m WANGCO

A UNIT OF
PERKIN-ELMER DATA SYSTEMS

MODEL 511
MAGNETIC TAPE FORMATTER

NRZI
WITH P TYPE EMULATOR

OPERATION AND MAINTENANCE
MANUAL

202195-001

“J WANGCO

8404 Jandy Place. Los Angeles. Ca 90088 - (213) 300-8081



USERS OF WANGCO EQUIPMENT MAY REPRODUCE
THIS MANUAL TO ANY EXTENT NECESSARY TO
SATISFY THEIR OWN REQUIREMENTS.



NRZ! Formatter With Emulator (Mode! 511)

202195-001
Revision Level

Revision
Level

Description

Date

A

Original Publication

SECTION 6

Revised.

SECTION 5

Deleted Figure 5-2 and references.
SECTION 6

Revised.

SECTION 6

Updated Schematic 202234 (B-C)
Permanently assigned 9-digit number 202195-001
SECTIONS 1-4

Format updated.

SECTION 5

Format updated.
Changed title
Deleted spare parts recommendations

SECTION 6

Format updated
Appendices A, B, and C added

APPENDIX B
Updated Write/Read Control PWB 201659 (G-H)

12/74
3/76

9/76

12/76

8/77

2/78




Section
1

TABLE OF CONTENTS (continued)

Paragraph
GENERAL DESCRIPTION
1.1 SCOPE . .
1.2 INTRODUCTION
1.2.1 Functional Description
1.2.2 Controls and Indicator Lamps
1.3 PHYSICAL DESCRIPTION
1.3.1 Mounting
1.3.2 Connections
1.3.3 Service Access . . .
1.4 SPECIFICATIONS .
INSTALLATION AND INTERFACING
2.1 GENERAL . . . . .
2.2 UNPACKING AND INSPECTION .
2.3 MOUNTING
24 ACCESS .
25 COOLING
2.6 CABLING
2.6.1 Power Cable . .
2.6.2 1/0 Cable (Formatter to Tape Unlt)
2.6.3 1/0 Cable (Formatter-to-Controller)
2.7 INTERFACING . .
2.7.1 Logic Levels .
2.7.2 Cable Drivers and Recewers
2.7.3 Formatter-to-Tape Unit Interface
274 Tape Unit-to-Formatter Interface
2.7.5 Controller-to-Formatter Interface
2.7.6 Formatter-to-Controller Interface
OPERATION
3.1 GENERAL . . . .
3.2 CHECKS BEFORE OPERATION
3.3 OPERATION . .
3.3.1 Power Switch/Indicator . .
3.3.2 Tape Unit Address Selector Swntches .
3.3.3 Tape Unit Selected Indicator Lamps
3.34 Formatter Selected Indicator Lamp
3.3.5 Mode Remote/Manual Selector Switch
3.3.6 Parity Odd/Even Selector Switch
3.3.7 Parity Odd/Even Indicator Lamps
3.3.8 Density Hi/Low Selector Switch .
3.39 Density Hi/Low Indicator Lamps
THEORY OF OPERATION
4.1 GENERAL .
411 Control
4.1.2 Write
4.1.3 Read

Page

B e A e B B I
|

o AhWWOW—a oo

NRNNNNRNNNNN
NOGTAONNNN - -

NN
© N

41
41
41
4-2



Section

4

TABLE OF CONTENTS (continued)

Paragraph

4.2
4.2.1
4.2.2
4.2.3
4.2.4
425
4.2.6
4.2.7
4.2.8
4.2.9
4.2.10
4.2.11
4.2.12
4.2.13
4.2.14
4.2.15
4.2.16
4.2.17
4.2.18
4.2.19
4.2.20
4.2.21
4.2.22
4.2.23
4.2.24
4.2.25
4.2.26
4.3
4.3.1
4.3.2
433
434
4.3.5
4.4
4.4.1
4.4.2
4.5
4.5.1
45.2
453
4.5.4
4.5.5
45.6
45.7
4558

BLOCK DIAGRAM DISCUSSION .
Emulator Interface Logic . .
Command Register and VaIrd/Reject Loglc
Transport Control Logic .

Formatter Address Select Logic .

Tape Unit Select Logic

State Counter and Main Control Loglc
Status Register Logic

Parity Control Logic

Parity Error Detect Logic

Character Parity Check Logic .

LLRC Check Logic

Read Data Storage Register Lognc

Read Clock Activity Sense Logic

File Mark Detect Logic

Read Control Logic

Write Data Storage Register Loglc

Parity Generator Logic

Write Data Select Gates Logic .

File Mark Generator Logic .

CRCC Generator .

Write Control Logic .
Crystal Oscillators and Tape Speed Select Lognc .
Density Select Logic ...
Data Transfer Control Logic

Delay Counter Logic

Inter-Record Gap Detect LOQIC
COMMAND DESCRIPTIONS .

Command and Mode Combinations

Read and Space Commands .
Write, Erase 3-Inch Gap, and Write F|Ie Mark Commands
Rewind and Offline Commands .

Clear Command

STATE FLOW

Simplified State Flow .

Detailed State Flow .

COMMAND EXECUTION AND TIMING
Clear Command Function

Rewind Command (with Interrupt)

Write File Mark Command (7-Track)

Write File Mark Command (9-Track)
Forward Space/Record Command
Backspace/Record Command .

Write One Record Command (7- Track)
Write/Record Command (9-Track) .

Vi

Page

4.2
4-2

4.7

4-7

4-7

4-7

4-8

4-9

4-10
4-10
4-10
4-10
4-10
4-11
4-11
4-11
4-13
4-13
4-13
4-14
4-14
4-14
4-15
4-15
4-15
4-16
4-16
4-16
4-16
4-18
4-18
4-19
4-19
4-19
4-19
4-22
4-24
4-24
4-26
4-26
4-30
4-30
4-32
4-32
4-35



Section
4

Appendix A
Appendix B
Appendix C

Paragraph
459 Read One Record Command (7-Track)
4.5.10 Read One Record Command (9-Track)
4.5.11  Erase 3-Inch Gap Command .
4.6 CONTINUOUS (ON-THE-FLY) WRITE OR READ
4.7 OPTIONS ..
4.7.1 Tape Speed Selection .
4.7.2 7-Track Density Pairing
4.7.3 Single/Dual Stack Head Selectuon
4.7.4 BCD 10 to Zero Converter (Read)
4.7.5 Zero to BCD 10 Converter (Write) . . . .
4.7.6 7-Track File Mark Code Write/Read on 9- Track Tape Unlt .
4.7.7 No Parity Errors for File Marks . ..
4.7.8 Rewind Interrupt .
4.7.9 Formatter Address Select
4.7.10  Disable Manual Control of Parity and DensIty
4.7.11 Disable Remote Control of Density .
4.7.12  Normal Remote/Manual Control of Density and Panty
4.7.13  Jumper Functions Summary
4.8 DELAY TIMES
4.8.1 Predelays and Postdelays
4.8.2 Halt Delay
4.8.3 Delay Time Factors
4.9 POWER SUPPLY
4.9.1 Physical Description
49.2 Circuitry Description .
MAINTENANCE AND TROUBLESHOOTING
5.1 GENERAL . .
5.2 MAINTENANCE . . .
5.3 GENERAL TROUBLESHOOTING
5.3.1 Circuit Board Removal
5.3.2 Reference Designations
5.3.3 Fuses
LOGIC DATA
6.1 GENERAL . . . .
6.2 GLOSSARY OF TERMS ..
6.3 INTEGRATED CIRCUIT DATA . . . .
6.4 DESCRIPTION OF LOGIC AND SYMBOLS .

TABLE OF CONTENTS (concluded)

Spare Parts

Assembly Drawings and Material Lists

Logic Schematics and Wire List

vii

Page

4-35
4-38
4-38
4-39
4-39
4-40
4-40
4.44
4-44
4-45
4-45
4-45
4-46
4-46

. 447

4-47
4-47
4-48
4-48
4-49
4-49
4-49
4-49
4-50
4-50

5-1
5-1
5-1
5-3

53

. 61
. 61

6-1
6-1



Figure

2-1
2-2
2-3

3-1

4-1
4-2
4-3
44
4-5
46
4-7

49

4-10
4-11
4-12

5-1

5-2

LIST OF FIGURES
Title

Formatter, Rear View .
Formatter Cabling Conflguratson . .
Cable Drivers and Receivers at Formatter Interface

Front View of Formatter Operator Control Panel

NRZI Formatter Block Diagram .

HALT and W/R ACK Command Logic

Simplified State Counter Flow Diagram .

Detailed State Counter Flow Diagram

Clear Command Timing Diagram

Rewind Command Timing Diagram

Write File Mark Command Timing Diagram (7 Track)
Forward Space One Record Timing Diagram

Write One Record Command Timing Diagram (7- Track)
Read One Record Command Timing Diagram (7-Track) .
Tape Speed Selection Examples . e .
Density Selection VViring Example

Formatter with Top Cover Removed and Circuit Boards
Partially Extended .

Formatter Circuit Boards and Component Locatlons (except
Power Supply)

Logic Symbol Example

viii

Page
2-3

2-8
3-2

43
45

4-20
4-23
4-25
4-27
4-29
4-31
4-33
4-36
4-43
4-44

5-2

5-4
6-16



Table
1-1
2-1

2-3

4-1
4-2
43
4-4

46

6-1
6-2
6-3

B-1

LIST OF TABLES
Title

Model 511 NRZI| Magnetic Tape Formatter Specifications

Formatter/Tape Unit I/O Cable Interface
Formatter/Controller 1/0 Cable Interface
Tape Unit Select Address Line Levels .

Input Command Truth Table .
State Count Versus Function .
Command and Mode Combinations
Tape Speed Selection .

Formatter Address Selection
Jumper Functions

NRZI Formatter Glossary of Terms

Integrated Circuit Reference Designation Versus WANGCO Part No. .

Integrated Circuit Reference Data

Speed Chips for Standard Tape Speeds

Page

2-10
2-16
2-17

48
4-17
4-41
446
4-48

6-6
6-8

B-1



WAN-0232

Frontispiece. NRZ! Formatter With Emulator.



SECTION 1
GENERAL DESCRIPTION

1.1 SCOPE

This manual describes operation and maintenance of the Model 511 Non-Return-to-Zero (NRZI)
Magnetic Tape Formatter with P-type Emulator manufactured by WANGCO, Incorporated. The
NRZ! Formatter simplifies interfacing of magnetic tape units with digital computers. This manual
is divided into the following six sections:

® Section 1: ~ General Description
® Section 2: Instatlation and Interfacing
@ Section 3: Operating Instructions
® Section 4: Theory of Operation
® Section b: Maintenance and Troubleshooting
@ Section 6: Logic Data
1.2 INTRODUCTION

The Model 511 NRZ1 Formatter (ref. Frontispiece) allows writing and reading of IBM- or ANSI-
compatible 9-track or 7-track magnetic tapes. Nine-track data density is standard at 800 bits per
inch (BPI1)}, and 7-track data density is selectable at 200, 556, or 800 BPI.

NOTE

Throughout this manual all references to BPI

is intended to relate directly to bits per 2.564

centimeters (cm).

1.2.1 FUNCTIONAL DESCRIPTION

Formatter control enables automatic performance of all major tape-unit operations and makes
possible individual selection and operation of up to four daisy-chained Tape Units in a series
parallel configuration. Tape Units for use with the Model 511 NRZI Formatter can be a mixture
of any of the following configurations:

A. Seven-track or 9-track format
8. Any of two tape speeds (7-track)
C. Read/Write (single-stack) or Read-After-Write (dual-stack) head.
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1.2.1.1 Control Functions. The 511 NRZ| Formatter provides the following control functions:

A. Tape Unit motion control.
B. Cyclic Redundancy Check Character (CRCC) generation and checking.
C. Longitudinal Redundancy Check Character (LRCC) generation and checking.
D. Vertical Redundancy Check (VRC) generation and checking.
E. Inter-Record Gap (IRG) generation.
F. IBM-compatible file mark generation.
G. Status reporting of pertinent operational modes.
1.2.1.2 Timing. All critical clock and delay times are derived from a crystal-controlled

oscillator; no single-shot multivibrators are used, and no calibrations or potentiometer adjustments

are required in the Formatter or in the Emulator.

1.2.1.3 Emulator. The Emulator, mounted on the rear of the Formatter enclosure, provides a
compatible interface between a Controller that uses a Pertec Input/Output (I/O) format and the
standard WANGCO 1/0 format. This allows replacement of a standard Pertec NRZI Formatter
with a WANGCO NRZI Formatter by using the existing Controller; however, the following three
functions that are available with the Pertec Formatter are not available with the modified
WANGCO Formatter:

A. Novariable Erase function (only fixed Erase function).
B. No Edit function.
C. No external Write parity generation option. Parity for the Write function is

generated by the Formatter.

1.2.1.4 Tape Speed. The Model 511 NRZI Formatter is compatible within the entire tape-
speed range of 12.5 to 112.5 inches per second (ips) or 31.75 to 285.75cm/sec without change

of crystals. Frequencies needed for tape speed are selectable by means of jumpers which can be
changed in the field.
1.2.1.5 Additional Features. The Model 511 NRZI Formatter provides the following additional

features:

A. Continuous Read or Write (On-the-Fly) operations at maximum tape speed

without stopping in the IRG.
B. Writes and reads IBM-compatible file marks in 7-track or 9-track formats.

C. Special low-threshold data recovery circuit.

1-2



1.2.2 CONTROLS AND INDICATOR LAMPS

The following controls and indicator lamps are provided on the operator control panel (OCP) at

the front of the Formatter (see frontispiece):

A. Slide switches allow any of the Tape Units (arbitrarily assigned letters of A, B,
C, and D) to be assigned any of four possible addresses (0, 1, 2, or 3).

B. Lamp indication when Formatter is selected by the Computer.

C. Lamp indication of Tape Unit selected by the Computer.

D. Lamp indication of high or low density selection (7-track Tape Units; or for
Tape Units with Remote Density option, the lamps indicate PE or NRZI
selections respectively).

Lamp indication of odd or even parity selection (7-track Tape Units only).
Remote or Manual control for density and parity selection (7-track Tape Units

only; 9-track Tape Units are always 800 BP| and odd parity).

G. Hluminated pushbutton power switch.
1.3 PHYSICAL DESCRIPTION
1.3.1 MOUNTING

The Formatter mounts in a standard 19-inch (48.26cm) EIA or RETMA equipment rack. The front
panel is 5.25 inches (13.335cm) high, hinged at the left side, and secured by a 1/4-turn latch.
Opening the front panel provides easy access for removal of the printed wiring board (PWB)
assemblies. Formatter depth is 21.5 inches (54.61cm), but an additional two inches should be
allowed for an input/output (1/0) cable service loop. The Formatter weighs approximately 25
pounds (11.33975kg).

1.3.2 CONNECTIONS

Cable connections are made at the rear of the Formatter, using circuit-board-edge connectors on
which circuit-board-type cable terminators are connected. The connector for interfacing the
Formatter with the customer-furnished Controller and the complete 1/0 cable assembly for Tape
Unit-Formatter interface are provided as standard equipment, but the daisy-chain cable assembly
is optional.
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1.3.3 SERVICE ACCESS

Removal of pan-head screws from the top and bottom covers releases the covers and affords easy

access to components on the PWB assemblies.

1.4 SPECIFICATIONS

Specifications for the WANGCO Model 511 NRZI| Formatter are listed in Table 1-1.

TABLE 1-1. Model 511 NRZI Magnetic Tape
Formatter Specifications (continued)

GENERAL

Parameter

Characteristics

Tape Speed:

Inter-Record Gap —
9-Track:

7-Track:
Circuitry:

Interface Voltages —
Low:
High:

Tape Format Compatibility —
9-Track:
7-Track:

Magnetic Tape Units per
Formatter:

Functions Controlled:
Lamp Indications:

Remote/Manual Selection:

12.5t0 112.5 ips (31.75 to 285.75 cmps) with single
crystal. Continuous Read or Write if desired (no stop
in IRG).

0.6-inch (15.24 mm) nominal,
0.54-inch (13.716 mm) minimum.
0.75-inch (19.05 mm).

Silicon semiconductors
0.0 +0.4v Compatible with DTL 900 Series
3.9 bV or TTL 7400 Series

800 BPI

' . ) .
200, 556, or 800 BPI | ANSI- or IBM-compatible

Up to 4 (in daisy-chain configuration). Tape Units may
be mixed; and 2 speeds (7-track only), single-stack or
dual-stack head. Switchable assignment of Tape Units to
Computer (by number) without changing electrical
connectors.

Tape motion, generation of CRCC, LRCC, VRC, IRG
and IBM-compatible file marks.

Power on; Formatter selected; Tape Unit selection;
density selection; parity selection.

Switch allows remote or manual control for density and
parity selection.
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TABLE 1-1. Model 511 NRZI Magnetic Tape

Formatter Specifications (concluded)

PHYSICAL

Parameter

Characteristics

Dimensions —
Height:
Width:
Depth:

Approximate Weight:
Mounting:

Power:

5.25 inches (13.335 cm).

19 inches (48.26 cm).

21.5 inches (54.61 cm).

25 pounds (11.34 kg).

3 vertical spaces in standard 19-inch (48.26 cm) EIA or
RETMA equipment rack.

110, 115, 120, 125, 220, 230, 240 or 250 VAC +10%
(selectable by transformer tap). 100 or 200 VAC +10%
available as special option. 160W maximum, 48—62 Hz.

ENVIRONMENTAL

Parameter

Characteristics

Operating Temperature:
Storage Temperature:
Altitude:

Relative Humidity:

0 to 50° C (32 to 122° F).

—40 to +75° C (—40 to +167° F).

Sea level to 20,000 feet (6097.5 meters).
10 to 95% (noncondensing).
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SECTION 2

INSTALLATION AND INTERFACING

2.1 GENERAL

This section provides information for unpacking, inspecting, installing, and interfacing the
WANGCO Model 511 NRZI Magnetic Tape Formatter.

2.2 UNPACKING AND INSPECTION

Use the following procedure when unpacking and inspecting the Formatter:

A

Remove contents of shipping container and inspect for in-transit damage. If
damage is evident, notify the carrier and the manufacturer. Specify nature and
extent of damage.

Verify contents of shipping container agree with shipping list. Notify a WANGCO
representative if there are any shortages.

Verify that Formatter model designation and serial number agree with those on
the shipping invoice.

Open the front panel of the Formatter by turning the 1/4-turn latch at the right
side, then use the white nylon card extractors attached to each side of each

major assembly board and remove the boards.

NOTE

Circuit board components are reference desig-
nated by means of a coordinate system, with
letters at the left side of the board and numerals

across the top.

Inspect major assemblies for loose hardware. Tighten hardware where necessary.
When reinserting the circuit boards, verify they are firmly seated in the rear
panel sockets; otherwise the front panel cannot close nor can the Formatter

operate properly.
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2.3 MOUNTING

A small packet of mounting hardware that contains the 10-32 Phillips-head screws, metal grommets,
and nylon chafing guards is included with each NRZ| Formatter. The Formatter is rack mounted
by aligning its four mounting holes with four threaded mounting holes in the rack and securing it

with the mounting hardware.
24 ACCESS

The front panel of the Formatter is hinged on the left side. During installation, provision should be
made for at least 18 inches (45.72cm) of front-panel clearance to allow circuit board removal and
access for other maintenance purposes. Access space should also be provided at the rear of the

Formatter for servicing and cable interconnections shown in Figure 2-1.
2.5 COOLING

A fan within the Formatter provides all necessary cooling; however, airflow restriction about the
sides and the perforated top and bottom covers should be avoided. The fan is at the left front of
the Formatter (ref. figure 2-1) and directs air back across the power supply. The air then flows to

the right, across the circuit boards, and exits primarily from the top and rear of he Formatter.
2.6 CABLING

A diagram of NRZ! Formatter cabling configuration is shown in Figure 2-2, The following three

cables are essential for system operation:

A. Power cable.
B. 1/0 cable (Formatter-to-Tape Unit).
C. 1/0 cable (Formatter-to-Controller).
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1/O CABLE FROI1 FORMATTER TO MAGNETIC TAPE UNIT (MTU).

1/0 CABLE FROM FORMATTER TO COMPUTER ADAPTER (CONTROLLER)
IS CUSTOMER FABRICATED (SEE TEXT).

DAISY CHAIN CABLING OF TAPE UNITS (OPTIONAL
CONFIGURATION: CABLES AND CONNECTOR ADAPTERS
SHOULD BE PURCHASED WITH TAPE UNITS).

TERMINATION CONNECTORS (SUPPLIED WITH TAPE UNIT).



2.6.1 POWER CABLE

A three-pin power cable, terminated in a three-pin plug (one pin is ground), is an integral part of
the Formatter. The power source must be located within the eight-foot (2.4384m) length of the
cable. The power-cable plug and power-cable terminal-board cover are labled with the AC voltage
required for proper operation of the Formatter. Power transformer terminals are internally strapped
at the factory, as specified by purchase order (ref. table 1-1 for power options). A decal on the rear
left side of the Formatter chassis shows transformer strapping connections for various power

i CAUTION

BEFORE CONNECTING THE AC LINE PLUG
ON THE FORMATTER POWER CABLE TO
THE POWER SOURCE, VERIFY THAT
SOURCE VOLTAGE CONFORMS TO THAT
SPECIFIED ON THE DECAL ATTACHED TO
THE FORMATTER REAR PANEL.

configurations.

26.2 /0 CABLE (FORMATTER-TO-TAPE UNIT)

This 1/0O cable is supplied with the Formatter. It is five feet (1.524m) long, and consists of a ribbon-
type twisted pair, terminated on the Formatter end in a 100-pin circuit-board-edge connector
(P102). From P102, the cable is split into three separate cables, each terminated in a 36-pin circuit-
board-edge connector (P1, P6, and P16) for hookup with corresponding connectors on the
associated Tape Unit When making system installation, Formatter and Tape Unit must not be
separated by a distance greater than the length of this cable (ref. figures 2-1 and 2-2).

The three connectors on the Tape Unit end of MTU Cable Assembly 201336 must be attached to
the Tape Unit in accordance with the following procedure:

DO NOT DEVIATE FROM THIS PROCEDURE
OR EQUIPMENT DAMAGE MAY RESULT.

—

A. Connector P16 connects to jack J16. Verify that pin A (stamped on the con-
nector) of P16 mates with pin A (etched finger) of J16 on the circuit board.
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B.  Connector P6 connects to jack J6. Verify that pin A of P6 mates with pin A of
J6.

C. Connector P1 connects to jack J1. Verify that pin A of P1 mates with pin A of
J1.

| notE

If Tape Units are to be daisy-chained, total
length of interconnecting 1/O cables must not
exceed 20 feet (6.096 m). The daisy-chain
configuration requires the use of special
connectors and additional cables for the Tape
Units which should be ordered when Tape Units

are purchased.

Two terminators (Control/Write) are supplied
with each WANGCO Tape Unit. These term-
inators must be installed in the last Tape Unit
in the daisy-chain. Termination for the Read

lines is incorporated within the Formatter.

2.6.3 I/0 CABLE (FORMATTER-TO-CONTROLLER)

This 1/0 cable is customer-fabricated, and uses the supplied 100-pin circuit-board-edge connector
P101. Its length should not exceed 6 feet (1.83m), and it should be made of 22-26 AWG twisted-
pair wires. Each twisted pair should have at least one twist per inch and a minimum insulation
thickness of 0.01-inch (0.254mm). The ground wire of each twisted pair should be connected to
ground as close to the origin or destination of the signal as possible (within six inches (15.24cm)

maximum) to minimize ground-loop currents or cross-talk effects.

NOTE

If two Formatters are daisy-chained to the

Controller, neither 1/0 cable length should

exceed six feet (1.83m).
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2.7 INTERFACING

The following information is necessary to provide correct interfacing between the Formatter,

Controller, and Tape Units.

2.7.1 LOGIC LEVELS

The following two logic levels are used in the Formatter interface:

Low level — 0.0 +0.4 VDC
High level — +3.9 +1.5 VDC

NOTE

Throughout this manual, a bar over a logic
term (e.g., BOT) indicates the term is at a
low level when active. Conversely, a term
with no bar (e.g., RDS) is at a high level

when active.
2.7.2 CABLE DRIVERS AND RECEIVERS

The cable drivers and receivers of the Formatter are shown in Figure 2-3. Observe that, with a
high-level logic input, the configuration of the cable termination presents the equivalent of an

open circuit to the Formatter.

2.7.2.1 Output Signals. All output signals from the Formatter are generated by low-active,
open-collector integrated circuits capable of sinking 26 milliamperes {mA). This allows the For-

matter output signals to be terminated to +5 Volts with resistors.

2.7.2.2 Input Signals. All input signals to the Formatter should be generated by drivers
capable of sinking 30 mA when at the low-active level. These drivers need not supply any current
when at the high level because resistor terminations are supplied at the receivers of the Formatter.

The drivers need not be open-collector types either, because no wired OR input functions are used.
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2.7.3 FORMATTER-TO-TAPE UNIT INTERFACE

Table 2-1 lists the Formatter-to-Tape Unit 1/0 cable interface pin assignments. Terms under bars
are low (0V) when active; terms without bars are high (+5V) when active. There are 24 signal lines

from the Formatter to the Tape Unit which are grouped into three functional categories:

A. Address
B. Control
C. Write Data

2.7.3.1 Tape Unit Address. Four lines, SLCTA through SLCTD, are used to select Tape Units
0, 1, 2, or 3, respectively, when the Unit Select switches are arbitrarily set to A=0, B=1, C=2, and

D=3. Each of these four lines is gated with the Formatter address signal to select one of the daisy-
chained Tape Units. The Formatter decodes the S1 and S2 address lines from the Controller for
this operation.

2.7.3.2 Control

Ten Control lines, SFC through WARS (ref. paragraphs 2.7.3.2.1 through 2.7.3.2.10) activate the
selected Tape Unit when it is READY and ON LINE.

2.7.3.2.1 SFC — Synchronous Forward Command. A level which when low, causes the selected

Tape Unit to ramp up to speed and drive forward at the rated speed. When switched to the high
level, the Tape Unit ramps down to halt.

2.7.3.2.2 SRC — Synchronous Reverse Command. A level which when low, causes the selected

Tape Unit to ramp up to speed and drive at the rated speed in the reverse direction. When switched
to the high level, the Tape Unit ramps down to a halit.

2.7.3.2.3 RWC — Rewind Command. A negative-going pulse which causes the selected Tape

Unit to rewind to the load point.

2.7.3.24 OFC — Off-Line Command. A negative-going pulse which causes the selected Tape

Unit to revert to manual control. The Tape Unit must then be manually placed ON LINE before

it can again be operated under remote control.
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TABLE 2-1. Formatter/Tape Unit |/O Cable Interface

J102 J102
Pin Formatter to Tape Unit Pin Tape Unit to Formatter
60 SLCTA 64 RDY
53 SLCTB Tape Unit Address 66 ONL
58 SLCTC 62 RWD
54 SLCTD 70 FPT
_ 57 LDP Status
a1 EOT
76 NRZ/PE
J— 78 SINGLE/DUAL
34 SFC 80 LOW/HIGH
56 SRC 72 7 TRACK/9 TRACK
36 RWC 74 DDI ]
55 OFC
44 SWS
8 OVW .
46 DDS
Control
94 THR1
92 THR2
43 WARS |
24 RDP
14 RDO
Write Data 32 RDT
45 wDS Strobe 18 RD2
20 RD3 Read Data
28 RD4
30 RD5
I 10 RD6
48 WDO 12 RD7
50 wD1 . —

51 wD2 6 RDS Read Data
49 wD3 Strobe
b2 wD4 Write Data
37 wD5
38 WD6
42 wD7
40 wDP
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NOTE

OFC can be transmitted to a Tape Unit that is

rewinding, even though the Tape Unit status
indicates NOT READY.

2.7.3.2.5 SWS — Set Write Status. A level which when low, sets the selected Tape Unit from

the Write mode to the Read mode within 20 microseconds if any of the following conditions

occur: an SFC, SRC, RWC, or ORC signal is received, the Tape Unit is manually switched to
Off-Line, or interlock is lost. The Read mode is maintained until the next SFC or SRC is initiated.

2.7.3.2.6 OVW — Overwrite. The OVW signal is a level which causes the Tape Unit Write current

enable/disable to ramp on and off to minimize rate of change of recorded inter-block gap magnetism

when rewriting a record in the Edit mode. This signal level also causes the Write current and DC
Erase Head current to be turned off immediately after rewriting the new record to prohibit erasing

the beginning of the next record (ref. paragraph 2.7.3.2.10).

