dliloliltlall

N

o

s







EK-1LA36-MM-001

LA36 DECwriter Il
MAINTENANCE MANUAL
Volume |

digital equipment corporation - maynard, massachusetts



1st Edition, June 1975
2nd Printing (Rev), September 1976
2nd Edition, June 1977

Copyright © 1975, 1976, 1977 by Digital Equipment Corporation

The material in this manual is for informational
purposes and is subject to change without notice.

Digital Equipment Corporation assumes no respon-
sibility for any errors which may appear in this
manual.

Printed in U.S.A.

This document was set on DIGITAL’s DECset-8000
computerized typesetting system.

The following are trademarks of Digital Equipment
Corporation, Maynard, Massachusetts:

DEC DECtape PDP
DECCOMM DECUS RSTS
DECsystem-10 DIGITAL TYPESET-8
DECSYSTEM-20 MASSBUS  TYPESET-11
UNIBUS

9/77-14



CHAPTER 1

1.1
1.2
1.2.1
1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7
1.2.8
1.2.9
1.2.10
1.3
1.4

CHAPTER 2

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10

CHAPTER 3

w
—

PWWWULWWWWWWWWWW
—m im0 O D W -

W = O

CONTENTS

Page
GENERAL DESCRIPTION
PHYSICAL CHARACTERISTICS . . . . . . . . .. .. ... 1-3
FUNCTIONAL DESCRIPTION . . . . . . . . . . i it i ie e 1-4
CharacterPrinting . . . . . . . . . . . ... ... ... 1-4
Bell Operation . . . . . . . . . . . v i i e e e e e e 1-5
Paper Feeding . . . . . . . . . . . . . i i i 1-5
Ribbon Drive System . . . . . . . . . . . .. .. 1-9
Carriage Servo System . . . . . . . . . .. ... e 1-10
Power Supply . . . . . . . . . e e e e 1-10
Standard Current Loop Interface . . . .. .. ... ... ....... 1-10
Optional Half-Duplex (Active or Passive) Current Loop Interface . . . . 1-12
Peripheral InterfacePort . . . . . . . ... ... ... ... ..., 1-13
Interface Options . . . . . . . . . . . .. ... ... 1-13
TECHNICAL CHARACTERISTICS . .. .. ... ... ... ........ 1-14
OPTIONS . . . . . e e e e e e e e e 1-14
INSTALLATION AND CHECKOUT GUIDE
GENERAL . . . . . e e e 2-1
UNPACKING AND INSPECTION . . . . . . .. . ... ... ..., 2-3
PACKINGPROCEDURE . . ... ... ... . .. .. 2-4
EASY IDENTIFICATION OF LOGICBOARDS . . . .. .. ... ... .. 2-4
INTERFACE INSTALLATION . . . .. .. ... . .. .. 2-5
M7722 JUMPER CONFIGURATION . ... ... ... ... ........ 2-5
M7723 JUMPER CONFIGURATION . . .. .. .. .. ... . ....... 2-5
M7728 JUMPER CONFIGURATION . ... ... ... .. ......... 2-5
LA36 CHECKOUT AND ACCEPTANCE PROCEDURES .. ... ... .. 2-13
LA35 CHECKOUT AND ACCEPTANCE PROCEDURES . ... ... ... 2-13
OPERATION
LA36 OPERATOR CONTROLS AND INDICATORS . .. ... ... ... 3-1
POWER ON/OFF Switch . . . ... ... ... ... ......... 3-1
LINE/LOC Switch . . . . . . . . . . . . . i it i .. 3-1
FDX/HDX Switch . . . . . .. ... ... ... .. ... ...... 3-1
BAUD RATE Switches . . . . ... ... ... ... ......... 32
ALTCHARSET Switch . . . . . ... .. ... .. ... ....... 32
CHARSETLOCK Switch . . . . ... ... ... ... ........ 32
STD/ALT CHARACTER SET Indicators . . . . ... ... ...... 32
AUTOLF Switch . . . . ... ... . ... .. ... 32
HEREISSwitch . . ... ... ... . ... ... .. .. ... .... 32
PAPER OUT Indicator . . . . ... . ... ... ... ........ 3-2
DEVICE SELECT Indicator . . .. .. ... ... ........... 3-3
SELECT AVAIL Indicator . . . . . . ... .. ... ......... 33
CTRLKey . . .. . . . . e 3-3



CONTENTS (CONT)

CAPSLOCKKey . . ... . . . i i ittt it et i i
SHIFTKey . . . . . . i i i e e e e e e e e e e et e
TABKey . . . . . . . e e
ESC(SEL)Key . . . . . . . @ . . i it
REPEATKey . . . . . . . @ . . i e e it e e
RETURNKey ... .. .. . . i i i i i
LINEFEEDKey . . . .. . . . . ittt ittt
BACKSPACEKey . . . .. . . . . ittt ittt
DELETEKey . . . . . . . . . . . ittt i it
BREAKKey . . . . . o i it e e e e s e e e e e e e
NumericKeypad . . . ... ... . ... ... ... ... . . ...,

Bell . . . . . e e e
LA35 OPERATOR CONTROLS AND INDICATORS . . ... .......
LINE/LOCSwitch . . . . . . . . . . . . i it ii i
BAUD RATE Switches . . . . . . . . .. . ... ... .....
PAPER OUT Indicator . . . . . . . . . . . . . . . i v ..
POWER ON/OFF Switch . . . . ... ... ... .. .........
HEADOF FORM Switch . . . . . ... ... ... ... .......

Bell . . . . e e e e e e e
LA36/LA35 COMMONCONTROLS . . ... ... ... ... .......
Carriage Adjustment Lever . . . . . . .. . .. ... .. .......
Paper Advance Knob . . . . . .. ... ... o oo
Tractor AdjustKnob . . . . . . ... .. ... ... ...... ..
Cover Interlock Switch . . . . . . . . .. .. ... ... ... ...,
LOADING PAPER ANDNEWFORMS . .. .. ... ... .........
Paper Positioning Procedure . . . . .. .. .. ... ... ... ...,
Impression Adjustment . . . . ... ... L. L oL
Horizontal Positioning Adjustment . . . . . . . ... ... ......

Fine Vertical Positioning . . . . . .. .. ... ... ... ......
ReloadingPaper . . . . . . . . . .. . ... ... . 0.,
RIBBON INSTALLATION . . . . . . . . i it e et et e et e
DECwriter INTERFACE INFORMATION . .. ... ... .........
Interface Description . . . . . . ... .. .. ... .. ..
Interface Specifications . . . . . .. .. ... ... ... .. ...,
PROGRAMMER'SGUIDE . . . . . . . .. . . i ittt ittt
LA36 Programmer’s Information . . . ... ... ... ........
Transmitting Characters and Commands . . . . . .. ... ... ...
Special Command Keys . . . . ... ... .. .. .. .........
CTRLKey . . . . . . it i i e it it et e et e e e
BREAKKey . ... . . . . . i i ittt e

Receiving Charactersand Commands . . . . . . . . .. ... .. ...
USINGTHELA36 . . . . . . i et e e e e e et e e e
USINGTHE LA35 . . . . . e e e e e e e e i e e et e e e
TROUBLESHOOTING . . . . . . . .t i et e et e e e e e e e e

iv



CHAPTER 4

4.1
4.1.1
4.1.2
413
414
4.1.5
4.1.6
4.1.7
4.1.8
4.1.9
4.1.10
4.1.11
4.2
4.3
4.4
4.5
4.5.1
4.5.2
4.6
4.7
4.8
4.9
49.1
4.9.2
493
494
4.10
4.11
4.12
4.13
4.14
4.14.1
4.14.2
4.14.3

CHAPTER 5

5.1
5.2
5.3
5.3.1

5.3.2

CONTENTS (CONT)

THEORY

PROGRAM DESCRIPTION . . . . . . . . . . ittt it it
ScratchPad Memory . . . . . . . . i i i it e e e e e e e
Initialize (INIT) Routine . . . . . .. .. .. ... .... e e e
Position (POSIT) Routine . . . . . . . . . . . . ... . ... ....
SERVORoutine . . . . . . . . . . i ittt ittt e
SPEED Routine . . . . . . . i i i e e e e e e e e e e e e e e
INPUT Routine . . . . . . . . . o it e e e e e e e e e e e
BELLRoutine . . . . . . . . o 0 i i i e e e e e e e e e e e e
PRINT Routine . ......... e e e e e e e e e e e e
LINEFEED (LF)Routine . . . . . . .. . ... ...,
LCVRoutine . . . . . . . . . . e e e e e e e e
NEXT Routine . . . . . . . . . . i i i i it e e e e e e e e

TIMING . . . . . e e e e e e e e e e

M7722/M7723 CONTROL LOGIC . . . . . . . . . . i it ittt e e

KEYBOARD SYSTEM . . . . . . . . e e e e e e e e e e e e e

DATA COMMUNICATIONS INTERFACE . . . ... ... ... ......
20mALoop Receiver . . . . . . . ... ... e
20mA LoopDriver . . . . . . .. .. e

CLOCK LOGIC . . . . . . . e e e e e e e e e e e e

UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER (UART)

CHARACTER BUFFER/GENERATOR AND PRINT HEAD SYSTEM . . .

CARRIAGE SERVOSYSTEM . . . . . . . . . i i ittt ii i
Tachometer, Summing Network, and Sum Amplifier ... ... .. ..
Encoder and Threshold Detector . . . .. ... ... .........
Encoder Signal Detector . . . . .. ... ... ... ... .......
Column Increment Counter and Carry/Borrow Generator . . . . . . . .

BELL SYSTEM . . . . . . . o e e e e e e e e e e e e e

LINE FEED STEPPERSYSTEM . . . . . . . . . .. ... ... ......

WAKE-UP (WU) CIRCUIT . . . . . . e e e e it e e e e e e e

POWER SUPPLY AND REGULATOR . .. ... ... .. .........

PRINTERMECHANISM . . . . . . . . e et it et e e
Carriage Subsystem . . . . . . . . . ... ..o e e e
Ribbon Feed Subsystem . . . . . . . ... ... ... ...
Paper Feed Subsystem . . . .. .. ... ... ... ... ...,

UPGRADED LA36

GENERAL . . .. . . . e
LA35/LA36 MODEL VARIATIONS . . .. ... ..............
EASY IDENTIFICATION OF LOGICBOARDS . . .. ...........

Major Functional Differences Between M7722 and M7723
LogicBoards . . . . . . . . . . . . .. ...

M7722, M7723, and M7728 Jumper Configurations . .. .. ... ..

Page



5.3.3
534
5.4
54.1
5.5
5.6
5.7
5.8
5.8.1
5.8.2
5.8.3
5.8.4

CHAPTER 6
6.1

6.1.2
6.1.2.1
6.1.2.2
6.1.3
6.2

CHAPTER 7

7.1
7.2
7.2.1
7.2.2
7.3
7.3.1
7.3.2
7.4
7.4.1
7.4.2
7.5
7.5.1
7.5.2
7.6
7.6.1

CONTENTS (CONT)

Functional Differences Between M7723 and M7728 Logic Boards . . .
M7728 Cabling Configurations/Option Combinations . . . .. .. ...
MAJOR POWER SUPPLY CHANGES . . . . .. ... ... ... .....
New Power Transformers . . . . . ... ... ... .. ........
NEW KEYBOARD BEZELS . . . . . . . . . . .. it ..
CAPSLOCKKEYBOARD . .. ... ... .. .. . . i
LA35/LA36 OPTIONS . . . . . . . i e e e e e e e e e
DECwriter II — M7728 FUNCTIONAL DESCRIPTION . .. ... .. ...
New Transmit Path . . . . . ... ... ... .............
New Receive Path . . . . . . . . . . .. ... ... ... .......
Transmit Operation with Options Installed . . . ... ... ... ...
Receive Operation with Options Installed . . . . ... ... ... ...

ELECTRICAL SERVICING

ELECTRICAL TESTS . . . . . . . . e e e e e e e e e
Off-Line Tests . . . . . . . . . o . i i i e e e e e e e e e
Encoder Signal Processing Test . . . . . .. .. ... ......

Servo Speed Test . . . . . . . . . . . ... e

Line Feed (LF) Stepping Test . . . . . . . . ... ... .....

Bell Test . . . . . . . . . . o e e e

Printable Character Test . . . . . .. ... ... .........
On-LineTests . . . . . . . . . . . i i,
Current Loop Interface UART and Character Buffer Test . . . . .

Serial Line Interface . . . ... ... ... ............

Wake-Up Test . . . . . . . . . . @ i e
TROUBLESHOOTING CHARTS (ON-LINE TESTS) . ... .. ... ....

MECHANICAL SERVICING

GENERAL . . . . . e e e e e e e
PRINTER HOUSING . . . . . . . . . . .ttt e e e
Printer Housing Removal . . . . .. ... ... ... .........
Printer Housing Installation . . . . . . ... ... .. .........
PRINT HEAD ASSEMBLY . . . . . . . . . . . et e i
Print Head Removal . . . . . . ... ... ... ... .. .......
Print Head Installation . . . . . .. ... .. .. ... ........
TIMING BELT . . . . . . e e e e e e e e e e e
Timing Belt Removal . . . . . .. .. ... ... ... . ...,
Timing Belt Installation . . . . ... ... ... ... .. .......
CARRIAGE ASSEMBLY AND CARRIAGE SHAFTS . ... ... .....
Carriage Assembly and Carriage Shafts Removal . . . .. .. ... ..
Carriage Assembly and Carriage Shaft Installation . . . ... ... . ..
CARRIAGE BUSHING AND CARRIAGELEVER . ... ... ... ....
Carriage Bushing and Carriage Lever Removal . . . . . ... ... ...



7.6.2
7.7
7.7.1
7.7.2
7.8
7.8.1
7.8.2
7.9
7.9.1
7.9.2
7.10
7.10.1
7.10.2
7.11
7.11.1
7.11.2
7.11.3
7.12
7.12.1
7.12.2
7.13
7.13.1
7.13.2
7.14
7.14.1
7.14.2
7.15
7.15.1
7.15.2
7.16
7.16.1
7.16.2
7.17
7.17.1
7.17.2
7.18
7.18.1
7.18.2
7.19
7.19.1
7.19.2
7.20
7.20.1
7.20.2

CONTENTS (CONT)

Carriage Bushing and Carriage Lever Installation . . . ... ... ...
RIBBON DRIVE ASSEMBLY . . . . . . . . . . . ittt
Ribbon Drive Assembly Removal . . . . . .. ... ... .......
Ribbon Drive Assembly Installation . . . ... ... ... .......
RIBBON DRIVE FAFNIR BEARING . .. .. ... ... ... ......
Ribbon Drive Fafnir Removal . . . . .. ... ... ... .......
Ribbon Drive Fafnir Installation . . ... ... ... ... .. ....
RIBBON ECCENTRIC WITH CLUTCH/BACKSTOP SPRING . ... .. ..
Ribbon Eccentric with Clutch/Backstop Spring Removal . . . .. . ..
Ribbon Eccentric with Clutch/Backstop Spring Installation . . . . . . .
RIBBONDRIVEPULLEY . . . . . .. . . . it it
Ribbon Drive Pulley Removal . . . ... ... ... ... .......
Ribbon Drive Pulley Installation . . . ... ... .. ... .. ....
DC MOTOR AND ENCODER ASSEMBLY . . . . . ... ... .......
DC Motor and Encoder Assembly Removal . . . .. ... ... ....
DC Motor and Encoder Assembly Installation . . . . ... .. ... ..
Encoder Electrical Adjustment . . . . ... .. ... .........
PRINTER MECHANISM ASSEMBLY . . . . ... ... ... .......
Printer Mechanism Assembly Removal . . . ... ... ... .....
Printer Mechanism Installation . . . . .. ... ... .. .......
TRACTOR DRIVE SHAFTS AND TRACTOR ASSEMBLIES . ... .. ..
Tractor Drive Shaft and Tractor Assembly Removal . . . . . ... ..
Tractor Drive Shaft and Tractor Assembly Installation . . .. ... ..
RIBBON CHASSIS ASSEMBLY . . . . .. . . ... . ... . . ......
Ribbon Chassis Assembly Removal . . . . . .. ... ... ......
Ribbon Chassis Assembly Installation . . .. .. ... ... ......
RIBBON SPOOL RATCHET WHEELS AND FRICTION DISKS . . ... ..
Ribbon Spool Ratchet Wheel(s) and Friction Disk Removal . . . . ..

Ribbon Spool Ratchet Wheel(s) and Friction Disk Installation . . . . .
PRINTBAR . . . . . . . e

Print BarRemoval . . .. . ... ... ... ... ...........
Print Bar Installation . . . .. . ... ... ... ... ........
IDLER GEAR ASSEMBLY . . . . . ... . ... . .. ...
Idler Gear Assembly Removal . . .. .. ... .............
Idler Gear Assembly Installation . . ... .. ... ..........
STEPPING MOTOR ASSEMBLY . . . . . . . . .. .. .. .. .. .....
Stepping Motor Assembly Removal . . . . .. ... ... .......
Stepping Motor Assembly Installation . . ... ... ..........
TRANSFORMER ASSEMBLY . . . . . . . . .. .. ... .. .. .....
Transformer Assembly Removal . . . . . ... ... ..........
Transformer Assembly Installation Procedure
LINE FILTER ASSEMBLY AND FUSEHOLDER . . ... ... ......
Type 1 Line Filter and Fuse Holder Removal . . . . ... ... .. ..
Type 1 Line Filter and Fuse Holder Installation . . . . ... ... ...

..............



7.20.3
7.20.4
7.21

7.21.1
7.21.2
7.22

7.22.1
7.22.2
7.23

7.23.1
7.23.2

CHAPTER 8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
8.10
8.11
8.12

APPENDIX A
APPENDIX B

APPENDIX C

C.1
C.2
C3

Figure No.

CONTENTS (CONT)

Type 2 Line Filter and Fuse Holder Removal . . . .. ... ... ...
Type 2 Line Filter and Fuse Holder Installation . . . . ... ... ...
LKO02, LKO3 KEYBOARD ASSEMBLY AND FRONT PANEL ASSEMBLY
Keyboard and Front Panel Assembly Removal . . .. ... ... ...
LKO02 Keyboard Assembly Installation
POWERBOARD . . . . . . . . . e et et e
Power Board Removal . . . ... ... .................
Power Board Installation . . . ... ... ... ... .........
LOGICBOARD . . . . . . e e e e e e e e e e e
Logic Board Removal . . . . ... ... . ...............
Logic Board Installation . . . . . . . . ... ... ... ........

.................

ADJUSTMENT PROCEDURES AND LUBRICATION

GENERAL . . . . . . e
ENCODER ADJUSTMENT . . . . ... .. ... .. ... ...
PRINT HEAD ADJUSTMENT . . . ... .. ... ... ... .. .....
CARRIAGE SHAFT ADJUSTMENT . . ... ... ... ..........
PRINT BAR ADJUSTMENT . . .. .. ... ... ... . ...,
PAPER GUIDE AND PRINTER MECHANISM ADJUSTMENT .. ... ..
PAPER OUT SWITCH ADJUSTMENT . . ... .. ... .. ........
RIBBON TENSION ADJUSTMENT . . ... .. ... ....... e
RIBBON DRIVE ASSEMBLY ADJUSTMENT . .. .............
IDLER GEAR ASSEMBLY ADJUSTMENT . . ... ... .........
BUMPER ASSEMBLY ADJUSTMENT . . ... ... ... .........
LUBRICATION . . . . . . . e e

ENGINEERING DRAWINGS

ILLUSTRATED PARTS BREAKDOWN

REFERENCE DATA
ABBREVIATIONS . . . .. . e et e s e e e
SIGNAL GLOSSARY . . . . o o it e e e e e e e e e e e e e e e
ICPIN LOCATION DRAWINGS . . . .. . . . . .. ...
FIGURES
Title
Outline DIMeENSIONS . . « v v v o v v e e e e et e e e e e e e e e e e e e
Simplified Functional Block Diagram . . . . . . . ... ... .. ... ...
Current Loop Cable Connector Pin Designations . . . . . .. ... .....

