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Preface

SCOPE OF MANUAL

This manual contains descriptions, installation
and operating instructions, communications pro-
tocol, theory of operation and maintenance pro-
cedures for the 780 Series, Silent 700* Electronic
Data Terminals. The information in this manual is
intended to help in maintaining and servicing
these terminals. The troubleshooting information
is designed to help isolate problems in a major
replaceable assembly.

Section 1 contains a general description of each
model in the 780 Series. It also includes specifica-
tions and a brief description of the options offered
with each terminal.

Section 2 provides installation and interfacing in-
formation.

Section 3 contains terminal operating information.

Section 4 describes terminal communications
features.

Section b describes in detail the theory of opera-
tion.

Section 6 covers preventive maintenance pro-
cedures and tests that can be used to isolate pro-
blems.

Section 7 contains assembly drawings and
associated lists of material.

Section 8 provides the schematic diagrams.

*  Trademark of Texas Instruments Incorporated.

The appendixes provide additional information on
the microprocessor and 1/0 controller, the
character sets and foreign keyboards, recom-
mended data set options and cabling information,
a glossary of signals, and quick reference cards.

REFERENCES

Other Tl manuals concerning the 780 Series ter-
minals include: '

® Model 781 Operating Instructions, Tl Part
No. 2265935-9701,

® Model 783 Operating Instructions, Tl Part
No. 2265936-9701,

® Model 785 Operating Instructions, Tl Part
No. 2265937-9701,

® Model 787 Operating Instructions, Tl Part
No. 2265938-9701.

The operating instructions are furnished with the
respective terminal when shipped from the fac-
tory.

Operator Reference Cards which provide terminal
operating information in a condensed format are
attached to the inside of the paper door. Addi-
tional Quick Reference Cards can be ordered by
the following Tl Part Numbers:

® Model 781 Operator Reference Cards, Tl
Part No. 2265927,




® Model 783 Operator Reference Cards, TI USER'S RESPONSE

Part No. 2265941,
If you have corrections or suggestions to improve
® Model 785 Operator Reference Cards, Tl this manual, please fill out the User's Response
Part No. 2265942, sheet found in the back of this manual. Simply
. remove the sheet, add your comments, fold and
® Model 787 Operator Reference Cards, TI mail {no postage is necessary when mailed in the
Part No. 2265943. United States). We appreciate your comments

and may contact you, if appropriate, to answer
any questions you may pose.
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Section 1

'Equipment Description

1.1 INTRODUCTION

This section contains general descriptions,
available options, physical dimensions, and
specifications of the terminals in the 780 Series.

1.2 GENERAL DESCRIPTION

The 780 Series terminals are self-contained, com-
pact, lightweight, programmable machines for
use in a wide variety of telecommunications
systems. The terminals can operate in both fixed
location and portable applications. Communica-
tions data is input and output via a communica-
tions port, acoustic coupler or “direct-connect”
- jack, depending on the particular model. Each ter-
minal is capable of communicating via an EIA RS-
232-C interface or TTY current loop.

The terminal electronics consist primarily of an
8080A microprocessor, its associated memory,
and interface circuitry to drive the printer
mechanism and communications port.

The terminals utilize thermal printing and are
capable of bidirectional printing at speeds up to
140 characters per second (cps) while handling
communications data rates from 110 bits per se-
cond (bps) to 9600 bps.

Operating parameters such as communications
mode, data transmission rate, parity selection, line

control, transmission control and terminal control
are configurable directly from the operator inter-
face by entering the proper code.

1.3 780 SERIES DATA TERMINALS

The 780 Series is comprised of the following ter-
minals:

® Model 781 Receive-Only Printer,

® Model 783 Keyboard Send/Receive Data
- Terminal,

® Model 785 Portable Data Terminal, and

® Model 787 Portable Communications
Data Terminal.

These terminals are described in more detail in the
following paragraphs.

1.3.1 Model 781

The Model 781 Receive-Only (RO) Printer (Figure
1-1) is intended for applications requiring a hard-
copy, high-speed output device. Using a dual-
matrix thermal printhead, the 781 RO provides vir-
tually silent printing at up to 140 cps. Operating
parameters are entered from a calculator-type
keypad.

1-1



Figure 1-1. Model 781 RO Printer

1.3.2 Model 783

The Model 783 Keyboard Send/Receive (KSR)
Data Terminal shown in Figure 1-2 is highly suited
for conversational, data/text entry, inquiry-
response, and computer console applications.
Operating parameters are configured by entering
the desired code via the typewriter-like keyboard.

Figure 1-2. Model 783 KSR Data Terminal

1.3.3 Model 785

The Model 785 Portable Data Terminal (Figure
1-3) is similar to the Model 783 but includes an in-
ternal modem. The modem is a dual-speed,
originate-only, full-duplex modem, with an
acoustic coupler interface which permits com-
munication over standard commercial telephone
lines at communications rates of 110, 300, and
1200 bps. The modem provides communications
compatibility with answering Racal-Vadic VA3400
Series and Bell 103/113-type data sets. This
feature provides great flexibility, permitting use of

1-2

the terminal wherever a telephone and electrical
outlet are available.

Figure 1-3. Model 785 Portable Data Terminal

1.3.4 Model 787

The Model 787 Portable Communications Data
Terminal (Figure 1-4) is similar to the Model 785
except that the internal modem is a dual-speed,
answer/originate, full-duplex modem. The
modem has a direct-connect interface which
allows it to be plugged directly into a voice or data
jack for communication over standard commercial
telephone lines. The modem provides com-
munications compatibility with all Racal-Vadic
VA3400 series and Bell 103/113/212-type data
sets. As an option, the 787 has an acoustic-
coupler interface that provides greater flexibility.

Figure 1-4. Model 787 Portable Communica-
tions Data Terminal



14 OPTIONS

A variety of options provide versatility and flexibili-
ty for the 780 Series data terminals. These options
are listed in Table 1-1 and identify the applicable
terminal.

Table 1-1. Terminal Optibns

Option 781 783 785 787
International Character Sets X X X X
Additional 1000-Character Buffer X X N/A N/A
300-Foot Paper Adapter X X *
Paper-Out Indicator X X N/A X
APL/Full ASCIl Keyboard/Character Set X X X
Katakana Keyboard/Character Set X X
Protected ABM X X X X
Acoustic-Coupler Interface ** X
EIA or Current Loop Interface Cable ** ** ** **
Tone Dial Assist X

N/A Not applicable
* Not compatible with acoustic-coupler interface
*x Standard

1-3




1.5 PHYSICAL DIMENSIONS

15.1 Size

Height:
Width:
Depth:

15.2 Weight

Model 781:
Model 783:
Model 785:
Model 787:

139 mm (5.5 in)
391 mm (15.4 in)
406 mm (16.0 in)

5.4 kg (12 Ibs)
5.9 kg (13 Ibs)
7.7 kg (17 lbs)
7.2 kg (16 lbs)

All weights include 110-foot paper roll.

1.6 ENVIRONMENTAL LIMITS

1.6.1 Non-Operating Environment

During shipping and storage the data terminals
can withstand being subjected to the following:

In a shipping container:

Temperature:
Relative Humidity:
Shock:

Vibration:

Altitude:

Cargo Bounce:

Without a shipping container:

Temperature:
Relative Humidity:

Shock:

1-4

—~30° Cto +70° C (—22° F to +158° F).
10% to 95% without condensation.

Drop from 1.22 meters (48") on each surface.
Sinusoidal vibration of:

2 Gs—b to b0 Hz

4 Gs—50 to 500 Hz.

15,000 meters (49,200 ft).

Per MIL-STD-810B. One-inch double-orbital motion. 225 RPM, 30
minutes per side.

—30° C to +70° C (—22°F to 158°F).
10% to 95% without condensation.
a. Portable mode

40 Gs, %2 sinewave

11 ms maximum through each axis.

b. Bench handling per MIL-STD-810B, method 516.1, procedure V.



1.6.2 Operating Environment

The data terminals are capable of operating in the

following conditions:

Ambient Temperature:
Relative Humidity:
Altitude:

Vibration:

Temperature Shock:

1.7 SPECIFICATIONS

10°C to 40°C (50°F to 104°F).

10% to 95% without condensation.

3,500 meters (11,500 ft).

Sinusoidal vibration of 0.5 Gs peak in the range of 10 Hz to 60 Hz.
Operate in a 23°C (73°F), 50% relative humidity environment within 30

minutes after being stored for two hours at —30°C (—-22°F), 50%
relative humidity.

The following specifications apply to all terminals.

1.7.7 Printer

Method:

Character Set:

Character Size:

Line Length:

Vertical Line Spacing (center-to

center):
Printing Rate:
Paper:

Platen:

1.7.2 Keyboard

Code:

Nonimpact, electrically heated, 5x7 dual-character matrix thermal
printhead, prints on thermographic paper.

95 printable characters in normal mode with 33 ASCIl or CCITT control
characters when configured.

2.66 mm x 2.0 mm (0.105 in x 0,080 in).

203.2 mm (8.0 in); 25.4 mm spacing; 10 characters per inch; 80
characters per line.

4.24 mm (.1669 in); 6.0 lines per inch.
Up to 140 cps.
Thermal (TI specification 972603).

Friction feed.

ASCIl or CCITT; 128 codes generated.



1.7.3 Modem

Compatibility:

Mode:

Modulation:

Originate Mode

Transmit Carrier Frequencies:

Receive Carrier Frequencies:

Answer Mode

Transmit Carrier Frequencies:

Receive Carrier Frequencies:

Transmit Level

Permissive Connection:
Programmable Connection:

Optional Acoustic Coupler:

Receiver Sensitivity

Direct Connect:

Acoustic Coupler:

*Bell 212-type not available on 785.

1-6

Racal-Vadic 3400 or Bell 103-type or 212*-type data sets

Originate only (785)
Answer/Originate (787)

Racal-Vadic 3400 and Bell 212-type
Differential Phase Shift Keying (DPSK)
Bell 103-type: Frequency Shift Keying (FSK)

Racal-Vadic 3400: 2250 Hz

Bell 103-type: Mark ="1270 Hz
Space = 1070 Hz

Bell 212-type: 1200 Hz

Racal-Vadic 3400: 1150 Hz

Bell 103-type: Mark = 2225 Hz
Space = 2025 Hz

Bell 212-type: 2400 Hz

Racal-Vadic 3400: 1150 Hz

Bell 103-type: Mark = 2225 Hz
: Space = 2025 Hz

Bell 212-Type: 2400 Hz

Racal-Vadic 3400: 2250 Hz
Bell 103-type: Mark = 1270 Hz

) Space = 1070 Hz
Bell 212-type: 1200 Hz

— 10 dBm, fixed for all methods

0 to — 12 dBm, per data jack

Bell 103-type = — 14 dBm
Bell 212-type = operation not recommended
Racal-Vadic 3400 = —17 dBm

All types = —45 dBm

Bell 103-type = +0 to —40 dBm depending upon quality of telephone

handset and communications line(s)

Bell 212-type = operation not recommended
Racal-Vadic 3400 =
telephone handset and communications line(s)

+0 to —32 dBm depending upon quality of



Section 2

Equipment Installation

2.1 PRELIMINARY CHECKOUT

The 780 terminals are self-contained, requiring no
auxiliary equipment for normal operation.

