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PREFACE

This manual provides information necessary for the installation
and maintenance of the Western Peripherals Model TC-120/128

Tape Controller, used with Data General or Data General-emulating

computers.

The manual is divided into the following sections:

Section I General Description
Section II Installation
Section III Programming

Section IV Theory of Operation
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SECTION I

GENERAL DESCRIPTION

1.1 DESCRIPTION OF EQUIPMENT

1.2 The Western Peripherals Model TC-120/128 is a universal mag-
netic tape controller/formatter which is hardware and software
compatible with the Data General family of computer systems, pro-
viding both NRZI and phase encoded (PE) format capability in a
single embedded printed circuit board. The controller is also
compatible with all other computers emulating the Data General
computer family, using the standard-sized 15 inch x 15 inch cir-
cuit boards. The controller contains all interface, control,
status, and formatting electronics to emulate the Data General
tape subsystem and installs directly into any available card slot
in the computer or expansion chassis. The controller board inter-
faces with the standard backplane and, using a special connector,
interfaces to the tape drives through the rear of the computer.
Three ribbon cables interconnect the controller with the tape
drives through cable adapters, which also provide daisy-chaining

capabilities for multiple drive installations.
1.3 DRIVE COMPATIBILITY

1.4 The controller will handle up to eight industry-compatible
(IBM/ANSI) read-after-write (dual gap) tape drives. The controller
is capable of handling tape drives in varying combinations of

speeds, densities, and formats. The controller can select either
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GENERAL DESCRIPTION

of two switch selectable speeds in the range from 6.25 to 125

inches per second (ips).

1.5 Single or dual density NRZI and PE tape drives may be used
with densities of 200, 556, or 800 bits per inch (bpi) NRZI
7-track,800 bpi NRZI 9-track, and 1600 bpi PE 9-track (PE mode

not available in Model TC-128. Software density control is avail-
able for dual density operation. The controller is compatible

with all industry-standard tape drives.

1.6 OTHER FEATURES

1.7 The controller is compatible with the I/0 bus and with ex-
isting magnetic tape software, utilizing the standard magnetic
tave controller registers. Enhancements of the standard registers
provide other features which add to the usefulness of the con-
troller. Transfers of register information between the tape
controller and the computer are made under I/0 transfer control
via device code #22. Device code #62 may be used for a second
tape system if over eight tape drives are used or other system
requirements are such that a second controller must be used. The
device code may be changed by moving a jumper. Data transfers

are in a 16-bit word format wvia the bus.

1.8 In 7-track, 4-6-6 bit packing allows a full 16-bit word
memory dump transfer to and from magnetic tape. Accomplished
without special software, the automatic read and write on-the-fly
feature allows non-stop operation when doing consecutive read or
write operations. The controller writes and recognizes IBM/ANSI-
compatible end-of-file tape marks.

01200146 2/81 1-2
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The controller provides an "EDIT" feature which allows a record

anywhere on a previously recorded tape to be replaced with an

updated record.

1.9 66 bytes of data buffering provide flexibility in assigning
priorities when programming data transfers to the computer. The
tape motion control, Cyclic Redundancy Check character (CRC) and
the Longitudinal Redundancy Check character (LRC) generation, LRC
checking, inter-record gap generation and status reporting are
included. All write clocks and delay times are derived from a
crystal-controlled oscillator. No screwdriver adjustments are
required or provided. While the controller can read or write
only in the forward direction, it can space (or move to a new

position) in both directions.

1.10 The controller may address up to éight drives but can only
read, write or space one drive at a time, except for the Rewind
Command. This function requires only initiation by the controller.
That transport can then be left to rewind while the controller

services another drive.

1.11 Programmed I/0 transfer instructions are used to specify the
starting word address in computer memory, the number of words

to transfer, the drive number, and the function to be performed.
Programmed I/0 transfer instructions are also used to transfer
status and address data from the tape controller to the computer.
Data word transfers during read and write operations are accom-
plished by the controller, using the computer's data channel

process.
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GENERAL DESCRIPTION

1.12 SPECIFICATIONS

1.13 The following information summarizes the specifications of

the tape controller.

1.

01200146

Computer Interface

a.

2/81

Compatibility - The controller is fully hardware
and software compatible with the Data General
computer family and all other computers emulating
Data General computers.
Emulation - The controller emulates the standard
Data General tape subsystem.
The controller interfaces directly with the I/O
bus through a standard board slot.
Controller Bus Location - The controller may be
located in the bus in any slot after the Processor,
Memory, and Terminal I/0 boards. Bus priority’
signals must be available to the controller.
Bus Loading - One bus load, using DG-compatible
interfacing circuitry.
Tape commands:

Write

Read

Rewind

Space Forward

Space Reverse

Write End-of-File Mark

Erase
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g. Other Mode Controls and Registers:
Memory Address
Word Count
Select Threshold Two
Select Edit Mode
Select Density
Select Pack Mode (7 track 4-6-6 memory dump mode)
Select Even Parity (7 track only)
Select Unit Number
Select Test Mode

h. Controller status:

Error Flag

Data Late

Rewinding

Illegal

High Density

Parity Error

End-of-Tape

End-of-File

Load Point

9-track

Bad Tape
Start-End/Identification Status
First Character Detected
File Protscted
Odd-Length Record

Tape Unit Ready

01200146 2/81 1-5
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Memory Address
MaintenancejRégiste;;(CRC-LBC)
i. Device Code:
Standard - 22
Alternate - 62
Format Compatibility
Fully compatible with the industry-standard IBM/ANSI
digital tape recording format as described in ANSI
specifications X3.22-1973 and X3.39-1973.
Drive Compatiblity
a. Designed to be compatible with the industry stan-
dard drives
b. Read-after-Write only (dual gap head)
c. Single or dual density (operator or software
switchable)
Tape Speed
6.25 ips, 12.5 ips, 18.75 ips, 25 ips, 37.5 ips, 45 ips,
75 ips, 125 ips. Any two speeds may be set through
switches on the controller board. For the P.E. format,
the speed difference is limited to: 6.25-18.75 ips,
12.5-37.5 ips, 12.5-45 ips, 18.75-45 ips, 25-75 ips, or
75-125 ips.
Format and Density
a. NRZI 7-Track - 200/556/800 BPI
b. NRZI 9-Track - 800 BPI

c. PE 9-Track - 1600 BPI (Not available in Model TC-128)
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GENERAL DESCRIPTION

6. Data Transfers
a. 9-Track
The eight data bits of each tape character are
transferred to or from the bus as a 16-bit com-
puter word.
b. 7-Track
(1) Unpacked (normal mode)
Tracks B, A, 8, 4, 2 and 1 contain the 6-bit
tape characters. Two tape characters are
transferred to the CPU for each computer
word.
(2) Packed (4-6-6 memory dump mode)
One 4-bit and two 6-bit tape characters are
transferred for each computer word.
c. Bus transfers for register information or tape
data consist of 16-bit word transfers.
7. Drive Configuration
a. Up to eight drives in daisy chain configuration
b. One or two tape drive speeds. (All 7-Track
drives must be assigned to Speed "A".)
c. Single or multiple formats and densities on the
daisy-chain.
8. Hardware
a. Single standard-sized printed circuit board
mounted within the computer's card cage (or

expansion cabinet)

01200146 2/81 1-7
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GENERAL DESCRIPTION

b. Computer backplane adapter/connector board
(Eclipse computers require a special backplane
adapter because of limited space)

c. Three interface cables and adapter boards per tape
drive

Other Features

a. Edit mode for correcting pre-recorded tapes

b. Crystal controlled clocks

c. Phase locked loop read tracking in the PE mode

d. No screwdriver adjustments

Error Handling

a. Generates and checks vertical parity, LRC, pre-
ambles and postambles

b. Generates CRC characters

c. Detects dead track errors

d. Corrects PE single channel dropouts

Data Buffering

The internal buffer between the bus and the tape drive

provides 66 bytes of buffering to allow for transfers

between the controller and the tape drive during
times that the computer bus is unable to service the
controller. All data contained in the buffer will
automatically be transferred before the operation is
aborted. During read operations, the buffer allows

a check of false postambles in 9-track PE mode when

a single dead track occurs. During read operations,

the buffer must be emptied within the maximum times

2/81 1-8




Tape Speed 7-Track 9-Track NRZI 9-Track PE
12.5 ips 15.00 ms 3.00 ms 4.10 ms
25.0 ips 7.50 ms 1.50 ms 2.05 ms
37.5 ips 5.00 ms 1.00 ms 1.37 ms
45.0 ips 4.17 ms 0.83 ms 1.14 ms
75.0 ips 2.50 ms ' 0.50 ms 0.68 ms
125.0 ips 1.50 ms 0.30 ms 0.41 ms
12. Non-Stop ."On-the-Fly" Tape Operation
This feature provides continuous tape motion when con-
secutive tape commands require tape motion in the same
direction on the same tape drive. Under these condi-
tions, the controller will time through the inter-
record gap (IRG) in the read mode, or will write the
IRG in the write mode and execute the next command
without stopping the tape.
13. Power Requirements
a. Source - Computer or Expansion Chassis power supply‘
b. + 5VDC + 5% @ 4.8 amps
+15VDC + 10% @ 50 milliamps (backplane pin Al0)
14. Physical Specifications
a. Size 15-inch square (standard DG-sized) single
printed circuit board fits standard Data
General I/O bus card slot
01200146 2/81 1-9
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specified below, otherwise a data late error condition
is reported.