Standard Current Loop Interface . . . . . . . . .. .. ... ... ... ..
Optional Current Loop Configurations . . . . . . .. ... ... ... ..

vii



Figure No.

2-1
2-2
2-3
24
2-5
2-6
2-7
2-8
29
2-10
2-11
2-12
4-1
4-2
43
44
4-5
4-6
4-7
4-8
49
4-10
4-11
4-12
4-13
4-14
4-15
4-16
4-17
4-18
4-19
4-20
4-21
4-22
4-23
4-24
4-25
4-26
4-27
4-28
4-29
4-30
4-31
4-32

FIGURES (CONT)

LA36 Site Considerations . . . . . . . ... ... ... ... ...,
LA35 Site Considerations . . . . . . . . .. .. . ... ...
DECwriter Packaging . . . . . . . . & 0 0 i e e e e e e e e e e
Cable Tie Location . . . . . . . . . . . . . . @ i i ittt i i
Physical Characteristics of M7722, M7723, and M7728 Logic Boards . . . . .
DECwriter Current Loop Cable Connection . . . . . ... ... .......
DECwriter DEC10 Current Loop Cable Connection . . . . . ... ... ...
DECwriter EIA Logic Board Connection . . ... ..............
Acoustic Coupler Cable Connection . . . ... ... .. ...........
Location of Jumpers on M7722 Logic Board . . . ... .. ... ......
Location of Jumpers on M7723 LogicBoard . . . . .. ... ... ... ..
Location of Jumpers on M7728 LogicBoard . . . ... ... .. .. .. ..
Microprogram Flow Diagram . . . . . . . ... .. ... ... .......
INITRoutine . . . ... . . . . . . . .. i i ittt i
POSIT and START Routines . . . . . .. .. .. .. ... . ...
SERVORoutine . . . . . . . . . . i it i e e i e e
SPEEDRoutine . . . . . . . . . . . . . e e e
INPUTRoutine . . . .. . . .. . . ... .. i it
BELLRoutine . . . . .. . . .. . . ... i i e
PRINTRoutine . . . . . .. ... . . . . . . . ..
LINEFEEDRoutine . . . . . .. ... . ... enen.o.
LCVRoutine . . . . . . . . . . i e e e e e
NEXT Routine . . . . . . . . . . o i i i e e e e e e e
Control Logic Block Diagram . . . . .. ... ... ... ..........
LKO02/LKO3 Keyboard Logic Diagram . . . . ... ... ..........
Keyboard Timing Diagram . . . . .. ... ... ... ...........
Data Communications Interface Diagram . . . .. .. ... ... ......
Data Communications Interface Timing Diagram . . . ... ... ... ...
20 mA Loop Receiver Diagram . . . . . .. ... .. ... .. .......
20mA LoopDriver . . . . . . . . .. e e e e
Clock Logic . . . . . . . . . i i e e e e e e
Clock Timing Relationship . . . ... ... ... ... ...........
UART/Mode Selection and Baud Rate Selection Logic . . . ... ......
Character Buffer/Address Register/Generator and Print Head System

CGROMCharacterCell . . . .. .. .. .. ... enenenin.
Print Head Operation . . . . . . . . . . . . . . . . v i it i v i
Carriage Servo System . . . . . . . . . .. .. e e e e
Tachometer Logic . . . . . ... ... .. .. .. .. ...
Encoder and Threshold Detector . . . . . .. ... ... ..........
Encoder Signal Detector . . . . . .. .. ... ... ... . ... ......
Increment Detection Timing . . . ... .. ... ..............
Encoder Signal Detector and Column Increment Counter Timing Diagram
Column Increment Counter and C/B Generator Logic . . . ... ... .. ..
Bell System Logic . . . . . . .. .. .. ... .. ...



Figure No.

4-33
4-34
4-35
4-36
4-37
4-38
4-39
5-1
5-2
5-3
54
5-5
5-6
5-7
6-1
6-2
6-3
6-4
6-5
6-6
6-7
6-8
6-9
6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-17
6-18
6-19
6-20
6-21
6-22
6-23
6-24
6-25
6-26
6-27
6-28
6-29
6-30
6-31

FIGURES (CONT)

Title Page
Line Feed Stepper System . . . . . . . . . . . . . .. . ... ... ... 4-47
Line Feed Timing Diagram . . . . . .. . ... ... ... ......... 4-48
Power Supply Block Diagram . . . ... ... ... ... .......... 4-49
LA36 Printing Principle . . . . . .. ... ... . ... ... . ... .. 4-49
Carriage Subsystem . . . . . . . . .. e e e e e 4-50
Ribbon Feed Subsystem . . . . . ... ... ... ... ... ........ 4-51
Paper Feed Subsystem . . . . .. . . . ... ... ... ... . . ..., 4-51
Physical Characteristics of M7722, M7723, and M7728 Logic Boards . . . . . 5-2
Cabling Configurations for the M7728 Logic Board . . . .. ... ... ... 5-3
LA36 Keyboard Bezel . . . . . . . . . . @ . . i it 54
Basic Block Diagram of M7728 Logic Board . . . .. ... .. ... .. .. 5-5
M7728 Control Logic Diagram . . . . . .. ... .. ... ......... 5-7
Steering of Keyboard Data . . . . . . ... ... ... ... ..., 5-8
Receive Operations of M7728 LogicBoard . . . . . . ... ... ... ... 5-9
Encoder+21 VTest Setup . . . . . .. . ... .. .. ... .. ..... 6-3
Encoder-21 VTestSetup . .. .. . . . . .. . . ... ... 64
+PT1 and +PT2 Waveforms . . . . . . . . . . . . . i v v v v oo 6-5
+PT1 and +PT2 Schmitt Waveforms . . . . . ... ... ... .. ...... 6-5
+INC and COUNT Flip-Flop Waveforms . . .. . ... ... .. ...... 6-6
COUNT Flip-Flop and COUNT Pulse Waveforms . . . ... ... ... ... 6-6
COUNT Flip-Flop and CLR = Flip-Flop Waveforms . . . ... ... ... .. 6-7
+INC Waveform . . . . . . . . . . . . . @ e e e 6-7
+TACH Waveform . . . . . . . . . . i i it et e e e e e et e e e 6-8
-PT1 and -PT2 Waveforms . . . . . .. . . .. ... ... 68
-PT1 and -PT2 Schmitt Waveforms . . . . ... .. ... ... ....... 6-9
-INC and COUNT Flip-Flop Waveforms . . ... ... ... ........ 69
-INC Waveform . . . . . . . . . . @ i i e e e e e 6-10
-TACH Waveform . . . . . . . . . . @ . @ @ i i i ittt it ee e 6-10
-INC and 76 us CLOCK Waveforms . . . . . . . . . . . ... .o .... 6-12
-TACH Waveforms at Q12-Band Q12-C . . . . . . . . . ... ... .... 6-12
-TACHand 76 us Waveforms . . . . . . . . . . ¢ v v v v v it e e 6-13
-TACH and SUM WaveformsatJ1-B . ... ... ... ... ........ 6-13
-TACHand MD Waveforms . . . . . .. .. ... ... .. .. .. ..... 6-14
INCWaveform . . . . . . .« o it e e e e e e e e e e e e e e e e 6-14
COL INC COUNT 3 (MSB) and COL INC COUNT 2 Waveforms . .. .. .. 6-15
COL INC COUNT 3 (MSB) and BORROW H Waveforms . ... .. .. ... 6-15
+INCand 76 us Waveforms . . . . . . . . . . . i i i it e e e e e 6-16
+TACH and 76 us Waveforms . . . . . . . . . . . @ v i v v v v v v v . 6-16
+TACH Waveforms at Q11-Band Q11-C . . . . . . . . . ... ... .... 6-17
+TACH and SUM Waveforms . . . . . . . . . .« . . v i v v v 6-17
+TACHand MD Waveforms . . . . . . . . . . . .. . i v v 6-18
COL INC COUNT 3 (MSB) and CARRY H Waveforms . ... . ... . ... 6-18
LF Motor Phase 1 and Phase 2 Waveforms . . .. ... ... ........ 6-19
LF1 Waveform at TPA12 and LF2 Waveform at TPA1S . . . ... ... .. 6-20
LF1 Waveform at TPA13 and LF2 Waveform at TPA16 . .. ... ... .. 6-20



Figure No.

6-32
6-33
6-34
6-35
6-36
6-37
6-38
6-39
640
6-41
642
643
644
645
646
647
648
6-49
6-50
6-51
6-52
6-53
6-54
6-55
6-56
6-57
6-58
6-59
6-60
6-61
6-62
6-63
6-64
6-65
6-66
6-67
7-1

7-2

73

74

7-5

7-6

7-7

7-8

FIGURES (CONT)

Title Page
LF1 Waveform at TPA14 and LF2 Waveform at TPA17 . . ... ... . .. 6-21
LF Motor Common Return and LF HOLD Waveforms . ... ... .. ... 6-21
LF1 Waveform at J1-JJ and LF2 WaveformatJI1-P . . . ... ... ... .. 6-22
LF1 Waveform and LF HOLD Waveforms . . . ... .. .. ... ...... 6-22
BELL Source and BELL SINK Waveforms. . . . . ... .. ... ...... 6-23
BELL SINK and BELL Waveforms . . . . . . . . . ¢ v v v v v v v ... 6-24
KBH H Pulse Waveforms . . . . . . . . . ¢ . i i i i i i e i i e e e 6-24
HD EN and SOL WaveformsatJ6 . . . . . . ... .. .. ... ....... 6-26
HS1 and SD1 Waveforms . . . . . . . o v i i i e i e i e e e e e e e e 6-26
HS1 and SD1 Waveforms . . . .. . . . . . o i i i i it e e 6-27
HS1 and SD1 Waveforms . . . . . . . . . ¢ i i i i i i e e e e e e 6-27
HS1 and SD1 Waveforms . . . . . .. . .. . ... ... 6-28
HD EN and HS1 Waveformsat J1 . . ... ... ... .. ... ....... 6-29
HD EN and BUFF HEAD EN HWaveforms . .. .. ... .......... 6-30
HD EN Voltage Waveform and SD Current Waveform . ... ... ... ... 6-30
WRITE BUFF L and CLR R DONE Waveforms . ... ... ......... 6-31
KEY STB L Waveform . . . .. ... . . . ... .. ... 6-31
Power Board VREF Waveform . . . . . .. .. ... ... ......... 6-32
CLK Hand 592 nsWaveforms . . . . . . . . . . . . . i ... 6-32
592nsand 1.184 usWaveforms . . . . . . . . . . .. .. ... . ... 6-33
94 usand 76 us Waveforms . . . . . . . . . . . ... e e 6-33
94 usand 19L usWaveforms . . . . . . . . . . . .. .. ... 6-34
188 usand 76 usWaveforms . . . . . . . . . . . . ... 6-34
18.8 usand 4.8 kHz Waveforms . . . . . . . . . . . . ... ... ...... 6-35
208 Hand 4.8 kHz Waveforms . . . . . . . . . . . .. ... 6-35
37.6 usand 1.76 kHz Waveforms . . . . . . . v o v v v v i 6-36
M7728 Option Clock Waveform . . . .. .. ... ... ........... 6-36
Current Loop Test Setup . . . . . . . . . . . . . . . ... 6-38
Loop Receiver Waveforms . . . . . . ... ... ... ... .. ..... 6-39
Loop Driver Waveforms . . . . . . . .. ... ... .. ... . .. .... 6-39
Serial Line Test Setup . . . . . . . . . . . . . . i e 6-41
Serial Output and Serial Input Waveforms . . . . ... ... ... ...... 641
Wake-UpWaveform . . . .. ... ... . . . ... . ... .. 642
Example of Lost Position (reduced 50 percent) . . . . ... ... ...... 6-53
Print Head Solenoid Resistance Measurement . . . . . .. . ... .. .... 6-54
Typical Voltages for Power Supply Regulators . . . . ... ... ...... 6-55
Assembly Removal Sequence . . . . . ... ... ... ... . . ..., 7-2
Printer Housing Removal . . . . . . .. ... .. ... ........... 7-3
Power Board Connectors . . . . . . . . .. .. ... ... ... ... .. 74
Print Head Removal . . . .. ... .. ... ... .. ... ... ...... 7-5
Print HeadCable . .. ... ... ... . ... . ... . .. ... ..., 7-6
Print Head Adjustment . . . . . . . ... ... ... .. ... .. .. ... 7-7
Belt Tension Spring Location . . . . .. ... ... ............. 79
Carriage Shaft Screw Access . . . . . . . . . . . ... ... .. ... 7-10



Figure No.

79

7-10
7-11
7-12
7-13
7-14
7-15
7-16
7-17
7-18
7-19
7-20
7-21
7-22
7-23
7-24
7-25
7-26
7-27
7-28
7-29
7-30
7-31
7-32
7-33
7-34
7-35
7-36
7-37
7-38
7-39
7-40
741
742
743
744
8-1

8-2

8-3

84

8-5

8-7
8-8

FIGURES (CONT)

Title Page
Carriage Shaft Removal . . . .. ... ... ... .. ..... ... .... 7-11
Printer Mechanism End Plate Loosening . . . . .. . ... .......... 7-11
Carriage Shaft Parallelism/Alignment . . . . ... .............. 7-13
Plain Bushing and Spring Replacement . . . . . . ... ... ........ 7-15
Carriage Lever and Eccentric Bearing Replacement . . . . . ... ... ... 7-15
Ribbon Drive Assembly Removal . . . . ... ... ............. 7-16
Ribbon Drive Adjustment . . . . . . . ... ... ... ... . . ... 7-18
Fafnir Bearing Removal . . . ... ... .. ... ... ... ... ..... 7-19
Ribbon Drive Shaft Adjustment . . . . . .. ... ... .. ......... 7-19
DC Motor/Encoder Cabling . . . . . .. .. ... ... ... .o.v... 7-22
DC Motor/Encoder Removal . . . . . . .. ... ... .. ..., 7-22
Encoder 50 Percent Duty Cycle Waveshape . . . ... ... ... ...... 7-24
Encoder (Rear View) . . . . . . . . . . i i i e e e e e e 7-24
Encoder Phasing Adjustment . . . . . . .. .. ... ... ... . ..., 7-25
Printer Mechanism Removal Preparation . ... .. .. ... ........ 7-26
Printer Mechanism Removal . . . .. ... ... ... ... ......... 7-26
Printer Mechanism Alignment . . . .. ... .. ............... 7-28
Printer Mechanism Adjustment . . . . ... ... ... .. ......... 7-28
Tractor Removal . . . . .. .. . . . ... . .. ... ... 7-29
Tractor Phasing/Adjustment . . . . . ... .. ... .. ... ........ 7-30
Ribbon Chassis Removal . . . . . ... ... ... ... ... ....... 7-31
Ribbon Threading/Drag Test . . . ... ... ... ... .......... 7-32
Friction Disk/Ratchet Wheel Replacement . . . . .. .. ... ... c. ... 733
Print Bar Removal . . . . . . . ... .. .. ... ... .. . .. 7-34
Calibrate Alignment GaugeandBlock . . . ... ... .. ... ....... 7-35
Print Bar Alignment . . . ... ... ... ... ... . ... . 0., 7-36
Idler Gear Assembly Removal . . . .. ... ... ... ........... 7-37
Stepping Motor Removal . . . . . ... ... .. ... 0oL, 7-38
Transformer Removal . . . . . . . . . . .. .. ... . ... ... 7-39
Capacitor C5 . . . . . . . e e e e e e e e e e e e e 741
Rocker Switch S1 . . . . . . . . . . e e e e e e e 742
Type 2 Filter Assembly Removal . . ... ... ... ............ 745
Keyboard Bezel Removal . . . . ... ... ... ... ... ... 7-46
LKO2 Keyboard Removal . . . ... ... ... ... ............ 747
LKO3 Keyboard Removal . . . .. ... .. ... ... ... 748
LKO3 Keyboard and Control Pad Removal . . .. .. ... ... ...... 7-49
Encoder 50 Percent Duty Cycle Wave Shape . . . . ... .......... 8-2
Encoder (Rear View) . . . . . . . i i i i i i e e e e e e e e e e e e e e 8-3
Encoder Phasing Waveshape . . . . . . .. ... ... ... ... 84
Print Head Adjustment . . . . . . . . . . . . . i i e e 8-5
Timing Belt Removal . . . . . . . . . . . ... ..o 8-7
Carriage Shaft Parallelism/Alignment . . .. ... ............. . 88
Alignment Gauge and CalibrationBlock . . . . ... ... ... ... .... 89
Print Bar Adjustment . . . . . . . . .. . e e e e e e e e e 8-10

xii



Figure No.

89

8-10
81
8-12
8-13
8-14
815
8-16
817
8-18
8-19
8-20

Table No.

1-1
12
1-3
14
1-5
1-6
1-7
1-8
19
31
3-2
4-1
42
4-3
4-4
4-5
4-6
4-7
4-8
6-1
6-2
6-3
64
6-5
8-1
B-1
B2

FIGURES (CONT)

Title Page
Printer Mechanism Alignment . . . . . ... ................. 8-11
Printer Mechanism Adjustment . . . . . .. ... ... ... ........ 8-12
Paper Guide Adjustment . . . . . .. ... ... L o oo 8-12
PAPER OUT Switch Adjustment . . . . . . .. .. ... ... ....... 8-13
Ribbon Spool Tension Adjustment . . . . . .. ... ... ......... 8-14
Ribbon Threading/Drag Test . . . . . . . . . v v v i it i v e v v n o 8-15
Ribbon Drive Adjustment . . . . . . . . . . ... .. ... e 8-16
Ribbon Drive Assembly . . . . . . . . . . . .. ... . 8-17
IdlerGear Assembly . . . . . . . . . . .. e e e e e e e e 8-18
Bumper Assembly Adjustment . . . .. ... o Lo 0oL oL 8-19
Carriage Shaft Lubrication . . . . . .. . .. ... ... ... . ..... 8-20
Ribbon Drive Assembly Lubrication . .. ... ... ............ 8-20

TABLES

Title Page
Standard ASCII Character SetandCode . . . .. ... ... ........ 1-2
ASCII Codesand ReSponses . . . . . . v v v v v v v v v it e e e e e e e 1-6
Standard Full-Duplex 20 mA Current Loop Cable Connections . . . . . . . . 1-11
Optional Half-Duplex 20 mA Current Loop Cable Connections . . . . . . . . 1-13
Interface Port ConnectorPins . . . . .. .. ... ........... ... 1-13
Technical Characteristics . . . . . ... ... ... ... .......... 1-14
Current Interface Specifications . . . .. ... ... ... .......... 1-16
LA360ptions . . . . . . . . . i i i e e e e e e e e e e 1-17
LA35O0ptions . . . . . . . . . . i e e e e e e e e 1-20
ASCII Codesand Responses . . . . . . . . . . v v v i i v v i v i i v 3-20
Operator’s Troubleshooting Guide . . . . . .. .. ... ... ....... 3-24
Scratch Pad Allocations . . . . . . . . . . . .. e 4-5
SPEED Algorithm . . . . . . . . . . . . . . e 4-10
Keyboard ROM Addressing . . . . . .. . ... .. . ... vuei... 4-25
Numeric Keypad ROM Addressing . . . ... ... ... .......... 4-31
Clock Frequencies and Time Periods . . . . .. .. ... ... ....... 4-35
Baud Rate Switch Connections . . . . . .. ... ... ... ........ 4-37
MPC SPEED Command Truth Table . . .. ... .. ... ......... 441
LFPulse TruthTable . .. ... ... ... ... . ... 0.0 ..... 448
Test Equipment and Special Tools . . . .. ... ... ........... 6-1
UART Test . . . . . . o e e e e e e e e e e e e e e 6-25
Character Buffer Test . . . . . . . . . . . . . . . . it i 6-25
TroubleshootingChart . . . . .. ... ... ... ... .. ........ 644
DCSupply Voltages . . . . . . . . . . . . . ittt 6-54
LubricationPoints . . . . . . . . . . .. ... ... o e 8-20
Glossary of Abbreviations . . . . ... ... ... ...... . ... ..., B-2
Signal Glossary . . . . . . . . . .. e e e e e e e e e B-5



TRACTOR
ADJUSTMENT

PAPER
ADVANCE
RIBBON SPOOLS KNOB

KNOB

o on

HOOE e B0 kATE —f
o e

o
oo

“
o
b

Mbacreder "SR BN B

8433-17

CARRIAGE ADJUSTMENT OPERATOR
LEVER CONTROLS

LA36/LA35 DECwriter



CHAPTER 1
GENERAL DESCRIPTION

The LA36/LA35 DECwriter Il is a fast, small, quiet 300 baud printer terminal for use as an economic-
al hard-copy terminal in remote or local output or input/output applications. A true 30-character-per-
second throughput is provided for full utilization of a 300 baud communications line without the use

of fill characters. Data can be sent (LA36) or received (LA36/LA35) in standard ASCII code at 3 rates:
110, 150, and 300 baud.