After unpacking, visually inspect the data terminal
before applying power. Check for obvious ship-
ping damage. Check that all keyboard keys
operate freely. Before attempting to use the ter-
minal, read the following cautions.

CAUTIONS

DO NOT operate printer without
paper for extended periods or
damage may result to the printhead.

DO NOT operate the terminal out-
side the specified operating range of
10°C to 40°C (50°F to 104°F) or
malfunctions may occur. If the ter-
minal has been stored outside this
range, allow it to sit for a minimum
of. 30 minutes before applying
power.

2.2 POWER CONNECTION

The terminals are designed to operate from either
domestic or foreign power distribution systems.
The power supply is configured at the factory and
is adjusted by means of jumper(s) on the main
PWB. The terminal operates properly when the in-
put voltage is within the following limits:

Nominal Voltage:
120 Vac 90 to 134 Vac

230 Vac 187 to 264 Vac

Input Frequency: 47 Hz to 450 Hz.

CAUTIONS

Check the label on the rear of the
terminal to determine the correct
voltage required for your terminal.
Ensure that the voltage at the wall
outlet matches the terminal voitage
rating listed on the label.

It is preferred that the terminal be
plugged into a three-wire earth-
grounded ac outlet. If an extension
cord is required, it is preferred that it
be of the three-wire type containing
an earth-ground conductor.

23 COMMUNICATIONS INTERFACE

The terminals interface with numerous devices via
at least one of three methods. All terminals have a
communications interface connector (25-pin con-
nector) located on the rear of the terminal that in-
cludes circuits for EIA and TTY (DC) current loop
operation.

21



NOTE ' The 785 includes an acoustic-coupler interface
' located on the rear deck of the case. The 787

The communications interface connec- - utilizes a direct-connect interface located below

tor is not a standard EIA port since the the 25-pin connector and, as an option, the 787

TTY current loop circuits are included may also have an acoustic-coupler interface. The

in the connector. various communications interfaces are shown in
Figure 2-1.

ACOUSTIC __

COUPLER
— MUFFS

(REAR VIEW)

DIRECT-CONNECT JACK

Figure 2-1. Communications Interfaces

2-2



A functional description of the interface signals
present in the communications interface connec-
tor is presented in Table 2-1, and pin assignments
are listed in Table 2-2.

Table 2-1. Interface Signals

Protective Ground (AA)—This lead is connected to the
terminal frame and the earth-ground conductor of the
power cord.

Signal Ground (AB)— This lead is tied to the dc ground
of the terminal for all interface signals.

Transmitted Data (BA)—This lead conveys signals
from the terminal data transmitted output to the data
set transmitted circuitry. It is held to a MARKING condi-
tion unless data or BREAK signals are being transmit-
ted.

Received Data (BB)—This lead conveys signals from
the external data set receiver to the terminal data
receiver input.

Request To Send (CA)—This line is used by the ter-
minal to control the transmitter carrier of the data set.
For full-duplex operation, this lead is held ON at all times
that circuits CC (data set ready) and CD (data terminal
ready) are ON. For half-duplex operation, this lead is
held ON when the terminal is ONLINE and in the
transmit mode. :

Clear To Send (CB)—This line is switched on by the
data set to indicate to the terminal that the data set is
ready to transmit. The terminal will not attempt to
transfer data across the interface when this line is off.

Data Set Ready (CC)— This signal line is controlled by
the data set. The terminal will not attempt to receive or
transmit data across the interface when this line is off.

Data Terminal Ready (CD)—This signal line is turned
on by the terminal to indicate that it is ONLINE and
ready to initiate or answer a data call. It is switched OFF
momentarily during a terminal automatic disconnect se-
quence and is held OFF when the terminal is OFFLINE.

Ring Indicator (CE)—An ON condition on this circuit
indicates that the data set is receiving a ringing signal
from the communications line. The terminal monitors
this circuit and uses the information presented to make
a determination of whether it is in answer or originate
mode for purposes of ABM autotrigger.

Received Line Signal Detector (CF)—This line is
switched ON by the data set to indicate that it is receiv-
ing a valid carrier signal from the remote data set. The
terminal will not accept data from the interface if this
signal is OFF. This line will be regarded as ON when it is
open (floating) to permit successful operation with data
sets which do not provide circuit CF.

Data Signal Rate Selector (CH)— This signal is used by
the terminal to select the transmit and receive data rate
when used with Bell-type-212 data sets equipped with*
the originate speed select option. The terminal will hold
circuit CH ON when configured for operation at speeds
greater than or equal to 1200 bits per second (bps) or for
300/1200 auto-select, and will hold it OFF for all other
data rates.

Secondary Request To Send (SCA)— This line is held
ON by the terminal when it is ready to receive data and
configured for half duplex with reverse channel opera-
tion (receive or idle mode). This signal will be switched
OFF when the terminal enters the transmit mode. For
this duplex mode, circuit SCA is the complement of cir-
cuit CA. This signal line will be controlled for other se-
quences of operation as described later in this manual.

Secondary Received Line Signal Detector
(SCF)—This signal has a dual function, depending on
the external data set. (1) It is held ON by 202 series
data sets to indicate receipt of a valid reverse channel
carrier from a remote data set. When the terminal is
configured for half duplex with reverse channel opera-
tion, it will not transmit data until circuit SCF is ON and
will treat any loss of SCF for 100-125 msec. or longer as
a BREAK signal. (2) Bell 212 compatible data sets use
this signal as a baud rate indicator, holding the signal
ON for 1200 bps and OFF for 103 series operation. The
terminal, when configured for 300/1200 auto-select, will
adjust its data transmission rate in accordance to the
status of circuit SCF. An open circuit SCF will be
detected as an OFF condition. Detection of an ON con-
dition will result in automatic selection of 1200 bps, and
detection of an OFF condition will result in the
automatic selection of 300 bps.

For more information concerning communications
interconnections, refer to Appendix E.




Table 2-2.

Pin Assignments

Pin RS-232-C Current
Circuit Loop

1 AA

2 BA

3 BB

4 CA

5 cB

6 cC

7 AB

8 CF

1" SCA

12 SCF

13 X1
14 X2
15 DB

16 RL-1
17 DD

18 RL-2
20 CD

2 CE

23 CH

W

Function

Protective Ground (PG)

Transmitted Data (XMT)

Received Data (RCV)

Request to Send (RTS)

Clear to Send (CTS)

Data Set Ready (DSR)

Signal Ground (SG)

Received Line Signal Detector (DCD)
Secondary Request to Send

Secondary Received Line Signal Detector
TTY Transmitted Data (TTYXMTD)

TTY Transmitted Data Return (TTYXMTD/R)
Transmission Signal Element Timing

TTY Receive Data (TTYRCVD)

Receiver Signal Element Timing

TTY Receive Data Return (TTYRCVD/R)
Data Terminal Ready (DTR)

Ring Indicator (RI)

Data Signal Rate Selector

2.3.1 EIA Operation

All terminals interface with external devices
through the 25-pin connector located at the rear
of the terminal. The Asynch/Sync Cable (Tl Part
No. 2207634) consists of a 25-pin mating connec-
tor at the terminal end and 25-pin male connector
on the modem end. The following steps provide a
general guideline for setup when using Bell-type
103, 113, 202, 212, and Racal-Vadic 3400 series
data sets:

1. Connect the interface cable (Tl Part No.
2207634-0001 supplied with the terminal)
between the interface connector on the
back of the terminal and the data set.

Ensure that the communications method

and speed are compatible with the data
set being used.
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3.
the requirements of the system.

4. Set the terminal to the ONLINE Mode.

The terminal is now ready for operation with the

data set.

232 T'I-&m(bC) Cunr'r'evnt L@p Operation

All terminals interface with external devices
through the communications connector located at
the rear of the terminal. The TTY Cable (Tl Part
No. 2265871-0001) consists of a 25-pin mating
connector at the terminal end and four spade lugs
at the other end. Figure 2-2 illustrates the four-
wire (full-duplex) and two-wire (half-duplex) cur-

rent loop configuration.

Ensure that the parity is set to conform to
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Figure 2-2. Current Loop Configuration

The following steps provide a general guideline for
setup when using the current loop interface:

1. Connect the current loop cable (TI Part
No. 2265871-0001) between the interface
connector on the back of the terminal and
the external equipment.

2. Ensure that configuration code 16 (cur-
rent loop) has been selected.

3. Set the remaining configuration codes to
comply with the requirements of the ex-
ternal equipment or system.

4. Set the terminal to the ONLINE Mode.
The terminal is now ready to communicate.

2.3.3 Internal Modem Operation

Models 785 and 787 are equipped with internal
modems to provide communication over
telephone lines. The modem in the 785 is a fuli-
duplex, dual-speed, originate-only modem having
an acoustic-coupler interface. The 787 has a full-
duplex, dual-speed, answer/originate modem us-
ing a direct-connect interface.

2.3.3.1 Acoustic Coupler Interface Operation.
The following steps provide a general guideline for

setup when using the acoustic caupler.
1. Switch the terminal power ON.

2. Ensure that the proper configuration
codes are enabled. In the majority of ap-
plications, the standard default
parameters may be all that are required.

3. Set the terminal to ONLINE.

4. Pick up the telephone handset and dial
the appropriate number; a high-frequency
signal (answer tone) is heard when the
call is answered. ’

5. Assoon as the answer tone is heard, firm-
ly insert the telephone handset into the
acoustic-coupler muffs so that the cord is
to the left of the terminal. The terminal
will in turn transmit a data tone to the
remote modem or acoustic coupler.

6. When the connection is completed, the
XMIT RDY, RCV RDY, and LINE RDY in-
dicators light and the terminal prints
CONNECTED.

7. Begin communications according to your
system’s procedures.
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NOTES

After prolonged operation the carbon
particles in the telephone mouthpiece
may settle, causing data errors. If this
occurs, rap the handset several times
against the palm of your hand.

Proper insertion of the handset in the
muffs can make a significant difference
in terminal operation. Ensure that the
muffs fully encircle the earpiece and
mouthpiece.

If the XMIT RDY and RCV RDY in-
dicators begin flashing, communica-
tions have been lost and you must
return to Step 4. This is indicative of
the host modem not hearing us proper-
ly. If the message ‘‘connected” was
printed, the terminal heard and
responded to incoming carrier.

Ensure that the proper configuration
codes are enabled. In the majority of ap-
plications, the standard default
parameters may be all that are required.

Insert the cable provided with the terminal
into the receptacle on the rear of the ter-
minal and into the data jack on the wall.

Start the call initiation procedure using

" the Dial Function.

When the connection is completed, the
XMIT RDY, RCV RDY and LINE RDY in-
dicators light and the terminal prints .
CONNECTED.

Begin communications according to your
system’s procedures. :

NOTE

8.

When you are finished, terminate com-
munications according to your system'’s
procedures and set the terminal to
LOCAL (the terminal prints DISCON-
NECTED).

To hang up the telephone, remove the
handset from the muffs by rolling it
toward the front of the terminal and
replace it in the handset cradle of the
telephone.

