then go hgih simultaneously. Consequently the output of H3-6 will go low, sending a Write Reset sig-
nal to the MTT via connector pin F. Write Reset automatically writes LRCC on the tape.

STOP SEQUENCE

H2 continues to scale until its last stage, H2-11, goes high. This is the 1 to Stop signal,
and it is sent to the control pcb via connector pin B7 to stop the tape motion.

WRITE LONG GAP

The control pcb issues a WLG+WEOF signal to the data pcb via connector pin B6 to write a long
gap on tape. This disables I14-8 and I14-12, thus disabling the data output drivers so that nothing can
be written on the tape. The control pcb starts tape motion but does not issue any (Data) Clocks until
the long gap has been written. After it has been written, clock pulses are sent to the data pcb and
12 and H2 begin to scale. During a Write Long Gap, Write Data is false (high) and WEOF is false (low)
to disable G2-8 via G2-11. The output of G2-8 disables G3-6 to prevent the production of Write Clocks.

When the scalers have scaled to the end, so that H2-11 goes high, a 1 to Stop is issued to stop

the tape motion.

PARITY GENERATION AND CHECKING

Parity is generated by the parity tree C4-8 (top left). It senses the Write Data lines and
produces the correct parity bit for each byte of data applied to its inputs. C4-8 pin 12 can generate
either even (high) or odd (low) parity.

Parity is checked by the parity tree D1-8. It operates in the same manner as the generator, but
it senses the data from the MTT Read Data Lines. If it detects a parity error the signal, Parity
Error, is applied to the control pcb via connector pin B24 for processing.

By definition the EOF code (17) must always be even parity. Therefore, the choice of odd parity
is controlled by the signal WLG+WEOF. For a normal data write sequence WLG+WEOF is high at connector
pin B6, forcing 15-8 low, and C4-8 pin 12 and D1 pin 12 low. This sets the pcb to generate and check
for odd parity. When writing an end of file, WLG+WEOF is low, causing C4-8 pin 12 and D1 pin 12 to
generate and check for even parity. (This forcing of even parity prevents the detection of false par-
ity errors when the EOF is read after a write operation. The PEC MTT is a Read after Write model.)
When an EOF is detected during a read operation it is accompanied by a parity error if the data pcb is
set to operate in odd parity.



WRITE END OF FILE

The control pcb issues two signals to the data pcb - WEOF and WLGHWEOF - to write a File Mark
on tape. WLG*WEOF at connector pin B6 disables the data output drivers in the same manner as it does
when writing a Long Gap. It also conditions the output data lines with the EOF code 17 via I5-8 and
the C3 inverters (top left).

The WEOF signal at connector pin B15 releases the reset of flop F2-5, places a high level on
the D input and enables gate G2-11 at pin 13. The control pcb sends clock pulses to the data pcb and
12 and H2 begin to scale. When the first Write Clock is produced at G3-6 it strobes the EOF level
via I15-11, H5-6, H4-5, H5-11 and H4-9, out to the MTT at connector pin B14. The clock trailing edge
clocks and sets flop F2-5. The Q output of F2-5 goes low, causing the output of G2-11 to go false
(high) to disable G3-6 via G2-8 and prevent any further Write Clocks being issued.

12 and H2 continue to scale to produce a Write Reset at connector pin F to put LRCC on tape and
to produce a 1 to Stop to initiate a normal stop sequence.

READ DATA SEQUENCE

The control pcb starts tape motion and applies Tape Run to the data pcb at connector pin B5.
When the start sequence has finished, the control pcb begins sending (Data) Clock pulses to the data
pcb via connector pin B3. The MTT reads the first character on tape and applies it to the data pcb
via a cable to the Read Data inputs at pin group N to A. The parity checker senses the data and
checks for a parity error. The data is received by the E2 inverters and applied to the D inputs of
the Data Register. The MTT also sends a Read Clock signal to the control pcb, which then applies a
Read Clock level to the data pcb at connector pin B4.

RD RCL resets the scalers I2 and H2 via I5-3 and is applied to gates H5-3 and H5-11 via inver-
ter G2-6. H5-3 is enabled at pin 2 by flop H4-5 Q. Therefore the data is clocked into the most sig-
nificant byte of the data register by the RD RCL via H5-3 and inverter G5-6. RD RCL also clocks flop
H4-5 via I5-11 and H5-6. This causes H4-5 to set and enable gates H5-11 and H5-8. When the second
character on tape is applied to the inputs of the Data Register, the RD RCL clocks the data into the
least significant byte of the register and toggles H4-5 back to the reset condition to receive the
next character from tape. Two 6-bit bytes from the tape have then been assembled into one 12-bit word
in the Data Register and applied to the Output Drivers. The second RD RCL also clocks H5-8 to produce
a 1 to BRK signal which is applied to the control pcb to initiate an MTT BRK REQ to the multiplexor.
The multiplexor responds by sending a Data In pulse to the data pcb via connector pin B16, which then
strobes the data out to the CPU via the OQutput Drivers.

RD RCL pulses to the data pcb terminate when the entire record has been read. 12 and H2 are
allowed to scale through to the end to produce a 1 to Stop signal, at connector pin B7, which then

initiates a normal stop sequence.