NOTE
This manual should be used to maintain LA37s. The
LA37 is an LA36 with a APL/ASCII keyboard.

The printer produces a hard copy original plus up to 5 duplicate copies on tractor-driven continuous
forms varying in width from 7.6 to 37.8 cm (3 to 14-7/8 inches). Preprinted forms can be positioned in
exact vertical alignment by operating a manual clutch on the tractor drive. The standard set of 96
upper- and lowercase ASCII characters (Table 1-1) is printed at a horizontal spacing of 3.9 characters
per centimeter (10 characters per inch) and a vertical spacing of 2.3 lines per centimeter (6 lines per

inch). A switch on the LA36 keyboard printed circuit board allows selection of a reduced set of 64
uppercase ASCII characters.

NOTE
On LA36 printers with serial numbers below 15700,
this switch is internal. On units above 15700, this
switch is accessible to an operator and is called key-
board CAPS LOCK key.
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Table 1-1 Standard ASCII Character Set and Code
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1.1 PHYSICAL CHARACTERISTICS
The unit is a free-standing, pedestal-type terminal. Dimensions are shown in Figure 1-1. There are two
major mechanical assemblies and three circuit boards in the unit. Mechanical assemblies are the print-

er mechanism and print head, which are mounted on a cabinet base. A complete mechanical break-
down of the DECwriter II is provided in Appendix B.

Electronic components are mounted on a keyboard assembly, logic board, and a power board. The
logic board, which contains all logic control function parts, is mounted on the rear door of the cabinet
to simplify access during maintenance. The power board, which contains all power amplifier, driver,
and dc power supply and regulator parts, is mounted against the rear wall of the cabinet. Large
components, such as the power transformer and filter capacitors, are mounted on the base of the
cabinet. The line cord enters at the base of the cabinet. A fan mounted inside the cabinet provides

forced-air cooling. Low-voltage, high-energy terminals are protected against accidental shorts by
fuses.

LA35/LA36
27.5"

(696mm)
LA3s LA36

| —

33.5" 33.5"
(852mm) (852mm)

-

Vs = ros =
L_; 21.7"_-1 L— 24.0" | L—_

(551mm) (610mm)

—

25.0"
(635mm)

CP-1871

Figure 1-1 Outline Dimensions
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1.2 FUNCTIONAL DESCRIPTION
A functional block diagram is shown in Figure 1-2. The DECwriter II prints by moving a 7-wire print

head horizontally along the print line, firing the individual wires at the appropriate times to produce a
7 X 7 dot matrix character.

The print head travels on a carriage system and is connected to the drive system by a timing belt. A
reversible dc servo motor provides the drive power for the print head and for the ribbon drive mecha-

nism. An encoder on the motor produces feedback pulses that are used by the logic to keep track of the
print head position.

Line feeding is accomplished by a pin-feed tractor system that is driven by a stepping motor through a
simple gear mechanism.

A microprogrammed controller (MPC) is used to control the printer.

SET/CLR BEL
BELL
2.4 KHz SYSTEM
LF/LF HOLD LINE FEED
MICRO- STEPPER
CRYSTAL | 1.6896MHz PROGRAMMED SYSTEM
CLOCK CONTROLLER
(MPC) CARRY/ BORROW INCREMENT
SPEED DATA
CARRIAGE
DATA BUS SERVO
SYSTEM
T
|
B |
CHARACTER| A : = IBBON
ADDRESS
DDRE x F——4 DRIVE
DATA B8 I SYSTEM
COMMUNICATIONS v !
INTERFACE S |
SERIAL L

SERIAL ‘ LOOP [ CG ROM
OUTPUT — —

STROBE COLUMN INCREMENT COUNT

—_—OwnP

INPUT _.| RECEIVE } ADDRESS REGISTER
' - UART DOT MATRIX PRINT HEAD
— e — — — ——— c—
l— TRANSMIT | l CHARACTER BUFFER SYSTEM

KEYBOARD I
LA36 ONLY SYSTEM |

cP-1378

Figure 1-2 Simplified Functional Block Diagram

1.2.1 Character Printing .

At power-up, the print head is moved slowly to the left until it hits the end stop. This point is used as a
reference by the MPC to determine the location of the printed line. The first print column is set about
3.8 mm (0.15 inch) to the right of the end stop.



Incoming characters from the keyboard system (LA36) or the data communications interface are
placed in a 16-character read/write FIFO '(first-in, first-out) buffer. Under normal operation, the
buffer will never overflow; however, in case of overflow, the most recently received character is lost.

Detection of printable characters and decoding of control characters is performed by the MPC based
on information stored in the character generation ROM (read only memory). This allows the imple-
mentation of arbitrary character sets simply by changing the ROM.

In the standard ASCII character set, there are 95 character codes that are interpreted as printable. For
each of these characters, the carriage servo system is commanded to move through one character cell.
The print head solenoids are energized each 0.25 mm (0.01 inch) of motion to form the 7 columns of
the 7 3 7 dot matrix for the character. The 96th character code (delete) is a nonprinting, nonspacing
control code.

Four additional codes are interpreted by the MPC: carriage return (CR), line feed (LF), backspace
(BS), and bell (BEL). The remaining 28 ASCII codes are nonprinting, nonspacing control codes that
cause no operation in the printer.

Carriage return and backspace operations are described in Paragraph 1.2.5. Line feed operation is
described in Paragraph 1.2.3.

Table 1-2 identifies the 7-bit ASCII codes generated by the LA36 keys and the responses of the
LA36/LA35 to all incoming codes.

1.2.2 Bell Operation

Receipt of the bell character causes an audible tone to be produced. A separate tone burst is produced
from each of up to eight bell codes received in succession.

If the keyboard has been active during the printing of a line, the audible tone is generated when the
carriage passes the 64th character position.

1.2.3 Paper Feeding

The LA36 is designed for pin-feed paper up to 378 mm (14.875 inches) wide. The hole spacing along
the edge is 12.7 £ 0.254 mm (0.500 £ 0.010 inch) [non-accumulative over 0.508 mm (2.0 inches)] with a
hole diameter of 3.81 to 4.064 mm (0.150 to 0.160 inch). Multipart forms of up to six sheets (and five
carbon sheets) may be used, with a maximum allowable total thickness of 0.508 mm (0.020 inch),
which is measured at about 20 1b/in? pressure. Card stock of one layer may be used, with a maximum
thickness of 0.254 mm (0.010 inch). Multipart forms may have only one card part; the card must be the
last part. A print head gap control (Figure 3-1) is provided for the operator to adjust for the thickness
of various forms, which range from 0.0762 to 0.508 mm (0.003 to 0.020 inch).

A full 279.4 mm (11 inch) high box of paper may be placed under the rear of the printer stand. The
paper is fed through a slot under the mechanism. Loading can be facilitated by opening the head gap to
maximum with the printer cover open. Special attention should then be given to readjusting the head
gap to the corresponding paper thickness setting as directed in Chapter 3, Paragraph 3.2.1. The feed
holes of the paper are engaged by 2 tractors of 11 pins each after passing through the print station.
Supports are provided for the incoming and outgoing paper to prevent interference.

The drive tractors may be adjusted horizontally to register properly for any form with hole spacing in
the casework, and are provided with a knob for manual paper advance. The shaft is driven through a
reduction gear by a stepper motor. Each line feed operation advances the paper 4.2 mm (1/6 inch). This
is performed in 33 ms, maximum, either singly or in succession. Consequently, the paper feed rate is
127 mm (5 inches or 30 lines) per second.
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Table 1-2 ASCII Codes and Responses

KEYBOARD OPERATIONS RECEIVE OPERATIONS
To Transmit, Type Key(s) (LA36)
Character
ASCII Code | Character SHIFT* CTRL* | CHAR Printed Action/Description
000 NUL v v SPACE None None
001 SOH vV A - P
002 STX v B
003 ETX v C
004 EOT v D
005 ENQ v E v
006 ACK v F None
007 BEL v BELL Sound Alarm Bell
010 BS v H Backspace one position
011 HT v I None
012 LF Vv J Advance Paper one line
013 VT Vv VT None
014 FF v FF None
015 CR Vi M Move print head to left margin
016 SO vV N None
017 SI v 0 &
020 DLE v P
021 DC1 v Q
022 DC2 v R
023 DC3 vV S
024 DC4 v T
025 NAK v U
026 SYN v v
027 ETB v w
030 CAN v X
031 EM v Y
032 SUB v 7
033 ESC v [
034 FS N \
035 GS v =
036 RS v v ~ v
037 Us Vv Vv - None None
040 SP space bar Blank Spacd | Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.
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Table 1-2 ASCII Codes and Responses (Cont)

ASCII Code

Character

KEYBOARD OPERATIONS

RECEIVE OPERATIONS

To Transmit, Type Key(s) (LA36)

SHIFT*

CTRL*

CHAR

Character
Printed

Action/Description

041

042

”n

"

Print character, move print head
one position to the right.

043

044

045

046

047

e |||

050

~

051

N’

*I~]~

052

*

053

+

+

054

055

AU N L LN L I A L A AU A A

056

057

060

061

062

063

064

065

066

067

070

071

O] oo} 9] O ] W] =] O] ]

ol oo QO ] BlWI] =] O]

O 0] VRN | BfW N =] O]l™]"

072

073

074

075

076

077

100

101

102

103

SO|=| > ®|2|V]IWIAT |

olo|w|»|e|>|Vv] | Al

%

104

< el el 1« |«

Slojwl>I®|2IVIAI ]

Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.



Table 1-2 ASCII Codes and Responses (Cont)

KEYBOARD OPERATIONS

RECEIVE OPERATIONS

To Transmit, Type Key(s) (LA36)

ASCII Code | Character SHIFT* CTRL*

CHAR

Character
Printed

Action/Description

105

106

Print character, move print head
one position to the right.

107

110

111

112

113

114

115

116

117

120

121

122

123

124

125

126

127

130

131

AN LN AN AN A A L L A A L SE A AL AT S S AU AU AU

132

133

134

135

<

136

137

,|>.__/._.N,<><€<c.-]m;uo'vozzr‘7§““m0"nm

A1l Nl ===l <la] 8w m|ol=|olz| 2| | R|— |~ =T @

A=l N~ x|l <lal=|wn|m|lo]=|olzizic|R] <O =

140

141

142

143

144

145

146

147

sfoe o aujo o

150

ol ol |mlo| of w| >

=loe e Ao o e

Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.
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Table 1-2 ASCII Codes and Responses (Cont)

KEYBOARD OPERATIONS RECEIVE OPERATIONS
To Transmit, Type Key(s) (LA36)

Character
ASCII Code | Character SHIFT* CTRL* | CHAR Printed Action/Description

151
152
153
154
155
156
157
160
161
162
163
164
165
166
167
170
171
172
173
174
175
176

Print character, move print head
one position to the right.

e o il R

v

L=l N < ) <l a3 v m o] ™ O] Z| | | R/ = |~
qu—-MN%xé<:ﬂmﬂp@ogah—wu-—u

2_..--...N‘<><€<;:ﬁw"‘.0'6055

<J< <]

Print character, move print head
one position to the right.
177 DEL DELETE None None

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.
If both keys are checked, then both keys must be held down.

1.2.4 Ribbon Drive System

A 36.576 m (40 yard) long, 12.7 mm (0.5 inch) wide ribbon is wound upon two 101.6 mm (3-1/4 inch)
diameter spools. Two rivets are provided in the ribbon, one near each end, to serve as a reversing
tripper.

Power from the carriage drive motor moves the ribbon through a drive belt, a one-way clutch and a
reversing mechanism. The clockwise motion of the motor during printing is used to drive the ribbon;
no ribbon motion occurs during carriage return. The drive is always connected to one of the two
spools. The connecting mechanisms are controlled by a power shift which is triggered by the reversing
sensors. As one spool empties, the rivet on the ribbon pushes a lever into the path of a shift tab which
flips the ratchet from one reel to the other. Ribbon tension is maintained by drags composed of spring-
loaded disk brakes on each spool hub.
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1.2.5 Carriage Servo System

The carriage servo system is a dc servo mechanism that contains a power amplifier driving a conven-
tional permanent-magnet dc motor which drives the carriage through a timing belt. The movement of
the motor shaft and, hence, the position of the carriage is detected by an optical incremental encoder
which produces one pulse for each 2.54 mm (0.01 inch) of carriage motion.

A one-decade, up/down BCD (binary-coded decimal) counter keeps track of the carriage position
within a character space. The overflow of this counter is monitored by an MPC and is used to deter-
mine the carriage position and for other control functions. The speed of the motor during printing,
carriage return, and LCV (last character visibility) is controlled by the MPC by means of a register
which in turn controls the output voltage of the power amplifier feeding the motor.

Printing is accomplished by moving the print head from left to right across the space to be occupied by
the character. When a BCD counter indicates that the carriage is at a given dot position, the appropri-
ate solenoids are energized to print. If the carriage is to the right of the starting position for the
character, the carriage is moved to the left of the starting position before printing commences. If there
is a second printing character in storage while a character is being printed, the carriage speed is
increased to catch up. When printing is complete, the carriage stops.

When a backspace character is received, the carriage is moved to the left a distance of one character

cell [2.54 mm (0.1 inch)]. This function allows character overprinting without an intervening carriage
return.

When a carriage return character is received, the carriage is moved to the left-hand margin. Carriage
speed is a function of the distance between the carriage and the left-hand margin. The time required to
return the carriage to the margin is compensated for by an accelerated print rate until no more than
one character is in the buffer.

When approximately 2 seconds have elapsed without a printable character input, the carriage moves 4
character spaces to the right to permit the operator to see the last character. When printing is to be
resumed, the carriage moves to the left to begin printing.

1.2.6 Power Supply
The main power supply is an unregulated supply with nominal output voltages of +21 Vdc and -21
Vdc. The minimum instantaneous output voltage is 15 V for full load and minimum line voltage.

The 5 V supply for the logic has a regulation of +5 percent with 200 mV peak-to-peak maximum
ripple.

Regulated volts of +12 V £5 percent and -12 V %5 percent, with 500 mV peak-to-peak maximum
ripple are provided for operational amplifier and MOS (metal oxide semiconductor) circuits. A -9 Vdc
regulator is included on the logic board when the PROM (programmable read only memory) option is
supplied. ‘

1.2.7 Standard Current Loop Interface

NOTE
The LA36 and LA3S have identical interfaces.
However, the LA35 only utilizes the receive
circuitry.

The standard interface is a full-duplex, passive
20 mA current loop similar to a Teletype® inter-
face. The cable pin connections are shown in
Table 1-3 (polarities denote current flow) and
Figure 1-3. Circuit operation is shown in Figure cp-nes
1-4 (polarities denote current flow).

Figure 1-3 Current Loop Cable

—_— . Connector Pin Designations
®Teletype is a registered trademark of Teletype Corporation.
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Table 1-3 Standard Full-Duplex 20 mA Current Loop Cable Connections

Connector Pin Numbers
To Logic Board To Host Computer
Connector J3 Connector Circuit Description
P12 P2-3 Transmit (+) Negative side
(keyboard) of line
P1-5 P2-7 Transmit (=) Positive side
(keyboard) of line
P1-3 P2-2 Receive (+) Negative side
(printer) of line
P1-7 P2-5 Receive (-) Positive side
(printer) of line

HOST (COMPUTER)

LA36

ACTIVE TRANSMITTER PASSIVE RECEIVER
CURRENT
SOURCE
INTERFAE%E
. CABL
XMIT up To_ _|[REC ] 2oMa
J + 1500 FT 7 RCVR
Sy— = T CURRENT
= I — — DETECTOR
2 3|Rrec
XMIT e
LM__/.‘.\J ]
! see
— | NOTE
TRANSMITTED
DATA
ACTIVE RECEIVER PASSIVE TRANSMITTER
RECEIVED _
DATA !
™" CURRENT oA
J DETECTOR Rec T t38e
’ 7 s | ~ XMT FROM
= 3’;_ - :)»; KEYBOARD
T IREC 3 2 XMIT| :
o e 7 N
CURRENT
SOURCE

NOTE: Loop switches are tranistors.

Figure 1-4 Standard Current Loop Interface

cpP-1167

T0
> PRINTER



Typing each specific key causes the LA36 transmitter switch to be opened and closed in a pattern that
defines the key.

The 20 mA communications circuit will operate wherever the current source is located. A device is said

to be active if it supplies the current for the communications loop and passive if it receives current from
another device.

The LA36 is shipped with a 20 mA cable (BCOSF) to interface the terminal as a passive device to a
computer, or to another peripheral device that is operating as an active device.

1.2.8 Optional Half-Duplex (Active or Passive) Current Loop Interface

In the half-duplex mode, transmission between two devices can take place in only one direction at a
time; however, no keyboard lockout is provided. Any of the configurations shown in Figure 1-5 can be
obtained by using jumpers on the DECwriter II logic boards; the jumpers can be changed as described
in Chapter 2, Paragraph 2.5.4. The configurations on the left of Figure 1-5 show the LA36 used as an
active device, providing its own current source; the configurations on the right show the DECwriter 11
used in the half-duplex mode, both as a passive and an active device.

Cable pin connections are shown in Table 1-4.
The active connection defeats the isolation of signal line and local circuits, requiring that appropriate

protective measures, such as high potential breakdown grounds (lighting arrestors, etc.) be installed on
the signal line and that care be taken to ensure that protective (frame) ground is connected.

