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HI-1053A

SAFETY SUMMARY

| WARNING I

Dangerous voltages (15 K vdc and 115 vac) are present in the Video
Display Terminal and may remain present in the monitor circuits
after power is removed. Use caution when working on internal cir-

cuits. Do not work alone.

Use caution when handling the cathode-ray tube {(eg, wear safety
goggles to avoid risk of implosion. The internal phospher coating
is toxic; if the tube breaks and skin or eyes are exposed to phosphor,

rinse with cold water and consult a physician,

This manual is published and distributed by Hazel-
tine Corporation, Computer Terminal Equipment Prod-
uct Line. The contents of this manual are subject
to change at any time and without prior notice by
Hazeltine. The information presented herein may
not reflect latest changes in the product. Confir-
mation and any required clarification of this in-
formation can be obtained from your local Hazel-
tine sales representative.

Copyright 1977 by Hazeltine Corporation
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HI-1053A

SECTION 1

INTRODUCTION AND DESCRIPTION

1.1 INTRODUCTION

1.1.1 This manual provides maintenance instructions for the
Hazeltine 1500, 1510 and 1520 terminals. Only the domestic models
are covered in the body of the manual. Difference data for export
units is provided in Appendix €. The symbol # in the body of the
manual indicates an item which is different in the export units.

1.1.2 The 1500 model may have one of two logic/keyboard assemblies.
Part number 4DTD155202 is unique to the 1500, Part number
4DTD155246~-{( ) is a common board shared by the 1500, 1510 and 1520
(unused parts are not installed) with different dash numbers
employed for the different models. Differences between the '202
board and the common board (mostly reference designations) are
noted on the diagrams and a separate schematic is provided in

Appendix B.

1.1.3 The contents of this manual are subject to change without
prior notice and may not reflect latest changes in the product.
Confirmation and any required clarification of this information
can be obtained from youf Hazeltine sales representative. Addi-
tional information is provided in the Reference Manuals.

1.2 GENERAL DESCRIPTION
1.2.1 Model 1500

The terminal is a self-contained unit with keyboard, logic,
monitor, and power supplies in a single chassié. It is compatible
with a variety of interface requirements and permits extensive
remote control of display functions. Technical characteristics are
summarized in table 1-1.

1.2.2 Remote commands to the terminal must be preceded by a wv
(tilde) to identify what follows as a remote command. Exceptions
are cursor right, backspace, and tab; these do not require a lead-
in character. Terminal controls and indicators are listed in
table 1-2 and illustrated in figure 1l-~l1.

1-1



Table 1-1.
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Technical Characteristics

DISPLAY FORMAT
Screen:
Capacity:
Character Format:
cursor:

Character Set:

#Refresh ERate:
Display:

TV Line Standayrd:

12 inch (30.5 cm) diagonal, P4 phosphor
80 characters/line x 24 lines (1920 characters)
7 x 10 dot matrix in 9 x 11 dot window

Triangle on base (f§ ), cursor and character blink
alternately when superimposed. (1500 units with
'202 logic board have block cursor)

94 displayable ASCII. All 128 ASCIY codes can
be keyed

60 Hz, non interlace

White on black or black on white (switch selected)
two display intensity levels

308 lines/frame, 264 lines displayved

INTERFACE
Input /Qutput:
Transmission Rates:
Parity:

Character:

Modes
1500
¥1510/1520:

Printer Buffer (1520):

EIA RS=-232C compatible with Western Electric type
103A modem, or 20 to 40 mA current loop (switch
selected)

1lo, 300, 1200, 1800, 2400, 4800, 9600, or 19,200
baud (switch selected)

odé, even, 1 or 0 (switch selected)

10 or 11 kits {start, seven bit ASCII, parity, one
or two stop bits), number of stop bits = two for
110 baud, = one for all others

Full duplex or half duplex

Full duplex, half duplex, format or format/
local

Parallel TTL level with strobe, or serial EIA with
strobe (switch selected), at 2110, 300 or 1200 Baud
{switch selected)

PHYSICAL/ENVIRONMENTAL DATA
Size:

Weight:
Power Reguired:
Temperature Range:

Humidity Range:

15~1/2 inches (39.4 cm) wide, 13-1/2 inches
{34.3 om} high, 20-1/2 inches {(52.2 cm} deep

35 pounds (16 kg)
104 to 126 v, 60 Hz x1%, 120 watts

10° to 40°C (50° to l04°F) operating, =20° ta 65°C
(4% to 150°F) storage

5% to 90%, non—condensing

KEYBOARD FEATURES
Typamatic Operation:

All alphanumerie, symbol, space and cursor control
keys repeat at 15 char/second rate when depressed
longer than 0.8 second

REMOTE COMMANDS
1500/1510/1520:

Cursor up, down, right, left, home

" Insert line, delete line
Clear screen, clear to end of screen, clear to end of

line, clear foreground, clear to end of screen
{(backgroung}

Intensity control (set foreground, set background)
Keyboard lock, keyboard unlock
Alarm

1-2
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Technical Characteristics (cont)

Tab (Cursor tabs over background data to next
foreground field)

Direct cursor address, send cursor address

1510/1520: Set format, return to switches
Set transmit mode {protected, or protected and
uhprotected; and batch, page or line)
Remote transmit
Back tab
Send status (terminal sends to bit status word
defined bhelow)

1520: Set print mode: (1} Remcte print (caunsas all

data to be sent to printer starting from last
print position, or top of screen if no previous
print, and ending at cursor position when
command received). (2} On line print with dis-
play (all transmitted and received data printed
except commands with ~ lead in}. (3) On line
print without display (Same as (2) except
raceived data is not displayed, and received
commands are not executed (except terminate on
line print and send status). Xeyboard remains
active and keyboard entries are displayed)

Terminate on line print

Terminal Status Word:

Bit Status
0* 1 = Buffer empty
1* 1 = Printer on line
Format Mode
2 0 Half or 0 1 1 .
3 0 full duplex | 1 Dbateh 5 Page  , Line
4 1 = Parity error in previous transmission received
Termination Character
5 0 0 1 1
5 o CR 1 ETX 0 EOT 1 Hone

* Always 0 for 1510
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NOTE: For Model 1500 units with the 202 Logic Board, the
EIA/CUR LOCF positions are the reverse of those shown.

g

CIRCUIT #
PCWER BREAKER
SWITCH RESET
BUTTON

FONCTION

CLUSTER NUMERIC
CLUSTER

CONTROLS UNDER 151G /1520 ONLY #
ACCESS PANEL |

O 4 \
POWER 3. = 2 £y o | O &
oN Skgaw w p 9%9u
LED = —— <t @ > g
5
o
&
&
LOCAL
g O &5
z zZ £ O
BAUD RATE gg_en.u_ug ::-'L ooﬂ CONTRAST
e 35%s 58 wba@
oo Oox wp@> Ba &3
8888883 78 ¢ 3 2
CRuag ¥ fa PARITY :r:«:Bg a8

TTIoo6s

Figure 1l-1l. Controls and Indicators

1-4
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Controls and Indicators

controls and Indicators Under Access Panel (figure 1-1)

#¥BAUD RATE

PARITY

HALF DUP/FULL

AUTO LF/CR

U/L CASE/UP

STD VIDEO/REV

'EIA/CUR LOOP
{2 switches)

One of eight switches sat to on {forward) to select
desired rate.

One of four switches set to on (forward) to select
parity mecde.

ObD or EVEN selection causes odd or even parity

hit to be generated
mitted and the same
character received,
cated by an audible

for each character trans-
parity is checked for each
A parity error is indi-
alarm and P is displayeg.

l or 0 selection causes a 1 or 0 in the parity
kit position of each character transmitted.
No parity check is performed on received data.

Select full or half duplex operation.

When AUTO LF is selected, a carriage return causes
the cursor to advance to the beginning of the

next line. A line feed causes no change in cursor
position.

When CR is selected, a carriage return causes the
cursor to move to the beginning of the present
line. & line feed causes the curscor to move down
one line. {Overridden in FORMAT mode = AUTO LFP
operation is automatic).

When UP case is selectad, all alphabetical charac-
ters are transmitted and stored as upper case re-
gardless of the SHIFT key position, Keyboard ALL
CAPS switch is overridden.

When U/L CASE is selected, characters are controlled
by the keyboard SHIFT or ALL CAPS keys.

Selects standard display (white characters on black
screen) or reverse video (black characters on white
screen) .

Enables the EIA or current loop interface. Both
switches must be set to same position.

CONTRAST Adjusts contrast to operator preference.
POWER ON Light-emitting dicde (red). Indicates when power
is on,
1510/1520 ONLY
SCHPE/" Selects either the ASCII ESC code or ~ charagter’és
the lead in for remote commands. L
FORMAT Selects format mode {if set, terminal will go to

EOM switches {2}

I

T
.~8dlect char

format mode at turn on, after reset, or after
return-to-switches command}. In this mode, key-
board data is stered.-and displayed, but not
transmitted,#Ehen”entered. Transmission is

“contgg}l by send command {keyboard or remote}.

o

tar to he inserted as end-of-message
character at the end.ef a transmission:

e e,
" EOM A ECM B EOM Character
/ T,
ON ON CR ——
/ OFF N EOT H“'-.._. )
e OoN OFF ETX e
OFF OFF None ™

f/’,,/”
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Controls and Indicators (cont)

1510/1520 ONLY {cont)

WRAPAROUND

FORMAT light

$LOCAL light 7

YES:; Cursor will autematically wrap arocund from the

~-..last column of one row to-the first column of the

nexthrow when data 1s'entered {except on bottom.
row in format mode}

NO: Cursc:,WLll not wrap around and alarm will sound,
A carrlage return must be entered to move the cursor
to the/hext line (eor other cursor control).

nghted whenever terminal zsﬂzn format mode. Blinks
_~during batch transmissions and dUrlng "FUNCTION"
operation. N

Lighted while terminal is in local mode.“‘waﬁ

Keyboard Controls

BREAK

RESET

CLEAR

HOME
ALL CAPS

Alphanumeric Cluster

Numerlc Cluster

Causes a 200 to 250 ms interruption on transmit data
line.

Resets the keybecard lock and set foreground flags.
Display of data is inhibited while key is depressed.

CLEAR : clears entire display to foreground spaces
{In FORMAT mode, functions only when cursor
is in home position)

CLEAR : c¢lears all foreground data to foreground
spaces

CLEAR : clears all data from, and including, cursor
position to end of line to foreground spaces
CSCLEAR: clears all data from, and including, cursor
position to end of screen to foreground
spaces

Homes cursor to row 0 ¢olumn 0

Alternate action switch, When depressed, causes all
alphabeti¢ charactars to be upper case regardless
of SHIFT key position.

When released (UP), permits upper or lower case as
controlled by SHIFT key unless internal UP CASE/U/L
switch is set for UP CASE. Data received as lower
case is displayed as lower case.

Generates codes for characters and functions as
marked.

Duplicates same functions as corresponding keys in
alphanumeric cluster but in adding machine arrange-
ment. Key functions are not modified by centrol

or shift keys.

Keyboard Controls (1510/1520 Only)

FUNCTION M““wxhxhhgpecial purpose key to allow communication without

ffecting display. After FUNCTION key is pressed
the-next character entered will be transmitted in
a two o¥ three. charactar saquence:
ESC, character keyed““EOM character (if selected).
Nothing will be stored or displayed, The FORMAT
light.-will blink until the transmission is com-
pleted. An erroneous entry may be cancelled by
depressing the FUNCTION key a second tlme.




HI-1053A

Tablé l=2, Controls and Indicators {cont)

Keyboard Controls (1510/1520 Only) (cont)

Initiates transmission in rmode for which termlnal

t Mode Only) has been conditioned (paragraph 1.2.5)

®SEND initiates line transmission ;eghrdless of
preconditions. o

“9SEND initiates page transmisgion regardless of
preconditions,

PRINT {1520 only)} _ Initiates transmission to printer when not in printer
s on line mode. A print symbol ([0 } is displayed
éaigmgipfgzrﬁggegf at bresent cursor position. All data from last
print qxnbol (or top of screen if no previous print)
tokﬁsqssnt cursor position, except data to right of
CR-Or [y
,,fto start

is sent to printer. Cursor i1s advanced
f next line (unless on beottom line).

LOCAL L Puts terminal™in local mode. Input data and commands
(Functions only in L~ will be ignore v terminal (but will be sent to
format mode} = printer if on link). Terminated by a SEND or by a
o second depression ofoOCAL key. Used to permit for-
,/“' matting data without lnterference from received data,
+ + + + ,f/ Move cursor up, down, r‘ght\Qr left without affect-
o ing data stored in memory. T~
- i - T
I/L-D/Ef” Insert line/delete line. Same functiéns _on 1500
o~ s
o~ require keying ~“z and ~%g respectively.

¥

Contreols and Indicator at Rear of Chassis (figure 1-1)

Power Switch and Switches AC power (down for on). Circuit breaker
#Circuit Breaker button pops out when actuated (1.75 amps). Push in
to reset.

Switches on Printer Buffer (1520 only) {figure 1-2)

sl Selects parallel or serial ocutput and baud rate
(51-4 not used)
Sl-1 Sl-2 §1-3
Parallel Up Up up
Berial-110 baud Up Up Down
Serial-300 baud Up Daown Down
Serial-1200 baud Down Down Down

S7-1
Figure 1-2. Switch S1 on Printer Buffer

1-7
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.2.3 Model 1510 -

The\mmodel 1510 contains all the features of the 1500, plus fo;ﬁat
and fgrmat/local mode capability. Additional remote command$ are

q table 1-1, Additional controls are listed in table 1-2.
. a
1.2.4 Remote commands to the 1510 may use either a ~ or ASCII ESC

shown

(escape) character as a lead in. The &~ notation is uSéd in this
manual to dééignate the lead in character but it is,to be under-
stood the ESC hmust be substituted if that charactei is selected.

1.2.5 1In the format mode, data is stored and displayed as entered,
but not transmittéd. Transmission is initiated by the SEND key
or by remote command (there is a 10 ms delay after remote command).
Only unprotected (foreground) data is transmitted unless the
terminal has been preconditioned to send both protected and
unprotected date, either\locally or remotely (v +). The terminal
will return to the send—uhprotected—only mode after RESET, or
after a remoted command to\dp 50 (}'comma). Data to the right of
a CR or transmit symbol (B) s not sent. The FORMAT light blinks
for the duration of the transﬁiggion, which may be by batch, page
or line. The batch mode is auéématically selected at turn-on and
after a RESET. Other modesgﬁay Békselected locally or by remote

; S

commands : Ve N,
s

s
Set line transmit =/v period \\
Set page tz:'emsmit/= v \
Return to batch/ =~ % |

Once preconditionéd, the SEND key or a rémote transmit command

(v 80) will cause the selected mode of tréﬁsmission until changed
by another command or by a RESET. Regardlegs of preconditioning,
a line tranghmission will be initiated by CSEN51 and page trans-
mission by CSSEND. Dbetails of the three modes are given in the
followinéfparagraphs. )

1.2.6 /In batch transmission, a transmit symbol (l)\gf posted at
the present cursor position and data is transmitted from the
beginning of the line following the preceding B (or from\ top of

creen if no prior transmit) to the new . The cursor is\\

N
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aaqinced to the start of the next line unless it is already on
hebottom line, in which case it is placed at the begihning of
the bottom line. New data may be entered immediately hut the
fOllOWlng commands cannot be entered until transm1551on is
completed\(FORMAT light stops blinking): TAB, TABr all CLEARs,

)
FUNCTION, all SEND key functions, I/L, D/L, LQCAL. The alarm
will sound if any of these keys are depress%di

N, K
1.2.7 1In liné\transmission, data on the gﬁrsor position line is

transmitted frdm the beginning of the 1;né and ends at a carriage
return or the last none-space charactg; on the line. The cursor
is advanced to the\ start of the next /line, with rollup if already
on the bottom line,\gxcept no rollup will occur if the bottom
line contains a protected character {cursor will be placed at
start of line). Data\entry fOllOWlng send command is the

same as batch transmlss:l.on.

1.2,8 In page transm1531qn; all 24 lines are transmitted and the
cursor is placed at the start of the bottom line. No rollup will

occur. Data cannot be entefed until the transmission is completed.

1.2.9 The format/local/mode may be selected by depressing the
LOCAL key when in format mode. Operatlon is the same format mode
except no input datafor commands W1ll be accepted by the terminal.
However, if a prlnter is on-line {1520 only) incoming data will be
transferred to the printer. The LOCAL llght will be on whenever
the terminal is 1n that mode. Local mode is termlnated by any
SEND or by a second depression of the LOCAL key.

1.2.10 The ¥510 model has cursor control keyg {(4+-+«} primarily

for use in f;rmat mode, although they functioﬁ\in full or half
duplex as ,well. 1In format mode, the BACK SPACE\énd SBACK SPACE
(DLE) wiI& store the corresponding character at tﬂéxpursor position
and move the cursor right one position. -

\.
1.2. / Model 1520 AN
.

The/ model 1520 contains all the features of the 1510, plus A

printer buffer with storage capacity for a full screen of dafa¢
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The printer buffer has full synchronizing capability for control//'

ing a printer with either parallel or serial data transmissiony

1.22 Three modes of operation are available: printer on line
with d’splay, printer on line without display, and printer/ééf
line. Pr&nter on line may be initiated from a switch on the
printer (6}\\ny means of grounding the printer on line s itch
input pin at the terminal}, or by remote command. Elther is
sufficient to keep the printer on line. Both must be reset for
off line operatldn. A remote on line print command is cancelled
by a remote terminate on line print command (~?)4/ or by a RESET
{but the printer will\remain on line (with di?piay) if the printer

on line switch ianput ié\true (1ow) ).

N

1.2.12 In both on line ﬁbdes, all data transmltted and received
on the I/0 channel is also\sent to the prlnter via the printer

buffer, except commands precéded by a %/

Commands preceded by
an ESC character are sent to thg printer., If the terminal is in

. . . 5 .
format mode, a line feed is inserted’after each carriage return

transmitted. \{/

A4

1.2.14 The printer on line wiﬁp/diéplay mode may be initiated by
the remote command v/, and on ilne wlthout display by ~*. In the
latter case, received data L§ not dlsplayed and the only inputs
the terminal will respond , to are send status {v-} and terminate
on line print (~?7}. Thg/keyboard remalns\actlve and data entered

by keyboard will be stored and displayed. \

1.2.15 1In the off llne mode, printing is controlled by the PRINT
A kY :

key (SSEND) or by -remote command (vRS). Transfer of data to the

printer 1is siT}I;r to batch transmission except\géth protected and

unprotected déta is printed.