2.3.3.2 Direct-Connect Interface Operation.
The following steps provide a general guideline for
setup when using the direct-connect interface:

2-6

1.

Switch the terminal ON.

If the XMIT RDY and RCV RDY in-
dicators begin flashing, communica-
tions have been lost and you must
return to Step 4.

When you are finished, terminate com-
munications according to your system'’s
procedures.

Perform the call termination procedure
(Command H). The terminal returns to
LOCAL, prints DISCONNECTED, and
after three seconds returns to the ONLINE
Mode. A call can also be terminated by
switching the terminal to LOCAL.



Section 3

Operation

3.1 OPERATING MODES

The 783, 785 and 787 terminals have three
operating modes that are identifiable to the
operator: LOCAL, ONLINE and COMMAND. The
781 terminal has two operating modes: LOCAL
and ONLINE.

3.1.1 LOCAL

The ONLINE/LOCAL switch on the keyboard is a
momentary contact switch that switches the ter-
minal between the ONLINE and LOCAL Modes of
operation. The LOCAL Mode is indicated when
the LED adjacent to the switch is extinguished. In
the LOCAL Mode, the terminal cannot com-
municate with external devices. While in the
LOCAL Mode, the terminal receives command
data and print data from the keyboard, and the
printer can print keyboard data or report data. The
781 must be in the LOCAL Mode to change
special configuration parameters.

3.1.2 ONLINE

In the ONLINE Mode, the terminal communicates
with external devices through the communica-
tions interface. The keyboard and printer data is
channeled through the communications interface.
Command data or transmit data can be entered
from the keyboard. The printer prints received line
data or report data. Communications
characteristics are determined by special con-
figuration parameters entered from the keyboard
when in the COMMAND Mode (783, 785 and
787). The ONLINE Mode is controlled by the
ONLINE/LOCAL switch on the keyboard.

3.1.3 COMMAND

The COMMAND Mode allows the operator to
change operating parameters, request reports,
conduct special tests and initiate certain
automatic functions. The terminal can be in either
ONLINE or LOCAL Mode when the terminal is
placed in the COMMAND Mode. In the 783, 785
and 787 the COMMAND Mode is entered by
depressing the CMD key, while in the 781, the
COMMAND Mode is entered when the CNFG or
TEST key is depressed.

3.2 OPERATOR INTERFACE

The operator interface provides a way to com-
municate with the terminal and to other devices
via the terminal. The 783, 785 and 787 are
keyboard send-receive (KSR) terminals which use
an operator’s panel which is similar to a typewriter
keyboard. The 781 is a receive-only (RO) terminal
and uses a calculator-type keypad to input infor-
mation. :

3.2.1 KSR Operator’s Panel

The KSR operator’s panel is illustrated in Figure
3-1. The panel has 50 code-generating keys for
generating all 128 ASCIl codes. There are four
keyboard mode control keys, six special function
keys and one dual-position key for terminal con-
trol. The operator’s panel also includes six light-
emitting diode (LED) indicators for status repor-
ting.
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3.21.1 Keyboard Character Encoding. The
code-generating keys include the alphabet,
numerals, symbols, space, ESC, LINE FEED (ex-
cept on Germany, Denmark/Norway and
Sweden/Finland keyboards), DEL and RETURN.
The characters generated in response to the
depression of these keys are governed by the posi-
tions of the four mode control keys. These keys
are SHIFT(2), UPPER CASE and CTRL which
control the operating mode of the keyboard as
described below:

® Unshifted—No mode control keys
depressed; lowercase letters, symbols
and numerals are encoded. Figure 3-2 il-
lustrates the characters generated by
each key in the unshifted mode.

® Upper Case Only—UPPER CASE (alter-
nate action) key depressed; all alphabetic
characters a through z are encoded as
ASCIl upper case A through Z. The
characters generated by each key when
the UPPER CASE key is depressed are
shown in Figure 3-3.

®  Shifted—Either or both SHIFT keys
depressed; uppercase letters and symbols
are encoded. The characters generated
by each key when depressing the SHIFT
key are illustrated in Figure 3-4.

® Control—CTRL key depressed; ASCII
control characters and the symbols \ |
~ \ are encoded. Figure 3-5 illustrates
the control characters generated by each
key.

3-2

LINERDYQ

Operator’s Panel

When more than one mode control key is de-
pressed, the following priority is maintained:

CTRL—Precedence over SHIFT and UPPER
CASE,

SHIFT —Subordinate to CTRL; precedence
over UPPER CASE,

UPPER CASE—Subordinate to CTRL and
SHIFT.

Certain functions requiring the simultaneous
depression of CTRL and SHIFT are described
below: .

CTRL/SHIFT/RESET —Clears the receive
buffer.

CTRL/SHIFT/H—Generates a backspace.

The keys ESC, DEL, LINE FEED, RETURN and
SPACE generate the same codes in all keyboard
modes. All code-generating keys with the excep-
tion of ESC, DEL, and RETURN initiate automatic
character repeat at 10 characters per second when
switch depression exceeds 600 msec. Figures 3-2
through 3-5 illustrate the characters generated by
the different keyboard modes. The Character Set
Dot Matrix is located in Appendix C. The ASCII
control characters are described further in
paragraphs 3.5 and 4.1.3.
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The terminal firmware recognizes foreign
keyboards and their corresponding character sets.
Each foreign character set is contained in an op-
- tional PROM. The foreign keyboards are il-
lustrated in Appendix C.

3.2.1.2 Controls. Terminal control is facilitated
by the use of one dual-position switch (ONLINE)
and six unencoded special function keys (HERE
IS, CMD, BREAK, ENTER, PAPER ADV, and
RESET). The control keys function as described
below:

ONLINE—Switches the terminal between
ONLINE and LOCAL Modes of operation.
A change from LOCAL to ONLINE results
in Data Terminal Ready, DTR (EIA circuit
CD) being switched ON, and line com-
munications being enabled unless a non-
operational status exists. A change from
ONLINE to LOCAL causes DTR to switch
OFF, and line communications are disabl-
ed.

HERE 1S — Causes the following to happen:

ONLINE—Transmits the characters pro-
grammed in the ABM.

LOCAL—Prints the ABM message when
the terminal is configured to local
print ABM.

CONFIGure—Terminates the ABM or
LTA programming sequence.

CMD — Causes the terminal to enter the COM-
MAND Mode.

BREAK—Causes the following action depen-
ding on the communications mode:

Full Duplex—Depression of the BREAK

key causes XMIT DATA (EIA circuit
BA) to hold to a SPACING (ON)
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condition for a minimum of 256
msec. If the depression exceeds 256
msec., the SPACING condition is
maintained for the duration of the
depression.

Half Duplex—In the transmit mode, the

operation of the BREAK key is
similar to full duplex. In the receive
mode, the BREAK key has no func-
tion. However, if LTA recognition is
configured, and DCD (EIA circuit
CF) switches OFF before LTA is
received, then the depression of the
BREAK key initiates the transition to
the transmit mode.

Half Duplex with Reverse Chan-

nel—When in the receive mode,
depression of the BREAK key
causes EIA circuit SCA (Secondary
Request to Send) to be switched
OFF for 256 msec. or the duration of
the depression, whichever is longer.
RCVD DATA (EIA circuit BB) is
monitored for received data until an
LTA is received or DCD switches
OFF. The following transition is to
either transmit or idle mode depen-
ding upon whether or not LTA
recognition is configured and DCD
switches OFF before an LTA is
received. Depression of the BREAK
key initiates transition to the
transmit mode.

DC Current Loop—Depression of the

BREAK key causes the transmit cir-
cuit to issue the BREAK condition
for 256 msec. or for the duration of
the key depression, whichever is
longer.



3.2.1.3 Indicators. Six LED indicators are adja-
cent to the keyboard on the KSR operator’'s panel
as shown in Figure 3-6. These indicators provide
terminal status.

COMMAND O
ERR/TEST O
XMIT RDYQ

oN
lerjO RCV RDYO

LINE ROYQ

Figure 3-6. LED Indicators (783, 785, 787)

ONLINE-This unlabeled indicator, adjacent to
the ONLINE switch, is illuminated when
DTR (EIA circuit CD) is ON and ex-
tinguished when DTR is OFF.

COMMAND-This indicator, illuminated after
the depression of the CMD key, indicates
the terminal is in the COMMAND Mode.
It remains illuminated until the COM-
MAND Mode is terminated.

Flashing of the COMMAND Mode in-
dicator indicates that a request to enter
the COMMAND Mode is pending.
Flashing continues until the COMMAND
Mode is entered.

ERR/TEST-This indicator has two functions.
When flashing, the terminal has identified
a reportable error or, when illuminated
continuously, the terminal is in the TEST
Mode. Depressing RESET extinguishes
the indicator and prints the ERROR
report. When both conditions exist

simultaneously, TEST has precedence
over ERRor. Once TEST has been ter-
minated with RESET, however, the
ERRor condition is displayed until RESET
is pressed.

XMIT RDY-This indicator indicates the status

of the terminal transmit capability as
follows:

ON—DTR, DSR, RTS, and CTS (EIA cir-
cuits CD, CC, CA and CB) and SCF
(if required) are ON.

FLASHING—DTR, DSR, and RTS (EIA
circuits CD, CC, and CA) are ON
but CTS (EIA circuit CB) or SCF (if
required) is OFF.

OFF—circuit DSR, DTR or RTS is OFF.

RCV RDY-This indicator indicates the status of
the terminal receive capability in conjunc-
tion with DCD (EIA circuit CF) as follows:

ON—DTR, DSR, and DCD are ON in the
receive mode.

FLASHING—in the receive mode and
DCD is OFF.

OFF—not in the receive mode.

LINE RDY-This indicator indicates the status of
DSR (EIA circuit CC) as follows:

ON—DTR and DSR are ON.

FLASHING—in the COMMAND Mode
and DSR is ON.

OFF—DSR is OFF.
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3.2.2 RO Operator’'s Panel
The RO operator’'s panel is shown in Figure 3-7.
The panel includes the calculator-type keypad

through 9 and letters A through F), six terminal
control keys, and three operator control keys. The
- operator’s panel also includes four LED indicators

which has 16 code-generating keys (numerals 0

for reporting terminal status.

D E_ _F_CNFG O
C0d Q.
A B C OPER
I
7 8 9 TEST
Cdaa
4 5 6 END
OO0.d
1 2 3  DEL
L l? L lc__ﬂ'l comvano| O
J .| ERR/TEST O
uneroy | O

Figure 3-7. Operator's Keypad (781)

3.2.2.1 Keypad Character Encoding. The ter-
minal uses the hexadecimal equivalent to generate
all 128 ASCII characters. The ASCII characters are

encoded using .a two-keystroke entry which
represents the hexadecimal equivalent. Table 3-1
lists the ASCII/hexadecimal conversion codes.