READ LONG GAP

When the controller begins a normal read sequence and no Read Clocks are applied to the control
pcb, RD RCL pulses to the data pcb are inhibited. The absence of RD RCLs allows I2 and H2 to scale
to the end and initiate a normal stop sequence.



READ EOF

The EOF code is recognized by gates C2-8 and E3-6. The inputs of C2-8 and E3-6 will all be
true when the code 1717 has been assembled in the Data Register, causing their outputs to be true.
These are inverted by G4-3 and E3-8 and applied to G4-6, causing its output to be treu to the D-input

of flop H4-9.

When the RD RCL pulse clocks the least significant byte into the Data Register, via H5-11 and

G5-8, H5-11 also clocks flops H4-9 and F2-9. This causes F2-9 to set and if the EOF code is present

H4-9 will reset. The Q output of H4-9 goes high to send the EOF signal to the readcheck pchb.

The Q output of F2-9 enables gate G4-8. If another RD RCL arrives indicating that the EOF just

detected was not a true EOF, then the output of G4-8 will go low (true) and set flop H4-9 to remove
the EOF signal from the readcheck pcb.



MAGNETIC TAPE DATA, 9-TRACK - 10365 Rev A
Rack Location B24

The Magnetic Tape Data, 9-Track, pcb controls data transfers between the CPU and 9-track Magne-
tic Tape Transport. The lower portion of the logic diagram shows data control circuitry and the upper

portion shows data handling circuitry.

The logic consists of the following main blocks:

1. Data register

2. CRCC register

3. CRCC Drivers

4. Data Drivers and Receivers
5. Timing Circuits

6. Parity Generator and Check
7. End of File Detection

E2, E3
c2-9, 3, C4

A3, B2-13, B3

C1-6, C1-7, F2, A5,
B5, A4, B2-1, B4
14, I5

F4, F3

H3, H4

WRITE DATA SEQUENCE

When the MTT control pcb starts motion of the MTT it issues a Tape Run signal to the data pcb,
connector pin B5. The signal is inverted and applied to gate I3-3 pin 2, it also enables gate I13-11
at pin 13. The output of I3-3 resets Timing Scaler I4 and is also inverted and applied to I3-6 pin 4,
whose output resets scaler I5.

Immediately after motion has started, the control pcb issues an MTT Break Request to fetch from
the CPU the first character to be written on tape. The CPU responds with an MTT Address Accepted sig-
nal which is applied to the control pcb to reset the Break Request flip-flop, and to connector pin B9
of the data pcb where it is applied to IOR gate H2-3 pin 1. The output of H2-3 is gated with Write
Select, from connector pin B12, at F1-6 to reset the Data Register flip-flops. The CPU then applies an
MB Out to MTT Data signal, to connector pin B23, which is inverted and gated with Write Select at H1-8.
The output of H1-8 is inverted and used to enable NAND gates E4 and C5 to allow the data available on
BMB 4 to BMB 11, connector group B28 to B26, to direct set the Data Register.

When the Data Register is loaded its outputs apply the data to the CRCC Generator Circuit, the
Parity Generator circuit F4, and the Output Driver NAND gates A4 and B4. The parity bit generated by
F4-8 is applied to the Parity Driver, B2-1 pin 3. The Output Drivers and the Parity Driver — A4, B4,
B2-1 — are enabled by the Write Data signal from connector pin B8. The signal is routed via IOR gate
H2-11 and applied to NAND gate H2-8 with the inverted WEOF signal from connector pin B15. Thus the
driver gates have the complete data word available at their outputs.

When the tape reaches speed the control pcb sends (Data) Clock pulses to the data pcb connector
pin B3. These pulses are applied to I3-11 pin 12, which was enabled by Tape Run. The output of I3-11
drives the clock input of scaler I4. The scaler divides the eclock pulses by a factor of 16 and this
output is used to trigger the Monostable, I1. The 3 us pulse output is gated with the Write Select,
from connector pin B12, by H2-11 whose output is inverted and gated by I3-8 with the Write Data signal
from H2-11. The output of I13-8 is applied to G5-6 pin 5, 13-6 pin 5, and H1-6 pin 5 to produce the
1 the Break signal at connector pin B11.

The output of G5-6 is gated by G5-8 with the Q output of flip-flop G2; G2 is held in the reset
state except during a WLG or WEOF condition. Thus G5-8 is enabled and produces a Write Clock signal
at connector pin J. The signal strobes the data available at the outputs of the driver gates — A4, B4,
and B2-1 — into the MTT data electronics via the cable connected at pin group X to D (top left).

The output of I3-6 is used to reset scaler 15 every time the monostable, I1, initiates a Write
Clock during a normal write data sequence.



The next word of data is requested by the trailing edge of the T to BRK signal, at connector
pin B11, which sets the BRK REQ flip-flop on the control pcb. The T to BRK signal is produced at the
same time as the Write Clock signal. The circuit then operates as previously described for each suc-
cessive break request until the complete record has been written. The controller then writes LRCC and
CRCC on the tape, then stops the tape motion.