2.7.3.2.7 DDS — Density Select Line. This signal is used to select the packing density on 7-track

Tape Units or to select NRZI Data Electronics on Tape Units equipped for dual-density operation.
Low = High Density Selected (or PE), High = Low Density Selected (or NRZI).

2.7.3.2.8 THR1 — Read Threshold 1. A level which when low, provides a high-threshold Read

mode for marginal checking of written records on a Tape Unit that has a single-stack (Read/Write)

head. This operation is usually accomplished by backspacing over a newly written record and then

reading forward in the high-threshold Read mode to perform a parity check.

2.7.3.29 THR2 — Read Threshold 2. A level which when low, provides an extra low threshold

(on Tape Units appropriately equipped) for recovery of very-low-quality signals.

2.7.3.2.10 WARS — Write Amplifiers Reset. This signal controls the early turn-off of the Write

and Erase currents after rewriting a record in the Edit mode (ref. paragraph 2.7.3.2.6). The
negative-going transition of this signal initiates the Write/Erase current turn-off. This signal also
generates the LRCC.
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2.7.3.3 Write Data

Write Data signals (WDP and WDO through WD7) are sent to the selected Tape Unit along with
timing signals of the Write Data Strobe (WDS) pulses and in conjunction with the appropriate
control signals. One Write Data line is provided for each Write Data bit in a tape character.

2.7.3.3.1 WDS — Write Data Strobe. This is a clock signal which provides the necessary timing
for the selected Tape Unit to copy the Write Data (WDP and WDO through WD—7). The Write Data
levels must be static during WDS. The positive-going transition (trailing edge) of the WDS pulse

is used to clock the Write flip-flops in the Tape Unit. The clock rate is at the character rate for
NRZI.

2.7.3.3.2 WDP, WDO Through WD7 — Write Data. WDP is the odd parity bit, WDO is the most
significant bit in 9-track format, WD2 is the most significant bit in 7-track format, and WD7 is the
least significant bit in both 7-track and 9-track formats. WDO and WD1 are not used in 7-track

format. These Write Data signals are presented to the selected Tape Unit along with the WDS clock
strobe pulse. The Write Data is presented in logic-level form wherein Low = logic 1 and High =

logic 0.
2.7.4 TAPE UNIT-TO-FORMATTER INTERFACE

Tape Unit-to-Formatter I/0O cable interface pin assignments are also shown in Figure 2-4. Terms
under bars are low (OV) when active, terms without bars are high (+5V) when active. There are
up to 21 signal lines from the Tape Unit to the Formatter, which are grouped into two functional

categories:
A. Tape Unit status information.
B. Read Data bits transfer.
2.7.4.1 Status

Eleven lines (ref. paragraphs 2.7.4.1.1 through 2.7.4.1.11) to the Formatter indicate the status
of the Tape Unit.



2.7.4.1.1 RDY — Ready. A level which is low only when the Tape Unit meets the following
conditions:

A. Initial load or rewind to load point (BOT) sequence has been completed.
B. Tape Unit is not rewinding.
C. On Line (ONL) status signal is low.

NOTE

A Tape Unit will go NOT READY for approxi-
mately 0.5-second after reversing into Load
Point, and does not go READY until approxi-
mately 0.5-second after termination of a

Rewind.

2.7.4.1.2 ONL — On Line. A level which when low, indicates the selected Tape Unit is On

Line and under remote control.

2.7.4.1.3 RWD — Rewind. A level which is low while the selected Tape Unit is rewinding. The

level remains low until the Tape Unit completes the return-to-load-point sequence. The Tape Unit

becomes Ready approximately 0.5-second after the RWD signal terminates.

2.7.4.1.4 FPT — File Protect. A low level on this line indicates no Write Enable ring is installed

on the supply (file) reel of the selected Tape Unit.

2.7.4.1.5 LDP — Load Point. A level which is low when the Beginning of Tape (BOT) reflector

on the tape in the selected Tape Unit is under the photo sensor, and the initial load or rewind

sequence is completed.

NOTE

Load Point is the same as BOT.

2.7.4.1.6 EOT — End of Tape. A low level on this line indicates the selected Tape Unit is

sensing the reflective marker at the end of the tape. This signal is not static and neither the

positive-going nor negative-going transition is clean.
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2.7.4.1.7 NRZ/PE — Non Return to Zero/Phase Encoded. A level which indicates the type of
Tape Unit selected: low is NRZ, high is PE.

2.7.4.1.8 SINGLE/DUAL — Head Stack. A level which indicates the type of head in the
selected Tape Unit: low is single-stack (Read/Write), high is dual-stack (Read-After-Write).

2.7.4.1.9 LOW/HIGH — Tape Motion Speed." A level which indicates speed of selected Tape
Unit: low is low-speed Tape Unit; high is high-hspeed Tape Unit.

2.7.4.1.10 7 TRK/9 TRK — Tape Unit T‘racks. A level which indicatés the number of tracks in
the selected Tape Unit: low is 7-track; high is 9-track.

2.7.4.1.11 DDI — Data Density Indicator. A level which indicates the selected data density in

the selected Tape Unit: low is high density; high is low density.

2.7.4.2 Read Data

Read Data signals (RDP and RDO through RD7) from the selected Tape Unit are sent to the
Formatter along with timing signals of the Read Data Strobe (RDS) pulses, and in conjunction
with the appropriate control signals. One Read Data line is provided for each Read Data bit in a

tape character.

2.7.4.2.1 RDS — Read Data Strobe. This is a clock signal with a negative-going pulse which

indicates the Read Data bit being processed is valid. During a Read operation, an RDS pulse must
accompany each valid data bit. RDS provides the necessary timing for the Read Data to be read.
The Read Data levels must be static during RDS. The positive-going transition (trailing edge) of
the RDS pulse is used to clock the Read flip-flops in the Formatter.

2.7.4.2.2 RDP, RDO Through RD7 — Read Data. RDP is the odd parity bit, RDO is the most

significant bit in 9-track format, RD2 is the most significant bit in 7-track format, and RD7 is

the least significant bit in both 7-track and 9-track formats. RDO and RD1 are not used in 7-track
format. When presented to the Formatter, each Read Data bit signal is accompanied by an RDS

pulse. The Read Data is presented in logic-level form: low is logic 1; high is logic O.
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2.7.5 CONTROLLER-TO-FORMATTER INTERFACE

Table 2-2 lists the Controller-to-Formatter |/O cable interface pin assignments. There are 26

signal lines from the Controller to the Formatter, which are grouped into five functional categories:

A. Addressing
Commands
Write Control
Modes

Write Data

mooO®

The Controller driver circuits to the Formatter should be capable of sinking 30 mA when at the
low level. These drivers need not supply any current when at the high level, since resistor term-
inations to +5V are supplied within the Formatter. The drivers need not be open-collector types

because no wired-OR function is used.

Terms under bars are low (OV) when active; terms without bars are high (+5V) when active. The

following paragraphs define the Pertec 1/O compatible signals from Controller-to-Formatter.

2.7.5.1 Addressing

All addressing is accomplished with three signal lines: FAD, TADO, and TAD1.

2.7.5.1.1 FAD — Formatter Address. A level which allows the same line to be used for the

selection of either of two Formatters. When low, Formatter 1 is addressed; when high, Formatter
0 is addressed. The level must remain static throughout the execution of any command. Each
Formatter may be internally jumpered to provide indication to the Controller whether its

address isO or 1.

2.7.5.1.2 TADO, TAD1 — Tape Unit Select Address Lines. These levels, listed in Table 2-3,

are decoded by the Formatter to select one of the four Tape Units. The levels must remain static

throughout all operations except Rewind. A Tape Unit can be commanded to rewind and a

different Tape Unit can be selected immediately.
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TABLE 2-2. Formatter/Controller 1/0 Cable Interface

J103 (Input) J103 (Output)
Pins Controller to Formatter Pins Formatter to Controller
1 FAD 50 FMK B
2 TADO } Addressing 48 HER
5 TAD 1 49 CER
56 FPT
24 OFL 59 LDP
7 REV/FWD 53 RDY
23 REW b4 ONL
8 WRT/READ Commands 55 RWD L Status
1 WFM 60 EOT
13 ERASE 65 7 TRK
12 EDIT {(not used) 66 SGL
67 SPD
6 GO -— Command Clock 62 NRZ
26 FEN — Formatter Enable 43 FBY
44 DBY
19 PAR . 62 NRZ
25 LWD } Write Control 47 CCG/IDENT *]
14 THR1 72 RP
17 THR2 } Modes 73 RO
18 DEN 74 R1
. 77 R2 Read
30 WP (not used) 78 R3 f Data
31 wo 79 R4
32 W1 80 R5
35 w2 Write 83 R6
36 w3 g Data 84 R7
37 w4
38 W5 71 RSTR -— Read Clock
41 w6
42 W7 J 68 WSTR — Write Clock

3,4,9,10, 15, 16, 21, 22, 27, 28, 33, 34, 39, 40, 45, 46, 51, 52, 67, 58, 64, 69, 70, 75, 76,
81, 82, 96, 98, 100 — Signal GND

* CCG/IDENT is a time shared line. For PE units, the signal is known as IDENTS. For

NRZI units, the signal is known as CCG.
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TABLE 2-3. Tape Unit Select Address Line Levels

TADO Level TAD1 Level Tape Unit Selected
High High 0
High Low 1
Low High 2
Low Low 3

2.7.5.2 Commands

All commands are clocked into the Formatter by the GO command clock pulse. The command
signals must be static for a minimum of 500 nanoseconds before and after the command clock
pulse.

2.7.5.2.1 OF L — Offline. A low-true pulse on this line places selected Tape Unit in Offline mode.

2.7.5.2.2 REV/FWD — Reverse/Forward. A low level on this line selects reverse mode. Con-

versely, a high level selects forward mode.

2.7.5.2.3 REW — Rewind. A low true pulse on this line selects a Rewind operation on the

selected Tape Unit.

2.7.6.24 WRT/READ — Write/Read. A low level on this line selects Write mode. Conversely,

a high level selects Read mode.

2.7.6.2.6 WFM — Write File Mark. A low level on this line, when WRT/READ line is low,

causes a file mark to be written by the selected Tape Unit.

2.7.5.2.6  ERASE — Erase. A low true level on the ERASE, WRT/READ, and WFM lines

conditions the Formatter to execute a fixed-length erase of approximately 3 inches of tape. No

variable length erase function is provided.

2.7.6.2.7 GO — Command Clock. All commands, except Rewind and Off Line are clocked

into the Formatter on the trailing edge of the clock puise.

2.7.56.2.8 FEN — Formatter Enable. A high true pulse or level on this line resets all Formatter

‘ .
operations.
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2.7.6.3 Write Control

The Write Control lines control transfer of data during Write mode.

2.7.5.3.1 PAR — Parity. This line is used only for 7-track NRZI units. A low true level on

this line enables generation of even parity in Write mode.

2.7.5.3.2 LWD — Last Word. When a low true level is generated on this line at the same time

the last character of a record is transmitted, it indicates no further Write data transfers are required.
2.7.5.4 Modes
The Mode functions are clocked into the Formatter with a GO command.

2.7.5.4.1 THR1, THR2 — Read Threshold Levels. For single-gap Tape Units, a low true level
on THR1 selects a high read threshold level. A low true level on THR2 selects a low read threshold

level, to enable detection of low-amplitude tape data.

2.7.56.4.2 DEN — Density. When the Formatter is used as part of a PE/NRZI system, this line
provides selection of either the PE or NRZ| Formatters. A low true level selects the NRZI For-

matter. Conversely, a high level selects the PE Formatter. When used for 7-track tape systems,

a low true level selects the lower of two possible bit densities for Write or Read operations.

2.7.56.5 Write Data

The Write data is transferred from the Controller to the Formatter over 8 lines, WO through W7.
The WP (Write Parity) line is not used.

2.7.5.56.1 WO through W7 — Write Data. WO through W7 comprise the low true data input lines.
WO is the most significant bit; W7 is the least significant bit.




2.7.6 FORMATTER-TO-CONTROLLER INTERFACE

There are 28 signal lines from the Formatter to the Controller (ref. table 2-2) which are grouped

into four categories:

A. Status

B. Read Data
C. Read Clock
D. Write Clock

2.7.6.1 Status

The Status lines are supplied to the Controller as indications of the Formatter or Tape Unit

operating functions.

2.7.6.1.1 FMK — File Mark. A low true 1-microsecond pulse on this line indicates a file mark

has been detected.

2.7.6.1.2 HER — Hard (Non-correctable) Error. A low true level on this line indicates a non-

correctable error has been detected.

2.7.6.1.3 CER — Corrected Error. A low true 1-microsecond pulse on this line indicates a

correctable error has been detected. It is not used in the NRZ| Formatter.

2.7.6.1.4 FPT — File Protect. A low true level on this line indicates the Tape Unit is file

protected, ie; that a Write operation cannot be performed unless a Write Enable ring is installed

on the file reel or cartridge.

2.7.6.1.56  LDP — Load Point. A low true level on this line indicates the Tape Unit is at the
load point (BOT).

2.7.6.1.6 RDY — Ready. A low true level on this line indicates the Tape Unit is ready to

accept Controller commands.

2.7.6.1.7 ONL — On Line. A low true level on this line indicates the selected Tape Unit is
On Line.
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2.7.6.1.8 RWD — Rewind. A low true level on this line indicates the selected Tape Unit is

performing a Rewind operation.

2.7.6.1.9 EOT — End of Tape. A low true level on' this line indicates the selected Tape Unit
has reached the End of Tape (EOT) marker.

2.7.6.1.10 7 TRK — 7 Track. A low true level on this line indicates selection of a 7-track Tape

Unit. Conversely, a high true level on this line indicates selection of a 9-track Tape Unit.

2.7.6.1.11 SGL — Single. A low true level on this line indicates the selected Tape Unit has a
single-gap head. Conversely, a high level on this line indicates the selected Tape Unit has a dual-

gap head.

2.7.6.1.12 SPD — Speed. This line is used in systems which have Tape Units of different speeds.
A low true level on this line indicates the selected Tape Unit is operating in the low-speed mode.
Conversely, a high level on this line indicates the selected Tape Unit is operating in the high-speed

mode.

2.7.6.1.13 FBY — Formatter Busy. A low true level on this line indicates the Formatter is

performing a functional operation.

2.7.6.1.14 DBY — Data Busy. A low true level on this line indicates a Write or Read mode

operation is in progress.

2.7.6.1.15 NRZ — Non-Return to Zero. A high level on this line indicates the Formatter is in

the PE mode of operation.

2.7.6.1.16 CCG/IDENTS — Identification Burst. A low true pulse on this line indicates the
Formatter has detected the NRZI check characters on the tape.

2.7.6.2 Read Data

Nine Read Data lines transfer parallel Read data to the Controller. They are clocked by the
Read clock which generates the Read Strobe (RSTR) pulse.
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2.7.6.2.1 RP, RO through R7 — Read Data. The Read data is transmitted in a low-true format.
RP is the parity character. RO is the most significant bit; R7 is the least significant bit.

2.7.6.3 RSTR — Read Strobe. A Read Strobe (clock) pulse is generated for each Read

character transmitted. Each clock pulse has a duration of approximately one microsecond.

2.7.6.4 WSTR — Write Strobe. A Write Strobe (clock) pulse is generated for each Write

character transmitted. The first character must precede the first clock pulse, with each subsequent

character on-line within one-half of a character period after the trailing edge of each clock pulse.
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SECTION 3

OPERATION

3.1 GENERAL

In this section, physical operation of the WANGCO Model 511 NRZI Formatter is described,

pre-operational checkouts are defined, and front panel switches and indicators are identified.

3.2 CHECKS BEFORE OPERATION

After the Formatter has been installed, the following checks should be made before operation

is begun:
A. Verify that /O cables are properly located and firmly seated to ensure correct
interface connections.
B. Verify that the two fuses, accessible from the rear panel, are of the voltage and
amperage rating marked on the Formatter.
C. Before applying AC line power, verify that line voltage corresponds to the
voltage marked on the Formatter (ref. figure 2-1).
3.3 OPERATION

Formatter operation is simple. Only initial control switch settings on the Operator Control Panel
(OCP) need be made. With initial control settings established, the selected Formatter automatically
performs all commanded operations. No adjustments are required. Controls and indicators are

shown in Figure 3-1.

3.3.1 POWER SWITCH/INDICATOR

A push-on/push-off switch/indicator. AC power is applied, or removed, by pressing. Internal

indicator is lit when power is on. No warm-up time is required for the Formatter.
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Figure 3-1. Front View of Formatter Operator Control Panel



3.3.2 TAPE UNIT ADDRESS SELECTOR SWITCHES

Four 4-position, detented slide switches (A, B, C, and D), each with selectable positions 0, 1, 2, or
3. If multiple Tape Units are used (daisy-chained), each Tape Unit (0, 1, 2, or 3) must be assigned
a unique address by using these switches; e.g., A=0,B=1,C =2, D= 3. Tape Units assigned the
same address are simultaneously selected.

3.3.3 TAPE UNIT SELECTED INDICATOR LAMPS

One of these indicator lamps is located above each Tape Unit Address Selector Switch. When a

Tape Unit is selected, its corresponding lamp is lit.

3.3.4 FORMATTER SELECTED INDICATOR LAMP
This indicator lamp is lit when the Formatter is selected.

3.3.5 MODE REMOTE/MANUAL SELECTOR SWITCH

A 2-position toggle switch. Its position determines whether control of parity and density is

manually selected by OCP switches on the front panel or remotely controlled from the Controller.

NOTE
Only 7-track Tape Units are affected by the
position of the MODE, PARITY, and/or
DENSITY select switches; 9-track Tape Units
are always odd parity with 800 BPI density.

3.3.6 PARITY ODD/EVEN SELECTOR SWITCH

A 2-position toggle switch. Allows selection of either odd or even parity data to be written or
checked by the Formatter when 7-track Units are selected (ref. paragraph 3.3.5 and associated
note). Parity selected must be the same as that of the selected 7-track Tape Unit. This switch has
no effect when 9-track Tape Units are selected, or when the MODE switch is in the REMOTE

position.
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3.3.7 PARITY ODD/EVEN INDICATOR LAMPS

The lamp corresponding to the PARITY switch position is lit, regardless of the MODE switch
position or Tape Unit selected, to indicate the parity configuration of the Formatter. The
iluminated lamp is significant only when the MODE switch is in the MANUAL position and a
7-track Tape Unit is selected (ref. paragraph 3.3.5 and associated note).

3.3.8 DENSITY HI/LOW SELECTOR SWITCH

A 2-position toggle switch. Allows selection of either of two possible densities for any selected
7-track Tape Unit. Density selection, however, is relative and is established by density-jumper
positions selected, if used, for each Tape Unit (refer to Section 4 for additional information on
this option). This switch has no effect when 9-track Tape Units are selected, or when the MODE
switch is in the REMOTE position (ref. paragraph 3.3.5 and associated note).

3.3.9 DENSITY HI/LOW INDICATOR LAMPS
The lamp corresponding to the DENSITY switch position is lit, regardless of the MODE switch
position or Tape Unit selected, to indicate the density configuration of the Formatter. The

iluminated lamp is significant only when the MODE switch is in the MANUAL position and a
7-track Tape Unit is selected (ref. paragraph 3.3.5 and associated note).
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SECTION 4

THEORY OF OPERATION

4.1 GENERAL

This section contains theory of operation of the WANGCO Model 511 NRZ| Tape Unit Formatter.
The Formatter can accommodate as many as four Tape Units simuitaneously. For the multiple
Tape Unit configuration, all input/output signal lines are daisy chained, while a single select line

is wired to each individual Tape Unit. Only the selected Tape Unit responds to the Formatter

commands. The Formatter performs three basic functions:

A. Control
B. Write
C. Read

The information in this section is divided into two major topics. A discussion on a block diagram
level is presented first to provide an overall functional description and to illustrate the relationship
between the Formatter, the Tape Units, and the Controller. A discussion of the command
execution, illustrated by timing diagrams, describes operation of the Formatter circuitry during

execution of computer-originated instruction.

4.1.1 CONTROL

The Formatter provides control over the selected Tape Unit including all timing necessary to
automatically perform all commands. Upon completion of the commanded operation, status is

provided so that the Computer can ascertain whether the operation was performed correctly.

4.1.2 WRITE

The Formatter performs all the Write functions for erasing tape, writing a file mark, or writing

a data record. A 3-inch (7.62cm) gap is automatically erased before the first record when starting
from beginning of tape (BOT). The correct timing delays for erasing the inter-record gap (IRG) is
provided, and the File-Mark code is developed by the Formatter.
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4.1.3 READ

The Formatter also reduces Read operations to a minimum by performing all parity checks and

automatically positioning the Inter-record gap (IRG) under the heads.

4.2 BLOCK DIAGRAM DISCUSSION

Figure 4-1, a simplified block diagram, illustrates the various functions performed by the standard
7-track, 9-track NRZI Formatter and shows the relationship between the Formatter, the Tape
Units, and the Controller. The hexagon-enclosed numbers refer to the Logic Diagram Number on
which the indicated function is drawn in detail. This number is located in the lower right-hand

corner of the detailed logic drawings.

4.2.1 EMULATOR INTERFACE LOGIC (Dwg. 202234)

The Emulator Interface provides a compatible interface between a Controller that uses a Pertec
1/0 format and the standard WANGCO 1/0 format. This allows replacement of a standard Pertec
Formatter with a WANGCO Formatter, and retains the use of the existing Controller.

Because of the Emulator design, the following functions that are available with the Pertec For-
matter are not available with the modified WANGCO Formatter:

A. No variable Erase function (only fixed-length Erase function).

B. No Edit function.

C. No external Write parity generation option. Odd parity for the Write function
is generated by the Formatter.

D. No transfer of CRC or LRC characters.

4.2.1.1 Input Conversion

The following paragraphs describe the conversion of the predominately low true commands from
a Controller that uses the Pertec signal format to the input level requirements of the WANGCO
circuitry. In the following paragraphs, the input signal nomenclature follows the standard Pertec

format.



NRZI FORMATTER WAN-04788

TAPE UNITS EMULATOR
TAPEUNIT UNIT SELECT TAD O, TAD 1
TAPE UNIT SELECT @ l—
SELECT FORMATTER
SLCT.0,1.23 ADDR -e—j ADDRESS FADI tat— FAD
FWD SELECT
SFC SET REV
REV TRANSPORT Lg.STATES SET WFM REV/FWD
SRC CONTROL COMMAND SET WCC FEN REW
REWIND REGISTER OMMANDS 4 SET GAP {—————4{ WRT/READ
REW o @ SET RCC WM
\ _——=
OFFC LINE @ CONTROLLER SPEED S hEY
SET OFL.
BuSY STATES @ [ Srock
TO READ STATE fat— STOP
WRITE 1%@&“ ~«— COUNTER o
CONTROL K AND MAIN [ STATUS
VALID/REJECT fee— CONTROL _|J-#——VALID
LOGIC cLocK
TROBEC le— GO
A
REJECT [RDY. EOTS,
RK, NRZ/PE,
_ READ STROBE SINGLE/DUAL, Ko
STATUS @ @ STATUSSLOW/HIGH SPD,] RSTR | rpT  SPD
REGISTER | =7 TRK ';’:AREJWER;: - RDY 7TRK
[READ DATA - obmecRee Loe
STORAGE . } wee, ONL
REGISTER | RWD
READ STROBE
READ DATA —»~ RP, RO THRU R7
1] (RP, RO THRU R7)
CHARACTER
il
CHECK PARITY 13/14
ERROR le— THR1, THR2
@ DETECT PARITY l«—7 TRK
[LRC ~ | @ ODD PARITY =e— CONTROL @ CEn 00D PARITY
: EN ODD PARIT le— PAR
CEIR0; svates
READ CLOCK 1 {
ACTIVITY RCAS
SENSE READ CONTROL [#—HALT
LoGic | SET DATAFLAG
CKWDCNT
|«—COMMAND REGISTER
— — — DWG 202234
PLEMARK  le—7TRK WRITE DATA
DETECT
—— STORAGE
EQT REGISTER WRITE DATA fa— WO THRU W7
(TO STATUS (WDP, WDO THRU WD7)
REGISTER)
SET DATA FLAG DATA TRANSFER DATA FLAG
CONTR
W/R ACK ONTROL W/R ACK
HALT ~— HALT le— LwWD
DENSITY HI DENSITY SELECT  [*— DEN
STATES] SELECT
FILE MARK stor [oeLay  F— EC 16
WRITE ] GFN @—J COUNTER | STATUS, el
DATA | _SPEED
A © :
ES
@ CLOCK [CRYSTAL OSC (S)
° AND TAPE
I SPEED SELECT @
Y L e—0ODD
Py PARITY WRITE |—» DBY
cLock
le—7 TRK oc
WRIT L —»- NRZ
WRITE _ GATE CONTRO STATES
(WDP, WDO—7) WRITE
INTER-RECORD CONTROL g cOMMAND -
e GAP DETECT Logic REGISTER CCG/DENTS
READ—] -
A STROBES RESET
CRCC GEN. DELAY
(9 TRACK [ COUNTER l—7 TRK
ONLY) CRC CLOCK
jt— HALT
WRITE CLOCK
WRITE
wos STROBE = WSTR
RE RITE AMPS (GEN LR
WARS SET WRITE AMPS (G| cc)
| SET DATA FLAG
SET WRITE STATUS @
sws

Figure 4-1. NRZI Formatter Block Diagram
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4.2.1.1.1 FAD Command. This input command is terminated, buffered, and supplied to the

Formatter circuitry (without inversion) as the FAD signal.

4.21.1.2 TADO, TADI1, REV/FEW, FEN, REW Commands. These input commands are
terminated, inverted and supplied to the Formatter circuitry as WANGCO signals S2, S1, SET
REV, EXT RESET, and SET REW, respectively.

4.2.1.1.3 WRT/READ, WFM, ERASE Commands. These input commands are used to generate
four WANGCO signal commands; SET RCC, SET WCC, SET WFM, and SET GAP. Table 4-1

lists a truth table which illustrates the command-level requirements for generation of the WANGCO

signals.

TABLE 4-1. Input Command Truth Table

WANGCO
Signals (high) WRT/READ WFM ERASE
SET RCC high high high
SET WCC low high high
SET WFM low fow high
SET GAP low low low (fixed-length erasure)

4.2.1.1.4 GO Line. A low true pulse level on this line generates the WANGCO command clock
signal, STROBEC. Because the rewind (REW) command or the Off-Line (OFL) command from
the Pertec interface is not accompanied by a GO pulse, a monostable (one-shot) circuit is used to
generate the required STROBEC command pulse. If a REW or OFL command is issued, the one-
shot provides a 300-nanosecond STROBEC pulse to Formatter circuitry.

4.2.1.1.5  THR1, THR2 Lines. The pulse levels on each of these lines are clocked into a latch
flip-flop (F-F) by aSTROBEC pulse and supplies the THR1 and THR2 levels to Formatter circuitry.

4.2.1.1.6 DEN Line. The pulse level on the Density line is clocked into a latch F-F by a
STROBEC pulse and supplies the HI DENSITY mode line to Formatter circuitry.




4.2.1.1.7 DATA FLAG and W/R ACK Signals. As shown in Figure 4-2, DATA FLAG from
the Formatter is inverted and held one microsecond, then gated with DATA FLAG to generate
the W/R ACK signal.m internally resets the Formatter DATA FLAG signal and causes
F-F A to be reset. This sequence continues for each transferred data character until Last Word

(LWD) is received from the Pertec interface. A low level on the LWD line enables F-F B, which
supplies the high true HALT command to the Formatter. F-F B is reset by either acommand
clock (STROBEC) pulse or a low true level on the RCC status line. This indicates the Formatter

is in the Read mode.

42.1.1.8 PAR Line. The pulse level on the Parity line is clocked into a latch F-F by a
STROBEC pulse and supplies the GEN ODD PARITY signal to Formatter circuitry.

4.2.1.1.9 WO through W7. The low true signals from the Controller are terminated, buffered,

and supplied to the Formatter as low true Write signals BO through B7.
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Figure 4-2. HALT and W/R ACK Command Logic



4,2.1.2 Output Conversion

The following paragraphs describe the conversion of the low true Formatter output signals to
the levels required by a Controller that uses Pertec signal format. In the following paragraphs, the
output signal nomenclature follows the standard Pertec format.

4.2.1.2.1 WSTR, RSTR. A low true Read Strobe (RSTR) signal is generated by gating the
Formatter Read status line (RCC) with DATA FLAG. Similarly, Write Strobe (WSTR) is generated
by gating the Formatter Write status line (WCC) with DATA FLAG (ref. figure 4-2).