Table 3-1. ASCIl/Hexadecimal Conversion Codes
asc | sooe | Jascn | 2o | | ascn |t | [ ascn [ e | | ascn | SEX | |ascu | HEX | | ascu | HEX | | ascn| dex
nuL | oo Bs | os | |[oe| 10 |fcan | 18 15? 20 (] 28 o | 3 8 | 38
SOH 01 HT 09 DC1 1 EM 19 ! 21 ) 29 1 3 -9 39
stx | 02 tF | oa||pDc2| 12 |]su| 1A | 2 | 2 2 | » : ] 3a
erx | o3 vi| o8 [{oca| 13 |]esc| 8 # | 23 + | 28 3 | =3 ;| 38
got | o4 FF | oc || pca] 14 Fs | 1c s | 2 A 4 | 3 < | 3
enva| os cR | oo || wnak] 15 gs | % | 25 - |l 5 | 35 = | 3
ack | o6 so | oe ||sww] 16 Rs | E a | 2 | o2 6 | 36 > | s
BeL | o7 st | oF em| 17 us | . 27 /| 2 7 | ¥ I
asci| S0 | [asen | M| [ascu | ¢ | Jasen | HEX | | ascn | HEX | fascu cone| |ascu| Hoc | [ascn] X
@ | 4 H | 48 P | s0 x | s8 . 60 h | es p | 70 x | 78
A | a1 1| a9 a | s v | so a | 61 i | 69 q | v | 79
B 42 J 4A R 52 z 5A b 62 i 6A r 72 2z 7A
c 43 K 48 s 53 [ 3] c 63 k 6B s 73 1 78
D | 4 L | ac T | 54 v | sc d | es i1 | e t | 74 V| e
E | 4 m | ap u | ss 1 | sp e | 65 m | e u | 75 | | ™
F | 4 N | o4 v | s A | s t | e6 n | eE v | 76 ~ | E
G 47 [o] 4F w 57 - SF g 67 o 6F w 77 DEL 7F




3.2.2.2 Controls. Terminal control is facilitated
by the use of three unencoded special function
keys: ONLINE, PAPER ADVance, and RESET.

ONLINE—Switches the terminal between
ONLINE and LOCAL Modes of operation.
A change from LOCAL to ONLINE results
in DTR (EIA circuit CD) being switched
ON and line communications being ena-
bled. A change from ONLINE to LOCAL
causes DTR to switch OFF and line com-
munications are disabled.

PAPER ADV-—Causes paper to feed con-
tinuously at a rate of 33 msec. per line-
feed. On the 781 only, when the terminal
is in the LOCAL Mode, the printhead will
also slew to column 1.

RESET — Causes the following action in order
of priority:

1. Terminate a TEST in progress.

2. Cancel COMMAND Mode.

3. Clear ERRor condition indicator.
3.2.2.3 Indicators. Four red LED indicators are

adjacent to the keypad as shown in Figure 3-8.
These indicators are described below:

COMMAND O
ERR/TEST O
LINE RDY O

Figure 3-8. LED Indicators (781)

ONLINE-This unlabeled indicator, adjacent to
the ONLINE switch, is illuminated when
DTR (EIA circuit CD) is ON and ex-
tinguished when DTR is OFF.

COMMAND-This indicator, illuminated after
the depression of the CNFG or TEST key,
indicates the terminal is in the COM-
MAND Mode. it remains illuminated until
the COMMAND Mode is terminated.

Flashing of the COMMAND Mode in-

dicator indicates that a request to enter

the COMMAND Mode is pending.

Flashing continues until the COMMAND
" Mode is entered.

ERR/TEST-This indicator has two functions.
When flashing, the terminal has identified
a reportable error or when illuminated
continuously, the terminal is in the TEST
Mode. Depressing RESET extinguishes
the indicator and prints the ERROR
report. When both conditions exist
simultaneously, TEST has precedence
over ERRor. Once TEST has been ter-
minated with RESET, however, the ER-
Ror condition is displayed until RESET is
pressed.

LINE RDY-This indicator indicates the status
of the DSR (EIA circuit CC) as follows:

ON —circuit DSR is ON.

FLASHING—in the COMMAND Mode
and circuit DSR is ON or DCD is OFF.

OFF—circuit DSR is OFF.

3.3 TERMINAL CONFIGURATION

Configuration parameters such as data transmis-
sion rate, character parity, and communications
mode are configurable selected character se-
quences entered from the keyboard (Models 783,
785, and 787) or the operator keypad (Model 781)
when the terminal is in the CONFIGure Mode.

3.3.1 Configuration Entry

The terminal can be configured in either the
ONLINE Mode or LOCAL Mode. The CONFiGure
Mode is entered in the following manner:

Model 781 Depress CNFG
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Models 783, 785, 787 Depress CMD (the ter-

minal responds with a
CR, LF and the CMD
prompt is printed)
followed by either C
orc.

The terminal enters the CONFIGure Mode and the
following occurs: ‘

3-8

1.

A report of the current terminal configura-
tion is printed.

Parameter change(s) are solicited by the
prompt “CR LF ?".

Valid parameter entry results in an im-
mediate update to the operating
parameter set, and a new CRC number is
generated. The CRC is used to check fora
battery or CMOS RAM failure.

Parameter changes are accepted until the
CONFIGure Mode is terminated by press-
ing ENTER (783, 785, 787), OPER (781),
or RESET (all terminals).

® ENTER and OPER cause the ter-
minal to print the updated con-
figuration report and terminate the
COMMAND Mode.

® RESET terminates the COMMAND
Mode without printing the con-
figuration report.

The three types of configuration parameters are:
on-off, mutually-exclusive multiple-choice (one
per set), and special program commands.
Parameters are entered, changed or deletea by
the following methods:

On-Off. These parameters are selected by key-
ing in the selected two- or three-digit code and
pressing RETURN or CR (781). A previously
selected parameter is disabled by typing its
two- or three-digit code and pressing the
DELete key. As a digit is typed, it is printed by
the printer. If more than two digits are entered
before pressing RETURN (CR), the last three
are validated. A valid two- or three-digit entry is
signified by a short tone and the printing of the
printable representation of the terminating con-
trol character immediately after the last digit
entered. The operating parameters are also up-
dated. An invalid entry results in a long tone
and the printing of a question mark immediately
after the last digit and no update to the
operating parameters. Table 3-2 lists the ON-
OFF configuration codes.



Table 3-2. On-Off Configuration Codes

Code Meaning
Line Control— Any Number
61 Enable Failsafe Disconnect
62 Disconnect on Receipt of EOT
63 Disconnect on Receipt of DLE EQOT
64 Disconnect on Paper Out or Print Inhibit Condition
65 Enable No Activity Disconnect
66 Ignore LTA Characters (202)
Transmission Control—Any Number
72 Enable Print of ABM Contents (Local Here Is or 82)
73 Enable ABM Autotrigger on Answer
74 Enable ABM Autotrigger on Originate
Terminal Control— Any Number
82 Enable Local Copy of Transmitted Data
83 Enable Communication Line Ready/Busy Reporting
84 Do “New Line" on Receipt of LF
85 Do ““New Line’”” on Receipt of CR
86 Transmit CR LF when "“Return” is depressed
87 Print All Control Characters
94 Enable Column 72 Bell Tone—Keyboard Entry
95 Enable Form Feed (6 LF and a CR)
785 787
DEF | STD | OPT | DEF | STD | OPT|NOTE
131 Enable Tone Dial E X 1
132 Enable Equalizers X X
133 Enable RDLB X X
134 Enable RDLB Data X X
135 Enable loss of short carrier disconnect X X
Note:

1. Parameter 131 is valid only if parameter 101
is set.

Multiple Choice. These parameters are divided
into subsets that require exactly one parameter
per subset to be selected at any given time. The
parameters are changed by typing the
corresponding two- or three-digit code and
pressing ‘RETURN or CR (781). Entry of the

DEF = Default parameter
STD = Parameter can be enabled if modem is installed
OPT = Parameter can be enabled if option is installed

new parameter automatically replaces the old
parameter in the subset. Validation and repor-
ting of validation are the same as previously
described for the on-off parameters. Table 3-3
lists the multiple-choice configuration codes.



Table 3-3. Multiple-Choice Configuration Codes

Code ’ Meaning
Configuration Set Selection
09 Install Default Configuration Set
Communications Mode—One Only
11 External Data Set 202 (Half Duplex)
12 External Data Set 202 with Reverse Channel (Half Duplex)
13 External Data Set 103, 113, 212, 3400 (Full Duplex)
14 External Direct Wire—Reverse Channel On = Ready (781 only)
15 External Direct Wire— Reverse Channel Off = Ready
16 DC Current Loop
17 Internal Option (3400, 212, 103)
18 DTR On = Ready (781 only)
Transmission Rate
7 110 bos (10 Char/Sed)
22 200 bps
23 300 bps (30 Char/Sec)
24 600 bps
25 1200 bps (120 Char/Sec)
26 2400 bps— Console
28 9600 bps— Console
29 300/1200 bps— (Use with Dataset; Autospeed) or Internal Modem on 785, 787
Parity » ‘
31 Odd Parity Transmit, No Check Receive
32 Even Parity Transmit, No Check Receive
35 Odd Parity Transmit, Check Receive and Report Error
36 Even Parity Transmit, Check Receive and Report Error
37 Mark Parity Transmit, No Check Receive
38 Space Parity Transmit, No Check Receive
785 787
DEF | STD | OPT | DEF | STD | OPT|NOTE
101 Direct Connect Interface X 2
102 Acoustic Coupler Interface X X
m Auto X X 1
112 103 X X
113 212 X
14 3400 X X
121 Answer/QOrig : X 1
122 Answer Only X 1
123 Originate Only X X 1
Notes: _
1. If parameter 111 is set, parameters 121 DEF = Default parameter
through 123 are irrelevant. STD = Parameter can be enabled if modem is installed

OPT = Parameter can be enabled if option is installed
2. Parameter 131 is valid only if parameter 101

is set.



Program Commands. These commands pro-
gram the line turnaround (LTA) character(s)
(783, 785, and 787) for half-duplex operation,
and the answerback memory (ABM) contents
(all terminals). Table 3-4 lists the program com-
mands.

Table 3-4. Program Commands

Code Meaning

60 Program Line Turnaround
Character(s) —202 Only

70 Program Answerback Memory

LTA characters are programmed by typing the
enable sequence 60 followed by RETURN fol-
lowed by up to three ASCII characters. All pro-
gram characters are bracketed by quotation marks
with the first being generated automatically before
the first program entry and the second upon ter-
mination of the program sequence. The terminal
prints the command characters and the program
characters while the control characters are re-
placed by their printable representation. The pro-
gramming sequence is terminated automatically
with the entry of the third character or by pressing
the HERE IS key. A previously programmed LTA
can be deleted by typing the following: 60
RETURN HERE IS.

The ABM is programmed by typing the enable se-
quence of 70 followed by RETURN (CR) followed
by up to 32 ASCII characters (64 keystrokes using
the hexadecimal equivalents in the 781). Con-
figuration parameter 70 is not valid if an optional
ABM PROM is installed. All command and pro-
gram characters are printed as they are entered,
whereas control characters are replaced by their
printable representation. The program character
sequence is automatically bracketed by quotation
marks and is terminated automatically after 32
ASCII characters are entered or the HERE IS or
END (781) key is pressed. The command
characters are validated in the same manner as
previously described for the on-off parameters.
The previous contents of the ABM are erased by
the key sequence: 70 RETURN-HERE IS (70 CR
END).