1. he print symbol ( fjl) is posted at th:\énitial cursor
N

position/and at the next adjacent character position, It is pos-

sible for the print symbol to wraparound (i.e., occupy the last

charécter position on a line and the first character poq%tion of

e following line). \\\
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2., The cursor moves to the first character pOSlthH ‘of the
llne\ésllOWLHQ the previcus print symbol, or the beglnnrng of
the screéen if there is no intervening print symbol

3. From the starting point data is transferred to the
printer buffer aE“a very rapid rate 1ndependent of the printer
rate. Transfer of data to the prlnter at the print rate is under

control of the printer buffer. ,//

4. At the end of each/pharacter line a CR code followed
by a line feed code is generated before reading the first character
of the following line. If the cursor encounters a CR code in the
print field, it transfers the CR and llne feed codes before the
first character of. the following line is read Single transmit
symbols are handled in the same manner as carrlage returns. Data

to the rlghtxof a CR or § is not sent. \\\

5//’Readout ends at the print symbol posted\at\the begin-
\\
ning of the cycle. A CR/line feed is transmitted and the cursor

Tgyés to the first character position on the following lfne.

\

1.3 THEQORY OF OPERATION
1.3.1 Introduction

Figure 1-3 is a functional block diagram showing the relationship
of the major functional subdivisions of the terminal. The central
element of the terminal is the microprocessor, which is connected
to the other functional circuits by a l6-bit address bus, an 8-
bit data bus, and four read/write control lines. The bits on

the address bus are designated B.A[0] through B.A[15]. Bit 15 is
not used. The data bus bits are designated DB[0] through DB[7].

1.3.1.1 The program for the microprocessor is stored in a read-
only memory. Additional temporary memory for the microprocessor
is available in a scratchpad, which is part of the same memory
used to store the display characters. The microprocessor uses
the scatchpad to stack data for a partially completed routine
when it jumps to a subroutine and for storing iﬁput characters
(input queue). The memory address structure is shown in

figure 1-4.

1-11
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Figure 1-3.

Terminal, Block
Diagram (Sheet 1 of 3)
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Figure 1-3.

Terminal, Block Diagram {Sheet 2 of 3)

¥YESOT-IH



PI-T

DB{0v6]

"

Figure 1-3.

»
»

k4

PRINTER BUFFER (H1529; RESET
INPUT/OUTPUT COMMANDS 2 BAUD
- L3 RAT
—A-————N PRINTER A \ P
————| 1/© BUFFERS PRINT DATA BUS DB[07) J SERIAL/
_ . PARALLEL
: SWITCHES
READ WRITE M
PRINTER PRINTER 1
DATA DATA c
R
IOR :
TOW ADDRESS PRINTER :
DECODER MEM
(RAM) 0
B.A[D,1] c
E
WRITE READ ~ 5
PCNTL PSTAT g PARALLEL OUT[7)
r
D eroe [ R PRINTER STROBE
L A powm REGISTE .
! REGISTER PRINTER AC
PRINTER BUSY
ADDRESS SERIAL OUT
_ PRINTER DOWN  SERIAL BUSY
PSTAT
REGISTER ON LINE SW/OUT OF PAPER 2
7

Terminal, Block Diagram (Sheet 3 of 3}

TO/FROM

> PRINTER

Fy

¥ES0T-IH



HI-1053A

DECIMAL HEX
0- - 0000
PROGRAM
MEMORY
C4096)
hogi OFFF
%
DECIMAL HEX “\\\\\\
0 - - pooo _ '-:\\
PROGRAM 12,288 3000
MEMORY DISPLAY
20438 MEMORY
( J 14,207 (19203 377F
4 07FF ’
2047 - 14,208 - 3780
\“\\\\ ' REGISTERS
_ 14,1287 (80> 37GF
14,288 STACK 3700
\ . C4g)
12,288 " 3000 M S
DISPLAY NN
MEMORY
€1920)
14,207 377F h\““~
14'208 ) ~ 3780 20,4801 QUEUE e
, UVEU
SCRATCHPAD (128) (2562
14,335 _ 27FF 20,735 - 30FF
MODEL 1500

MODEL 151071520

Figure l-4. Memory Address Structure

The 1510 and 1520 models have an additional 256 x 8 queue, used
for storage of all input characters, and for output characters
in batch transmission mode. The address structure for input/
output (I/0)} is simpler since there are only five addresses,
Address bits are used to address I/0, with one or two bits low
{logic 0) designating a particular unit as follows:

I/0 Unit Bit (s) Low

Reyboard Status Latch (Read only) B.A[3]

Refresh Address Counter (Write only) B.A[4]

Keyboard Encoder (Read only) B.A{S]

UART ' B.A[6]

I/0 Status (R2 if read, R3 if write) B.A[7]

Batch Transmit Status Register (Read only) B.A[6&7] (1510/1520)
Print Buffer B.A[0] (1520)
Printer Control/Status (PCNTL if write, B.A[1] (1520)

PSTAT if read)
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1.3.1.2 Operation of the terminal may be divided into three major
categories: (1) data transfer, (2) TV refresh, and (3) character
processing. These operations are described in the following para-
graphs, followed by a more detailed description of the more com-
plex circuits.

l1.3.2 Data Transfer
Eight types of transfer are performed:

l. keyboard to microprocessor
2. I/0 to microprocessor
microprocessor to I/0

. Nhicroprocessor to memory
memory to microprocessor

o R e W

. memory to video
(1520 only:)

7. microprocessor to printer buffer
8. printer buffer to microprocessor

All but one are controlled by the microprocessor. Control of
transfer from display memory to the video circuits is shared by
the tv sync circuits and the microprocessor.

1.3.2.1 Keyboard to Microprocessor. Each character key is

located at a unique junction of 9 scan lines (designated X) and

10 output lines (designated Y). The keyboard encoder continuously
excites the 9 scan lines, one at a time, and looks for a signal

at the output lines. When a key is depressed a unigue XY combina-
tion is recognized, which, in combination with the control and/or
shift keys, addresses a memory location in the keyboard encoderx

in which the appropriate 8~bit character code is stored. When any
character is detected, a keyboard data ready (KBDR) signal is
applied to the status latch. The microprocessor periodically reads
the status latch condition (IOR and B.A[3] low} and, when the

KBDR condition is read, enters the keyboard service routine. The
microprocesscor then reads the keyboard data (IOR and B.A[5] low)
transferring the character code to the microprocessor. If the same
character is input two successive times with less than a 6 milli-
second interval, it will be rejected. This prevents accidental

1-16



HI-1053A

double entries due to switch bounce. Otherwise the character will

be processed as appropriate for the modes and switch options in
effect.

1.3.2.2 1I/0 to Microprocessor. The universal asynchronous

recelver-transmitter (UART) is continuously ready to accept serial
inputs. When a serial input is received, the UART stores it in

an input'buffer and generates an I/0 interrupt signal. This causes
the microprocessor to interrupt whatever it is processing and do

a data I/0O service routine. The UART is addressed and the charac-
ter transferred to the microprocessor in parallel on the data bus
(7 bit ASCII plus a 1 for DB[7]) if a parity error is detected

by the UART). The microprocessor then updates status register R3
with a receive data reset bit, which, in turn, resets the UART

I/O interrupt signal.

1.3.2.3 Microprocessor to 1I/0. When a character is ready to be

transmitted, the microprocessor enters a send character subroutine.
Status register R3 is updated with a request-to-send bit which

is transmitted via the serial I/0 buffer. The microprocessor then
reads status register R2 to determine the status of the clear-to-
send, data set ready, and transmit-buffer-empty (TBMT}! signals.
When the necessary conditions are met (TBMT in half duplex; data
set ready and TBMT or data set ready and clear-to-send and TBMT

in half duplex}, the character is written in parallel into the
UART transmit buffer. The UART inserts start, stop, and parity
bits and transmits the character via the serial I1I/0 buffers.

1.3.2.4 Microprocessor to Memory. When a new character is to be

displayed, the microprocessor addresses the display memory location
corresponding to the current cursor address (which the micro-
processor keeps track of by tracking cursor movements), writes

the character into the memory location, and increments the cursor
to the next character slot.

1.3,2.5 Memory to Microprocessor. Any word in the program memory

or the display memory can be transferred to the microprocessor by
a memory read command along with the appropriate address as

indicated in figure 1-4.

1-17
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1.3.2.6 Memory to vVideo. Transfer of display data to the video
circuits, which store one row of characters at a time, is

synchronized under control of the tv sync circuits. Each charac-
ter occupies an 11 tv line window as shown in figure 1-5. At the
beginning of line 10 of each 11 line character row, the tv sync
circuits generate a bus disable signal. This signal causes the
microprocessor to go to a hold status. The bus drivers are set
to the high impedance state, reserving the address and data buses
for transfer of the display data. The same signal enables the
line buffer to load the data. A count buffer enable (CTBEN)
signal enables the refresh address counter, which then controls
the address bus. Eighty counter clock (CNTCLK) inputs to the
counter cause 80 consecutive characters to be transferred to the
line buffers. At this time, the bus disable signal is discontin-
ued and control of the buses is returned to the microprocessor.
éince 11 tv lines are required to display a complete character
row, no display data transfer is reguired until line 10 of the
next row. At the beginning of line 2 of each row, a tv interrupt
signal is generated. This signal causes the microprocessor to

5011‘213‘4‘5\6‘7|8|0]1|2|3i“!5|6‘7‘8‘

TV LINE

_
l
|

| |

| |
|

|

I

|

|

|

Zjefo oot fol-

|
|
|
I
J
i
P
|
1 L __________T;f
UPPER CASE \~LOWER CASE

DOT MATRIX (7X8) wrﬁggﬁAEg§§1> DOT MATRIX (7X8)

7704039

Figure 1~5, Character Format
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interrupt whatever it is doing and enter a tv service routine,

The microprocessor then calculates the address, in display memory,
of the start of the next row to be refreshed (the microprocessor
counts tv interrupts to keep track of where the tv refresh is).
This address is written into the refresh address counter in prepar-
ation for the transfer of the next row. The address is transferred
on the data bus DB [0 7], but into counter locations corresponding
to address bits B.A[3 ~ 10]. The least significant four bits in
the counter [0 ~ 3] are set to 0. _The resolution of the address
load is 16, which is adequate because all starting addresses are
multiples of 16 (80 = 16 x 5).

1.3.3 TV Refresh

1.3.3.1 The tv circuits block diagram is shown in sheet 2 of
figure 1-3. Transfer of a row of characters to the line buffers
was described above. The tv sync circuits divide and decode from
an internal 33.264 MHz oscillator to produce the wvarious timing
signals needed to synchronize the display. The line buffer clock
causes a new character code to be transferred from the buffers to
the character generator every 9 tv dot intervals. The character
generator is programmed with the dot pattern for each displayable
character. The character code, plus the decoded line count,
addresses the dot pattern for a particular line of the character.
The dot pattern is then transferred in parallel to the wvideo
shift register. The video shift register clocks the video serially
through the video amplifier to the monitor. The video amplifier
output is at medium intensity for background characters, and high
intensity for foreground characters, determined by the most '
significant bit of the character code in the line buffer.

1.3.3.2 At the end of each line and during vertical retrace, a
clear video shift register (CLR VID SR) signal clears the shift
register and disables the video amplifier input. This signal is

a composite of either horizontal or vertical blanking. The charac~
ter codes stored in the line buffers are recirculated eleven times

(line number 0 through 10) and a new row is loaded at line ten.
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1.3.4 Data Processing

1.3.4.1 All data proceséing is performed by the microprocessor
by performing the program stored in program memory. The program
consists of four primary modules (Executive, Keyboard Service,
Filter, and Initialize), an interrupt subroutine, and several
detail subroutines. Flow Charts for the model 1500 program are
shown in figure l-6. Table 1-3 explains abbreviations used in
the flow charts.

1.3.4.2 The overall program flow is shown on sheet 1 of

figure 1-6. At power turn-on, or when the RESET button is pressed,
the initialize routine is performed. This clears old data from
storage and sets up the microprocessor initial conditions. The
screen is cleared for a power up reset, but not for a pushbutton
reset. The executive routine is then entered. This program
causes the processor to look for work, and is repeated continuously
until interrupted by an "interrupt" input. BAn interrupt causes
the INTRP subroutine to be performed. If the interrupt is a tv
interrupt, it services the tv refresh function described in
paragraph 1.3.3; if it is an I/O interrupt, it transfers an I/0
character to the input gueue. Data in the processor registers is
pushed into the scratchpad while the interrupt is serviced. After
the interrupt, the data from the scratchpad is popped back into
the registers and the interrupted routine is resumed. An I/O
service may be interrupted by a tv interrupt. In this case, the
I/0 data is pushed down, the tv refresh is serviced, and the I/O
servicing is resumed. When the EXEC routine is performed, the
queue is checked for a character to be processed. If a character
is available, the filter module is entered. This module performs
the actions appropriate for the particular character, calling
subroutines as necessary. When the filter routine is concluded,
the executive routine restarts. If no character is in the gueue,
the keyboard is checked (unless in keyboard lock condition). If a
keyboard character is availlable, the KBSVC (keyboard service)
routine is performed. This routine includes double-entry preven-
tion. If a key is held down, only one entry will be made until

1-2¢0
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Table 1-3. Terms and Abbreviations Used in Program Flowcharts
Abbreviation/Name Description or Usage
ALCNT Used to time audible alarm. Set to 20 when BEL character

Alarm Count

BRCNTR
Break Counter

A

CADDR
Cursor Address

CI
Cursor Interchange
Flag

CICNT

Cursor Interchange
Counter

CORSX, CURSY
Cursor ¥ and Cursor
Y address

cx
Flag

EQC
End of character

FLAG 1, FLAG 2 {1500}
Flag Registers No. 1
and Ho. 2

FLAGS 1 through 7
(1510/1520)

KBCNT
Keybecard Count

KBLOK F
Keyboard Lock Flag

KCHAR
Reyboard Character

LEADP
Queue leading
pointer

LOP
Line zero pointer

Pass 1, 2
Keyboard pass flags

RA
Read curscr address flag

RLP _
Refresh Line Pointer

is decoded or a parity error is detected. Decremented
by each vertical unblank.

Used to time break. Set to 14 when BREAK key is decoded.
Decremented by wvertical unblanking.

Flag raised when request-to-send is output (EIA CA signall.

Refresh memory location correspending to present cursor
position,

Set when cursor is over a character other than space.
Used to control interchange of cursor and character.

Used to time interchange ef curser and character. Set to
20 when cursor is moved to character position and to 10
each time an interchange is implemented. Decremented by
each vertical unblank,

Character number (X]) and row number (Y) of present cursor
position as measured from left or top of display.

Set when X part of direct cursor address command has been
implemented. Used to indicate that next address will
be Y.

Signal from UART when last bit of a character has been
transmitted from serial output buffer. Used to deter-
mine start of delay at end of half duplex transmission.

Number 1 stores Lead In, RA, CX, CI, Pass 1, Pass 2,
Foreground, and KBLOK flags. HNumber 2 stores CA, Alarm;
Break, and data ready reset flags,

Status flags.

Used to track time a key is held down. Set to 48 on 1lst
pass (delay) and to 4 on 2rd pass (repeat rate). De-
cremented by each vertical unblank. Reset when key
released.

Set by keyboard lock character [WCU]. Reset by keyboard
unlock command or initialize module. Keyboard will not
be read when set.

Last keyboard character. Used for comparison with present
keyboard character to determine if same or new character,

Address in buffer at which next I/0 character is to bhe
stored. Incremented as each character is stored. Reset
when end of buffer is reached. See TRALP.

Number of rows, from start of refresh memory to memory
location of top line of display. Used with RLP to
calculate starting memory address for next line to

be refreshed. Incremented with each rollup.

Indicates number of consecutive times the same character
is read from keyboard, Used to prevent double entrias
and control typamatic operation.

Set when a command to send cursor address is received.

Number of the next row to be refreshed. Incremented at
each tv interrupt. Reset to 0 each vertical retrace.
Used to control the starting point of the refresh memory
address counter at the start of each row.
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Table 1-3, Terms and Abbreviations Used
in Program Flowcharts {cont}

Abbreviation/Name Description or Usage
'TAB PASS 1 Set during tab. Used to limit search for background
foreground (unprotected) field.
TBMT Signal from UART indicating that serial output buffer
Transmit buffer is empty.
empty
TMPST Register {leccated in scratchpad)_used for temporary
Temporary storage . storage during a particular routine.
register
TRALP Address in buffer of oldest I/O character not processed.
Queue trailing pointer Incremented as character is stored.
XCNT Ccount used to control blinking of FORMAT lamp during
transmit.

approximately 0.8 second (48 vertical unblankings) and typamatic
_operation will then be performed. The routine is shown on sheet 4
of figure 1-6. The tables noted in the flow chart are conversion
charts for lower case to upper case and keyboard encoder to ASCII.
On completion of the keyboard service, the executive routine is
restarted. The subroutines used to implement the various terminal
functions are shown in the flow charts. 1In reading the flow charts,
the folloﬁing terms and conventions should be understood.

o A (D) or (H) following a number indicates decimal or
hexi-decimal notation.

O A module (sheets 1 through 4) ends with an exit which
specifies the routine to start next. A subroutine ends

with a "return" which exits to the point from which the
subroutine was called.

© A "call" inserts the subroutine called into the flow of
the calling routine. The calling routine is resumed
when the subroutine is completed. A "jump" terminates
the routine. If the jump is to a subroutine, the exit
from the subroutine resumes the routine from which the
calling routine was called.
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MNEMONIC FUNCTION SHT MREMONIC FUNCTION SHT
ADJCP Adjust cursor position B8 FILTER Filter 3
CBEOS Clear to end-of-screen 6 FTAB Foreground Tab 15
(background) ILINE Insert line 9
CHOME Home cursor 7 INITIALIZE Initialize 2
CISAY Save character in 8 IN QU Transfer character to 13
cursor interchange input queue
egister
re INTRP Interrupt 5
CLEFT Cursor left 7 .
. KBSYC Keyboard service 4
CLEOL Clear to end-of-Tine 6 .
LF Line feed 10
CLEDS Clear to end-pf-screen &
: PTR Pointer B
CLFG Clear foreground 15 ]
RADDR Direct cursor address 11
CLSCR Clear screen 6
ROLUP Rollup 9
cR Carriage return 10
SADDR Send cursaor address . 13
CURDN Cursor down 7
SEND CHAR Send character to 12
CURMA Cursor memory adjust 8 UART
CURUP Cursor up 7 THA Calculate Y memory 14
DLINE Delete line 9 address
EXEC Executive 1
POWER PUSHBUTTON

|Execurlve

+*

INITIALIZE

UPI lRESET

INTERRUPT

RETURN

— e e — ——

QUEUE
LEADP = TRAILP?

—+

KBLOK T

CQUEUEEMPTYﬂ

FLAG SET?

INPUT KB
STATUS

KEYBOARD

DATA READY?

RESET
PASS FLAGS = 0
KBCNT = O

L

Figure l-6.
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Initialize
RST@ :

C INITIALIZE )

|

SET STACKPTR
= 3788CHD

}

SET RLP
=8

}

SET LEADP =
TRALP = BS{HD

}

SET BKCNTR,

KBCNT, ALCNT,
KCHAR, CICNT,
FLAG1, FLAGZ,
TEMPST = 2

SET DRR, EELL
TO 1; TA, TD BRK,
TVBLNK TO 8

FULL DUPLEX? >———-

HOUPL:

L

L

SET DRR, BELL
€A TO 1; BRK
TVBLNK TO ¢

co,

POWER UP
RESET?

iy
SET LBP
= A

}

CALL
CLSCR

l ENABI :

SET
BACKGROUND

¥

C

Flowcharts (Sheet 2 of 16)

Figure 1-6.