Maximum Time After End of Record
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b. Weight (approximate)
a. Controller Board 30 oz. (0.85 kg)
b. Cables and Adapters 26 oz. (0.74kg) per drive

c¢. Environment

(1) Operational Temperature 0 to 55 degrees C
(2) Storage Temperature 10 to 70 degrees C
(3) Relative Humidity 10 to 90 percent

(without condensation)

2/81 1-10
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SECTION II
INSTALLATION
2.1 GENERAL INFORMATION
2.2 This section provides information necessary to successfully

set up and install the TC-120 Tape Controller into the Data
General-type computer system. This information is essential for
the initial installation and will also be valuable when the con-

troller is reinstalled after repair.

2.3 The controller is a single printed cifcuit board that plugs
directly into a standard I/0 bus card slot in the computer main-
frame or in an expansion chassis. Cable assemblies and adapters
are provided for interfacing the controller with the drives.
(Interface to be specified by the customer at the time of purchase).
All dc power required for the operation of the controller is re-
ceived from the power supply of the host computer system via the

backplane connector.

2.4 UNPACKING AND INSPECTION. After removal of the controller

A
4

components from the shipping containers, visually inspect them for
physical damage. Check off each item on the enclosed packing list.
In case of damage, retain all packaging and notify the carrier to
make a report. Be sure all minor parts and small items are found

before discarding any shipping material.

01200146 2/81 2-1




INSTALLATION

2.5 SYSTEM COMPONENTS. Check the equipment supplied to ensure
that all necessary items are included:
1. _Tape controller board
Including proper VCO Speed Chip at location 2N
(for PE operation).
See Table 2-2 for part identification.
2. Backplane connector - adapter.
3. Drive Cable(s), one set per drive.
For control, write, and read functions.
4, Adapter Paddleboards (3), one set per drive:
Control Paddleboard
Write Paddleboard
Read Paddleboard
Including:
Terminators (on the Write and Control - - -
Paddleboards)
Drive Select Jumpers (on the Control
Paddleboard)

See Figure 2-7 for part identification.

5. Program Tapes: 7. Other items which should:

) ) be available:
Diagnostic Program Tape

) L. Computer
Reliability Program Tape

) Tape drives
6. Documentation:

Loading device for
Hardware Manual

i diagnostics
Logic Manual
Diagnostic Manual

Instruction Reference Card

01200146 2/81 2-2




INSTALLATION

2.6 PREPARATION

2.7 Locate the position in the computer where the controller
will be installed. Remember that the location in the system
determines the priority for data channel and interrupt activity.
The tape controller usually works well if placed anywhere in the
system. Check the cabling distance to the first drive and to any
daisy-chained drives, verifying that all cable lengths will be
adegquate, allowing -for proper service loops. Refer to the drive
manual to install the drives. The computer and drives must be

prepared and checked-out before the controller can be expected to

operate.
2.8 SYSTEM SET-UP
2.9 The tape system must be set up properly either when instal-

ling the system or after servicing. Proper set-up includes:

(1) setting the Speed Switches to the speed of the drives, (2)
installing the correct VCO Speed Chip, and (3) checking the
backplane priority jumpers. (4) Each set of Tape Drive Adapter
Paddleboards must have the proper termination (on the last drive),
a Drive Select Jumper (except single drive installations), and
Configuration Switch selections. Installation is complete when
the system components are plugged in and interconnected. A re-
check of the installation ensures that no item is overlooked.

The procedures to set-up and install the controller are in the
paragraphs that follow. Locations of installation features of the

controller board are shown in Figure 2-1. A complete system
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- INSTALLATION

installation is shown in Figure 2-2. Also, check at the rear of

the manual for special information which may be pertinent to your

installation.

2.10 TAPE SPEED SELECTION. Tape drive speed information is
provided to the controller by the code placed in the two speed
switches and, for PE, the speed chip placed in the socket at
location 2N. Two speed switches are provided for dual speed
operation. The switches are located at D1 and D2 as shown in
Figure 2-1. The switch module at location D1 selects the primary
speed (Speed A) and the switch module at location D2 selects the
alternate speed (Speed B). Table 2-1 provides the switch settings

for each speed.

2.11 CONFIGURING THE SYSTEM FOR DUAL SPEED OPERATION. 9-track
drives of one speed may be assigned to Speed A and 9-track drives
of a second speed may be assigned to Speed B. However, all 7-track
tape drives must operate at the speed selected for Speed A. A
switch on the Control Adapter Paddleboard in each 9-track drive
will be set to select either Speed A or Speed B. Set the speed
switches as shown in Table 2-1 and record your Speed A and Speed

B selections to avoid confusion when setting up the tape drives.

2.12 CONFIGURING THE SYSTEM FOR SINGLE-SPEED OPERATION. For
systems using only one tape speed, set both speed switches
identically, as shown in Table 2-1. 1In this configuration, the
speed selection switch on the Control Adapter Paddleboard cannot

be set wrong for 9-track drives.
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Figure 2-2 Example of Typical System Installation
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INSTALLATION

T
TAPE SPEED
SWITCH 6.25 12.5 18.75| 25 37.5 45 75 125
POSITIONS IPS IPS IPS IPS IPS IPS IPS IPS
1 ON ON ON ON
2 ON ON ON
3 ON ON ON
4 ON ON ON ON ON ON ON
5 ON ON ON ON ON
6 ON ON ON
7 ON
8 ON

SPEED A: LOCATION D1 SPEED B: LOCATIQN D2
Note: All other switches are "OFF"

Table 2-1 Speed Selection

2.13 VCO SPEED CHIP (FOR PE OPERATION). In addition to proper
speed switch settings, proper PE operation requi;es_inqertion of the
correct speed chip for the read tracking oscillator (VCO). Table
2-2 provides the part number of each speed chip. The speed chip
supplied with each controller when shipped is for the speed speci-
fied by the customer at the time of purchase. (Other speed chips
are available from the factory). Ensure that the correct part is
properly installed in location 2N of the controller. When opera-
ting with two PE tape speeds, ensure Ehéﬁlﬁdfh tape speeds are within

the limits of the selected speed chip.
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NOM.  SPEED RANGE | SPEED CHIP SPEED CHIP
SPEED (1PS) PART NO. DENTIFICATION (SEE R3)
12.5 6.25- 18.73 120023-01 RED - VIO - RED
25 12.5 - 37.3 120023-02 BRN - ORG - RED
37.5 12.5 - 45 120023-03 WHT - BRN - BRN
45 18.75- 45 120023-04 VIO - GRN - BRN
75- 25 - 15 120023-05 YEL - ORG - BRN
125 75 - 125 120023-06 ORG - BLK - BRN

| 5————4.

PN 1 —--‘}—

= Socket at
B .

%ﬁ i

, Board One
-*4—_—___}ﬁ

IDENTIFICATION RESISTOR——== ==  R3 —-}

——————

Table 2-2 Speed Chips (for PE Operation only)

2.14 EXTENDED ADDRESS FEATURE. For programs which require ex-
panded addressing, jumpers on the controller extend the address-
ing ragne of the controller from 32K to 64K, but preclude operation
in the test mode. To implement this feature, cut the etch which
connects A to B (located between 2C and 3C). Also, cut the etch
between F and G and add a jumper from F to H (located between 14K
and 15K). Note: The Reliability program will not operate on device
code 62. Reinstall the jumper to run the Reliability program or

patch the program to run device code 62. (This change is not com-

patible with some programs.)

01200146 2/81 2-8
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2.15 EXPANDED WORD COUNT FEATURE. For programs which require
expanded word count capability, jumpers on the controller extend
the word count register from 12 bits to 16 bits. To implement this
feature cut the etch connecting C to D (located between 14J and
15J) and add a jumper from C to E (located between 14K and 15K).

(This feature is not compatible with some programs.)

2.16 DEVICE CODE SELECTION. Normally, the Tape Controller is
assigned to device code 22, (Mnemonic MTA). A second Tape Control-
ler, if used is assigned to alternate device code 62. To make this
change, cut the etch (or remove the jumper) between jumper points

"M" and "N". This jumper may be found between location 3F and 4F.
2.17 CONTROLLER INSTALLATION

2.18 Ensure that any keys in the selected backplane connector
match the keying slots in the controller. Remove all extra keys
from the slot. Place the controller board into the assigned card
slot in the computer, assuring that the board seats properly and

makes good connection.

2.19 PRIORITY JUMPERS. The data Channel Priority and the
Interrupt Priority lines are daisy-chained to the I/0 devices. As
shown in Figure 2-3, each device receives these signals on pins
A94 and A96 and sends these signals from pins A93 and A95 to the
next device. There can be no break in the chain throughout the
I/0 devices. A previously unused card connector may have jumpers
across these pins. Remove these jumpers from across the
controller's backplane connector pins and check that the priority

lines are daisy-chained from the CPU through the devices.