HALF DUPLEX
(PASSIVE)

ACTIVE TRANSMIT |
RECEIVE DATA
" TO PRINTER| CURRENT
- < DETECTOR
I [XMIT. 10 _.TO
PEEEIVE XMIT DATA — }ACTIVE HALF
XMIT~ RECEIVER FROM KEYBOARD ,.* —/DUPLEX PORT
+ SEE NOTE
XMIT DATA -
FROM KEYBOARD _ X SEE NOTE
+-l- ‘V"'
I
ACTIVE RECEIVE H?kgT?ySLEx
L vﬁ - e - T0
I LREC 1\ 10 pASSIVE I — misFWE
REC_  ( TRANSMITTER DUPLEX PORT
= | +
RECEIVE DATA
RECEIVE DATA PRINTER
TO PRINTER | CURRENT SO PRINTER DCEUTRERCE‘INJR
< pETECTOR
XMIT DATA
FROM KEYBOARD .
” SEE NOTE
+ v
I I
NOTE: Loop switches are transistors. :=L- CP-N64

Figure 1-5 Optional Current Loop Configurations
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Table 1-4 Optional Half-Duplex 20 mA Current Loop Cable Connections

Connector Pin Numbers
To Logic Board To Host Computer
Connector J3 Connector Circuit Description
P1-5 P2-3 Transmit (+) Negative side
(keyboard) of line
P1-3 P2-5 Receive (<) Positive side
(printer) of line

1.2.9 Peripheral Interface Port

The LA36/LA3S has a connector for non-current loop interfaces. The connection is via a straight 8-

pin Mate-N-Lok connector, J4, with the pin designations listed in Table 1-5.

The interface using this port is physically mounted within the cabinet.

1.2.10 Interface Options

The LA36 is capable of functioning with several different interfaces (options).

Tables 1-8 and 1-9 provide a general description of each interface option. For detailed information,

refer to the appropriate chapter in Volume 2 of this manual.

Table 1-5 Interface Port Connector Pins

Pin Function

1 Unused

2 =12 V, up to 125 mA to optional interface

3 +12 V, up to 125 mA to optional interface

4 +5 V, up to 500 mA to optional interface

5 Serial output of LA36 to optional interface

TTL level, will drive 10 unit loads.

6 Mechanical keying plug (no electrical
connection).

7 Serial input to LA36 from optional interface
TTL level (must be capable of driving 10
unit loads).

8 Ground




1.3 TECHNICAL CHARACTERISTICS
The technical characteristics of the LA36 DECwriter II are listed in Table 1-6. The interface specifica-
tions for the LA36 serial 20 mA current loop are shown in Table 1-7.

1.4 OPTIONS

The basic LA36 DECwriter II can be expanded to provide the user with a number of function options
for receiving, transmitting, and handling data. These functional options are described in Tables 1-8

and 1-9.

Table 1-6 Technical Characteristics

Main Specifications
Printing Speed
Number of Columns
Printing Characters

Control Characters
Keyboard Characters

Printing
Type
Character Size
Vertical Spacing
Horizontal Spacing
Carriage Return
Line Feed
Slew Speed (paper feed rate)

LA36 Keyboard

Transmission Rates

Modes of Operation

Parity

Interface

Power

Ribbon

30 char/sec throughput, serial asynchronous
132

96 ASCII/character set (95 + DELETE)

32 ASCII/character set

128 (LA36)

Impact 7 X 7 dot matrix

0.175 X 0.25 cm (0.70 X 0.100 in)
2.36 lines/cm (6 lines/in)

3.94 char/cm (10 char/in)

500 ms, maximum

33 ms

1.97 cm/sec (5 in/sec) (30 lines/sec)

Standard ASCII typewriter-like layout, mechanical contact
with four parallel switches.

110 baud 11 bit; 1 start bit, 7 character bits, 1 parity bit, and 2
stop bits. 150 and 300 baud 10 bit; 1 start bit, 7 character bits, 1
parity bit, and 1 stop bit.

Local or full-duplex on-line, switch-selectable at keyboard
panel

None

Integrated 20 mA current loop, full-duplex passive operation;
connectors are 8-pin Mate-N-Lok type.

90-132 Vac, 180-264 Vac, 48-63 Hz, or 50/60 Hz + 1 Hz (see
note)

300 W, maximum (printing)

160 W (idle)

DIGITAL-specified nylon fabric, spool assembly 12.7 mm (0.5
in) wide + 36.576 m (40 yards) long
Order No. 36-10558
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Table 1-6 Technical Characteristics (Cont)

Paper
Variable Width 7.62 to 37.78 cm (3 to 14-7/8 in)
Single-Part 6.8 kg (15 1b) paper, minimum
Card stock thickness of 0.25 mm (0.010 in), maximum
Multipart 2- to 6-part (see Notes)
Thickness of 0.50 mm (0.020 in), maximum
Tractor-drive, pin-feed
NOTES
1. Multipart forms may have only one card part. The card must be
the last part.
2. NCR or 3M paper, up to 6-part, must use ribbon on top copy.
First surface impact paper is not recommended.
3. Continuous-feed, fan-fold business forms with 3- or 4-prong
margin crimps on both margins (multipart) are recommended.
Stapled forms are not recommended and may damage tractors
and other areas of the machine. Dot or line glue margins are
acceptable (if line is on one margin only). Do not line glue both
margins as air will not be able to escape and poor impressions
will result.
Mechanical
Mounting Free-standing pedestal unit
LA36 Size 851 mm (33.5in) H X 699 mm (27.5in) W X 607 mm (24 in) D
LA3S5 Size 851 mm (33.5in) H X 699 mm (27.5in) W X 550 mm (21.7 in) D
LA36 Weight 46 kg (102 1b)
LA3S5 Weight 44.09 kg (97 Ib)
Environment
Temperature Operating: 10° to 40° C (50° to 104° F) ~
Non-operating: -40° to 66° C (-40° to 151° F)
Relative Humidity Operating: 10 to 90% with a maximum wet bulb temperature of
28° C (82° F) and a minimum dew point of 2° C (36° F),
noncondensing
Nonoperating: 5 to 95%
Altitude Operating: sea level to 3.04 km (8000 ft)
Ribbon DIGITAL-specified nylon fabric, spool assembly 12.7 mm (0.5

in) wide + 36.576 m (40 yards) long
Order No. 36-10558

NOTE
50/60 Hz is applicable to printers with CVT transformers. This
transformer can be identified by the capacitor mounted on top of
the transformer frame.
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Table 1-7 Current Interface Specifications

Transmitter (passive, isolated, goes to ‘“mark” state when power is turned off)

Minimum Maximum
Open circuit voltage (of circuit being driven) 50V 40V
Voltage drop, marking 05V 20V
Spacing current 0.4 mA 2.0mA
Marking current 20 mA 80 mA
Receiver (passive, isolated) Minimum Maximum
Voltage drop, marking 1.2V 27V
Spacing current 0.0mA 3.0mA
Marking current 15mA 80 mA
Cable
4-conductor
Standard 28.1 cm (15 ft) BCOSF-15 supplied with LA36
Cable extension is 4920 m (1500 ft), maximum
Receiver/Transmitter (active/half duplex) Minimum Maximum
Voltage drop, marking 1.7V 47V
Spacing current 0.0 mA 3.0mA
Marking current 15 mA 80 mA

NOTE
Standard configuration is passive transmitter and
receiver. Active/half duplex are optional con-
figurations. These configurations are jumper select-
able. (See Paragraph 2.5, Interface Installation.)
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Table 1-8 LA36 Options

Control
Options Name Switch/Indicator Description
LAXX-LB | Expander Option None The Expander Option Mounting Kit
includes the logic, cables, and mount-
ing hardware required to expand the
LA36 to include options LAXX-LA,
LAXX-KV, LAXX-KW, LAXX-KX,
LAXX-KY, and LAXX-PK.
LAXX-PK | APL/ASCII Dual | ALT CHAR SET, This option provides an APL alter-
Character Set CHAR SET LOCK, | nate character set for use with the
and STD/ALT standard character set in the LA36.
CHARACTER SET
Indicators
LAXX-LA | Auto LF After CR | AUTO LF When the AUTO LF switch is acti-
vated, the printer will automatically
insert a line feed after each carriage
return code typed during transmis-
sion. The LAXX-LA option can also
be configured to execute a line feed
after each received carriage return
code. Any combination of these
options can be used.
LAXX-LM | Acoustic Coupler Carrier Detect Lamp | The acoustic coupler provides an
interface between a telephone and the
DECwriter.
LAXX-KV | Top of Forms FORMS LENGTH

Control

Switch and SET TOP
OF FORM
Pushbutton

Controls mounted under the top cover
provide the operator with a method of
selecting the length of the paper to be
used. After the desired setting is
selected and the paper is lined up for
proper vertical alignment, the oper-
ator presses the SET TOP OF FORM
switch so that the internal logic will be
preset to the paper length defined by
the operator.
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Table 1-8 LA36 Options (Cont)

Options

Name

Switch/Indicator

Description

LAXX-KW

LAXX-KX

LAXX-KY

LAXX-LG

LAXX-KH

Selective
Addressing

Auto Answerback
and Auto LF
Options

Forms Control and
Vertical and
Horizontal Tabs

EIA/CCITT
Interface

DF11 Mounting Kit

DEVICE SELECT
and SELECT AVAIL
Lamps

HERE IS, AUTO LF

Keyboard Keys

None

None

The Selective Addressing Option
allows the LA 36 to communicate with
other terminals on a single data com- .
munications channel.

The Automatic Answerback Option
allows the terminal to transmit a pre-
programmed message of 20 characters
(maximum). The message is initiated
by pressing the HERE IS pushbutton,
or upon receipt of the ENQ control
code from another device. The
LAXX-KX also incorporates the fea-
tures of the Auto LF Option (LAXX-
LA).

The Forms and Tabbing Option
enables the terminal to set horizontal
and vertical tab positions either local-
ly or via the system software. This
option also incorporates features of
the Top of Forms Option (LAXX-
KV) and operates in the same manner.

The LAXX-LG interface provides the
user with an RS/232-C interface with
modem control and includes a 3.54 m
(9 ft) cable terminated with a standard
EIA connector.

The DF11 Mounting Kit enables the
user to mount one of the DIGITAL

series DF11 communication options
in the LA36.
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Table 1-8 LA36 Options (Cont)

Options

Name

Switch/Indicator

Description

LAXX-KJ

LAXX-KK

LAXX-LZ

LAXX-LH

LAXX-LK

LAXX-KG

LAXX-LN

Compressed Font
Option

14-Key Numeric
Keypad

Paper Out

Current Loop Cable

Current Loop Cable

EIA Interface

Scale, Pointer, and
Window Kit

None

Keyboard Keys

PAPER OUT Lamp

None

None

None

Column Scale, Line

Indicator, and
Column Pointer

The Compressed Font Option is a
mechanical option that provides the
LA36 with the ability to print 132 col-
umns on a form 21.59 cm (8-1/2 inch-
es) wide.

The 14-key numeric keypad is located
to the right of the keyboard and pro-
vides the operator with a convenient
method of entering mathematical
number sequences.

Provides a visual indication for a
paper-out condition. Prevents key-
board and received data from
printing.

20 mA current loop with Mate-N-
Lok.

20 mA current loop with 4-pin plug
for DECI0.

The LAXX-KG interface includes a
3.54 m (9 ft) cable terminated with a
standard EIA connector (no modem
control features).

Operator convenience items that assist
in positioning the print head on pre-
printed forms and in locating horizon-
tal tabs.
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Table 1-9 LA3S Options

Option Name Description
LAXX-LB | Expander Option The Expander Option Mounting Kit includes the logic,
Mount cables, and mounting hardware required to expand the LA35

to include options LAXX-LA, LAXX-KV, LAXX-KW,
LAXX-KX, LAXX-KY, and LAXX-PK.

LAXX-PK | APL/ASCII Dual This option provides an APL alternate character set for use
Character Set with the standard character set in the LA35.

LAXX-LA | Auto LF After CR The LAXX-LA option causes the printer to execute a line
feed after each received carriage return code.

LAXX-KV | Top of Forms Controls mounted under the top cover provide the operator
Control with a method of selecting the length of the paper to be used.
After the desired setting is selected and the paper is lined up
for proper vertical alignment, the operator presses the SET
TOP OF FORM switch so that the internal logic will be pre-
set to this paper length as defined by the operator.

LAXX-KW | Selective The Selective Addressing Option allows the LA35 to operate
Addressing with other terminals on a single data communications

channel.
LAXX-KX | Auto Answerback The Automatic Answerback Option allows the terminal to
and Auto LF transmit a preprogrammed message of 20 characters (max-
Options imum). The message is initiated upon receipt of the ENQ

control code from another device. The LAXX-KX may be
configured to incorporate the features of the Automatic Line
Feed Option (LAXX-LA).

LAXX-KY | Forms Control, The Forms and Tabbing Option enables the printer to set
Vertical and horizontal and vertical tab positions via the system software.
Horizontal Tabs This option also incorporates features of the Top of Forms

Option (LAXX-KYV) and operates in the same manner.
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Table 1-9 LA3S Options (Cont)

Option

Name

Description

LAXX-LM

LAXX-LG

LAXX-KH

LAXX-KJ

LAXX-LC

LAXX-LH
LAXX-LK
LAXX-KG

LAXX-LN

Acoustic Coupler

EIA/CCITT
Interface

DF11 Mounting Kit

Compressed Font
Option

TTL TO CCITT
(V28 Converted and
Modem Protector
Current Loop Cable
Curent Loop Cable
EIA Interface

Scale, Pointer, and
Window Kit

The acoustic coupler provides an interface between a tele-
phone and the DECwriter.

The LAXX-LG EIA/CCITT interface provides the user with
an RS232-C interface with modem control and includes a
3.54 m (9 ft) cable terminated with a standard EIA connector.

The DF11 Mounting Kit enables the user to mount one of the
DIGITAL series DF11 communication options in the LA3S5.

The Compressed Font Option is a mechanical option that
provides the LA35 with the ability to print 132 columns on a
form 21.59 cm (8-1/2 inches) wide.

The TTL to CCITT (V28) converter and modem protector is
a BPO DATEL services interface that meets the requirements
of CCITT (V28), with BPO-required modem protection
circuitry.

20 mA current loop with Mate-N-Lok
20 mA current loop with 4-pin plug for DEC10

The LAXX-LG interface includes a 3.54 m (9 ft) cable termi-
nated with a standard EIA connector.

These are operator convenience items that assist in position-
ing the print head on preprinted forms and for locating hori-
zontal tabs
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CHAPTER 2
INSTALLATION AND CHECKOUT GUIDE

2.1 GENERAL

This paragraph contains the step-by-step procedures for unpacking and unit checkout to ensure that
the unit was not damaged during shipment and that the unit is operating properly prior to connection
to the communication system.

The DECwriter should be installed in an area that is free of excessive dust, dirt, corrosive fumes, and
vapors. To ensure that the unit has proper ventilation and cooling, the ventilation openings on the side
of the cabinet should not be obstructed. A minimum 10.2 cm (4 inch) clearance between units must be

maintained at all times. Adequate service clearance must also be provided for servicing the unit. (Refer
to Figures 2-1 and 2-2.) ’
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2.2 UNPACKING AND INSPECTION
The following procedure outlines the steps required for unpacking and inspecting the DECwriter.

1.
2.

Cut the nylon retaining straps from around the shipping carton and discard them.
Remove the outer cardboard shipping container.

Remove all shock-absorbing material and packing from around the DECwriter (Figure 2-3).
Remove the poly bag from the printer.

Remove the foam key protector pad from the keyboard (LA36).

Loosen and remove the hex-head bolt securing the wooden leg brace to the skid assembly.
Remove the microfoam from around each leg of the DECwriter.

Carefully inspect the DECwriter cabinet, keyboard, and carriage assembly for possible ship-
ping damage. Inspect and check the enclosed packing list for lost or missing items. Report

any damage or missing items to the local DIGITAL Field Service Office or Sales Office and
to the local carrier.

Remove the printer from the wooden shipping skid and place it in the desired location.

Lift the DECwriter top cover assembly; clip and remove the nylon cable tie securing the
print head assembly (Figure 2-4). Remove the caution tag.

7555-10

Figure 2-4 Cable Tie Location
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10. Install and adjust the leveling feet on the DECwriter legs.
11. If necessary, wipe all outer surfaces with a clean, soft, lint-free cloth.

12. Connect the interface cable to the user’s equipment. (See the DECwriter Interface
Information.)

NOTE
Site plans are not supplied by Digital Equipment
Corporation. Interface logic connections must be
specified and provided by the system supplier or the
customer because each installation may be different.

2.3 PACKING PROCEDURE

If it becomes necessary to ship your DECwriter to another location, repack it per the following
procedure.

1. Remove the ribbon and paper.

2. Using a nylon cable tie, secure the print head assembly to prevent movement while in transit.
3. Pack the DECwriter as shown in Figure 2-3.

2.4 EASY IDENTIFICATION OF LOGIC BOARDS

There are three possible logic board models that can be installed in a DECwriter: M7722, M7723, and
M7728. The M7722 board is typically factory installed in earlier LA36s while the M7723 and M7728
boards are found in newer terminals. The M7728 performs all functions of the M7722 and M7723 and
is backward compatible for a direct replacement for either board. Replacing either board with an
M7728 does not enhance the capabilities of the terminal in which the M7728 board is installed.

Figure 2-5 shows the obvious physical differences between the three logic boards that permit easy
identification. The M7722 and M7723 boards each have four connectors while the M7728 has five

connectors. The M7723 and M7728 boards have solder dot test points around the perimeter and the
M7722 does not have these test points.

SOLDER DOTS
TEST POINTS

AN

ece0cccccscccccce doo R

M7722 E M7723 .: E M7728 E

LOGIC BOARD : LOGIC BOARD : : LOGIC BOARD :

@ Eq I? Fﬂ\ E?o,@o?oﬁoooocz S?oﬁ.@oﬁo?os

5
4 CONNECTORS CONNECTORS

CP-2391

Figure 2-5 Physical Characteristics of M7722, M7723, and M7728 Logic Boards
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2.5 INTERFACE INSTALLATION
1. Connect one of the following DECwriter interfaces.

NOTE
For additional installation information, refer to the
LA36/LA35 DECwriter II User’s Manual, EK-
LA3635-0P-002.

e Current loop cable (see Table 1-7 for interface specifications); connect per Figure 2-6.
e DECIO0 current loop cable; connect per Figure 2-7.

¢ EIA cable (LAXX-KG); connect per Figure 2-8.

¢ EIA cable (LAXX-LG); connect per Figure 2-8

® Acoustic coupler cable (LAXX-LM); connect per Figure 2-9. For additional acoustic
coupler installation information, refer to LAXX-LM-4 Installation Procedure.

NOTE
Site plans are not supplied by Digital Equipment
Corporation. Interface logic connections must be
specified and provided by the system supplier or the
customer because each installation may be different..