WRITE CRCC

When the last Address Accepted pulse comes from the computer an MTT WC Overflow pulse is issued
by the WC and CA pcb, 10442, to the MTT control pcb to inhibit any further Break Requests from the MTT.
When the data pcb issues the 1 to BRK pulse, which corresponds to the last Write Clock, the control
ocb cancels the Write Data signal so that connector pin B8 goes high. This inhibits I3-8 via H2-11 and
prevents the 3 ps pulse produced by I1 from enabling gate I13-8; thus any further 1 to BRK signals and
the reset of scaler I5 are inhibited; I5 continues to scale.

Because Write Data is high, G3-6 pin 6 will be high to enable gates G4-6 and H2-6; F5-1 pin 2
will also be high and prevent clocking of the CRCC Register.

When scaler 14-11 goes low, I5-12 will go high and enable G4-6. When I4-11 next goes high, the
monostable will produce a 3 us pulse to be gated with Write Select by H1-11, inverted by G3-2 and ap-
plied to G4-6 pin 3. The output of G4-6 is then applied to H2-3 pin 2 whose output is gated by F1-6
with Write Select from connector pin B12 to reset the Data Register.

When scaler 15-8 goes high, four character times after the last data word was written, H2-6
output will go low and H5-12 pin 2 will be enabled. The low signal at the output of H2-6 is inverted
by B1-9 and enables the CRCC Driver gates A3, B3, and B2-13. The CRC character available at the CRCC
Register flop outputs is then applied, via the inverters Bl and C1 and the output drivers, to the write
data lines to the MTT.

While 15-8 is still high I4-11 will go high, causing the monostable to produce a pulse which is
applied to H5-12 pin 13 via H1-11 and G3-2. H5-12 pin 12 will go low, causing G5-6 to go high. This
high is applied to G5-8 pi» 9, which is enabled by G2-5 pin 6, and a Write Clock is produced at connec-
tor pin J to write the CRC character on tape.

When the 3 ps pulse terminates H5-12 pin 12 will return to the high state and clock the flip-
flop G2-5. G2-5 pin 6 will go lTow and disable gate G5-8, thus inhibiting any further Write Clocks.

WRITE LRCC

Scaler I5-11 will go high four character times after I5-8 goes high, or four character times
after CRCC was written on tape. When I5-11 goes high, G5-3 pin 3 will go low to send a Write Reset
signal to the MTT via connector pin F. The signal resets the Write amplifiers and the MTT automati-

cally writes the correct LRC character on tape.

STOP SEQUENCE

When I5-11 goes low again the output of adder D4 will go high and clock flip-flop I2-9 to set
the flip-flop, which then sends a 1 to Stop signal to the control pcb via connector pin B7 in initiate

the stop sequence.

Flip-flop G2-5 will be reset to allow Write Clock pulses when the control pcb removes the Write

Select signal.



WRITE LONG GAP

To write a long gap on tape the control pcb issues a WLG+WEOF signal to the data pcb via con-
nector pin B6. This low signal is applied to G5-11 pin 12 and H5-12 pin 1. G5-11 will be high, forc-
ing E5-8 pin 8 low to hold the CRCC Register reset for the time the long gap is being written. G5-11
pin 11 will also force E5-6 pin 6 low to hold the EOF detection flip-flops (H3 and H4) reset while
writing a long gap. WLG*WEOF also holds the output of H5-12 high. This prevents a Write Clock from
being produced through G5-6 and G5-8 when 15-8 goes high.

The control pcb inhibits clocks to the data pcb until the long gap has been written. When the
clocks begin scalers I4 and I5 start to scale and tape motion is stopped by the normal Stop Sequence.

WRITE EOF

The control pcb sends a WLGFWEQF signal to the data pcb to write an EOF on tape. The WLG+WEOF
signal conditions the data pcb in the same manner as it does when writing a long gap.

The WEOF signal at connector pin B15 releases the reset and conditions the D-input of flip-flop
[2-5, and also enables NAND gate H1-3. Because flip-flop K2-5 is reset, pin 6 is high and H1-3 output
will go lTow to H2-11 pin 12. The output of H2-11 enables I3-8 pin 9, and is also inverted by G3-6 and
applied as a low to H2-6 pin 4 to disable the CRCC Driver gates -- A3, B3, and B2-13.

WEOF is also inverted by C1-1. This low level is applied to H2-8 pin 9 to disable the Output
Drivers — A4, B4, and B2-1. It is also applied to inverter E1-8 whose output is applied to inverters
A2-1, A2-4, and A2-13 The outputs of these gates go low to place the EOF code 23 on the output data

lines.

The control pcb inhibits clocks until a Tong gap has been written then issues them to the data
pcb and I4 begins to scale. When I4-11 goes high the monostable Il produces a pulse which is applied
to H1-11, inverted, and applied to I3-8. The output of I3-8 clocks flip-flop 12-5 on the trailing
edge. 12-5 pin 6 then goes low, forcing the output of H1-3 high. This causes H2-11 to go low and
disable 13-8 to inhibit any further pulses from the monostable. The single pulse allowed to pass 13-8
enables G5-6 to produce a single Write Clock at G5-8 pin 8 and connector pin J.