01200146 3/81 2-9
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TO LOWER :
PRIORITY DEVICE

DCE?P INTP
QUT OUT

1 33 95 g9 1

CONNECTOR A : ' CONNECTOR B

210 | 94 96 100 2

+15VDC DCEP INTP

N N
e ——

FROM HIGHER
PRICRITY DEVICE

«— REAR OF COMPUTER

SOLDER PIN SIDE OF BACKPLANE

Figure 2-3 Computer Backplane Connector

2.20 OTHER BACKPLANE CONSIDERATIONS. Be certain that the back-
plane supplies-+15Vﬁé‘ph7bagkplanesCOﬁhéctbr;pin AlQ. . Og:som?r
processors this voltage is not supplied to the upper slots and
must be wired-in for operation of the tape controller in these

locations. Solder this connection as close to the board as possi-

ble. The computer's I/O bus must also have proper termination.

2.21 CABLING. A connector adapter assembly provides the inter-
face from the CPU backplane connector to the tape cables and may
be installed as follows:
1. Remove or relocate any wires located on the backplane
connector pins for the tape controller inéluding wires

placed there as a tie point and wires used for-a device

01200146 2/81 2-10
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which previously occupied’ that slot. The controller
uses all unassigned backplane pins, therefore, no other
connections to these pins should be wired ‘to the card
slot assigned to the controller. (See Table 2-3 and
2-4) If +15 volts has to be wired to Pin Al0, it should-
be soldered close to the computer backplane. Remove

any excess solder from the pins and straighten any bent
pins.

Attach the adapter connectors to the pins of the back-
plane connectors, carefully observing pin assignments
marked on the connectors. (See Figure 2-4 and 2-5)

Seat the connectors firmly on the backplane pins.

Neatly dress and tie all cables so that the installation

appears orderly and professional.

2/81 2-11




TABLE 2-3
NOVA TAPE INTERFACE FOR

NOVA, NOVA 1200, NOVA 800, SUPER NOVA, AND SUPER NOVA SC

Level Direction
Signal * - x

GND
CLR
DATAO
DATAL
DATA2
DATA3
DATA4
DATAS
DATA6
DATA7
DATAS8
DATA9
DATA10
DATAll
DATAlZ2
DATA13
DATALl4
DATALS
DATTIA
DATIB
DATIC
DATOA
DATOB
DATOC
DCHA
DCHI
DCHMO
DCHML
DCHO
DCHP IN
DCHP OUT
DCHR
DSO
DSl
Ds2
Ds3
DS4
DS5.
INTA
INTP IN
INTP OUT
INTR
IOPLS
IORST

'.13Cﬂt“l"t*ﬂ:‘t‘*t‘*t‘*l“t“l?‘t“t“t“ﬂit“l‘";ﬂt‘*:ﬂ:ﬂm:;{t;’.mmt‘"t"t“t*l"‘r"t"t“t"‘t“t“l“t‘t“t“l“ﬂi
UDUNKNUUDUOUUUU"UUUO-ydUoU0O Qoo UoUUW o dodd d bd od bd b8 bd bd b9 bid O
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Panel
Pin

A50
B62
B65
B82
B73
B61
B57
B95
B55
B60
B63
B75
B58
B59
B64
B56
B66
ALL
A42
A54
A58
A56
A48
A60
B37
B17
B21

- B33

A94*)
A93%)
B35
AT72
A68
A66
AL6
A62
A64
A4O
A96%)
A95%)
B29
AT4
A70

External

Bus Pin

wogdouPwmNE

40

42




TABLE 2-3 (Continued)

Level Direction Panel External
Signal * * - Pin Bus Pin
MSKO L D A38 43 -
OVFLO H D B39 44
RQENB L D B4l 45
SELB L P A82 46
SELD L P A80 47
STRT H D A52 48
POWER ON H D 49
NOT USED 50

*For the two pairs of priority-determining signals, the in
signal comes from the processor or.:.the preceding device;
the out signal goes to the next device. 1If the computer
is operated with an interface board removed (or a slot
is not used), Jumper Pin A93 to A94 and A95 to A96 to main-
tain bus continuity.

Pin 1 of the externmal bus is grounded and the groud wires
from all twisted pairs are connected to it. The Power-Omn
line cannot be used to supply power to any external device;
it is awvailable only for picking up relays for remote power
turn-on. Pin 50 is not used.

*%*LEGEND: H = HIGH B = BI DIRECTIONAL P -= FROM DEVICE
L = LOW D = FROM PROCESSOR- TO PROCESSOR
TO DEVICE
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Signal

GND
CLR
DATAO
DATA1l

~ DATA2
DATA3
DATA%
DATAS
DATA6
DATA7
DATAS
DATA9
DATA10
DATALl
DATA12
DATA13
DATAl4
DATA15
DATTIA
DATIB
DATIC
DATOA
DATOB
DATOC
DCHA
DCH1
DCHMO
DCHM1
DCHO
DCHP IN
DCHP OUT
DCHR
DSO
DSl
DS2
DS3
DS&

DS5
INTA
INTP IN
INTP OUT
INTR

01200146 2/81

TABLE 2-4
NOVA TAPE INTERFACE FOR
NOVA 1210, NOVA 1220, AND NOVA 820

Level

*
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Direction
%*

Panel

Pin

A50
B62
B65
B82
B73
B61
B57
B95
B55
B60
B63
B75
B58
B59
B64
B56
B66
A4L
A42
AS4
A58
A56
A48
A60
B37
B17
B21
B33
A94%)
A93%)
B35
A72
A68
A66
AL
A62
Ab4
A4Q
A96%)
A95%)
B29

External
Bus Pin
SIG GND

AF 50
9
41
44
48
46
40
36
49
34
39
42
47
37
38
43
35
45
.6
5
11
13
12
8
14
31
26
27
29

24

30
- 20
18
17
7
15
16
4

25
£ 28

o p‘mtmw‘wc42:m13tnu1;fuw ncng;xc:u,gr1< gi;nas ~

UHMEa < s

0




TABLE 2- 4 (Continued)

Level Direction Panel
Signal * * Pin
IOPLS H D A74
IORST H D A70
MSKO L D A38
OVFLO H D B39
RQENB L D B41
SELB L P A82
SELD L P A80
STRT H D A52
POWER ON H D
GND

External
Bus Pin
SIG GND
Y 21
W 19
C 3
1 32
m 33
a 23
Z 22
L 10
B 2
A 1

*For the two pairs of priority-determining signals, the in
signal comes from the processor or the preceding device;

If the computer

is operated with an interface board removed (or a slot is

not used), Jumper Pin A93 o A94 and A95 to A96 to maintain

the out signal goes to the next device.

bus continuity.,

The numbered pins of the external bus are grounded and the
ground wires from all twisted pairs are connected to them.
The power-on line cannot be used to supply power to any
external device; it is available only for picking up relays

for remote power turn-on.

**LEGEND: HIGH B

LOW D

BI DIRECTIONAL
FROM PROCESSOR
TO DEVICE

H
L
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9T-¢

WIRE WRAP CONNECTOR
TO PROCESSOR "A"
MOTHERBOARD CONNECTOR

WIRE WRAP CONNECTOR
TO PROCESSOR "B"
MOTHERBOARD CONNECTOR

. PINS ' PINS PINS

PINS

PIN "1" ON THIS END
(RED LINE ON CABLE)

26-PIN PC CONNECTOR

29/30 , 997100 /2 /72
j: "An ;Z[ lan
1 == 1
CONTROL O} WRITED READ
50-PIN PC CONNECTOR 26-PIN PC CONNECTOR
FOR CONTROL CABLE TO FOR WRITE CABLE TO

FIRST TAPE TRANSPORT FIRST TAPE TRANSPORT

Figure 2-4

Standard Backplane Adapter

FOR READ CABLE TO
FIRST TAPE TRANSPORT
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TO BACKPLANE PINS

PADDLEBOARD

PN 121022

MOUNTS AT REAR PN 121021
OF COMPUTER

NOTE: ALL

DAISY-CHAINED DRIVES USE STANDARD CABLE SET

FIGURE 2-5 ECLIPSE CABLES
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INSTALLATION

2.22 CONTROLLER CABLE CONNECTIONS. Locate the following cables:
Controller-End
Description Conductors Marking
Tape Read Cable 26 Top B2
Tape Write Cable 26 Top Bl
Tape Control Cable 50 Top A

Eclipse cable uses a single connnector. (First drive only)
The ribbon cables are keyed to prevent incorrect connections.
Check the ribbon cable connectors to assure that all keys are in
place. Install the Read, Write,and Control cables onto the back-

plane connector adapter.

2.23 TAPE DRIVE INSTALLATION

2.24 ADAPTER PADDLEBOARD SET-UP. Locate a set of three Adapter
Paddleboards for each tape drive. The Adapter Paddleboards for
each drive require proper setup before installation. Setup in-
cludes proper termination, switch settings, and installation of

drive selection jumper plugs.

2.25 TERMINATORS. Consulting the tape manuals for details,
remove all termination devices from each drive. Remove the ter-
minators from the Write and Control Adapter Paddleboards, except
the Adapter Paddleboards on the drive located farthest from the
controller. See Figure 2-6. Ensure that the last Adapter Paddle-

boards have the terminators installed as shown.