4.2.1.2.2 FMK, CER. As shown in Emulator logic Dwg. 202234, both the File Mark (FMK)
and Correctable Error (CER) status signals are generated by inverting the corresponding For-
matter signal (FM and CE RS, respectively), to trigger a one-shot, which generates a 1-microsecond

pulse. This pulse is then inverted and supplied as a low true status-output signal to the Controller.

NOTE

CERS is not available from the NRZ| Formatter;
therefore, CER is always false (high) from the

Emulator.

4.2.1.2.3  HER. The noncorrectable Hard Error (HER) is generated by inverting the Formatter
PARITYER signal and gating it with CERS to provide a low true output signal to the Controller.

4.2.1.2.4 FPT, LDP, RDY, ONL, RWD, EOT, 7 TRK, SGL, SPD. These status signals are

simply the buffered, low true Formatter status-output signals; except for 7-TR K, which is the

inverted 9 TRK Formatter output signal.

4.2.1.2.5 FBY, DBY, NRZ. These Read control signals are simply the buffered, low true

Formatter output signals.

4.21.2.6  CCG/IDENT. For NRZI units, this line is known as CCG. A low true pulse on this
line indicates the NRZI check characters have been detected by the Formatter. The RCAS and
NRZ/PE signals are inverted and NAND’ed to set F-F U9. F-F U9 is reset by gating NRZ/PE
and —Ij-l-B_Y-; thus, the resultant output signal is m
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4.2.1.2.7 RP, RO through R7. The low true Read signals from the Formatter are inverted and

gated with the Read Status signal (RCC) to supply the low true Read lines to the Controller.
Jumper selection is provided to make the Read signals available only in the Read mode (jumper
E1—E2) or in both modes (jumper E2—E3).

4.2.2 COMMAND REGISTER AND VALID/REJECT LOGIC () (17)

When a command is output from the Computer, the command and a strobe pulse are delivered
from the Controller to the Valid/Reject logic of the Formatter. |f the command is acceptable, a
valid clock is generated to enable the command to be loaded into the Command Register. If the
command is not valid, a reject pulse is returned to the Controller. Each valid clock initiates a

system reset (SRS) pulse which is used to reset the Formatter to initial conditions.

4.2.2.1 Controller Busy. The valid clock also sets the Controller Busy (CBUSY) F-F.

Normally, the CBUSY F-F is used by the Controller to signal termination of all commands. The
Transport Control logic resets the CBUSY F-F after all tape motion has ceased for the commanded
function. If On-the-Fly writing or reading is desired, the Data Busy status must be used by the

Computer to initiate the next command as soon as Data Busy terminates.
4.2.3 TRANSPORT CONTROL LOGIC @

The Transport Control logic develops the FWD, REV, REWIND and OFFLINE commands to

the selected Tape Unit under control of the Command Register and the State Counter.
4.2.4 FORMATTER ADDRESS SELECT LOGIC (12)

The Formatter Address Select logic allows a Formatter to be assigned the number zero or one so
that two Formatters can be daisy-chain connected to one Controller to provide control for up to
eight Tape Units or a mixture of NRZI and 1600 BP| Phase-Encoded Tape Units.

4.2.5 TAPE UNIT SELECT LOGIC {2)

The Tape Unit Select switches allow the operator to assign unit numbers 0, 1, 2, or 3 to any of the
four Tape Units. This allows physical Tape Units to be switched without requiring changes to the
Computer program. Indicator lamps on the Formatter provide visual indication of which Tape Unit

is selected.
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4.2.6 STATE COUNTER AND MAIN CONTROL LOGIC 4

The State Counter divides the major operations (such as Write and Read) into successive states
(suboperations) that are sequentially stepped through to perform the complete major operation,

These states are shown in Table 4-2.

TABLE 4-2. State Count Versus Function

State Count Function
0 Rest
1 Predelay, not BOT and not 3-inch (7.62cm) gap.
2 Predelay, BOT or 3-inch (7.62cm) gap.
3 Write or Read execution
4 Postdelay
5 Forward Motion Halt time out
6 Reverse Motion Halt time out
7 Rewind or Clear execution

4.2.6.1 Delay and Time Out States. The Delay and Time Qut states all use the Delay Counter

to determine when the state count should terminate and when the next state count can be entered.

These delay-count times very depending on the following factors:

A. Tape speed
Single- or dual-stack head
Edit or normal mode

Reverse or forward motion

mo o

Seven- or nine-track Tape Unit selected

The pre- and post-delays are used to erase the inter-record gaps (IRG) and to halt the tape under the
head in the correct position in the IRG when reading.

4.2.6.2 State Descriptions. Brief descriptions of the eight states (0 through 7) are provided

below.

A. State O (the “'Rest’ state) is the state the Formatter enters after completing an
operation.

B. State 1 (Predelay) is used to wait for the Tape Unit to get up to speed and to
erase part of the IRG when writing. State 1 is used for Predelay when not

starting from BOT or when not erasing a 3-inch (7.62cm) gap.
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C. State 2 (Predelay) is similar to State 1 except a longer delay is implemented to
handle the 3-inch (7.62cm) gap erased automatically at BQT and for the erase
3-inch (7.62cm) gap command.

D. State 3 (Write or Read Execution) is the State during which the record is
written or read. When reading, State 3 is terminated when no more Read Strobes
occur. This indicates the 1RG has been reached.

E. IRG detection is also used to terminate State 3 for Write operations when
using a dual-stack Read-After-Write Tape Unit. This allows the written record to
be checked for correct parity. For single-stack Write operations, State 3 is
terminated as soon as the LRC character is written at the end of the record.

F. State 4 (Postdelay) is used when reading to halt the tape under the head in the
correct position in the IRG. When writing, State 4 Postdelay erases a portion of the IRG.

G. State b (forward motion halt time out) retains memory of the forward direction
of motion during the time interval after the Tape Unit has been commanded to
stop until the Tape Unit actually stops. This delays termination of the CBUSY
signal until the Tape Unit has completely halted the tape in the IRG. The DBY status
terminates when State 5 or 6 is entered so that successive Write or Read opera-
tions may be executed On-the-Fly without stopping in the IRGs.

H. State 6 (reverse motion halt time out) is similar to State 5, except for reverse
motion commands.

I.  When performing On-the-Fly operations, successive commands issued after DBY
terminates but before CBUSY terminates must be of the same type. A Read
command cannot follow a Write command and a forward motion command
cannot follow a reverse motion command (or vice versa). There is, of course,
no such restriction if the commands are not issued until after CBUSY terminates.

J. State 7 (Rewind or Clear) is entered upon issuance of a Rewind or Clear com-
mand by the Computer. The State is terminated when the Tape Unit finishes

rewinding.
4.27 STATUS REGISTER LoGIC {5)(1)

The Status Register stores both Tape Unit and Formatter status so that the Computer can inspect
the results of an operation after the operation is completed to find out whether the operation was
correctly completed or whether some other action needs to be taken. The status of the selected

Tape Unit and the Formatter are available for access by the Computer at any time.
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4.2.8 PARITY CONTROL LOGIC {2)

The Parity Control logic provides manual or program control over selection of odd or even parity
for 7-track Tape Units. Odd parity is automatically selected for 9-track Tape Units. The output
(odd parity) is used by the Parity Generator and check logic.

4.2.9 PARITY ERROR DETECT LOGIC {11)

The Parity Error Detect logic searches for one or more parity errors in each tape record. Any
detected errors causes the Parity Error Status bit to be set. The Read Control logic uses the Read
Clock Activity Sense (RCAS) logic output to enable the Parity Error Detect logic to inspect the
output of the Character Parity Check logic only during the data portion of a record; since CRCC
9-track and LRCC 7-track can exhibit either odd or even parity. The output of the LRC Check
logic is inspected only after the entire record (including CRCC and LRCC) has been read.

4210  CHARACTER PARITY CHECK LOGIC {9)

The Character Parity Check logic checks each character read from tape for either odd or even

parity under control of the Parity Control logic.
4.2.11 LRC CHECK LOGIC {(9)

The Longitudinal Redundancy Character Check logic checks for an even number of 1's for each

individual track down the length of the record and includes the CRC and LRC characters.

4.2.12 READ DATA STORAGE REGISTER LOGIC

The Read Data Storage Register stores each tape character at the leading edge of the Read Strobe
in such a manner that the Read Data is static to the Controller interface throughout the entire
period until the leading edge of the next Read Strobe occurs. This obviates the requirement for

a storage register in the Controller which would otherwise be required to retain the data for the
maximum possible time after DATA FLAG is set to give the Computer the maximum amount of
time to accomplish the data transfer. The outputs of the Read Data Storage Register are routed
to the rest of the logic where Read data is utilized in the Formatter.
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4.2.13 READ CLOCK ACTIVITY SENSE LOGIC

The Read Clock Activity Sense logic is used to separate the data portion of each record from the
CRC and/or LRC characters in the Forward direction; thus, the Set Data Flag (in the Read Control

logic) is allowed to operate only for the data portion of the record which strips off the CRC and/or
LRC characters.

4.2.13.1 Check Word Count. The Check Word Count (CKWDCNT) pulse occurs just after the
last data character but before the CRC or LRC character’s Read Strobe destroys the contents of

the Read Data Storage Register. The CKWDCNT pulse is delivered to the Controller interface
when an odd number of characters are read from tape while the Pack mode of operation is being
used. The CKWDCNT pulse is also used on the Controller to determine if the expected number of
characters was read from tape to create status bits which can inform the Computer that the record

was too long, too short and/or contained an odd number of characters.

4214 FILE MARK DETECT LOGIC @

The File Mark Detect logic checks for 7-track or 9-track file marks which depends on which type
of Tape Unit is selected. The FM status is developed if a file mark is detected in either a forward
or reverse direction.

4.2.15 READ CONTROL LOGIC

The Read Control logic controls data transfer during State 3 until the IRG is detected. At this
time, the Postdelay (State 4) or one of the Halt delays (State 5 or 6) is entered.

4.2.15.1 Set Data Flag Signal. The Set Data Flag signal is generated for each Read Strobe that
occurs as long as RCAS indicates the data portion of the record is present and the Halt signal

has not occurred.

4.2.15.2 IRG or Halt Signal. When the IRG is detected or when the Computer generates the

Halt signal (to indicate it does not want any more data), no more Data Flag signals are generated

even though there may be more data in the record.
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4.2.15.3 Reading Backward. When reading backward, the CRC and/or LRC characters are not

stripped from the data portion of the record, but are included as the first one or two characters
read; therefore, these characters must be accounted for and stripped off by the program. The
program accounts for these extra characters by setting the expected record length to two char-
acters greater for 9-track and one character greater for 7-track. The program can strip off the
extra characters by noting the length of the record and making one of the following responses:

A. For 9-track Tape Units: if the record was the expected two characters longer,
then the first two characters are the LRC and CRC characters and may be
discarded. If the record is not two characters longer, then the CRC character
was all zeros (no Read Strobe occurs); thus, only the first character (LRC)
needs to be discarded.

B. For 7-track Tape Units: If the record was the expected one character longer,
the first character is the LRC character and may be discarded. |f the record is
not one character longer, then the LRC character must have been all zeros;

thus, no character needs to be discarded.

4.2.154 Space Operations

The Read Control logic also controls the forward and reverse space operations. These operations
are identical to reading forward or reverse, except the Data Flag is not set for data transfer re-
quests. All parity checks are valid for spacing and reading operations, and for Read-After-Write
operations when a dual-stack head is used on the selected Tape Unit. The following special Read

modes may also be used:

A. Test Read
B. Read Threshold High
C. Read Threshold Extra Low

4.2.15.4.1 Test Read Mode. In the Test Read mode, the CRC and/or LRC characters are not
separated from the data in the forward Read operation. This allows checking of the CRC and

LRC generator logic by diagnostic programs.
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4.2.15.4.2 Read Threshold High Mode. The Read Threshold High mode may be used with

single-stack Read/Write Tape Units to enable a marginal parity check to be performed on each

record immediately after it is written by backspacing over the record then spacing or reading
forward over the record in the Read Threshold High mode, then checking for parity error status.
This marginal check function is automatically performed by dual-stack Read-After-Write Tape
Units since they automatically select the high threshold when in the Write mode so that Read-

After-Write parity checks may be performed while writing.

4.2.15.4.3 Read Threshold Extra Low Mode. The Read Threshold Extra Low mode allows

Tape Units equipped with this option to recover low-amplitude signals on tapes of poor quality.

4.2.16 WRITE DATA STORAGE REGISTER LOGIC {(7)

The Write Data Storage Register is provided so that no register is needed on the Controller to
store output data from the Computer. The Data Transfer logic operates on a request/response
basis via the Data Flag and Write/Read Acknowledge (W/R ACK) signals such that each character
is requested a full write-clock period before it is needed, and the Computer can respond any time
within this period with a W/R ACK strobe pulse to load the Write Data into the Write Storage
Register.

4217  PARITY GENERATOR LOGIC (7)

The Parity Generator creates odd or even parity for each character presented from the Write
Storage Register, then sends the parity bit to the Write Data Select Gates. The Parity Control
logic determines whether odd or even parity is generated.

4218  WRITE DATASELECT GATES LOGIC (7)

The Write Data Select Gates consist of three sets of gates which are enabled by the Write Control

logic to gate the Write data (and parity bit), or the File Mark code, or the CRC Character onto
the Write data bus to the Tape Units.
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4219 FILE MARK GENERATOR LOGIC {(7)

The File Mark Generator generates the appropriate file-mark code which depends on whether a
normal 9-track file mark, a special 9-track file mark, or a 7-track file mark is to be written. The
Write Control logic gates the file-mark code onto the Write data bus at the appropriate time and
generates a Write Clock to write the file mark. The special 9-track file mark is an option that
writes the 7-track file-mark code to provide compatibility with some models of computer hard-

ware and software when writing in the unpack mode on a 9-track tape.

4220  CRCC GENERATOR LOGIC

The Cyclic Redundancy Check Character (CRCC) Generator calculates the CRC character while
writing each record (as each data character appears) on the Write data bus. At the end of the
record (9-track Tape Unit only), the Write Control logic gates the CRCC onto the Write data bus
and generates a Write Clock pulse to Write the CRC character. The LRC character is then written
to finish the record. The CRCC may be all zeros and may exhibit odd or even parity.

4.2.21 WRITE CONTROL LOGIC @

The Write Control logic operates during State 3 for Write, Erase and Write-File-Mark operations.
The Write Control logic controls the Data Transfer logic for Write operations by developing the
Set Data Flag pulse to request each character to be written until the Write operation is terminated

by the Halt signal from the Controller.

4.2.21.1 Halt Signal. Upon receiving the Halt signal, the CRC and/or LRC character is auto-
matically appended to the record, then part of the IRG is erased. If a single-stack (Read/Write)
Tape Unit is selected, the Write Control logic triggers the State Counter to the State 4 postdelay
after writing the LRC character at the end of the record. If a dual-stack (Read-After-Write) Tape
Unit is selected, the Inter-Record Gap Detect logic is used to exit State 3 and enter State 4
(Postdelay). This allows all of the record to be Read-After-Write parity checked.
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4.2.21.2 Data Rate. The data rate is developed from the Write Clock frequency generated by
the Crystal Oscillators and Tape-Speed Select logic. The Write Control logic also sends the Write
Most Significant Byte (WRMSB) signal to the Controller to enable the odd/even characters to be
separated when unpacking a computer word into two sequential tape characters.

4.2.22 CRYSTAL OSCILLATORS AND TAPE SPEED SELECT LOGIC @

The Crystal Oscillators provide stable and precise clock frequencies for 800, 5656, and 200 bits-
per-inch packing densities. The Tape Speed Select and Density Select logic divide the clock rates
to the appropriate frequencies and select the Write Clock frequency which depends on tape speed
and packing density. One set of crystals covers all standard tape speeds (from 12.5t0 112.5 ips)
as well as most nonstandard tape speeds. The Speed Clock signal is used by the Delay Counter to

provide all the precise time delays for the Formatter and is dependent only on tape speed.
4.2.23 DENSITY SELECT LOGIC @

The Density Select logic provides control over selection of high- or low-density for 7-track Tape
Units. Nine-track Tape Units are automatically operated only at 800 BPI. The Density Selection
is normally controlled by the Computer program via the Hi Density Select signal but can be over-
ridden by front panel switches. Different pairs of densities can be accommodated on multiple
7-track Tape Units; i.e., one unit can have densities of 800/656 BPI while a second unit can have
densities of 556/200 BP| and a third unit can have densities of 800/200 BPI.

4224  DATATRANSFER CONTROL LOGIC

The Data Transfer Control logic operates in conjunction with the Read or Write Control logic,
and depends on whether a Read or Write operation is active. The Read or Write Control logic
generates the Set Data Flag pulse to signal that Read data is ready to input or to request a Write
data character. For Write operations, the Controller returns the W/R ACK signal which clears
the Data Flag and is used to strobe the Write data into the Write Storage Register. When the
Controller desires to halt data transfer, it generates the HALT signal and the Data Flag signal

is disabled.
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4.2.25 DELAY COUNTER LOGIC @

The Delay Counter is a flip-flop divider chain that counts the Speed Clock pulses to provide
precise time intervals for Predelays and Postdelays as well as Halt delays. The time interval is
defined by the interval from the time the counter is allowed to start counting (from a reset
condition) until the STOP signal is generated by a set of gates that decode various counts from
the Delay Counter. The gate selected for a particular time interval is dependent on which State
the Formatter is in as well as the configuraition of the Formatter and the selected Tape Unit
(provided by the STATUS signals to the Delay Counter).

4.2.26 INTER-RECORD GAP DETECT LOGIC {(4)

The IRG Detector is used to trigger the Formatter from State 3 to the Post Delay State 4, or
Halt Delay State 5 or 6, when completing any Read, Space, or Write operation with a dual-stack
Read-After-Write Tape Unit. The IRG Detector resets the Delay Counter with each Read Strobe.
When the Read Strobes are terminated, the Delay Counter is allowed to count for a prescribed
interval until the STOP time is reached. When the STOP time is reached, State 3 is terminated.

4.3 COMMAND DESCRIPTIONS

The Formatter executes the following basic commands:

A. Read (one record)
Write (one record)
Space

Write File Mark
Erase 3-inch Gap
Rewind

Offline

Clear

I 6o mMmOoOow

4.3.1 COMMAND AND MODE COMBINATIONS

Table 4-3 lists the commands which it is possible for the Formatter to execute. Command

execution depends on the mode lines.
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TABLE 4-3. Command and Mode Combinations

. —— FORMATTER OPERATION: 1T COMMANDS
*
SN /So/S/e/e/fO)&
OPERATION DESCRIPT!ON £Z £ $« §/E/E/S
1.  Test Read Forward X
2. Read Forward X
3. Read Reverse X X
4.  Write 1 Record (normal) X
5. Write 1 Record (Edit) X
6. Space Forward 1 record X 3
7.  Space Forward n records X 213 r—
— -t 1
8. Space Reverse 1 record X 3|4 k4 5|6
9.  Space Reverse i records 213 i
10. Space Reverse (edit mode) X 3 TITITI
11. Write File Mark X 1 1T T
e | e | e | e
12.  Erase 3-inch gap* X _
13. Erase 3-inch gap then Write File Mark XX
14. Erase 3-inch gap then Write 1 record X X TITI T
15.  Rewind X TITI T
16. Off-line X TITUTH
17. Initiate Rewind then Offline XX
18. Clear X v v ViV
NOTES: . *7.62cm. Also applies 1o items 13 and 14. '

1 The Edit mode can be used to rewrite a File Mark if the File Mark is first backspaced over in the Edit
mode.

2 The STOP SPACE signal is used only for continuous spacing over multiple records. The RCAS signal can
be used by the Controller to count records for determining when the required number of records has
been traversed.

3 The Core Dump (CD) signal is ignored if 7-track, but can be used to Write and to check for 7-track-type
File Marks on 9-track Tape Units: i.e, an octal 17 with even parity is written (and decoded as a File
Mark when reading) instead of the normal octal 23 with odd parity. This provides compatibility with
certain software of some existing computer manufacturers.

4 The GEN ODD PARITY and HI DENSITY mode lines are ignored when a 9-track Tape Unit is selected,
or when the MODE switch on the OCP is in the MANUAL position regardlcss of whether a 7-track or
9-track Tape Unit is selected. If the MODE switch is in the REMOTE position and a 7-track Tape Unit is
selected, the GEN ODD PARITY line controls whether odd or even parity is written or checked for;
and the HI DENSITY line controls the written character packing density and the time period allowed
between Read strobes in the RCAS circuits.

5 The THR1 mode affects only Tape Units having a single-stack Write/Read head. This mode line enables
a maryinal parity check to be performed on each record, immediately after it is written, by baclspacing
over the record and then spacing or reading forward in this mode while checking for parity error status.

6 The THR2 mode affects only Tape Units equipped with this option. It allows recovery of low-aimplitude
Read Data from tapes of low quality.
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The Command signals are strobed into a Command storage register in the Formatter by the
Command Clock (STROBEC); therefore, they can be changed immediately after the termination
of the (STROBEC) pulse. The mode lines must be held static throughout each operation because

no storage is provided in the Formatter.
4.3.2 READ AND SPACE COMMANDS

The Read and Space operations can be in the forward or reverse direction in any one of three

possible modes:

A. Normal
B. Read Threshold High
C. Read Threshold Extra Low

In addition, a Read forward operation may be performed in a Test Read mode in which the CRC
and LRC characters are not stripped from the data. The Read Threshold High mode is used with
single-stack head (Read/Write) Tape Units to allow marginal checking of each record immediately
after it is written by backspacing over the record and reading or spacing forward in the Read
Threshold High mode, then checking for no parity errors. The Read Threshold Extra Low mode
provides the ability to recover low-amplitude data from tapes of poor quality (if the Tape Unit

is equipped with this option).

The Space operations can be for a single- or multiple-record under control of the STOP SPACE
Controller signal. In addition, the backspace operation can be conducted in the Edit mode to
correctly position the Write head in the IRG which precedes a record that is to be replaced with

an equal length but updated record. BOT automatically halts backspacing.
4.3.3 WRITE, ERASE 3-INCH GAPl AND WRITE FILE MARK COMMANDS

The Erase 3-inch (7.62cm) Gap command can be performed alone or combined with the Write or
Write File Mark command to cause a 3-inch (7.62cm) gap to be erased before the record or file
mark is written. A Write command can be performed in the Edit mode (if the record to be replaced
has first been backspaced over in the Edit mode to correctly position the head) to replace a record

with an equal length record of updated information.



4.3.4 REWIND AND OFFLINE COMMANDS

The Rewind command causes the selected Tape Unit to rewind to Load Point (Beginning of Tape).
The Formatter can optionally go Busy until the rewind is terminated (to provide a means of

interrupting the Computer upon termination of the operation).

The Offline command never sets the Formatter to the Busy state and may be sent ta a selected

Tape Unit even if the Tape Unit is performing a Rewind operation and is Not Ready.

4.3.5 CLEAR COMMAND

The Clear command can be used to clear the Command and Status registers and set the Formatter
to initial conditions even if the Formatter is Busy. After the Clear command is executed, the

Formatter returns to the Not Busy status.

4.4 STATE FLOW

The State Counter controls the conditions through which the Formatter is sequenced; therefore,
the State Counter achieves the proper timing relationships for various operations. The State
Counter operational flow is described in the following paragraphs.

4.41 SIMPLIFIED STATE FLOW

Figure 4-3 illustrates, in simplified form, the State Counts that the Formatter sequences through

while executing its various operations.

4.41.1 Initial Conditions. The Formatter is in Rest State O at initial conditions. The Strobec

command clock is rejected if the command is not valid. 1f CBUSY is not set by a valid command,

then one of the following commands must be entered:

A. Offline
B. Rewind (without interrupt)
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If either of these commands is entered, the command is executed but the Formatter remains in
State 0. If CBUSY is set, then a Rewind or Clear command causes the Formatter to enter State 7
until the rewinding status signal is false. At this time, CBUSY is cleared and State O is reentered.
For a Clear command {since the Rewind status bit is never true), CBUSY is cleared almost
immediately. Any other command causes one of the two Predelay States to be entered. State 1

is normally used, but State 2 is used when the Formatter is at BOT or when a 3-inch (7.62cm) gap
command is executed. The appropriate motion signal (SFC for forward motion, SRC for reverse
motion) is activated at this time. The Predelay States are used to erase a 3-inch (7.62cm) gap or

part of the IRG when writing, and to allow sufficant time for the Tape Unit to attain proper speed.
44.1.2 Data Transfer

The State 3 data transfer then takes place. For Write, the data is written until the HALT signal
from the Controller terminates the record. For Erase, no data transfer is needed so State 3 is
terminated immediately and State 4 is entered. For Write File Mark, no data transfer actually

occurs, but the Formatter writes the File Mark and the LRC character and then enters State 4.

44.1.2.1 Delay. For dual-stack (Read-After-Write) Tape Units, the transition from State 3 to
State 4 is delayed until the Read head detects the end of the record (the beginning of the IRG)

to allow the full record to be checked for no parity errors. State 4 Postdelay (in conjunction
with the 0.2-inch (5.08mm) distance the tape moves after the motion command terminates) is used
to erase the first part of the IRG.

44.1.2.2 Reading or Spacing. For Reading or Spacing operation, State 3 is maintained until

the end of the record and the IRG is reached. For reading, the Controller HALT signal terminates
actual data exchange. For reading or spacing, the State 4 Postdelay (in conjunction with the
fixed 0.2-inch (5.08mm) distance the tape moves when halting after the motion command
terminates) is used to position the tape under the head in the correct position in the IRG to allow

for a subsequent Write or Read operation.

NOTE

The Data Busy (DBY) signal is active only
during States 3 and 4 while the motion signals
to the Tape Unit are active from the beginning
of the Predelay State through the Postdelay
State.
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44.1.2.3 HALT Delays. After the Postdelay occurs, one of the forward/reverse HALT delays
(State 5 or 6) is entered to ensure that the tape is allowed sufficient time to come to a halt in the
IRG. At the termination of the Halt Delay signal, CBUSY is cleared (to signal the Computer that

the next command can be executed) and Rest State O is entered.

4.4.1.2.4  Special Exit. The Special Exit from State 5 or 6 allows continuous writing or reading
without stopping in the IRG. Therefore, the Special Exit optimizes the efficiency of data transfer.
Since the Start/Stop characteristics of the Tape Units are ramp-like, the gap-traverse time is twice

as long if the next command is delayed until the tape has completely halted (compared to On-the-

Fly operation). With CBUSY active in any other State, any command except Clear is rejected.

4.4.1.2.5 Restrictions. The Computer can accomplish On-the-Fly Write or Read operations by
initiating the next command when DBY terminates at the end of State 4, rather than waiting until
CBUSY terminates; however, there are certain restrictions on this type of operation. It is the

responsibility of the Computer program to ensure compliance with the following restrictions:

A. The next command must not switch from a Write or Write File Mark to a Space
or Read, or vice versa.

B. The next command must not change direction of motion.
The next command must not be a Rewind or Offline command if the previous

command was a Write or Write File Mark command.

NOTE

The Delay Counter is used in States 1, 2, 4, 5,
and 6 to generate the prescribed delay times.

4.4.2 DETAILED STATE FLOW
Figure 4-4 shows the control over signals DBY and CBUSY, and motion commands SFC, SRC as

well as the use of the Delay Counter. In addition, the IRG detection exit from State 3 is detailed,

as is the detour around State 4 Postdelay (to achieve minimum Postdelay) in certain cases.
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4.5 COMMAND EXECUTION AND TIMING

The following main commands and their associated timing diagrams are discussed step-by-step

in the succeeding paragraphs:

A. Clear

Rewind (with interrupt)
Write file mark (7-track)
Write file mark (9-track)
Forward space 1 record
Backspace 1 record
Write 1 record (7-track)
Write 1 record (9-track)
Read 1 record (7-track)
Read 1 record (9-track)
K. Erase 3-inch (7.62cm) gap.

I o mmoow

~ =

4.5.1 CLEAR COMMAND FUNCTION

The Clear command terminates any motion command and resets the Formatter to initial con-
ditions. CBUSY sets and then resets after the Clear command is complete. This signifies the
Formatter is ready for the next command. The timing diagram for the Clear command is shown

in Figure 4-5,

The Clear command is included mainly to allow diagnostic programs control over a faulty For-
matter that does not halt the Tape Unit. This command must not be used to halt any Write or
Read operation, because it does not halt the head at the correct point in the IRG and the CRC/
LRC characters cannot then be written or read. The System Reset (SRS) pulse resets the Status

register upon acceptance of a valid command.
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4.5.2 REWIND COMMAND (WITH INTERRUPT)

Neither the Offline or Rewind command can set CBUSY if the Rewind Interrupt is jumpered
out. In this event, the commands are passed on to the selected Tape Unit as a pulse. |If jumper

E1 to E2 is missing on the NRZI Control board (Assy. 201659), then CBUSY is set for a Rewind
command and resets when the Rewind command is completed. This signals the Computer that

the next command can be accepted by the Tape Unit.