In the 783, 785 and 787, errors can be corrected
prior to the termination of either of the program
sequences by typing CTRL/SHIFT/H (unas-
signed). Each CTRL/SHIFT/H typed deletes the

‘last program character entered. The first

CTRL/SHIFT/H typed causes the terminal to line-
feed and backspace. Any subsequent
CTRL/SHIFT/H typed causes only a backspace.
The characters deleted by typing CTRL/SHIFT/H
are replaced by typing from the keyboard.

3.3.2 Configuration Report

The printed configuration report displays the cur-
rent configuration parameters of the terminal. The
report includes the contents of the LTA (not ap-
plicable on 781) and ABM unless prohibited by
configuration parameters. The configuration
report is in the following format:

CONFIG: C1;C2;C3;...CN
M1;M2;M3;...MN
ABM:""""  LTA:""

where C1 through CN are the enabled two-digit
parameters listed in ascending sequence, and M1
through MN are the enabled three-digit internal
modem configuration parameters listed in ascen-
ding sequence. The modem configuration
parameters are applicable to the 785 and 787 ter-
minals. '

The absence of either ABM or LTA characters
between the quotation marks indicates the
absence of any ABM or LTA message. A -pro-
tected ABM message is indicated by the following
report:

ABM: (PROTECTED). -
If LOCAL printing of the ABM (CONFIG
parameter 72) is not enabled, the following
message is printed if an ABM is being stored:

ABM: (MASKED).

Control characters in the ABM or LTA sequences
are indicated by their printable representation.

3.4 OPERATING STATUS
The operating status of the terminal is maintained

and conveyed to the user via the visual and audi-
ble indicators and the printed report.
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3.4.1 Operating Error Codes

The terminal error codes tell the operator or ser-
vice personnel of errors or problems that arise dur-
ing the operation of the terminal. The error codes
are listed in Table 3-5.

Table 3-5. Error Codes

Code Explanation
00 RAM memory check failure
01 ROM memory check failure
03 Nonvolatile memory check failure
10 Line turnaround character not programmed
" Carriage jam (print inhibited)
12 Paper out
20 Clear To Send timeout
21 Loss of carrier timeout
22 Wrong number timeout
23 Receive buffer overflow
24 Parity error
25 Transmit buffer overflow
26 No activity timeout
27 Characters received while in COMMAND Mode
32 Modem was unable to complete a command (received “\"" from modem)
33 Modem command timeout:
No modem response within 2 seconds while in controi mode
No test data received within 2 seconds while doing test 7
34 Dialing error:
Direct Connect not selected
Internal Modem not selected
Already offhook
35 Not Used
36 Invalid modem response to a command (Received unexpected data)
37 Not Used
38 Error count overflow (Wraparound) during test 7
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3.4.2 Audible Status
The terminal produces an audible tone to provide
information concerning completion of terminal ac-

® A long tone of one second signifies that
an error or abnormal operating condition

exists.

" tivities. Two different types of tones are used:

[ ]
completion

A short tone of 80-100 msec. signifies

Table 3-6 explains the conditions that cause the

of a normal operation. audible tone to be sounded.

Table 3-6. Audible Tone Signals

Signal

Explanation

SHORT | 1.

A keyboard entry has caused the carriage to pass through column 72 (i.e., exit column 72,
when configured in code 94)

or | 2. ASCII BEL character has been received

or | 3. A keyboard command has been accepted

or | 4. Command execution has been completed

or | 5. A test has been completed successfully
LONG | 1. A new error status code has been activated

or |2 An invalid keyboard entry has been detected

3.4.3 Automatically Printed Status Reports

Reports are printed

functions occur. Table 3-7 displays the format of

automatically when certain the printed status reports.

Table 3-7. Printed Status Reports

Printout

When Generated

78X

CONNECTED

ERRORS: S1;...;SN

DISCONNECTED

Completion of power-up routine or Test 1
When depression of reset extinguishes the error indicator
When online and a communication link is established (CC+ (CB or CF))

When the terminal completes a disconnect sequence

Notes:

PN

All printouts are bracketed by CR LF.

S1-SN are enabled error status codes (paragraph 3.4.1).
For additional automatic reports, see Section 6.
Xin78Xis1,3,50r7.
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3.44 Online Reporting

The terminals are capable of transmitting con-
figuration and error status to remote systems. The
report and request sequence is shown in Table
38.

3.5 CONTROL FUNCTIONS

- The terminal is capable of transmitting all 33 con-

trol characters defined by the USASCII code;
however, only a limited number of these

Table 3-8. Transmitted Reports

Report ’ Request Response
Sequence :
CONFIG ESClc ESCIXXX;C1;C2;...;CNcLTA
ERROR ESCIn ESCIXXX;S1;S2...;SNnLTA
or ESCIXXX;nLTA (NO ERRORS)

Notes:

1. Requests will be honored from the line only.

2. XXX is the formal terminal identifier (e.g., Model 783 is XXX = 783).

3. LTA is the first programmed line turnaround character if required. (LTA only if in half duplex with LTAs.)
4,

LTA characters if programmed.
5. S1-SN are the existing error codes.

3.45 Operator Reference Cards
Information concerning the operation of the ter-
minal is provided in the form of operator reference
cards located below the terminal paper door. The
information provided on the cards includes the
following:
®  Configuration programming instructions.
® Configuration parameter codes.

® List of error codes.

®  Call initiation/termination procedures for
internal modem/DAA (787 only).

®  Control characters keyboard location.
®  Report format instructions.

®  Test mode instructions.

®  Paper loading instructions.

® ASCIl/hexadecimal conversion table (781
only).
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C1—CN are the enabled configuration parameters. The report does not include ABM data or second and third

characters are recognized. (The 781 can only
transmit characters from the ABM.) The
characters which are recognized or transmitted
automatically are described below. All other con-
trol characters are transmitted only when entered
from the keyboard or ABM and are ignored when
received. ‘

® BS—Backspace. Moves the printhead
one character space in the reverse direc-
tion. Does not modify any character
previously stored in the receive buffer.
Generates no action if the printhead is at
the left margin.

® CR—Carriage Return. Moves the print-
head to the left margin when printing in-
crementally or initiates printing of the
next line in the bidirectional mode. CR ad-
vances the paper one line space if re-
ceived when the terminal is configured to
perform “‘new line”’ on receipt of CR (i.e.,
code 85). RETURN causes a CR LF to be
transmitted if the terminal is so con-
figured (i.e., code 86).



® LF—LineFeed. Advances the paperone
line for each key depression. Receipt of
LF causes a carriage return function as
well if the terminal is configured for ‘‘new
line” on receipt of LF (i.e., code 84).

® BEL—Bell. Sounds audible tone.

® DC1-—-Device Control 1. DC1 is
transmitted by the terminal to indicate
““buffer ready’’ if the associated
READY/BUSY function is configured
(i.e., code 83).

® DC3—Device Control 3. DC3 is
transmitted by the terminal to indicate

““buffer full’” if the associated
READY/BUSY function is configured
(i.e., code 83).

® ENQ—Enquiry. Receipt triggers the
ABM if programmed.

® EOT—End of Transmission. Receipt
causes a disconnect sequence to be com-
pleted if configured to do so; otherwise it
is ignored (i.e., code 62).

® DLE—Data Link Escape. Reception of
DLE followed by EOT initiates a discon-
nect sequence if configured to do so;
otherwise it is ignored (i.e., code 63).

® ESC-—Escape. Reception initiates
escape sequence recognition from the
communications line.

3.6 SELF-TESTS

The terminals provide automatic self-test func-
tions to verify correct terminal operation. Two
types cf self-tests are built into the terminals: one
is initiated during power-up and the other is in-
itiated by the operator for maintenance purposes.

3.6.1 Power-Up Diagnostics

The terminal executes an internal memory check
and a visual indicator check when switched on.
Successful completion of the power-up diagnostic
is indicated by the printing of the terminal model
number. Errors are indicated by a long tone and
the ERROR indicator, when possible. Failure of
the self-test does not prohibit terminal operation.

A failure detected in the option buffer RAM
automatically configures the terminal to operate
with the largest available receive buffer.

If an error is indicated, the results of the
diagnostic are obtained via the REPORT function
when in the COMMAND Mode or by depressing
the RESET key. Refer to subsection 3.7 for further
discussion of the REPORT Mode.

3.6.2 Maintenance Diagnostics

The terminal provides many diagnostics for use by
maintenance personnel when troubleshooting the
terminal. In the 783, 785 and 787, the TEST Mode
is entered from the COMMAND Mode by typing
the valid syntax (T or t). In the 781, the terminal
TEST Mode is entered by depressing the TEST
key. The terminal TEST Mode indicator illumi-
nates and the printer issues the prompt:

CR LF T#.

The terminal remains in the COMMAND Mode un-
til a specific test is selected. An invalid response is
indicated by a long tone and printing of the test
prompt (T#). Depressing RESET causes the ter-
minal to cancel the TEST and COMMAND
Modes. Once a test is initiated, it is terminated
automatically at the completion or by depressing
RESET. RESET terminates the test and cancels
the COMMAND Mode.

The maintenance diagnostics available for
troubleshooting the terminal are described in
detail in paragraph 6.2.2 ‘

3.7 REPORTS

In the 781, three reports are available: the con-
figuration report, the error report, and the CR
report. The configuration report is printed when
the CNFG key is depressed, the error report is
printed when an error exists and the RESET key is
depressed, and the CR report is printed when Test
9 is entered.

In the 783, 785 and 787, three types of reports can
be requested by the operator. The report feature
of the terminal allows the operator to request the
configuration report, error report and a CR report
for use by service personnel. The reports are re-
quested by entering the COMMAND Mode and
typing the valid syntax (R or r) followed by
ENTER. The printer issues the prompt:

CR LF R#
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The terminal remains in the COMMAND Mode un- is terminated automatically at the completion.
til a specific report is selected. An invalid response -

is indicated by a long tone and printing of the The reports are described in greater detail in
report prompt (R#). Once a REPORT is initiated, it subsection 6.3.

316



Section 4

Communications

4.1 INTRODUCTION

The standard implementation of communication
between the line and the data terminal is an
ASCII, asynchronous, serial interface conforming
to the electrical standard set by EIA RS-232-C and
CCITT V24 standards. Communication to the line
is possible only when the terminal is switched to
the ONLINE Mode. The terminal also includes a
DC current loop interface capable of full-duplex
operation at speeds up to 1200 bits per second
(bps).

4.1.1 EIA Transmission Rates and Distortion

The terminal is capable of transmitting and receiv-
ing data at transmission rates of 110, 200, 300,
600, 1200, 2400 and 9600 bps. The selection of the
transmission rate is via the COMMAND Mode.
The digital transmitter and receiver conform to the
distortion limits listed in Table 4-1.