" This Write CTock strobes the first word of the EOF code to the MTT to be written on tape. I5
is then allowed to scale: when I5-11 goes high it enables G5-3. When I4-11 goes high it triggers the
monostable which applies a pulse to G5-3 via H1-3 and G3-2. The output of G5-3 goes low and applies
a Write Reset signal to the MTT via connector pin F. This Write Reset writes the second word of the

EOF code on the tape.

When 15 finishes scaling and I5-11 goes low it sets flip-flop 12-9 and a normal stop sequence

is initiated.

READ DATA SEQUENCE

The control pcb starts tape motion and sends the Tape Run signal to the data pcb as for the
Write Data Sequence. When the start sequence is complete the control pcb sends clock pulses to the
data pcb. The MTT reads the first character and sends the data to the data pcb via cable connector
pin group S to K where it is received by .inverters F2, C1-6, and C1-7. The inverted data is applied
to the D inputs of the Data Register flip-flops and the inputs of the Parity Checker F3. The output
of F3 is applied to flip-flop G2-9 pin 12. Simultaneously the MTT reads the character and sends a
Read Clock signal to the control pcb and to the data pcb via cable connector pin H. The control pcb
produces a Gated Read Clock which it sends to connector pin B4 of the data pcb. This signal is applied
to H1-6 pin 4 to produce a T to BRK pulse at connector pin B11: it also applied to inverter G1-13 pin
12. The output of G1-13 is applied to inverter E1-6 whose output clocks the data into the Data Regis-
ter. The Data Register outputs then apply the data to the inputs of Data Driver gates A5 and B5 to
await transfer to the CPU. The Read Clock signal at connector pin H clocks the Parity flip-flop G2-9.
If there is a parity error G2-9 will set and send a Read Parity signal to the control pcb, via connec-
tor pin B24, to be processed.




The T to BRK pulse produces an MIT BRK REQ at the control pcb. This is sent to the multiplexor
which responds with a Data to MB In signal at connector pin B16 to strobe the data out to the CPU via
output Data Drivers A5 and B5.

When motion starts Tape Run releases scalers I4 and I5. When the start sequence has ended the
control pcb sends clocks to the data pcb and I4 and I5 will scale. Each Gated Read Clock resets the
scalers via I3-3, G1-1, and I3-6. When the record has been read the Gated Read Clock signals stop and
14 and I5 are allowed to scale through to initiate a normal stop sequence.

READ LONG GAP

The controller starts a normal read sequence. When no Read Clock signals reach the control pcb,
no Gated Read CTock signals are produced to send to the data pcb. The absence of a Gated Read Clock
for 16 word times causes the most significant bit of scaler I5 to set and produce a 1 to Stop signal.
This indicates a blank detect condition to the control pcb which will then start a normal stop proce-

dure.

READ EOF

An EOF is coded as two successive 23 octal characters. Gates F5 and G4-12, and G4-8 recognize
the code of 23; G4-8 enables gate H5-6 and flip-flop H3-9 via inverter G3-9. The trailing edge of the
first Gated Read Clock sets flip-flops H3-9 and H3-6. H3-9 enables H5-6 previously conditioned by
G4-8 and WEOF on pins 5 and 3 respectively. H5-6 output puts a low level on the D input of H3-5. The
Gated Clock leading edge clocks H4-12 to a set condition. The second Gated Read Clock toggles H4-12 to
a reset condition and the Q output clocks H4-9 to a set state. Flip-flop H4-9 set condition indicates
that two characters have been read. The trailing edge of the second Gated Read Clock resets H3-5.

The output of H5-8 then goes low, and is inverted by G3-7, and applied to the control pcb via connector
pin B14 to indicate an EOF has been received.

When H4-9 is set the Q output disables the K input of H4-12. H4-12 can now only be set, and not
reset. If a third Gated Read Clock arrives it sets H4-12 and the Q output disables H5-8. This inval-
idates any EOF codes by removing the EOF signal. Any further clocks will have no effect.

The MTT motion stops in the normal manner.

CRCC GENERATION

The CRCC Register is originally reset so that its content is zero. The Q outputs of the CRCC
Register are applied to one input of the full adders D1, D2, D3, D4, D5; the Q outputs of the Data
Register are applied to another input. The Parity Generator output from F4 is applied to adder D5-9
pin 12 via F4-6 and G3-1. The outputs of the full adders are applied to the next most significant
flip-flop in the CRCC Register. When the CRCC Register is clocked (at the same time as Write Clock)
the adders accomplish the add and shift portion of the CRCC generation. The output of adder D5-7 is
fed back to an input of each of D1-9, D2-7, D2-9, and D3-7. This causes register flop Q outputs at
€3-10, €3-7, C3-6, and C4-9 to be inverted if the parity bit, at flop C4-6 output, becomes a 1 when the
register is shifted. Inverters B1 and C1 invert the contents of the CRCC Register, except flops C3-10
and C3-6, to write the CRC character on tape.

NOTE: A description of how CRCC is actually written on tape is contained in the Write Data Se-
quence portion of this description.
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MTT READCHECK AND STATUS, 7-TRACK

10368 Rev 0
Rack Location A26

The 7-track MTT Readcheck and Status pcb operates in exactly the same manner as the 9-track
pcb, 10246. The cyclic redundancy check character circuitry is not used on 7-track magnetic tape
and is not included on this pcb.