Figure 4-6 illustrates the timing of the Rewind command with Interrupt. When the Controller
generates the STROBEC pulse while SETREW is high and the Formatter is not busy, the

command is accepted and the VLD pulse is generated.

The REW F-F is set to store the Rewind command. When the STROBEC clock pulse terminates,
the Rewind command is generated to the selected Tape Unit (signal RWC). When the Tape Unit
responds that it is rewinding (signal REWINDING) the REW F-F is reset and the Formatter
RWDG status bit is set. The Tape Unit goes not ready (RDY) during a rewind. Since the Tape
Unit rewind terminates before the Tape Unit returns to load point and becomes Ready again, the
RWDG status bit is interlocked to wait until the Tape Unit goes Ready (RDY). The SRS pulse
resets (clears) the Status register upon acceptance of a valid command. CBUSY* is reset to signal

that the operation is complete.
453 WRITE FILE MARK COMMAND (7-TRACK)

When signal SET WFM is high during the STROBED clock pulse, the WFM command register

F-F is set to initiate a Write File Mark command. The SRS pulse is also generated to reset the
Formatter to initial conditions. The CBUSY F-F is set by the VLD clock, and the SFC command

is activated to start the tape moving in the forward direction. The Write amplifiers in the selected
Tape Unit are enabled and the WARS signal is high. Command register F-F WFM also sets the
selected Tape Unit to the Write mode via the SWS signal. The Predelay signal delays writing of

the file mark character until the Tape Unit is up to speed and has generated a portion of the
required IRG. If the Tape Unit is at BOT when the Write File Mark command is generated, the
Predelay period is longer to cause a 3-inch (7.62cm) gap to be erased before the file mark is written.
The Enable Write Data Request (EWDR) F-F is set upon the termination of the Predelay signal. The
Write Data Clock (WDCL) F-F is set one write-clock period later, and is gated to set the Enable
Blank Character Counter (EBCC) F-F. The EWDR F-F is immediately reset. This causes F-F
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WDCL to be reset one write-clock period later; thus, only one Write Data Strobe (WDS) pulse is
generated to the selected Tape Unit. The Command register F-F WFM gates the file-mark code
onto the data bus. The timing diagram for the Write File Mark command is shown in Figure 4-7.

4.5.3.1 Blank Character Count. The blank character counter (comprised of F-F's CC1, CC2
and CC4) begin counting from the occurrence of the Write File Mark clock to cause the WARS

F-F’s to be set which resets the Tape Unit Write Amplifier F-F’s to cause the LRC character to be
written. The Tape Unit continues running in the forward direction until the File Mark passes

under the Read head so that the file mark and LRC character can be checked for vertical parity

and longitudinal parity. The time interval (in milliseconds) between writing the File Mark and

reading back the File-Mark character, is equal to 150 divided by the tape speed in inches-per-

second (ips) or 2.54 centimeters per second. As the timing diagram illustrates, the read data strobe
(m) occurs, and 8 character times later (for 9-track Tape Units), the LRC character Read Strobe
occurs. The LRC character occurs 4 character times later for 7-track Tape Units. The RCAS is set
upon detection of the first -Ii-)gpulse and times out 2- or 3-clock periods later. While the RCAS

circuit is active, the character parity is checked.

4.53.2 Delay Counter. The Delay Counter is reset by each Read Strobe and then times out
a delay interval after the last Read Strobe; therefore, the Delay Counter performs the task of
IRG detection. Upon termination of the Delay Counter time out, the STOP pulse is generated
and used to check for an LRCC error in the previous record. The STOP pulse is also used to
trigger the State 4 Postdelay circuits (S4). When the Postdelay terminates, the SFC signal is
terminated and the State 5 Halt Delay is entered. The Halt Delay ensures that the Tape Unit is
guaranteed to have ceased all motion in the IRG. If the next command is to be a Write-type
command, then the IRG can be erased On-the-Fly at full tape speed without stopping in the IRG
by issuing the command after DBY terminates rather than waiting until CBUSY terminates.
Status is valid after DBY terminates; therefore, the status can be checked before the next

command is issued.
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4.5.4 WRITE FILE MARK COMMAND (9-TRACK)

Writing a File Mark in 9-track mode is similar to the 7-track mode, except 8 character times
separate the File Mark and the LRC character.

NOTE

Effectively, there is an all-zeros CRC character
because in data records the CRCC occurs at the
fourth character time; then four character times
later the LRCC is written.

455 FORWARD SPACE/RECORD COMMAND
When the term SET FSR and the STROBEC pulse are simultaneously high, the SFC signal is

activated to move tape forward as shown in Figure 4-8. The VLD and SRS pulses are generated

to reset the Formatter and initiate the Space Forward operation.

NOTE

The Space Forward Command results in spacing
over ONE record if signal STOP SPACE is open-
circuited or at the high level. If multiple records
are to be spaced over, STOP SPACE must be
held low until the leading edge of the RCAS sig-
nal occurs for the last record. The RCAS signal
may be used to count records to determine when
the last record to be spaced over is reached, but
the leading edge of the RCAS signal should be
used to provide control over signal STOP SPACE
as indicated. The FM status signal and EOTS
status signal may also be used to switch STOP
SPACE high so that a File Mark or the End-of-
Tape can halt the multiple record spacing opera-
tion. For multiple spacing operations, CBUSY

remains low until the final record has been passed.
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The Predelay allows the Tape Unit to attain proper speed before allowing Read Strobe pulses to
be accepted. The Read Strobe pulses activate RCAS to enable parity checks to be made while
spacing. When the record is past, the Delay Counter times out to detect the | RG; then the LRCC
check is made. After the b—é_Y. signal terminates, status can be checked and the next command
can be issued (if a Read or Space Forward) to accomplish On-the-Fly operation. |f no new

command is issued at this time, the normal Halt Delay sequence is entered.
4.5.6 BACKSPACE/RECORD COMMAND

The Backspace command is similar to the Forward Space command, except the LRC/CRC char-

acters occur first (ref. figure 4-8).
4.5.7 WRITE ONE RECORD COMMAND (7-TRACK)

The Write One Record command causes the Tape Unit to turn on the Write current, enable the
Write amplifiers, attain proper speed, generate a portion of the IRG, then request output data
transfers from the Controller as shown in Figure 4-9. The requested data characters are written
on tape until a HALT signal is generated by Controller logic. The HALT signal terminates the
record by writing the CRC character (9-track Tape Units only) followed by the LRC character.
The Tape UnitRead-After-Write head enables parity checks to be performed upon the record
that has just been written. After the parity checks are completed, the Tape Unit erases a portion
of the next |RG and is then commanded to halt. After sufficient time has elapsed to ensure that
tape motion has completely stopped, the completion of the Write One Record command is
signaled when CBUSY terminates. On-the-Fly generation of the IRG without stopping may be
accomplished by checking status at the termination of signal DBY and immediately issuing the
next Write, Erase or Virite File Mark command. The Write mode is set by the command clock
(VLD) to initiate the Write One Record command. The System Reset (SRS) pulse is also gen-
erated by VLD to reset the Controller to initial conditions. The CBUSY F-F is set by VLD to
initiate the Write One Record command. The Synchronous Forward SFC signal is then sent to

the Tape Unit to initiate forward motion.
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4.5.7.1 Predelay Time Out. After the Predelay (S1, S2) times out, the EWDR F-F is clocked
set to begin writing the record. Predelay erases the last portion of the IRG as the Write current is
on for this period. The WDCL F-F is clocked set one clock time after the EWDR F-F. This enables
Write Data Strobe (WDS) pulses to be generated to the Tape Unit.

45.7.2 Data Flag. The first Data Flag signal is sent to the Controller. When the Controller
has the first character ready to transfer, it generates the W/R ACK pulse which stores the first
output character in the Formatter Write Data Register and clears the Data Flag. The first WDS

is then generated by the next WCLP signal to clock the character stored in the Write Data Storage
Register onto the magnetic tape. At the trailing edge of the WDS pulse, the Data Flag is set to

request the next character from the Controller.

4.5.7.3 CRC Generator_Register. The WDS pulse is OR gated with an extra CRC clock-
generation signal to clock the CRC Generator Register (ref. logic diagram ) to begin calculation
of the CRC character. The CRC Generator Register is initially reset. The CRC Generator Register

then monitors the Write Data output bus to generate a check character that is unique for the data
characters written on tape. |f the output data character is not transferred to the Controller before
the next WDS pulse occurs, a timing error status bit is set. The sequence of Data Flag—W/R ACK—
WDS continues until the HALT signal is generated by the Controller to terminate the writing. The
HALT signal sets the enable-blank-character-counter (EBCC) F-F. The EBCC F-F enables the
Blank Character Counters CC1, CC2, and CC4, disables the Write control F-F’s, and resets the
Write Most Significant Byte (WRMSB) F-F.

4.5.7.4 Blank Character Counters. The Blank Character Counters control the generation of

the CRC and LRC characters to generate the end of the record. These counters are decoded in the
9-track mode to create an extra CRC clock and to gate the contents of the CRC generator onto
the Write Data output bus. The contents of these Blank Character Counters are also decoded to
set the WARS F-F which in turn resets the Write Amplifiers via the WARS signal. This generates
the LRC character.
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4.5.7.5 Parity Check. The Tape Unit continues motion in the forward direction so that the Read-
After-Write head can check parity of the entire record. The Read Data Strobe (RDS) pulses trigger the
Read Clock Activity Sensor circuit (1-RCAS) which defines the characters that are to be checked
for vertical parity. Two or three clock periods after the last character in the record is read, the
RCAS signal terminates and vertical parity checking is disabled. The Delay Counter times out
after the LRC character is detected at the end of the record to provide detection of the IRG. The
STOP pulse is then used to check for an LRC error. The Postdelay time out interval ensures that
a sufficient portion of IRG is erased in the forward direction after a record is written. This enables
the Tape Unit to start in the reverse direction and attain proper speed for a backspace Read
operation. At the end of the Postdelay, the SFC command terminates and the Halt Delay begins
timing out to ensure the tape has come to a complete halt before CBUSY terminates. For con-
tinuous On-the-Fly writing (no stopping in the IRG), the status can be inspected after DBY

terminates; then a Write, Erase, or Write File Mark command can be immediately issued.
458 WRITE/RECORD COMMAND (9-TRACK)

Writing in the 9-track mode is similar to that of the 7-track mode (ref. figure 4-9), except there is
a Cyclic Redundancy Check Character (CRCC) written four character times after the end of the
record; the CRCC is then followed by the Longitudinal Redundancy Check Character (LRCC)
four character times later.

4.59 READ ONE RECORD COMMAND (7-TRACK)

The Read One Record command is initiated when the SET RCC and the STROBEC pulse are
simultaneously high as shown in Figure 4-10. VLD sets the RCC F-F in the Command register.
SRS is generated by the VLD clock to reset the Formatter to initial conditions. The SFC command
and the CBUSY signal are activated at the same time. After a Predelay interval to allow the tape
to attain proper speed, Read Data Strobe pulses to the Read logic are enabled. The first Read
Data Strobe pulse that occurs sets the data gate (DGATE) F-F and triggers RCAS. The trailing
edge of the first Read Data Strobe pulse sets the First Character Detect (1st CH) F-F which, in
turn, disables any further Read Data Strobe pulses from setting the DGATE F-F. V/hen the end
of the record is reached, the RCAS circuit times out two or three character times later. This
resets the DGATE F-F if the Computer has not already terminated data transfer (via the HALT
signal).
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4.59.1 Read Data Transfer. During the interval when the DGATE F-F is set, data transfer
takes place. During the time that RCAS is set, the characters are checked for parity. The CRC/

LRC characters are not checked for parity. |f the HALT signal occurs before the end of the record,
the DGATE F-F is reset to terminate Data Flag requests.

NOTE

The dashed line signals of figure 4-10 annotated
by Note 1 illustrate that if the HALT signal is
missing, the fifth tape character shown on the
timing diagram is input to the Computer and
the DGATE F-F does not reset until the RCAS
circuit times out at the end of the record. The
dashed waveforms annotated by Note 2 in-
dicate that the Data Flag operates for the CRC
and LRC characters when the record is read in
the Test Read mode.

4,5.9.2 Timing Out. The Test Read mode is provided so that the CRC/LRC characters can

be read into the Computer for diagnostic purposes. Regardless of whether the Read One Record
command is or is not terminated by a HALT, tape motion continues until the IRG is reached, at
which time the Delay Counter begins timing out. When the IRG is indicated by the Delay Counter
time out, the LRC check logic is strobed by the STOP pulse and causes the parity error status

F-F to set if an LRCC error exists. The Postdelay interval is then entered (S4) at the end of which
the SFC command to the Tape Unit is terminated. The Halt Delay (S5) then begins timing out

to delay reset of the msignal until the Tape Unit has completely halted all tape motion. If
continuous read (no stopping in the IRG) is desired, then termination of DBY can be used to
signal that status is ready to be checked so that if the next command is for a Read or Space

operation in the same direction it can be immediately issued.

4.59.3 Read Data Transfer Sequence. The signals for Read Data transfer are processed in

the following sequence:

A. Pulse RSTROBE indicates Read data are being stored in the Formatter Read
Data Register. The Read data are settled by the end of the pulise. At the trailing
edge of the pulse, DATA FLAG is set.

4-37



B. When DATA FLAG goes low, a Read data transfer is requested.

C. After the Computer has accepted the data, pulse W/R ACK must be issued to
clear the Data Flag.

D. The HALT signal (or the detection of the IRG) resets DATA GATE to ter-
minate Read data transfer requests. HALT should be presented with the last
W/R ACK pulse (or shortly thereafter).

The DATA FLAG signal reset has a built-in delay from the W/R ACK pulse such that the DATA
FLAG signal can be gated to form the W/R ACK pulse when designing a Controller that packs
two tape characters into one Computer word. Normally, a pulse from the Computer is used to
generate the W/R ACK signal.

4594 Toggle F-F. The leading edge of the RSTROBE pulse may be used to toggle a binary
F-F on the Controller to determine whether the tape character is odd or even for Packing purposes.
By using the leading edge, the toggle F-F can be gated with DATA FLAG to form the W/R ACK
pulse on the odd characters while storing the odd characters in a Controller register. The toggle

F-F can then be checked at the mpulse time to detect an odd number of characters in
the record; i.e., to force a data transfer to the Computer for the extra odd character because
Packing logic normally expects an even number of characters. In this way, a data transfer to the

Computer normally occurs after every even character.

4510 READ ONE RECORD COMMAND (9-TRACK)

The Read One Record (9-track) command is similar to the Read One Record (7-track) command,
except that there can be a CRC character as well as a LRC character. The CRC character can be all
zeros but there is always an LRC character (ref. figure 4-10).

4.5.11 ERASE 3-INCH GAP COMMAND

Timing for the Erase 3-Inch (7.62cm) Gap command is similar to the Write File Mark timing,

except S2 operates the Predelay and no writing occurs (ref. figurer 4-7).
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4.6 CONTINUOUS (ON-THE-FLY) WRITE OR READ

Continuous Write allows the IRG to be generated at fully rated tape speed. If successive Write
commands are based upon the termination of the CBUSY command (as is normal) then the tape
comes to a full stop in the {RG. Similarly, continuous Read or Space ailows the IRG to be
traversed at fully rated tape speed. Data transfer cannot take place in the IRG, because this mode
of operation optimizes the usage of the Tape Units by minimizing the amount of dead time. To
obtain continuous On-the-Fly operation, the DBY signal may be used instead of the CBUSY signal
as long as the following conditions are met:

A. The next command may not switch from a Read mode to a Write mode or

vice versa.
B. The next command may not switch tape direction.

C. A Rewind or Offline command may not follow a Write or Write File Mark
command.

A Write or Write File Mark command can follow a Write or Write File Mark command as soon as
DBY terminates rather than waiting until signal CBUSY terminates. Similarly, a Read or Space
Forward command can follow the same type command upon termination of DBY. A Read or

Space Reverse command can follow the same type command upon termination of DBY.
4.7 OPTIONS

The following field-changeable options are provided in the Formatter:

A. Tape Speed Selection

7-Track Density Pairing (800/556; 566/200; 800/200 Selection)
Single/Dual Head Stack Selection

BCD 10 to Zero Conversion (for Reading 7-track, Even Parity Tapes)
Zero to BCD 10 Conversion (for Writing 7-track, Even Parity Tapes)
Write and Read 7-track File Mark Code on 9-Track Tapes

No Parity Error for File Mark

I ommDpoO®

No Interrupt for Rewind Command

Formatter Address Selection

Disable Manual Control

Manual Control of Density while MODE Switch Defines How Parity is Controlled
Automatic Selection of ODD Parity when a 9-Track Unit is Selected

rAE T
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4.7.1 TAPE SPEED SELECTION

The Tape Speed Selection option allows selection of any two tape speeds, by providing control
over the Tape Speed Clock and Write Clock Generators (F-F divider chains). The selection is
accomplished by controlling the division modulo of the F-F divider chain by loading the negative
2's complement of the divisor (divisor -1), whereupon the counter counts up to zero recycle. Chip
position F5 on the Clock Generator card assembly is provided as a plug-in wire-wrap socket for
this purpose. Input Pins 1, 2, 3, and 4 represent the four Tape Units A, B, C, and D, respectively.
All Tape Units at speed 1 must have their input pins bussed together (call this bus 1) and all Tape
Units at speed 2 must have their input pins bussed together (call this bus 2). To obtain the desired
division ratio, Bus 1 must then be jumpered to Field 1 pins 5, 6, 7, 8, and 9 as indicated in Table
4-4. To obtain the second desired division ratio, Bus 2 must be jumpered to Field 2 pins 11, 12,
13, 14, and 15 as indicated in the table. These connections are shown in Figure 4-11. All re-

maining pins in Fields 1 and 2 must be jumpered to pin 16.

NOTE

Column 5 in table 4-4 gives the frequency of the

Speed Clock used by the Delay Counter for time
interval calculations. Columns 6, 7, and 8 give the
Write Clock frequency for the tape speed. The
Write Clock frequency depends on the bit packing
density of the selected Tape Unit.

4.7.2 7-TRACK DENSITY PAIRING

The Formatter is configured to operate at 800 BPI with no jumpers in the Density Field on the
Clock Generator card assembly or when a 9-track Tape Unit is selected. Different pairs of den-
sities can be selected for different 7-track Tape Units; i.e., Tape Unit A could be 800/556 BPI;
Tape Unit B could be 556/200 BPI; Tape Unit C could be 800/200 BPI; and Tape Unit D could
be B00/556 BPI. The H pin for each 7-track Tape Unit must be jumpered to the 556 bus if the
higher density of the pair is 556 BPI. The H pin can be ignored if the higher density is 800 BPI.
The L pin for each 7-track Tape Unit must be jumpered to the 556 BPI or to bus the 200 BPI
bus. This depends on the lower density of the pair. Figure 4-12 shows an example of density

selection wiring.
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TABLE 4-4. Tape Speed Selection (Continued)

(827

Column 1 Column 2 | Column 3 Column 4 Column b5 Column 6 Column 7 Column 8
Tape Speed Division NEG.2's BINARY BIT WEIGHT SPDCLK
Ratio Complement 16 8 4 2 1 FREQ KHz \g:éBE '(<3ll_|_§)CK
FIELD 1 PINS (F5) (PIN D5-11) (PIN D5-5)
9 8 7 6 b
FIELD 2 PINS (F5)

(IPS) (CMPS) 15 14 13 12 11 800 BPI 556 BPI 200 BPI
112.5 |285.75 2 —1 o1 1 1 1 225 90 62.55 225
75 190.5 3 -2 o1 1 10 15 60 41.7 15

56.25 |142.875 4 -3 0O 1 1 0 1

45 114.3 5 —4 01 1 0O 9 36 25.02 9
375 95.25 6 -5 0O 1 0 1 1 7.5 30 20.85 7.5
32.14 | 81.6356 | 7 —6 0 0 1 0

28.125| 71.4375| 8 -7 0 0 0 1

25 63.5 9 -8 0 0 0O 5 20 13.9 5
225 57.15 10 -9 0O 0 1 1 1

20.45 | 51.943 1 -10 001 10

18.75 | 47.625 12 —11 0O 0 1 0 1

17.3 43.942 13 —-12 0O 01 0 O

16.07 | 40.8178 | 14 —13 0O 0 0 1 1

15.0 38.1 15 —-14 0 00 10

14.06 | 35.7124 | 16 —15 0O 0 0 0 1

13.23 | 33.6042 | 17 —16 0 0 0 0 O

12.5 31.75 18 -17 11 1 1 1 2.5 10 6.95 25




oy

TABLE 4-4. Tape Speed Selection (Concluded)

Column 1 Column 2 | Column 3 Column 4 Column 5 Column 6| Column 7 [ Columns8
Tape Speed Division NEG.2’s BINARY BIT WEIGHT SPDCLK
Ratio Complement 16 8 4 2 1 FREQ KHz WRITE CLOCK
FIELD 1 PINS (F5) PIN D5-11) FREQ, KHz

9 8 7 6 5
FIELD 2 PINS (F5)

(IPS) | (CMPS) 15 14 13 12 11 800 BPI |556 BPI 200 BPI
11.84|30.0736 | 19 -18 11 1 10
11.25| 28.575 20 -19 11 1 0 1
10.7 |27.178 21 -20 11 1 0 0
10.22| 25.9588 | 22 -21 1T 1 0 1 1
9.7 | 24.638 23 —22 11 0 1 0
9.38| 238252 | 24 -23 1T 1 0 0 1
9.0 | 22.86 25 —-24 11 0 0O
8.6 |21.844 26 —25 10 1 1 1
8.3 | 21.082 27 —26 101 10
8.03] 20.3962 | 28 -27 1 0 1 0 1
7.77119.7358 | 29 —28 1 01 00
7.5 | 19.05 30 -29 1 0 0 1 1
7.2 | 18.288 31 -30 1 0 0 1 0
7.03| 17.8562 | 32 -31 1 0 0 0 1

NOTES:

1. In Col 4, pins marked “0"" must be jumpered to Bus 1 or 2, pins marked *‘1”" must be jumpered to Pin F5-16 to enable.

2. Standard tape speeds are underlined.
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Figure 4-11. Tape Speed Selection Examples
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EXAMPLE FOR:

Tape Unit A = 9-Track 800 BPI o~ =~
Tape Unit B = 7-Track 800/556 BPi 200 BUS 556 BUS
Tape Unit C = 7-Track 556/200 BP! Cc*;, -7 T~
Tape Unit D = 7-Track 800/200 BPI - s\CoL i
DH
i (o]
~0

Figure 4-12. Density Selection Wiring Example

4.7.3 SINGLE/DUAL STACK HEAD SELECTION

The Formatter is configured so that if no jumpers are used in the SS/DS Head Selection Field, the
Dual-Stack (Read-After-Write) configuration is in effect. Jumpers must be used only for Tape
Units (A, B, C, or D) that are single-stack head units. The SS/DS Head Selection Field is located
on the Control Board assembly number 201659 near chip position G7. Bus 603 must be jumpered
to points A, B, C, or D for single-stack Tape Units correspondingly designated A, B, C, or D. If
Tape Units are equipped to report Single-Stack Status, then E617 may be jumpered to E603 for
Tape Unit control of Single-Stack logic.

4.7.4 BCD 10 TO ZERO CONVERTER (READ)

The Formatter is configured to convert BCD 10 (Octal 12) to zero when reading 7-track tapes in
the even parity mode if no jumper is inserted between E604 and E605 on the Control Board
assembly. Insertion of the jumper from E604 to E605 causes the BCD 10 to be read without
conversion to the Controller. The BCD 10 code is equivalent to a 1 bit on lines R4 and ﬁé, and a

0 bit on lines R2, R3, R5, R7 and RP.
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4.7.5 ZERO TO BCD 10 CONVERTER (WRITE)

The all-zeros code is automatically converted to the BCD 10 code when writing on a 7-track Tape
Unit in the even parity mode if there is no jumper between E623 and E624; thus, there must be

at least one track with a 1 bit in it to generate a Read Data Strobe pulse when reading back.

NOTE

The BCD 10 code is forbidden as an industry

standard when writing on 7-track tapes in the

even-parity mode unless the program is con-

structed to handle the following items:

® Conversion of BCD 10 to zero upon writ-

ing (no jumper between E604 and E605).

®  Conversion of zero to BCD 10 upon read-
ing (with jumper between E623 and E624).

4.7.6 7-TRACK FILE MARK CODE WRITE/READ ON 9-TRACK TAPE UNIT

The Formatter is configured to Write/Read normal File Marks (Octal 23) with 9-track Tape Units
when no jumper is installed between E608 and E609 on the Control Board assembly. With the
jumper installed, a dummy 7-track code File Mark (Octal 17) is written and checked to provide

compatibility with existing computer software.

4.7.7 NO PARITY ERROR FOR FILE MARKS

The Formatter is configured to indicate a parity error when reading a 7-track File Mark in the
odd parity mode, or when reading a dummy 7-track File Mark on a 9-track Tape Unit (with no
jumper installed between E606 and E607 on the Control Board assembly). With the jumper
installed, the parity error indication is disabled.
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4.7.8 REWIND INTERRUPT

The Formatter is configured to set CBUSY when the Rewind command is issued if no jumper is
present between E601 and E602 on the Control Board assembly. CBUSY resets when the Rewind
operation is completed. This provides a signal to the Controller to indicate the next conmand can
be accepted. If jumper E601 to E602 is present, CBUSY does not set for a Rewind command.

4.7.9 FORMATTER ADDRESS SELECT

The Formatter is configured to always be selected if no jumper is placed in the Formatter Address
Select; therefore, if a single Formatter is used, no jumper needs to be used. Table 4-5 lists the

jumper connection required for various addressing schemes.

TABLE 4-5. Formatter Address Selection

Formatter Jumper

Address Configuration Remarks

None None Formatter always selected

0 E611 to E612 FAD1 signal High

1 E610 to E612 FAD1 signal Low

NRZI E616 to E612 NRZ signal Low (Tape Unit Selects

Formatter)
[Hi Density E632 to E612 Hi Density signal High (Controller
and Selects Formatter and Tape Unit
E631 to E629 with Density Line)
{remove
E629 to E630)
NOTE: Only one of these jumper configurations may be installed.




4.7.10 DISABLE MANUAL CONTROL OF PARITY AND DENSITY

To disable manual control so that Controller signals always control parity and density, establish

the following jumper configurations on the Control Board assembly:

A. Remove the jumper between E621 and E622.
B. Add jumpers from E618 and E619 to E620.
C. Add ajumper between E629 and E630.

4.7.11 DISABLE REMOTE CONTROL OF DENSITY

To allow manual or remote control over parity selection while allowing density selection to be
controlled from only the front panel density switch, the Controller must supply a Low (gnd)
signal for Hi Density on pin 77 and the Main Board assembly must have the following jumper

configuration:

A. Jumpers from E618 and E619 to E620.
B. No jumper between E621 and E622.

4.7.12 NORMAL REMOTE/MANUAL CONTROL OF DENSITY AND PARITY

The Normal Remote/Manual mode of operation is most commonly used to control density and
parity. This mode is established by the following jumper configurations on the Control Board

assembly:

Remove jumpers from E618 and E619 to E620.
Connect jumpers between E619 and E620, E621 and E622, and E629 and E630.

C. Connect a jumper between E625 and E626 (only if automatic selection of the

@

odd parity mode is desired when a 9-track Tape Unit is selected).

4.7.12.1 Remote Mode. In Remote mode, the Hl DENSITY and GEN ODD PARITY signals
from the Controller control the 7-track density and the 7-track or 9-track parity selection,
respectively.

4.7.12.2 Manual Mode. In Manual mode, the DENSITY and PARITY switches on the OCP of
the Formatter control 7-track density and parity, respectively.
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4.7.13

JUMPER FUNCTIONS SUMMARY

TABLE 4-6. Jumper Functions

Table 4-6 lists a summary of all jumpers, their functions, and the related logic schematic drawing.