2. Check and record the options installed in the DECwriter.

2.6 M7722 JUMPER CONFIGURATION
Figure 2-10 shows the location and function of all jumpers on the M7722 logic board.

2.7 M7723 JUMPER CONFIGURATION
Figure 2-11 shows the location and function of all jumpers on the M7723 logic board.

2.8 M7728 JUMPER CONFIGURATION
Figure 2-12 shows the location and function of all jumpers on the M7728 logic board.
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(TO USERS
EQUIPMENT)

PINNING
FROM | TO
P1-2 | P2-3
P1-3 | P2-2
PI-5 | P2-7
PI-7 | P2-5

Figure 2-6 DECwriter Current Loop Cable Connection
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283B CONNECTOR

(TELEPHONE
o~ CONNECTOR)

CP-2042

Figure 2-7 DECwriter DEC10 Current Loop Cable Connection



STANDARD EIA MODEM - TERMINAL INTERFACE CONNECTIONS

SENTTO
DATA TERMINAL DATA
EIA CIRCUIT EQUIPMENT COMMUNICATIONS

PIN NAME FUNCTION DESIGNATION (DECwriter) EQUIPMENT

1 FG FRAME GROUND AA

2 0 TRANSMITTED DATA BA X

3 RD RECEIVED DATA BB X

4 RTS REQUEST TO SEND (NOTE 1) CA X

7 SG SIGNAL GROUND AB

8 DCD DATA CARRIER DETECT (NOTE 2) CF X
11 NONE UNASSIGNED NONE
20 DTR DATA TERMINAL READY (NOTE 1) CcD X
22 RI RING INDICATOR (NOTE 2) CE X
NOTES:

REQUEST TO SEND AND DATA TERMINAL READY ALWAYS ASSERTED ON LAXX-KG.
DATA CARRIER DETECT AND RING INDICATOR NOT USED ON LAXX-KG.

POSITIVE VOLTAGE EQUALS BINARY ZERO, SPACE, ON.

NEGATIVE VOLTAGE EQUALS BINARY ONE. MARK, OFF.

hON =

J4(PINNING 8-1)
(M7722, M7723,M7728)

LAXX-KG or LG

TO USERS
EQUIPMENT

CP-2046

Figure 2-8 DECwriter EIA Logic Board Connection
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Figure 2-9 Acoustic Coupler Cable Connection
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JUMPER w2 w3 wa ws we w7 ws we wi2 | waz | wsa \ \ \ \ \ l / /
FULL-DUPLEXACTIVE | 0 0 0 o 1 1 1 1 o 1 1
FULL-DUPLEX 1 1 1 1 0 0 o [ 0 o 0 \ \ \ -~ /
PASSIVE
PASSIVE RECEIVE/ 1 1 0 0 1 o 1 0 o o 1 e e ol aeanad]] Ja
ACTIVE TRANSMIT
4] g2 [o o
ACTIVE RECEIVE/ o 0 1 1 o 1 0 1 0 1 0 \ :
PASSIVE TRANSMIT
HALF-DUPLEX 1 1 1 1 1 ) 0 1 0 0 0 i\ | [ces ( =[]"' c86
- | {Tew) ek
HALF-DUPLEX 1 1 1 1 0 0 0 0 0 0 0 PN r 0 ¢ D = B <
PASSIVE" — ﬂ ﬂ
a— [j a3 rR71 770 QD i‘E [jt] E62 ¢[3 E66
+CONNECT USER-MANUFACTURED CABLE BETWEEN J3-3 AND 5 AND OPERATING SYSTEM. =l ES9 ] i E
LEGEND: z
1 = JUMPER INSTALLED. {1 - —
0 = JUMPER NOT INSTALLED. < £55 b
h o
T (o)
oy ooty o[ 0
by
-

-
coo

FUNCTION w10
(-
8TH BIT MARKING 0 ﬁ 4
(NO PARITY) <~ < g p 2 o o o p—
EVEN PARITY 1 ; E ; 1
g
ﬂ ; ‘ : B
4
LEGEND: E { 1 mj ﬂD QU

1 = JUMPER INSTALLED.
0 = JUMPER NOT INSTALLED.

M7722 BELL VOLUME
W1 INSTALLED - STANDARD BELL VOLUME
W1 NOT INSTALLED - LOWER BELL VOLUME

0 .30
— VR —

) R —
20 0

R e T —T
=

0 30

Oaiaia
-

CP-3142

Figure 2-10 Location of Jumpers
on M7722 Logic Board
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JUMPER CONFIGURATIONS FOR M7723 LOGIC BOARD

FUNCTION wa w3 w4 Wt wé w7 ws we w13 w14
FULL-DUPLEX ACTIVE 0 0 (1] o 1 1 1 1 1 1
FULL-DUPLEX PASSIVE 1 1 1 1 o o o 0
PASSIVE RECEIVE/ 1 1 0 0 1 o 1 (1] 1
ACTIVE TRANSMIT

ACTIVE RECEIVE/ 0 0 1 1 o 1 0 1 1 0
PASSIVE TRANSMIT

HALF-DUPLEX ACTIVE* 1 1 1 1 1

HALF-DUPLEX PASSIVE* 1 1 1 1 (1] 0 o

*CONNECT USER-MANUFACTURED CABLE BETWEEN J3-3 AND 6 AND OPERATING SYSTEM.

FUNCTION W10 W11 | W16
8TH BIT MARKING 0 X 0
8TH BIT SPACING [} X 1
EVEN PARITY 1 (] X
ODD PARITY 1 1 X
LEGEND

1 = JUMPER INSTALLED

0 = JUMPER NOT INSTALLED

X = DO NOT CARE
W1 INSTALLED STANDARD BELL VOLUME
W1 NOT INSTALLED LOWER BELL VOLUME

W12 NOT USED NO FUNCTION

w11 W16

8142-1

Figure 2-11 Location of Jumpers
on M7723 Logic Board
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JUMPER CONFIGURATIONS FOR M7728 LOGIC BOARD w1

w9
FUNCTION w2 W3 w4 W6 wWé w7 ws W9 w13 | wise
FULL-DUPLEX ACTIVE 0 o 0o o 1 1 1 1 1 k 1
FULL-DUPLEX PASSIVE 1 1 1 1 o 0 o 0 o 0
PASSIVE RECEIVE/ 1 1 o ] 1 0 1 0 0o 1
ACTIVE TRANSMIT
ACTIVE RECEIVE/ 0 o 1 1 o 1 o 1 1 ' 0
PASSIVE TRANSMIT 5
HALF-DUPLEX ACTIVE® 1 1 1 1 1 0 0 1 o 0
HALF-DUPLEX PASSIVE* 1 1 1 1 /] o] 0o o o | 0

*CONNECT USER-MANUFACTURED CABLE BETWEEN J3-3 AND 56 AND OPERATING SYSTEM.

w17

FUNCTION wio | wi wis
8THBITMARKING | © x 0 } ——
8TH BIT SPACING ) X 1
EVEN PARITY 1 0 X
0DD PARITY 1 1 X wie
LEGEND:

1 = JUMPER INSTALLED.

0 = JUMPER NOT INSTALLED.

X = DO NOT CARE.

FUNCTION wis | wis | wa2o

PRINT PARITY ERROR 1 0 1

INDICATION

EIGHT BIT CONTROL OVER 0 1 0

OPTIONS

(NO PARITY DETECTION)
W1 INSTALLED STANDARD BELL VOLUME
W1 NOT INSTALLED LOWER BELL VOLUME
W12 INSERTED PRINT ALL CHARACTERS TYPED

WHETHER LOCAL OR ON LINE IN FULL
OR HALF DUPLEX

W12 NOT INSTALLED POSITION OF FDX/HDX SWITCH
ESTABLISHES WHETHER TRANS-
MITTED CHARACTERS ARE PRINTED

W16 NOT USED NO FUNCTION
W17 NOT USED NO FUNCTION

tadecooe

W20 wn W19 W18 W10 W15

8142-2

Figure 2-12 Location of Jumpers
on M7728 Logic Board
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2.9 LA36 CHECKOUT AND ACCEPTANCE PROCEDURES

Perform the following procedure. If the desired results are not achieved, refer to the troubleshooting
guide in Chapter 6 (Table 6-4).

1.
2.

Install ribbon per ribbon installation procedure (Chapter 3).
Install paper per paper loading procedure (Chapter 3).

CAUTION
Before connecting the LA36 to a power source,
ensure that the line voltage and frequency are com-
patible with the power requirements of the machine.
Ensure that the POWER switch on the console is
OFF.

Connect the LA36 line cord to the correct wall receptacle; press the control panel POWER
switch to the ON position. The print head automatically positions itself to the left margin.

Set the baud rate to 300 and the LINE/LOC switch to LOC.

Press the LINE FEED key, hold down the CTRL key, and then press the BELL key. The
stepping motor will advance the paper one line and the bell tone will sound. Type a line of
characters. When the print head passes the 64th character position, the bell tone will sound.

Press the BACKSPACE key. The print head will move one character position to the left.

After 132 characters have printed, press the RETURN key and observe the return of the
print head to the “home” position.

Set the BAUD RATE switches to the setting prescribed for the operating system.
NOTE

Both the 110 and 300 BAUD RATE switches must
be depressed to obtain a baud rate of 150.

2.10 LA35 CHECKOUT AND ACCEPTANCE PROCEDURES

Perform the following procedure. If the desired results are not achieved, refer to the troubleshooting
guide in Chapter 6.

1.
2.

Install ribbon per ribbon installation procedure (Chapter 3).
Install paper per paper loading procedure (Chapter 3).

CAUTION
Before connecting the LA3S to a power source,
ensure that the line voltage and frequency are com-
patible with the power requirements of the machine.
Ensure that the POWER switch on the console is
OFF.

2-13



Connect the LA35 line cord to the correct wall receptacle; press the control panel POWER
switch to the ON position. The print head automatically positions itself to the left margin.

Set the BAUD RATE switches to the applicable baud rate.
Set the LINE/LOC switch to LINE.

Run the applicable software and observe printout for the desired results.

2-14



CHAPTER 3
OPERATION

3.1 LA36 OPERATOR CONTROLS AND INDICATORS

NOTE
Dot on switch indicates function of switch when
depressed.

ALY  PAPER DEVICE SELECT

STD.
HARACTER SEY  OUT  SELECT AVAIL

7622-28

3.1.1 POWER ON/OFF Switch

The POWER ON/OFF switch connects and disconnects the line voltage to the LA36 DECwriter II.
The POWER switch should be in the ON position for normal unit operation. When changing paper,
ribbon, or adjusting the print head, the switch should be turned OFF.

3.1.2 LINE/LOC Switch

The LINE/LOC switch is a 2-position operator control switch. When in the LINE position, the LA36
is enabled to transmit and receive data. When in the LOC position, the LA36 receive/transmit lines are
disabled and only local operations can be performed.

3.1.3 FDX/HDX Switch

The FDX/HDX switch controls the printing of transmitted keyboard characters. When in the FDX
position, characters typed on the keyboard are transmitted; only received characters are printed. When
in the HDX position, keyboard characters are both transmitted and printed; received characters are
also printed. The operator should not attempt to transmit data when receiving data in the HDX mode.
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7622-28

3.1.4 BAUD RATE Switches

The BAUD RATE switches select the rate at which characters are transmitted and received over the
communication line.

Switch Character Rate

110 10 characters/second
300 30 characters/second
110 and 300 15 characters/second

3.1.5 ALT CHAR SET Switch
When an alternate character set is installed, the ALT CHAR SET switch allows the operator to select
either the standard ASCII character set (switch up) or the alternate character set (switch down).

3.1.6 CHAR SET LOCK Switch

The CHAR SET LOCK switch allows the operator to select manual (switch down) or automatic
(switch up) character set switching. In the automatic mode, the transmitting device can change the
character set by issuing the character codes switch in (control-O) or switch out (control-N). The
switch-in code selects the standard ASCII character set. The switch-out code selects the alternate
character set. In the manual mode, the character set is selected by the ALT CHAR SET control switch.

3.1.7 STD/ALT CHARACTER SET Indicators
The STD/ALT CHARACTER SET indicators give a visual indication of the selected character set. If

no alternate character set option is installed, the STD indicator will always be illuminated when power
is on.

3.1.8 AUTO LF Switch

The AUTO LF switch is an optional operator control that is inoperative unless option LAXX-LA or
LAXX-KX is installed in the LA36. When either option is installed and the AUTO LF switch is
enabled, an LF control code will be transmitted each time a carriage return code is transmitted.

3.1.9 HERE IS Switch

The HERE IS switch is an optional operator control that is inoperative unless option LAXX-KX is
installed in the LA36. When the LAXX-KX is installed, depressing the HERE IS switch will cause a
20-character preprogrammed message to be transmitted.

3.1.10 PAPER OUT Indicator
When illuminated, the PAPER OUT indicator glves a visual indication that the LA36 is out of paper.
Printing stops when the out-of-paper condition is detected.
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7622-28

3.1.11 DEVICE SELECT Indicator

The DEVICE SELECT indicator, when illuminated, gives a visual indication that the LA 36 has been
selected as a slave terminal and can transmit data back to the transmitting unit. This indicator is only
operative when the Selective Addressing Option LAXX-KW is installed in the LA36.

3.1.12 SELECT AVAIL Indicator

The SELECT AVAIL indicator gives a visual indication that the data communication channel is
available and that the LA36 has the ability to initiate data transmission. This indicator is only oper-
ative when the Selective Addressing Option LAXX-KW is installed in the LA36.

3.1.13 CTRL Key

The CTRL key provides the LA36 operator with a method of transmitting ASCII control codes
(0005-0375). Holding the CTRL key down and pressing any alphanumeric key or control key changes
the standard alphanumeric ASCII code for that key to a control code (000s-0375).

3.1.14 CAPS LOCK Key
The 26 letter keys transmit only uppercase when the CAPS LOCK switch is down. None of the other
keys are affected.

3.1.15 SHIFT Key
This is a momentary switch which, when depressed, allows selection of uppercase for all printable
characters.

3.1.16 TAB Key
The printer does not respond to TAB (code 0115) unless option LAXX-KY is installed.

3.1.17 ESC (SEL) Key
The ESC (SEL) key generates code 033s. This provides the LA36 operator with a convenient method of

generating an escape command code sequence. The printer does not respond to the escape code unless
option LAXX-KY is installed.

3.1.18 REPEAT Key

The REPEAT key does not generate an ASCII code. However, when the REPEAT key is held down
and any key is depressed, it causes the ASCII code for that character to be transmitted and printed at a
repetition rate of approximately 15 characters/second (until the key is released).
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3.1.19 RETURN Key

The RETURN key generates code 0155. The printer control logic causes the print head to be reposi-
tioned to the left-hand margin each time the carriage return character code is received. If a line feed
(LF) character code follows the carriage return code, the line feed operation is executed simultaneously
with the carriage return. With options LAXX-LA or LAXX-KX installed, the capability of adding a
line feed command after the carriage return is included.

3.1.20 LINE FEED Key

The LINE FEED key generates code 0125. The printer will advance the paper one line each time the
LF code is received.

NOTE
Rapid paper advance can be obtained by placing the
LA36 in the local mode and pressing the LINE
FEED and REPEAT keys.

3.1.21 BACKSPACE Key
The BACKSPACE key generates code 010s. The printer control logic causes the print head to move

one position to the left each time a BACKSPACE code is received, until the print head reaches the left-
hand margin.

3.1.22 DELETE Key
The DELETE key generates code 177s. The printer does not respond to the delete code.

3.1.23 BREAK Key

The BREAK key is provided for users that utilize the half-duplex mode of transmission. The BREAK
key allows the LA 36 operator to interrupt incoming data flow by forcing the communication line from
a mark mode into the space mode (until the BREAK key is released). If the LAXX-LG EIA interface
is installed, a short space (230 ms) will be generated.
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3.1.24 Numeric Keypad

The numeric keypad enables numbers to be
entered in an adding machine fashion. Each key
in the numeric keypad generates the same ASCII
character as the corresponding key in the main
keyboard. The ENTER key corresponds to the
RETURN key.

7622-9

3.1.25 Bell
The bell indicates that a bell code was received, or that the print head has reached column 64.
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3.2 LA35 OPERATOR CONTROLS AND INDICATORS

NOTE
Dot on switch indicates function of switch when
depressed.

BAUD RATE

v 150 ¥

P NaTs

7666-22

3.2.1 LINE/LOC Switch

The LINE/LOC switch is a 2-position operator control switch. When in the LINE position, the LA35

is enabled to receive data. When in the local mode, the LA35 receive line is disabled and only local
operations can be performed.

3.2.2 BAUD RATE Switches

The BAUD RATE switches select the rate at which characters are received over the communication
line.

Switch Character Rate

110 10 characters/second
300 30 characters/second
110 and 300 15 characters/second

3.2.3 PAPER OUT Indicator

The PAPER OUT indicator, when illuminated, gives a visual indication that the LA35 is out of paper.
Printing stops when the out-of-paper condition is detected.

3.2.4 POWER ON/OFF Switch

The POWER switch connects and disconnects the line voltage to the LA35 DECwriter. The POWER
switch should be in the ON position for normal unit operation. When changing paper, ribbon, or
adjusting the print head, the switch should be turned OFF.

3.2.5 HEAD OF FORM Switch

This switch is operational only when the Top of Form Option is installed. Its function is to advance the
paper to the head of the form.

3.2.6 Bell
The bell indicates that a bell code was received.
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3.3 LA36/LA35 COMMON CONTROLS

3.3.1 Carriage Adjustment Lever
The Carriage Adjustment lever controls the

print head gap for single-part or multipart
forms.

CARRIAGE
ADJUSTMENT

LEVER

7666-16

3.3.2 Paper Advance Knob

The Paper Advance knob pushes in to disengage
the line feed gear train, allowing fine vertical
adjustment of paper position. Coarse vertical
adjustment is achieved by simply turning the
knob. Each detent turned represents one line.

[

PUSH IN HERE
AND TURN TO
ADJUST PAPER
VERTICALLY

PAPER
ADVANCE
KNOB

7595-4

37



3.3.3 Tractor Adjust Knob

The Tractor Adjust knob allows fine horizontal
adjustment of forms.

TRACTOR
ADJUST

7595-7

3.3.4 Cover Interlock Switch

The cover interlock switch prevents the LA36 from operating when the cover is open. When the cover

is opened, the PAPER OUT indicator will light and the keyboard will become inactive. The
LINE/LOC switch or the POWER ON/OFF switch can be used to reactivate the LA36.



3.4 LOADING PAPER AND NEW FORMS
The LA36/LA35 can accept multipart forms, with widths from 7.62 to 37.8 cm (3 to 14-7/8 inches).
When loading new forms, it is necessary to perform two adjustments:

1. Paper Positioning (Paragraph 3.4.1)
2. Impression Adjustment (Paragraph 3.4.2).

In addition, there is a horizontal positioning (Paragraph 3.4.3) and vertical positioning adjustment
(Paragraph 3.4.4). The horizontal positioning adjustment allows the paper to be slightly shifted left or
right. This procedure is especially useful when typing on preprinted forms with defined horizontal
zones. The vertical positioning adjustment enables the paper to be adjusted vertically. Once these
adjustments have been performed, reloading paper (Paragraph 3.4.5) becomes quick and simple,
requiring a minimum of interruption.

3.4.1 Paper Positioning Procedure
1. Set the POWER switch to OFF.
2. Lift the cover.

3. Place the tractor-feed paper on the floor
between the legs of the LA36/LA35. (The
term tractor-feed refers to the holes on
either side of the paper.)

NOTE
Ensure that the leading edge of the forms is
directly below and parallel to the feed slot.

7666-14
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4. Open the left tractor cover so that the trac-
tor pins are exposed.

5. Move the Carriage Adjustment lever to the
highest number (toward operator).

7666-32

CARRIAGE
ADJUSTMENT
LEVER

7666-16
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10.

11.

Feed the paper through the load channel
under the terminal and align the left paper
margin holes over the left tractor pins.

Close the left tractor cover.

Loosen the Tractor Adjustment knob on
the right tractor about 1/2 turn.