9-TRACK MTT READCHECK AND STATUS - 10246 Rev A
Location B26

The MTT Readcheck and Status pcb provides error detection during a read data sequence, includ-
ing read after write, by enabling appropriate status bits to the CPU. Status bits are also generated
to indicate to the CPU the current state of the MTT.

The pcb contains a longitudinal redundancy check character register (LRCC), the cyclic redun-
dancy check character register (LRCC), the cyclic redundancy check character register (CRCC), and the

status output gates.

LRCC

The parity bit and eight data bits are applied to the pcb via connector pin group B to L, left
side. The inputs are applied via DTL receiver-inverters H1-2 to E1-6 to the J and K inputs of the
LRCC register — J-K flip-flops H2-13 to A2-8. The Read Clock input to the pcb, via connector pin B32,
is applied through gates A5-8, C2-6, and A1-6 to the C inputs of the register flops.

The flop resets are connected in common to power driver A3-8, which is pulsed by the output of
monostable C5-6. The monostable is triggered by the Tape Run pulse at connector pin B8 and resets the
register each time a Tape Run pulse occurs.

When the first data word occurs the register J-K inputs will be either high or low, depending
upon whether the corresponding data bit is a 1 or 0. Any flop with a high input will toggle when a
Read Clock arrives; any flop with a low input will remain in the same state. Thus a flop receiving
an even number of ones will always be in the reset condition.

The number of ones on each track in NRZ magnetic tape recording is always even because of the
LRCC written by the write amplifier reset strobe. Therefore if the LRCC is correct the register will
be all reset at the end of each data transfer.

The Q outputs of all the J-K flops are applied to the multiple inputs of IOR gate C1-8. When
a correct LRCC state exists all the Q outputs will be high, causing C1-8 to be low. This Tow level
is applied to NAND gate J5-11 as a positive going pulse. I0T 6541 is applied to connector pin B3 at
Read Status time to strobe the LRCC status to the <Pl accumulator via J5-11 and connector pin B7.

During Reverse motion connector pin B9, Forward, will be high to D5-8 pin 9, which will make
C2-6 pin 4 low to cause an inhibit state and prevent Read Clocks being applied to the register.

CRCC

CRCC Handling

Nine-track magnetic tapes are written with a Cyclic Redundancy Check Character (CRCC) at the
end of each data block.

The CRCC is based on a modified cyclic code and provides a more rigorous method of error detec-
tion than using the VRC or LRC checks only. When reading, it can also be used in conjunction with the
VRC and LRCC checks for error correction, provided that the errors are confined to a single channetl.

The character is generated in the CRCC register, which consists of nine flops, designated CP,
and CO to C7. (IBM use the designations P, parity, and 0 to 7, ide. 27 to 2°).



With the register originally reset to zero the CRCC character is generated as follows (refer
to the following figure and tables].

1.

6.

A1l data characters are added to the CRCC register without carry (each bit position n is
exclusive ORed to C).

Between additions the CRCC register {s shifted one position (CP to CO..... C7 to CP).

If a shift causes CP to become 1 the bits befng shifted into €2, C3, C4, and C5 are inver-
ted.

After the last character has been added the CRCC register content shifts again in accor-
ance with steps 2 and 3.

Before writing the register contents onto tape the contents of all positions, except C2
and C4, are inverted. The parity CRCC is odd if the number of data characters within the
block is even, and the parity is even if the number of characters within the block is odd.
The CRCC may only contain all O-bits if the number of data characters is odd.

Its value is such that the LRCC always has odd parity.

To check CRCC in a Forward command the CRCC register recalculates the CRCC. When the original
CRCC is combined with the new CRCC, the result should be a match pattern of 111010111 in the CRCC re-
gister; Table 1b shows this function.

To check CRCC in a Reverse command, the significance of the data bits entering the CRCC regis-
ter must be reversed; Table 1c shows this function.

The figure gives details of circuit implementation. 230%
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Table la:

Table 1b:

Table Tc:

FORWARD CRCC GENERATION

IBM SIG

BIT SIG

cp 1/Pp =1
CRC TO TAPE

RESET
CHAR 1
ADD. SHIFT
CRC
CHAR 2
ADD. SHIFT
CRC
CHAR 3
ADD. SHIFT
CRC
CHAR 4
ADD. SHIFT
CRC

FORWARD CRC CHECKING

CHAR 4
ADD. SHIFT
CRC
CRC
ADD. SHIFT

REVERSE CRC CHECKING

IBM SIG

RESET
CRC
ADD. SHIFT
CRC
CHAR 4
ADD. SHIFT
CRC
CHAR 3
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CRCC Check

The CRCC Register consists of the nine flops I4-5 to E4-9, CP to C7. The leading edge of the
Tape Run signal at connector pin B8, via monostable C5-6 and power driver A3-6, sets the register to
its zero state. This ensures that the register is reset before the first data character is received
at the beginning of each data block. The Q output of each register flop is applied to the A input
of its associated full adder flop, 13-7 to D3-7.