Jumper

Function

Logic
Schematic

E601 to E602

E603 to A,B,C,D

E6GO3 to E617
E604 to E605
E606 to E607
E608 to E609
E610 to E612
E611 to E612
E615 to E612
E616 to E612
E632 to E612

E613 to E614

E618, E619, E620,

E621 and E622
E623 to E624
E625 to E626
E629 to E631
E501 to E503
E502 to E503

No Interrupt for Rewind

Single-Stack Head Designation

Tape Unit Selection of Single-Stack Logic

Disable BCD 10 to Zero Conversion (Read)

Disable Parity Error for File Mark

Enable Write 7-Track File Mark Code in 9-Track Mode
Enable Formatter Address ONE

Enable Formatter Address ZERO

Not Used

Enable NRZ Selection of Formatter

Enable HI DENSITY Selection of Formatter (Remote
Density Select)

Deleted if Dual Density (PE/NRZI) Formatter

(Ref. paragraphs 4.7.1 through 4.7.2)

Disable Zero to BCD 10 Conversion (Write)

Enable Automation Selection of ODD Parity for 9-Track
Enable Remote Density Select

0.150-inch (3.81mm) R/W Head Gap

0.300-inch (7.62mm) R/W Head Gap

PEERLR P8 CEEELEEEES

4.8

DELAY TIMES

The state flow diagrams (ref. figures 4-3 and 4-4) show three principal delay times:

A. Predelay
B. Postdelay
C. Halt Delay
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4.8.1 PREDELAYS AND POSTDELAYS

The Predelays and Postdelays are used to erase portions of the |RG (when writing) or to erase
tape. When reading, they are used to correctly position the tape under the head in the IRG so that the
subsequent record can be either a Read or a Write operation.

4.8.2

~

HALT DELAY

The Halt delay is also used to erase part of the IRG when writing and provides sufficient time to

ensure that the Tape Unit is completely stopped (after the motion signal is terminated).

483 "~ DELAY TIME FACTORS

The following factors determine the times of the various delays:

A. Number of tracks (7 or 9)

Tape speed

Number of heads (singie or dual)
Motion direction (forward or reverse)
Starting point (beginning of tape or not)

Type of command (Write or Read)

G Mmoo

Type of mode (Edit or not)

4.9 POWER SUPPLY

The power supply (WANGCO PN 201581) is an integral assembly of the Formatter and furnishes
all operating voltages required by the Formatter electronics. Selectable taps on the primary
winding of the transformer enable operation from any of the following 48 to 62 Hz line voltages:
100V, 110V, 115V, 120V, 125V, 200V, 220V, 230V, 240V, or 250V, at 160W. Application of
AC input power is controlled by a switch/indicator pushbutton (S101) mounted on the OCP at

the front panel of the Formatter. The power supply provides the following outputs:

A. Unregulated, +13V (nominal)
B. Regulated, +56V, 9A

The reguiated +5V circuitry includes foldback current limiting, overvoltage protection, and reverse
voltage protection. Fuses provide additional protection against overload.

4-49



4.9.1 PHYSICAL DESCRIPTION

The power supply consists of four major assemblies which support various subassemblies and

components:
A. Chassis
B. Back panel
C. Side panel
D. Circuit board

The chassis contains the power transformer, high-current rectifiers, a filter capacitor, heatsink-

mounted power transistors, an SCR, the circuit board, and terminal block TB1.

Terminal block TB201, and fuses F201 and F202 are mounted in the back panel. AC line-power
input is terminated at TB201.

The side panel supports a blower fan and terminal block TB202. This panel is mechanically inter-
connected to the chassis and back panel. AC power is routed from TB201 via F201 to TB202,
where it is distributed to power switch S101 (on Formatter front panel), blower fan B101, and

power transformer T1 via TB1.

TB202 terminates a voltage from circuit board connection J4/P4 which is routed to the power-on

indicator lamp in switch/indicator S101.

4.9.2 CIRCUITRY DESCRIPTION

The power supply circuitry provides regulated and unregulated voltages, and various protective

circuits.

4.9.2.1 Voltage Outputs. DC power for the Formatter is developed by a standard half-wave

rectifier/capacitive filter circuit. The filtered voltage is regulated by the series-pass transistor of a
complementary pair of power transistors, Q1 and Q2 (on the chassis). The base of Q1 is driven by
integrated circuit (IC) regulator U1, and associated components, which establish the reference
voltage. This regulator can hold a given voltage setting within +1% against variations in line
voltage, load, and ambient temperature. The regulated voltage output of the power supply is

maintained within a tolerance of +5% which includes line voltage-load-temperature variations,
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component aging, and a 2% setting accuracy. The +5V regulated output is terminated at two

locations on the circuit board:

A. Pin 5 of J202 where it is distributed to the Formatter electronics via P202
and associated wiring.

B. Pin 1 of J4 where it is distributed, via TB202, to the power-on indicator lamp
in S101 on the OCP at the Formatter front panel.

The filtered, but unregulated +13V output of the power supply is terminated on the circuit

board at pin 3 of J202 where it is distributed to the Formatter electronics via P202 and associated
wiring. This voltage ranges from +13V (high line voltage, minimum load) to +9V (low line voltage,
maximum load). The power supply ground is terminated on the circuit board at pins 1 and 2 of
J202, and at pin 3 of J4.

4.9.2.2 Short Circuit Protection. This circuitry is of the foldback, current-limiting type;

therefore, a short circuit at the output can be safely sustained for an indefinite time. Tolerance
on the foldback knee ensures that regulation is maintained with load currents up to 9 amperes (A);

however, load currents exceeding 9A can overstress the power supply.

4.9.2.3 Overvoltage and Reverse Voltage Protection. Any overvoltage condition is detected

by transistors Q1 and Q2 (on the circuit board) and associated components. Overvoltage applies
forward bias to the emitter-base junction of Q1. The resulting current drive from Q1 attains unity
gain in emitter-follower Q2 which fires SCR1. SCR1 then short circuits the unregulated voltage

to ground. DC fuse F202 then blows and removes the regulator input voltage from U1. Protection
against overvoltage, caused by malfunction of power transistors Q1 and Q2 (on the chassis) or

IC regulator U1, is thus ensured. High-current diode CR3 (on the circuit board), which is connected
between the unregulated input and regulated output, clamps externally applied overvoltages and
produces up to 3A of steady-state current. Protection against reverse voltage, externally applied

on the regulated +5V line, is provided by diode CR7 (on the circuit board).
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SECTION 5

MAINTENANCE AND TROUBLESHOOTING

5.1 GENERAL

This section provides brief maintenance recommendations for the WANGCO Model 511 NRZI

Formatter.

5.2 MAINTENANCE

Maintenance of the Formatter is based primarily on understanding the theory of operation

(Section 4) coupled with the use of the logic schematics and engineering drawings.

Removal and installation of Formatter assemblies, components, and detail parts for maintenance

purposes is straightforward; however, some general notes and precautions are provided in the

‘ WARNING I

PRIOR TO REMOVAL OR INSTALLATICM OF
ANY FORMATTER POWER SUPPLY PARTS,
ALWAYS DISCONNECT POWER CABLE FROM
SOURCE.

following paragraphs.

The Formatter requires no adjustments. Additionally, there are no air filters to clean; however,
the fan and the areas through which the air passes should be checked periodically to avoid re-

strictions.

5.3 GENERAL TROUBLESHOOTING

With the top cover removed, all Formatter components are exposed for in-place troubleshooting.

Accessibility is shown in Figure 5-1.
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5.3.1 CIRCUIT BOARD REMOVAL

The NRZ| Control board is removed through the front by using the nylon card extractors attached
to either side of the board. The other boards {CRC Generator, Delay Counter, and Clock Generator)

are plugged into the major assembly board and secured with 4-40 screws.

When reinserting any circuit board, make sure it is seated firmly into the appropriate connector.

i CAUTION

POWER SHOULD BE TURNED OFF PRIOR
TO REMOVING OR REPLACING ANY CIR-
CUIT BOARD.

5.3.2 REFERENCE DESIGNATIONS

All components are clearly identified, and an alphanumeric grid system is used as reference
designations to identify chip locations. The alphabet characters read from left to right (as viewed

from the front) and the numerical characters read from front to back as shown in Figure 5-2.

5.3.3 FUSES

Always ensure that fuse replacements are the same type, voltage, and current ratings as those
being removed. This can normally be verified by the placard located adjacent to the fuse recep-

tacles (ref. figure 2-1); however, the following caution must be observed.

R

CAUTION 1

PO OO PO OW

SINCE THE SOURCE-POWER CONFIGURA-
TION MAY HAVE BEEN CHANGED IN THE
FIELD WITHOUT CHANGING THE PLACARD,
CHECK THE POWER SUPPLY CONFIGURA-
TION AND APPROPRIATE FUSE AGAINST
THE POWER SUPPLY SCHEMATIC IN AP-
PENDIX CIF ANY REPEATED POWER SUPPLY
PROBLEM (SUCH AS REPEATED FUSE
FAILURES) OCCURS.

If a fuse fails, WANGCO recommends the cause of fuse failure be determined and corrected before
replacing the failed fuse.
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CRC
GENERATOR
BOARD CONTROL BOARD

SPEED

CLOCK CHIP

GENERATOR
DELAY BOARD

NUMBERED
COORDINATES
FOR INTEGRATED

LETTERED
COORDINATES
FOR INTEGRATED

CIRCUITS v g
(A THROUGH R*) 8 GHEGLIES
/ (0 THROUGH 13)

NOTES
*1. Letters |, O, and Q are not used.

2. Discrete components on CRC Generator Board are in 300 series.
3. Discrete components on Clock Generator Board are in 400 series.
4, Discrete components on Delay Counter Board are in 500 series.
5. Discrete components on Control Board are in 600 series except

for Tape Unit termination resistors which are in 700 series, and
front panel components (lamps and switches) which are in unit
series (e.g. S1 and DS1).

Figure 5-2. Formatter Circuit Boards and Component Locations (Except Power Supply)
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SECTION 6

LOGIC DATA

6.1 GENERAL

This section contains all data essential to the logic functions of the WANGCO Mode!l 511 NRZI

Formatter as described in this manual. The information is presented in the following sequence:

A. Glossary of Terms
B. Integrated Circuit Reference Data

C. Description of Logic and Symbols

6.2 GLOSSARY OF TERMS

Table 6-1 lists a complete and comprehensive glossary of terms for the NRZ| Formatter and
defines, in alphabetical order, the various abbreviations, acronyms, and other mnemonics used

throughout this manual.

6.3 INTEGRATED CIRCUIT DATA

Table 6-2 lists integrated circuit chip reference designations and corresponding WANGCO part

numbers.

Table 6-3 lists the applicable WANGCO part number of each integrated circuit used on the NRZI
Formatter, together with the manufacturer’s technical reference data.

6.4 DESCRIPTION OF LOGIC AND SYMBOLS

DTL and TTL logic of the typical inverting type (NAND—NOR) rather than (AND—OR) is used,
though some AND—OR elements are employed. Although the same device may be used to
implement both the NAND and the NOR function, the symbols shown on the logic schematics

correspond to the particular functional operation.
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TABLE 6-1. NRZI Formatter Glossary of Terms (continued)

“Term! Definition

ADDR
AS1 & AS2

. BOT
BSR
BO-B7

cBP, CBO-CB7

CC1,2,4
cD

CK WD CNT
CLK

CLKS

CLR
CRCP,0-7

DBY

DATA FLAG
DDI

DDS

DFCL
DGATE

DP, DO-7
DS

DSO
DS1-DS7

EBCC

EDIT
ENCRC
END

EOT

EOTS
EWDR
EXITS3
EXTRESET
EXTRICT

Formatter Addressed
Activity Sense 1 & 2

Beginning of Tape
Backspace Record
Write Data Input from Computer Adapter

Write Data Storage Buffer

Character Counter 1,2, 4

Core Dump :

Check Word Count

180 KHz Clock to Computer Adapter
State Counter Clock

Clear Command Storage

CRCC Register

Data Busy
Data Transfer Request Flag
Data Density indicator
Data Density Select
Data Flag Clock
Read Data Gate

. Read Buffer Outputs
Data Strobe
Rest State of State Counter
State Counter Inputs

Enable Blank Character Counter

Edit Mode

Enable CRCC

End Delay Period

End of Tape

End of Tape Status

Enable Write Data Requests

Exit State 3

External Reset from Computer Adapter

External Reject Command from Computer Adapter




TABLE 6-1. NRZI Formatter Glossary of Terms (continued)

Term

Definition

FAD1
FM

FM DET
FPT
F200
F556
F800

GEN ODD PARITY

HALT
HI DENSITY

LDP
LER
LP, LO-7

M1-M128

OFFC
OFLC
ON LINE
ovw

PARITYER
POR

RCAS

RCC
RDP—-RD7
RDS

RDY
REJECT
REW
REWINDING
RJCT
RSTCNTR

Formatter Address

File Mark Status

File Mark Code Detected
File Protect

200 BPI Selected

556 BP| Selected

800 BPI Selected

Generate Odd Parity

Halt Data Transfer Requests
Select Density

Load Point
LRCC Error
LRCC Register

Delay Counter Qutputs

Offline Command to Tape Unit
Offline Command Storage

Tape Unit is On Line

Overwrite to Tape Unit (Same as Edit)

Parity Error
Power On Reset

Read Clock Activity Sense
Read Command

Read Data from Tape Unit
Read Data Strobe

Tape Unit Ready

Command Rejected Status
Rewind Command Storage
Tape Unit Rewinding Status
Command Rejected Pulse
Reset Delay Counter
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TABLE 6-1. NRZ| Formatter Glossary of Terms (continued)

Term Definition
RST STOP Reset STOP Flip-Flop
RSTR Read Strobe from Formatter to Computer Adapter
RSTROBE Read Strobe from Tape Unit to Computer Adapter
RW Rewind Command Storage
RWC Rewind Command to Tape Unit
RWDG Rewinding Status
RP, RO-7 Read Data Bits P, 0—7 to Computer Adapter
SELECT A-D Tape Unit Select Lines
SETCLR Clear Command from Computer Adapter
SETFSR Forward Space Record from Computer Adapter
SETGAP Erase Command from Computer Adapter
SETOFL Offline Command from Computer Adapter
SET PE Set Parity Error
SETRCC Read Command from Computer Adapter
SETREV Reverse Command from Computer Adapter
SETREW Rewind Command from Computer Adapter
SETRJCT Command Requiring Write Current
SETWCC Write Command from Computer Adapter
SETWFM Write File Mark Command from Computer Adapter
SFC Synchronous Forward Command to Tape Unit
SINGLE Single Gap Head Status from Tape Unit
SPDCLK Speed Clock
SRC Synchronous Reverse Command to Tape Unit
SRS System Reset Pulse '
SS Single Stack Head
STOP STOP Delay Counter
STOPSPACE Stop Spacing (Forward or Reverse)
STROBEC Command Strobe
SWS Set Write Status
S1-7 State Counter
S1*,62* Tape Unit Select Lines from Computer Adapter

S1,S2, S4, S8, S16

Encoded Outputs from Speed Chip
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TABLE 6-1. NRZI Formatter Glossary of Terms (concluded)

Term Definition
THR1 Threshold 1 (High)
THR2 Threshold 2 (Low)
TMER Data Transfer Timing Error Status
TM1, TM2, TM4 Speed Clock divide by 5 Flip-Flops
TRD Test Read
TUO--TU3 Decoded Tape Unit Select Lines
vLD Valid Pulse
VPE Vertical Parity Error
WARS Write Amplifiers Reset
WCC Write Command
WCLK Write Clock
WCLP Write Clock Pulse
WDP--WD7 Write Data to Tape Unit
WDS Write Data Strobe
WFM Write File Mark
W/RACK Write/Read Acknowledge
WRMSB Write Most Significant Byte
WRP Write Precede Pulse
1st CH 1st Character
2nd CH 2nd Character
7TRK 7 Track Tape Unit
71EV 7 Track - Even Parity Mode
70DD 7 Track - Odd Parity Mode
9TRK 9 Track Tape Unit
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TABLE 6-2. Integrated Circuit Reference Designation
Versus WANGCO Part Number (continued)

T
Reference _ Wangco Integrated

1
Reference Wangco Integrated

I
Reference Wangco Integrated

Designation(l), Circuit Part No. Designation(]) Circuit Part No. Designatio Circuit Part No.
A1l 100085 D4 100349 G6 100085
A2 100085 D5 G7 100084
A3 Spare D6 100329 G8 N/A
A4 100332 D7 101014 G9 N/A
A5 Spare D8 100329 G10 100427
AB 100085 D9 100347 G111 100336
A7 100084 D10 100336 G12 100336
A8 100331 D11 100341
A9 100336 D12 100339 '

A10 100336 H1 100107
Al1l 100329 H2 100329
A12 100426 E1 ® H3 100336
E2 100085 H4 100107
E3 100346 H5 100329
B1 100329 E4 100335 H6 Spare
B2 101014 E5 100084 H7 Spare
B3 101014 E6 100085 H8 100347
B4 100336 E7 N/A H9 100331
B5 100085 E8 N/A H10 100084
B6 N/A E9 N/A H11 100340
B7 100085 E10 ® H12 100340
B8 101014 E1 100341
B9 101014 E12 100339
B10 100426 J1 100085
B11 101014 J2 100085
B12 100339 FO 100336 J3 100085
F1 100348 Ja 100107
F2 100107 J5 100339
C1 @ F3 100329 J6 100085
Cc2 100349 F4 100336 J7 100336
c3 100346 F5 @ J8 N/A
Cc4 100336 F6 100332 J9 100336
C5 100085 F7 100346 J10 100085
C6 100085 F8 100346 J11 100341
Cc7 N/A F9 101014 J12 100341
C8 N/A F10 100336
Cc9 N/A F11 100341
C10 ©) F12 100339 K1 101014
cn 100341 K2 Spare
C12 100339 K3 100085
G1 100335 K4 100085
G2 100331 K5 101014
D1 100349 G3 100329 K6 100329
D2 100349 G4 100085 K7 100107
D3 100085 G5 100084 K8 100340
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TABLE 6-2. Integrated Circuit Reference Designation

Versus WANGCO Part Number (concluded)

Reference _Wangco Integrated Reference \Nangco Integrated Reference 'Wangco Integrated
Designatio Circuit Part No. Designation(1) Circuit Part No. Designatior@ Circuit Part No.
K9 100329 M7 100335 P5 100339
K10 100085 M8 100340 P6 100339
K11 100341 M9 100336 P7 100339
K12- 100341 M10 100336 P8 100348
M11 100336 P9 101014
M12 100336 P10 101014
L1 101014 P11 101014
L2 101014 P12 101014
L3 101014 N1 Spare P13 100327
L4 100085 N2 100085
LS 100107 N3 100084
L6 100339 N4 100348 R1 Spare
L7 100425 N5 100085 R2 Spare
L8 100085 N6 100329 R3 100329
L9 100085 N7 100348 R4 100085
L10 100087 N8 100332 R5 100085
L11 100087 N9 100341 R6 N/A
L12 100087 N10 100340 R7 N/A
N11 100340 R8 N/A
N12 Spare R9 100339
M1 100348 R10 100427
M2 100329 R11 100335
M3 101014 P1 Spare R12 100084
M4 100332 P2 N/A
M5 100085 P3 100349
M6 100107 P4 100329 U1 100327
NOTES
@ Reference designations used on Logic Diagrams, Assembly Drawings, and Material Lists.
@ Delay Counter to Control Board Connector (1 of 2;see E1).
® CRC Generator to Control Board Connector (1 of 2; see E10).
@ Clock Generator to Control Board Connector.
(® Delay Counter to Control Board Connector (1 of 2; see C1).
® CRC Generator to Control Board Connector (1 of 2; see C10).
@ Speed Chip P/N determined by Tape Unit Speed.
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N: 100084
COMMERCIAL EQUIVALENT: 15836N
TITLE: HEX INVERTER (DTL)

SYMBOL: EQUATION: PACKAGE: &
X—Q_B B = K l I l l I
or
1 2 3 ) 5 6 ?
o3 - CICTCI T
WANGCO P/N: 100085
COMMERCIAL EQUIVALENT: 15846N v
TITLE: QUAD 2-INPUT NAND (DTL) cc
zigizinizioin
SYMBOL:" EQUATION: PACKAGE: I__‘:lD,_] l_EJC)J
)
A — - -
B Do—c C=A-B IT;?"
or
A - - L] DI I TT]
B (o C=A+B GND
WANGCO P/N: 100087
COMMERCIAL EQUIVALENT: 151804N Vee
TITLE: 10-INPUT NAND (DTL)
] [5] [ ] [ (5] 7]
SYMBOL: EQUATION: PACKAGE:
A ——
B — L
c — »)
D — F_
: :}_i L = A-B-C:D-EF-G-HJ-K
G PRm——
H— LI I
J GND
X —
WANGCO P/N: 100107
COMMERCIAL EQUIVALENT: 15862N Vee
TITLE: TRIPLE 3-INPUT NAND (DTL)
] [5] [1 [ o] (51 [+]
SYMBOL: EQUATION: PACKAGE: | %
A ____ - -
B c T = AB-C =
c —
D N :[D[:
A
g:jo >—-c CaR+B+T EJ\L]L’_H_‘J[S_IM’“
(]




TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N 100327 -
COMMERCIAL EQUIVALENT: 7407N Vv
TITLE: HEX BUFFER (TTL) (OC) CC

SYMBOL: EQUATION: PACKAGE: [; I q | q l

A B =

. > ]

> CICIGIEICEIGEIE

>l
|9}

2]
Z
o

WANGCO P/N: 100329

COMMERCIAL EQUIVALENT: 7402N Vee
TITLE: QUAD 2-INPUT NOR (TTL) 14 m I1_2'l m F;‘ I—g'l P
SYMBOL: EQUATION: PACKAGE:

C=A+B

OR [ [ |
A —
~ c cC=A: ~ GND
B =

WANGCO P/N: 100331

COMMERCIAL EQUIVALENT: 7406N
TITLE: HEX INVERTER BUFFER (TTL) {(OC)

:

=
[
[
=
[
[=!
=

SYMBOL: EQUATION: PACKAGE:

K B B“R D

OR

——
A‘—I So—i 5-A djajajajajaja
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N: 100332
COMMERCIAL EQUIVALENT: 7408N
TITLE: QUAD 2-INPUT AND (TTL)

vcc

] [ ) 7 el 5] 5]

SYMBOL: EQUATION: PACKAGE:
A — P
OR
A
} T EeE+E LIIBI LT
B GND
WANGCO P/N: 100335
COMMERCIAL EQUIVALENT: 7437N
TITLE: QUAD 2-INPUT NAND BUFFER (TTL)
vcc
14] 13| 12§ |11] Jiol |91 8
SYMBOL: EQUATION: PACKAGE: r-l r] l—l l—l I_l l—l
O ’
Lo €] [
8 —
OR
A LIl ] Te] Tz
_ c C=A+8 GND
B
WANGCO P/N: 100336
COMMERCIAL EQUIVALENT: 7438N
TITLE: QUAD 2-INPUT NAND BUFFER (OC) (TTL)
Vcc
14| 3] j12][11] po]l [ 9] [ 8
SYMBOL: EQUATION: PACKAGE: [—]l I_ll I r]l [—ll l—ll
c C=A-B I ?‘l
B }
OR
X fjajajajajoa
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N: 100339
COMMERCIAL EQUIVALENT: 7474N
TITLE: DUAL D-TYPE FLIP-FLOP (TTL)

SYMBOL:

|

PR
D Qp——

CLR

FUNCTION TABLE: PACKAGE:

VCC
INPUTS OUTPUTS 1] [3] 2] [1] [19] [2] [¢]

PRESETICLEAR] CLlock] D | a | @ |
L H X x | H|L
H L X x| L |H
L L X X | vt | He
H H 4 HHIL
H H ' T B
H H L x | ao | Go

g-»XI'-I

HIGH LEVEL (STEADY STATE)

LOW LEVEL (STEADY STATE)
IRRELEVANT

TRANSITION FROM LOW TO HIGH LEVEL
THE LEVEL OF Q BEFORE THE INDICATED
INPUT CONDITIONS WERE ESTABLISHED.

THIS CONFIGURATION 1S NONSTABLE; THAT
IS, IT WILL NOT PERSIST WHEN PRESET AND
CLEAR INPUTS RETURN TO THEIR INACTIVE
(HIGH) LEVEL.
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N: 100340
COMMERCIAL EQUIVALENT: 7475N
TITLE: QUAD BI-STABLE LATCH (TTL)
SYMBOL: FUNCTION TABLE: PACKAGE:
(EACH LATCH) ND
—p a}— INPUTS OUTPUTS 16115 9
¢__o— o | s ] a]a —
OR
1 Yp— H H H L G
02 ’ X - % | % Q a
—°: %GB
—104 Quf—  H=HIGH LEVEL —
G, G L = LOW LEVEL
12 X = IRRELEVANT 11] 2 8
i Y . Qq = THE LEVEL OF Q BEFORE
THE HIGH TO LOW TRANSITION OF G.

DESCRIPTION: INFORMATION PRESENT AT A DATA (D) INPUT ARE TRANSFERR ED TO THE Q OUTPUT
WHEN THE ENABLE (G) IS HIGH AND THE Q OUTPUT WILL FOLLOW THE DATA INPUT
AS LONG AS THE ENABLE REMAINS HIGH. WHEN THE ENABLE GOES LOW, THE IN-
FORMATION (THAT WAS PRESENT AT THE DATA INPUT AT THE TIME THE TRANS-

ITION OCCURRED) IS RETAINED AT THE Q OUTPUT UNTIL THE ENABLE IS PERMITTED
TO GO HIGH.

WANGCO P/N: 100341
COMMERCIAL EQUIVALENT: 7486N
TITLE: QUAD 2-INPUT EXCLUSIVE OR GATES
Vv

cc
SYMBOL: EQUATION: PACKAGE: 14 l13| I172| |11] m I 9|l 8|

“_")D—c . c-A@s F_f’_l’DEI_P_[L’[_I;]

LI IR
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TABLE 6-3. Integrated Circuit Reference Data (continued)

CO P/N: 100346
ERCIAL EQUIVALENT: 8291B
- HI-SPEED BINARY COUNTER (TTL)
SYMBOL:
DATA
STROBE
CLOCK 1 A B C D
(COUNTER)
cLock 2—Q Q, 0z Q¢ Qp
RESET
OR
DATA
STI:LOBE
—a o
—B Qsh__
(STORAGE —1c Q:—
REGISTER) —1o ay
— cK1
—4{ck2
RESET
DESCRIPTION

THIS HIGH-SPEED MONOLITHIC COUNTER CONSISTS OF
FOUR D-C COUPLED, MASTER-SLAVE FLIP-FLOPS WHICH
ARE INTERNALLY INTERCONNECTED TO PROVIDE A
DIVIDE-BY-TWO AND A DIVIDE-BY-EIGHT COUNTER.
THE COUNTER IS FULLY PROGRAMMABLE; THAT IS,
THE OUTPUTS MAY BE PRESET TO ANY STATE BY
PLACING A LOW ON THE COUNT/LOAD INPUT AND EN-
TERING THE DESIRED DATA AT THE DATA INPUTS.
THE OUTPUTS WILL CHANGE TO AGREE WITH THE
DATA INPUTS INDEPENDENT OF THE STATE OF THE
CLOCKS.

DURING THE COUNT OPERATION, TRANSFER OF
INFORMATION TO THE OUTPUTS OCCURS ON THE
NEGATIVE-GOING EDGE OF THE CLOCK PULSE. THE
COUNTER FEATURES A DIRECT CLEAR WHICH, WHEN
TAKEN LOW, SETS ALL OUTPUTS LOW REGARDLESS
OF THE STATES OF THE CLOCKS.

THE COUNTER MAY ALSO BE USED AS A 4-BIT LATCH
BY USING THE COUNT/LOAD INPUT AS THE STROBE
AND ENTERING DATA AT THE DATA INPUTS. THE
OUTPUTS WILL DIRECTLY FOLLOW THE DATA INPUTS
WHEN THE COUNT/LOAD IS LOW, BUT WILL REMAIN
UNCHANGED WHEN THE COUNT/LOAD IS HIGH AND
THE CLOCK INPUTS ARE INACTIVE.