FLAG

i

T

)

FOR USE WITH
AUTO TEST EQUIP

<: SYSTEM \
TEST? /
IF

ENABLE
INTERRUPT

JUMP TO
EXEC

)
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Qcvar < 117
UaNLY:
HAR
UPPER CASE om.n\ of Qtuar < 367 F 35??: >L_< jizsr T
i It [
Q CHAR = TRAHSFORM
3% TO 1357 10 UPPER CASE
T5TS:
T/ o : cry QCHAR = DEL? ),
3 ‘ERADKR:
CALL TR & J
JUHE EXEC PARITY ERROR ACTIVATE ALARM
. ¥ 1
I/ cuar x ury REPLACE QCHARL
WITH PE CHAR
* FORBK:
CALL LF §
JUNP EXEC CLEAR €T FLAG
l RLICP:
T/ CHAR = ALAKN? SET FOREGROUND SET LEAD=IN RESET LT, T/ PARITY
BALKGROUND e, CX FLAGS ERROR?
’ 1 . i F
CALL PREEL PUT CHAR 1IN CALL T RA FLAG
§ JUMP EXEC DISPLAY RAM JUMP EXEC RADDR SET?
i MXTLN: ) F
T CURSOR @ T RA FLAG
CHAR3 CURS :.EF'r'r) (EN‘D oF LINET )__. SET CURSX = & cotogtga 1
F 1 1 LPUN: T
CALL CLEFT INEREMENT CURSY ON
€ JUMP EXEC CURSORK LAST LINE >f—° 00 A ROLUP RESET LE:D— LOOKUP TABLE
INrL £NQ CALL SADDR
I ¥ i ] © JACK  CALL RaCE
- vT  CALL CURDN
CHAR = INCAERENT INCREMENT J— JURE FF  CALL CURUP
CURS RIGMT? CADDR CURSY c EXEC DEY  CALL RBCL
i 1 DC2 CALL CHOME
" DC3  CALL OLINE
CALL CRITE HAK CALL RHAK
€ JUMP EXEC CALL Aoack N on EM CALL REH
. SU3 SALL ILIME
| FS CALL CLSCR
G%  CALL CLEOS
T/ cran = tasr SN0 ouwer exec si  CALL CLEDL
U$  CALL RUS
£TE CALL CREDS
ELSE CALL ROUT
CALL FTAR
& JUMP EXEC —_— _l

Figure 1-6. Flowcharts {(Sheet 3 of 16)

193774
YES0T-IH



HI-1053A
Keyboard Service

TYPO:

PASS1 SET INPUT KE DATA

- F NEWCH:
RESET PASS1, SAME KEY DOWN
PASSE: | PASS2 -
INPUT KR
DATA § STORE
SET PASS2
Uc/Le SH T
IN YC ONLY
CKLTR: ]
CAPS ONLY T MERGE UC/LC
SW DDWN 7 M ALPHA
F
FUNC:
FUNCTION SWITCH L N A+ B
SENKE: |
CONVERT CHAR B+ C
WITH TABL1 CALL SEND
N T T
< < 18¢D) >, . » B -C HALF DUPLEX b
SENKD: C+ A F

CALL INQU

HALF DUPLEX CHAR + QUEUE

LEZ3: 4+ ¢
CALL SEND
HALF DUPLEX SEND %

T LE23:
TBLUZ: ‘ CALL SEKD
< < 24(D) >_1'__‘ A+C 3 SEND CHAR [~
SETUP TAAL2
CALL CURUP INVOKE R
CURSOR _UP
CALL CHOME INVOKE ]
SET BKCNT = 1u4(D)y CURSOR HOME
TNYCOKE BRE CALL CLSCR LNVOKE
CALL SETPT CLR SCREEN
CALL CLEOL [NVOKE ol
] CLR _END OF LINE
CALL CLEDS [NVORE )
CLR END OF SCR
CALL CLFG INVOICE |,
CLR FOREGROUND
KEXIT:

PASS2 SET

SETLC:

SET KBLNT = 4(D)

SET PASS]
SET KLCCHT = 48(D3

SETCT: 4

LOADR

Figure 1-6, Flowcharts (Sheet 4 of 16)
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Interrupt
INTRP:
PUSH PSW,
8, H
F TV INTRPT? T
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. SET RLP = -1
] RLP = 237
F NRSETT [

ENABLE INTERUPT
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Figure 1-6.
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Clear Screen and Pointer
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1 l
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CALL CISAY

LOAD BOUNDARY
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)
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Cursor Interchange Save and Cursor Memory Adjust

=D &

b

CALCULATE NEW CLEAR CI FLAG
CADDR FOR CX,
CY LOCATION
r
[cic] = T
5 _
STORE CURSOR CHAR?
IN CADDR : =
b
ADJCP: 4 mov [cic] TO
MOVE CHAR @ DISPL RAM
RAM CADDR TO (CADDR)
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CHAR TO RAM
CADDR
T / ORIGINAL RAM
CHAR = SPACE?
F
SET CI FLAG

h 4

SET CICNT = 28

—-—-ﬂ(:j RETURN j:)

Figure 1-6. Flowcharts (Sheet 8 of 16)
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Rollup and Insert/Delete Line
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Figure 1-6. Flowcharts (Sheet 9 of 16)

1-31



(E;RRIAGE RETURE)

:

CALL CISAV

:

SEY CURSX = f

HI~-1053A
Carriage Return/Line Feed
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Direct Cursor Address

RADDR:

DIRECT CURS
ADDRESS

;:> INPUT BYTE IN

h

REGISTER A

CALL

CISAV

b

GET INPUT BYTE

F / CX FLAG

h

= 17
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1
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Figure 1-6.
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Send Character

SEND:

GEND CHARACTED

}

RAISE REQUEST
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SET CA FLAG IN REGISTER B

!
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\
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xMit: 4 4 1 \ \ |
; TBMT EMPTY? 4
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lr NOEND: 1

MOV CHAR h/ ~ F
TO UART r\UART EOC = 17 >—

IT

FULL DUPL? _:> DELAY §00us
F 1
NOPE: |
w
CHAR = CR, T Eoc = 19 |
ETX OR EOT? / -
; y!
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Figure l-6. Flowcharts (Sheet 12 of 16)
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Send Cursor Address and Queue

INQU: SADDR :
MOVE CHARACTER SEND
TO ADDRESS ADDRESS
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POINTER
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r
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Y
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Figure 1-6. Flowcharts (Sheet 13 of 16)
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Y Memory Address
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h 4
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7704040

Figure 1-6. Flowcharts (Sheet 14 of 16)
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CLFG:

HI-1053A
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Figure 1-6.
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Foreground Tab

SET POINTER
= CADDR
SET COUNT =
3780CH) - CADOR
X2
F CHAR @ PTR
X1t | __“\d_igff_z FG?
T CHAR @ PTR T
ADDR = FG?
-
DETERMINE CURSX DECREMENT DECREMENT
CURSY FOR NEW COUNT COUNT
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CURSX, CURSY COUNT = 8 RETURN
XIAT G :
INCREMENT INCREMENT
JUMP CURMA POTNTER POINTER

FI0404Y

Figure 1-6. Flowcharts {(Sheet 16 of 16)

1.3.5 Reset, Interrupt and Wait Functions

l.3.5.1 Figure 1-7 is a block diagram summarizing the reset,
interrupt, and wait functions. At power turn on, the +5 volt
supply charges a capacitor at an input pin of the clock generator
and driver. This input triggers a PU RESET output which resets
the pushbutton reset flip-flop (U47), resets the microprocessor,
refresh address counter, printer buffer video circuits, UART, and
control status register, and sets the bus ready flip~flop (U62).
The RESET button has the same effect, except the pushbutton reset
flip-flop is set. This status is transmitted to the microprocessor
via the status latch, allowing the microprocessor to distinguish
between a powexr up reset énd a pushbutton reset (the screen is

cleared for a power up reset but not for a pushbutton reset).
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1.3.5.2 As long as the B RDY (bus ready) signal is present, the
clock generator and driver applies a ready input to the micro-
processor and the microprocessor runs at a rate determined by

the clock generator. The reading gate, however, is too fast for
the keyboard encoder and UART; hence special provisions are made
for these devices. When the keyvboard encoder is enabled for a read
cycle (IOR and B.A[5] low), a K/B READY signal resets FF U67 and
interrupts the B RDY signal. This causes the microprocessor to
delay reading the data. When the keyboard encoder data output is
stable, it generates a K/B BUS ACTIVE signal which sets FF U67 and

restores the B RDY signal. The microprocessor then latches the

kevyhoard data.

1.3.5.3 When a read UART data cycle is initiated, it generates

an I/0 WAIT signal which resets FF U&7 via NOR gate US55 and enables
one input to NAND gate U97. 1Interruption of the B RDY signal
delays the microprocessor read cycle as described for the keyboard
above. The microprocessor acknowledges this status by generating

a B WALIT signhal. This signal enables NAND gate U97 and sets

FF U67. The delay involved is sufficient to ensure that the UART
data output is stable when read.

1.3.6 Serial Input/Output

1.3.6.1 The overall function of the serial I/0 circuits was
described in paragraph 1.3.1 Figure 1-8 is a detailed block dia-
gram of the circuits. The baud rate DIP switch settings are
decoded to control the clock generator operation. The clock
generator divides the crystal frequency as required to produce

a clock frequency at 16 times the selected baud rate to drive

the UART. When a 110 baud rate is selected, an input is applied
to the UART which causes it to insert two stop bits in each serial
output character; otherwise, one stop bit is inserted. The UART
also inserts a parity bit and checks input parity in accordance
with the parity DIP switch selection.

1.3.6.2 Serial data and control signal inputs may be received at
any time. Control signal status (CB, CC, CF inputs} is stored in
status register 2. Data is stored in the input buffer and an I/0

1-490
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interrupt signal is applied to the microprocessor whenever a char-

acter is received.

1.3.6.3 The remaining functions are controlled by the microproces-
sor via the local address decoder. By the appropriate control and
address bits, the microprocessor can command any one of four

operations as follows:
Operation Function

Read data Causes the received data in the UART
input buffer to be transferred to the
microprocessor (along with a parity
error bit if an error is detected)
and causes an I/0 wait as described

in paragraph 1.3.5.3.

Write data Causes data from the microprocessor
to be transferred to the UART
transmit buffer from which it is

automatically sent as serial output.

Read status Transfers the contents of status
register 2 (and the UART end-of-
character bit) to the microprocessor.

Write status Updates status register 3.

1.3.6.4 When input data is read, the microprocessor transmits a
data ready reset bit to register 3, which clears the UART input
buffer. Register 3 alsgo stores the control ocutputs (reguest to
send and data ready), the break, and the alarm (BEL) controls.

1.3.7 TV Synchronizer

1.3.7.1 The overall function of the TV sync circuits was described
in paragraph 1.3.1. Figure 1-9 is a detailed block diagram of

the circuits. The horizontal circuits are shown on the top half

of the diagram. The 33.264 MHz oscillator and divde-by-two flip-
flop generate the 16.632 MHz video clock. This is the dot fre-
quency (one pulse for each of the nine horizontal resolution

elements of each character (figure 1-5). The divide-by—-nine shift
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register outputs are decoded by the dot count register to produce
dot, Ndot and line buffer clock outputs during selected portions
of each character window. A character counter output selects
addresses in the horizontal sync prom, and the decoded prom out-
puts are the basic horizontal sync signals. The timing is shown

in figure 1-10.

1.3.7.2 The right hand margin outputs of the horizontal section
are counted by the vertical section to generate the vertical sync
signals. A divide-by-eleven counter counts the eleven lines in
each character window. An output at line 10 of each ll-line char-
acter row enables the bus disable signal (which puts the micro-
processor in the hold condition and enables the refresh address
counter output), and the CNT CLK-signal (which is the clocking
signal for the refresh address counter). This synchronizes
transfer of a new row of characters from the display memory to

0 0 L023) is also used

the video line buffers. The line count (LC2
by the video line buffers to load a new input on line 10, and to

recirculate data on-lines 0 through 10.

CHARACTER COUNTER 991000 1 2 3 & 84 85 B6B7 88 092 9394 g5
ff- e :
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VID BUS [ ’ |
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Figure 1-10. Horizontal Timing
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1.3.7.3 The line counter output is divided by 28 and decoded to
form the vertical sync signals. Timing is shown in figure 1-11.

1.3.8 Microprocessor

1.3.8.1 Figure 1-12 is a block diagram of the microprocessor cir-
cuits. Basic #l and §2 clocks are generated by the clock gene-
rator to drive the microprocessor chip. These clock pulses occur
at a 2 MHz rate and a nominal 10 volts (9.4 volts minimum). The
clock generator also generates a power-up reset signal, triggered
by the charging of an external capacitor, and synchronizes the

bus ready signal to the microprocessor.

1.3.8.2 During the first part of a processor cycle, synchronous
with the STSTB (status strobe) signal, a status word appears on
the microprocessor data bus. This indicates the type of cycle to
be performed and is stored in the system controller status latch.
Depending on the type of operation to be performed, the gating

1 3 5 7 9 11 13 15
2 " 4 6 g 10 12 1% 16

0
TTQTEE 25 S () N N A M N I O IO T O O I O I

VOINT L | L

RHM 40_ 80, 120. 160 W0 280

20 60710077 10 180 20090740566 20300
TV INT RERRIC RN AR EERE RN EEN

263 307
V UNBLANK T
e 278 294
V ORIVE § ! 3
|+—-— 14.29 ms —*I-'l l‘—u.a ms

7704063

Figure 1l-11. Vertical Timing
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array generates a memory write or I/0 write output synchronous
with the microprocessor WR (write) signal, or a memory read or I1/0
read signal synchronous with the microprocessor DBIN ({(data bus
input) signal. The gating array also controls the direction of
the bus drivers and generates an INTA (interrupt acknowledge)
signal when the microprocessor status word indicates an interrupt.
The interrrupt occurs in response to an external interrupt input
to the microprocessor.

1.3.8.3 A bus disable input to the microprocessor causes it to
go into the hold condition. The microprocessor then generates a
HLDA (hold acknowledge) signal which is also used as a bus enable/
disable control. The address and data bus drivers are 3-state
devices. During the hold status, they are in the high impedance
state, permitting other devices to control the address and data
buses. This feature, called direct memory access, is used during
tv refresh to permit direct transfer from refresh memory to the
line buffer. -

1.3.9 Monitor (Figure B-4)

1.3.9.1 Low-Voltage Regulator. The low-voltage regulator proces-

ses input ac power, converts it to a highly regulated dc voltage,
and supplies this voltage to all circuitry in the monitor. The
regulator output voltage also determines the raster width for the
crt display. Primary ac power (98 vac, 60 Hz, nominal) is received
from a secondary winding in the power transformer. This voltage

is rectified by U3, filtered by C26A, and subsequently regulated

by the circuitry described bhelow.

1.3.9.1.1 The regulator circuit is a closed loop feedback ampli-
fier, with high open loop gain for stability, and current amplifi-
cation to provide adequate power to drive the remaining monitor
electronics. A reference voltage is established by resistor R55
and zener diode VR3 at the high impedance port of operational
amplifier U2. Because of the large open loop gain of U2, this
same voltage is reflected, by means of a virtual ground between
pins 2 and 3 of U2, at pin 3 of U2. Feedback network R56, R57,
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and R58 then determine the magnitude of the regulated voltage

(amplifier gain) at the emitter of output transistor Q7.

1.3.9.1.2 Amplifier U2 and transistor Q9 provide open loop

voltage gain and voltage translation of the input reference volt-
age., Transistors Q7 and Q8, connected as a Darlington amplifier,
provide current and power gain for dplivery.to the monitor circuitry.
Resistors R51 and R52 provide bias for amplifier U2. Resistors R49
and R50 provide bias for the transistors. Resistor R54 provides
emitter degeneration for the Darlington. Capacitor C27 provides
fregquency compensation for amplifier stability and capacitor C26B

provides dynamic¢ load filtering for the regulated output.

1.3.9.1.3 Dynamic operation of this amplifier is as follows. An
instantaneous increase of the output voltage increases the voltage
at the arm of potentiometer R57. The difference between this volt-
age and the reference voltage at pin 2 of U2 is amplified by dif-
ference amplifier U2 whose output then increases base drive and
collector current in transistor Q9. This increase in current then
tends to starve, or turn-off, transistors Q8 and Q9. Therefore,
the emitter current of Q7 decreases which, in turn, tends to
decrease the output voltage such that stable circuit operation for

varying circuit loads is maintained.

1.3.9.1.4 Potentiometer R57 permits adjustment of the output
voltage and is used to establish correct raster width on the crt
display. Fuse F2 provides protection in case of fault or failure

conditions in the monitor electronics.

1.3.9.2 video Amplifier. The video signal originates in the

logic, is routed through an operator-controlled contrast potentio-
meter, and enters the monitor on pin 8 of the moniteor input
connector Pl with a ground return reference at pin 5 of Pl. The
video signal is terminated on the pc board by R75 and is then pro-
cessed by transistors Q10 and Qll connected as a cascode amplifier
with a nominal dc¢ gain of 25, controlled by resistors R65, R66, and
R67. Capacitor C30 provides high frequency peaking of the video
signal to permit a uniform brightness presentation on the crt of

both single dots and horizontal bars within an alphanumeric
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character. The output video signal at the collector of transistor
Ql0 is coupled to the crt cathode through inductor L5 and through
resistor R69 which is located in the crt socket assembly. L5
provides further peaking of the signal; R69 provides crt flashover
protection for the video amplifier circuitry. A spark gap at the
socket provides further flashover protection. Resistor R64 and
capacitor €29 provide decoupling of the B+ line. Resistors

R63 and R74, capacitor €28, and Zener diode VR5 provide base drive

and a low source impedance for the upper transistoxr of the cascode.

1.3.9.3 Horizontal Deflection. The horizontal deflection ampli-

fier provides deflection yoke drive to move the crt electron beam
across the screen. The deflection is a closed loop system
consisting of an AFC circuit and drive output stage. The system
is closed because the output (£lyback pulse) is fed kack to the
AFC circuit for phase comparison with the incoming synchronization

pulses.

1.3.9.3.1 The AFC circuit portion of the horizontal deflection
comprises Ql3, U2 and their associated components. The sync from
the logic board is TTL, positive-going. Q13 is used to invert the
sync since U2 requires a TTL negative-going input at pin 3. Q13
also serves as a buffer between the deflection and the logic board.
U2 contains a regulator, phase comparator, voltage-controlled
oscillator, and an output pulse width controller. The internal
regulator voltage is measured at pin 6 of (02 (8.6 V nominal) and
provides oscillator stability during environmental change, power
supply drift, and component tolerance drift. The voltage-controlled
oscillator is set nominally by adjustment of R5. RS, in conjunc-
tion with R6, R7, R8 and Cl, determines the oscillator's free-
running freqguency (no sync input). The filter, composed of R9,
R12, C2 and C3, filters the voltage that controls the oscillator.
The ammlitude of the control voltage is_proportional to the differ-
ence in phase of the feedback signal (flyback in this case) and

the input sync. The flyback pulse is integrated by R13 and C6 to
produce a sweep at the horizontal rate. C5 ac-couples the sweep

into the phase detector for comparison against the incoming sync.
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The output pulse width at pin 1L of U2 is determined by the ratio
of R10 and R1ll. The pulse is routed to Ql tec drive the primary
of pulse transformer T2, The secondary of T2 supplies base drive
for 02, the horizontal output transistor.