When the first data word is applied from the Read Data connector pins B to L to the B inputs of
the adder flops via the receiver-inverters, H1-2 to E1-6, all of the A inputs will be low (the regis-
ter was reset by Tape Run). Therefore the sum output of the adders will correspond to the applied
data at the B inputs (e.g. if the data applied to H3-7 pin 3 is high then pin 7 will be high).

The first data word presented to the register is 1g, refer to the figure. This will cause the
B input of adder flop D3-7 pin 3 to go high; the B input was low from E4-9 because of the initial re-
set from Tape Run. Consequently the sum output at D3-7 pin 7 will be high and the sum output at pin
6 will be Tow. Pin 6 is fed back to pin 12 (ci) of H3-10 and G3-10. Pin 7 is fed back to pin 4 (ci)
of H3-7 and G3-7 to cause inversion of bits 25, 2%, 2%, and 22 (refer to CRCC Handling).

The CRCC Register will perform an add-shift function for every data word applied to the pcb;
the final word is the CRCC as originally written on the tape. When this word is exclusive ORed to the
re-generated CRCC the result is a match pattern, refer to the figure. The pattern is checked by 10-
input IOR gate H5-8. The gate inputs are individually derived from the Q outputs of the CRCC Register
flops. Thus when a match pattern exists in the register all of the inputs to H5-8 will be high,
causing pin 8 to go lTow as a wired OR with inverter D5-6 to CRCC Error flop D4-5 pin 2. The wired OR
ensures that the CRCC Error flop can not be set during a Reverse motion.

It is possible for the tape CRCC character to be all zeros, therefore the facility to produce
a phantom strobe has been provided for use when it has been determined that the CRCC is zero data.
Under normal read data conditions, including read after write, the read data strobe, Read Clock, is
applied via connector pin B32 to inverter B3-8 pin 9 and IOR gate A5-8 pin 9. Therefore Read Clocks
appear at A5-8 for every word read off the tape. The positive-going clock pulses at B3-8 are applied
to a retriggerable 150 us Monostable 1, B4-7 pin 4. Thus the monostable will be continuously set while
Read Clocks are being received. B4-7 Q will be low to flop C3-5 pin 3 during this time, causing it to

remain reset.

If the read-strobe is absent from B4-7 pin 4 for more than 200 us, i.e., four character spaces,
the monostable will not be retriggered. Consequently pin 7 will go high to clock flop C3-5, which
in turn triggers the 150 ps Monostable 2, B4-10 whose Q output causes the D input of flop D4-9 to go
high. If the CRCC is not zero data a Read Clock pulse will arrive at D4-9 pin 11 and set the flop.
The Q output is connected to the direct set and Tatches the flop once it is set; the Q output also in-
hibits NAND gate A5-11 pin 12 to inhibit the phantom strobe, generated by B4-10, to allow the normal
read data condition. If the CRCC was zero data D4-9 would not set, therefore NAND gate A5-11 would be
enabled and the Read Clock strobe would pass through to clock the registers.

The phantom strobe is generated by the positive to negative transition of Monostable 2. Assum-
ing that the input to inverter A5-6, pins 4 and 5, and NOR gate B5-10 pin 9 are logic high, the output
of B5-10 will be low (because of pin 9). When B4-10 goes low B5-10 pin 9 will immediately follow the
change, while the input to B5-10 pin 8 is slowed by the 680 pf capacitor. Thus at some time both in-
puts to the NOR gate are low for a pulse period with the pulse width depending upon the capacitor.

The trailing edge of the phantom strobe circuit output pulse clocks the CRCC Error flop D4-5,
via inverter A5-3; the flop is cleared by IOT 6532 from connector pin B2.

The flop E4-5 ensures that the Record Longer than Word Count status does not give a false indi-
cation, due to the extra CRCC strobe.



TAPE TRANSPORY SELECTION
The four Transport Select flip-flops, J3 and J4, bottom left, provide capabilities for selecting
The select bit is presented to the D inputs and I0T 6521 is pre-

one of up to four tape transports.
The appropriate flop will set and its output will be

sented to the C inputs of the four flops.
buffered and inverted by its associated inverter, J1-3, J1-4, J1-10, or J1-11, and applied to the se-
lect line of the required MTT via connector pins S, R, T, and U.

If an MTT has not been selected and an attempt is made to issue tape commands a Set Illegal
status will be generated, via exclusive OR gates J2 and connector pin B31. This status will also occur

if more than one MTT is selected simultaneously.

J3-5 and J3-9 flop outputs are connected to exclusive OR gate J2-8; J4-5 and J4-9 outputs are
connected to J2-3. The outputs of both gates are connected to exclusive OR gate J2-6. If none of the
Select flops are set the inputs to J2-8 and J2-3 will be low, causing the outputs to be low to J2-6

to provide a Set ITlegal condition. When an MTT is correctly selected a high level will appear at

J2-6.

STATUS OUTPUT
The status outputs are provided by the 12 power NAND gates FG5-3 to J5-4 (top of illustration)
which provide the following status information when enabled by IOT 6541 at connector pin B3:

Vertical Parity EOF

I1legal Command Busy

EOT CRCC Error

BOT LRCC Error

Record Longer than Word Count Transport Not Ready
Record Shorter than Word Count No Write Ring






DRUM AND MTT MULTIPLEXOR AND IOT DECODER - 10298 Rev 0

Rack Location A21

The I0T generator decodes both positive and negative pulses, IOT 6501 to IOT 6554; the multi-
plexor transfers break requests from the drum and MTT to the CPU. Although mounted on the same pcb,
the two units function independently of each other.