PACKAGE:
DATA INPUTS
Vec CLEAR Q D B Q crock
cc D B8 1
w3l 2]} lo]llolls
)\
CLEARQ, D B 0
5 COUNT/ cLOCK
LOAD 1
Q% ¢ A 9 CL%CK
L 1 1
IR IR I
COUNT/ Q; C A Q, CLOCK GND
LOAD b 2
DATA INPUTS
BINARY
INPUT | @, | Qg | o | 9
0 olofjo]o
1 olo]o
2 ol1]o]o
3 11110 o
4 olo]|1]o
5 1]lol1]o
6 o |11 ]|o
7 111 ]o
8 olofo]n
9 1 {o]lo}1
10 |[of|1]|of1
1 1]1 o}
12 oo 1|1
13 |1 }lo 1|1
4 o1 )1 ]
1 [ 1] 11|
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N 100347
COMMERCIAL EQUIVALENT: SP380A
TITLE: QUAD 2-INPUT NOR

SYMBOL: EQUATION:

A—3 _
B‘——i}_c. C=A+B

OR

A—d
c c-
D

>l
@l

PACKAGE:

~

alajajajoig

GND

NOTE: THIS DEVICE IS SELECTED FOR ITS HIGH NOISE IMMUNITY PROPERTIES.

WANGCO P/N: 100348 )
COMMERCIAL EQUIVALENT: 930N
TITLE: DUAL 4-INPUT GATE WITH EXPANDER (DTL)
SYMBOL: EQUATION:
A ]
B—— _ -
c E E=A:-B.C-D
D e
- OR
A
8 - = = =
- E E<A+B+C+D
c
D

PACKAGE:

v

CcC
oielalniclalg
| —
o]

il

CICIGILICIGIT
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TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N: 100425
COMMERCIAL EQUIVALENT: 7476N

TITLE: DUAL J-K FF WITH PRESET AND CLEAR (TTL)

SYMBOL: PACKAGE:
GND
A -2 B RN B ALY 8 RER I RFA B RER B AU B )
PR 4 ) el ) § J
J opb—
k CLR gL ; PR g
—QCcK p CcK cK
- J Q K a
K al— PR CLR
CLR — L—\ L—l
- ) | 1 ) B
T 1 2 3 4 5 6 7 8
Vee
FUNCTION TABLE:
INPUTS OUTPUTS
PRESET CLEAR cLOCK J K Q )
L H X X X H L
H L X X X L H
L L X X X H*| H*
H H o L L 9| 9
H H I H L H L
H H M L H L H
H H o H H | TOGGLE

H = HIGH LEVEL (STEADY STATE!}
L = LOW LEVEL (STEADY STATE)
X = IRRELEVANT

JLs= | HIGH LEVEL PULSE; DATA INPUTS SHOULD BE HELD CONSTANT WHILE CLOCK IS HIGH; DATA ARE

TRANSFERRED TO OUTPUT ON THE FALLING EDGE OF THE PULSE
Q4= THE LEVEL OF Q BEFORE THE INDICATED INPUT CONDITIONS WERE ESTABLISHED.

TOGGLE = EACH OUTPUT CHANGES TO THE COMPLEMENT OF ITS PREVIOUS LEVEL ON EACH
ACTIVE TRANSITION (PULSE) OF THE CLOCK.




TABLE 6-3. Integrated Circuit Reference Data (continued)

WANGCO P/N 100426
COMMERCIAL EQUIVALENT: 7440N
TITLE: DUAL 4-INPUT NAN

=)
@
Cc
m
m
m
3
=5
-
c

Vee

SYMBOL: EQUATION: packace: [1a][ra mmmmm

Y

:

E=A+B+C+D

c— >

[ o Je—

i OR

g E E=A+B+C+D uuuum - G;D
[5)

WANGCO P/N: 100427
COMMERCIAL EQUIVALENT: 7430N
TITLE: 8-INPUT NAND GATE (TTL) v
CC
winlclnliclioln
SYMBOL: EQUATION: PACKAGE:
L ) S
B ~—q J=A:-B:C-D-E‘F-G'H
(o4
D — —_
= 0/3)8)0|0)0|E
F GND
G
H—o




TABLE 6-3. Integrated Circuit Reference Data (concluded)

WANGCO / : 101014
COMMERCIAL EQUIVALENT
TITLE: DUAL J-K M-S FLIP- LOP (TTL)
SYMBOL: PACKAGE: Vee
1]l 2l bl lwollo]ls
B R == l lJ
—L AT |
—~dck 1 CK K K cK J
_ - ctrRpd | LgcLr
—1K o o} [+) a Q
CLR h_l r*:{—l
I ‘
1l 21131l 4llslle]llz

GND
FUNCTION TABLE

INPUTS OUTPUTS

CLEAR CLOCK

[

I T I X

I rxxTr X
I I rr X|X
r-IcPr‘Q
Ir'oolzol

TOGGLE

H = HIGH LEVEL (STEADY STATE)
L = LOW LEVEL (STEADY STATE)
X = IRRELEVANT

_I'_ = HIGH LEVEL PULSE; DATA INPUTS SHOULD BE HELD CONSTANT WHILE CLOCK IS HIGH;
DATA ARE TRANSFERRED TO OUTPUT ON THE FALLING EDGE OF THE PULSE.

Q, =THE LEVEL OF Q BEFORE THE INDICATED INPUT CONDITIONS WERE ESTABLISHED.

TOGGLE = EACH OUTPUT CHANGES TO THE COMPLEMENT OF TS PREVIOUS LEVEL ON EACH
ACTIVE TRANSITION (PULSE) OF THE CLOCK.
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In the logic schematics, the input/output lines to each device are shown for the TRUE (active)
state of the function. A state indicator, shown as a small circle at the input or output of a device,
signifies that, if that line is in the TRUE state, it is at a zero-Volt potential (low). Lack of a state
indicator signifies that, if that line is in the TRUE state, it is at +5 Volts (high). Figure 6-1 shows
an example of a logic symbol with definitions to provide clarification. The symbol depicts a
logical NOR element which represents that output D at pin 4 is at +5 Volts if either input A at
pin 1, B at pin 2, or C at pin 3 is at zero Volt. The numbers within the arrowheads indicate the
source or destination of the related signal by logic schematic page number. An arrowhead placed
adjacent to a signal line indicates a connection at that point. The logic schematic page number

is enclosed by a hexagon in the lower right corner of each page.

REFERENCE DESIGNATION

-

w

U0
TS

LOGIC SYMBOL LOGIC EQUATION

Figure 6-1. Logic Symbol Example



APPENDIX A

SPARE PARTS

A-1. RECOMMENDATIONS

The recommended spare parts for the WANGCO NRZI Formatter and Power Supply are listed
in Master Spare Parts List 202176.

A-2. COMPONENT VARIANCE

For resistors, capacitors, small hardware, and other items not included in the list, equivalents in

type, value, size, tolerance, and quality may be substituted.

A-3. INTEGRATED CIRCUITS

A

For integrated circuits where the manufacturer is not specifically listed, any manufacturer’s

device of the specific type may be used.
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—- . \," G DRAWING NO R_EV_
> ANGCO . )
H W. - e MLI——0e c
NRZI. P/E &
PRLeC _PE/NRZI FORMATTERS. MODEL NO. - pare _8/20/T4gueer 1 oF_3
;g = ‘gg‘ ~ Drawing Title Dwg.No. | Rev. | av. Remarks on Ckt. Desig.
:E §§ PRINTED WIRING BOARDS.
¢ 1 Assy. Read Logic Pwb. ..201211 3 Used on P/E.
3 " " PE/NRZI. 1
z 2 Assy.Dead Track Detector Pwb.] 201214 1 “ " P/E. ‘
o 1 " " PE/NRZI.
cx=f- -3 | -Assy.-Read. Logic Pwb. -~ - -~ 201217 - 11 -|--"*— " P/E
- ' 1 w " PE/NRZI.
4 Assy. Read Control Pwb. 201220 1 " " PJE.
- R 1 “ " PE/NRZI.
5 | Assy. Volt. Contl. 0SC. Pwb. | 201223-001 1w v opgE, |
T SR - - 1 " “  PE/NRZI.
6 Assy. Volt. Contl. 0SC. Pwb. | 201223-002 1 * " P/E.
1 " " PE/NRZI.
1 7 | Assy. State Counter Pwb. 201226 1 " " PJE,
B . 1 W W PE/NRZL.
- 8 Assy. Oscillator Pwb. 201229-000 1 " " P/E,
‘ - ‘ - oo 1 . " PE/NRZI.
9 Assy. .Oscillator Pwb. 201229-001 1 w % PpJE. 10 ips.
1 " " PE/NRZI. 10 ips.
10 Assy. Write Logic Pwb. 201232 1 " " P/E.
1 " " PE/NRZI.
11 | Assy. Write Control Pub. 201235-000 11 1= pe.
S ‘ e 1 * % PE/NRZI.
12 Assy. Write Control Pwb. 201235-001 Rewind Busy Lockout Option
13 " " " " -002 Remote Density Select Op.
14 " " " " -003 Rewind Busy Lockout.
Select Unit 1. Option.
15 " " " " -004 Rewind Busy Lockout &
/ _ P/E Select Option.
1 16 Assy. Spd.Change Pwb.12%IPS. 201298 1 10 ips & 12% ips.
17 Assy. oo " 251PS. 201301 1 25 ips.
' 18 Assy. " " " 37%IPS. 201304 1 37% ips.
FORM 209 (5/74) A3
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. - DRAWING NO. REV.
EQ ‘:‘::::'::0 =MATERIAL LIST LML — 017 =
. NRZI. P/E & ’
: OfiTLe. __PE/NRZI. FORMATTERS. MODEL NO. oate 8/20/74 sweev _2 or_i@
g g 'ng" Drawing Title Dwg. No. Rev. | Qty. Remarks on Ckt. Desig. '
N
s|S|_19 | Assy. spd.Change Pub.astps. | 201307 45 ips.
20 ] Assy. " " " 75IPS. 201310 75 Ips.
-] 21 ‘
=] 2 |
- 23 Assy. Delay Counter Pwb. 201650-001 NRZI. .150" Head Gap.
- 24 | Assy. " " " -002 " .300" " "
25 | Assy. CRC Generator Pwb. 201653 1 | Used on NRZI.
1 " " PE/NRZI.
26 | Assy. Clock Generator Pwb. 201656 1 " " NRZI.
" " PE/NRZI.
27 Assy.Read/Write Contl. Pwb. 201659-001 NRZI.
28 | Assy. " " " u -002 " single Gap.
29 | Assy. " " " " -003. Rewind Busy Lockout.
Select Unit 1. Option.
. 30 Assy.Write/Read Contl. Pwb. 201703-001 PE/NRZI.
31 Assy. " " " " -002 NRZI. Select. Rewind Busy
' Lockout.
32 | Assy. * " " " -003 Remote Density Select.
I 33 Assy. Jumper 200289-001 1 Used on Mod 602
- 34 Assy. Rear Conn. Panel 201238-002 1 " oo
35.] Assy. Write Cont. Pwb. 500091-000 1 " " " 602/603
36 | Assy. Read " -~ " - 500086-001 1 R
-1 37 Assy. Read Control Pwb. 500161-001 Used on Mod 602/603
38 Assy. Write " " 500165-000 v weowoon
39 | Assy. " " -001 o me
40 Assy. " " -002 oo e
41 | Assy. " v m -003 -
42 | Assy. " " " -004 L
3 FORM 209 (5/74) 6_4

P Tow iy, w5 v e s e o
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€ INCORPORATED . I 202176 c
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g nire _PE/NRZI FORMATTERS MODEL oare 1=17-76  sueer 3 or 8
: ~ e DESCRIPTION rarTNO.  |Reao] Mit [AST: REMARKS
5 § ) NEXT ASSEMBLY/USED ON
; .
43 |Assy. Write/Read Control Pwb. | 500169-000 Used on Mod 601/603
44 As sy . " L1} " " - - 001 " 1] " (] 1]
45 ASSy. " " " ] © . =002 " " " w"oon
fa6 fAssy. v W e -003 noTw e e W
a7 JAssy. v -004 Woowo o ww o
i
|
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APPENDIX B

ASSEMBLY DRAWINGS

B-1 ASSEMBLY DRAWINGS

This appendix contains the assembly drawings and material lists for all assemblies and subassemblies
in the Model 511 NRZI Formatter. These documents are identified in the Index, page B-3. Logic
schematics and electrical information for the power supply and MTU cable are provided in -

Appendix C.

The assembly drawings identify every part on any given assembly or subassembly. Parts are
identified either by item number (e.g., 1,2,3, etc.) or by circuit reference number (e.g., R1, C1,
U1, etc.}). The associated material lists incorporate these identification numbers, together with
the part description, WANGCO part number, and part quantity (i.e., the quantity of a particular

part required for the given assembly).

B-2 SPEED CHIP

Speed Chip (speed control PWB Assembly Drawing 201301 is for the 25 ips configuration. The
Speed Chip numbers applicable to other (optional) tape speeds are listed in Table B-1, and the

description of other options are located in Section 4 of this manual.

TABLE B-1. Speed Chips for Standard Tape Speeds

Speed Chip P/N Tape Speed (ips)
201298 12.5
201301 25
201304 37.5
201307 45
201310 75

B-1



APPENDIX B
MODEL 511 NRZI MAGNETIC TAPE FORMATTER
ASSEMBLY DRAWING AND MATERIAL LIST INDEX

Title Dwg. No.
Speed Control PWB, 26 IPS. . ....... ... ... ... ... .. .iuun... 201301
MTUGCable . ... ... o 201336
Power Supply PWB . .. .. ... 201562
Power Supply . . ..o 201581
Delay Counter PWB. . . ... ... .. i 201650
CRCGenerator PWB . . ... ... ... . .. 201653
Clock Generator PWB . ... ... .. ... ... ... ... 201656
Write/Read Control PWB. ... ...... ... ... ..., 201659
Rear Connector Panel PWB. . ............... .. ... .......... 202220
NRZI Formatter With Type ‘P’ Emulator . ... .................. 202222
Type P Emulator PWB. . .. ... ... .. 202233
Input/Output Cable Board . ............... i, .. 202318

B-3

Page
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B-13
B-17
B-23
B-29
B-33
B-37
B-49
B-65
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E {1 .oard, Processed. 201240-001 1
-
b2
pos | 3
:;“ i ly Connector, 100 pin. 100355-001 1 P102.
;—‘ﬂ‘ 5 Connector. 36 pin. 100140-001 P1.P6.P16,
-6
7 | Clamp, Cable. 100000-007 1
8 | Strap, Cable, 100031-001
-9 Insert, Polarization. 100222-001
10 | Cable, Flat Ribton. 1C0389-001 | A/R
11 | ‘Wire, Stranded Insulated. 100053-92l A/R
12 | Screw, Pan Head. 100036-210 3 L-4o x 5/8"
g[~$§ 13 | Screw, " 100036-306 2 6-32 x 3/8"
%"/ 1L | Washer, Split Lock. 100042200 3 No.k.
3 \ 15 Washer, " " 1000L2-300 2 No.6.
16 | Nut, Hex. 1000l 3-200 3 No.l.
17 Nut, Hex. 100043-300 2 No.6.
18 | Washer, Flat. 1000L7-200 3 No.h.
19 | Vasher, Flat. 1000L47-~300 2 No.6.
20
21
22
23
2k Wire List. 201337 Ref,
‘/, N
B-11




REVISIONS 201567 |
REV. DLSCRIPTION CHK. | DATE | APPROVED
A | MFG RELEASE 4 0OF 4 G | 7
Y T - o ,
B_| SFE REV EC {1 Je1217) ki Y
C | SEEREVEOD (DTR 1219) o 2 e
g N TN _ ~ "
N @ 2 J ) B he]
N
O |~y | |®
AL
SIRIEREES ®| |®
v (:> l —| |ae
x| ja +
wnl|wn vl [U
—_ T
N o
_ | _
° -
N 0 al | T+
T
(:> bl < Y
@ e [ N
- +
o © ot N
N |
U
N
- I\
2 © | | ol [M| [© N
— a4 ol & o o
LM} > Ul U
2 ]
v —
o
, L
| e - !ﬂ Lo =] [1] |O
x| o D x| o E; o
THIS DRAWING CONTAINS
PROPRIETARY INFORIAATION OF
WANGCO INC.
AND MAY NOT, IN WHOLE OR IN PART,
BE DUPLICATED OR DISCLOSED OR
USED FOR MANUFACTURE OF ANY PART
DISCLOSED HEREIN WITHOUT THE PRIOR
WRITTEN PEHMISSION OF WANGCO INC.
NOTES UNLESS SPECIFIED DRAWN L. A, 2-1-73
1. TOLERANCES CHECK “J
XXt ANGULAR AFPR. AP e
XXX$ t MATERIAL Wang:o Incorporated
2. BREAK ALL SHARP i CODE
EDGES APPROX. .010 la
3. MACH. SURFACES J FINTSH ASSE M BLY P W B . Hee
NS Qvy.
4. ALL DINS IN INCHES, REQ'D.
POWER SUPPLY [®
MOUEL No, SCALE SIZL
FORMATTER 41 C 20 '562 C
NEXT ASOY. , ., .-
22045
i T fcer 4 or 4

.

B-13




> \ P MATERIAL LIST DRAWING NO. REV.
2O % s WANGEO ML 201562 C
o DRAWING sy, pOWER SUPPLY PWB. vooeL no. Formatter pare 2/6/13  sweer 1 or L
; g_@.—éM DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG. 4
3 § 1 Board, Processed. 201561 1
° 2
_J| 3 |ic. voltage Regulator. uA723C 100108 1 jul.
=21

S | Transistor. PNP. 2N4037 100160 1 QL.

6 | Transistor. NPN. 284123 100080 1 Q2.

1

8 |Diode, Signal. 1N91hL 100091 2 CRS.CRS.

9 |Diode, Rectifier. wLoo3 | 100127 L |cR1.CR2.CR3.CRT.

10 |Diode, Rectifier. wh721 100052 1 CRL.

11 | Diode, Zener. 6.8V.  1NL736A] 100161 1 VR1.

12

13 | Capacitor, Ceramic. .005uf| 100073-502 1 C3.

1y |Capacitor, Tantalum. 1.5uf| 100136-155 1 Ch.

15 |Capacitor, " 10uff 100070-106 1 |ce.

16 |Capacitor, " L7uf] 100070-476 2 C5.Cé6.

17 |Capacitor, Electrolytic. 200uf| 100183 1 Cl.

18

19 | Resistor, Variable. 1lw. - 1K} 100163-102 1 R3.

20 |Resistor. 5%. 5w. WW. .2| 100111-003 2° |R13.R1L.

21 | Resistor. " 1w. 10| 100067-100 1 Rl.

22 |Resistor. "  3w. 68{ 100156-680 1 |Rs.

23 | Resistor. " = 3w. WW. 100| 100068-101 1 |R1.

2, |Resistor. " 1w. 120 100067-121 1 |&8.

25 |Resistor. "  3w. 680 100156-681 1 |R2.

26 |Resistor. 1%. " 953| 100155-287 1 R6.

27 |Resistor. " " 1.13k| 100155-25k 1 |R9. ‘

28 |Resistor. 5%. " 1.5%] 100156-152 | 1 |Re. )

29 | Resistor. " " L.3K| 100156-L32 1 |RL.

30 |Resistor. 1%. " L.32K| 100155-350 1 R7.

31 |Resistor. " " 5.11K| 100155-357 1 |R10.
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2l "‘; \ Jwancco MATERIAL  LIST ML 2;::{;"““ NO. JREV.

! INCORPORATED 581-001 ff
S L ORAMEC _ASSY. POWER SUPPLY. MoDEL No. Formatter oate 5/18/73 sweer 1 of 2
; iz oM DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
é %% z Assy. Regulator Pub. 201562 1
| 3 Spec; Proc. Power Transformer| 20026l 1 T1.
=]

5 Stand-0ff, Term. Board Cover 201256 in

6 Support, Left Hand. 201289 1

7 Eracket, Fan Mounting. 201295-001 1

8 Eracket, " " -002 1

9 Chassis, Power Supply. 201557 1

10 | Heatsink. 201558 1

11 Panel, Power Supply. 201616 1

12 Zracket, Component Mtg. 201778 1

13 Clamp, Capacitor. 20178l 1

14 Lecal, Voltage. 201785 1

15 Insulator. 201768 1

16

17 Capacitor, Elect. 65,000uf| 100020007 1 c2.

18 Ciode, Power. 1N3208 100174 2 CR1l. CR2,

19 Rectifier, SC. 2N3668 100h13 1 SCR1.

20 Transistor, PNP, TI.P30 100113 1 Q1.

21 Transistor, NPN. 2N3771 100173 1 Q2.

22 | Fan. 50/60Hz. 100388 1 M101.

23 Strin, Marker. 100024-003 2 Use with item 26.

2, | Strip, 1000L8-006 2 Use with item 27.

25 Strin, " 100);21-008 1 Use with item 28.

26 Elock, Terminal. 100044 ~003 1 TB201.

27 Elock, " 100023-006 1 TB202.

28 Elock, " 101115-006 1 TB1.

29 Jumper, 2 Terminal, 100150 2 Use with item 28.

30

31 Connector, 100010-003 pP2.P3.PL.
kﬁj 32 Connector. -005 Pl.
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; § 3 DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
§ g\ 33 } Pin, Female. 100021-004 6
1 3 | Pin, Male. -010 5
~J | 35 | Fuseholder. 100027 2
=1 36 | Fuse. "s10-B10" 1.5 amp| 100235-015 | 1 | F2o1.
37 | Fuse, 10 amp| 100028-027 1 F202.
38 | Terminal, Ins. Ring Tongue. 100055-002 1
39 | Terminal, " " " ~00kL 3
40 | Terminal, " n " 100057-00L 26
Ll | Terminal, " L " -008 1
L2 | Lug, Solder. 100136-002 1
L3 | Lug, " -005
W i
15 | Spacer, Round. 100093-008 | 1 |
L6 f
47 | SGrommet, Clamp. 100227-006 1
L8 | Grommet, " -010 1
L9 | Grommet, Caterpillar. 100141-001 | A/R
50 | Insulator, Transistor 100146 1 Use with item 20.
51 | Insulator, " 100151 Use with items 19 & 21,
2 | Strap, Cable. 1009231003 1
53 | Strap, 100171-001 | 12
5k :
55 | wire, Solid Rare. 100051-016 | a/R |
56 | Wire, Insulated. 100053-912 A/R
57 | Wire, L -91l A/R
58 | Wire, " -918 | a/R
59 | Vire, Twisted Pair. 100054~018 | A/R
60 | Tuting, Shrink. 102185-005 A/R
61 | Tuting, Teflon. 100226-018 A/R
62
63 t_
6l B-20 2




§ l'\ WANGCO MATERIAL LIST ML D'?Ali”"c' NO. m
' INCORPORATED 201561 - Col ~
g' o | PTAUES _asey. PovER suppLy. mooeL no. Formatter  oare%/15/73 sueer _3 op 5
<
; " oM DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
Z [,‘*:‘ 65 | Screw, Pan 'zad. 100036-204 L L-LO x1/4"
°|& 66 | Screw, " " ~208 6 L-L0 x &
=d | 67 | screw, L -304 6-32 x "
2 68 | Screw, " -306 15 6-32 x 3/8n
69 | Screw, L -210 6 6-32 x 5/8n
70 | Screw, " -312 1 6-32 x 3/Ln
71 | Screw, " n ~320 1 6-32 x 1,25"
72 | Screw, " " -L08& 10 8-32 x 3/8n
73 | Screw, " " -506 2 10-32 x 3/8"
74
75 | Washer, iylon Shoulder. 100263-001 S
76 | Washer, l -005 | 2
77
78 | Washer, Flat. 100047-300 2 No.6,
79
80 | vasher, Solit Lock. 10004, 2--200 2 No.k.
81 | Washer, ® " --300 19 No.6,
82 | ¥asher, " ~Lco 6 No.8,
83
8L | Washer., Int. Tooth Lock. 100059-200 8 No.l.
&5 | washer, " n -300 | 14 No.6.
86 | washer, " " " -500 2 No.10,
87 | “asher, " " -600 2 .
88
89 | Jut, Hex. 1000L:3-200 2 L-Lo.
90 | xut, -300 | 20 6-32,
91 | ut, -510 2 $-28,
92
93 | Jut, Speed. 101200-003 L
94
95 | Wire List. 201759 Ref,
96 | Test Procedure. 201760 Ref.

B21



100 volt.

Floo

WANGCO .

MATERIAL LIST

INCORPORATED

N’}L DRAWING NO. REV,
‘ 201561 - 002 o

2le OFfTLEC ASSY. POWER SUPPLY, MODEL No. Formetter  pareS/18/73 sweer/ . or £ __
[fe] ng' .
=)oy g DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
oy
210 JSE MATERIAL LIST 201581-001
) ZYCEPT: -
> 1 3 |ipec;Proc. Power Transformer. 20028l 1 Delete.

3 [erec;Proc. Power Iranstormer. 201066 1 Add.

1, |Decal, Voltage. 201785 1 Delete.

1 llecal, Voltage. 201030-002 1 Add.

-

B-22
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[ —

—_—

NEVISIONS NETESEE
MY, OESCAIPTION CHK. | DATE | APPROVED
A | MFG. REL. L b
.u.L B SEE (RO 3448 w i),
:
‘ i
’ ’ :
i
}
- |
i
-
O 8 ¢ D E F O C
21)TYP rwj @ w o
' . < 7]
@3 PLS -3 O |8 g 2 1O 21 s
\ ST N . e ‘e | O
ESQ1 £502 3/
g Po i
! €503 .
Rer (O~ g . 3 - o R g ‘{ .
8 g g 8 8 g @
TUMPER 3 —" Q e 8 o o sy

l 100085 ’
[C501
e02
100329
PPy
Efsseef
100261
O
oessee)
1
C000D000
-————
b1
)
C504
100348
|

== |
! B
(Mol T + m
1
@
s
' %
4 ) ADAPTOR (REF) ADAPTOR 2 PLS 3
) o
THIS ORAWING CONTAINS
PR WANGCO e -
" AND MAY MOT 1IN WHOLE OR IN PART
BE DUPLICATIO OR OCLOZED OR
- UBEO POR MANUPFACTURE OF ANY PANT
DISCLOBED HEALIN WITHOUT THE PRIOA
WRITTEN 21 AMISEION OF WANGTO INC
PART NO 201650 ~XXX SEE TABULATED ML
NOTES UNLESS SPECIFIED ORAWN ) n, !1/, - 2/-7
1. TOLERANCES CHECK ’ m
@ RUBBER STAMP REV LEVEL PER WANG ot avauLan [, T
SPEC 100013 Jouxe t R ATERIAL Wangco Incorporated A
[Z] TRIMWIRE WRAP PINS FLUSH WITH BOARD ® Nebots b 1o o
‘ R = S
m INSTALL ADAPTOR WITH LARGE PIN MOUNFED L ALL DS N Inches NRZ nedo
TO DIP SIDE OF P.C.BOARD AS SHOWN. T - -
NOTES UNLESS OTHERWISE SPECIFIED . N FORMATTER |
: — > |D 20650 ... | B
S otankas  [weionr Jweer 2 ¢ 2
8 | 7 ] 6 | 5 s 4 | 3 2 B-23 1



MATERIAL LIST

REV.

DRAWING NO.
« WANGCO ML oo 15
. ASSY. PWB
sl _ DRAWING  DELAY COUNTER - NRZ MoDEL no. fOrmatter oo 4/8/74 (el s 2
S .
: ;i';gﬁ DRAWING TITLE DWG. NO. NC. REQ. REMARKS ON CKT. DESIG.
, 23 ] 1 Board, Processed 201649 1
17
I E ]
| 4 | Board, comp. Mounting. 100353-014 | 2 C1,E1.
5
6
7 IC. 15846 100085 4 Al,A2,E2,D3.
8 IC. - 15862 100107 1 F2.
9 IC. 7402 100329 2 B1,F3.
10 IC. 8291 100346 2 C3,E3.
11 IC. 830 100348 1 F1.
12 IC. 844 100261 3 D1,C2,D2.
13 IC. 74107 101014 2 B2,B3.
14
15
16 Capacitor, Ceramic luf 100364-104 2 €501,C503.
17 Capacitor, Tantl, 35V 4.7uf | 100363-475 2 €502,C504.
18
19
20
21 Pin, Wire-Wrap. 100360 3 £501,502,503.
' 22
'23
24
25
26 Printed Master. 201648 Ref.
27 Test Procedure, Module 200636 Ref .
B-25




3
)}

3

1\\ WANGCO

MATERIAL LIST

INCORPORATED

ML DRAWING NO.
201650-001

tYH

_ ASSY. PWB DELAY COUNTER -
o]t PFYLE® NRZL150 R to W HEAD GAP mooeL no. FOrmatter ..o 4/4/74 ..o |,
; ; ';'jgf“ DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
. - USE MATERIAL LIST 201650-000
o EXCEPT: -
.
. 22 Wire, Solid, Insulated 100383-930 | A/R Add Jumper J1 from ES501 t:

E503.
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WANGCO MATERIAL LIST

INCORPORATED

ASSY. PWB DELAY COUNTER -

F[L DRAWING NO. REV.
Vi 201650-002 P

| o3AMNC NR71.300 R to W HEAD GAP wooe no.formatter o 4/4/74 (| |
te

LM | DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG,
e, ‘

USE MATERIAL LIST 201650-000

EXCEPT: -

Wire, Solid, Insulated

100383-930 | A/R

Add Jumper J1 from E502 to

£503.
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ADAPTOR (REF)
TYP

THIS DRAWING CONTAINS

PROPRIETARY INFORMATION OF
WANGCO INC.