1.3.9.3.2 The output stage is a flyback deflection system. The
description starts at the time the sweep has reached the right
~portion of the crt and is ready for flyback initiation. Q2 is
conducting at this time and the yoke current is sweeping negative-
ly. The sync pulse (already described), coupled by T2, turns Q2
off. The yoke, which no longer has a discharge path, now dumps
it's energy into flyback capacitor Cll. The yoke and Cll act as
a tank circuit and ring at the fregquency determined by their
values. The ring causes the voltage at Q2 collector to increase
to approximately 600 V. When the voltage returns to ground
‘potential and attempts to ring negatively, diode CRl turn on to
clamp the negative excursions. At this point, the yoke current
has again returned to its positive extreme (left side of crt)

and the sweep starts again. Approximately half way through the
sweep, Q2 turns on again, CRl turns off and the sweep continues
until the synec pulse initiates flyback again. Coil L2 is used to
compensate for losses in the yoke. (€12 and R18 damp any spurious
ringing within L2. €31 is the "S" correction capacitor and
compensates for geometrical non-linearities caused by crt face-
place curvature. Power for the system is supplied by the 70 V
regulator via the flyback transformer, T3. Adjustment of the
regqulator voltage controls the width of the horizontal sweep.

Increasing the voltage increases the size of the sweep.

1.3.9.4 CRT Electrode Drives. All crt electrode potentials
(except video} are derived from the horizontal deflection flyback

voltage, as follows.

a. CRT Anode Voltage. The horizontal pulse at the
collector of Q2 is applied to the primary of the flyback trans-

former (pin 5 of T3). This pulse is stepped up, through transfor-
mer action, to a magnitude of 15,000 volts, is then rectified by
CR4 and applied to the crt anode.
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b. DC Focus Voltage. The horizontal pulse at the collec-
tor of Q2 is rectified by diode CR2 and applied to one end of

focus potentiometer R22. The horizontal pulse is also ac~coupled
and rectified by Cl4 and CR3 and applied to the other end of R22.
The wiper voltage of R22 is then applied, through R21, to the crt
focus electrode. This circuitry establishes the dc focus voltage
for the crt and can be varied from approximately -400 volts to

+500 volts to achieve optimum focus.

¢. Dynamic Focus. A tapped voltage from the primary of

T3 is ac-coupled and resonated by action of L3 and Cl1l7. A
sinusoidal voltage at the horizontal frequency is developed at
Cl7 and the voltage phase and amplitude is controlled by varying
L3. This ac voltage is summed with the dec focus voltage to
produce a composite focus potential to optimize focus over the

entire crt display.

d. G2 Voltage. This voltage is developed in a fashion

similar to the dc focus voltage. The horizontal flyback pulse is
rectified by CR3, filtered by R23, Clé, and R24, and applied to

the second crt grid.

e. Gl Voltage. The voltage applied to this first (control)

crt grid is used to control raster background brightness. Voltage
is applied to both ends of brightness potentiometer R26 and is
limited in wvalue by resistors R25 and R27, such that the total Gl
voltage range is from approximately -90 volts to +30 volts. A
vertical blanking signal is also coupled into this electrode.

The vertical blanking signal is discussed in paragraph 1.3.9.5.

f. Filaments. A primary tap on flyback transformer, T3,
is used to drive the crt filament electrodes. The voltage

developed is 6.3 vac.

g. Spark Gaps. Each electrode discussed in paragraphs b.

through f. above has a series swamping resistor separating it from
its drive circuit. Each of these electrodes also has a spark

gap returned to ground. The purpose of these spark gaps and
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resistors is to divert and limit occassional crt flashover energy,

thereby preventing monitor failures.

1.3.9.5 Vertical Deflection. The vertical deflection supplies

the yoke with the necessary current to drive the crt electron

beam from the top to the bottom of the display. Q14 and Q3 pro-
vide the vertical integrator with the proper sync signal and also
with the capability to free-run (no sync applied). Q14 provides
buffering between the deflection circuit and the logic board and
also translates the sync level to a value that is usable by Q3.

Q3 is programmable unijunction transistor. Q3 remains in a non-
conductive state until the voltage on its gate (connected to R32}
is exceeded by the voltage on its anode (connected to R37). When
the anode voltage exceeds the gate voltage, Q3 turns on and
conduct from anode to cathode. The voltage at the anhode is con-
trolled by the charging of Cl9 and C32 through R37 and R36 (R36 is
a positive temperature coefficient resistor}. This charging wave-—
form is the sweep generating waveform. As the sweep reaches a
predetermined value, adjustable by R36 {(vertical height control)
the sync pulse at the gate causes the gate voltage to drop below
the anode voltage. Q3 turns on, thereby discharging Cl19 and C32
to the level determined by CR6 and CR7. Q3 runs off and the

cycle begins again.

1.3.9.5.1 1In the case where sync is absent, the level at Q3 gate
is determined by R31 and R33. The anode sweep waveform charges
to this value, Q3 turns on as defined previously, and the system

oscillates independently.

1.3.9.5.2 The sweep waveform generated by R36, R37, Cl% and C32
is applied to the base of Q4. Darlington transistor Q4 drives the
vertical output transistor, Q5, and the linearity correction net-
work, consisting of R38, C20, R39 and R40. The linearity
correction network feeds a portion of the output waveform deter-
mined by R39, linearity control, back to the junction of Cl9 and
C32. Resistor elements in this network are high stability film

resistors. This signal causes the generated sweep to assume the
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characteristic "S" shape and corrects for non-linearity caused

by c¢rt screen geometry.

1.3.9.5.3 The output transistor Q5 provides the necessary current
amplification to drive the yoke. (22 couples the sweep to the

yoke and ensures that the sweep is centered around ground potential.
L4 provides the necessary current required to drive the output
system, R44 and VDR-1 damp the flyback voltage created when the
vertical sweep retraces. VRZ2, R43, and R83 supply the low voltage/

current section with the dc power required for their operation.

- 1.3.9.5.4 The blanking signal is derived by using the vertical
flyback at 05 collector to turn Q6 on. R47 and R4A8 determine the
amplitude of the blanking pulse. C24 ac-couples the blanking
pulses to the control grid where they are summed with a dc
potential supplied by R25, R26, R27 and R81. R26 is used to
adjust the level of the voltage at the blanking grid and thereby
adjusts display brightness.

1.3.10 Five-Volt Regulator (Figure B-3)

1,3,10,1 The ll-volt ac input from the power transformer is
rectified by CR3 to supply the regulator circuits. Power for
reqgqulator integrated circuit al, filtered by Cl and Rl, is applied
to pins 7 and 8. The regulator integrated circuit generates a
7.15 volt reference voltage at pin 4. A fraction of this voltage,
‘divided by R10 and R1l1l, is applied to pin 3 as the reference level
{approx 4.2 vdc) for voltage comparison. A fraction of the output
voltage at terminal 4, divided by R8 and R9, is applied to V1 pin 2.
The voltages at pins 2 and 3 are compared to determine the output
at pin 6. If the voltage at pin 2 increases, the output at pin 6
is reduced, reducing the conduction through series transistors Ql
and Q4 and reducing the output voltage. If the voltage at pin 2
decreases, the output at pin 6 increases, raising the output
voltage. R6 and C3 provide frequency compensation for the regula-

tor integrated circuit.

1.3.10.2 If the output current from the regulator increases, the
base voltage at Ql and Q4 rises in order to maintain the output

1
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voltage. A fraction of the base wvoltages developed across R3 is
applied to Al pin 10 via R4 and R19. Potentiometer R19 is ad-

justed so that the current limit feature of Al is triggered when
the output current exceeds normal by 20 percent. The output at

Al pin 6 is then lowered, reducing the output current of the
regulator.

1.3.10.3 Q2 and 03 provide overvoltage protection. If the requ-
lator output voltage rises, the full increase appears at the
emitter of Q2. Only a fraction of the increase appears at the base
of Q2. Potentiometer R18 is adjusted so that Q2 conducts suffi-
ciently to trigger the gate of Q3 if the output voltage reaches

+6 vde. Q3 then conducts, cutting off the output.

1.3.11 Printer Buffer (Figure 1-13)

1.3.11.1 The printer buffer includes a 2048 word random access
memory and a microprocessor to buffer and control transfer of

data to a printer in parallel or serial format. The microprocessor
has an I/0 expandex which is used to increase the number of input/
output ports available te the processor. Under control of the P2
and PROG (program) signals, parallel words can be transferred via
the remaining four ports of the expander. The microprocessor in
the printer buffer handles addressing differently than the one in
the terminal logic. The least significant eight bits are output
on the data bus, along with an ALE (address latch enable), and are
held in the address register. The most significant bits are then
output with a read or write command. The processor program is

stored in ROM on the microprocessor chip.

1.3.11.2 Data is transferréd between the terminal and printer
buffer under control of the two microprocessors as follows: Data
to the printer buffer is put on the terminal data bus D[0v6] along
with a write command which the address decoder translates to a
write print data command, This command gates the data into the
input buffer and sets a flip-flop, which generates a Tl input to
the microprocessor, denoting data present in the input buffer.

The printer buffer microprocessor, in turn, generates the appro-
priate commands to transfer the word on the printer buffer data
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bus, and reset the flip~-flop. The terminal may alsc read printer
status from the printer status register or transfer a control
word to the printer control register via the terminal data bus.

1.3.11.,3 Parallel cutput to the printer is directly from the
microprocessor at TTL levels, accompanied by a printer strobe.
The strobe sets a flip-flop which inhibits further transmission
until an ACK (acknowledge) from the printer resets the flip-flop.
Timing is shown in figure 1-14. A busy signal from the printer
will also inhibit transmission, and if it persists for 6 seconds
the microprocessor does not send a "buffer eﬁpty" bit via the
printer status register. Parallel operation is selected by
switch 51-1,2,3 (a dip switch on the circuit board). The rate
of transmission is determined by the availability of data in the
buffer and the rate at which it is acknowledged by the printer.

1.3.11.4 Serial output to the printer is transmitted via a TTL
to EIA level buffer at a rate of 110, 300 or 1200 baud, selected
by 81-3 and S1-1,2. Timing is accomplished by a timer in the
microprocessor. Transmission is inhibited if the serial busy

signal from the printer is present.

1.3.11.5 The following capabilities of the printer buffer are not
used in the model 1520:

A seven bit parallel input output port is available at the
I/0 expander,.

An external program memory for the microprocessor.

An output buffer for transferring data to the terminal data
bus.
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SECTION 2

SITE MAINTENANCE
2.1 INTRODUCTION
2.1.1 Sccepe

This Section provides troubleshooting, adjustment and replacement
procedures for servicing terminals at the user's site. Recommended
spares are listed in Appendix A,

2.1.2 Test Equipment

A standard Hazeltine serviceman's kit containing the following items

is recommended for site maintenance.

Hand tools

Alignment tools

Volt-Ohmmeter, digital

Spare parts allocation (refer to Appendix A)

2.2 CHECKOUT
2.2.]1 General

When the presence of a fault in the terminal is obviocus (dead ter-
minal, bad display, etc) refer to the troubleshooting procedure,
paragraph 2.4. Otherwise confirm that the fault is in the terminal,
and not in the line interface or computer. If more than one ter-
minal is available at the site, this may be accomplished by inter-
changing terminals. If the fault involves only £ull duplex opera-
tion, or received data only, and only one terminal is available,

proceed as follows:
NOTE

For the model 1500 when operating at rates

of 2400 baud of higher, some fill char-
acters from the computer may be required

"to permit proper response to remote commands
‘without loss of data (refer to the Reference
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Manual) . Failures of this nature cannot be
duplicated with a single terxminal; only
substitution will confirm or eliminate

the terminal as the cause of the failure.
This may be done by substituting a spare
keyboard/logic assembly {after checking
voltages in accordance with paragraph

2.4,2) if a second terminal is not available.

a. Connect the current locop adapter for half duplex opera-

as shown in figure 2-1(b) or connect a jumper adapter as shown in fig-

ure 2-1(¢}. This routes the terminal output data back to the terminal
as input data.

b. Set the power switch on and check that the red POWER OU
indicator is lit.

c. Set the HALF DUP/FULL switch to FULL.

d. Set the EIA/CUR LOOP switches to CUR LQOP, if a current loop
adapter is used, or to EIA if a jumper adapter is used.

e. Perform those portions of the checkout procedure, paragraph

2.2.2, necessary to confirm or eliminate the terminal as the cause of
the fault.

2.2.2 Checkout Procedure

Perform the following checkout procedure to verify proper operation
of the terminal following repair. Portions of the procedure may be
used as necessary to confirm the existence of a fault. If the in-
stallation does not provide for full duplex operation, omit that part

of the procedure. If the installation uses only full duplex, omit
the half duplex part.

2.2,2.1 Setup. Several options are avéilable depending on the type
of installation and the nature of the problem. As a checkout of the
terminal, it is preferable that the test be performed with the term-
inal installed in the normal manner for the site., In order to check
input/output operation fully in half duplex operation, it will be
necessary to store the data generated by the terminal and then
retransmit it to the terminal. 1In order to isclate the terminal
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Figure 2-1. Current Loop Interface and Full bDuplex Jumper Adapter

from the intexface and/or to minimize interference with system

operation during troubleshocoting, the following setups may be used.

a. Full Duplex. Connect the current loop adapter as shown
in b of figure 2-1, and select current loop operation, or connect a
jumper adapter (c of figure 2-1) to the EIA/CL connector, and select
EIA operation.

b. Half Duplex. The terminal operates with no external data
connections. This is satisfactory for checking keyboard operation,
response, and display, but cannot verify proper transmitted data or
Proper response to received data. The terminal may alsco be connected
back-to-back with another terminal if an adapter, as shown in fig-
ure 4-3, is available. Use the second terminal to verify that pro~
per data is transmitted, and to generate inputs to the terminal
under test.
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2,.2.2.2 Operational Check. The following operational checkout pro-

cedures are to be used either to verify a fault or to check out a
terminal after repair. It is not necessary to fully exercise every
function in each instance. The extent of the test is left to the
technician's judgment depending on the nature of the complaint, the
type of repair action taken, and the modes of operation used at the
site. Keystrokes involving use of the shift or contrel keys are
preceded by a superscript ¢, s, or both. Thus, ©®0 indicates that
the O key is to be struck while holding both the CTRL and SHIFT keys

down.

a. Preliminary

1. Set up the terminal in accordance with paragraph
2.2.2.1,

2. Set the power switch to on and check that the red
POWER ON indicater is lit. Check that the screen is clear with the

cursor at the home position within 1 minute.

3. Verify that all switch selections conform with the

norm for the installation (refer to table 1-2).
4. Adjust CONTRAST control to obtain suitable display.

NOTE
For 1510/1520 models, substitute ESC
for °n if that option is selected.

b. Half Duplex

1. Set the HALF DUP/FULL switch to HALF DUP.

2, Type the following sequence as a quick check of
terminal operation (use the alphanumeric cluster keys for some num-

bers, and the numeric cluster for some numbers):

1 5. % 2 8. C5 space space 3 °a Sy 4 Sa 55 S, €45 354

c S s < o] .
space H n °Q “space w “H v ©y SLINE FEED 5 (set ALL CAPS)

a 6 {(release ALL CAPS) b p HOME °BACK SPACE 7 BACK SPACE
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The display should appear as in figure 2-2{(a). Underlined areas

should be in high intensity. The cursor and the character "7"
should interchange three times per second.

3. Change the STD VIDEO/REV switch setting and check
that the video is reversed.

q—l CORNER OF DISPLAY ==\ l
7

2 34

5A6bp

—|m

(a)

(b)
7704102

Figure 2-2, Displays for Checkout Procedure
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4, Type SCLEAR. Check that the characters 7 and H are

cleared from the top line and the cursor does not move.
NOTE

If the preceding data is recorded
and played back to the terminal,
the display should appear as shown
in figure 2-2(b}.

Sa ©s. check that the top row is deleted and

all others move up one row. Cursor should be at the home position.

5. Type

6. Type SLINE FEED. The display should not change.

7. Type SCLEAR. Check that the intensified spaces and
"H" are cleared to foreground spaces. The cursor should be at the

home position.

8. Type °~ %2 Q WE R T Y BACK SPACE. The characters
"g wer ty" should appear on the top row with the cursor super-

imposed on the "y". All other characters should drop one row.

9. Type S~ ®x. The *y" and all characters after it

should be cleared to spaces. The cursor should not move.

10. Hold the RETURN key (if the AUTO LF mode is sel-
ected) or the LINE FEED key (if the CR mode is selected) down to
move the cursor to the bottom row of the screen.

11. Press the RETURN or LINE FEED key one more time,
followed by any character. The character typed should appear on
the bottom row and the top row should be cleared.

12, Press the CLEAR key. The screen should be cleared
to foreground spaces and the cursor should be at the home position.

13. Type v €80 a s Sa cu d d. Only the intensi-

fied characters "a"™ and "s" should appear on the screen (the key-
board should be locked out).

14. Press the BREAK key. The display should not
change and the keyboard should remain locked out.

15. Press the RESET key. The screen should be blanked
briefly and then the original display should reappear. The key-
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board should be unlocked and typed characters should appear at
low intensity.

16. 16. Type °g. The audible alarm should sound.

c. Full Duplex

l. Set the HALF DUP/FULL switch to FULL.
NOTE

The results of the following procedures
depend upon all characters generated by
the terminal being echoed back to the
input. This may be accomplished with
the setup shown in figure 2-1(b) or
with a jumper connector as shown in
figure 2-1(c). If the terminal is
checked out on line in a system which
does not always echo back the generated
characters, different responses will be
obtained.

2. Perform steps 2 and 3 of the half duplex proce-
dure given in paragraph b above.
3. Type TAB twice. The cursor should move over the

first "H" and then over the first intensified space.

Sv ©L BACK spacE CCLEAR. Check that the

"7" and "H" are deleted from the top line and the cursor is in the

4, Type

position formerly occupied by the"7".

5. Perform steps 5 through 8 of the half duplex pro-

cedure given in paragraph b above.

6. Type ©x. fThe "¥" and all characters after it should
be cleared to spaces. The cursor should not move.

7. Perform steps 10 through 16 of the half duplex pro-

cedure given in paragraph b above.
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d. Format Mode (1510/1520 only)

1. Make the following switch settings:
WRAPARQOUND: YES ESC/nv: Norm for installation
FORMAT: Off EOM A&B: Norm for installation

2. Type a half row of characters.
3. Type SNS# and check that the FORMAT LED comes on.

4. Depress and hold any character. Check that
characters appear in foreground intensity and the display wraps

around at the right hand margine.
5. Press CLEAR. The display should not change.
NOTE

If a jumper adapter, as in figure 2-1 ¢, is
being used, disconnect it.

6. Press SEND. A transmit symbol () should appear
at the present cursor position and the curscor should advance to
the start of the next line.