4.1.2 EIA Interface Signal Levels

The exchange of digital data between the terminal
and an external device consists of a series of logic
ONEs and ZEROs. A logic ONE, called a MARK, is
indicated by a negative voltage between —3 and
—25 volts. A logic ZERO, called a SPACE, is in-
dicated by a positive voltage between +3 and
+25 volts. In summary, a positive voltage on a
control line indicates the ON condition, but a
positive voltage on a data line represents a SPACE
or logic ZERQ. A negative voltage on a control line
indicates the OFF condition, but on a data line a
negative voltage represents a MARK or logic
ONE. Table 4-2 shows the relationship between
the control line and data line. The interchange
voltage represents the data line, while the binary
state represents the control line.

Table 4-1. Distortion Limits
Baud Rate Maximum Allowable Maximum Transmitted
Received Distortion Distortion
110 49.0% 1.0%
200 49.0% 1.3%
300 47.7% 1.31%
600 47.7% 2.5%
1200 47.0% 2.54%
2400 46.0% 4.1%
9600 43.8% 10.1%
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Table 4-2. EIA Signal Levels

Interchange Voitage
Notation Negative Positive
Binary State 1 0
Signal Condition MARK SPACE
Function OFF ON

4.1.3 Transmission Codes

The terminal generates all 128 codes of the
USASCII code set as defined in ANSI Standard
X3.4-1977. Table 4-3 lists the code structure for
the ASCII code as interpreted by the terminal.

Table 4-3. ASCIl Code System and Character Sets

8 0 0 0 0 0 0 0 0
! 6 0 0 0 0 1 1 1 1
5 0 0 1 1 0 0 1 1
43 23 0 1 0 1 0 1 0 1
0000 LES| SP 0 @ P N p
0001 DOy ! 1 A Q a q
0010 DCS| 2 B R b r
0011 DC3S # 3 C S c s
0100 DeAS $ 4 D T d t
0101 NAKS] % 5 E U e u
0110 SYNSY & 6 F v f v
0111 ETBY] 7 G w g w
1000 CAN ( 8 H X h. x
1001 EMSSS ) 9 ] Y i y
1010 SUBS] : J Z j z
101 1 ESCTIN  + ; K [ k l
1100 F ' < L \ | :
1101 GS - = M ] m -
1110 R > N A n ~
1111 = ? 0 _ o |SDELS

Printable Characters

L

Printer Control Characters

=—

3 \ Codes Generated and Transmitted by the terminal

V//////////////////, Online Report Control



ASCIl CONTROL CHARACTERS
(From USA Standards Institute Publication X3.4-1977)

ACK acknowledge EM end of medium NAK negative acknowledge
BEL bell ENQ enquiry NUL  null

BS backspace EOT end of transmission RS record separator
CAN cancel ESC escape Sl shift in

CR carriage return ETB end of transmission block SO shift out

DC1 device control 1 ETX end of text SOH start of heading
DC2 device control 2 FF form feed STX start of text

DC3 device control 3 FS file separator SUB substitute

DC4 device control 4 (stop) GS group separator SYN synchronous idle
DEL delete (also called RUBOUT) HT horizontal tabulation uUs unit separator
DLE data link escape LF line feed vT vertical tabulation

* not strictly a control character

4.1.4 Character Structure

Codes for transmitted and received data are in ac-
cordance with ANSI Standard for Character
Structure and Parity Sense, X3.16-1976 and ANSI
Standard for Bit Sequency of the USASCII code,
X3.15-1976.

A transmitted or received character consists of a
start bit (always a ‘0"’ or SPACING), sgven data
bits, a parity bit, and one or two stop bits (always
1" or MARKING). Two stop bits are transmitted
at 110 bps and one stop bit at all higher data rates.
Figure 4-1 illustrates the character serial data tim-
ing for 110 bps and 200 bps and above.

MARKING 2 R S DR U O S 1 L
| L [ 7l l 0 |
] ] | | | | | |
1 | | | | | | |
SPACING .......J J--_J J---J---J---J-_-
IME
BITTIME 9.09 DATA BITS
msec | A -
START B1 B2 B3 B4 B5 B6 B7 PARITY STOP STOP
BIT (LsB) (MSB) T BIT BIT
CHARACTER TIME
100 msec l
a. 110 bps; 10 CPS Speed
MARKING e | 1
] | | ) | | | !
| ! | 1 | I | |
1 | | | ] | | |
SPACING I N G UUNS P S S PR
BIT TIME
—] 333 DATA BITS
msec A
r N
START  B1 B2 B3 B4 B5 B6 B7  PARITY STOP
BIT (LSB) (MsB) BIT BIT
CHARACTER TIME
33.3 msec(300 baud)
50 msec (200 baud)
b. 300 bps; 30 CPS Speed
Figure 4-1. Serial Data Timing Diagram
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The transmitted parity is programmable for ODD
or EVEN parity, or no parity with the parity bit
either always MARK or always SPACE. If ODD or
EVEN parity is selected, the received data parity is
specified to be checked for the same parity as
transmitted data or not to be checked. If MARK or
SPACE parity is specified for transmit, then
receive parity is ignored. The selection is via the
COMMAND Mode. If parity check is enabled, a
receive character detected as having an invalid
parity is replaced in the print data with a special
parity error symbol ( é).

415 EIA Communications Interface

The standard interface between the terminal and
the communications line conforms to the elec-
trical requirements of EIA Standard RS-232-C and
CCITT Standard V24. Table 4-4 lists the
EIA/CCITT/TTY interface signals provided by the
terminal.

The terminal also includes an operator-selectable
DC current loop interface capable of operation in a
full-duplex 20mA DC current loop (neutral only).
In a neutral current loop, the flow of current in-
dicates a MARK and a SPACE is indicated by no
current flow. Some systems use bipolar current,
where current flowing in one direction is a MARK
and current flowing in the opposite direction is a
SPACE. The neutral current loop is not compati-
ble with the bipolar current loop, and damage to
the terminal may result if it is connected to a
bipolar system. '

The current loop interface consists of separate
transmit and receive circuits, electrically isolated
from each other and from signal and chassis
ground, such that they may be used separately in
a four-wire half-duplex or full-duplex system or ex-
ternally connected in series to form a two-wire
half-duplex system. The current loop electrical
characteristics are listed in Table 4-5.

Table 4-4. EIA/CCITT/TTY Interface Signals

Data Set Circuit
Connector Name

Pin TTY EIA CCITT

1 AA 101 Protective Ground

2 BA 103 Transmitted Data

3 BB 104 Received Data

4 CA 105 Request to Send

5 CB 106 Clear to Send

6 cC 107 Data Set Ready

7 AB 102 Signal Ground

8 CF 109 Received Line Signal Detector

1 SCA/CH 120/111 Secondary Request to Send/
Data Signal Rate Selector

12 SCF 122 Secondary Received Line Signal Detector

13 X1 TTY Transmit Loop Input

14 X2 TTY Transmit Loop Return

16 RL1 TTY Receive Loop Input

18 RL2 TTY Receive Loop Return

20 CD 108.2 Data Terminal Ready

2 CE 125 Ring Indicate

23 SCA/CH 120/111 Secondary Request to Send/
Data Signal Rate Selector
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Table 45. Current Loop Electrical Characteristics

Receive Circuit:
Nominal Current
Threshold Current
Maximum Voltage Drop @ 20mA
Maximum Current*
Maximum Common Mode Voltage

Transmit Circuit:

Nominal Current

Maximum Current*

Maximum Voltage Drop (MARK)
Maximum Leakage Current (SPACE)
Maximum Voltage Rating (SPACE)
Maximum Common Mode Voltage

* The recommended maximum continuous current for safe operation is 80mA dc.

20mA dc

10 + 5.5mA dc

3vdc

100mA dc

50Vdc Either Continuous or Switched

20mA dc

100mA dc

1V @ 20mA

0.5mA @ 50Vdc

50Vdc

B50Vdc Either Continuous or Switched

4.1.6 External Data Set Compatibility

The terminal is capable of interfacing to the com-
munications line via the following data sets or
their equivalents:

VADIC 3400 Series

Bell Series
103
113
202C,D,S,and T
212 A, asynchronous mode only, high or
low speed

The terminal provides both manual and automatic
answer control of the external data set any time
the terminal is ONLINE and no connection is cur-
rently in effect.

Refer to Appendix D for additional information on
recommended data set options.
4.2 COMMUNICATIONS MODES
The following communications modes are selec-
table from the keyboard for use with external data
sets (modems):

®  Full duplex (i.e., code 13),

®  Half duplex (i.e., code 11) and

® Half duplex with reverse channel (i.e.,
code 12).

One of two non-data set communications modes
are also selectable from the keyboard for direct
wire EIA applications:

®  Full duplex with reverse channel transmit
(SCA) ON for READY li.e., code 14).

®  Full duplex with reverse channel transmit
(SCA) OFF for READY (i.e., code 15).

Also selectable from the keyboard is a current
loop mode (i.e., code 16) for use with the current
loop interface.

An additional configuration parameter is provided
that enables half-duplex operation which does not
require LTA characters for turnaround purposes
{i.e., code 66).

It is possible to enable or disable local copy of the
transmit data for any communications mode by
selecting the proper configuration code from the
keyboard when in the CONFIGure Mode fi.e.,
code 82).

421 Full-Duplex Data Set Operation

In the full-duplex mode, both the transmit and
receive circuits are independent, permitting
simultaneous bidirectional communications. If the
local copy of the transmitted data is enabled,
simultaneous communications will cause in-
terleaving of the transmitted and received data on
the printed page. Full duplex with local copy is not
the same as half duplex.
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For full-duplex communications, the terminal sets
DTR (EIA circuit CD) ON when switched ONLINE
and no disconnect is detected. Interface signal
DSR must be switched ON by the data set before
any data communications can take place. DTR
must be ON in order for DSR to switch ON. The
terminal switches ON RTS (EIA circuit CA) once
DSR is ON. Once a valid carrier is established, the
data set switches on DCD (EIA circuit CF) and
CTS (EIA circuit CB). DSR and DCD enable the
terminal to accept received data (RCVD DATA)
when they are ON. DSR and CTS enable the ter-
minal to transmit data to the line when they are
ON. If circuit CTS switches OFF, any character
being transmitted is completed, but no new
characters are transmitted until circuit CTS
switches ON.

Any characters entered from the keyboard while
CTS is OFF are buffered in a FIFO memory (up to
16 characters) and are transmitted when CTS
switches ON. If local copy is enabled, the buffered
characters are printed when they are transmitted,
not as they are entered. If more than 16 characters
are entered while CTS is OFF, a one-second error
tone sounds, the ERR/TEST indicator flashes,
and the character is discarded. When the RESET
key is depressed, the terminal will report error 25.
This is repeated for every character entered that
causes the FIFO buffer to exceed 16 characters,
and only the first 16 characters are retained in the
buffer for transmission. If DSR switches OFF, in-
dicating a data set disconnect, any characters re-
maining in the transmit buffer are discarded.

If no special disconnect is enabled, the line is
monitored for received data until either DCD or
DSR switches OFF. With no disconnects enabled,
DTR remains ON as long as the terminal is
ONLINE. If DCD switches OFF in the middle of a
received character, the terminal may misinterpret
the character.