2.26 CONFIGURATION SWITCHES. Set the switch module on each
Control Paddleboard according to the configuration requirements of

the tape drive. Switch settings are given in Table 2-5.
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18/7— 9%T00ZT0

6T-¢C

o ® o L] o o o e
CABLES FROM CONTROLLER ( OR PREVIOUS DRIVE ) ' CABLES TO NEXT DRIVE
( CONTROL CONTROL (
J A — (f’ )
DRIVE CONTROL
ﬂ[ DRIVE CONTROL lﬂ
CONFIGURATION SWITCH i | ) . _ DRIVE SELECT JUMPER — INSTALL,
SEE INSTALLATION S EN CABLED -
‘ © Lg.!ai.x.lﬂni_mmm_w i TO ANOTHER DRIVE - = = —=
INSTRUCTIONS ) - [ P101 (TO DRIVE *) ( SEE INSTALLATION INSTRUCTIONS )
— o . .
\ ["I U [U r [U‘ [U'
l i L TERMINATOR ** — REMOVE,
m TOP A "l WHEN CABLED TO ANOTHER DRIVE — — — —>
TOP A
C C J |
(__WRITE WRITE
7 AY Y y L /1 )
DRIVE WRITE | | TOP BI ,
/
e e e e e /
e W} /
RN | Gy || S ,
/
L) 0
] o //
b o y;
poz "~ (TODRIVE *) TERMINATOR REME)VE. ,
l(:)i EEERGAERANSSRERE NG —g +WHEN CABLED TO ANOTHER DRIVE
HEEARAN AN AN AN . :
¢ READ READ
) 3 N O Y )
DRIVE READ TOP B2

B ) [

P103 ( TO DRIVE *)

(T, IRARRNASNRR R RN RN
SRR NAN AL AR RN

{o

* CAUTION: DRIVE CONNECTORS
ARE NOT KEYED. ENSURE
PROPER CONNECTION.

** REMOVE TERMINATORS
FROM EACH DRIVE

Figure 2-6. Details of Adapter Installation
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INSTALLATION

SWITCH FUNCTION
NO.
1 "ON" for Qantex

"OFF" for all other drives

,2 "ON" for Kennedy, CDC, or Tandberg drives

"QFF' for all other drives

3 "ON" for 7-track drives

"OFF" for 9-track drives

4 9-TRACK DRIVE: °
"ON" for Speed B
"OFF" for Speed A
7-TRACK DRIVE:
"ON" for 556/800 bpi deﬁsity

"OFF" for 200/556 bpi density

5 Set opposite of Switch 2 (see above)

6 "ON" for 9—-track NRZI-only drives

"OFF" for all other drives

7 "ON" for dual demnsity or PE drives made by Kennedy,
Digidata, or Qantex

“OFF" for all other drives

8 Set same as Switch 3 (see above)

(for assembly numbers 122037, 122038, 122039, and 122044)

Table 2-5 Configuration Switches
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INSTALLATION

2.27 DRIVE SELECT JUMPERS. Ensure that the correct Drive Select Jumper is
installed in the Control Paddleboards. The 1last drive does not require a
Drive Select Jumper (leaving one installed will have no effect).
1. For tape drives without front panel unit select switches, use
jumper part number 122012 as shown in Figure 2-7
2. For tape drives with front panel unit select switches:
a. Use jumper part number 122010 as shown in Figure 2-7
b. On drives with Uni; Select Switches that receive the select
%ines from J101, ensure Control Paddleboard Jumpers are
installed from P to R (factory etch), N to M, E to F, and G
to H. See Table 2-6.
C. On drives with externally connected Unit Select Switches, connect

as shown in Table 2-6.‘T‘

' 2.28 TAPE DRIVE INTERCONNECTIONS. Locate a set of three ribbon cables for
each drive (one set is connected to the controller). Check that each connec-

tor has its key in place and connect the cables as shown in Table 2-7 and

Figures 2-8 and 2- 9.
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INSTALLATION

NON-SELECT JUMPER (PN 122012)
For daisy-cheined drives

Without front panei Unit Select switches.

UNIT SELECT JUMPER (PN 122010)
For daisy-—chained drives
with Unit .Select switch

(Except fourth tape unit)

UNIT SELECT JUMPER (PN 122011)
For daisy-chained drives

with unit select switches

(Install in fourth tepe unit)

No jumper plug is required on the last tape unit or for single drive installations.

However, it should remain in the board for iuture expansion of the systsm.

Figure 2-7 Drive Select Jumpers




INSTALLATION

NOTE: APPLIES TO DRIVE SELECT THUMBWHEEL OPTION ONLY.
To Connect
Drive Activate External
Select Add J101 Switch
Line: Jumper: Pin: To:
Select 9 P-R J A
(Etch)
Select 1 N-M A B
Select 2 E-F 18 D
Select 3 G-H \') c
L . (return line
| from switch)
Table 2-6 Control Adapter Select Options
N (Sequence is repeated for each drive) '
Cables Paddleboards Cables
- Controller | Drive |[Controller |Daisy Chain Controller{ Drive
End End End - End End End
Top A Drive Drive Top A Top A Drive
Control Control Control
Top Bl Drive Drive Top Bl Top Bl Drive
Write Write Write
Top B2 Drive Drive Top B2 Top B2 Drive
' Read Read
Table 2-7 Connector Legends and Cable Connections
01200146 2/81 2-23




INSTALLATION

2.29 Commect the Countrol, Write and Read Adapter Paddleboard conmmectors to
J101, J102, and JOl3, respectively, on the tape tramnsport. (Reference the
tape drive manual for details.) Connect the paddleboards to the drive with
care. The green connectors are not keyed to the drive connectors. There—
fore, it is possible to (1) install the comnector backwards or (2) to place
the Adapter Paddleboard on the wrong drive connector (e.g., Read and Write
Connectors reversed.) Avoid incorrect connection by (1) verifying the func—
tion of each drive connector and (2) physically checking the pin oriemntation
of the mating connectors. If possible, secure the paddieboard connectors to

the drive connmectors with screws. Neatly dress and tie all cables so the

installation appears neat and professional.
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TERMINATORS

(PART OF DRIVE 3)

f—— conNTROL —
— —
é CONTROL
Sls] 2 |
=~ |9 3 Q
g s 3 - /
3|7 £ |8 -
3 =
© 2
i (¢ 1
A}
(PART OF DRIVE 4)
5 . WRITE [
TAPE CONTROLLER /
7
} ’ 5]
= 3 - =~ ! PADDLEROARD
219 S =
Tz | 2 5 /
=g £ |E » |
Y =
{ ¢ 7 la
LA}
(PART OF DRIVE 3)
— EAD —
T
=) g S |& | PADDLEBOARD
212 2 5
=8l 3 B
= o
! 4 lg
L]

Figure 2-8. Singie Tave Drive Connecticns
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2.30 INSTALLATION CHECKLIST

2.31 The installation of the controller is now complete. Double-

check your installation before testing and operation.

01200146

CHECKLIST

Were all items supplied?

Did you choose a location for the controller which will

provide the desired data channel and-interrupt priority? .

Do all cables reach with adequate service loops?

Are the computer and tape drives ready?

Did you properly set up tape speed including setting

Speed A, Speed B, and using the correct VCO Speed Chip?

Did you check the extended address, word count, and

device code jumpers?

Did you install the controller correctly?

Did you check the jumpers for the priority lines on the

computer backplane?

Did you properly connect the interface adapter to the

CPU backplane?

Did you connect the cables properly?

Did you set up the Adapter Paddleboards for proper

operation, including:

1. Removing termination devices from each tape drive

2. Removing terminator chips from the Control and
Write Adapter Paddleboards, except the last paddle-
boards in the daisy-chain

3. Setting the configuration switches

2/81 2-27




INSTALLATION

4. Ensuring that the correct drive jumpers and options
are installed?
( ) Did you connect the ribbon cables to the Adapter
Paddleboards at each drive?
( ) Did you connect the Adapter Paddleboards to the tape

drives?

WARNING: BEFORE POWERING THE SYSTEM, BE SURE

THAT ALL PARTS ARE PROPERLY CONNECTED

The tape system is now ready for testing and operation.

NOTE: Refer to the supplementary information at the

back of the manuals for additional advice.
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SECTION ITI

PROGRAMMING

3.1 SCOPE

3.2 This section contains machine-level programming reference
information which describes the registers of the controller. Also
contained in this section is information on the operation of the
controller, addressing, data transfers, and interrupts. This in-
formation will be useful in understanding the operating systems as
well as the diagnostic programs. A working knowledge of machine-
level programming, along with reference to the information con-
tained in this section, will allow the Customer Engineer to create

small diagnostic programs for testing specific functions of the

controller.
3.3 PROGRAMMING CONSIDERATIONS
3.4 Information supplied by the program for a tape operation

includes the drive unit number, the 2's complement (negative) of
the number of words to be processed, an initial memory address for
data channel access and the desired function command. For each
data transfer, the controller increments the word count (i.e., the
negative count of the number of words still to be processed). As
each data transfer is completed, the address counter is incremented

by one and upon completing the final word in the block, the address
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PROGRAMMING

counter is incremented by one while the word counter overfld@s»;
to zero. When the word count reaches zero, the controller ter-
minates the command (with the address counter pointing to the next
address to be processed) and clears BUSY and sets DONE, requesting

an interrupt.