REVISIONS 201653 A
REV. DESCRIPTION CHK. | DATE | APPROVED
A MF6. REL. REG
A B Cc D E F
0,
» » o
< 0 23 2 24 td 3
< (2 9 3] 2] (2] m
o Q 0 o o] o o
=} Q e Q o =}
O
Q®
& v 3 3| s 3 3
3 S 2|8 | 3 2 2
s} e o o o] o
+0
"_--/
| PR .
¢ ¢ :'o"o—; > "ol
@ o o °
(2] = N 8 |o o! .5'5 o:
glER |2 1590 O |3 2
S = B S 19y o s} ot
7T I/I > o]
L
2 PLS

(2] RUBBER STAMP REV LEVEL PER WANG

? SPEC

o INSTALL ADAPTOR WITH LARGE PIN MOUNTED

AND MAY NOT, IN WHOLE OR IN PART,
BE DUPLICATED OR DISCLOSED OR

USED FOR MANUFACTURE OF ANY PART

DISCLOSED HEREIN WITHOUT THE PRIOR
WRITTEN PERMISSION OF WANGCO INC.

100013.

TO DIP SIDE OF P.C. BOARD AS SHOWN.

NOTES: UNLESS OTHERWISE SPECIFIED

NOTES UNLESS SPECIFIED __ |DRAWN 7”-‘”!5!&!@ Ié_ 212
1. TOLERANCES CHECK

Soces A e e Wangco Incorporated
2. BREAK ALL SHARP e g
s wacn soneacts 7 b ASSEMBLY, PWB 150
4. ALL DIMS IN INCHES. o CRC GENERATOR 'ﬁm

[SCALE SIZE
FORMATTER 21 |p 201653 A
NEXT ARY 500685
500686 e |wercrr [oeer 2 OF 2

2

R_2a0

1



; Ywanceo MATERIAL _ LIST ML DRAWING NO. JREV.
B INCORPORATED 201653-001 -
" oraune ASSEMBLY, PWB
TiTLe CRC _GENERATOR - NRZ MODEL NO/A7A77ER  pate sHEeT L oF_2
)% (f: N DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
;‘T, E 1 Board, Processed 201652-001 1
R
.,;.!! 3
;s 4 Board, Comp. Mounting 100353-014 2 Cl10, E10
h 5
6
7 |1c 7402 | 100329-0M 1 All
8 |1c 7438 | 100336-001 3 Al0, D10, F10
9 |1IcC 7474 | 102339-001 | 5 B12,C12,D12,E12,F12
10 |1cC 7486 | 100341-0N1 | 4 Cl1,D11,Ell,F11
11 J1c 7440 | 100426-001 | - B10,A12
12 |1c 74107 | 101014-001_1 1 B1l
13
14
15
16 Capacitor, Ceramic 1uf | 100364-104] 2 Cc301, C303
17 Capacitor, Tantl 3%4.7uf | 100363-475] 2 c302, C304
18
19
20
21 |Resistor, 4w 5% 220 | 100156-221] 1 R302
22 |Resistor, Xw 5% 560 | 100156-561 R303
23 | Resistor, kw 5% 3.3k 1100156-332] 1 R301
24
25
26
27 |Printed Master 201651-001 0
28
29 Test Procedure, Module 200630-001 0.
B-31




e ’*i' TTTTTTT R TR -~7a-m-;gsrm '”nmwgwwmwsmf+” wm[mmm”‘ Nl o Y 5 Ty — T
REVISIONS 201686 |
L3 A DESCRIPTION CHK. | DATE | APPAOVF
A | MFG. REL. AP
ud B | SEE CRA 3320 R
C | CA/O 6344 o [ | iy

24 PLS - .
REF :
- C See >
C _____ j \. o o o 60 o ¢ o : O = '
o000 O ® P » _ v
Bi{woooes | 0 s C TN ‘ 100085 ' 101014 I 101014 ‘
[ ) [ ] [ L] < [ ] L] [ ] 1 ‘ )
70 o-{ a3} 9 q ]
| o RA04 }-© ( .
XCL4O! Cao0s |-
¢ | 10008s 100085 ) 100424 o{Racs}-o |3 —_ e
RA0E |-© [© Cm |
g 0 o —© o Cace}-o N
ADAPTOR (asr)@\ oCa0ap G-iC407r© o EAN] T .
It . ' \\ 2 M ,
oY | 100329 101014 100329 123062 ~-NOT USED
|0600000 .
i ™~ p— o !
R40I Fean= ) .
T Yo e —— DA o087 § S
o{Ra02 CLA0R —© o-{RA07}-© o N rhl
100423 o-{ camlo| Ny
€ | 100084 100085 cao }o [ RS ADAPTOR
‘ R409 +© b
| g — —o SRS O N
D~ e) I S U
Fl socser 100332 100346 l 100346 ‘ 10014
. . ._ —~
5 s 7 8 9 O
®) RUBBER STAMP REV LEVEL PER WANG
SPEC  100013.
2 ps{ &3
@ e TRIM WIRE WRAP PINS FLUSH WITH BOARD
(3¢ >4 ON DIP SIDE.
THIS ORAWING CONT A) i3
PROPRIETARY INPORMAT: N OF
» WAN.E&O INC oeant
i ox ke a D INSTALL ADAPTOR WITH LARGE PIN MOUNTEL
o rivimmrteririnip ot TO DIP SIDE OF P.C. BOARD AS SHOWN.
WRITTEN PERMISSION OF WAR JCO 1NC.
NOTES: UNLESS OTHERWISE SPECIFIED
NOTES UNLESS SPECIFIED ORAWN | 7+ 1reaiats | J20. 04
1. TOLERANCES cHeck ’
XX& APPR. P P I,
ot R e a Wangco _Incorporated
* oaes Aok, ot w
3
e 7 ASSEMBLY, PWB g
« ALL DIMS 1N INCHES. BibieH CLOCK GENERATOR &,
NRZ I
m S0/, vod i, eo, [HCALE SIZE
SR R/ A .05 R D 201656 c
HEXTASSY Jiior o .
Ry oot weighr [suur 3CF 3
8 7 | 6 [ 5 4 4 | 3 2 B33 1
- - - — ——— . - - PRORSVNITE U, IO SNPUURTRIR 7 U U, o ——— —— . .. - —— . e w - erer e s e —— . - - . . - - - -

e —

.
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CODE
FI20
5 T\ ) WANGCO WATERIAL LIST PART NUMBER REV.
2 RIS . 201656-001 C
ASSEMBLY, PWB 501,504,511 ,601,
=1g| moie _CLOCK GENERATOR - NRZ wooer 503,513,603 .o 2-3-76  gueer 1 or 3
g %:IPSSM DESCF:I"TION PART NO. REOD: m‘i‘”= ) - REMARKS
g S NEXT ASSEMBLY/USED ON
2006855, 200686
Seorog, Soorso07
T 111 {Board. Processed : 201655-001§ 1
:,t‘.’:;: 2 ;
37| £3 'socket, IC 16 pins  100352-001] 1 F5.
T "4 [ Board, Comp Mounting ~ 100353-014; 1 D5.
S | 75 Pin, w 100360-001 . 24
NG
<7
= "8 | Crystal 125.1 KHz *© 100423-001} 1 XCL 402,
9 [ Crystal 180 KHz ~ 100424-001] 1 " XCL 401,
10 |
11
12 | 1c 15836 ~ 100084-001] 1 | E5.
13§ IC 15846  100085-001! 5 ' B5,C5,C6,E6,B7.
14 1 1c | 7402~ 100329-001° 2 [ ' D6,D8.
(15 | IC 7408 100332-001' 1 F6.
16 | IC 8291  100346-001: 2 F7,F8.
117 | 1c SP380  123062-001] 1 DY.
‘18 | IC 74107  101014-001! 4 : D7,B8,B9,F9.
{19 |
{20
'21 ' Capacitor, Mylar .047uf  100366-473; 4 | C405,406,409,410,
22 Capacitor, Myl .0022uf 100165-222 1 | can1.
‘23 Capacitor, Mylar .0033uf 100165-332] 1  ca12.
24 i Capacitor, Ceramic luf  100364-104; 2 | ' €402,404.
.25 1 Capacitor, 35V 4.7uf  100363-475) 2 . C401,403.
26 §
27
' 28 1 Resistor, 5%, %M 3.3k 100156-332! 2 | - R401, 402.
129 i Resistor, " " 560 _100156-561; 1 | + R403.
{30 | Resistor, " " 1K - 100156-102i 2 | . R404,409,
Y31 | Resistor, " 10K 100156-103' 4 | "'R405,406,407,408,
32 o |
B3 1 | .




CODE

£120
> U 'e"\, WANGCO MATERIAL LIST PART NUMBER REV.
= ‘ NCOR®2RATED 201656-001 -
l‘;i p TITLE éESEQBEEﬁEEK?OR - NRZ rnooEng%.:_g_ggnglt’)ATe .____2"3___."76 SHEET_OFL
? ; IE(E;A DESCRIPTION REMARKS
é § ) NEXT ASSEMBLY/USED ON
: )
:33 { Screw, Pan Head 100036-104' 2 i 2-56 x %"
P ;34 Washer, Split Lock 100042-100: 2
= | .35 Masher, Flat 100047-100 2
L] 36 { Nut, Hex., 100043-100_2
SR RE
tHRE
ﬁ | 139
140
: 41 - Printed Master 201654-00T:
42

43

Test Procedure, Module

200636-001:

a4

b




8 | 7 6 | 5 v 3 2 1
REVISIONS 201659 |
@ REV. DESCRIPTION CHK. | DATE | APPROVED
A | MFG REL V|4 s ¥
2 REQD @ B | SEE CR/ 3002 4 (whyss
53 C | SEE CR/O 3068 2
@ ) - — REF *w| D] SEE CR/O 3449 & |2
CID oIl o T
2y n A hl
f— . ) ld CR/O 5863 U2 F7 P2
u@+ 1@ ] HIy 11 /s D
- + + ™ A + + ® G| =EE cRiIo a5 o&wl}fg/]‘ kDY
© SECTION — A-A H | RO 5272 & [T T
@ ®
orient Lep 1mem (1) AS SHOWN ) A
FLAT ON LAMP OR SHORT LEAD @) HEAVY Line < 2 Reap
INDICATES CATHODE DENOTES CATHODE 5
> o okETSe C6iZ—o o-{C608B5 8—{CE0al o
~ : Jie= oo | ot | Fom .
L %@g@@@ gl [ocoes] | [oooes| | [oows] | [somee | ['seare [l
g TPIC TP TPe® @TP2 T.P;PA‘”.’" P5 i
. 100348 100339 100335 100339 100329] 100261 [spare; { searE ilp
! PARE; i
eeza0 | | [1003al 100332, 10034 100329 100085 100348] 100084 100085 Eﬁg N
: ‘ i |
€702 ; n ! n " 1_7 ’__1 l__1 [——1
/. l‘_00336 ‘ 1 \00336] I { \00340] IJOO335‘ 100107 100085 100332 101014 100329 100348 {IiM c
f !
|
100087, 1000es| 100084| i [lc0azs 100339 10008S| L
l
100341 100085 ‘60329] 100107 101014 100085 100085 EP’ @ K
Ea-
100341 100085 100336 100336 100085 |00339| lOOlO?' 100085 J ©
feee oRezRe <
5 «
€617 i 3
100340 100084 100331 003a7] | H TSPARE | 100329 H \‘13
R70! lEegey [ Il
0 Q06 EED7 E62Y o RE29 A ofReIZte
FAR SIDE %762 oEExze E624 ' %% % Ao
BE=S oooea| | [oooes] || [ocoes] || [iwoces)] 6
oReZe
g T
TN e BEQD
© e R © 2 PLacES
® o000
100335 3 A B
© © © g © REF ES
G+ T ° —
@) © o5kt ©) o
- 3
[0
ofE628o o
«
@ EG.,IS.EGQ
' THIS DRAWING CONTAINS
o - : R
ofGEBle oftsas o{GR 1ty o{lem Jo pllemlo oitezte o te o{TEz)e 5 DuricaTen on ovckaseo0n
:- M b o e p ' @ =y T IS o * * T dCe0 * elC601p us:::;ﬂ:;{;imﬁmte:n
627 62k 4 of(BITP =KBI3k, oCeCsk DISCLOSED HEREIN WITHOUT THE PRIOR
13 2 I 10 9 6 < a4 2 ) WRITTEN PERMISSION OF WANGCO INC.
3 REGD H ReQD (%) PART NO.201659-XXX SEE TABULATED M/L ASSY
@ 5 REQD 2 REQD NOTES UNLESS SPECIFIED DRAWN ‘mﬂ%ﬂip‘ 7/5/73
Il REQ FARSIDE ’® 1. TOLERANCES CHECK 7 =
XXt ANGULAR APPR. }77,7 ) - 1P~
< ) ‘ oo p T e Wangco Incorporated A
(1) ADD Smace AMOUNT OF GLYPTALTO HAZD W 4EE 2. BAEAK ALL SHARP ALETAL o]
EDGES APPROX. .010
(3] JUMPER PINS; JUMPER LOCATIONS PER DASH VERSIONS 3 MACH. SURFACES — ASSEMBLY, PWB F12Q
~— SEE NEXT ASSEMBLY, o A oms womones, ¥ [P WRITE/READ CONTROL
e RUBBER STAMP ASSY NO AND LATEST REV LETTER NRZ I y
> PER WANGCO SPEC 100013, [SEALE SIZE ‘
WIRE TERMINALS B,C,2,I.C,3 OF 53,54,55,
O 56 TO CORRESPOND TO TERMINALS ON FORMATTER FULL |p (EQLGT?[% A
CONTROL BOARD NEXT ASSY H
NOTES: UNLESS OTHERWISE SPECIFIED 200685 CTT TR —— Feeer 5 OF 5
8 7 6 5 A 3 2 B-37 1



F120

I—T DRAWING NO RE—’V
> . -V,
. ASSY. PWB WRITE/READ
g o ogﬁwdréo CONTROL, NRZI MODEL Nofm_ oATE4M.4_. snen}___ OF 5 _
o| S =T
_2_ 0.\ N3, DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT, DESIG. I
3 % 1 | Board, Processed 201658-0011 1 | aom £EV E’
17
J1 3
2 4 | Panel, Front 201701-001| 1 Min Rev 'C'
5
6 Brackets, Support 201246-001 1
7 Brackets, " -002 1
8 Bar, Buss. 201249-001§ 13
9 | Switch, Slide, Modified 201321-001| 4 $603,604,605,606.
10 | Switch, Toggle 101102 -001 S601,602,607.
11 | Diode, Light Emitting 100385-001| 9 DS601,602,603,604,605,606,
DS607,608;609.
12 Clip, Mounting 100386-002 9 Use with item 11
13 | Socket, Solder Tail,IC. 100351001} 5 C1,E1,D5,C10,E10.
14 | Pin, W/M 100360-001] 45 1
15
16
17
18 | IC. 836 100084-N001| 7 N3,G5,A7,G7,L8,H10,R12.
19 | IC. 846 100085-001] 18 J1,J2,N2,J3,K3,64,K4,L4,
R4 ,M5,N5,A6,G6,J6,L9,J10,
K10,R5.
20 | 1IC. 1804 100087-001] 3 L10,L11,L12.
21 | IC. 862 100107-001 | 6 H1,H4,L5,M6,K7,J4.
22 | IC. 844 100261-001 | 2 P3,D4.
23 | IC. 7407 100327-001] 2 U1,P13.
24 | 1C. 7402 100329-001} 9 H2,M2,G3,R3,P4,H5,K6,N6,
K9.
25 | IC. 7406 100331-001| 3 G2,A8,H9.
26 | IC. 7408 100332-001| 3 A4,M4,N8,
27 | IC. 7437 100335-N01| 4 G1,E4,M7,R11.

B-39
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Flizu

. DRAWING NO. REvV,
E:t \ ) ?ﬁﬁ,’,}'ﬁﬁ;o MATERIAL LIST ML PP PT— y
. ASSY. PWB WRITE/READ
2| o Priec __CONTROL, NRZI mooeL nd.Ormatter pate 3/4/74 SHEET 2__ or_i
o
; g IEm DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
é éL 28 IC. 7438 10033€6_nn7 | 14 Fl,H3,.§4,C4,F4,J7,A9,J9,M9,
M10,G11,M11,G12,M12.
- | 29 IC. 7474 100339-001 6 J5,P5,L6,P6,P7,R9.
2 30 IC. 7475 100340-001 6 K8,M8,N10,H11,N11,H12. :l
31 IC. 7486 100341-0n1 5 N9,J11,K11,J12,K12,
32 IC. 8T380 100347-001 1 H8.
33 IC. 830 100348-101 4 M1,N4,N7,P8.
34 IC. 7430 100427-001 2 G10,R10.
35 IC. 7476 100425-001 1 L7.
36 IC. 74107 101014-001 | 10 Ki,L1,L2,L3,M3,K5,P9,P10, |
P11,P12.
37
38
39
40
41 Diode IN277 100361-001 7 CR602,603,604,605,606,607,
CR608.
42
43
44
45
46 Capacitor, Sil.Mica 150pf 100243-151 1 C642.
47 Capacitor, Ceramic 1uf 100364-104 | 19 €601,603,605,607,609,611,
€613,615,617,619,621,623,625,
C627,629,631,633,635,637,639._'
48 Capacitor, Tant. 35V 4.7uf 100363-475 | 20 €602,604,606,608,610,612,
€614,616,618,620,622,624, I
€626,628,630,632,634,636,
€638,640.
49 Capacitor 3%uf 100363-396 1 C641.
50 Capacitor 330pf 100243-331 2 C643,644,
3l B-40




F 1290

» .~ ODRAWING NO. |REV,
2 T T ‘jj’;ﬁ!‘;’ﬁgc’ MATERIAL  LIST ML o y
. ASSY. PWB WRITE/READ
b - °HYLES _CONTROL, NRZI mooeL no. Formatter  pure 4/4/74 gueer 3 op S
:z:_ i).i N DRAWING TITLE DWG. NO. NO. REQ. REMARKS ON CKT. DESIG.
53
-t | 54 Resistor, 1%.kw. 150 100155-210 1 R622.
2| 55| Resistor, " v 301 239 1 R619.
56 Resjstor, " " 590 -267 1 R618.
57 Resistor, " " 909 -285 1 R621. l
58 | Resistor, " " 1K -289] 1 | Re2s. *l
59 Resistor, " " 1.5K -306 1 R620.
60 Resistor, " " 2.32K -324 1 R617. |
61 1
62
63 Resistor, 5%.hw. 220 101156-221 | 65 R601,602,603,604,605,606,
R608,609,614,637,638,641,
R642,645,650,652,653,654,
R666,672,673,674,675,677,
R678,679,680,681,682,683,
R684,685,686,687,688,689,
R691,696,711,712,713,714,
! R715,716,717,718,719,720,
R721,722,723,724,725,726,
R727,728,730,732,734,736,
R738,740,742,744,746,
64 | Resistor, 5%.4W. 330 101156-331| 14 R625,667,668,729,731,733,
R735,737,739,741,743,745,
R749,750.
65 | Resistor, 5%.4W. 560 101156-561 5 R611,612,623,627,752.
66 | Resistor, " " 1K -102| 41 R616,628,632,636,639,640,

R643,644,646,647,648,649,651,

R655,669,670,671,676,690,692,
R693,694,695,697,698,699,700,

R701,702,703,704,705,706,707, |

R708,709,710,747,748,751,753. |

B-41
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F120

5 MATERIAL LIST DRAWING NO. REV.
& 3:_ WANGCO ML 201659-000 p”
° OFLEC coﬁ?ggi pﬁEZVIJRITE/READ Formatter 4/4/74 4 5
z|o ITLE ! 2 MOCEL NO. =S~ ="  DaATE LM I SHEET ___ OF
0|8
; 8"’ M DRAWING TITLE DWG. NO. NO. REQ. REM/ RKS ON CKT. DESIG. ‘L
- E 67 Resistor, 5%.%W. 3.3K 101156-332 9 R607,610,613,615,626,629,
o R630,631,633.
—d | 68 | Resistor, 5%.5u. 10k | 101156-103| 1 R634.
2 69 Resistor, " " 20K -203 1 RE35.
70
71
72
73 Extractor, Card/Rol1l Pin 100354-101 2
74 Spacers, Round Thd. 100960-015 | 11 4-40 X _7/16"
75 | Terminal, Swaged 100376-001 | 18
76
77
78 Screw, Flat Head. 100040-103 8 2-56 x 3/16
79 Screw, Pan Head 100036-206 2 4-40 X 3/8"
80 Screw, Flat Head 100040-205 2 4-40 X 5/16"
81 Screw, p.n Head 100036-204 | 11 4-40 X 1/4"
82 Washer, Split Lock 100042-200 | 15
83 Washer, Flat 100047-200 4
84 | Nut, Hex. 100043-200 | 4 '
85 Nut, " " -100 8 No. 2-56
86 Wire, Solid, Bare 100051-024 | A/R
87 Tubing, Teflon 100226-024 | A/R Use with item 86.
88 Hire 26 Ga Insulated. 100243-926 1 A/R Jumper E700 to J1-1
£701 to J1.1.
E702 to J1-3
Printed Master 201657-001 0
Test Procedure 200636-001
Schematic 2NN452-001 0
B-42




CODE
F120
> w» WANGCO MATERIAL LIST PART NUMBER REV.
I INCORPORATED 201659-001 (7
ASSY. PWB. WRITE/READ
— T D
HE CONTROL, NRZI. wope, _fOrmatter. o 9/9/75 1 1
2 i
g g; DESCRIPTION PART NO. REQD REMARKS
-1 — 4
24 [
L USE MATERIAL LIST|201659-000 [ XT ASSEMBLY/USED ON

AHD ADD/DELETE THE FOLLOWING:-

| E——

Hire, Solid Insulated.

1003833-930

>

A/R

Add Jumpers:

E613 to

E614

E619 to

E620

£E621 to

E622

APPROVED

£E625 to

£626

E629 to

E630

FORM 209 (R.12/74)
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CODE
F120
:5 \‘) WANGCO MATER'AL L' ST PART NUMBER REV.
: T INCORPORATED 20165q-002 6
ASSY. PWB. HRZI WRITE/READ
E % TITLE CONTROL - SINGLE STOCKS (ALL UY~!IL%2)EL Formatter. DATE 9/9/75 SHEET._]'_.OF_I_.
z ]
é il N DESCRIPTION PARTNO.  |Reap| M | AEY REMARKS
cl= -
£|< USE MATERIAL LIST |201659-000 y NEXT ASSEMBLYISEDON
AND ADD/DELETE THE FOLLOWING:-
\
E N o5} Wire, Solid Insulated. 1nN383-930 [A/R Add Jumpers:
agr E613 to E614
- EF19 to E620
ot
‘g E621 to E622
£ ER29 to 630
< E603 to A,B8,C,D

B-44
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CODE
F120
a- \(J WANGCO MAT E R | AL Ll ST PART NUMBER REV.
@ eonsonaTe 201659-003 G
ASSY. PWB. NRZI WRITE/READ CONTROL
g|2]| e REMIND BUSY LOCKOUT. SELECT FAD 1 Formatter. o975 11
:
? f'»': e DESCRIPTION PARTNO.  |reap| W | AT REMARKS
£|& USE MATERIAL LIST | 201659-000 p AR DU ISR
AND ADN/DELETE THE FOLLOWING:-
g\‘\?; 95| Wire, Solid Insulated. 100333-930 {JA/R Add Jumpers:
Iy E601 to E602
0 E610 to E612
g E613 to E614
£ E619 to E620
< E621 to E622
— E625 to E626
£629 to E630.
B-45
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HARRIS CORP.

CODE
i COMPUTER SYSTEMS DIV. INHIBIT 0 —=12, 12-=0 CONVERSION FOR 7CH. EVEN PARITVESw
WANGCO PART NUMBER REV.
.E, b MATERIAL LIST TS
;_ INCORPORATED N T C
" ASSY. PWB NRZI WRITE/READ CONTROL
yé ; mrree REYIND BUSY LOCKOUT. MODEL 511 oate Y75 gueer looe Ll
F | T
? o DESCRIPTION PARTNO.  |REaD| M- | AST: REMARKS
\x pan
S USE MATERIAL LIST |201659-000 H NEXTASSEMBLYSED Ol
N0 ADD/DELETE THE FOLLOWING: -
x
E & o051 tire, Solid Insulated. 100383-93n JA/R 2dd Jumpers: :
3&\\ E601 to E6O2
N E6D4A to EBO5
o) .
& F613 to E6l14
% F619 to E620
< E621 to E622
e E623 to E624
E625 to E626
E629 to E630

B-46
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CODE
WANGCO NOVA TAPE CONTRNLLER SYSTEMS. F120

4§ WANGEO MATERIAL LIST PART NumBER REV.

« 201659-005 c

ASSY. PUB. ‘

clw TITLE HNRZT WRITE/READ CONTROL. MODEL 5M DATE 6/23/75 SHEET_l_os_l_

= W

2| & HaEM DESCRIPTION PARTNO.  |Reco| Bev. | Acv. REMARKS

[N el - " -

gic NEXT ASSEMBLY/USED ON

ll USE MATERIAL LIST 201659-000 /'/

DATE A

¢

E g

-~

I—.... .

APFROVED ¢/

LN

e

(R

—

AND ADD/DELETE THE FOLLOWING:- 20N685
1| Wire, Solid, Insulated. 102333-93% A/" Jumner EAN1 to E602  Add.
E613 to E614  Add.
E613 to E619  Add.
£623 to EG24  Add.
£629 to E630  Add.

B-47
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8 7 (] 5 3 2 1
REVISIONS 202220|A!
REV, DESCRIPTION CHK. | DATE mv
.| Al PILOT REL s | |8, dysser
-4 A [MFG RELEASE NO CHG - | %as
l | PIN 2 REF
?, _______________ 2’ LO' _______________ \'_L___J
7 J5 J6 y i
Jg = J202 3
N 4
<|3 5
- — —— — - — — — -3 T — — — — — — 1 —
e S - ____ ______L _21
4 J3 Ja o
® X
Ji J2 1= REQD
o~~~ -0 B - S o] 3 REq
e e e e e _A_I_I_ _____________
3.50%.50
DIP SIDE SHOWN
REF

DISCLOSED HEREIN WITHOUT THE PRIOR
WRITTEN PERMISSION OF WANGCO INC.

PART NO.202202-XXX SEE TABULATED M/L,

NOTES UNLESS SPECIFIED DRAWN />~ 4!5“ o 1014
1. TOLERANCES oHeck P
Soces N W Wangco Incorporated
- zsnanm.smn;w 00k |
[2) SEE M/L(DASH VERSIONS)FOR QTY.AND LOCATIONS OF CONNECTORS TO BE INSTALLED. & WAGH, SumFACES e ASSEMBLY, PWB 150
{[JMARK LATEST ASSY. LEVEL,APPROPRIATE DASH NO. AND SER. NO. 4 ALL DS iN mGHES. REAR CONNECTOR PANEL e
12 HIGH WHITE CHARACTERS PER WANGCO SPEC. 100037, [N FORMAT TER [EAE 573
NOTES:UNLESS OTHERWISE SPECIFIED. W/ EMUL 1D 202220 A
NEXT ASSY 202221 :
202222202223 e Jueer 2 OF 2
8 I 7 l 6 5 3 | 2 B-49 1

| 202220 |A

> S <



I cooe I
Fl2

Z < WWANBBO WATERIAL LIST PART NUMBER REV.
< earpoRaTED 202220-000 | A
= ASSY. PWB REAR ‘
g i) TITLE CONIMECTCR PANEL. MODELFORMATTER DATE 1/13/75 SHEET._]'..OF._Z_
;’_ g ITEM DESCRIPTION paRTNO.  |reap] Miv | RSV REMARKS
g « NEXT ASSEMBLY/USED ON
) 1| Board, Processed. 202219-001 A 1___-—4
g\: 2
331 I 3] connector, 5 pin. 100010-009 7202
o 4| connector, 100 Pin. 100355 See Build M/L for Qty.
s |l s
E 6| Pin, Connector - Female }100021-006
i; 71 2in, Connector - Male. " ~-007
1 8

ol wire, 14GA, white 100053-914

10| wire, 18GA, Wwhite v -~518

11

12

13

14| Printed Master 202218 Ref.