Open the right tractor cover and slide the
tractor to a position where the holes on the
right paper margin align directly over the
tractor pins.

Close the tractor cover.

NOTE
Ensure that the paper does not pull against
the tractor pins or bow in the middle.

Tighten the tractor adjustment, and pro-
ceed to the impression adjustment (Para-
graph 3.4.2).

7666-33
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3.4.2 Impression Adjustment

NOTE

The Carriage Adjustment lever is normally set for-
ward (to notch number 1) for single-thickness
paper. The following procedure is applicable only
to multipart forms.

1.
2.

Set the POWER switch to OFF.

Set the Carriage Adjustment lever to the
number corresponding to the number of
parts in the form.

Turn the Paper Advance knob counter-
clockwise while moving the Carriage
Adjustment lever forward one notch at a
time until the paper smudges; then move
the lever back one notch at a time until the
paper no longer smudges.

Set the POWER switch to ON and resume
operation.

NOTE
If the impression is unsatisfactory due to a
worn ribbon, perform the ribbon installation
procedure (Paragraph 3.5). An indication of
a worn ribbon is that the first copy in a multi-
part copy is poor but the remaining copies
are good.
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3.4.3 Horizontal Positioning Adjustment

The horizontal positioning adjustment enables
the paper to be shifted left or right [1.27 cm (1/2
inch), maximum]. Shifting the paper provides a
simple means of aligning the type within the
appropriate columns on the paper.

1.
2.

Set the POWER switch to OFF.

Lift the cover and loosen both Tractor
Adjustment knobs about 1/2 turn.

Move the tractors the desired amount [1.27
cm (1/2 inch), maximum] to have charac-
ters type in the appropriate columns.

Tighten the Tractor Adjustment knobs.
NOTE

Ensure that the paper does not pull against
the tractor pins or bow in the middle.

3.4.4 Fine Vertical Positioning

For fine vertical positioning, press in and turn
the Paper Advance knob.
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3.4.5 Reloading Paper

1.

2.

Set the POWER switch to OFF.
Lift the cover.

Place the tractor-feed paper on the floor
between the legs of the LA36/LA3S.

Open both tractor covers so that the tractor
pins are exposed.

NOTE
Ensure that the leading edge of the forms is
directly below and parallel to the feed slot.

Feed the paper through the load channel
under the terminal and align the paper
holes over the tractor pins.

Close the tractor covers.
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3.5 RIBBON INSTALLATION

The printer ribbon should last for 16 to 20 hours of actual printing at 30 characters/second (about 2
million characters). After 12 hours, or when the print density becomes too light, remove both ribbon
spools from their drive spindles and turn the whole assembly over so that the previous lower edge of
the ribbon is now on top. After rethreading the ribbon, another 8 hours (approximately) of printing
time is possible before the ink is completely used. At that time, the ribbon must be replaced by remov-
ing both spools and unthreading the ribbon. Replace with a new spool and ribbon assembly (Part No.
36-10558) and an empty spool. (One of the old spools may be used if desired.)

NOTE
Use only DIGITAL-recommended ribbons (Part No.
36-10558). Use of other ribbons can cause damage
and void machine warranty.

1. Set the POWER switch to OFF and lift the
cover.

2. Record the setting of the Carriage Adjust-
ment lever. Move the Carriage Adjustment
lever to the highest number.

3. Remove the ribbon spools and ribbon.
Save one spool to be used with the new
ribbon.

7666-32
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4. Connect the hook on the end of the ribbon
to the empty spool.

5. Wind 10 turns of ribbon on the empty
spool.

RIVET
7666-21

7622-22
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10.
1.
12.

CARRIAGE LEVER ADJUSTMENT
CP-2006

Place the full spool on the left spindle and turn clockwise until it drops into position.

Guide the ribbon around idler spool A through guide B, and around the outside of idler spools C
through E.

Guide around the front of head F and idler spools G through I.
Guide the ribbon through slot J (direction changing guide) and around idler spool K.
Turn the spool clockwise until it drops into position.
Take up the slack in the ribbon by turning the free moving spool.
Return the Carriage Adjustment lever to its original setting.
NOTE
The rivet located on the ribbon must be on the spool
or between the spool and the direction changing

guide.

Ribbon can be threaded in the opposite direction
(from K to A).
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3.6 DECwriter INTERFACE
INFORMATION

3.6.1 Interface Description

NOTE
The LA3S5 and LA36 have identical interfaces.
However, the LA3S utilizes only the receive
circuitry.

There are three interface option kits available
for the DECwriters: LAXX-LH, 20 mA Cable
Option Kit; LAXX-LK, 20 mA Cable Option
Kit (DEC10); LAXX-LG, EIA Interface Option
Kit. Refer to Chapter 2 of this manual for instal-
lation instructions for these interfaces.

3.6.2 Interface Specifications

The interface specifications for the DECwriter
serial 20 mA current loop are shown below.
Transmitter (LA36 only)

Passive, isolated, goes to mark state when power
is turned off.

Min. Max.
Open circuit voltage 50V 40V
(of circuit being driven)
Voltage drop, marking 0.5v 20V
Spacing current 04mA 2.0mA
Marking current 20mA 80mA
Receiver
Passive, isolated

Min. Max.
Voltage drop, marking 1.2V 27V
Spacing current 0.0mA 3.0mA
Marking current 15SmA 80mA
Cable

4-conductor LAXX-LH or LAXX-LK
[Cable extension up to 492 m (1500 ft) is
permitted]

100ms

8  PARITY
DATA MSB
BITS ]

STOP
BITS

'
[}
£

r110 BAUD

r150 BAUD

START DATA STOP > 300 BAUD
BIT J"'SB TS MSB] BIT
T | -
hm— TTTTTTT T
l— | T T R B | |
| i | | | | | |
[ S R N N G| g
-+ |3.33ms
ce-177
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Serial Interface Timing Diagram

Receiver/Transmitter (LA36 only)

Active, half-duplex

Voltage drop, marking
Spacing current
Marking current

Min. Max.
1.7V 47V
0.0mA 3.0mA
15SmA 80mA



3.7 PROGRAMMER'’S GUIDE
3.7.1 LA36 Programmer’s Information

|
NOTE :
All information in this paragraph is applicable to L
the LA35, with the exception of keyboard oper-
ations (Paragraph 3.7.3). This is due to the fact r
that the LA36 and LA3S5 receive operations and : L OUTGOING
baud rates are identical. | | KEYBOARD TRANSMITTER :._ DATA
1
L

1
1
PRINT INCOMING
HEAD BUFFER | |RECEIVER K:DAH
|
Jd
1

3.7.2 Transmitting Characters and Commands
The only way an operator can transmit data is LAS6E
by typing keys on the keyboard. The 7-bit ASCII cp-ties
equivalent of each key is transmitted the instant

a key is depressed.

3.7.3 Special Command Keys

3.7.3.1 CTRL Key - Holding down the CTRL key changes the ASCII code transmitted when another
key is typed in that it forces bits 6 and 7 to 0. For example, the ASCII code for the letter “g” is 147
(1100111).

Bits 6 and 7

Holding down the CTRL key and typing the “G” key transmit the ASCII Wl 11).

Bits 6 and 7 are forced to 0

The CTRL key enables the LA36 operator to transmit all ASCII control codes (000-037).

3.7.3.2 BREAK Key - The BREAK key is commonly used to manually interrupt the flow of data
coming to the LA36. The function of the BREAK key is to cause the transmitted data signal from the
LA36 to go to the space condition while the BREAK key is depressed. If the LAXX-LG EIA/CCITT
interface is installed, then the BREAK signal is limited to approximately 230 ms.

3.7.4 Receiving Characters and Commands

The DECwriter receives commands as well as characters to be printed in the form of 7-bit ASCII
codes.

Normally, the DECwriter prints characters and processes commands as fast as they are received. The
one exception is the return operation (moving the print head back to the left margin). Return can take
longer than the time interval between two successive data inputs. This is a normal condition for
mechanical devices, which are slower than electronic signals. The normal programming practice is to
compensate for this time lag by using filler characters (such as ASCII 000) to take up slack time.

In the LA35 and LA36, it is necessary that a single nonprinting, nonspacing character be sent after a
carriage return or that carriage return is followed by 33.33 ms of idle (marking) line time.

The nonprinting, nonspacing character requirement is fulfilled by the line feed, (LF) code which nor-
mally will follow CR. The LF function will be executed simultaneously with CR.

Additional CR characters sent without an intervening character that causes printing or spacing will be
disregarded.

Table 3-1 lists the 7-bit ASCII codes used by the DECwriter and indicates the operations performed by

the printer. Note that some ASCII codes, though generated by the keyboard, are not recognized by the
printer.
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Table 3-1 ASCII Codes and Responses

KEYBOARD OPERATIONS RECEIVE OPERATIONS
To Transmit, Type Key(s) (LA36)
Character
ASCII Code | Character SHIFT* CTRL* | CHAR Printed Action/Description
000 NUL Vv v SPACE None None
001 SOH v A P
002 STX v B f
003 ETX v C
004 EOT Vi D
005 ENQ v E v
006 ACK Vv F None )
007 BEL v BELL Sound Alarm Bell
010 BS v H Backspace one position
011 HT Vv I None
012 LF v J Advance Paper one line
013 VT Vi VT None
014 FF v FF None
015 CR v M Move print head to left margin
016 SO v N None
017 SI v 0 -
020 DLE v P
021 DC1 v Q
022 DC2 v R
023 DC3 N S
024 DC4 v T
025 NAK v U
026 SYN v \%
027 ETB v w
030 CAN vV X
031 EM v Y
032 SUB v Z
033 ESC v [
034 FS v \
035 GS V4 = %
036 RS N v ~
037 Us v v - None None
040 SP space bar Blank Spacd | Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.
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Table 3-1 ASCII Codes and Responses (Cont)

ASCII Code

Character

KEYBOARD OPERATIONS

RECEIVE OPERATIONS

To Transmit, Type Key(s) (LA36)

SHIFT*

CTRL*

CHAR

Character
Printed

Action/Description

041

042

”

"

2]

Print character, move print head
one position to the right.

043

044

045

046

047

050

~

051

N’

052

*

053

+

054

055

AU RN L L L I A N A A

056

057

060

061

062

063

064

065

066

067

070

071

o] o] QN V] HlWI =] O]

O] o] NN L BRlWI ] =] O]

clof ool Qo L] W] =] O]

072

073

074

N NAS

075

076

077

100

101

102

103

v

104

glo|=| > || V] Al

NGNS 14 I

gjo|jm{ > eV

(o (o3 i~-1 - NOY Ind AVA LN AN b

Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.
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Table 3-1 ASCII Codes and Responses (Cont)

ASCII Code

Character

KEYBOARD OPERATIONS

RECEIVE OPERATIONS

To Transmit, Type Key(s) (LA36)

SHIFT*

CTRL*

CHAR

Character
Printed

Action/Description

105

106

Print character, move print head
one position to the right.

107

N

110

111

112

113

114

115

116

117

120

121

122

123

124

125

126

127

130

131

132

& & L & & & K [ &

133

134

135

136

<

Sl—|-l—| Nj=<| x| =] <l H|wn|=m|o]7|O|Z|Z| | R| | |=]|Q)T|m

137

dila =l Nl =<l =] <l el =lwelmlo|={o]z|=z| == <~ |z|o]m]|m

A1 I l=l-] Nl =< x| =l <l 9wl m|o]m|lolz| |l R =T QT m

140

-

141

142

143

144

145

146

147

150

sl o oo | o ®

ol ol |migl o w| »

=joe | o jajo o

Print character, move print head
one position to the right.

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.
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Table 3-1 ASCII Codes and Responses (Cont)

ASCII Code

Character

KEYBOARD OPERATIONS

RECEIVE OPERATIONS

To Transmit, Type Key(s) (LA36)

SHIFT*

CTRL*

CHAR

Character
Printed

Action/Description

151

152

Print character, move print head
one position to the right.

153

154

P w!—- o

155

156

157

160

161

162

163

164

165

166

167

170

171

172

173

174

175

V=l N <] ¢ 2] <] =]« =| o] | of z| Z| =| =] <]~

Ul--l=ln]<] =g |< |||~ |e|=]|c|=]|B

176

<&

Print character, move print head
one position to the right.

177

DEL

DELETE

None

None

*A check in this column indicates the key (SHIFT or CTRL) that must be held down while the character key is typed.

If both keys are checked, then both keys must be held down.

3.8 USING THE LA36

The following steps are all that may be required to place your LA36 on-line.

e BN ol

Load paper (described in Paragraph 3.4).
Set LINE/LOC switch to LOC.
Set POWER switch to ON.
Select full-duplex or half-duplex mode (FDX/HDX switch).

Select character set (ALT CHAR SET and CHAR SET LOCK switches), if applicable.
Select AUTO LF, if applicable.
Select desired baud rate (BAUD RATE switches).
Set the LINE/LOC switch to LINE.

The LA36 is now on-line and ready to receive and transmit data.
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3.9 USING THE LA3S

Using the LA35 requires almost no operator intervention. The following steps are all that may be
required to place the LA35 on-line.

Load paper.

Set the LINE/LOC switch to LINE.

Set the BAUD RATE switches to the appliable baud rate.
Set the POWER switch to ON.

haliad S e

The LA3S is now on-line and fully operational.

3.10 TROUBLESHOOTING
Operator-related troubleshooting information is listed in Table 3-2.

Table 3-2 Operator’s Troubleshooting Guide

Symptom Possible Cause and Corrective Action
DECwriter does not turn on e AC power cord is not plugged into wall outlet - plug it in.
when POWER switch is set to
ON. e Current is not coming from wall outlet — check outlet with a

known working electrical device (such as a lamp).
e Check ac line fuse (following page).
¢ If none of the above, contact your local Field Service Office.
Print head does not print e Check servo fuse - might be blown (following page).

characters.

e Print head may be set too far from paper - adjust the Car-
riage Adjustment lever.

¢ Check option interconnect cable (Chapter 2).

Light print e Print head may be set too far from paper - adjust the Car-
riage Adjustment lever per impression adjustment procedure
(Paragraph 3.4.2).

e Ribbon ink has run out - replace ribbon.

e Reverse ribbon after 8-12 hours of continuous printing. Rib-
bon should be reversed only once, then changed.

Paper does not advance e Improper loading of paper - check tractor covers to ensure
that they are closed.

e Holes in paper are torn - turn DECwriter OFF and reload
paper properly.

® Paper snagged or caught by box.
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Table 3-2 Operator’s Troubleshooting Guide (Cont)

Symptom Possible Cause and Corrective Action

Paper tearing on multipart forms ¢ Print head is exerting pressure on paper so that paper tears
when it advances - check print head position control (adjust
Carriage Adjustment lever).

e Tension exerted on the paper by the tractors is incorrect.

Line bunching ¢ Tension exerted on the paper by the tractors is excessive.

AC LINE FUSE FUSE RATING SERVO FUSE
115V. 3A SB
230V. 15A SB

7622-21

LA36/LA35 Fuse Locations

3-25






CHAPTER 4
THEORY

This chapter contains microprogram information timing, detailed control logic theory, and mechani-
cal theory for the DECwriter II. The program description is divided into two parts. The first part
(Paragraph 4.1) is a general description supported by a flow diagram. The second part (Paragraphs
4.1.1 through 4.1.11) is a series of detailed descriptions of the routines supported by detailed flow
diagrams. A detailed description of the scratch pad memory is presented before the routine
descriptions.

The control logic theory is also divided into two parts. The first part (Paragraph 4.3) is a functional
system description supported by a block diagram. The second part (Paragraphs 4.4 through 4.13) is a
series of detailed descriptions of the functional systems supported by block diagrams and detailed logic
diagrams. Mechanical theory of operation is presented in Paragraph 4.14. The mechanical descriptions
are supported by simplified diagrams. The logic functions and signal names that are used in these
diagrams and descriptions are cross referenced to improve usability.

For example, DEC1 (Decoder 1) is a logic function that appears on a block diagram. The location of
this function in both the simplified and detailed logic diagrams is identified by the notation, MPC4
(microprogrammed controller, page 4). Signal names, SET HDE for example, are cross referenced in
the same manner, using the signal source for reference. Thus, cross reference is as follows.

DECI SET HDE

logic function signal name

Signal abbreviations are explained in Appendix C, Table C-2. This table also lists signal source and
destination information. A complete set of logic diagrams is provided in Chapter 10.

4.1 PROGRAM DESCRIPTION

The microprogram consists of several instruction sequences connected by major decision nodes as
shown in Figure 4-1.

The first sequence is the initialize (INIT) routine. This routine initializes all the control RAM locations
and moves the print head to the left margin. The next sequence is the position (POSIT) routine.
Requests for print head position changes (such as for print or carriage return) are processed. All
position information is in units of character cells and is stored in locations of the control RAM
(random access memory). In addition, indications of print head position change are processed.
(CARRY is equal to one column forward.) The SERVO routine interacts with the POSIT and SPEED
routines to correct position error. In the SPEED routine, a speed is commanded to the carriage servo
system based on the difference between actual and desired print head positions. Possible speeds
include7.62 cm/sec (3 in/sec) for normal printing, 15.24 cm/sec (6 in/sec) for catch-up mode, 127

cm/sec (50 in/sec) for carriage return, slower speeds for carriage return slowdown, and 0 in/sec for
idle. '



OVERALL FLOW
AR=0000 @ POW
START ER UP

INIT

POSIT

ENTERS
AFTER I
208 CLK
SYNC

SERVO

SPEED

INPUT

WHILE SYNC

PRINT EXIT l
ON INC.

BELL

#0 =0
COUNT

<

A B

PRINT LF NEXT Lcv

CP-1379

Figure 4-1 Microprogram Flow Diagram
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The INPUT routine operates the character buffer address register as a first-in/first-out (FIFO) memo-
ry. It uses three locations of the control RAM as read address, write address, and word count.

The BELL routine activates the bell system and times the duration of the audible tone bursts.

The PRINT routine requests print head motion and activates the print head solenoids to form the 7 X

7 dot matrix characters. The LINE FEED routine times the four steps and the settling time for the line
feed stepper sytem.

The last character visibility (LCV) routine is entered when no character is being processed. It times the
head step-over delay and requests print head motion.

The NEXT routine is the mate to the INPUT routine. It processes characters out of the FIFO memory
and sets up the conditions in the control RAM which will cause their execution.

If the character to be processed is printable, the PRINT routine is activated. If necessary, a recovery

from the LCV position is requested. If the column is 64 and the keyboard has been active on this line,
the end-of-line warning is sounded.

If the character is carriage return, the desired print head position change is entered in the control
RAM. The POSIT and SPEED routines complete the execution of carriage return. Backspace is pro-
cessed in a similar manner.

If the character is line feed, then the line feed step timing sequence is initiated.

If a bell character is received, the BELL routine is notified. Up to eight sequential bell characters can
be processed and will sound as separate tone bursts.

All other characters cause no action. If 132 characters have been printed on the current line, normally
printable characters also cause no action. Thus, overprinting does not occur.
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4.1.1 Scratch Pad Memory
The variables that are monitored by the microprogram are stored in the control RAM (random access
memory), which is used as a scratch pad memory. Memory locations are utilized as listed in Table 4-1.