7. Press t+. The cursor should move up one line,

8. Press cCLEAR. The line the cursor is on should
be cleared.

9. Press “CLEAR. all foreground characters should:

be cleared.

10. Press HOME and CLEAR. The cursor should home and
the screen should be cleared. '

1l1l. Press RESET. The FORMAT LED should go out.

e, Printexr Buffer (1520 only)

1. Put the printer on line (by switch or by typing
S

/)

2. Enter some random characters on the top line.

Check that the characters are printed.
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3. Type Sms#. The FORMAT LED should come on.
4, Enter some random characters followed by RETURN.

5. Hold any character key down to £ill the screen.

The cursor should stop at the end of the bottom row and the alarm
should sound.

6. Move the cursor to the top line and to the right
of the carriage return entered in step 4. Enter a few additional
characters.

7. Move the cursor to the last character position
on the bottom row and press SPRINT. The alarm should sound.

B. Move the cursor left one character and type SPRINT.
A print symbol ([J]) should appear at the cursor position, the cur-
sor should move to the start of the bottom row, and all data pre-
ceding Bl should be printed except the characters to the right
of the carriage return on the top line. Characters typed after
the FORMAT LED.stops blinking should appear on screen even if
printing is not completed.

NOTE

If the printer automatically
does a carriage return/line
feed at the end of an 80 char-
acter row, the resulting print-
out should be double spaced
from the second row down for
step 8, but single spaced for
step 9.

9} Type SEND. All foreground data should be printed
except the bottom row and data to the right of the carriage return
on the top row.
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2,3 AC
CES_S ‘ WARNING I

Dangerous voltages (15 K vdc and 115 vac) are

present in the terminal, and high voltage may
be retained in the monitor circuits after
power is removed. Exercise caution when work-
ing within the unit.

2.3.1 To gain acecess to the internal components, reach under the
unit and release two captive screws at the frdnt corners, and two
captive screws at the sides approximately in line with the crt face.
Then release two captive screws at the upper part of the back of
the unit. The cover, including the monitor may be lifted off the
base assembly. The wiring allows sufficient slack to lay the cover

upside down alongside the base, facilitating access to the monitor

The keyboard/logic assembly is secured only by
one screw near the input/output connectors.
Do not turn the base assembly over once the

components.

screws securing the cover are released.

2.3.2 The power transformer, printer buffer and 5-volt regulator are
located under the keyboard/logic assembly. Disconnect all connectors
to logic board, remove the screw securing the logic board to the base,

and life the board up at the rear to gain access to these units.

2.4 TROUBLESHOOTING
2.4.1 Scope

This section provides troubleshooting data to aid in isolating a
fault to one of seven removable subassemblies. The relationship of
the sub-assemblies 1s shown in figure 2-3. Since all keyboard,
logic, and input/output functions are performed by the keyboard/logic
assembly, no further isolation is required in these areas. Use the
checkout procedures of paragraph 2.2.2.as necessary to confirm or

eliminate the terminal as the cause of a fault. Table 2-1 defines

2-10
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Table 2~1. Terminal Operation - Functions
Part One - Model 1500

HALF DUPLEX FULL DUPLEX
KEY CHAR({S) | DO FUNCTION DO FUNCTION CHAR(S) DO FUNCTION
FUNCTION STROKE (5) SENT WHEN KEYED WHEN RECEIVED SENT WHEN RECEIVED
Direct Curseor v CQ v No Yes b Yes
addressl : Dcl pcl
Read Cursor ~oep Ly No Yeg2 " Yes2
Address ENQ ENQ
Home Cursocr HOME No | Yes If preceded u Yes
by ~ DC2
Up Cursor SLINE No Yes If preceded “ Yes
FEED bY n FF
Down Curscr e Ck " No Yes N Yes
VT : VT
Left Cursor BACK Ne Yes Yes BS Yes
SPACE
Right Cursocor Spack No Yes Yes DLE Yes
SPACE
Foreground Tab TAB HT Yes Yes HT Yas
Clear Screen CLEAR No Yes If preceded “ Yes
by ~ FS
Set Background v oCy v Yes Yes " Yes
EM EM
Set Foreground "~ csg n Yes Yes B Yes
uUs us
Audible Alarm .a BEL Yes Yes BEL Yes
Keyboard Lock N cy Y Yes Yes s Yes
NAK HAK
Keyboard Unlock " ¢p i Yes g Yes
ACK, ACK
Delete Line v oeg u Yes Yes " Yes
De3 DC3
Insert Line Voo, o Yes Yes n Yes
SUB SUB
Clear to end- < No Yes If preceded W Yes
of-line CLEAR by ~ s1
Clear tc end- cs No Yes If preceded . Yes
of-screen CLEAR by CAN
Clear Foreground SCLEAR Na Yes If preceded u Yes
by ~v GS
y
Clear to end=-of noCy ETB Yes If preceded ETB Yes
screen (back- by ~
ground}

2-12




Part Two - Models 1510 and 1520
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Terminal Operation - Functions

Full 1
Half Duplex Duplex Formatz
. Key Char{s} Do When Do When Chari{s) When
Function Stroke(s) Sent Keyed Received Sent Keyed
Direct Cursor " cQ " No Yas N Store
Address DC1 DCY “ DCL
Read Cursor % cp 4" No Yes N Store
Address ERQ ENQ ~ ENO
Home Cursor HOME No Yes Yes i Do
DC2
Up Cursor + or No Yes If prec. iy Do
SLINE by ~ FF
FEED
Down Cursor ¥ Ne Yes If prec. " Do
by ~ vT
Left Cursor a) - No Yes Yes BS Do
b) BACK BS Yes Yes BS Store
SPACE BS
Right Curser a} - No Yes Yes DLE Do
b) SBACK DLE Yes Yes DLE g;gre
SPRCE
Foreground Tab TAB HT Yes Yes HT *Da
Clear Screen CLEAR No Yes If Prec, u *Do if
by ~ FS home
Clear-to-end- CCLEAR No Yes If prec. ~ *Do
of-line by 5I
Clear-to-end~ CScLEAR No Yes If prec. “ *Do
of=-screen by n CAN
Clear foreground SCLEAR No Yes 1f prec, v *Do
by ~ G§
Clear=to-end=-of ~ Cw " Yes 1f prec. ~ *Store
screen (bkgnd} ETB by ~ ETB v ETB
Set Background n Gy " Yas Yes u Store
EM EM " EM
Set foreground n ©3g ™ Yas Yes ~ Store
us us ~ US
Audible alarm s BEL Yes Yes BEL Do
Keyboard Lock 7 cU u Yes Yes i Store
NAK NAK v NAK
Keyboard unlock " cF s Yes u
ACK ACK
Delete line sD/L u Yes Yes " *Do
DC3 DC3
Insert line S1/L ~ Yes Yes u *Da
sup suB
Back tab STaAB. pcd Yes Yes DC4 *Do
Send status ~ hyphen Status Yeg Yes u Store
Word - -
Print (1520 only) SPRINT No Yes Yes No *Do
{~ csN)
Function FUNCTION ESC ESC *Send ESC
A/N Char A/N char A/N Char | A/N Char
EOM EOM EOM

2-13
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Notes for Tables 2-1 Part One

l.
2.
3.
Code:
Key:
4.

Function must be followed by X and ¥ coordinates.

Cursor X and Y ceoordinates will be sent, followed by CR.

The following ASCII codes will be sent when the indicated key(s) are struck. RNothing
will be displayed when sent, and no action will be taken if received.

NUL SOH STX ETX EOT 50 RS DC4 SYN ESC DEL
¢ 4 8 %% “ °m ©°%n B Sy ESC DEL

If the AUTO LF/CR switch is set to AUTO LF, depressing the RETURN switch causes the CR
and LF codes to be sent, in either half or full duplex, and both operations are exe-
cuted. Both operaticns will be performed if a CR is received. The LINE FEED key
will cause a LF to be sent, but nothing will be displayed and no operation will be
performed when sent or if received,. .

If CR is selected, a CR will be sent when the RETURN key is depressed. The cursor will
move to the beginning of the present line when the character is sent or received. A LF
will be sent the LINE FEED key is depressed. The cursor will move down one row when the
character is sent or received.

All characters/functions will be repeated at a rate of 15 per second if the key(s) is de-
pressed longer than 3/4 second (typamatic operation}) except: HOME, all CLEAR functions,
and the BREAK key.

The BREAK key causes a 250 ms interruption in output. Received data and the auxiliary out-
put are not affected.

Cursor Up/Down will not he performed if the cursor is on the top/bottom row. Cursor

right/left commands will cause cursor wraparcund if the curscor is at the edge of the
screen.

Notes for Table 2-1 Part Two

All functions are performed when command is received {or echoed] in full duplex.

All functions are performed when command is received in format mode (including c¢leax
screen regardless of cursor position}). Functions noted with an * will not be
performed if received or keyed during a transmission.

The following keystrokesg will cause an alarm. in half or full duplex: SEND, ¢
SEND,
CSSEND , LOCATL

Substitute ESC for & in all cases if that option is selected by switch,

2-14
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the normal terminal outputs, displays, and response to inputs. Re-

moval and replacement procedures are given in paragraph 2.6.
2.4.2 Procedure

Tables 2~2 and 2-3 provide information to assist in isolating faults
to replaceable subassemblies. Check the voltage inputs before re-
placing the keyboard/logic assémbly or the monitor electronics to
ensure that a fault in the power circuits is not the cause of a prob-
lem. No-load voltages are given to enable isolation of an undervolt-
age condition between the source and a overload condition in the load.
Disconnect the load from the source to check. Input resistances are
given to aid in troubleshooting when power cannot safely be applied.
Check with power off and the input disconnected. When a fault is iso-
lated to the monitor, and it is not obvious weather the fault is in
the electronics chassis or the crt yoke assembly, further isolation
may be done by substitution. '

2.5 ADJUSTMENTS
2,5.1 Five-Volt Regulator.

Adjust the 5-volt regulator (refer to figure 2-3) as follows:
NOTE

Do not change the setting of R18 or R19 at
the site. Additional test equipment is re-

guired to make these adjustments.

a. With power off, disconnect the lead from terminal 4 of the

regulator assembly.

b. Connect a voltmeter between terminal 4 and chassis ground.

¢. Turn power On.
d. Adjust +5 V potentiometer R8 for a 5.20 vdc indication.

e. Turn power off and reconnect the lead to terminal 4.

2-15
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Table 2~-2, Voltage and Resistance Data
TP Test Peint Normal No Load Voltage Impedance
A Tl terminals 1 & 2 | 115 %12 vac | Same 4 1 max. _
B 5 ¥ rgltr CR3-1/E2 [ 10 vac 11 vac 5000 @ if CR3-1+; 3000 &
1 initially, >lOK after
capacitor charges if E2+
B CR3-3/E2 | 10 vac 11 vac 3000 9 initially, >10K
z after capacitor charges
if CR3-3+; 5000 2 1Ef E2+
+5 V Test connector 5.2 5,2 vdc at & ¢ (Pl02-2 +)
pins 49 & 32 +0.25 vde 5 V rgltr 14 0 (P102-4 +})
E4 & E5
C, BRl (a), Test 14 vac 15 vac at 5000 § (P102-1 +)
! connecéor Jl02-1, -6 5000 @ (PLO2-6 +}
pin 32 :
C 14 vac 15 vac at 5000 § (Pl02-3 +}
2 J102-3, -6 5000 § (P102-6 +)
D U3 75 vac 80 vac at »15K {PB-2 +)
J8=-2, -3 >15K {PB-3 +)
gray, white
PRINTER BUFFER BOARD
B J2-18/32-73 =12 vdec
F J2-16/J2-73 +12 wvdc
G J2-19/32=-13 +5.2 #0.25
vdc
H J2-73 GND
NOTE .
Impedance values will vary depending on the voltages used by the meter,
They are provided primarily as an aid in iseolating catastrophic failures.
Table 2~3, Troubleshooting Chart
TROUBLE ISQLATION PROCEDURE

Circuit Breaker Tips

Dead Terminal

No Display

Distorted Display

With no power connected, check input impedance at test
peints B through D (figure 2-3 and Table 2-3). If no
fault is found, replace TIL.

Check voltages at test points A through D and +5 vdc
(figure 2-~3 and table 2-3).

1. Check Fl on monitor circuit board.

2. Check voltage at test point D (figure 2-3 and
table 2-3),

3. Type €G. The alarm should sound for 1/2 second.
If missing or excess;vely long or short, keyboard/
logic assembly is faulty.

4. Adjust brightness control R26.
appears, monitor is faulty.

5. If another terminal is available, connect cover
and monitor assembly to faulty terminal (J101 and P8
of monitor to P10l and J8 of keyboard/logic assembly)
to isclate fault between monitor and keyboard/logic
assembly.

If no raster

Align monitor in accordance with paragraph 2.5.2.

2-16
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f. Turn power on and check for 5.2 +0.25 volts across

capacitor C68,

2.5.2 Monitor Adjustments

Adjust the monitor as follows:

a. Preliminary

l. Turn power on.

2, Set the STD VIDEQ/REV switch to STD VIDEQ, and the
HALF DUP/FULL switch to HALF DUP.

3. Adjust BRIGHT control R26 until the raster is just
extinguished. (All adjustments are located along the back edge of
the monitor circuit board.) This adjustment should be made within 1
minute of turn on.

4. Type several full rows of characters spaced from
top to bottom of the screen.

5. Adjust the CONTRAST control for suitable contrast.

b. Vertical Adjustments

1. Adjust VERT SIZE control R36 for desired height.
2, Adjust VERT LIN contrcl R39 for best vertical line-
arity. Readjust R36 as required.

c. Horizontal Adjustments

1. Adjust BRIGHT control R26 until the edge of the
raster can be seen.

2. Adjust HORIZ HOLD control RS clockwise until sync
is lost.

3. Adjust R5 slowly counterclockwise until sync is
just restored. Note the position of the adjustment.

4. Adjust R5 counterclockwise until sync¢ is lost again.

5. Adjust RS clockwise until sync is just restored.

6. Set R5 midway between the points noted in steps 3
and 5.

: 7. Measure the gap between the 80th character on the

top line and the right edge of the raster. If the gap is less than
1/16 inch, proceed as follows: '



HI-1053A

(a) Adjust HORIZ HOLD control slowly clockwise and
watch the 80th character for a 1/8 inch jump to the left.

(b} If the horizontal hold cannot be adjusted so
the gap is 1/16 inch or greater without loosing sync, replace the

monitor electronics.

8. Readjust BRIGHT control R26 until the raster is

just extinguished.

9, Turn power off and on. The monitor should synchro-

nize within 2 seconds. Readjust R26 if necessary.

NOTE

R57 also adjusts the B+ supply for
monitor electronics. If any subse-
guent change is made, repeat other

adjustments.

d. Centering. If the display is not properly centered, it
may be repositioned by rotating the ring magnets behind the deflec-
tion yoke.

NOTE

(1) The ring magnets should not be used
to offset the raster from the nominal cen-
ter position because it will degrade the
resolution of the display.

{2) The HORIZ HOLD control should not be
used to adjust video centering within the
raster., The control is to be left in the
center of the pull-in points in order to

maintain horizontal sync.

e. Focus Adjustment

1. Adjust dynamic focus control L3 (located near
FOCUS potentiometer R22} for 150 volts rms at the junction of C18
and L3.

2. Adjust static FOCUS potentiometer for best over-~

all focus at normal contrast level.
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2.6 REMOVAL AND REPLACEMENT

2.6.1 Monitor Electronics Chassis

l WARNING I

Hazardous voltage may be present in the CRT
anode circuit. The anode lead must be dis-
charged before working on the CRT or monitor

circuit board.

2.6.,1.1 To remove the electronics chassis, refer to figure 2-5 and

proceed as follows:

out).

and P3

a. Disconnect the anode lead from the side of the crt (pull
Use a screwdriver to ground the anode lead to the chassis.
b. Disconnect Pl from the back edge of the circuit board,
from the front edge of the board.

c. Separate flying lead connectors P8 and J8.

d. Disconnect P6 from the crt base socket.

e. Turn the cover and monitor upside down.

f. Remove and retain two screws and lock washers from each

side of the chassis.

CAUTION

There are connections to heat sink mounted
components between the sides of the cover
and the chassis. Use caution when removing
the chassis.

g. Carefully lift the chassis straight up.

2.6.1.2 To replace an electronics chassis, slide it carefully into
the cover and secure the fasteners and connections shown in figure
2-4, being sure that the ground lug is secured at one corner of the

chassis.
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2.6.2 CRT/Yoke Assembly and Video Filter.

2.6.2.1 To remove the crt/yoke assembly, refer to figure 2-5 and
proceed as follows:

a. Disconnect the anode connector from the side of the crt
{(pull out). Use a screwdriver to ground the anode lead to the chassis.

b. Discennect P6 from the crt base connector.

¢. Disconnect P3 from the inside edge of the electronics

' WARNING I

Use caution when handling the cathode-ray
tube to avoid risk of implosion. The in-
ternal phosphor coating is toxic. If the

board.

tube breaks and skin or eyes are exposed to
phosphor, rinse with cold water and consult
a physician,.
d. Remove and retain two screws and washers securing each
of two brackets to the cover.
e. Carefully remove the crt, along with the video filter,
yoke and brackets, from the cover.
f. Remove the ground spring from the brackets.

g- Remove and retain the four screws and nuts securing the
CRT to the brackets.

2.6.2.2 To replace a crt yoke assembly, proceed as follows:

a. Secure the two brackets to the crt using the four screws
and nuts retained in step g above. : :

b. Attach the ground spring to the two holes in the brackets.

c. Place the video filter on the crt face and carefully
align the assembly with the mounting holes in the cover.

d. Secure the fasteners and connections shown in figure 2-5,
being sure the ground lug is secured to one bracket.

2.7 CLEANING VIDEO FILTER

2.7.1 The video filter may be cleaned with a soft c¢loth and house-
heold glass cleaner.
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P3 AT INSIDE
EDGE OF FCB

ANODE LEAD
AT SIDE OF CRT

| P1

Pé

TWO SCREWS AND .
LOCK WASHERS EACH
SIDE

Figure 2-4. Monitor Electronics Chassis 7704068

TWO SCREWS AND
WASHERS EACH SIDE

7704071
Figure 2-5. CRT/Yoke Assembly
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SECTION 3

REPAIR SHOP MAINTENANCE
3.1 INTRODUCTION
3.1.1 Scope

This section provides checkout, troubleshooting and alignment
procedures for the monitor electronics and for the 5-volt regu-
lator assembly. Refer to Appendix A for recommended spare parts,

and to Appendix B for component location and schematic diagrams.
3.1.2 Toerls and Test Equipment

The following tools and test equipment are required for shop
maintenance:
Oscilloscope, Tektronix 465 or equivalent
Hot mock-up test bed
Ammeter, 0 to 15 A, dec
Variable Transformer, 0 to 140 vac, 5 A, 60 Hz
Regulator Test Jig
Standard Serviceman's Kit including:
Hand Tools
Alignment Tools
Volt-Chmmeter, digital
- Spare Parts Allocation (Refer to Appendix A)

The hot mock-up test bed is a model 1500 terminal with a trans-
parent size/centering overlay as shown in figure 3-1. The regu-

lator test jig is shown in figure 3-3,
3.2 CHECKOUT
3.2.1 Monitor Electronics Chassis

The following checkout procedure may be used to determine the

condition of an electronics chassis returned for repair, or to
verify proper operation following repair and adjustment. The

procedures include adjustments required to make the unit ready
for use, '

3-1



HI-1053A

0,09 IN. 0.12 IN

(2.29 MM) (2.05 MM)
TYP TYP

R i

“7??' Tﬂ
5.82 IN
{248 MM)
CENTERING
L B.57 IN 4 GUIDES (4)
I' {219 MM)
SIZE
DELIMITERS
—

ILLUSTRATION NOT TQ SCALE

Figure 3-~1. 8ize/Centering Overlay

- 3.2.1.1 Setup. Connect the chassis to the hot mock up test bed
and perform the following preliminary steps.

l. Set WIDTH potentiometer R57 fully clockwise.