4.2.2 Half-Duplex Data Set Operation

The half-duplex mode of operation permits data
communication to occur in only one direction at a
time on the communications channel. Half-duplex
operation includes a protocol that uses a line turn-
around (LTA) character for line control. Up to
three LTA characters are operator-selectable dur-
ing the terminal configuration.
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Initiation of communication in the half-duplex
mode is on a contingency basis. When DSR

" switches ON, indicating the establishment of a

connection, the terminal enters a special idle
mode monitoring DCD. When DCD switches ON,
the terminal enters the receive mode. If the ABM
autotrigger is enabled (i.e., code 74), the terminal
responds as described in paragraph 4.3.2.1 before
automatically entering the transmit mode to
transmit the contents of the ABM. If the autotrig-
ger feature is OFF and DCD remains OFF, the ter-
minal remains in the idle mode until the HERE IS
key or a code-generating key is pressed on the
keyboard. The terminal then enters the transmit
mode to begin transmission of the keyed
characters.

When entering the transmit mode, the terminal
switches ON RTS and waits for CTS to switch ON
before placing data on the transmitted data line
(EIA circuit BA). The terminal remains in the
transmit mode until one of the specified LTA
characters is transmitted. If CTS switches OFF
before transmission of the LTA, the terminal buf-
fers keyboard characters in the FIFO memory as
described in paragraph 4.2.1. Once the LTA
character is transmitted, the terminal begins the
transition to the receive mode. This transition in-
cludes switching OFF RTS. RTS can not change,
however, until four milliseconds after the stop bit
of the last transmitted character has cleared the
terminal transmitter.

Once RTS is switched OFF, the terminal goes into
the receive mode and waits for DCD to switch ON
before monitoring the received data line (EIA cir-
cuit BB) for data. As long as DCD remains ON,
the terminal monitors circuit BB for print and con-
trol data and/or a line turnaround character. On
receipt of an LTA character, the terminal discon-
tinues monitoring circuit BB and waits for DCD to
switch OFF. When DCD goes OFF, the terminal
enters the transmit mode and RTS is switched
ON.

The previously described operation continues until
a disconnect is initiated. A manual disconnect of
the terminal from the data set is available to the
operator at any time by setting the
ONLINE/LOCAL switch to LOCAL. This action
causes the terminal to switch OFF all control



signals that are provided to the data set and reset
any communications timers that are active. All line
communication remains disabled until the terminal
is manually switched ONLINE. Other disconnect
sequences are executed only if they are enabled as
described in paragraph 4.3.2.

When a disconnect has been initiated by the ter-
minal, all characters remaining in the transmit buf-
fer are discarded, and all characters remaining in
the received buffer are processed if possible (i.e.,
printable and printer control characters are ex-
ecuted and communication control characters are
ignored).

4.2.3 Half Duplex with Reverse Channel Data
Set Operation

Half duplex with reverse channel is the same as
half duplex with the addition of circuits SCA and
SCF (the reverse channel) for supervisory control
information control. Operation of half duplex with
reverse channel is the same as half duplex without
reverse channel with the following exceptions.

Upon call establishment (i.e., recognition of DSR
ON), the terminal enters the idle mode, where the
EIA circuit SCA is switched ON to indicate the
receiver is ready, and waits for DCD to switch ON
or for a transmit request to be generated. The ter-
minal is able to enter either the transmit or the
receive mode from the idle mode. If DCD is ON
prior to a requirement for transmitting, circuit
SCA remains ON, and the terminal enters the
receive mode from the idle mode and remains
there until conditions for turning the line to the
transmit mode are satisfied. If conditions for in-
itiating the transmit mode are satisfied before
DCD switches ON (i.e., keyboard or ABM inter-
rupt), circuit SCA switches OFF and RTS swit-
ches ON and the terminal enters the transmit
mode from the idle mode. If DCD does not switch
ON and no transmit request exists during the in-
itial idle mode, the terminal remains in the idle
mode until disconnect timeout occurs (if enabled)
or a requirement to enter the receive or transmit
mode is generated.

Upon entering the transmit mode, initially or after
LTA, the terminal monitors circuit SCF (secon-
dary received line signal detector) for an ON con-
dition before sending the first character.

If circuit SCF does not switch ON within eight
seconds after circuit CA is switched ON, the ter-
minal switches OFF RTS and switches ON circuit
SCA, thus returning the terminal to the receive
mode.

In the transmit mode, the terminal checks circuit
SCF for an ON condition before sending each
character. If circuit SCF switches OFF while the
terminal is in the transmit mode, the terminal
holds circuit BA to a MARK condition and initiates
a 110-125 millisecond timeout. During the timeout
and while circuit SCF remains OFF, keyboard data
is buffered. If circuit SCF switches ON before the
timeout completes, the terminal resumes
transmission, sending first any characters that are
stored in the transmit FIFO. If circuit SCF remains
OFF for the duration of the timeout, the terminal
reverts to the receive mode by switching OFF RTS
and switching ON circuit SCA. Any characters re-
maining in the transmit FIFO at this time are
discarded. Normal transitions from the transmit to
the receive mode (i.e., after transmission of a line
turnaround) are handled as previously described.
After the transition to the receive mode is com-
plete, circuit SCA is held ON as long as the ter-
minal is in the receive mode unless a BREAK or
BUSY operation occurs (see paragraph 4.3.3 or
4.3.4).

4.2.4 Half-Duplex Data Set Operation with No
LTA (i.e., code 66) '

This mode is specified with a separate configura-
tion parameter in conjunction with the half duplex
or half duplex with reverse channel parameter.
The operation of this mode is similar to the mode
it is used in conjunction with except that the LTA
feature is not used in the data to initiate line turn-
around and that any turnaround is followed by a
transition to the idle mode. Initial transition from
the idle mode is the same as for half duplex or half
duplex with reverse channel (depending on which
configuration parameter is enabled).

A transition from the receive to the idle mode is in-
itiated by the terminal when in the receive mode
and DCD goes to an OFF condition. The transition
from the idle mode may be to either the receive or
transmit mode. Transition from transmit to idle is
initiated by depressing the ENTER key on the
keyboard.
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When operation is set to ignore line turnaround
characters (i.e., code 66) and fail-safe disconnect
operation is enabled (i.e., code 61), the loss of
carrier timeout is automatically disabled by the ter-
minal.

4.25 Non-Data Set Operation-

Two special full-duplex modes are incorporated to
simplify the use of the terminal in computer con-
sole and similar hardwired interfaces where no
data set is used in the connection. Circuit SCA
(secondary request to send) is used as a terminal
READY/BUSY indicator. The difference between
the two modes is that in one mode circuit SCA is
held ON when the terminal is in a READY condi-
tion and held OFF when the terminal is BUSY. In
the other mode, circuit SCA is held OFF when the
terminal is in a READY condition and ON when
the terminal is BUSY.

The operation of the terminal is basically the same
as that described for full-duplex data set opera-
tion, except no timing constraints are placed on
the communications interface. DTR and RTS are
ON when the terminal is ONLINE and DSR and
DCD must be ON in order for the terminal to
receive data while DSR and CTS must be ON to
transmit data. BUSY status is reported by circuit
SCA when the terminal is in the LOCAL Mode, or
cannot print, or to prevent the receive buffer to
overflow.

426 DC Current Loop Operation

The terminal can be configured to operate in a DC
current loop mode, via the DC loop transmitter
and receiver circuitry. When ONLINE, the terminal
is capable of full-duplex operation. READY/BUSY
status reporting is possible via DC3/DC1 transmis-
sion (see paragraph 4.3.4). Keyboard BREAK is
active when the terminal is ONLINE.

43 COMMUNICATIONS FEATURES

The terminal has many features which are useful
when communicating with other devices. These
features are enabled or disabled from the
keyboard when in the CONFIGure Mode.

4.3.1 Answerback Memory (ABM)

A standard feature of the terminal is an Answer-
back Memory which can be programmed with a

a8

message of up to 32 ASCIl characters. If a
message is programmed, it will be transmitted
when the HERE IS key is depressed or when the
ASCII character ENQ (enquiry) is received. The
terminal is also capable of being configured to
automatically transmit the contents of the answer-
back memory when a call is answered (i.e., code
73) or originated (i.e., code 74).

The standard ABM uses nonvolatile memory for
storage and is operator-programmable. A non-
alterable PROM for ABM storage is available as a
hardware option.

4.3.2 Automatic Operation Control
The terminal has four configuration parameters
which can be enabled or disabled from the
keyboard that facilitate automatic operation of the
terminal. These features are for data set com-
munications modes and are as follows:

® ABM autotrigger on connection (code 73
or 74),

® Automatic disconnect character or
character sequence (code 62 or 63),

®  Fail-safe disconnect (code 61) and
® No activity disconnect (code 65).

Whenever an automatic disconnect is required in
conjunction with one of the above features it is ac-
complished as follows:

® Recognition of additional data from the
communications line and transmission. to
the line are inhibited.

® DTR is switched OFF by the terminal.
After DSR is switched OFF for at least
three seconds, DTR is switched ON by
the terminal to re-enable communica-
tions.

NOTE

If DSR does not switch OFF, then DTR
remains OFF until the terminal is
switched manually to LOCAL and back
ONLINE.



Data transmission and recognition are re-enabled
when the next call is answered or originated and
all appropriate control signals are present in the in-
terface.

If no disconnect sequence is enabled, the terminal
will monitor the line for data as long as the ter-
minal is ONLINE and both DCD and DSR are ON.
The terminal continues to transmit to the line as
long as it is ONLINE and both DSR and CTS are
ON. No automatic disconnect function is per-
formed if none is enabled.

43.2.1 ABM Autotrigger. ABM autotrigger
causes the contents of the answerback memory to
be transmitted automatically as the first data
whenever DTR is ON in accordance with the
specific autotrigger parameter set (trigger on
answer or trigger on originate) and the com-
munications mode, as follows:

® Full duplex: The ABM is transmitted
when DSR and CTS are turned ON by the
data set and after a delay of 1.28 seconds.

® Half duplex: The ABM is transmitted as
described for full duplex except that cir-
cuit DCD is checked when DSR switches
ON. If DCD is OFF for 1.28 seconds, in-
dicating the absence of a carrier, RTS is
switched ON and the ABM is transmitted
when CTS switches ON. If CF switches
ON within 1.28 seconds after DSR
switches ON, the terminal remains in the
receive mode until the first line turn-
around and the answerback autotrigger is
cancelled for the current call.

® Half duplex with reverse channel: This
mode is similar to half duplex with the ex-
ception that reverse channel (SCF) is
switched on by the data set before the
ABM is transmitted.

In both half duplex and half duplex with reverse
channel, no automatic line turnaround on comple-
tion of the ABM is attempted uniess the LTA
character is part of the ABM message or unless
operation with no turnaround is specified. If the
terminal is configured to ignore LTA (code 66),
the terminal returns to the idle mode upon com-
pletion of the ABM transmission.

4.3.2.2 Automatic Disconnect Characteris).
The terminal recognizes the ASCIlI control
character EOT or the two-character sequence,
DLE followed immediately by EOT, as disconnect
commands when received from the communica-
tions line. Recognition of EOT (code 62) and/or
DLE EOT (code 63) is enabled or disabled from the
keyboard as part of the terminal configuration pro-
cedure.