The control RAM provides space for 16 words to keep track of various operational conditions within
the LA36 during its operating cycle. Each memory location in this control RAM is 4 bits wide. Some
locations are dedicated exclusively to a specific function and other locations are shared. The dedicated
locations are used for those functions that need to be monitored at all times. The shared locations are
used for variables that are applicable only during certain times in the operating cycle of the machine;
e.g., at one portion of the sequence it is important to keep track of position error but in other portions
it is important to time a line feed, print, or initialize function. However, because these functions are
mutually exclusive in time, they can share the same set of bit positions in the control RAM. Note that
these various functions do not use exclusive bits in a particular location but rather use all four bits of
that location at different times. An exception is location 12 in which the variable PRINT is contin-
uously stored in the least significant bit (LSB) position of that word while timers for LCV, LINE
FEED, PRINT, and INIT are alternately stored in the upper three bits. When timing, these bits are

incremented each time by 2 instead of 1 to preserve the proper state of the LSB which is (1) for PRINT
and (0) for LINE FEED.

Locations 0, 1, and 2 of the control RAM are used to monitor carriage position within each printable
line and are, at all times, an indication of where the head (or carriage) is actually located. Locations 3
and 4 provide a total of 8 bits that indicate the column in which the last character was printed (or, in a
sense, where the carriage should be located.

Positions 5, 6, and 7 are used to control the operation of the character buffer (FIFO). These are read
address, write address, and word (character) count. When the word count (WD CNT) is equal to 0
(buffer empty), it does not matter what the read or the write addresses are if they are equal to each

other. This ensures that upon receipt of the next character, these addresses will continue to track each
other.

The read and write addresses in positions 5 and 6 share those positions with one of the LCV timers for
timing out the 1.3 second head step-over function for LCV. This is feasible because LCV will occur
only when WD CNT is equal to 0; while the read and write addresses are equal, these positions are
available for timing that function. Upon receipt of the next character from the UART, the write
address and WD CNT are incremented. When that character is read out of the buffer, the read address
is incremented, creating an equal condition again between locations 5 and 6.

Location 11 is used in combination with location 12 as a counting location for either the dot print or
line feed functions. As previously stated, the LSB of location 12 is set during dot printing and cleared
during line feeding. These states are maintained by incrementing the timer bits in location 12 by 2 each
time instead of by 1. When the count in location 11 is zero, the printer is neither printing nor line
feeding and location 12 can be used as an LCV timer. Location 12 is also used as a timer during
initialize.
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Table 4-1 Scratch Pad Allocations

Octal Location Mnemonic Usage
0 POS LO 12-Bit Carriage Position
(Relative to column)
1 POS MD
POS HI
COLLO 8-Bit Column Count
(Records columns printed)
4 COL HI
5 RD ADR Character Buffer Read Address
LCV 1 LCV Timer
6 WT ADR Character Buffer Write Address
LCV 1 To Keep WT ADR=RD ADR
7 WD CNT Character Buffer Character Count
10 Unused
11 COUNT Print Dot Count, LF Pulse Count
12 PRINT LSB=1 for Print
LCV 2 LCV Timer
LF 1 Line Feed Timer
PT 1 Print Timer
INIT 1 Init Timer
13 POS ER Position Error
LF 2 Line Feed Timer
PT 2 Print Timer
INIT 2 Init Timer
14 LCV ST LCV Status
LCV3 LCV Timer
15 BELL 1 Bell Timer
16 BELL 2 Bell Timer
17 BELL ST Bell Count (Status)




Location 13 is used as a position error count for use by those routines that alter the position of the
carriage by anything less than 8 columns in either direction. These routines are PRINT, which alters
the position by 1 to print the next character and LCV, which changes the position by +4 on an
interruption of printing and by -4 on a resumption of printing.

Backspace, which is not represented on such in a scratch pad location, is implemented by manipulation
of position error in location 13. When that location is decremented by 1, the position count in loca-
tions 0, 1, and 2 are used in the SPEED routine to command the head to move back one column.

Location 14 contains LCV status and LCV timer information. Although LCV status is required only
when WD CNT = 0, it must be preloaded to a value (125), which when counted up to zero, will
consume 1.3 seconds (the time delay required before the head is moved to the right four columns for
LCYV). This preloaded value becomes the most significant part of the LCV timer.

Locations 15, 16, and 17 are used to control the bell. To sound the bell, a 2.4 kHz clock from the logic
is gated to the loudspeaker with a flip-flop that is, in turn, controlled by the microprogram. In this
way, the microprogram determines both the length of the bell tone and time between bell tones.

Bell tone ON/OFF time is set at 106 ms. This is timed in locations 15 and 16. Location 17 is a bell
count or status position, allowing up to 8 bell tones to be executed continuously. By using this scheme,
successive bell codes can be sensed and accumulated at a rate of 30 per second without the necessity of
intervening fill characters, and then applied to the speaker at a rate of about S tones per second. A
graphic demonstration of this is seen when it is realized that the 9th bell code would be received before
the first bell tone had ceased.

4.1.2 Initialize (INIT) Routine

The DECwriter power-up circuit holds the address register (AR) at zero and inhibits the system clock
until dc power is up (within 300 to 700 ms). At the end of this period, the AR is left at zero and the first
instruction is executed. This instruction tests the INIT and if set, causes the program to enter the INIT
routine (Figure 4-2).

This routine clears all flags, clears the control RAM, clears the function enable latches, and sets a low
negative velocity for the carriage. When the carriage finds the left travel limit, the left-hand margin
position is set to zero, INIT is cleared, and the program progresses to the POSIT routine. This routine
is never reentered except in the event of a power-down.



INIT

=1

CLR BELL

SET LF HOLD
SPEED = -6 IPS
CLRINC

TIME OUT
416 MSEC

=0

COL LO: =0
COLHI:=0
RD ADR: =0;
WT ADR: =0
WD CNT: =0
CNT: =0;
LCVST: =0
BEL2: =0;
BELST: =0

:

POS HI: = -1
POSMD: = -1
POSLO: =-5

:

CLR KBH
LOAD INC
CNTR/CLR
INIT

TOPOSIT

TIME OUT J
ROUTINE

(POS = -5)

START
TIME OUT
ROUTINE

INIT 2: = 1100,

REG: = REG +1

'0‘ #0

INIT 1: = INIT +1

INIT2: = INIT2 +1

N

TIME OUT
ROUTINE
COMPLETED

*‘ +0

CP-1624

1PASS EVERY
416 uS

Figure 4-2 INIT Routine
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4.1.3 Position (POSIT) Routine

The POSIT routine (Figure 4-3) is very closely interrelated with the SPEED routine. As described in
the discussion of the scratch pad allocations, the first three locations are a constant indication of actual
carriage position, and the next two locations are a constant indication of the desired carriage position.
Every time the carriage is moved for any purpose, the first three locations are changed accordingly,
and every time the printer is caused to print a character, the next two locations are modified. When
these two counts are equal, no carriage motion occurs, but when they are unequal, a position error is
generated and an appropriate SPEED command is issued to constantly keep these two sets of locations
equal to each other. Because of this, some motion of the printer can be caused by the program simply
by altering these variables in the control RAM location dedicated to that particular monitoring
function.

The operations that alter these position variables as a result of carriage motion are carriage return
(CR), LCV, and print. The function that causes carriage motion as a result of altering the variables is
backspace. Line feed and bell do not affect the position of the carriage.

When a CR is received and processed, the program sets the column count to zero, thereby causing the
SPEED routine to issue a suitable negative SPEED command that causes the carriage to return to the
zero column position.

In LCV, if a timeout has completed following receipt of the last character, -4 is put in position error,
while true column position is preserved, thereby causing the SPEED routine to command the head to
move four columns to the right. In BACKSPACE, however, one is subtracted from the true column
position so that the validity of the column variable is preserved.

The POSIT routine, on the 208 us clock, checks bell status and, if zero, clears the bell and checks
PRINT. If PRINT is not zero, it checks the print bit and if it is a one, indicating no LF in progress, sets
LF HOLD and proceeds. If LF is indicated by the print bit being 0, the count is checked to see if it has
completed that line feed, and if it has not (non-zero count) it proceeds to the SERVO routine to
continue that operation. If count is zero, then the line feed is complete and it sets LF HOLD before
proceeding with the POSIT routine.

At this point the program checks the position error variable and, if it is zero, proceeds to the SERVO
routine. If an error exists (non-zero), it checks the degree of error and its direction (positive or nega-
tive) on a triple-precision basis, and corrects the error by incrementing or decrementing the position
variable until no carries or borrows are sensed.

This is the only time that any SPEED commands are issued to the carriage servo system. All SPEED
commands are a function of POSIT, WD CNT, and PRINT as determined in the SPEED algorithm;
and all processing of carriage position is done by the POSIT routine, whether the printer is doing a
carriage return, printing, or just correcting position randomly.



— o
'FLOW THROUGH
HERE GENERALLY
EVERY 416 4S.
#0
208 -0 POS ER
cLK
‘ -1 /os =0
cLK
>0
POS ER
#0 =0
BEL ST
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POS ER -1
CLR BELL
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SET LF HOLD
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POS ER +1
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a. POSIT Routine

(FOR POSIT) POS: = POS -1
START

PO$ MD: =
PO$ MD +1

POS HI: =
POB HI +1

DONE

CP-1625

(FOR POSIT)

POS HI: =
POS HI -1

POS MD: =
POSMD -1

POSLO: =
POS LO -1

CP-1626

b. START Routine for Position

Figure 4-3 POSIT and START Routines
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4.1.4 SERVO Routine

The SERVO routine (Figure 4-4) interacts with
the POSIT and SPEED routines. In this routine,
the carries and borrows that are generated as the
head moves through character cell boundaries
are checked and cleared until the position error
is corrected. Each time a carry or borrow is
sensed, it is cleared and the program returns to
the appropriate node in the POSIT routine.
Finally, when no carries or borrows are
sensed,the program proceeds to the SPEED
routine.

4.1.5 SPEED Routine

The SPEED routine (Figure 4-5) checks the
position variable in the first three locations in
the control RAM on a triple-precision basis, and
considers word count in location 7, the print dot
count in location 10, and the state of the print
bit. The SPEED algorithm is represented statist-
ically in Table 4-2.

The first pass through the program is imple-
mented for situations in which either the return-
ing carriage has overshot its mark or the carriage
has been accidentally moved left while the print-
er was static in an LCV state. The program
checks position relative to column count and
finds it less than zero. At this point, the program
checks WD CNT and if it finds it zero (no char-
acters to be processed), it causes the SPEED
routine to command a speed of +3 in/sec (+
speed = print motion; - speed = return motion).
If there are characters to be processed (WD
CNT not equal to 0), it commands a speed of +6
in/sec to clear the buffer, providing ample time
to be ready to print the next character.

SERVO

CARRY

CLRC/B

- -EIGURE 4-3

=0 =1
BORROW
CLRC/B

CP-1627

Figure 4-4 SERVO Routine

Table 4-2 SPEED Algorithm

Speed (in/sec)
Count=0 | WD + =Print
Printing CNT| Position| —= Return Motion
=16 -50
>8 -30
>4 =20
22 -10
=] -6
= 0 =0 0
= =0 =0 +3
=1 = =0 +6
= <0 +3
= <0 +6
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SPEED: = -50 IPS

A

SPEED: = -30 IPS

|

SPEED: = -20 IPS

]

SPEED: = -10 IPS

N

SPEED: = -6 IPS

TO INPUT [

>8 < POS LO ;“

>2 < POS LO :;2
‘J\’ POS LO ;’o

(POS LO-POS MD—
POS HI VERSION)

SPEED: =0 IPS

Figure 4-5

(ACTUAL IMPLE-
MENTATION)
s1
#0 =0
< WD CNT
SPEED = +6 IPS SPEED: = +3 IPS
TO INPUT

=0 +0
=0 PRINT bl

SPEED Routine
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If, in checking the high order position bits for zero, the program finds them not equal to 0, the actual
carriage position is indicated to be positive (to the right) and greater than 16 columns from where it
should be. This results in the maximum SPEED command of -50 in/sec being issued.

As the carriage begins to move in response to this command, the program loops through its sequence
checking the middle four, and then the low four bits of POSIT; and, as each condition is satisfied, the
SPEED commands are diminished to cause the head to slow down smoothly until it has reached the
correct position. At this point, carriage motion stops and the program enters the INPUT routine if the
count is zero. If it is not zero, the print bit is checked and if it is cleared, an LF is indicated and a speed
of 0 in/sec is commanded to complete the LF function. If the print bit is set however, WD CNT is
checked to see if a positive speed of either +3 or +6 is required to print the current character without
losing the next character.

4.1.6 INPUT Routine

The INPUT routine (Figure 4-6) checks UART
data available (DA) and, if cleared (no charac-
ter), it steps immediately to the BELL routine. If
DA is set, the program checks WD CNT to see if
the character buffer is full (WD CNT = 15). If
so, it ignores any input from DA, using the
UART as the 16th memory location, and pro-
ceeds immediately to service the bell.

NOTE
The UART can act as the 16th memory location
for up to 33 ms even though data is available. After
this period, the character will be lost when the
UART writes in another character.

#15

If WD CNT is not equal to 15, word count is
incremented, write address is incremented, the WOCNT: =
character is put into the buffer at the new write

address, and UART DA is cleared as the pro-
gram proceeds to the BELL routine.

WT ADR: =
WT ADR +1

CBA: =

WT ADR
CB(CBA]: =
UART OUTPUT
CLR UARTDA
CBA: = RD ADR

‘ TO BELL )

Figure 4-6 INPUT Routine

CP-1629
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4.1.7 BELL Routine

The BELL routine (Figure 4-7) turns the bell on for 106 ms and off for 106 ms, for each bell that is
received and stored in the bell status location in the control RAM.

If bell status is zero, no bells are required and the routine falls through to check count, print, and word

count. Here the decision is made to process either a print, an LF, or the next character, or to execute an
LCV.

BELL

BELL ST

SET BELL CLR BELL

BELL 1: =
BELL 1+1

BELL2: =
BELL2+1 A

BELL ST: =
BELL ST -1

<> <>
D COCED GO

CP-1630

Figure 4-7 BELL Routine
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If bell status is not zero, the status is checked to see if it is odd or even (for each bell code received, two
counts are stored in status, one to turn it on and one to turn it off).

The bell timers in location 15 and 16 provide 4 bits of each count. The bits in either location 15 or
location 16 are incremented during each pass until that timer has reached zero (106 ms) and bell status
either becomes odd and the bell is turned off, or even and the bell is turned on. Each pass through the
loop takes 416 us and it takes 256 passes to fully cycle each timer, providing 106 ms of on-time and 106
ms of off-time. Each time a timer reaches zero, one is subtracted from bell status until the total number
of bells commanded has been executed.

4.1.8 PRINT Routine
Before entering the PRINT routine (Figure 4-8), the program sequenced through the BELL routine
where it found that the count location was not zero and that the print bit in location 12 was set,

indicating that a printable character was in the buffer. These conditions caused the program to enter
the PRINT routine.

Upon entering the PRINT routine, the program checks the position locations to be sure that they are
all equal to zero. This is done to prevent the start of print at some position other than the beginning of
the character cell.

The program checks position from low order through high order in 4-bit bytes, and if any are non-
zero, it checks count and returns to the POSIT routine, looping until count is less than the seven dot

positions of a character. At this point, it sets count to zero, loops once more through POSIT, and
returns to PRINT.

In this pass, the program drops through to check count again. This time count should equal 8 as set in
the NEXT routine. The program verifies this by checking the MSB of location 11 in the control RAM.
If this bit is set, it signals the start of print (meaning that the head should start moving to the right). To
start this motion, the program subtracts one from position error, sets count to 7 (to prevent a repeat of
this branch), and returns to POSIT to loop through again so that the SPEED routine can command
head motion.

This time through, POSIT is still O relative to column, and count is less than 8 (7); the program presets
the print timers, and clears the increment indication. It waits then for increment to set, and when it
does, it sets the 600 us head drive enable (HDE).

NOTE
At all other times through this routine, operation is
synchronized on the 416 us clock, but at this point
continuation of program flow is predicated on the
fact that an incremental motion of the head has been
accomplished.

The 600 us HDE is then timed out in PT1 and PT2 locations of the control RAM on the 1.184 us
instruction timing cycle of the microprogram. During this time, the character is printed. At the end of
that time, HDE is cleared, print is reset to 1, count is set once again to -1, and the program reenters the
POSIT routine.
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POS #0

PRINT

COUNT: =0

TOPOSIT

#0
POS LO -0
#0 =0
POS MD
#0
POS HI =0
POS =0
<8 >8
PT 1: = 0000 POS ER: = -1
TO POSIT PT 2: = 1010 COUNT: =7
CLR INC
TO POSIT

SET HDE

PT1:=
PT1+1

3

PT2: =
PT2+1

CLR HDE

:

PRINT: =1

I

COUNT: =
COUNT -1

600 uS TIMED ON
THE 1.184 uS
INSTRUCTION
CYCLE TIME OF
THE MICRO-
PROGRAM.

TOPOS 1 — -EFIGURE 4-3]

CP-1631

Figure 4-8 PRINT Routine
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4.1.9 LINE FEED (LF) Routine
If, while passing through the BELL routine, count was not equal to 0 and the print bit in location 12
was cleared, the program enters the LINE FEED routine (Figure 4-9).

Upon entering the routine, the program finds count equal to 9 (as set in the NEXT routine) and a
preset in LF1 and LF2. On the trailing edge of the 208 us clock, the LF motor is pulsed and the
program returns to POSIT.

Upon reentering the LF routine, the program checks count and if 8 or more, it checks to see if it is odd
or even. If even (as it should be 8), it decrements count and uses the timers LF1 and LF2 to count out
7.5 ms. At this time, a second pulse is sent to the LF motor. If count had been odd, a count of 7 would
be indicated and 6.8 ms would be counted before a motor pulse was issued.

The program then counts 3.7 ms and issues a pulse, and then 8.2 ms. This time it sets LF HOLD and

returns to find count equal to 0. This completes the subroutine that issues four discrete motor pulses to
step the motor one line increment and then issues the HOLD signal as part of the last increment.
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LFi:=LF1+1

LF2:=LF2+1

—

TO POSIT

COUNT: =0

TOPOSIT

DONE

\coum/ =
EVEN
COUNT: =
NT: =1 COUNT: =2
cov COUNT -1
#5 #4 #3
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LF 1: =1100 LF 1: = 0000 LF 1:=1110
LF2:=1101 LF2: =1111 LF2: = 1101
( ot ) ( oL )
=1 208 =0
CLK
=1
SET LF HOLD

TO POSIT

oDD

COUNT: =
COUNT -1

#2
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LF 1: = 0000

'

LF2: = 1110

TO LFP1

=0

=1

=1 208 =0
‘ CLK
=1 =0

PULSE LF

TO POSIT
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TO POSIT

CP-1632

Figure 4-9 LINE FEED Routine




4.1.10 LCV Routine il
If, while passing through the BELL routine,
both count and word count were found to be
zero, the program enters the LCV routine (Fig-
ure 4-10) and places an initial count into LCV
status.

This routine uses the LCV status (location 14), LoV 1: =
the print timer in location 12 (since printing is vt
not being done), and locations 5 and 6 in paral-

lel. The latter two locations are normally used as

read and write addresses, but they are not - Lev 0
needed in this case, so they can be used in paral-
lel to maintain their equality so that the next
time they are required they will function to keep
a proper tally on the character buffer.

LCv 2: =
Leva+1

These combined locations then form a 12-bit
counter to count the 1.3 second time delay
before the head is commanded to move 4 col-
umns to the right by setting -4 into position =0 Lova 0
error.