2. Set L3 (dynamic focus ccil) for maximum inductance
{slug completely within coil form).

3., Set the FULL DUP/HALF switch to HALF, and the NORM
VID/REV switch to NORM VID,

4, §Set the power switch to on.

NOTE: The first nine steps of the checkout
procedure should be performed within 3 minutes
of turn on.

3.2.1.2 Checkout Procedure. Perform the entire procedure to
check out a chassis after repair. For troubleshooting, omit

those alignment procedures unrelated to the fault,

1. Enter four full rows of H characters on the first,
ninth, seventeenth and twenty fourth (bottom) rows.
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2. Adjust BRIGHTNESS control R26 until both the video
and raster are visible.

3. Adjust HORIZ HOLD control RS slowly clockwise until
sync is lost. '

4, Adjust HORIZ HOLD control R5 slowly counterclockwise
until sync is just restored. Note the control position,

5. Adjust HORIZ HOLD control R5 counterclockwise until
sync is lost.

6. Adjust HORIZ HOLD control R5 slowly clockwise until
sync is just restored.

| 7. Set HORIZ HOLD control RS midway between the posi-
tions of steps 6 and 4.

8. Measure the gap between the right edge of the 8§0th
character on the top row and the edge of the raster. The gap
must be equal to or greater than 1/16 inch. If not, adjust HORIZ
HOLD control R5 slowly clockwise and watch the 80th character for
al/8 inch jump to left. Recheck the gap width.

. 9, Adjust BRIGHTNESS control R26 until the raster just
disappears. Do not readjust the BRIGHTNESS control for the remainder
of the checkout procedure.

10. Adjust WIDTH control R57 so the width of the display
falls within the size delimiters on the overlay. The outside edge
of the H's may touch the ocuter delimiters but must not fall outside
either the right or left hand outer delimiter. The outer edge of
the H's may just touch the inside delimiters but must not fall

entirely inside the inner delimiters.

NOTE: Adjust the yolk ring magnets if required
to center the display within the centering guides
on the overlay. Do not adjust HORIZ HOLD control

to improve display centering.

ll. Using a 10X probe, connect the ac-coupled oscillo-
scope input to the junction of R21, ClB8 and L3. The waveform
should correspond to T of figure 3-2, and the peak-to-peak am~
plitude must be between 160 and 240 volts.
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0,2v/DIV SOV/DIV 1/DIV
A 10ys/DIV 10ps/DIV c 10us/DIV

o

100V/DIV 2v/DIV 2V/DIV
D_ 10us/DIV E rs/DIV F 2ms/DIV

100v/DIV 10V/DIV 2v/DIV
G 2ms/DIV H 2ms/DIV | 2ms/DIV

20%/DIV 0,5v/DIV 0.2V/DIV
J 10us/DIV K 10us/DIV L 10us/DIV
7704104

Figure 3~2. Monitor Waveforms (Sheet 1 of 2)
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1v/DIV 2V/DIV 2v/plv
M 10us/DIV N 200ps,/DIV 0 200us/DIV

5V/DIV 0.5V/DIV 1v/DIv
F 200ps/DIV Q 10us/DIV R 10us/DIV

- APPROX
65V
: 10V/DIV 50V/DIV 10v/DIV
S 200us/DIV T 20us/DIV U 10us/DIV
10V/DIV
v 10us/DIV
7704105

Figure 3-2., Monitor Waveforms (Sheet 2 of 2)
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12. Adjust FOCUS control R22 for best overall focus.

13. Adjust VERT SIZE control R36 and VERT LIN control R39
to optimize the vertical size of the display. The outer edges of
the top and bottom rows of H's may touch, but must not extend be-
yond the outer size delimitérs. The outer edges of the H's may
touch, but may not lie entirely inside the inner size delimiters.

_ 14. Repeat steps 10 through 13 as required until all
size requirements are met simultaneously.
~ 15. Check that the display characters are of uniform

size over.the display area. This check is made by comparing the
size of characters in the left column with those in the right
column, and those on the top row with those on the bottom row.
The width and height of adjacent characters must not differ by
an amount equal to one line spacing. The width and height of
characters at opposite edges of the display must not differ by
an amount equal to two line spaces.

16. Check that the voltage between R55 (lead nearest
edge of board) and the ground lug is between +65 and +75 vdc.

17. Enter a 4 character in the eighth row from the
top and sixteen character positions from the left side of the
display. : ' _

18. Adjust the CONTRAST control for normal contrast.

19. Adjust FOCUS control R22 toc optimize focus of the
# character.

20. Check that a dark area is clearly discernible be-
tween the dots making up the two vertical strokes of the character.

3.2.2 Five-Volt Regulator

3.2.2,1 getup. Set up the regulator for testing as follows:
1. Connect the regulator to the test jig (figure 3-3)
as shown in figure 3-4.

2. Set the test jig switches as follows:

LOAD SELECT switch - NO LOAD
TEST MODE switch -~ TEST
POWER switch - QFF

3. B8et the variable transformers for a nominal 120 wvac.
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ITEM QEX IDENT. DESCRIPTION MANUFACTURER PART NUMBER
1 2 R5, R4 Slide-Wire Resistor Ohmite 1156A {150W)
0 to 1 chm, 1l50W
2 2 R3, R2 Slide~Wire Resistor Allied 8801203 (0-2 ohm)
0 to 2 ohm, 50W
3 1 R1l Fixed Resistor Dale RS-10 0.2 ohm, 10w
0.2 ohm, 10w
4 - - 5 Way Binding Posts:
a 3 TP8, =-Black H, H. Smith 257-0
10, 12
b 4 TP6, 7 ~Red H. H. Smith 257-2
9, 11
c 3 TPl, 4 -White H. H. Smith 257-9
d 2 TP2, 3 -Green H, H, Smith 257-5
5 1 sl Rocker Switch, AC
6 1 52 Non-Shorting Rotary Centralab JVI033
Switch, 2 Pole, 8
Position, 15 A at 5 V
7 1 Chassis 15" x 17" x 6" Chassis Bud ACL429
8 1l Line Line Cord, 6 f£t.
Cord
9 1 Fl Fusehclder and 2 A Fuse HKP/AGC2A
10 1l K1 Relay, DPDT, 10 A, P & B KRP11AG
120 VAC Coil
11 1 XK1l Socket, Octal (for K1)
12 1 83 Switch, 3psT, 10 A cutler-Hammer 7590K73C27
at 120 VvAC
13 1 Ti Transformer Hazeltine 3pTDRY93042
C77021

Figure 3-3. Five-Volt Regulator Test Jig (Sheet 2 of 2)
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VOLTMETER DIGITAL IN
0-15 VAC VOLTMETER CSCILLOSCOPE
—1GND .
115 VaC + -
al HZ I
A
I . bc
1 1 FOWER
I I ~  SUPPLY
F - [ 3 v 9 I
ACL CT! &AC2 (12 + - + - A
AC VOLT METER DVM SCOPE PWR
LINE SUPPLY
VARTABLE j CORD | TEST J1G + .
TRANSFORMER (FIG. 3-3) AMMETER NOTE AMMETER
AC RET acC ¥ -
NOTE:
1 axy— :
5-YOLT USE A MAXIMUM
—————K2  pEGuLATOR OF 1 FT
el 55 | #10 AWG WIRE
W
7704066

Figure 3-4, Test Seﬁup Diagram

4. Set overvoltage threshold potentiometer R18 fully
clockwise and overcurrent potentiometexr R19 fully counterclockwise.

3.2.2.2 Checkout Procedure. Perform the entire procedure to

check out and align the unit after repair. For troubleshooting,
omit those adjustments unrelated to the fault,
a, Adjustment Range

1. Set the test jig POWER switch to ON and adjust the
variable transformer for an 11.0 #0.5 vac indication across jacks
ACl/CT1l and across AC2/CT2.

2, Adjust 5V ADJ potentiometer R8 over its entire range
and note that the indication at the DVM jacks varies from 4.95 vdc

or less to 5.45 vdc or greater.
b. Load Regulation

1. Adjust variable transformer for 10.5 0.l vac across
ACl/CT1 and across AC2/CT2.
2. Adjust R8 for 5.20 0.25 vdc at the DVM jacks.
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3. Set the LOAD SELECT switch to 3.0 A and note that
the dec voltage does not change by more than $£0.042 vdc.

4. Set the LOAD SELECT switch to NO LOAD.

5. Adjust variable transformer for 11.5 *0.1 vac
across ACl/CTl and across AC2/CT2.

6. Adjust R8 for 5.20 30.25 vdc at the DVM jacks.

7. Set the LOAD SELECT switch to 3.0 A, Check that
the dc voltage does not change by more than $0.042 vdc.

c. Line Regulation

1. Adjust R8 for 5.20 *0.25 vdc at the DVM jacks.

2., Adjust variable transformer to vary the voltage
across AC1l/CTl from 10.50 vac to 11.50 vac and check that the
output voltage does not vary by more than 0.008 vdc,

d. Ripple

1. Adjust the variable transformer for 11.0 #0.5 vac
across ACl/CT1l and across AC2/CT2.

2. set the LOAD SELECT switch to 3.0 A.

3. Adjust R8 for 5.20 #0.25 vdc across the DVM jacks,

4, Connect an oscilloscope across the SCOPE jacks, ac

coupled, with vertical sensitivity set for 5 mV/cm.

5. Adjust variable transformer to vary the voltage at
ACl/CTl from 10.50 vac to 11.50 vac. Check that ripple does not
exceed 5 mV peak-to-peak at any point.

e, Overvoltage Threshold Adjustment

1. Set the LOAD SELECT switch to NO LOAD and the TEST
MODE switch to OVP SET. '

2. Connect a dc ?ower supply across the PWR SUPPLY

terminals and set it for a 6.0 vdc indication across the DVM
terminals.

3. Turn overvoltage threshold potentiometer R1B slowly
counterclockwise until the dc voltage indication just drops.

4. Set the dc power supply for 0 volt output and turn
its ac power switch off and then on (or disconnect and reconnect
power cord if power supply has no switch).

5. Slowly increase the dc power supply output while
watching the DVM. Check that the voltage rises to 6,0 20,1 vdc
and then drops.

3-10
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6. Repeat step 4.
f. Foldback Adjustment
l. Set the TEST MODE switch to TEST and the LOAD
SELECTOR switch to NORM LOAD.
2. Adjust the variable transformer for 11.0 £0.5 vac
across ACl/CTl1l and across AC2/CT2.
3. Connect an ammeter across the AMMETER jacks. The

indication should be 3.6 #0.1 amps dc.

4, Turn foldback adjust potentiometer R1I9 slowly clock-
wise until the current just drops to 3.4 *0.1 amps.

5. Set R8 fully clockwise.

6. Set the LOAD SELECT switch to NO LOAD and then back
to NORM LOAD. The overcurrent trip should no longer be activated.

7. Turn RB slowly counterclockwise while watching the
ammeter. The current should rise to 3.6 *0.1l amp dc, then drop
slightly.

8. Repeat steps 5 and 6.

g. Final Voltage Setting

1. Adjust the variable transformer for 11.0 $0.5 vac
across ACl/CT1 and across AC2/CT2,.

2, Set the LOAD SELECT switch to 3.0 A.

3. Adjust R8 for a 5.20 vdc indication at the DVM

jacks.
h. Hard Turn On

1. Set the variable transformer for 1ll1l.5 vac across
ACl/CTl.

2. Set the POWER switch off and on several times. .Check
that the voltage at the DVM jacks returns to 5.20 *0.25 vdc each
time power is turned on.

3. Set the LOAD SELECT switch to NO LOAD and repeat
step 2.

3.2,2.3 RTV application., After all tests and adjustments are
completed, apply a drop of fast curing RTV on R18 and R19.
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3.3 TROUBLESHOOTING
3.3.1 Monitor Electronics Chassis (figure B-4)

‘The setup'and procedure given in paragraph 3.2.1 may be used

when troubleshooting the monitor electronics chassis. Table 3-2

is a troubleshooting chart, and tables 3-3 and 3-4 provide voltage
and waveform data for use in troubleshooting the monitor electronics.
A spare flyback transformer may be substituted without disassembly.
Connect P5 to J5 on the circuit board, flying lead connector J7

to P7, and connect the CRT anode lead.

3.3.2 Five Volt Regulator (figure B-3)

The setup and procedure given in paragraph 3.2.2 may be used when
troubleshooting the regulator. Table 3-1 lists normal voltage and
resistance values at key points. The resistance values are for a
regulator with no input or output connections. Voitages are given
for normal operating conditions.

3.4 REPAIR AND REPLACEMENT

‘ WARNING I

Hazardous voltage may remain present in the

CRT anode circuit after power is removed,

and must be discharged before working on the
CRT or meonitor circuit board. Disconnect the
anode lead from the side of the tube and use

a screwdriver to ground it to the chassis.

All components of the monitor, and of the 5-volt regulator are
directly accessible. Refer to Appendix A for part numbers of
components not readily available. When replacing the flyback
transformer, discard the shipping bracket and two nuts supplied.
Use the nuts removed from the transformer replaced. Apply lock-
title to the threads and torque to 5 *1 inch pounds. When re-
placing chassis-mounted transistors, apply a thin film of thermal
compound, Hazeltine part number 1DTD460003, to the mating chassis
and transistor surfaces.
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Table 3-1, Voltage and Resistance Data for 5 Volt Regulator

TEST POINTS - NORMAL VALUE

(+}+ {=)
CR3-1, E2 5000 ohms
E2, CR3-1 3000 ohms initially,
>10 K after Cé charges
CR3-3, E2 5000 ohms
E2, CR3-3 3000 ohms initially,
_ >10 K after C6 charges
E4, E5 600 ohms
Al-l, E5 : 5.2 $0.25 vdc
Al-2, Al-3 : <0.1 vdc
Al-4, Al-5 6.8 to 7.5 vde
Al-7 & 8, Al-5 7.9 vde
Al-9, Al-5 7.9 vdc
Al-6, Al-10 6.7 vdc

Table 3-2. Monitor Troubleshooting Chart

SYMPTOM POSSIBLE REMEDY

l. No picture, no raster Check F2, Q7, 02, Q5. If
filaments are lit, Q2 1is
operational,

2. No video Check Q10

3. Picture tears Check Ql3, Ul

4. Picture rclls Check Q14, Q3

5. Bright horizontal line Check Q3, Q4, Q5

6. Very bright picture; Check Ql0, Ql1

contrast control has
no effect
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Table 3-3. Monitor Voltage and Waveform Data
(Transistors)
REF X
DES FUNCTION BASE EMITTER COLLECTOR
ol Horiz drive Waveform A 0 vde Waveform B
-y
nz Horiz output Waveform C 0 vdc Waveform D
Q3 Vert {GATE) {CATHODE) {ANOCDE}
oscillator Similar to +1.2 vdec Waveform E
Waveform N
Q4 Vert drive Waveform E Waveform F +12 wvdc
Q5 Vert output Waveform F Same as Wave-— Waveform G
form F except
baseline is
0.7 V lower
o] Vert blank- Similar to 0 vdc Waveform H
ing Waveform G,
less amplitude
Q7 Series +72 vde +71 wdc Waveform I
regulator
Q8 Pw; supply +73 vde +72 vdc +100 vdc simi-
driver lar to Wave-~
L. form I
Qs Pwr supply +16 wvdc +15 vde +73 vdc
pre=-driver
Q10 video output +6.2 vdc +5,6 vdeg Waveform J
01l video Input video Waveform K +5.6 vdc
Ql3 Horiz buffer Waveform L 0 vdc Waveform M
Ql4 Vert buffer Waveform N Waveform O Waveform P
Table 3-4. Monitor Voltage and Waveform Data
{Microcircuits and CRT)
REF
DES FUNCTION PIN NUMBER
Ul Horiz 1 : 2 3 4
Oscillator Waveform A 0 _vdc Waveform M Waveform Q
5 ) 7 g
+3.2 vdc +8.4 wvdc Wavaform R +3.6 vdc
G2 Pwr Supply i 2 3 4
ampl No conn +6.2 vde +6.2 vdc 0 vdc
5 6 7 8
No conn +16 vdc +30 vdc No conn
P6 CRT 1 2 3 4
socket 0 vdc Waveform § 5,20 vdc Waveform T
(variable dc
level)
5 6 7. 8
0 vdc Same as Pin 2| Waveform U Waveform V
NOTE: See figure 3-2 for waveforms
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SECTION 4

FACTORY MAINTENANCE

4.1 INTRODUCTION

4,1.1 Scope

This section covers checkout and repair of the keyboard/logic assembly
and checkout of a complete terminal after repair. Maintenance of the
5-volt regulator and the monitor are covered in Section 3. Refer to

Appendix A for recommended spare parts, and to Appendix B for sche-
matic diagrams.

4.1.2 Test Equipment

The following items of test equipment, or equivalent, are required for
factory maintenance:

Equipment ' Manufacturer Part Number

Oscilloscope Tektronix 465
Frequency Counter Hewlett Packard 5300A/5302A
Automatic Card Tester Fairchild Tech- Century 200
nology Systems
Hot Mock-up Test Bed .Hazeltine Ccorp.
Interface Fixture Hazeltine Corp. 1E-22973
Master Video Display Terminal Hazeltine Corp. | Modulér One, modi-

fied for Type 1
turn-on and U/L
case display

Printer Hazeltine Corp. Thermal Printer

The hot mock-up test bed is a model 1520 terminal with a transparent
size/centering overlay as shown in figure 3-1.

4,2 CHECKOUT

4.2.1 General

The following procedure may be used to check out the keyboard/logic
assembly after repair, or to check out a complete terminal. Connect

‘the keyboard/logic assembly to be tested in a hot mock-up test bed.
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4,2.2 Setup and Preliminary Adjustménts
1. Make the following preliminary settings:

1510/1520 only

Switch Position Switch Position
' BAUD RATE 9600 ESCAPE/v a

PARITY EVEN ' FORMAT Off

HALF DUP/FULL HALF DUP EOM A & B OFF
AUTO LF/CR AUTO LF WRAPAROUND  YES

U/1, CASE/UP U/L CASE

STD VID/REV STD VID

EIA/CUR LOOP EIA (2 switches)

‘ WARNING I

Dangerous voltages (15 K vdc and 115 vac)

are present in the terminal, and high voltage
may be retained in the monitor circuits after
power is removed. Exercise caution when work-
ing within the unit.