10T GENERATOR

The I0T generator is detailed on the left portion of the illustration; apart from the Drum and
MTT I0Ts three other pulses are generated to control the software flag. The flag comprises R-S flop
G2-3 and F5-6 (bottom centre).

Pulse IOT 6461 (Skip if Software flag is false) senses the status of the R-S flop through gate
G5-4. The decoded pulse from NAND gate G2-11 is inverted and applied to G5-4
pin 5. The Q side of the R-S flop is applied to G5-4 pin 6. A Skip pulse is
generated, at connector pin B9, if IOT 6461 is issued and the R-S flop is reset.

Pulse IOT 6452 (Reset Software flag) resets the R-S flop through gate G2-8. When the CPU is
not running a B Run (1) level appears at connector pin A13 (bottom left) to reset
the R-S flop F5-6 at pin 3.

Pulse IOT 6464 (set Software flag) sets the R-S flop through gates G2-6 and G2-3. If the R-S
flop is true the output of G2-3 is inverted and goes low to connector pin A9 to
create a Program Interrupt level.

A CTear Accumulator pulse will be generated (top left) if any one of nine instruction exist.
The instructions are applied through IOR gates D5, E5, and G5 to connector pin BI1.

The nine I0T instructions are: 6502, 6504, 6512, 6522, 6524, 6534, 6541, 6551, and 6552. Four
of the output pulses (6522, 6524, 6551, and 6552) are differentiated prior to the power drivers to
shorten the pulse length from 600 to 400 ns.

MULTIPLEXOR

The multiplexor routes the break requests from the MTT or drum to the CPU, and handles the CPU
responses in sequence. Neither of the breaks have priority. Initially either drum or MTT can take
command of the data break and consequently block the break request from the other unit.

The MTT Break Request and Drum Break Request are applied to the pcb via connector pins B7 and
A16 respectively (right side). The Drum Break Request is inverted and applied to NAND gate F1-8 pin
11, which is enabled if the MTT break request is not in progress. The Drum Break Request is also
routed through C1-8, F2-6, E1-3, and C5-4 to pull down the CPU break request line via connector pin
B25. F1-8 also will go low to inhibit the MTT Break Request at F1-12 pin 13 and enable D1-6 pin 2.
D1-6 goes high to connector pin B21 to provide the Drum Address to DA (Data Address) pulse requesting
the Current Address Register on the WC & CA pcb, 10442, to gate the correct address onto the ADR lines
of the CPU.

When the break request has been issued to the CPU and the Drum Address has been applied to the
ADR lines (on pcb 10442) the CPU issues an Address Accepted pulse to the pcb via connector pin A21.
The pulse is inverted through E1-11 and applied as a high level to NAND gate C1-3 pin 2. C1-3 pin 1
is high because of the original break request. C1-3 goes low to D1-1 so that D1-6 will hold the Drum
Address to DA level high. Therefore the R-S flop C1-3, D1-6 is controlled by Address Accepted (con-
nector pin A21) once the drum break has been issued.



The pulse also appears at connector pin A32, Drum Address Accepted, for the duration. It can-
cels the original drum break request or the Drum Control pcb, 10282, and increments the word count and
current address portions of pcb 10442. The pulse is also applied through B1-6 pin 4 to E5-3 pin 1;
E5-3 pin 2 will be high for a read transfer only. E5-3 is enabled and H5-8 issues a strobe, Drum Data
to MB In, via connector pin A36. The B1-6 positive pulse is also applied to B1-8 pin 12 to produce a
pull-up pulse, MB Qut to Drum Data, at connector pin A33. The pulse returns to a high level at the
end of its duration and strobes the BMB line into the Derandomizer Write Register. The B1-6 positive
pulse is also applied to C5-13 pin 11 to inhibit E5-3 if there is also a Drum Write input at connector
pin B30. (5-13 also sets the Transfer Direction low to the CPU at connector pin B28.

The original Address Accepted pulse from the CPU is 400 ns wide; when it terminates C1-3 will
go high. The Drum Break Request was cancelled earlier, therefore F1-8 is high to D1-6 pin 2, and can-
cels the Drum Address to DA and Drum Address Accepted levels at connector pins B21 and A32. The R-S
flop B1, Al remains set until a BTS 3 Delayed pulse appears at connector pin A30. BTS 3 from connector
pin A37 is delayed by the A5 inverters for 100 ns for timing considerations.

Thus, a state exists where the break cycle has commenced at the CPU, the Address Accepted pulse
has been timed out, and the data transfer, in or out, is due. BTS 3 Delayed goes low to Al-11 pin 12
to reset the R-S flop. B1-6 will go low and power driver B1-8 will provide a positive level change
to connector pin A33 (MB Out to Drum Data) as explained previously. The positive edge transfers the
data from the MBs to the Derandomizer pcb as the final operation in the drum break cycle.