3.5 PROGRAM SEQUENCE. Although the program can process data
with only one drive at a time, it can rewind the tape on one or
more drives simultaneously. After giving a rewind command to the
drives, the program can select another drive and issue any command
to it. This means that the unit number address and word count in-
formation should not be given at the time when the drive is selec-
ted for rewind and each time the program wishes to handle a
particular drive it must reselect that drive. If several drives
are rewinding simultaneously and there is an interrupt, the program
should issue a DIA to check status for that drive. To read or
write, the program should issue all three commands, DOA, DOB, and
DOC, to supply all the necessary information. The order of the
instructions is not important, but Start should be given with the

last of the three in order for the command to be executed properly.

3.6 The normal programming sequence for operating a single drive
is to issue a DOA to select the drive and function, and then issue
a DIA to check whether the drive is ready (Status Bit 15). 1If it
is, the program should issue a DOB to set the initial address.
Finally, a DOC specifies the word count and starts the operation.
For write operations the controller immediately makes data channel
requests to load the FIFO before writing begins. Flow charts

accompanying this section give examples of programming sequences.
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The timing in all cases is dependent upon the transport speed,

tape handling characteristics, and density.

3.7 REGISTER TRANSFERS. All command and status information is
transferred, with the CPU acting as a "master" device and the con-
troller acting as the "slave", The individual bits within the
Command Register control the operations of the device. For example,
the command to make the tape system read a block from tape is pro-

vided by properly setting bits 10 through 12 in the Command

Register. Status conditions are handled by the assignment of bits
within the Status Register. All command and status information is

written or read by I/O transfer instructions.

3.8 DATA CHANNEL TRANSFERS. Once a function command has been
issued to the controller, the operation is executed by the con-
troller, utilizing Data Channel bus transfers to move the data to
or from the memory. The Word Count Register and the Memory Address
Register are updated throughout the DMA activity. A 32-word FIFO
Buffer and the Data Register provide a total of 33 words (66 bytes)
of data buffering between tape and data channel. Therefore, the
data channel has almost 65 character-times in which to respond to
requests by the controller. At the conclusion of an operation,
completion is indicated to the CPU through examination of the BUSY
and DONE status lines or by utilizing the system interrupts (if

enabled) .

3.9 TRANSFER ERRORS. The setting of Data Late during a block
indicates that information has been lost, but data transfers con-

tinue until the controller processes the entire block, at which
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time it terminates the command. Also, if the controller reaches
the end of the block and an odd number of bytes were read, the

controller sets 0dd Length Record status.
3.10 INSTRUCTION FORMAT

3.11 The CPU communicates with and maintaines control of the
Tape Controller through the use of I/0 transfer instructions. Six
of these instructions control the transfer of status and command
words to or from registers in the controller. Three more of these
instructions control Interrupt Acknowledge, Interrupt Mask and I/O
Reset. Execution and decoding of each instruction is accomplished
in the CPU and causes a control line on the bus to be asserted
which initiates a response in the controller. The accompanying

table shoWs”the'format‘Othhéée_instruCtions.

1. INSTRUCTION WORD BITS -2 INPUT/OUTPUT INSTRUCTION -

These bits indicate that this instruction is an

input/output instruction.

2. INSTRUCTION WORD BITS 3-4- ACCUMULATOR DESIGNATION (AC)-
These bits designate which one of four accumulator (AC)
registers will be used in this instruction.

3. INSTRUCTION WORD BITS 5-7 TRANSFER DESIGNATION -~ These

bits describe the device register involved in the
instruction, and also describe Interrupt Acknowledge,
Interrupt Priority Mask (mask bit 10), and I/O Reset

functions, which are explained in paragraphs to follow.
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INSTRUCTICON FORMAT AND CODING:

BIT: o 1 2 3 4 5 6 718 9 100 11 12 13 14 15

INPUT/OUTPUT | ACCUMULATOR TRANSFER FUNCTION

INSTRUCTION (AC) DESIGNATOR (F) DEVICE CODE

1/0
INSTRUCTION 0 1 1

ACC O
ACC 1
ACC 2
ACC 3

—= = O O
- O + O

DESIGNATOR
DIA

DIB
DOB
DIC

=+~ P O O o
H o O + =+~ O
O + O K+ O -

CONTROL
FUNCTION

CLEAR
IOPLSE

—= = O O
H O + O

DEVICE

22 0 1
62 1 1 0 0 1

IORST 0 1 1 0 0 1l 0 1 X X 1 1 1 1 1 1

Table 3-1 Instruction Word Format
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567 Mnemonic

001 DIA
010 DOA
011 DIB
100 DOB
101 DIC
110 DDC

PROGRAMMING

Description

Data In from Register A (Status)

Data Out to Register A (Command)

Data In from.Register B (Memory Address)
Daté QOut to Register B (Memory Address)
Data In from Register C (Maintenance)

Data Out to Register C (Word Count)

4. INSTRUCTION WORD BITS 8 - 9 CONTROL FUNCTION - The four

Control Functions which control BUSY and DONE status are described by

these bits:
Bits
89 Mnemonic
00 -
01 S
10 C
11 P

Funection

None - No Operation

Start - clears DONE, initiates cperation
Clear - clears DONE and BUSY

Pulse ~ not used

5. INSTRUCTION WORD BITS 10 - 15 DEVICE NUMBER -~ The device code

number is encoded in bits 10-15:

Bits
10111213 14 15

010010

1100 10

01200146 3/81
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First Tape Contrciler (22),Mnemonic MTA
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PROGRAMMING

3.12 INTERRUPT ACKNOWLEDGE INSTRUCTION (DIB-, CPU). Interrupts
are acknowledged by the CPU through the use of this instruction
which asserts the INTA line to the I/O devices. INTA causes the
device number to be transferred from the controller to the desig-
nated accumulator. The format of the instruction is:

Bit: g 123456 7 89 10 11 12 13 14 15

Contents: g11XXx#11xx 1 1 1 1 1 1

3.13 INTERRUPT MASK INSTRUCTION (DOB-, CPU). Interrupts are
selectively disabled in individual devices by this instruction,
which asserts the MSKO line to the devices. True bits in the
computer word located in the designated accumulator disable in-
terrupts in individual devices. Bit 10 is assigned to the Tape
Controller. The format of the instruction is:

Bit: @# 12 3 456 7 89 10 11 12 13 14 15

Contents: g 11 g g1ggxXxx 1 1 1 1 1 1

3.14 I/0 RESET INSTRUCTION (DIC g, CPU). I/O devices are reset
by asserting the IORST line through the execution of this instruc-
tion. The format of this instruction is:

Bit: g 12 3 456 789 10 11 12 13 14 15

Contents: g 11¢gg9g19g1XxXxxXx 1 1 1 1 1 1
3.15 TAPE CONTROLLER REGISTERS

3.16 OUTPUT REGISTER "A". Using the DOA-,MTA instruction, the
CPU selects the function according to the contents of AC bits
10-12, selects the tape unit specified by bits 13-15, and performs

the function specified by F.
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OUTPUT REGISTER "A" BIT ASSIGNMENTS

(COMMAND WORD)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

R

READ THRESHOLD TWO ———
EDIT MCDE
DENSITY SELECT
7 - TRACK PACK MODE
7 - TRACK EVEN PARITY
FUNCTION CCOMMAND

TAPE UNIT SELECT

01200146

DOA BIT 2 READ THRESHOLD TWO - When reading a block where

several retries have failed to recover data, this bit is
asserted to reduce the read amplifier threshold level in
the tape drive so that subsequent read retries will pro-
duce a recognizable data block. This bit remains false
for the normal read threshold.

DOA BIT 6 EDIT MODE - When bit 6 is set, the Space Reverse

operation that follows is performed with special edit
timing and the subsequent Write operation is performed
with the Overwrite signal to the drive asserted. These
operations allow (1) proper head positioning, (2) writing
with the erase head off (prevents erasure of other data)-

and (3) slow turn-on and- turn-off of write current.
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These activities allow a block in an existing file to be
replaced .with another block of the same size.

3. DOA BIT 7 DENSITY SELECT - When bit 7 is set, the Density

Select signal to the tape drive is asserted. This signal
selects PE operation in NRZI/PE drives and (usually) se-
lects high density in 7 track dr?ves. Check your tape
drive manual to be certain of tape drive response.

4., DOA BIT 8 7 TRACK PACK MODE - When this bit is set the

controller organizes data in one four-bit character and

two six~bit characters on tape for each 16-bit computer word.
This mode captures all memory bits for "core dump" oper-
ations. This bit remains reset for 9-track operations

and for normal 7-track packing (two six-bit characters per
computer word).

5. DOA BIT 9 7 TRACK EVEN PARITY - This bit, when set,

selects even lateral parity required for the 7-track BCD
tape format. When this bit is reset, it allows odd parity
for normal 9-track operations or the 7-track Binary tape
format.