B-51
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CODE

¥120

A PART NUMBER REV.
] Py WANGeo MATERIAL LIST

= 202220-001 | A

- ASSY. PWB REAR :
£l 8 nire CCHNECTOR PANEL. MODEL 511 pare 10/2/74 sneer 1 OF..l_
=2} []
zlo
N e DESCRIPTION pARTNO.  |reao] MV I AST: REMARKS
[ ) 1
-2 I NEXT ASSEMBLY/USED ON
R USE MATERIAL LIST [202220-000 A
ND ADD THE FOLLOWING :- 202222-000

=1
:If()
< N
3‘: 4 | Connector, 100 Pin. 100355 2 J5, J6,.
j>: .
i
<

[

B-52
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CODE
7120

. PART NUMBER EV.

AP WANGCO MATERIAL LIST il

« INCORPORATED 202220-002 A

~ ASSY. PWB. REAR
o /

55| nme CONNECTOR PANEL. wopeL 512 oarel0/2/74 Gier 1o 1

s|lo

% § eV DESCRIPTION PART NO. IREQD il REMARKS

clo . :

s USE MATERIAL LIST 202220—000‘ A STy stoOn

AND ADD THE FOLLOWING :— 202223-000

Al

LU“"

:'\1

D'Q 41 Connector, 100 Pin. 100355 4 J3, 4, 5, 6,

a

A

@

&

<

B-63
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—ww werwswwesww Bow - wm

CODE
2120
R PART NUMBER REV.
2l - wanNGeo MATERIAL LIST
=) NCORPORATED : 202220-003 A
o ASSY. PWB., REAR
g S niree CONIECTOR PANEL. MODEL 513 DATElO/ 2/74 SHEET.}.._OF]'_
zZl o
219 M DESCRIPTION PARTNO.  |Reao| MIN | REV: REMARKS
o j o - -
F USE MATERIAL LIST|202220-00( A NEXT ASSEMBLY/USED ON
AND ADD THE FOLLOWING :- 202221-000 .
s
rl: )
B
g
Qs 4| connector, 100 Pin. 100355 6 Jli.,2,3,4,5,6,
c.
L\a)
5
£
P
B-64

FORM 209 (R.12/74)



o 5 v 4 3 | 2 | 1
REVISIONS OSCEE [+
REV. DESCRIPTION CHK. | DATE | APPROVED
M| 4 | WG essE iy | B Sewre
Bl 4553 = ]|
CREQRL /—@ @ @ Z Q0 AT cen a25r0 ¥ |%hhd v
2) Dlce /o 5137 % (%4 dcs
D
U U , ] 5
N = ) o4 @
224 ° ol B8 et
H5TC 4 BF T vo|/ 3
Ut I Oj @
D/ l‘ veco0 Ho @)
o e ol o] | = w n
o5 Ao =
T \
 ~ " 2 eEoL —[ ? /
| |
& | A :
| | }
| | |
I ._/ [ C
} 29 |
I
| &
| |
@/ [
B+~ |
| | ,
| | 2 CEQ L <4
L“_TJ
@ / [ @
n N
éféap{
5 % Sef sHEET 5 ) - B
I n
[ —
l\) :
maeoamecTAe N
45&4 muuAvroAanES»?o'lzgkm PART, :Q)J .
[(59) & 600
er BET ASD. FOSETE - VXY ASSy SE€ THBUATED ML
NOTES UNLESS SPECIFIED DRAWN | g n L - 24] :
J[(”JA/ /-/ * wﬂi“CEs ANGULAR i:::'( £.Serpico %] 70-r0-2 w l ted Aj
TP f BITTON COVER CEMOVED FIR LARITY g i MATERAL angco Incorpora =

AP Y VITLrE MICEERS A4S CEID

AITES. GMESS TR WYSE  SACIAIED.

EDGES APPROX. .010
3, MACH. SURFACES

4. ALL DIMS IN INCHES.

N

.
ASS Y, ACET FIEMITIEL o/

WITH TYFE P IS LTI

AEab.

/
|SCALE SIZE
DRNILT7ER S/ |
< %27 \pleveez cwereo |O

NEXT ASSY

T Shavng [WEIGHT [seer £ 075

8 | 7

B-55 1 <<



7 6 5 3 2 1
REVISIONS 2 [®
REV. DESCRIPTION CHK. | DATE | APPROVED
—| SE€£ sHEEFT L — = —
D
I
o Ea0— %\
@\ h @ c
N ®
2 ° e
st onlE EacH SO .00 @) 2ocan
A
. ®
@\\ o @ @ <€ &ao
Yy
g\ 7B~/
® N TBI23-2
IRIEN ) AR’ WITH 7B20Z -6
AW, BELORE LRESSING
@/ Zawe Ia sLacE. @\
[O] (]
poEaD g B
. ® 0
SECT/ION B-B ® -
THRL DooR orey
SCALE P FUYLL, RoTATES 907 7, O \V]
/74 N
_SCALE /// THIB DAANING CONTAIS N
| T N
LIS, AV
NOTES UNLESS SPECIFIED |DRAWN 07‘4 S— .’.Z_S
1. "I;g:.iERANOES ::::K
ANGULAR .
oo s RTERAT Wangco Incorporated A
2, BREAK ALL SHARP CORE |
EDGES APPROX. .010 ;/
3 MAGH. SURFACES FINEA AZSY; MOZ] AOCHATTER ot
4, ALL DIMS IN INCHES. WITH TVPE oA 4T0R R/ .
~2 77e@ 5/ | o & .
D /oAS A
NEXT ASSY /i/of EO D ZﬂZZZZ CHARTEL ©
QTS weicnr lsueer 5 o 5

o

2 B.57 1 =<



CODE
Finl
5; A w WANGCO MATE R ' AL Ll ST PART NUMBER REV.
. INCORPORATED 202222-090 D
ASSY. NRZI FORMATTER.
nwpn ),
§ % e YITH TYPE P" EMULATOR. MODEL 511 DATE 6/19/75 SHEET_l__ ori_.
s|5
2 N TEM DESCRIPTION PARTNO.  |Reao| MEV | RSy REMARKS
o I\ X
S NEXT ASSEMBLY/USED ON
[N V]
. A — 4
11 Assy. Jumper. 200239-001 } 1
g 2
<
8 3
4
[o]
g 5
Qo
& )
<
7
8
9
10
11
12| Assv. Delay Counter Pwb. 2N1650-XXX 1 1 See build 14/L for dash no.
12| Assy. CRC Generator Pub. 201653-001 ] 1
14| Assy. Clock Generator Pwb. 201656-001 1 1
15f Assy. HRZI Control Pwb. 201659-XXX | 1 See build '/L for dash no
16| Assy. Rear Connector Panel. 202220-001 1 1
17| Assy. Sneed Chip. 1 See build M/L for part no.
<:;t:\ 13| Assy. Power Supnly. 201531-XXx | 1 See build M/L for dash no.
19] Assyv. Ermulator Pub, 202233-001 1 1
27| Assy. Emulator Interface.P!B, |202202-001 | 1
21{ Assy. Cable-MTU 201336-060 | 1
221 Door, Formatter. 201245-XXX | 1 See build M/L for dash no.
23| Trim, Panel. 201243-701 | 2
24\ Bracket, Connecteor Sunnort. 202139-701 | 2
25| Strap, Connector Supcort. 201252-n01 | 1
2¢| Castina, Front Panel. 201255-XXX | 1 See build #/L for dash no.
27| Sunport, Right Hand, 201287-n01 | 1
23] Support, Center. 201238-001 | 1
29| Cover, Too. 201320-001 | 1
30} Cover, Bottom. 201320-092 | 1
31] Kit, Ship Away. 202196-XXX | 1 See build /L for dash no.
321 Label, Model. 201347-001 1 1
B-69

FORM 209 (R.12/74)



CODE
F101
a a WANGCO MATERIAL LIST PART NUMBER REV.
« : 202222-000 D
ASSY. NRZI FORMATTER

§ § nree  WITH TYPE "P" EMULATOR. MODEL 511 pate _0/19/75 snesr_z_.or__s_
§ R," oV DESCRIPTION PARTNO.  [reap] MEV 1 RST: REMARKS
g :%‘: ) NEXT ASSEMBLY/USED ON

33] Stiffener, Connector Panel. 201334-001 | 1
E 341 Pin, Guide. 201538-001 | 1
e 35| Suoport, Conn. 202217-001 | 4

36] Spacer. 202216-001 | 10
g 37] Clamn, Cable. 1000N0-003 | 1
£ 33] Tape, Adhesive Sealinq. 100002-092 JA/R
A 30

40} Terninal, Ins. Rina Tongue. 100057-004 1 5

411 Terminal, " " " 100053-094 | 2

421 Pin, Dowel, 100045-314 | 2 1/8 x 4"

43) Cord, AC Pover. 100376-001 | 1

441 Terminal, Quick Disconnect. 101130-002 | 4

451 Switch % Indicator. 100179-001 | 1 S1.

451 Tubina, Thermofit. 100185-204 |A/R

471 Insulator. 100232-001 | 2 Use with item 44,

43} Guide, Card. 100326-701 | 4

40 Latch, Arrowhead. 100357-001 | 1

501 Snacer, Fibre. 100391-001 | 8

51| ilamenlate "W" Logo. 200034-701 | 1

521 Yire, Insulated. 100053-124 |A/R Brown

53] Wire, " -3183 JA/R Orange.

541 Yire, " -418 JA/R Yellow.

55| Nire, " -524 [A/R Green.

561 - :

57| Screw, Pan Head. 100036-204 | 11 4-40 x 1/4"

53] Screw, " " =210 1 3 4-40 x 5/8"

591 Screw, * " =216 ] 5 4-40 x 1"

601 Screw, " " =220 | 1 4-40) x 14"

61] Screw, " " ~224 | 3 4-40 x 14"

t2] Screw, " " =305 2 6-32 x 5/16"

63] Screw, " " -306 | 17 6-32 x 3/8"

64] Screw, " " =312 1 1 6-32 x 3/4"

B-60
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CODE
F101
3 Aa WANGCO MATER'AL LlST PART NUMBER REV.
« INCORPORATED 202222-000 D
ASSY. MRZI FORMATTER :
g ? nitee  VITH TYPE "P" EMULATOR. mooeL __ 211 oate 0/19/75 snse-r._3-or__§_
§ SN; o DESCRIPTION paRTNO.  |Reao] MV [ RSV REMARKS
§ % ” NEXT ASSEMBLY/USED ON
L IR
65 :
E A6 Screw,Pan Head. 100036-405 1 6 8-32 x 5/16"
a 67
€9
§ 69| Yasher, Solit Lock. 100042-200 | 12 No.4.
E 70| Vasher, " " -300 | 19 No.6.
< 71| vasher, " " 400 | 6 No.8.
721 \lasher, Lock Int. Tooth. 100059-200 | 20 No.4.
73| Yasher, " oo =300 | 1 No.6.
74
75| Yasher, Flat. 100047-200 | 3 No.4.
76| ‘fasher, " -300 | 11 No.6.
77 '
78
79
80] Yasher, Flat Nylon. 100950-130 | 6 No.4.
31
32| Nut, Hex. 100043-200 | 9 4-40.
83
84
35
86] Test Procedure, Run-Up. 201602 Ref .
371 Test Procedure, Datum System. | 201603 Ref .
83| Loaic Schematics, Form HNRZI 230452 Ref.
39
an| Block Diaaram, Formatter NHRZI | 200670 Ref .
01| Schematic Emulator. 202193 Ref.
B-61
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H PROPAIL TARY ini GRMATION OF
— ! WANGCO INC —
i AND MAY MUY, IN W IOLE OR IN PART,
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; . . N UBED $OM MANUF AC T i1¢ OF ANY PART {77}
. 4 DESCLOBED ME HE 1N & THOUT THE PRIOR ——
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| ! &
i [}
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F’ARY HUMBER 202233001 ASSY
LT S0 Sl S W
LTRSS ”': s '
oot R A e Wang Incorporated
' e T ascsemaLy, PwE o
o U
A 2. FOR SCHEMATIC REF DWG SEE 202234, | s J e — EMMBLULATOR ol A
(1] mark APPROPRIATE DASH NO.S € LATEST REVISION : [ — P
LETTENS WHERE SHOWN .12 HIGH CHARACTERS, COLOR T 23
WHITE PER WANGCO SPEC 10GO37. o TYPE 202233 E
NOTES:UNLESS OTHERWISE SPECIFIED ALl TR et Lo §0¢ 3
s [ 7 . 6 | 5 4 4 | 3 | 2 1




EV.

~

=77,

3-24

AM R\ WANGco MATERIAL  LIST ML °2‘;;;3';_°0(;*1°° “E‘_V'
‘z:; (E); D‘?IATWL':G ASSY' PWB EMULATOR‘ MODEL NO.M DATE lgl_g/_?ﬁ SHEET_]'_ OF 3
; g Itom Drawing Title Dwg. No. Rev. | Qty. Remarks on Ckt. Desig.
E S 1 Process Board, Emul. Type 'P'| 202232-001 | & 1
° 2
Jd13
|1 Jic 7407 | 100327-001 4 |ua,9.19,20.
5 |1c 7404 | 100330-001 5 |u14,17,18,25,27.
6 |IC 7406 | 100331-001 3 |u2,6,22.
7 |1c 7410 | 100333-001 1 ju1s.
8 |1c 7438 | 100336-001 5 |uU3,u8,U7,12,26.
9 |1IC 7474 | 100339-001 1 Juis.
10 |IC 7475 | 100340-001 1 ull.
11 ]Ic 9602 | 100234-001 2 |u1,24.
12 |1c 74107 |- 101014-001 1 Jues.
13
i 14
i 15
16
17 Resistor Network 220 | 142003-221 2 |JR13,14.
18 | kesistor, " 330 " -331 2 JR1l,12.
| 19 | Resistor, 5%,%4. 1X | 100156-102 5 |Rr1,3,5,6,7.
i 20 | Resistor, " " 2K " 202 1 |rio0.
jf 21 | resistor, " " 20K " 203 4 |R2,4,8,9.
| 22
k
il 23
ﬁ 24
25
26 Capacitor Tant. 4.7uf | 100363-475 3 €5,6.,17.
27 | capacitor Cer. 0.1uf | 100364-104 10 |c7 - 16.
28 Capacitor Sil. Mica 150pf | 100243-151 3 €2,3,4.
29 Capacitor, " " 20pf " -200 1 Cl.
30
31
32 B-65
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[ <13 | vire urap Pin  (jumper) 100360-001 3 |E1,2,3
| 35
<= Y
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é 37
38
39 | Printed Master. 202231-001] D | ‘o
i 40 | Schematic. 202234-001| ¢ .0
H
Rework Instructions. 500271 -001 0
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|
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1 \wmz wancoo MATERIAL - LIST M! Z;Z‘S:é“;m“' REV.
- \.L;«:.E |‘,~:cr:qpon.nso . ? P Laam A
4 ASSY. CABLE BOARD FORMATTER

i "?s‘r"’ﬂ’é"’ INPUT/0UTPUT. MODEL NO. MUL%IQQ‘ M4 sveer /. oF 2
’i 1’;‘3:,5;;“?“ DRAWING TITLE DWG. NO. NO. FEQ. REMARKS ON CKT, DESIG.
; \J"~‘1 Zpard, Processed 202317 1 REV 'A’

| 2
“:i“ 3 |} Connector 100 pin | 100355 1

2 e

T s L cram, Cable 100000006 1
| 6
| 7 _[Screw, P. H. 100036-306 2 |6-32 x 3/8"
g
9 |Wasker, Split Lock 100042-300 2 | No. 6
10 .
11 |tut, Hex. 100043-300 2 |6-32
|12
13 |uzsher, Flat 100047-300 2 |No. 6
14
15 .
16 |Printed Master. 202316 Ref | REV 'A®
)
b
i
{
| B-69




APPENDIX C
MODEL 511 NRZI MAGNETIC TAPE FORMATTER
LOGIC SCHEMATICS AND WIRE LIST INDEX

This appendix contains the circuit schematics and the wiring diagrams for all assemblies and sub-
assemblies in the Model 511 NRZI Formatter.

The circuit schematics are complete representations of the electronic circuitry. The user of this
manual may want to consult the schematics in conjunction with his study of the text and the

simplified circuit diagrams in the text sections. These documents are identified in the following
list.
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REVISIONS 201759 L
REV. DESCRIPTION CHK. | DATE APPROVEP
A Manufacturing Released. T )/}’ ;
4 i
Abbreviations:- Mech. = Mechanical Connection.
Sol. = Solder Connection.
10 = Mechanical Hardware or
Electrical Part. The No.
is the item No. on the
Material List. The circle
indicates that you need
this part in addition to
any wire.
35 = Uncircled numbers usually
indicate wire type only.
The No. is also the item
o No. on the Material List.
H
o
NOTES UNLESS SPECIFIED DRAWN | ) Morgan. 5/21/13
. TOLERANCES CHECK v “]
XX ANGULAR APPR. S Y
XXXt * MATERIAL Wangco Incorporated
. BREAK ALL SHARP CODE
EDGES APPROX. .010
3. MACH. SURFACES 7 =TTSH LIST, WIRE. 107
Qry.
4. ALL DIMS IN INCHES. FORMATTER POWER SUPPLY. REQ'D.
/
MODEL No. SCALE SIZE
F tter. i
orma A 201759 A
NEXT ASSY
201581 DO NOT SCALE  IWEIGHT SHEET 1 of 3
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Wire No. Term. From To Term. \1{;’(';: Notes Signal (L:::?
1 T1 - Browm. TB1-1 (1) A
2 T1 - Green. TE1-2 ()
3 T1 - Red. TB1-3 0
L T1 - Blue. TB1-L {)
5 T1 - Orange. TB1-5 ()
6 T1 - Violet. TB1-6 ©)
7 T1 - Yellow. TE1-T (")
8 T1 - Gray. TB1-8 0
9 T1 - Black. Chassis uround| (")
10 Mech. TB1-3 TE1-L 729
11 " TB1-7 T31-8 [O)
12 T1-11 CR2 Anode Sol.
13 Sol. | CR-2 Anode P1-5 (33) | s
10, T1-12 C2-tleg. (39) |
15 &) C2-leg. P1-1 AL | 58
16 T1-13 CR1 Anode. Sol. '
17 Sol CR1 Anode. p1-L 3l 58
18 Sol CA1 Cathcede. Cr2 Cathode. Sol. 55
15 " CR1l Cathode C2-Positive 39 56
20 " Q1 Emitter (2 Collector | (12 | 58
21 @O) Q2 Collector SCH1 Anode @ 58 ‘
22 Sol. | Gl Base P2-3 Gy | ss !
23 (L0) | Q1 Collector. | Q2 Ease. Sol | 58 ;
2); (o) | @ collector. P2-2 Gy | s
25 Sol. | Q2 Emitter P2-1 B33 | s8
26 " S0 Gate. P3-3 GQw | ss A
1. Ref item no's in applicable material list TITLE “] Wang Computer Products
2. Ref designations are abbreviated LIST, WIRE
Prefix each designation with FORMATTER POWER SUPPLY. 201759 A
SHEET 2 OF 3
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Wire No. Term. From To Term. %i;: Notes Signal ’ il;tg
27 Sol. | SCR1 Cathode. P3-1 (@3) | s8 A
28 () | scrl Anode. P12 (3 | s6 A
29 o) TE1-L TB202-1; (Lo) | 58
10 (o) TB1-7 1:202-2 (o) | 58
51 10) TE1-8 TE202-3 (Lo) | s8
32 (.0) TE262-5 PL-3 (L) | s8
33 " (Lo) TB202-6 PLi-1 (33) | s8
2 Sol F202-2 C2 Positive. 39 57
15 ! 7202-1 SCRI Anode (38) | 57
36 " F201-2 TE201-1 Sol | 58
37 " F201-1 TE202-1 (o) | s8
38 " Tb201-2 TF1-3 58
39 ! E101-1 TB202-3 Qo) | s9 Twisted Pair. f
Lo " B101-2 TE202-ls o) | 59 Elack/Red. A
1. Ref item no's in applicable material list TITLE “] Wang Computer Products
2. Ref designations are abbreviated LIST, WIRE A

Prefix each designation with

FORMATTER POWER SUPPLY.

201759

SHEET

3 oF 3




REVISIONS 201337 A
REV. DESCRIPTION CHK. | DATE | APPROVED |
' A Manufacturing Release %’ Sstoz A7
o
H
©
NOTES UNLESS SPECIFIED DRAWN | ¢ geott 8/59/72
1. TOLERANCES CHECK M m
XXt ANGULAR APPR. St lahelr2
XXX + MATERIAL Wang Computer Products
2. BREAK ALL SHARP CODE
EDGES APPROX. .010 1. oa .
3. MACH. SURFACES ] NS LIST, CABLE WIRING
MTU TO FORMATTER QTy,
4. ALL DIMS IN INCHES. REQ'D.
MODEL No. SCALE SIZE
FORMATTER A 201337 A
NEXT ASSY .
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Wire No. Term. From To Term. | Twyg: Notes Signal E:fg
1 Sol P16 -A P102 -80 sol | (10 [Brown ) Tw. Pr. | Tow/mIcH sep A
2 A -1 A -Gnd I Black f A GND
3 -B -8 Red oWw
4 -2 =-Gnd Black f GND
5 -C -34 Orange) SFC
6 =3 =Gnd. Black GND
7 -D -46 Yellow) DDS§

8 -4 -Gnd Black ; GND
9 -E -56 Green ) SRC
10 -5 -Gnd Black f GND
11 ~F -74 Blue ) DDI
12 -6 -Gnd Black J GND
]; “H -36 Violet) RWC
14 -7 -58 Black J SELECT C (SEL 2)
15 -J -60 Gray | SELECT A _(SEL 0)
16 -8 -53 Black / SELECT B (SEL 1)
17 -K -44 White ) SWS
18 -9 -54 Black / SELECT D (SEL 3)
19 -L -55 Brown ) OFFC
20 =10 -Gnd Black I GND
21 -M -66 Red } ONIL.INE
22 -11 ~Gnd Black J GND
23 -N -62 Orange) RWDG
24 -12 -Gnd Black f GND
25 Y- =P =70 | ¥V [Yellow) v FPT —
26 Sol P16 -13 P102 -Gnd Sol @ Black } Tw. Pr. GND A
1. Ref item no's in applicable material list TITLE “] Wang Computer Products
2, Ref fiesignafion.s cre'obbre.viated LIST, WIRE 201337 N
Prefix each designation with
SHEET 2 OF




160

Wire No. Term. From To Term. %t: Notes Signal f:tg
27 sol P16 =R P102 -57 sol | 10 |creen ) m, pr 703 A
28 L P102 -Gnd Sol Black | GND 4
29 - -S Reserved - Blue | Tw.Pr. Reserved
30 - ‘=15 Reserved - Black § Reserved
31 Sol -T P102 -64 Sol Violet| Tw. Pr. RDY
32 ) _16 P cua A Black GND
33 ‘ -U 4 -41 Gray | Tw. Pr. EOT
34 Sol =17 P102 -Gnd Sol Black g GND
35 v -V (Spare) ¥ |[white ) Tw.Pr. SPARE v
36 . P16 -18 (Spare) @ Black { SPARE A

TITLE

1. Ref item no's in applicable material list

2, Ref designations are abbreviated
Prefix each designation with

LIST, WIRE

“] Wang Computer Products

201337

A

SHEET 3 OF
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Wire No. Term. From To Term. TWy:: Notes Signal E:tg
37 sol [Pl -A P102' -45 sol | (o) [Brown } Tw.Pr. |WDS A
38 sol |h& -1 P102 -Gnd | Sol A |Black f A GND A
39 -B (Reserved) Red ) Reserved
40 -2 (Reserved) Black f Reserved
41 S¢l -C P102 -43 Sol Orange) WARS
42 -3 L ~-Gnd Black GND
43 -D -92 Yellow) RTH2
44 -4 -Gnd Black f GND
45 v -E V -94 Green ) RTHIL
46 Sol Pl -5 P102 -Gnd Sol Black ; GND
47 Blue ) SPARE
48 Black f SPARE
49 Pl -H (Reserved) Violet) Reserved
50 =7 (Spare) Black f SPARE
51 -J (Spare) Gray ) SPARE
59 -8 (Spare) Black J SPARE
53 -K (Reserved) White | Reserved
54 -9 (Reserved) Black J Reserved
55 Sol -L P102 -40 Sol Brown | WDP
56 A -10 -Gnd A Black ! GND
57 -M -48 Red ) WDO
58 -11 -Gnd Black | GND
59 ~-N =50 Orange) WD1
60 =12 =Gnd Black f GND
61 Y Y -pP ¥y -51 ¥ ¥V |vellow) v WD2 , I
62 Sol |pP1 -13 P102 -Gnd Sol @ Black |  Tw.Pr. |GmD A
1. Ref item no's in applicable material list TITLE “] Wang Computer Products
2, Ref designations are abbreviated LIST, WIRE

Prefix each designation with 201337 A
SHEET 4 OF
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Wire No. Term. From To Term. Twy';: Notes Signal E:fg.
63 sol |PL -R P102 -49 sol | @0) | Green, Tw.Pr. | WD3 A
64 ! -14 ¥ _6na A A | Black/S GND A
65 -S =52 Blue ) WD4
66 ‘_15 -Gnd Black f GND
67 -T =37 Violet), WD5
68 ~16 -Gnd Black ; GND
69 =U =38 Gray | WD6
70 -17 -Gnd Black ; GND
71 v |y -V vV -42 v Y | white ) v WD7 Y |
72 . |so1 |pP1 -18 P102 -Gnd sol | (0) |Black f Tw.Pr GND A
73 Sol |P1L __-D P1___-F Sol % RTH2 A
74 Sol |p1 -4 Pl -6 Sol 11 GND A

p
1. Ref item no's in applicable material list TITLE “] Wang Computer Products
2. Ref designations are abbreviated , LIST, WIRE
Prefix each designation with 201337 A
SHEET 5 oF 7
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Prefix each designation with

Wire No. Term. From To Term. %‘;: Notes Signal f:fg
75 Sol [p6 -1 P102 =24 sol | (o) |Brown ) Tw.Pr. |FOP A
76 -A ] -Gnd s Black A GND
77 =2 -6 Red ) RDS
78 -B -Gnd Black ‘ GND
79 -3 -14 Orange | RDO
80 =C =Gnd Black GND
81 -4 -32 Yellow ) RD1
82 Sal -D P102 -Gnd Sol Black | GND
83 -5 (Spare) Green | SPARE
84 ~E (Spare) Black ‘ SPARE
85 Sol -6 P102 -78 Sol Blue | SINGLE/DUAL
86 Sol =F P102 -Gnd Sol Black GND
87 -7 (Spare) Violet | SPARE
88 -H (Spare) Black ) SPARE
89 Sol -8 P102 -18 Sol Gray | RD2
90 -J 4 -Gnd Black g GND
91 -9 -20 White ) RD3
92 -K -Gnd Black | GND
Q3 ~10 -76 Brown |} NRZ/PE
94 -L -Gnd Black ( ' GND
95 =11 -72 Red ) 7 _TRK/9 TRK
96 Sol -M P102 -Gnd Sol Black f GND
97 -12 (Spare) Orange | SPARE
98 -N (Spare) Black SPARE
99 -13 (Spare) Yellow ! SPARE

100 P6 -p (Spare) @ Black ( Tw. Pr. SPARE A
1. Ref item no's in applicable material list TITLE m Wang Computer Products
2. Ref designations are abbreviated LIST, WIRE 201337

A
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G590

. Wire \ Chg
Wire No. Term. From To Term, Type Notes Signal Let.
101 sol |p6  -14 P102 -28 Sol @ Green | Tw.Pr. |RD4 A
102 4 4 r & _Gna L) Black ) A GND A

103 ‘ =15 * =30 i Blue RD5
104 Sol -5 P102 -Gnd Sol Black GND
105 -16 (Spare) Violet | SPARE
106 -7 (Spare) Black SPARE
107 Sol =17 P102 -10 Sol Gray ' RD6
108 * -U 4 -Gnd * Black ; GND
109 v ¥V -18 12 i ¥ |White ol RD7 v
110 -1 Sol P6 =V P102 -Gnd Sol @ Black ; Tw. Pr. | GND A
1. Ref item no's in applicable material list TITLE m Wang Computer Products
2, Ref designations are abbreviated LIST, WIRE 201337 A

Prefix each designation with
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