2. Connect the power plug to a 115 volt 60 Hz source and set
the power switch to on. '

3. Check that the POWER ON LED is on.

4. Check the voltage between the following points and El
{(ground terminal adjacent to J101).

1202 '246 test

board gonnector Voltage
U48-22 ~29 -12,0 #0.2 vdce
U48-23 _ -3 +12.0 0.2 vdc
U48-24 -4 -5.0 0.2 vdc
C68(+) -20 & -21 _ +5.2 20.25 vdc

5. Type four full rows of characters evenly spaced from the
top to the bottom of the display.

6. Adjust the monitor BRIGHT control R26 until the raster is
just visible.

7. If necessary, touch up the monitor HORIZ HOLD, R5; VERT
SIZE, R36; and WIDTH, R57 to obtain proper size and synchronization.
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8. Verify that the display can be adjusted for proper size
and centering as described in paragraph 3.2.1.2.

9. Adjust BRIGHT control R26 until the raster just disap-

pears.

10. Set the power switch of off.

4,2.3 Interface tests

1. Connect the test equipment as shown in figure 4-1.
2. Set the AUTO LF/CR switch to CR.
3. Engage the ALL CAPS switch.

4., Set the interface fixture switches as follows:

Switch Setting
202C/SYNC 202¢C

CB Hi

CC Hi

CF Hi
Current Loop Off

5. Set the master terminal controls as follows:

Switch Setting
Baud Rate 9600
Parity Even
Video Normal
Stop Bits 1
Duplex Full
LF/CR Auto Disable
U/C Only Disable
Power On

6. The checkout procedure follows in tabular format. Perform

the actions listed in the first two columns for the .unit under test

and the master terminal.

Check that the results listed in the third

and fourth columns of the table occur. Use of the control and/or shift

keys is indicated by a superscript "¢" or "s" preceding the character.
Thus, CSa requires striking the A key while holding the CTRL and SHIFT
keys down. Spaces between keystrokes in the table are included for
clarity; they have no significance and are not to be typed. When a
space is required it is spelled out.
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TERMINAL _ INTERFACE MASTER
FIXTURE TERMINAL
ASYNC

QUTPUT CLE

OSCILLOSCOPE | | COUNTER

a. INTERFACE TEST SETUP

Y ADAPTER (FIG. 4-3}

Jl
H1500
TERMINAL SAME AS ABOVE

J2

b, AUXILIARY QUTPUT TEST SETUP
7704067

Figure 4~1. Test Equipment Setup
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ACTION RESULT

UNIT UNDER TEST (UUT) MASTER TERMINAL | UNIT UNDER TEST MASTER TERMINAL

Power on POWER ON LED on
Screen clear
Cursor home

Video synchronized
within 1 minute

7 | 1234567890-A\{ 12345678890 ~a\
appedr on screen appear on screen

Enter:

o
(10 5
o W
|
>
~m

HALF DUP/FULL to FULL

Enter: OWERTYUIOQP®([- No change QWERTYUIOPB[ -
appear con screen

HALF DUP/FULL switch to HALF

Depress and hold the A key Continuous stream of Same as UUT
until more than 80 A char- A's, continued on
acters are entered second line when end
: of first line is
reached
Depress: RETURN Curscr returns to

first character
position of present
line. Cursor blinks
{display alternates
between character
and cursor)

Enter: AZDFGHJKL;:] ASDFGHJKL; ¢ ] Same as UUT
appear on screen

Enters LINE FEED Cursor moves down Same as UUT
one row but main-
tains characterx
position

Set AUTO LF/CR to AUTO LF

Enter: ZXCVBMM,./ ZXCVBNM, ./ Same as UUT
appear on screen

Enter: RETURN Cursor moves to Cursor moves to start
start of next line of present line

Enter additional RETURN's
until scrolling starts.
Using the numeric cluster, 0,.123456789 0,.123456789%
enter: 0,.123456789 appear on bottom row appear on screen
of screen

Enter: RETURN Display moves up
one row, Cursor
moves to first
character position
of bottom row.
Bottom row is clear.

Enter: LINE FEED N¢ cursor movement

Disengage ALL CAPS key.
AUTC LF/CR to CR Lower case
Enter: QWERTYUIOP qwertyuiop Same as UUT
appear 0O screen

Enter: LINE FEED Scrolling occurss No change
cursor maintains
character position

4-5




HI-1053A

ACTION

RESDLT

UNIT UNDER TEST (UUT)

MASTER TERMINAIL

UNIT UNDER TEST

MASTER TEBRMINAL

Enter: PRETURN

AUTO LF/CR to AUTO LF
Enter: ASDFGHJKLZXCVBNM

With the left SHIFT key
depressed, enter:
LUESRE/ ()0 = v}

With the right SHIFT key
depressed, enter:
OQWERTYUIOP:
ASDFGHJKL+*}

ZXCVBNM<>?

U/L CASE/UP to UP

Press each alpha key

U/L CASE/UP to U/L CASE’
Engage ALL CAPS key

Depress and hold the
A key

Depress and hold the
5 key without re-
leasing the A key

Release the A key

Sequentially depress
and hold the A $ and
D keys.

Release the A key
Release. the 5 key
Release the D key

Depress: CLEAR
AUTO LF/CR to CR
Enter: 1 2 RETURN
LINE FEED 3

Press each alpha
and numeric key

Depress SHIFT
and each alpha
and numeric key

Enter some ran-—
dom alpha
characters

Cursor moves to
first character
position. No
scrolling occurs.

Lower case

asdfghjklzxcvbnm
appear on SCYreen

I8/ ()=
appear ol sCreen

QWERTYUIOP ¢ {
ADFGHIKL+*}
ZXCVBNM<>?
appear o sCreen

Upper case alpha
characters, and
numbers appaar
on screehn

Upper case alpha
characters and
symbols as marked
over numeric keys
on master are
displayed

Upper case char-
acters appear on
screen

Upper case char-
acters
appear on SsScreen

A's appear on
screen

No change

S's appear on
screen

A's appear on
screen
5's appear on
screen
D's appear on
sCcreen

Screen clears,
cursor homes

12

3 appear on
screen

Cursor moves to start of
next row

Same as UUT
ITHsRe/ ()=}

appear on screen

CWERTYUIOPS {
ASDFGHJIKL+* }
ZXCVBNM«»2
appear on SCreen

Same as UUT

Same as UUT

Same as UUT

Same as UUT

No change

Same as UUT
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ACTION

RESULT

MASTER TEBRMINAL

UNIT UNDER TEST

MASTER TEREMINAL

UNIT UNDER TEST (UUT}
Enter: BACK SPACE
Enter: BACK SPACE
Enter: HOME
Enter: BACK SPACE
Enter: °BACK SPACE
Enter: LINE FEED
Enter: OJLINE FEED

Enter random characters
on three full rows in-
cluding the top and bot=~
tom rows. Posgition the
cursor near the middle

of the top row. Enter:
“CLEAR,
Enter: CSCLEAR

Enter random characters
on the top and bottom
rows. Move cursor to
end of screen

Enter: CLEAR

HALF DUP/FULL to FPULL
Enter: 1 2 RETURN
LINE FEED 3

Enter: BACK SPACE

Enter: BACK SPACE

Enter: HOME

Enter: LINE FEED
)

Enter: LINE FEED

Enter: On ')
Enter: °n °x

Position the
CUrsor near
the middle of
the top row

Cursor moves one
position to left. Dis-
play is unchanged
Cursor moves up one
line and over to last
column

Cursor homes

No aetion

Cursor moves right

cne positicn

Cursor moves down
one line

Cursor moves up
one line

Data is cleared from
cursor position thru
end of top row

Data is cleared from

cursor positien thru
end of scgreen

Entire screen is
cleared

Ho action

cursor moves left one
position. Display is
unchanged

No acticn

No action

Ho action

No action

No action
No action

same as UUT

Same as UUT

No action

Cursor moves one posi-
tion to left

No action
No action

No action

No action

Ne action

No action

12
3 appear on screen

Cursor moves left one
position, Display is
unhchanged

Cursor moves to last
character position and
up one line

Curscr homes

Cursor moves down che
line

Cursor moves up one
line

F8 indicator comes on

F8 indicator goes ocut

c17024
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ACTION

UNIT UNDER TEST (UUT) MASTER TERMINAL

UNIT UNDER TEST

RESULT

[MASTER TERMINAL

Enter FMAT mcde
and ‘Half Duplex.
Enter some fore-
ground data on
the screen,

Exit FMAT and

5 enter some back-
Enter: CLEAR ground data

Enter: CLEAR

N¢ action

Mo action

Foreground data is
cleared

Entire screen is cleared

DISPLAY

MEMORY TESTS

HALF DUP/FULL TQ HALF DUP Enter: HOME
BAUD to 9600 Fill screen
- r
PARITY TO EVEN with U's
Move curseor to

end of screen
and press: SEND

Enter: 5U and hold

Repeat the above procedure except set the
CHARACTER SELECT switch to *

Screen fills with U's
except last character
positicon in bottom row

U appears, scrolling
occurs

instead of U's

Screen fills with U's

Same as above except asterisks are displayed

RAM ADDRESS LINES AND REMOTE CURSGR ADDRESS CHECKS

Enter each of
the following
sequences:

CLR UNPRO RESET

A Sspace
B ®sPACE
D “spacE
H SspPace
¢ “p SspAcE
SPACE “SPACE
€q @ “space ¢
Sapan
“pc1

Q SPACE F J
0% Lk
/LL
7L M
Q ; LN
0 %=1 o0
Q > L P
0°?74L0Q
Q@8LR
)

Q
Q

Q
Q
Q
Q

n o o 6 o0

c
o]
c
c
<

E A -

1

L=
Lo T I B T v -

o
g
L4

Q

G O n

Q

1]

s
8

n a o n.n

°0 s s

S v T
oW

L]

R O L N S
n

Note that none of the
previous characters
is affected as each
character is dis-
played.

is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed
is displayed

WO w O = B H e oM Dam g 0w

is displayed
T is displayed
Cursor moves to line
24, column BO screen

should look like
figure 4-2
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ACTION

RESULT

UNIT UNDER TEST (UUT}

MASTER TERMIMAL

UNIT UNDER TEST

MASTER TERMINAL

REMOTE COMMANDS

CHECK

Enter random characters
to verify keyboard lock
and unlock. Do .net go

beyond end of first row

Press RESET

STD VID/REV to REV

Enter: ~ CE
Enter: cR
Enter: ~« °k
Enter: - cL
Enter: cP
Enter: “n
Enter: = cU

Enter: RESET
n CF

Enter: n 7§

Enter:

Enter: H N

Enter: ~ cQ
S5, p,
v Gy
Enter: ~ cs
Enter: °g
Enter: c50 A
an %y
B B

Enter: =~ o

a

Enter: ~ °u

Enter: DD

Ko action

Cursor homes

Cursor moves down
one row

Cursor maoves up
one row

Cursor moves right
one character

Cursor moves left
cne character

Keyboard is locked
out

Keyboard is unlocked

First row is deleted
Other rows move up
Bottom row is all
spaces

A A A A appear on
first row. Display
moves down one row

Cursor moves left
one character.
First row changes
to A A A

Bottom half of
screen is cleared

Entire screen is
cleared

Alarm sounds

A A appear in high
intensity and B B
in low intensity

C C appear in high
intensity

Keyboard is locked
out

Keyboard is unlocked
D D appear in low
intensity

Background is low
intensity. A A and

C C are black on
high intensity
background. B B and
D D are black on low
intensity background

O w is displayed

No change when characters
are typed on UUT

Characters appear when
typed on UUT
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ACTION

RESULT

UNIT UNDER TEST (UUT)

MASTER TERMiNAL

UNIT UNDER TEST

MASTER TERMINAL

HALF DUP/FULL to FULL
Enter: CLEAR

HALF DUP/FULL to HALF DUP

Enter: °“CLEAR

[Enter: cLEAR ®an ©%0 a
A Sv % BB 5 “Socc
5. ® pp

Enter: HOME

Enter: TAB

Enter: TAB

Enter: 5o STaB

Using FMAT mode,
enter some fore-
ground data and

some background

data

HOME cursor.
Using FMAT mode,
enter: A A in
high intensity,
B B in low in-

‘tensity, € C in

high and D D in
low intensity

Enter:; HOME
Enter: TAR
cs

Enter: ~ M

No change

A Ak and C C are
cleared

A A and C C appear
in high intensity
and BB and D D
in low intensity

Cursor homes

No action
Cursor moves to
first C

Cursor moves to
first A~

No action

A A and CC are
cleared

Screen is cleared

No change

Cursor homes

Cursor moves to first C

Cursor moves to first A

4-11
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4.2.4 Current Loop and Control Checks

1. ©Set the CB switch on the interface fixture to Low.

2. Type some random characters on the terminal under test and
check that there is no response at the master terminal.

3. On the interface fixture, set the CB switch to Hi, and the
Current Loop switch to 20 ma.

4, Set the EIA/CUR LOOP switches (2) on the unit under test:
to CUR LOOP.

5. Set the HALF DUP/FULL switch to FULL.

6. Type some random characters on the unit under test and check
that they appear on the screen.

AMP 206584
A
Efﬁ_ E1A MALE
iy : /] HOUSING WITH
3 2| PEMALE PINS
6 ' 4
8 11
7 7
1 1
I
EIA FEMALE 2"
HOUSING WITH =
MALE PINS 3§~y EIA
—\
6 6
8 8
5 5
3 3
23 20
L./ N
P 1 FT >
7704070

Figure 4-3. Y Adapter Cable
4-12
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4.2.5 Parity Checks
.1. Set the Current Loop switch on the interface fixture to Off.
2. Set the HALF DUP/FULL switch oﬁ the unit under test to HALF DUP.

3. For each line below, set the parity switches on the unit
under test and the master terminal as indicated, make the keyboard

entrys listed, and check for the proper results:

Parity Setting Keyboard Entry Result
UuT Master ouT Mastexr . JuT Master

EVEN EVEN T U T U

EVEN obD T U PE PE

EVEN OoDD T U ?7?
0 ODD T U T ?
0 EVEN T U ?2 U0
1 EVEN T U T ?
1 ODD T U 7?7 0

QDD ODD T U T U

OoDD oDD T U T U

QDD EVEN T U PE PE

4,2.6 Break Check

1. On the interface fixture, set the EIA Monitor switch to
BA, and connect an oscilloscope to the Output jack.

2. Check that a 225 #25 millisecond positive pulse appears
each time the BREAK key is pressed, and the voltage goes from -10 +£2
volts to +10 £2 volts.

3. Change the setting of the HALF DUP/FULL switch and repeat
step 2.

4,.2.7 Baud Rate Checks
1. Set up the counter for fregquency measurement.

2. Set each of the BAUD switches, one at a time, and check

for the proper frequency indication:

4-13
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 BAUD Switch Frequency (KHz)

19.2 K 302.592 to 311.808
9600 151.296 to 155.904
4800 75.648 to 77.952
2400 37.824 to 38.976
1800 28.368 to 29,239
1200 18.912 to 19.488
300 4.728 to 4.872
110 1.734 to  1.786

4.2.8 Stop Bits Check
1. Set the Scope Select switch on the interface fixture to BA.

2. Press and hold °? and check for the 110 baud waveform as
shown below.

3. Set the BAUD switches for 300 baud.

4. Press and hold S? and check for the 300 baud waveform shown

below.
+12 ¥ —
9 27 ms
110 Baud 63 ms ns i
-12 v
8
™
"; m
+12 v g |
o
300 Baud 23 ms ' -
-12 v ! '

4.2.9 Auxiliary Output Check

1. Connect a "Y" adapter cable (figure 4-3) as shown in
figure 4-1(b).

2. BSet the unit under test HALF DUP/FULL switch to FULL,
and BAUD switches for 300 baud.

4-14
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3. Set the interface fixture CC and CF switches to Hi.

4. Set up the master terminal for Full Duplex operation and
300 baud.

5. Check that the Ca, SA, and CD lights on the interface fix-

ture are on.

6. Enter random characters on the unit under test and check

that no characters appear on the master screen.

7. Enter some random characters on the master-keyboard and
check that they appear on the master screen and the CA, SA, and CD
lights go on. '

8. Set the unit under test BAUD switches for 1800.

9. Set the interface fixture CC and CF switches to Low.
Check that the CA, SA, and CD lights are off.

10. Set the unit under test BAUD switches for 300.
11. Set the interface fixture CC and CF switches to Hi.

12. Type some random characters on the unit under test and

check that they appear on the master screen.

13. Type some random characters on the master keyhoard and
check that they appear on the unit under test screen.

4,2,10 Format Mode and Printer Buffer Check (1510/1520 only).

1. Connect a thermal printer to the terminal PRINTER connector
Omit the printer and ignore steps concerning print functions if check-
ing a 1510 terminal.

2. Set Switches as follows:

Switch Position Switch Position
BAUD RATE 9600 ESCAPE/™ ESCAPE
PARITY EVEN FORMAT Of £
HALF DUP/FULL HALF EOM% ggs
AUTO LF/CR AUTO LF WRAPAROUND NO

U/L CASE/UP U/L CASE Printer Buffer Sl—i, -2
EIA/CUR LOOP EIA (2 switches) -3 Up

4-15
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3. Set up the master terminal and interface fixture in

HI-1053A

ance with paragraph 4.2.3 steps 4 and 5.

ACTICN

RESULT

UNIT UNDER TEST {UUT)

MASTER TERMINAL

UuT OR PRINTER

MASTER TERMINAL

Tarn power on

Press and hold any char-
acter key

WRAPAROQUND to YES
Enter: QWerty...
IUCY

Enter some random
characters and press
SEND

Press RESET

Enter: ESC -
(hyphen}

Enter: ESC #
ESC €8

Enter: ESC SN

Enter: ESC ©Sy

Entexr ESC -
(hyphen)

Enter ESC /

Enter some ran-

~ dom characters

Fater: ESC ?

POWER ON LED on
Screen clear
cursor home

Characters appear
until end of first
row. Cursor stops
at last position
of first row.

No change

FORMAT LED on
Screen clears
Cursor homes

QWERTY. . .appears
in foreground
intensity and
wraparound occurs.

1l appears at cur-

sor position. Cur-
sor moves to next

line.

H appears at cur-
sor position.
QWERTY...

«x.Y is printed.

Ne change

Printer On-Line
light comes on,

Characters are
printed.

Characters are dis-
played and printed.
LOCAL LED is con.,

Printer COn-~Line
light goes out.

LOCAL and FORMAT
LEDs go out.

Characters continue on
second row,

! appears on screen
(followed by EOT which
may be displayed as ©D)

No change

QWerty...appedars on
screen

No change

} appears {followed by
EQT which may be dis-
played as ©p).

Characters are dis-
played

accord-
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4,2,11 Printer Buffer Serial Output Checks (1520 only).

1. Connect the PRINTER output connector to EIA/CL connector

J2 with a cable as shown in figure 4-4.