6. DOA BITS 10-12 FUNCTION COMMAND - To perform any operation,

the program must select the tape drive while issuing the
command. In addition, the program may select threshold,
edit, density, packing, or parity and issue word (or
record) count and memory address information. All com-
mands are initiated by issuing the Start control function
which clears DONE and sets BUSY, placing the controller

into operation. At the conclusion of the operation, the
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controller clears BUSY and sets DONE, requesting an in-
terrupt unless interrupts are disabled. An exception to
the above is the rewind command which does not actually
place the controller into operation, but merely issues the
command to the tape unit. The function command bits se-

lect one of eight command functions, as follows:

Bit 10 Bit 11 Bit 12

0 0 0 Read

0 0 1 Rewind

0 1 0 No Operation
0 1 1 Space Forward
1 0 0 Space Reverse
1 0 1 Write

1 1 0 Write EOF

1 1 1 Erase

A. Read. The program must specify word count, and an
initial address. The controller reads a single record
from tape and sends the data via the data channel to
the locations that are specified by the address count-
er until either the end of record is detected or the
word counter overflows, whichever occurs first. For
operations with variable length records, specifying
a larger word count ensures that the entire record
will be read. Record length can then be determined
by comparing the initial value of the address counter

with its final contents, which will be one-greater
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than the address to which the last word in the record

was transferred. If the record contains an odd number
of data characters, the last byte is "right justified"
in the final word transferred to memory and odd length
status will be set. Data late status during the rec-
ord indicates that information has been lost, but data
transfers will continue until end of record is detec-
ted or word count overflow occurs. If the record is

a NRZI file mark, its single "data" character is trans-
ferred to memory with EOF status indicated.

Rewind. This command initiates a rewind operation in
the addressed tape drive, which rewinds the tape onto
the supply reel at high speed and stops at load point.
Start does not affect the controller, but simply ini-
tiates the rewind operation in the addressed drive,
leaving the controller free for further use by the
program.

Space Forward. The program should issue a (negative)

word count equal to the number of records to be

spaced. The controller spaces forward over the given
number of records unless it encounters a file mark or
the end of tape, in which case it stops at the file mark
or at the end of the record in which the EOT marker 1is
encountered. To space over a file, the program can
simply issue a zero (maximum) word count.

Space Reverse. The program should issue a (negative)

word count equal to the number of records to be

spaced. If Load Point is true, Start sets Illegal

3/81 3-11




01200146

PROGRAMMING

and DONE, and the controller does not go into operation.
Otherwise, the controller spaces reverse over the given
number of records, but it stops the tape automatically
upon encountering a file mark or the Load Point. To space
over a file, the program can simply issue a zero (maximum)
word count.

Write. The program must specify a (negative)word count,

and an initial memory address. If Write Lock is true,
Start sets Illegal and DONE, and the controller rejects
the operation. Otherwise, the controller makes an imme-
diate data request for the first word, and it writes the
words it receives via the data channel from the locations
specified by the address counter until either the word
counter overflows or a Data Late error occurs, at which
time the controller terminates the record, setting DONE
and initiating an interrupt.

Write End of File. Unless write lock is set, Start sets

the controller into operation to write a file mark. With
write lock true, the command is rejected, setting Illegal
and DONE status.

Erase. Unless write lock is set, Start sets the controller
into operation to erase a short section of tape. This
provides a method of erasing a bad record from a damaged
portion of tape on which the program has found it impos-

sible to write data without errors.
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7. DOA BITS 13-15 TAPE UNIT SELECT (SLT 1, 2, 4) - These bits

specify one of the eight possible tape units. All oper-
ations defined in the DOA register and all status condi-
tions defined in the DIA register refer to the unit

indicated by these bits.

LOGICAL DRIVE DRIVE SELECT LINES
ADDRESS SL1 (Bit 13) SL2 (Bit 14) SL4 (Bit 15)
2 False False False
1 False False True
2 False True False
3 False True True
4 True False False
5 True False True
6 True True '~ False
7 True True True

3.17 INPUT REGISTER "A". Using the DIA-, MTA instruction, the
CPU reads the contents of the status register into the designated
accumulator and performs the function specified by F. The Start
clears Error, Data Late) Parity Error, End-of-File, and Bad Tape
Error. The Clear function resets those status bits plus resetting
the Illegal bit. The remaining flags are supplied by the ad-
dressed tape drive (which is automatically reset to logical Unit g

after the Clear function is issued).
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INPUT REGISTER "A" BIT ASSIGNMENTS
(STATUS REGISTER)

g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

ERROR
DATA LATE
REWINDING
REJECTED COMMAND
7 TRACK HIGH DENSITY ——
OR 9 TRACK
PARITY ERROR
END OF TAPE
END OF FILE
LOAD POINT
NINE TRACK
BAD TAPE ERROR
START/END/IDENT=
RECORD DETECT/CORRECTED ERROR
FILE PROTECTED
ODD LENGTH RECORD
TAPE UNIT READY

1. DIA BIT g ERROR FLAG (ERR) - This error examination

bit is set when bit 1,3,5,6,7,8,10 or 14 of the status
register is true. This bit is cleared as a result of
a Start, Clear, or I/0 Reset instruction.

2. DIA BIT 1 DATA LATE - The data late bit is set when

the controller overflows (or "underflows") its inter-
nal buffer during an operation. This error indicates
that the data channel failed to respond to a request
guickly enough to keep up with the tape transfer rate.
This condition causes an immediate termination of the
read or write operation in progress. This bit will

also be set during a read operation when the internal
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buffer of the controller is not emptied before the
tape begins to stop. The ERR bit in the status regis-
ter will be set when the data late bit is true.

DIA BIT 2 REWINDING (RWDG) - The rewind status bit is

set by the selected drive when it receives a rewind
command from the controller or operator panel and is
cleared by the selected drive when the tape arrives at
load point, completing the rewind operation;

DIA BIT 3 REJECTED COMMAND (REJ) - When an illegal

command is received the controller does not go BUSY

and the command is disregarded. DONE status will be

set and an interrupt requested (if enabled). The
program must issue a CLEAR function before preceeding

(Start does not reset rejected command status). The

REJ bit sets the ERR bit in the Status Regiéter. The

REJ status bit is set for any of the following

conditions:

A. Write, write-end-of-file, or erase command is is-
sued for a drive which is file protected (DIA Bit
13).

B. A space reverse command is issued for a drive
whose tape is at load point (DIA Bit 8).

C. A command is received when the controller is BUSY,
or when the tape drive is not ready (DIA Bit 15)
or is off line.

DIA BIT 4 7 TRACK HIGH DENSITY OR 9 TRACK - When set,

this bit indicates that the selected tape drive is
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either a 9 track unit or a 7 track unit operating in
the high density- mode. This bit is reset for the 7

track low density mode only.

DENSITY STATUS

Bit 4 -- Density Bit 9 -- 9-Track
7-Track Low Density 0 0
7-Track High Density 1 0
9-Track P.E. 1 1
9-Track NRZI 1 1

6. DIA BIT 5 PARITY ERROR (PAR ERR) - The parity error bit

is set when the controller detects a longitudinal (LRC)
or lateral parity error, PE multiple dead track error,or
format error during a read, write, or write EOF oper-
ation. A parity error is also indicated for a correc-
ted error condition during a write operation. The
parity error bit does not affect the transfer of data.
During a write operation, the entire record will be
transferred onto tape or in a read operation, the

entire record will be transferred to memory. The ERR
bit will be set when the parity error status is true.

7. DIA BIT 6 END OF TAPE (EOT) - The end of tape bit is

set when the marker at the end of tape is encountered
while the tape is moving in the forward direction.
This bit will be reset when the marker is passed while
performing a rewind or space reverse operation. The

ERR bit will be set when the EOT bit is true.
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8. DIA BIT 7 END OF FILE (EOF) - The EOF bit is set when

a file mark is written or is detected during a read,
space forward, or space reverse operation. If an error
exists in a file mark character, it is recognized,
rather, as a very short data record. Since the EOF
condition requires attention by the CPU, the EOF bit
sets the ERR bit in the status register.

9. DIA BIT 8 LOAD POINT (LPT) - The load point bit is

set when the tape drive detects the load point marker
at the beginning of the magnetic tape. Since the load
point condition requires attention by the CPU, the
load point bit will set the ERR status.

10. DIA BIT 9 NINE TRACK (9 TRK) - This status line will

be set to indicate to the operating system that the
tape system will accept full 8 bit characters on a 9
track drive. When a 7 track drive is selected, this
bit is reset to indicate that the tape system will
handle 6-bit tape characters.

11. DIA BIT 10 BAD TAPE ERROR (BTE) - When a bad tape

error is detected, the ERR bit in the status register

is set. The bad tape error bit sets when:

A. More than two end-of-record characters are detec-
ted (or "trash-in-the-gap")

B. Two or more characters are missing from the record
(false end of’record}

C. Reverse spacing over an unrecognized file mark.
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DIA BIT 11 START/END (SEND)/IDENT. - This status bit

will be true at the start of a tape operation prior
to data transfer or at the end of an operation after
data transfer and before DONE status is indicated.
This bit is also set when the PE identification burst
is read from the tape.

DIA BIT 12 RECORD DETECTED/CORRECTED ERROR (1ST

CHAR./CPE) - This status bit will be set when the read
section of the controller encounters data on the mag-
netic tape. It is also set when the controller has
corrected for a single dead track error when reading
data in the P.E. mode.