When the next printable character is sensed in
the NEXT routine, the LCV status is checked
(after a check for column 132) and, if found

zero, causes a +4 to be put into position error to tevast
move the head back to printing position. At this fevsn
time it also initializes LCV status so that it will

count the 1.3 seconds the next time it is needed.

=0 Levs #0
From this, it can also be seen that LCV ceases fLevsm
and the same initialization of LCV status occurs
if a printable character is received during LCV
timeout. POS ER: = -4

‘ TOPOSIT ’

CP-1633

Figure 4-10 LCV Routine

4.1.11 NEXT Routine
If, while passing through the BELL routine, count was zero but word count was not equal to zero, the
program enters the NEXT routine (Figure 4-11).

The program first decrements the word count, then increments the read address, and puts that read
address into the character buffer address (CBA) register causing the character stored at that address to
be exposed to the character generator ROM. The ROM is designed to output an additional bit that
when set indicates that the character is printable and when cleared indicates that the character is not
printable.
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PRINTABLE

NEXT
NEXT

WD CNT: =
WD CNT -1

'

RD ADR: =
RD ADR +1

:

CBA: = RD ADR

(8 X 16 +4 = 132)
IGNORE CHAR
AFTER COL 132

TO POSIT

=1

‘ TO PRINTABLE ’

PRINTABLE

POSER: =4

LCV ST: = 0100

:

COUNT: = 8
PRINT: = 1
=0 =1 L
COLLO: = — =0
TOLF COLLO+1
TO POSIT
=0 =1
‘ +0 =0
COL Hi: = NB
TO POSIT
COL HI +1 CD
|
BELST: =
BEL ST+2
TOPOSIT

COL =64

TO POSIT

TO POSIT

i+

CcP-1634

Figure 4-11 NEXT Routine
(Sheet 1 of 2)
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COUNT: =9 #1 (5 uS)

!

CLR KBH

LF 1: = 1000

!

coL LO: = LF2:= 1110
COL Hi: = ToPOSIT
COL LO -1 cou wi: -
TO LFP1 . .
POS LO + 1 COL HI -1 e
coL Lo -1
posLo = POSER:=+1
POSMD: =
POSMD + 1
10 POSIT
=0 POSMD =0
POS HI: =
POS HI + 1

To POSIT

CP-1634

Figure 4-11 NEXT Routine
(Sheet 2 of 2)
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If column does not equal 132, column is incremented and examined again; this time to determine if the
head is now at column 64 (since a bell tone must be sounded at this point if the keyboard is in use).

Since 64 is a multiple of 8, it is only necessary to check for an overflow from the low order of column to
the high order. The program first checks LCV status and, if zero, sets 4 in position error. It then puts 4
in LCV status, sets count to 8, and increments the low order of column. If COL LO is not zero, the
program returns to POSIT. If it is now zero, the high order of column is incremented. If, at this time,
COL HI does not equal 4, the program returns to POSIT and when it gets to the PRINT routine, it
begins laying down the dots for the character.

If COL HI is equal to 4 after it is incremented, column 64 is indicated and the program checks KBH. If
it is not set, the program progresses to POSIT and proceeds through the normal print sequence. If
KBH is set, the program adds 2 to bell status, returns to POSIT, and rings the bell.

At this point, the program enters one of four subroutines to process one of five possible conditions.

If the character is not printable, and it is neither a CR, LF, BELL, or BS, the program exits and
reenters POSIT because the character falls within the control character category that requires no
machine action.

If the non-printable character is an LF, the program enters that subroutine. Count is set to 9 and the
proper preset is put in the line feed timer locations before progressing to the LINE FEED routine.

If the non-printable character is a BELL, two is added to the status and the program exits to POSIT.

If the non-printable character is a BS, the program enters that subroutine, where one is subtracted
from column (provided the head is not at column zero) and adds one to position error. The program
then returns to POSIT and then to the SPEED routine where the carriage is commanded to move one
space to the left.

If the non-printable character is a CR, the program enters that subroutine. It immediately clears
keyboard hold (KBH) and examines the low order bits of the column locations.

The function of this routine is to set column to zero (since that is where the carriage should be) and to
modify the position location by a factor equal to the number of columns away from column zero that
the head is actually situated when a CR is received.

This is done in the routine in two parts: first, the low order bits are examined and then the high order
bits are examined. Each column byte is then decremented and each position byte is incremented until
the operation is complete. The maximum number of passes through this loop is 32, which requires 100
us of time to complete the subroutine.

If the print bit indicates that the character is printable, the program determines whether or not the
carriage is at column 132. It does this by determining that COL HI is 8 and that COL LO is 34. If

these conditions are true, printing cannot occur and the program returns to POSIT, ignoring the
current character until a CR occurs.

4.2 TIMING

The timing of all operations in the LA36 is derived from a crystal clock which operates at 1.6896 MHz.
The clock output frequency is divided by 2 to form the 1.184 us cycle time for the MPC. Additional
divisions provide timing pulses for the carriage servo system and the data communication at 300 baud,
150 baud, and 110 baud. A division of the clock rate is also used by the MPC for timing the LF, BELL,
LCV, and INIT functions. Timing diagrams are provided in the applicable paragraphs of this chapter.
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4.3 M7722/M7723 CONTROL LOGIC

The LA36 control logic is implemented as a MPC. A block diagram of this logic is shown in Figure 4-
12.

Characters from the keyboard system or the data communications interface are processed through the
UART, to the character buffer under control of the MPC. This buffer accumulates characters during a
carriage return, eliminating the need for fill characters. Printing speed is doubled after a carriage
return to catch up with the accumulated characters.

The MPC causes characters in the buffer to be presented to the character generator ROM on an FIFO
basis. The character generator ROM generates the dot matrix for the printable characters and contains
control character decode information for the non-printable characters. It also provides a print-
able/non-printable indication to the MPC.

The MPC activates the carriage servo system and the print head system in order to move the print head
through a character cell and print the seven columns of seven dots that form the printable characters.

Upon detection of a CR character, the MPC activates the carriage servo system to move the print head

to the left margin. Similarly, a BS character causes the print head to move one character position to the
left.

Upon detection of an LF character, the MPC activates the LF stepper system in order to advance the
paper one line.

In response to a bell character or as an end-of-line warning, the MPC activates the bell system in order
to produce an audible tone.

Transmission of characters from the keyboard, through the UART, to the data communications inter-
face is done without microprogram control. The act of transmitting a character is stored in the KBD
HOLD flip-flop. The MPC generates the end-of-line warning only on lines in which the KBD HOLD
flip-flop has been set.

The structure that allows microprogram control of the LA36 operation is illustrated in Figure 4-12.

The microprogram consists of a sequence of 512 instructions that reside in the control ROM. Each
instruction consists of eight bits. The upper four bits define the general class of instruction; the lower
four bits define the particular operation to be performed.

Selection of a particular instruction in the microprogram is performed by the program address register.
This register generally acts as a counter, thus causing instructions to be executed sequentially at the
rate of one every 1.184 us.

The sequential instruction flip-flop may be interrupted by instructions of the classes referred to as
JUMPI1, JUMP2, JUMP3, CLR, SKIPI, and SKIP2.

The JUMPI instruction causes the address control logic to be activated in order to load the lower four
bits of the instruction (ROM data bus) into the lower four bits of the two-program address register.
Any transfer of control that does not change the upper five bits of the address may use this instruction
and is thus limited to use for jumps within any one of thirty-two 16-word pages of the microprogram.

The JUMP2 instruction has the same effect as the JUMPI instruction except that it also uses the 4-bit
data bus register to load the next 4 bits of the program address register. Thus, the combination of an
instruction that loads the register (described below) and a JUMP2 instruction can affect a transfer
within one of the two 256-word halves of memory.
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Figure 4-12  Control Logic Block Diagram

The JUMP3 instruction is similar to the JUMP2 instruction with the additional effect that the most

significant bit of the address register is toggled. This causes the jump to be to the opposite half of
memory as the instruction being executed.

The CLR instruction resets the contents of the program address register to zero. The program address
register is also reset to zero on power-up.
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The SKIP1 and SKIP2 instructions are conditional skip instructions. The conditions are the inputs to
MUXI1 and MUX2. The lower four bits of the skip instruction specify which of 16 inputs to sample. If
the selected input is asserted when the skip instruction occurs, then the address control logic causes the
address to increment by two rather than by one during a single instruction cycle. Signals that are inputs
to the skip multiplexers are UART DA, KBH, servo control data (CARRY, BORROW, INC), each
of the four bits of REG (BITO, BIT1, BIT2, BIT3), the control character indications (CR, LF, BS,
BELL), the printable indication, the REG equals 0 indication, and a real-time clock.

Instructions that do not modify the normal sequential flow are BRING4, BRING1, STORE]I, and
DECI.

The BRING4 instruction performs an immediate load of data from the lower four bits of the instruc-

tion to the 4-bit register (REG). This is accomplished by enabling the 4-bit gate and loading the
register.

The BRINGI instruction is used to fetch data from one of sixteen 4-bit memory locations in the
control RAM to the REG. The lower four bits of the instruction select the memory location. The
instruction is executed by enabling and loading the memory.

The DECI instruction is the means by which the MPC transmits commands to the systems that it is
controlling. The lower four bits of the instruction specify which of 16 outputs of the DEC1 decoder
will be pulsed. The outputs of the decoder are CLR UART DA, CLR KBH, CLR carry/borrow, CLR
INC, CLR HDE (combined with CLR INC), SET HDE, LOAD CB Address, WRITE BUFFER, +1
REG (adds 1 to REG), -1 REG (subtracts 1 from REG), SET BELL, CLR BELL, Load DAC (D/A)
(commands speed to servo system), CLR INIT (sets left margin at power-up), STEP LF, and SET LF
HOLD. .

4.4 KEYBOARD SYSTEM

A simplified diagram of the keyboard system logic is shown in Figure 4-13. The keyboard system
generates the 7-bit, parallel ASCII codes listed in Table 4-3. These codes are stored in a 3600-bit ROM
that is controlled by an internal 10-20 kHz clock. The ROM has a scan cycle time of 6.5-9 ms. It is
addressed asynchronously by X and Y pulses from the key matrix or the numeric pad. The X and Y
addresses (Table 4-4) for the numeric keypad are unique. This is due to the fact that the same charac-
ters are generated in the shifted and unshifted mode.

When a key switch is closed for at least 6 ms, the X and Y pulses address the corresponding character
cell in the ROM. The timing for character processing is shown in Figure 4-14. After a 2.5-5 ms delay (3
ms nominal) to ensure that the switch closure did not result from contact bounce, a DATA READY
pulse lasting one ROM clock period (50-100 us) is output by the ROM. This pulse is gated to the pulse
shaper and differentiated to produce a 350-750 ns STROBE pulse, which strobes the parallel data to
the UART. The STROBE pulse is also applied to the strobe repeat generator together with the AKD
(any key depressed) logic level. If the REPEAT key switch is closed while another key switch is closed
(except SHIFT, SHIFT LOCK, CTRL, and TAB), the strobe repeat generator produces a series of
pulses, one every 46-86 ms. These pulses are gated with the repeat logic level and the DATA READY
pulses to repeat the STROBE at a rate of 15 per second as long as the REPEAT key is closed. The
repeat logic level is also applied to the ROM to lock out all other key closures during a repeat.

When the 64/128 switch is open, data bit 6 is gated out. Consequently, only uppercase character codes
are strobed to the UART.

The SHIFT, SHIFT LOCK, and CTRL key switches inhibit bits 6 and 7 in the ROM so that upper

level character codes or control codes are output when these keys are closed. The delete code is unaf-
fected by these key switches.
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Figure 4-13 LKO02/LKO03 Keyboard Logic Diagram
Table 4-3 Keyboard ROM Addressing
ASCII Code Octal ROM Addressing
Key b7-bl Code X Line Y Line
Esc 0011011 33 8 9
2 0110010 62 7 8
r 1110010 162 5 6
h 1101000 150 3 4
[ 1011011 133 2 3
, 0101100 54 1 2
= 0111101 75 0 1
1 0110001 61 7 9
¢ 1100101 145 5 7
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Table 4-3 Keyboard ROM Addressing (Cont)

ASCII Code Octal ROM Addressin

Key b7-b1 Code X Line Y Line
g 1100111 147 3 5
m 1101101 155 1 3
0 0110000 60 7 0
w 1110111 167 5 8
f 1100110 146 3 6
n 1101110 156 I 4
- 0101101 55 0 3
9 0111001 71 7 I
q 1110001 161 5 9
d 1100100 144 3 7
b 1100010 142 1 5
BS 0001000 10 0 4
8 0111000 70 7 2
p 1110000 160 5 0
s 1110011 163 3 8
v 1110110 166 ] 6
7 0110111 67 7 3
0 1101111 157 5 I
a 1100001 141 3 9
c 1100011 143 I 7
SP 0100000 40 8 5
6 0110110 66 7 4
i 1101001 151 5 2
{ 1111011 173 4 1
: 0111011 73 3 0
X 1111000 170 1 8
5 0110101 65 7 5
u 1110101 165 5 3
CR 0001101 15 4 2
1 1101100 154 3 !
LF 0001010 12 2 0
z 1111010 172 I 9
4 0110100 64 7 6
y 1111001 171 5 4
0100111 47 4 3
k 1101011 153 3 2
\ 1011100 134 2 1
/ 0101111 57 1 0
HT 0001001 11 8 8
3 0110011 63 7 7
t 1110100 164 5 5
j 1101010 152 3 3
DEL 1111111 177 2 2
, 0101110 56 1 1
\ 1100000 140 0 0
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Table 4-3 Keyboard ROM Addressing (Cont)

ASCII Code Octal ROM Addressing
Key b7-b1 Code X Line Y Line
ESC 0011011 33 8 9
@ 1000000 100 7 8
R 1010010 122 5 6
H 1001000 110 3 4
] 1011101 165 2 3
< 0111100 74 1 2
+ 0101011 53 0 1
! 0100001 41 7 9
E 1000101 105 5 7
G 1000111 107 3 5
M 1001101 115 1 3
) 0101001 S1 7 0
w 1010111 127 5 8
F 1000110 106 3 6
N 1001110 116 1 4
—_ 1011111 137 0 3
( 0101000 S0 7 1
Q 1010001 121 5 9
D 1000100 104 3 7
B 1000010 102 1 5
BS 0001000 10 0 4
* 0101010 52 7 2
P 1010000 120 5 0
S 1010011 123 3 8
\Y 1010110 126 1 6
& 0100110 46 7 3
0} 1001111 117 S 1
A 1000001 101 3 9
C 1000011 103 1 7
SP 0100000 40 8 5
A 1011110 136 7 4
1 1001001 111 5 2
} 1111101 175 4 1
: 0111010 72 3 0
X 1011000 130 1 8
% 0100101 45 7 5
U 1010101 125 5 3
CR 0001101 15 4 2
L 1001100 114 3 1
LF 0001010 12 2 0
Z 1011010 132 1 9
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Table 4-3 Keyboard ROM Addressing (Cont)

ASCII Code Octal ROM Addressin
Key b7-b1 Code ~ X Line Y Line
$ 0100100 44 7 6
Y 1011001 131 5 4
” 0100010 42 4 3
K 1001011 113 3 2
3 1111100 174 2 1
? Ol11111 77 1 0
HT 0001001 11 8 8
# 0100011 43 7 7
T 1010100 124 5 5
J 1001010 112 3 3
DEL 1111111 177 2 2
> or11110 76 1 1
~ 1111110 176 0 0

CONTROL MODE

ESC 0011011 33 8 9
DC2 0010010 22 7 8
DC2 0010010 22 5 6
BS 0001000 10 3 4
ESC 0011011 33 2 3
FF 0001100 14 1 2
GS 0011101 35 0 1
DCI 0010001 21 7 9
ENQ 0000101 5 5 7
BEL 0000111 7 3 5
CR 0001101 15 1 3
DLE 0010000 20 7 0
ETB 0010111 27 5 8
ACK 0000110 6 3 6
SO 0001110 16 1 4
CR 0001101 15 0 3
EM 0011001 31 7 1
DC1 0010001 21 5 9
EOT 0000100 4 3 7
STX 0000010 2 1 5
BS 0001000 10 0 4
CAN 0011000 30 7 2
DLE 0010000 20 5 0
DC3 0010011 23 3 8
SYN 0010110 26 | 6
ETB 0010111 27 7 3
SI 0001111 17 5 1
SOH 0000001 1 3 9
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Table 4-3 Keyboard ROM Addressing (Cont)

ASCII Code Octal ROM Addressing
Key b7-b1 Code X Line Y Line
ETX 0000011 3 1 7
NUL 0000000 0 8 S
SYN 0010110 26 7 4
HT 0001001 11 S 2
ESC 0011011 33 4 1
ESC 0011011 33 3 0
CAN 0011000 30 1 8
NAK 0010101 25 7 S
NAK 0010101 25 5 3
CR 0001101 15 4 2
FF 0001100 14 3 1
LF 0001010 12 2 0
SUB oor1010 32 1 9
DC4 0010100 24 7 6
EM 0011001 31 5 4
BEL 0000111 7 4 3
VT 0001011 13 3 2
FS 0011100 34 2 1
SI 0001111 17 1 0
HT 0001001 11 8 8
DC3 0010011 23 7 7
DC4 0010100 24 S S
LF oool1ol10 12 3 3
DEL 1111111 177 2 2
SO 0001110 16 1 1
NUL 0000000 0 0 0
SHIFT AND CONTROL MODE
ESC 0011011 33 8 9
NUL 0000000 0 7 8
DC2 0010010 22 5 6
BS 0001000 10 3 4
GS 0011101 35 2 3
FS 0011100 34 1 2
VT 0001011 13 0 1
SOH 0000001 1 7 9
ENQ 0000101 5 S 7
BEL 0000111 7 3 5
CR 0001101 15 1 3
HT 0001001 11 7 0
ETB 0010111 27 5 8
ACK 0000110 6 3 6

4-29



Table 4-3 Keyboard ROM Addressing (Cont)

ASCII Code Octal ROM Addressing
Key b7-bl Code X Line Y Line
SO 0oo1110 16 1 4
us 0011111 37 0 3
BS 0001000 10 7 ]
DC1 0010001 21 5 9
EOT 0000100 4 3 7
STX 0000010 2 1 5
BS 0001000 10 0 4
LF 0001010 12 7 2
DLE 0010000 20 5 0
DC3 0010011 23 3 8
SYN 0010110 26 1 6
ACK 0000110 6 7 3
SI 0001111 17 5 1
SOH 0000001 1 3 9
ETX 0000011 3 1 7
NUL 0000000 0 8 S
RS 0011110 36 7 4
HT 0001001 11 5 2
GS 0011101 35 4 1
SUB 0011010 32 3 0
CAN 0011000 30 1 8
ENQ 0000101 5 7 5
NAK 0010101 25 5 3
CR 0001101 15 4 2
FF 0001100 14 3 1
LF 0001010 12 2 0
SUB 0011010 32 1 9
EOT 0000100 4 7 6
EM 0011001 31 5 4
STX 0000010 2 4 3
VT 0001011 13 3 2
FS 0011100 34 2 1
UsS 0011111 37 1 0
HT 0001001 11 8 8
ETX 0000011 3 7 7
DC4 0010100 24 5 5
LF 0001010 12 3 3
DEL 1111111 177 2 2
RS 0011110 36 1 1
RS 0011110 36 0 0
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Table 4-4 Numeric Keypad ROM Addressing

ASCII Code Octal ROM Addressing
Key b7-b1 Code X Line Y L