2. Select 110 baud, zero parity, and FORMAT mode at the terminal
and set the printer buffer switches as follows: 81l-1 and S1-2, Up; S1-3,

Down.

3. Turn power on and enter some random characters on the

Screen,

4. Press “PRINT. The print symbol should appear on the top
line and the characters duplicated on the second line in background
intensity.

5. Set printer buffer switch S1-2 down, and the terminal
BAUD RATE switches for 300.

6. Press SPRINT. The second line should be repeated on line

7. Set printer buffer switch S1-1 down, and the terminal
BAUD RATE switches for 1200.

8. Press “PRINT. The third line should be repeated on line

4,
EIA/CL PRINTER
i !
3 3
7 4 DB25P CONNECTORS
5 H EIA FEMALE HOUSINGS
5 WITH MALE PINS
8
12
20

TE&O1026

Figure 4-4, Serial Print Test Cable
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4,3 TESTING AND TROUBLESHOOTING
4,3.1 Keyboard/Logic Assembly and Printer Buffer.

4.3.1.1 Test and troubleshoot the keyboard/logic assembly and the
printer buffer using the Automatic¢ Card Tester and the appropriate

adapter and tape set.

4,3.1.2 The following guide is furnished as an aid to limited
troubleshooting of the keyboard/logic assembly and printer buffer
with a multimeter and oscilloscope, and should permit a technician
with a thorough knowledge of the theory of operation to isclate the
cause of a majority of logic failures. Reference designations are
for the '246-() boards, with the '202 board designations in paren-
theses. The dc power distribution should be checked (figure 2-3) -
before logic circuit troubleshooting.

4.3.1.3 With two exceptions, all logic levels are positive T2L:

Zero = 0,0 to 0.4 vdc

One = 2.4 to 5 vdc
The exceptions are:

a, EIA inputs at U58 (U54) and outputs from U70 (U65) in
the serial I/0 area and inputs to Ul and outputs from U2 on the:
printer buffer board:
+10 vdc
One = -10 wvdc False = =10 vdc

Zero = +10 vdc Control Signals, True

b. Clock signals from U8 to the microprogessor U3l, which
are nominally 10 volts (9.4 min.) at 2 MHz (see figure 1-12).

4.3,1,4 Use table 4-1 as a guide to the probable area at fault.
After checking dc supply voltage levels, look first for a steady
high or low level logic signal which should be changing for the
mode of operation in effect., The most common modes of failure in
integrated circuits result in a constant high or low at an output.
If this condition is found, the chip which is the source of the
signal is more likely to be at fault than the chip or chips which

receive the signal.
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4.3.2 Monitor and 5-volt regulatbr
The monitor and 5-volt regulatox are covered in Section 3.

4.4 ALIGNMENT

The keyboard/logic assembly and printer buffer require no alignment.
Alignment of the monitor and the 5-volt regulator are covered in
Section 3. '
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Table 4-1. Limited Troubleshooting Guide
GENERAL NOTES

1. Ref. designations are for '246-{( ) beoards with '202 beoard
designations following in parentheses when different.

2, It is assumed that power distribution has been checked and
fault has been isolated to the keybeard/logic assembly and/
or printer buffer.

3. Simple faults which can be isolated from the schematic alone
are not covered. Note that simple failures can result in
major malfunctions (e.g. terminal in wrong mode due to se-
lector switch failure or failure of a register).

4. The guide is limited to troubleshooting which can be per-
formed with a multimeter and oscilloscope. .

Trouble FProbable Cause Remarks
No video. POWER ON LED| a. Video Module Type “G. Alarm should sound for 1/3 s,
and monitor OK b, TV Synchronizer If missing, or excessively long or short,
fault is probkably in TV sync module {see
fig, 1-10 and 1-11). Otherwise fault is

probably in video module. Trace back
from U7l (U75) with scope. Output from
U7l should be 60 ns pulses at 1 v for
foreground and 2 v for background

Display shakey, flash- Video module Data from character generator UB3 (U78)
ing or missing dots, or is loaded into U93 (U77) when S/L (pin
raster but no charac- 15 of U993 (U77) is low. When S/L goes
ters high data is shifted out of V93 (U77) in
parallel on leading edge of cleock at pin
NOTE 7. A full TV line of data is read into

line buffer U63/U64 (U67/US57) via U66/
Us5 (U68/0U58B) when sync bus disable is
low, and recirculated on the trailing
edge of the LEBC when sync bus disable is
high. Faults confined to a particular
line or lines {e.g. all characters dis~
play fault in third line} is character-
istic of failure in character line
counter area U84,

Entering a stream of background 5y
characters (code 01010101) and fore-
ground 5* characters {code 10101010}
will fully exercise all bits of the
video module.

Wrong character on @. Same error in char.{ K/B encoder output is transferred to

screen from keyboard transmitted: data bus when KBRDY U660 pin 4 {U55 pin
NOTE Keykoard 4) goes low. If fault is consistent
== Keyboard encoder over screen {e.g. keying B results in

After turn-on, the
top 12 lines, and

the first 68 chars.
on line 13 are

stored in the low ad-
dress block of memory
U24-u3l (Uz22-~y29) and
the balance of the
s¢reen in Ull-Ulg
{U9-Ulé). After
scrolling begins the
locations change.

displaying & anywhere on screen) fault
is probably in character generator, 1If

fault is confined to certain display lo-
Ch?ﬁ%a?en v83 cations and moves when scroelling occurs,
Display memory fault is probably in memory

b. Transmitted char.
COK:
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Table 4-1., Limited Troubleshooting Guide (Cont)

Trouble

Probable Cause

Remarks

Garbage characters
on screen at turn on.
Cannot clear.

Constant reverse video
or no Teverse video

Display is foreground
only or background
only

Constant character
window for entire
display

Vertical bars on
SCreen.
Cannot clear

Some keyboard char-
acters cannot be
entered properly,
others OK

No cursor or videa.
Transmitted characters

biaplay rolls., Data

can be entered.

a. Power distribution
b.  Display memory

€. Microprocessor
module

d. Program memory

a. 82
b, Video module

a. Transmission of
protected data only
can be salected

b. Transmission of
protected data only
cannot be selected

Character generator

Character generateor

Keyboard
Reyboard encoder

TV synchronizer

Refresh address
counter

Microprocessor mod-
ule

TV synchronizer

a. Check dc voltage at pins listed in
table 4-2

b. 1If characters scroll, fault is
probably in memory {see note in pre-
ceding entry).

¢/d. Full isolation between ROM and
microprocessor module is not practical
without special equipment. However,
peripheral causes can be eliminated.
Check for presence of clock/timing
signals (ref. to para, 4.3.,1.3 bj.
Heolding the RESET button down will
keep the microprocessor and refresh
address counter off the address and
data busses to permit checking for
shorts on the busses.

a. Pin B of test socket U38 (pin 10
of U35A) should be low for reverse
videc and high for normal video

b. U92/U94 {U76/080)

a. Foreground/background bit not be-
ing latched by Us2 (U56)
. Ull/uz24 (U9/U22)

ues (u78)

ua3 (u7s)

If the problem characters have a com-
mon X or Y coordinate, trace that sig-
nal. Scan is generated (x} at encoder
U60 {Us5) and returned (y) when key is
depressed. If keyboard lockout occcurs
(holding a problem key down prevents
entry of a charactexr which can other-
wise be keyed) fault is probably in the
encoder.,

1-10 and

Refer to para. 1.3.7 and figs.

1-11

Check for wvertical drive at J101-3

4-21
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Limited Troubleshooting Guide {(Cont)

Trouble

Probable Cause

Remarks

No transmitted data
or wrong data trans-
mitted

No received data or
wrong data received

Wrong or missing char-
acters in batch and/or
page transmissions.

Other tvansmissions QK.

PRINT function does
not work. Data sent/
received printed OK
when printer is on-
line

Data sent/received
not printed when

printer is on line.
PRINT function OK.

No data printed.

Serial I/0 module or
interface

Serial I/0 mocdule

Micropracessor
ROM
Printer buffer memory

Interface

Printer buffer or

"If data is displayed in full duplex
with jumper (fig. 2-1 c} but not trans-
imitted in half duplex, check clear-to-
send {CB} and data set ready (CC} at
J2-5 and -6. One of these inputs must
be true (high) to enable half duplex. '
transmission {ref, to para 4.3.1.3 aj).
If data cannot be transmitted in any
mode, trace back the data signal (BA)
from J2-2 (EIA) or J2-21/-25 (cur loop}.
Check baud rate {para. 4.2.7}.

Trace received data (BBR) from J2=-3. Each
input character should cause an RDA high
at U534 (U49) pin 19._ Character should
be on data bus when RDE goes low at pin
4.

u3s, uU37

If printer rate is egual to or greater
than the terminal baud rate, the printer
buffer memory will not be required in
on=-line mode but will be used for PRINT
function

Check for printer on line signal high at
U25 pin 2 of printer buffer

a. Serial Printer:

*via R17{R13) 1K
**yia R53(R43) 150
***yia R92(R44) 5.6K

Transmission & dis- interface Check serial printer busy false
play OK (high) at J1-49 (ref. para. 4.3.1.3 a).
Check baud rate of cutput at J1-24.
b, Parallel Printer:
Check par printer busy false {(low)
at J1-25 and printer out of paper false
{low) at J1-26
Table 4-2. DC Voltage Usage
+12 VDC -12 VDC
Ref. Des. Ref, Des.
'246-{ ) r202 Type Pin ‘*246~( )} 1202 Type Pin
33 u3l 8080 28 ue3/u64 us7/u067 3409 12
us us 8224 9 us4 U49 AY5-1013 2
v20 uilg 8228 23% uw70/u48 U44 /U5 MCl488 1
- u7e MCM6S570 3 Ueo Uss . AY5-3600 27
045 U4l COM5016 9
a1 Ql 2N2222 | C** =3 _¥DC
usl u74 opto-iga,| ¥x* u3o 031 8080 11
U70,/U48 U65/Udd |MCld488 | 14 - u7e MCMES70 | 1*

*-3 vdec via R45/R46
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APPENDIX A

RECOMMENDED SPARE PARTS LIST

The following is a listing of recommended spare parts, consisting
primarily of parts designed or programmed especially for the termi-
nal, and parts not readily available. Refer to the schematic dia-
grams in Appendix B for type numbers or values for other components.
Items recommended to support site and shop maintenance are indicated
by an X in the appropriate column. Recommended quantities are shown
for support of 1 to 25 units and 26 to 50 units at the factory or
depot level.
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Table A-1l. Spare Parts List
g =1
Level l
Raf Usable Hazeltine Site Shop Factory/Depox
Des On Code* Part No. Description Maint Maint| 1-25] 26-30
Major Assemblies é
- 1DTD155212 CRT, Yoke and Video X X 1 T
Filter I
- AB 4DTDL55215 5=V Regulator Assembly X 1 2 ;
c 4DTDL55215=-1 | 5~¥ Regulator Assembly X 1 2 :
Tl 1prp702124 Pawer Transformer X 1 2
IpTDlSs5206 Switch Bracket Assembly X H
- Al 4DTDL55202 Keyboard/Logic Assembly X 1 2
or
A2 4DTDLS55246-] b4 1 2
B,C 4DTDLS55246=-2 | Keyboard/Logic Assembly x 1 2
- ' 4DTDLS5205 Monitor Chassis Assembly X
- c 4DTR155251 Printer Buffer Board b4 1 2
- 1uTD702134 Video Filter X 1 1
Components and Subassembklies/Monitor
- 4DTDL55192 Monitoer Board X 1 2
c26 15p5271472 Capacitor X 1
P2 15P5430013-5 | Fuse X X 5 . 5
T2 lpTp702108 Transformer X 1 2
T3 1loTo?62114 Flyback Transformer X L 1
U3 15p5351845 Rectifier X 1 2
1
Al A2, B, C Components/Chassis and logic Board (
- - 15PS431001 | Circuit Breaker 1 2
ua us 15P5912797 Clack Generator 1 2
uUs-ule |yll-ulsg 15P5910081-3 | Memory 1 2 |
v22-u2% |Uz4-u3l !
ule uzo 15pS712758 System Controller 1 2
v20 y22 1nTD702127 Program ROM 1 2
- u23 B,C . i
- Uis,u37 B.C 15p5912781 RAM 1 2
3L Uas ISPS910155 Microprocessor Unit 3 2
11319 U43 15PS702129 Baud Rate PROM 1 2
U4l U4s 15P591279% Baud Rate Generator 1 2
u49 1154 1sP5910802 UART 13 2
U44,065 {U4B,U70 15P5910071** | EIA Line Driver 1 2
us4 uss 1SP59i0072%%* FIA Line Receiver 1 2
uss us0 loTD702130 Keyboard Encoder 1 2
Tl [93=11] 1oDTD702128 Horizental PRUM 1 2
u7e - Al 1DTD702122 Character Generator 1 2
- [#1:X] A2, B,C . 1DTD702145 Character ROM 1 2
Components/Printer Buffer
os o] 15P5912813] Microprocessor Unit L 2
[SL:] ] 15PS912814 I/0 Expander 1 2
*Isable on Codes
A Model 1560
Al Keyhoard/Logic Asscembly 4DTD1S5202
A2 Keyboard/Logic Assembly 4DTD1%5246-1
B Model 1510
c Model 1520
**Also U2 on Printer Buffer
**%Als0o Ul on Printer Buffer
cTI01Y
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APPENDIX B

DIAGRAMS

This section contains an exploded view of the terminal, showing
the location of chassis-mounted parts, an interconnection diagram,

and schematic diagrams of all circuits in the terminal.

Figure Title Page
B-1 Terminal, Exploded View . . . . « . ¢« + . . = . . B=2
B~-2 Interconnection Diagram . . + +» + + « +» s+ » « » « B-4
B~3 Five-Volt Regulator, Schematic Diagram. . . . . . B=5
‘B-4 Monitor, Schematic Diagram. . . + + « = &+ » » « « B—6
B-5 Logi¢/Keyboard Assembly Part No. 4DTD155202,

Schematic Diagram . . « + « « 2 o 2 o« « a « o o« o+ B=7
B-6 Logic/Keyboard Assembly, Part No. 4DTD155202,

PartS Location- . - - - - - - - 'y - " - - - - - - B—ls
B-7 Five-Volt Regulator, Parts Location . . . . . . . B=17
B-8 Logic/Keyboard Assembly Part No. 4DTD155246-( ),

Schematic Diagram . « « ¢« « =« « » = « « « » « « » B-18
B-9 Printer Buffer, Schematic Diagram . . . « + . . . B=27
B~10 Logic/Keyboard Assembly Part No. 4DTD155246-1,

Parts Location. « « « & « « 2 o « o a s o« » » « » B=28
B-11 Logic/Keyboard Assembly Part No. 4DTDl155246-2,

PartS Locationo - LI - - . s - - - - - - - - . - B—29
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COVER AND
MONITOR
ASSEMBLY
(SHEET 2)

LOGIC/KEY~
BOARD ASSEMBLY

PRINTER
CONNECTOR*

CIRCUIT
BREAKER

*H1520 ONLY

7704103

Figure B-l. Terminal, Exploded View {Sheet 1 of 2)
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FLYBACK
TRANSFORMER

CRT AND
YOKE ASSY

7704074

Figure B-l. Terminal, Exploded View (Sheet 2 of 2)
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APPENDIX C

EXPORT UNITS

C.l In addition to the differences noted on the schematic diagrams

for "export" versions, these units differ in the following areas:
Transmission Rates: 110, 200, 300, 600, 1200, 2400, 4800, or
' 9600 baud
Modes: No LOCAL mode
On-Line/0Offline DIP switch and LED added (Model 1500),

see figure C-1
On-Line/Offline key, On-~Line LED and On-Line switch
status LED added (Models 1510/20})

Power and Interconnections: As shown in figure C-2.

C.2 VDE units use the following logic/keyboard assemblies on which
the I/0 section of the logic/keyhoard assembly, shown in figure C-3,
has no current loop cirxcuit:

Model Termiﬁal Part No. Logic/Keyboard Part No.
1500 4DTD155207-2 4DTD155278-1

1510 4DTD155255=-2

1520 4DTD155260-2 4DTD155278~-2

C.3 Different key caps, cuts and jumpers in the keyboard wiring,
and different character. ROMs are used to provide various national
character sets.

C.4 Units with the On-Line feature will not display characters
keyed in half duplex mode unless the unit is connected to a modem
and the On-Line interface requirements are met. This interlock

can be defeated for test purposes by connecting a jumper between
pins 5, 6 and 20 of EIA/CL connector J2.
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C.5 Where a terminal does not have a character used as a cursor
address or remote command, that character which generates the
same code must be substituted as listed in the accompanying table.

v.3. Denmark .Englamd Prance Garmany Italy Spain Sweden
# g | &
d 3 § §
[ & ° Y ° A
N o ¢ g $ N 0
1 R § 1] g R
{ 3 ¢ ES 3 kY
° 4 o b ¥ J
} 3 ] u % 3
A ° g
X

C-5/(C-6 blank)
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APPENDIX D

SUMMARY OF REMOTE COMMANDS

(ALL MODELS)

REMOTE LEAD-IN* ASCII
- COMMANDS REQD (X) KEY STROKE CODE DECIMAL

Home Cursor X Control-R DC2 18
Up Cursor X Shift-Line Feed FF 12
Down Cursor X Control=K vT 11
Left Cursor Back Space " BS 8
Right Cursor Shift-Backspace DLE 16
Address Cursor X Control-Q DCl,X,Y 17,X,Y
Read Cursor Address X Control-E ENQ 5
Clear Screen X Control/shift-L FS 28
Clear Foreground X Control/Shift-M GS 29
Clear to End-~of-Line X Contrel=-0 s 15
Clear to End-of- X Control-X CAN 24

Screen
Clear to End-of- X Control-W ETB 23

Screen -

background spaces
Background Follows X Control-Y EM 25
Foreground Follows X Control/shift-0 Us 31
Delete Line X Control-8 DC3 19
Insert Line X Control-2 SUB 26
Keyboard Lock X Contrel-U NAK 21
Keyboard Unlock X Control-F ACK
Audible Alarm Control-G BEL 7
Tab Tab HT

*Lead~-in Code = ASCII ~, Decimal 126



SUMMARY OF REMOTE COMMANDS

HI-1053A

1510/1520 ONLY

* T.ead-in Code
or

**Default condition at turn on or after reset

ASCII v, column 7,

row 14 - DECIMAL 126
ASCII ESC, column 1, row 14 ~ DECIMAL 27

REMOTE LEAD-~IN* ASCIT
COMMANDS REQD {(X) KEY STROKE CODE DECIMAL

Set Format Mode X # # 35
Return to X $ $ 36

Switcheg**

{Format, Half,

Full)
Batch Transmit** X % 3 37
Line Transmit X . . (period). 46
Page Transmit X ( . ( 40
Unprotected#** X . . (comma) 44
Protected and X + + 43

Unprotected
Back Tab X cT DC4 20
Send Status X - - 45
Remote Xmit X cN S0 14
Non Stored Return X Return CR 13
Remote Print

520 oNLY

Remote Print X TSy RS 30
On-line Print- X / / 47

Display
On-line Print- X ® * 42

No Display
Printer Off Line** X ? ? 63
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