DIA BIT 13 FILE PROTECTED (FPT) - The file protect

status bit is set to prevent the software from attemp-
ting to write information on the tape when>the
operator has mounted a tape with the write enable

ring removed. (Also called "Write Lock")

DIA BIT 14 ODD LENGTH RECORD (ODD) - The odd length

record status bit is set by the controller to indicate
that the amount of data read from the tape was one
byte less than the amount of data specified by the’
word counter. The ERR status bit will be set when

ODD is true.

DIA BIT 15 TAPE UNIT READY (RDY) - The tape unit

ready bit is set when the selected tape unit is
stopped and is cleared when the controller begins to

execute a function command.
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3.18 OUTPUT REGISTER “B".. Using the DOB -, MTA instruction, the
CPU loads the starting address of the data buffer area in memory
from the accumulator into the address counter and performs the
functions specified by F. The Memory Address Register normally
contains 15 memory address counter bits. Bit g is a "Test Mode"
bit and should remain a @. The register is used to provide the
memory address for data transfers in Read and Write operations.
Prior to issuing a command, the Memory Address Register is set to
the memory address of the first memory location used for data
transfers in a Write or Read operation. The Memory Address Reg-
ister is incremented by one immediately after each memory access.
Thus, at any instant of time, the Memory Address Register points
to the next higher address than the one which had most recently
been accessed. After a Data Late error condition, the Memory
Address Register contains the address of the location in which the

failure occurred.

3.19 If the Test Mode bit is set in conjunction with a Read
operation, then the controller will execute a Test Read operation.
Unless the Word Counter overflows, the controller will transfer

the CRC (LRC in 7 track) character into the memory location which
follows the data. The diagnostic program will examine these check
characters to ensure that they are properly generated. The extend-
ed memory capability is enabled by a jumper, allowing 1l6-bit 64K
addressing capability. The Test Mode is disabled in this config-

uration.
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REGISTER "B" BIT ASSIGNMENTS
(ADDRESS REGISTER)

Bits: | #|1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

. Memory
Contents: | @4 {MSB Address LSB
L-TEST READ MODE/EXTENDED ADDRESS BIT
3.20 INPUT REGISTER "B". Using the DIB-, MTA instruction, the

CPU reads the current memory address from the Memory Address
Register (as previously described) into the selected accumulator
and performs the function specified by F. (Bit g is always a zero
unless Extended Address is enabled). At the end of an operation,
the memory address is one-greater than the address of the last

word transferred.

3.21 OUTPUT REGISTER "C". Using the DOC-, MTA instruction, the
CPU specifies the number of words or records to be processed
according to the contents of the designated accumulator and per-
forms the function specified by F. The Word/Record Count Register
is a 1l2-bit binary counter. (Bits @-3 are not used and should re-
main zero, unless Expanded Word Count is enabled). The register
is used to count words during Read or Write operations, or records
in a Space Forward or Space Reverse operation. When used in a
Write operation, the Word Count Register is initially set by the
program to the 2's complement (or negative) of the number of

words to be written on tape. The Word Count Register increments
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by one immediately after data channel transfer. The Word Count
Register overflows to zero after the last word of the record has
been read from memory. This word count zero condition starts the
controller into the end-of-record sequence to terminate the oper-
ations. When the Word Count Register is used in a Read operation,
it is set to the 2's complement of a number equal to or greater
than the maximum expected record length, indicating the memory
allocation for the read data. Data transfer is terminated when
the record length is greater than the allocated memory, as deter-
mined by the Word Count Register overflowing before the end-of-

record is detected.

3.22 When the Word Count Register is used in a Space Forward or
Space Reverse operation, it is set to the 2's complement of the
number of records to be spaced over. It is incremented by one
each time a record passes the head whether the tape is moving in
the forward or reverse direction.

OUTPUT REGISTER "C" BIT ASSIGNMENTS
(WORD COUNT REGISTER)

Bits: g 1 2 345 6 7 8 9 10 11 12 13 14 15

Contents: | Not Used MSB Word Count LSB

L—'EXPANDED WORD COUNT CAPABILITY

3.23 INPUT REGISTER "C". Using the DIC-, MTA instruction, the
CPU reads the Maintenance Register into the designated accumulator
and performs the function specified by F. The Maintenance Register

is a 16-bit register which is used for diagnostic purposes. After

01200146 3/81" 3-21




PROGRAMMING

the completion of an operation, 8 bits of the CRC character and 8
bits of the LRC character are placed into the Maintenance Register

and made available to the program.

INPUT REGISTER "C" BIT ASSIGNMENTS
(MAINTENANCE REGISTER)

Bits: g 1 2 3 45 6 7|8 9 10 11 12 13 14 15

Contents: CRC CHARACTER LRC CHARACTER

3.24 OPERATION STATUS CONTROL

3.25 BUSY and DONE flags are sensed by the CPU during I/0O Skip
instructions. These flags indicate the operational status of the
controller. Operations are initiated and controlled by the Con-
trol Function (F = Clear, Start, and Pulse) of the I/O transfer

instruction.

3.26 The Clear control function clears BUSY, DONE, ERROR, DATA
LATE, PARITY ERROR, END-OF-FILE, BAD TAPE, ILLEGAL, and the other
miscellaneous flags in the controller, terminates operations if
the controller is currently processing data, and returns drive
selection to drive @#. The Start function also clears the above
flags (except illegal) and is used to start tape operations. The
operation to be performed is specified by the Function bits of
the Command Register; in other words, the program specified a
command by placing the controller in the appropriate mode and
actually begins'the command by issuing a Start function. The
program issues Start to set Busy, and thus prevents the controller

from beginning any other commands while processing data.
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3.27 INTERRUPTS

3.28 An interrupt is requested when an operation is completed on
the selected drive, an action which also clears BUSY status and
sets the DONE status line. If the selected function results in a
rejected command, the controller sets the appropriate status bit,
sets Done, and requests an interrupt. Interrupts may be disabled

by executing a Mask Out instruction with bit 10 set.

3.29 DATA TRANSFER FORMATS

3.30 Table 3-2 illustrates the correspondence between tape
characters, tape channels, and CPU computer word bits. In 9 track
each computer word contains two tape characters and all bits are
used. In the 7 track non-packed mode, only six bits are available
for each tape character. CPU bits 0,1,8 and 9 remain unused. 1In
the 7 track packed mode three tape characters are used with four,
six and six bits each. This allows all CPU bits to be written on
a 7 track tape. In this mode, the number of tape characters
handled will always be three times the word count rather than the

normal, two times the word count.
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7 TRACK PACK FIRST TAPE
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CHAN., ASSIGNMENT 8 4 2 1 B A 8 4 2 1 B A 8 4 2 1

TABLE 3-2
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NO (OR INTERRUPT)
YES
(SELECT DRIVE)| (DOA)
CLEAR WRITE
RETRY COUNTER : CHECK STATUS DIA
YES l
DATA LATE,
{LLEGAL?
NO
SELECT DRIVE, | DOA PARITY,
ISSUE COMMAND. BAD TAPE?
R
CHECK FATAL
STATUS DIA ERROR
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\
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DOC | ADDRESS,WORD
COUNT & START

Figure 3-1. "WRITE" Flowchart
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"WRITE END OF FILE" Flowchart
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Figure 3-3.
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Figure 3-4. "SPACE FORWARD/REVERSE" Flow Chart
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SECTION IV

THEORY OF OPERATION

4.1 TAPE FORMAT

4.2 The Western Peripherals Tape Controller interfaces to industry-standard
tape drives which write nine or seven bit characters laterally across the
tape. The density of the characters written on the tape is determined by the
type of tape drive, the density selection made on the tape drive, and (in
some cases) the density selection made in the command issued by the CPU. A
data block (record) written on tape consists of data characters and error
checking characters (or a preamble and postamble). Every data character
consists of the data byte plus a parity bit that is generated by the control-
ler o conform with odd or even parity as specified by the program or the
format. A record (or block) of data on tape represents the data transferred
to or from a block of-memory in one Read or Write operation. The controller
separates adjacent records by automaticélly erasing a 0.6 inch (0.75 inch in
7-track) segment of;tape to form an interrecord gap (IRG) between them. The

controller always stops and starts the magnetic tape in an interrecord gap.

4.3 NINE-TRACK NRZI FORMAT. As shown in Figure 4-1, each data character
contains eight data bits and one odd vertical parity bit. Following the last
data character, the End of Record gap (three blank characters) is written,
followed by a Cyclic Redundancy Check (CRC) character, followed by three more
blank characters, concluded by a Longitudinal Redundancy Check (LRC) charac-
ter. Foliowing the LRC character, a 0.6 inch IRG is writtem, in which all

nine tracks are erased. The LRC character produces an even longitudinal
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; . o THiS RECORD IS SEPARATED BY 3.5 INCIES FROM THE PREVIOUS RECORD
v EAGH BIT OF THE LRC IS SUCH THAT THE TOTAL NUMBER OF /10 BITS IN THAT TRACK .
(NGLUDING THE CRC AND THE LIC) IS EVEN. IN THE - TRACK FORMAT THE LRC WILL XND BY A NORMAL TG (0.6 INCH) FROM TME FOLLOWMG RECORD.
NEVER BE AN ALL-ZEROS CHARACTER. 7. DATA PACKING DENSITY IS FIXED AT 800 BITS PER INCIL.