The MTT Break Request is applied in a similar manner to the drum request, providing the drum
is not transferring data. The MTT Break Request level at connector pin B7 is inverted to apply a high
level to F1-12 pin 1 and inverter F2-7 pin 8. The inverter output is applied to E1-3 pin 2 (similar
to the drum cycle) to put a Break Request to connector pin B25 via C5-4. NAND gate F1-12 functions as
in the drum cycle — the MTT request must not be pre-empted by the drum request — and the drum request
must not be in progress. If these conditions are met, F1-12 goes low to D1-8 pin 10; pin 8 goes high
to connector pin A25, MTT Current Address to Data Address. As with the drum cycle the pulse goes to
the Word Count Current Address pcb to put the current address into the ADR line of the CPU. An Address
Accepted pulse is issued by the CPU when it recognizes the break request. The pulse is applied via
connector pin A21 and ET1-11 pin 12 to C1-11 pin 13; pin 12 is held high by D1-8 (similar to the
drum address accepted circuit). Therefore pin 11 goes low to hold D1-9 low for the duration of the
Address Accepted pulse and to set the MTT Data Transfer R-S flop Cl1, Al.

When the flop is set it signals, via C5-1 and connector pin B28, that the cycle is ready to ac-
cept data to or from the CPU. G5-13 pin 12 goes high when the flop sets; pin 11 is high during a read
cycle and G5-13 generates a strobe, MTT Data to MB In, via H5-6 and connector pin A26. An MTT Write
level, connector pin A27, places a high on Al1-6 pin 5 to enable that gate and produce an MB Out to MTT
Data level at connector pin B31 during a Write sequence. It also inhibits G5-13 via C5-1, which is

Tow.

The output at C1-11 is also applied to connector pin A23 as the MTT Address Accepted pulse to
cancel the MTT Break Request on the MTT Control pcb 10285. When the MTT Break Request terminates, the
MTT Address to DA (connector pin A25), and MTT Address Accepted (connector pin A23) pulses terminate.

The BTS 3 Delayed pulse resets the MTT Data Transfer R-S flop C1, Al and causes a positive out-
put at A1-8. The transition at C1-6 goes low and is shaped into a 100 ns positive pulse by the A5 cir-
cuitry. During Write conditions this output pulse strobes the data to the MTT Data pcb via Al1-6 and
connector pin B371.

An R-C network between F1-12 and F1-8 pin 9 prevents parasitic oscillations.



WORD COUNT AND CURRENT ADDRESS - 10442 Rev B

Rack Location A23

The circuitry consists basically of four 12-bit binary counters, which control high speed data
break transfers between the CPU and magnetic storage drum, and the CPU and magnetic tape transport.
The pcb contains two similar circuits: one for the drum and one for the MTT. Each circuit consists of
two presettable 12-bit binary counters: one for current address and one for word count. The drum cir-
cuitry only will be described.

WORD COUNT (uWC)

The drum word count register, D1, F1, H1 counts the number of words transferred between the drum
and the CPU. It is initially preset to a value that is the two's complement of the total number of
words to be transferred. This value is supplied by the CPU BAC lines 00 to 11, connector pin group B40
to A4. The drum WC register consists of 4-bit binary counters D1, F1, and Hl. The register is preset
by I0T 6522 via connector pin A2 and inverter H5-12.

The drum word count register is incremented during each break cycle via the Drum Address Accept-
ed pulse at connector pin B4 (Tower left). This pulse is routed via F5-3 and gated by B Break (0) at
F5-11 to prevent noise from incrementing the registers when a break cycle is not in progress. A pulse
generator, consisting of G5-10, G5-6, and G5-4, produces a 150 ns pulse which is transmitted via F5-8
to clock the drum WC register. (It also clocks the drum CA register, consisting of D3, F3, and H3.)

When the most significant bit of the drum WC register changes from a one to a zero (i.e. over-
flow) a Drum WC Overflow pulse is produced at connector pin B37. This indicates to the Drum Control
pcb that the desired number of words have been transferred.

CURRENT ADDRESS (CA)

The Drum Current Address Register consists of 4-bit binary counters D3, F3, and H3. These are
preset via IOT 6524 at connector pin B2. The CA register value indicates to the CPU which address in
memory is to be used for data transfer. The 12-bits are capable of addressing 4096 memory locations.
The drum Extended Memory Address Register consists of three flip-flops E5, D5, and C5. The flops are
used to select one of the eight 4096 word memory fields which is to be used in the transfer. This re-
gister is loaded via 10T 6544 at connector pin A24 from accumulator bits 06, 07, and 08.

The value held in the drum CA and drum EMA registers is applied to open collector NAND gates E3,
G3, I3, and C3. The 15-bit value is gated onto the Data Address bus lines by the Drum Address to DA
pulse applied at connector pin A13 (top left).

B RUN CONDITIONING

The B Run signal is taken directly from the CPU to connector pin A27 then through a noise sup-
pression circuit consisting of an integrator and Schmitt trigger. This circuit is capable of rejecting
high-going noise pulses up to 4 us wide. The signal is inverted by paralleled power gates, B5-6 and
B5-8, and fed to the CCL logic via connector pin A26.
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