Figure 4-1 9-Track NRZI Tape Format
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THEORY OF OPERATION

parity in each of the tracks along the length of the tape. Reading or writ-
ing, the controller checks to ascertain that the lateral parity of every data

character is odd and that every track has even longitudinal parity.

4.4 The 9-track file mark consists of a single character record with a
one-bit in chamnels 3, 6, and 7; the remaining channels contain zeros. The

CRC character is left blank, but an LRC character is written which is iden-

tical to the file mark character.

4.5 NINE-TRACK PE FORMAT. The standard Phase Encoded (PE) 1600 bits per
inch format, shown in Figure 4-2, consists of a preamble, a variable ;ength
data block, and a postamble. The preamble consists of 40 chagacters con-=
taining zeros in all tracks followed by a character containing ones in all
tracks. Fach data character contains eight data bits and an odd vertical
parity bit. The last data character 1is followed by the postamble (which is

the reverse image of a preamble), an all-ones character followed by 40 all-

zeros characters.

4.6 When the tape is at load point (beginning of tape) and the first data
block is to be written, it 1s preceded by an identification burst, consisting
of alternate ones and zeros in the parity (P) track, with all other tracks
erased. The file mark consists of 40 characters with all zero bits similar

to those in the preamble, except that channels 1, 3, and 4 are erased.

4,7 Phase encoded recording differs from NRZI recording in the recording
method as well as the format. 1In Figure 4-3 NRZI and phase encoded waveforms
of similar density are compared. The NRZI waveform shows a change in flux
polarity for each binary one bit. A binary zero 1is represented by the

absence of a flux change.

01200146 4/81 4-3




18/% 9TO0ZTIO

ol

o o ® - ® o ® ® ®
BLOCK (OR RECOND)  FILE MARK ‘
o : - .
""l'%sg“‘\ N\ ~«—— FORWARD TAPE MOTION J \ |
+ o (TOTONTICIERCEFLEECUELTOLCSY M ARV EE R T T
o o (UETENVTERVEER T T AT O L T T L LT T (THTTTH T
o 7 (TN I T L FCR T TV L T T (T

R i
TR S prniiing

(T TR

/JHIH]IHIIIHHI]]D P 4 [T s T O T R R T ey
“’ voran 11 SRR nniitinn i i
i | 7 2 ([0 T T O T O T T
- — — 4 | s 1 (IO TIC TN T T T T T U
neFenEnce I X f: - :: : : ' |
LGk | | 0.6Mn(nin),  PREAMBLE dy ] DATA (L POSTAMBLE | N
‘ ' e 1l n - .
| 1.7in.gnin) ) 3in.(min) | 40 ALL-ZERO o o 40 ALL-ZERO , INTERRECORDGAP . ypyr peconn
o 'F. """ CHARACTERS i U CHARACTERS [+ 0.8 1inch+.16 ' FILE MARK
\ ‘ f Tt 40 ALL-ZERO CHARACTERS
1 ALL-ONES 1 ALL-ONES WITH CHHANNELS 1, 3,
CHARACTER CUARACTER AND 4 DEAD
\ TRAILING
END
PE IDENTIFICATION BURST,
ALTERNATE 2EROS &ONES .
(Must continue past trailing eud of BOT tab.) 3. CHANNEL P (PARITY) ALWAYS CONTAINS ODD DATA PARITY.

4. A FILE MARK IS A 40-CHARACTER PREMABLE DBURST WITH CHANNELS
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Figure 4-2 9-Track PE Tape Format
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BIT PATTERN : 1 : 0 : o 1 1 ; 1 4, 0 1
| | | |
— bbb
NRZI /‘ g — . 5 , : I
| | | | |
PHASE I I I I J f |
] o e T s B N S
ENCODED y :__J : I , | : :
FLUX POLARITY I I | |
__BIT__| l | DATA
INTERBLOCK GAP '— o1 cLock BT |
TRANSITION TRANSITION
NOTES:
NRZI--ANY CHANGE IN POLARITY PHASE ENCODED--DATA BIT TRANSITION
IS A "1" BIT; NO CHANGE IN DIRECTION OF IBG IS
IS A ""0'" BIT. A ""1" BIT.
--DATA BIT TRANSITION

* LAST CHARACTER IS LRC OPPOSITE IN DIRECTION
. . OF IBG IS A "0" BIT.

Figure 4-3 PE and NRZI Recording Comparison

4.8 Phase encoded recording requires at least one flux change per bit cell.
A binary ome 1s represented by a flux change to the flux polarity of the

interrecord gap. A binary zero leaves the flux polarized opposite to that of

the interrecord gap.

4.9 SEVEN-TRACX NBZI FORMAT. As shown in Figure 4-4, each data character
contains six bits of data and one odd or even.parity bit. The data is trams-
ferred to the CPU om bits 2 through 7 and bits 10 through 15 of the bus.
Bits ¢ and 1 and bits 8 and 9 are always zero. Following the last data
character, three blank characters (EOR) are written, followed by the LRC
character. No CRC character is used in the 7-track format. In the even
parity mode an octal zero character is illegal and may be converted by soft-

ware to an octal twelve when writing to tape to prevent writing an unrecover-
able character (no read strobes are produced for an all-zeros character). A

twelve-to-zero conversion by software should then occur in the Read mode.
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CHARACTER TO BE ALL ZEROS, IN WHICH CASE A READ DATA STROBE WILL NOT BE
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5. A FILE MARK IS A SINGLE CHARACTER RECORD HAVING " BITS IN CHANNELS 4, 5,
6, AND 7 FOR BOTH THE DATA CHARACTER AND THE LRC. THIS RECORD IS SEP-
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6. DATA PACKING DENSITY MAY BE 200, 656, OR 800 BITS PER INCH.

W N

Figure 4-4 7-Track NRZI Tape Format
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4.10 The 7-track file mark consists of a single character record with a one-
bit in tracks 8, 4, 2, and 1. The file mark character, followed by three blank

characters, is identical to the LRC which terminates the file mark record.

4.11 SEVEN-TRACK PACKED MODE. If bit 8 of the DOA Register is set when
reading or writing a 7-track tape, all bits of the computer word are utilized
for the transfer. The format used for the 7-track packed (core dump) mode is
identical to the normal 7-track mode. However, three tape characters are
transferred on the tape drive for every computer word transferred. The first
four bits from the computer (bits @-3) are transferred to the tape drive on
tracks 8, 4, 2, and 1. This tape character contains zeros in tracks B and A.
Then the next six bits (bits 4-9) are transferred onto all six tape tracks.

This operation continues with the third transfer (bits 10-15).

4.12 MISSING CHARACTERS. The controller checks for missing characters when
reading. Two or more contiguous missing characters will be interpreted as an
EOR gap. If this condition occurs in the data portion of the record, Bad Tape

Error (BTE) status will be reported.

4.13 END-OF-FILE MARK. The program can group sets of data records into files.
The end of a file is indicated by an End of File (EOF) mark. The NRZI File
Mark is a special record containing one special data character and its LRC.

The PE File Mark consists of 40 characters in a combination of active and dead
tracks. Each EOF in the NRZI format is preceded by a 3.5 inch IRG. Spacing

operations automatically terminate upon detection of the File Mark.
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4.14 TAPE-END MARKERS. The ends of all tapes contain reflective strips that
are detected by photo cells in the transport. The Load Point marker is
located at least tem feet in from the beginning of the tape and comstitutes
the logical Beginning of Tape (BOT). The Space Reverse and Rewind commands
automatically stop at this marker. At least three inches of tape intervene

between the BOT marker and the first record.

4.15 The end-of-tape (EOT) reflective strip is located at least 14 feet from
the end of the tape. The program should not record more than a few feet
beyond the EOT marker, leaving at least ten feet of the tape for a trailer. A
status bit 1s set and Space Reverse operations are terminated when the tape

passes beyond the EOT marker.

4.16 RECORD LENGTH. The minimum'record length for the controller is one
vcharacter (or 18 characters per ANSI specification). Maximum length 1s
limited only by the capacity of the Wofd\Counter to. 4K (or optionally 64K)
words (2048 characters‘per‘ANSi specification). When writing, the controller
divides each computer word into two data bytes. “In reading, the bytes are

reassembled into a comﬁhtér word.

4.17 EFFECTIVE TRANSFER RATE. During the actual processing of the data part
of a record, the data transfer rate is fixed. However, In a loung tape the
effective, or average, transfer rate depends somewhat upon record length.
Record length determines the percentage of tape taken up by the gaps. At the
highest demsity (1600 bpi) each record gap occupies the space of 960 charac-
ters. Figure 4-5 shows the storage capacity of a reel of t;pe at various
record lengths. The effective transfer rate is therefore determined by

record length as well as tape speed and density.
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Figure 4-5 Comparison of Packing Density, Phase Encoded and NRZI Formats

4.18 TAPE DRIVE INTERFACE

4.19 INTERFACE SIGNALS. Figure 4-6 shows the signals on the interface
between the controller and the tape drives. Table 4-1 lists and describes
these signals. The selected tape drive returns statu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>