4.3.2.3 Fail-Safe Disconnect. The fail-safe
disconnect feature (code 61), when enabled via
the configuration parameter, causes the terminal
to disconnect from the transmission line when
certain abnormal conditions occur. Disconnect is
accomplished as previously explained in
paragraph 4.3.2. The tone also sounds for one
second and an ‘‘abnormal disconnect” error
report is printed.

Fail-safe disconnect occurs under the following
conditions according to the communications
mode:

Full Duplex

1.  No carrier received (DCD) within 22
seconds after DSR switches ON (wrong
number timeout).

2. DCD is OFF for greater than or equal to
eight seconds after having been ON (loss
of carrier timeout).

Half Duplex

1. No DCD within 22 seconds after DSR
switches ON unless ABM autotrigger
feature is enabled (wrong number
timeout).

2. DCD is OFF for greater than or equal to
eight seconds after a line turnaround
character is transmitted (loss of carrier
timeout).

3. DCD is OFF for greater than or equal to
eight seconds after having been ON,
unless DCD turn-off was preceded by
receipt of a line turnaround character
(loss of carrier timeout).

49



4. CTS fails to turn ON within eight seconds
after circuit RTS is switched ON (clear to
send timeout).

Half Duplex with Reverse Channel
1.  Same as number 1 for half duplex.
2. Same as number 2 for half duplex.

3. DCD is OFF for eight seconds after having
been ON, unless the turn-off of DCD was
preceded by the turn-off of circuit SCA
(BREAK transmitted by the terminal) or
receipt of a line turnaround character
(loss of carrier timeout).

4. Same as number 4 for half duplex.

NOTE

If the terminal is configured to ignore
LTA, the loss of carrier timeout is
automatically disabled for all half-
duplex data set modes even if fail-safe
disconnect is enabled.

4.3.2.4 No Activity Disconnect. The no activi-
ty disconnect feature (code 65), enabled via the
configuration parameter, causes the terminal to
initiate an automatic disconnect from the com-
munications line upon completion of three con-
secutive minutes during which no transmit or
receive data activity is present on the communica-
tions line. Disconnect is accomplished as de-
scribed in paragraph 4.3.2; the tone sounds for
one second and an error is indicated.

4325 Paper-Out Detection. The terminal is
provided with an optional paper-out detector
which operates as follows: '

1.  Error status code 12 is enabled.

2. Printing is inhibited at the end of the cur-
rent print line.

3.  Error indication is reported to the
operator.

410

4, If code 64 is enabled and 11, 12, 13, or 17
is selected, the terminal executes an
automatic disconnect from the com-
munications line. If code 64 is disabled,
the terminal issues a “‘paper-out” signal
to the line and remains connected. The
signal format is as follows:

®  Full duplex: If code 83 is enabled,
DC3 followed by a timed BREAK
signal (256 msec. spacing condi-
tion) is transmitted on circuit BA. If
code 83 is disabled, only BREAK is
transmitted. If console operation
(14, 15) is enabled, circuit SCA
switches OFF until the condition is
cleared.

®  Half duplex: No response is possi-
ble and the terminal goes to the idle
mode following the receipt of the
next line turnaround.

®  Half duplex with reverse chan-
nel: Circuit SCA is switched
OFF and remains OFF until the
condition is cleared.

5. For all modes of communication, no
ready signal is generated until the paper-
out condition is cleared.

6. The error condition is not resettable as
long as the detection circuitry senses the
absence of paper.

Once the paper-out condition is physically cleared
by loading paper, and the sensor detects the
presence of paper, the RESET key initiates the
following function:

® Resumption of normal print and com-
munications functions. The configured
ready status is issued to the line (if the link
is maintained) as soon as the receive buf-
fer is ready to receive data based on the
normal buffer ready limits following a
busy condition.

4.3.3 Communication Line BREAK
In full-duplex or half-duplex transmit mode, circuit



BA is held to a SPACE condition for a minimum of
256 msec. when the keyboard BREAK key is
depressed. If the key depression exceeds 256
msec., the SPACE condition is maintained for the
duration of the key depression.

For half duplex with reverse channel, when in the
receive mode, depression of the keyboard BREAK
key causes circuit SCA to be switched OFF for 256
msec. or for the duration of the key depression.
Circuit BB is monitored for receive data until an
LTA is received or DCD switches OFF; then the
transition to the transmit or idle mode, depending
upon whether or not LTA recognition is enabled,
is initiated. If LTA recognition is configured and
DCD switches OFF before an LTA is recognized in
the received data, the depression of the BREAK
key initiates the transition to the transmit mode.

For half-duplex receive mode, no BREAK feature
is possible. If LTA recognition is configured and
DCD switches OFF before an LTA is recognized in
the receive data, then the depression of the
BREAK key initiates the transition to the transmit
mode.

In the current loop mode, depression of the
BREAK key causes the transmit circuit to issue
BREAK or SPACE condition for 266 msec. or for
the duration of the key depression.

4.3.4 Communication Line READY/BUSY
Status Reporting

The terminal can be configured to indicate BUSY
and READY conditions to the communications
line (code 83) to prevent the receive data buffer to
overflow at data rates higher than sustainable
print rates. BUSY status is indicated when the
buffer has fewer than 128 character positions
available, and READY status is indicated when the
buffer has 160 characters remaining.

READY/BUSY status is reported in the following
manner, depending on the communications
mode:

Full-duplex data set: The terminal
transmits DC3 when BUSY and DC1
when READY (only when configuration
code 83 is enabled).

Full-duplex non-data set: The terminal
transmits DC3 when BUSY and DC1
when READY (only when configuration
code 83 is enabled). Circuit SCA is OFF
when BUSY and ON when READY when
configuration code 14 is selected, or ON
when BUSY and OFF when READY when
configuration code 15 is selected.

Half duplex: The terminal cannot report
READY/BUSY status in this mode.

Half duplex with reverse channel: Cir-
cuit SCA is OFF when BUSY and ON
when READY (configuration code 83

enabled).

NOTE

The terminal enters the idle mode
when DCD switches OFF if LTA is
disabled. If DCD switches OFF while
BREAK is active (SCA is OFF), the ter-
minal enters the transmit mode. If DCD
switches OFF while the terminal is
BUSY (SCA is OFF), the terminal will
remain in the receive mode with the
receiver disabled. When the terminal
goes READY (NOT BUSY), the ter-
minal enters the transmit mode,
transmits the first programmed LTA

character and returns to the receive

mode. If DCD switches ON while
waiting for the terminal to go READY,
the terminal will enable the receiver
and the receive mode is resumed.

DC current loop: READY/BUSY status
is reported the same as in full-duplex data

set mode.
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Section b

Theory of Operation

5.1 FUNCTIONAL DESCRIPTION

The 780 series of data terminals are light-weight
interactive terminals which utilize the thermal
printing technique. The terminals operate in three
modes, selectable by the operator: ONLINE,
LOCAL and COMMAND.

®  ONLINE Operation: With the terminal in
the ONLINE mode, the keyboard and
printer operate in conjunction with the ex-
ternal interfaces as dictated by the com-
munications discipline and modified by
the specific interface options.

LOCAL Operation: With the terminal in
the LOCAL mode, the terminal operates
in a “typewriter’’ mode; i.e., the keyboard
is connected to the printer and no data is
transmitted or received. All communica-
tions-related functions of the keyboard
are inoperable (i.e., BREAK, etc.) in this
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mode except HERE IS (ABM will be
printed if the PRINT ABM copy is enabl-
ed, code 72).

COMMAND Operation: With the ter-
minal in the COMMAND mode, operating
parameters can be changed, reports can
be requested, special tests can be con-
ducted, and certain automatic functions
can be initiated from the keyboard.

5.2 TERMINAL CONTROLLER

The terminal controller is an 8080A, which
together with a TMS5504 multifunction 1/0O con-
troller, associated memory and control logic, con-
trols the mechanism stepping, keyboard scan-
ning, printing, and data communications. A func-
tional block diagram of the terminal is shown in
Figure 5-1.
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5.2.1 8080A Microprocessor

The 8080A is an eight-bit microprocessor which
operates at 2 MHz, and can address up to 64K
bytes of memory. The two-phase clock is provid-
ed by a 74L.S424 clock generator/driver which
contains a crystal-controlled oscillator, a ‘“divide-
by-nine’’ clock phase generator, two high-level
drivers and several auxiliary logic functions. In-
cluded are power-up synchronization of ready and
reset, and an advance status strobe. The external
crystal operates at 18 MHz which, when divided
down, provides the 2 MHz two-phase clock. For a
more detailed description of the 8080A
microprocessor, refer to Appendix A.

A bus transceiver (74LS245) provides buffering of
the microprocessor data bus. It also provides the
capability of isolating the data bus from the rest of
the circuit so it may be grounded to force the
microprocessor to execute NOP instructions for
the purpose of signature analysis.

5.2.2 TMS5504 Multifunction I/O Controller
The TMS5504 contains five programmable inter-
val timers which provide time intervals from 64
microseconds to 16,320 microseconds. The timers
are "‘countdown’’ timers only, which means they
are loaded with an initial value, counted down to
zero, and then generate an interrupt to the
microprocessor. These timers are used to regulate
mechanism speed and to time various delays and
timing loops used in the software.

The communications section of the TMS5504 is
an asynchronous transmitter and receiver for
serial communications and provides the following
functions:

® Programmable data communications rate
of 110, 200, 300, 600, 1200, 2400 or 9600
bits per second (bps),

® Incoming character detection by the
receiver section,

® Character transmission, and

®  Status signals including framing and over-
run error flags, start and data-bit detec-
tors and end-of-transmission (break)
signals from external equipment.

The TMS5504 provides a parallel input and parallel
output port used for keyboard scanning and
decoding. The TMS5504 is also used as an inter-
rupt controller prioritizing the interrupts of the in-
ternal timers, UART and an external interrupt.
This external interrupt provides feedback of print-
head position and velocity to the microprocessor
(see paragraph 5.3.2). By using the Interrupt Mask
Register, the microprocessor can enable or disable
any combination of interrupts. For a more detailed
description of the 5504 i/0 controller, refer to Ap-
pendix B.

5.2.3 Terminal Controller Memory
The terminal utilizes the following types of
memories: .

® Read-Only Memory (ROM),

® Random-Access Memory (RAM),

® Complementary Metal-Oxide Semicon-
ductor RAM (CMOS RAM),

® Programmable ROM (PROM).

Figure 5-2 shows a typical memory organization
used in the terminal.
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5.2.3.1 Read-Only Memory. The operating
program (firmware) and self-test programs are
contained in 16K bytes of ROM. Four 4K x 8-bit
TMS4732 devices are installed in sockets UB9,
U60, U61, and U62. U6B3 is an option ROM. Data is
transferred via the microprocessor bidirectional
data bus, when enabled by the memory control
logic and addressed by the address lines AO
through A15 (2265832, sheet 2). '

5.2.3.2 Random-Access Memory. The ter-
minal microprocessor uses up to 4K bytes of RAM
for temporary storage of data and intermediate
program information. The RAM consists of up to
eight 1K x 4-bit TMS4045 devices, installed in
pairs to make 1K x 8-bit memories. The self-test
can be used to isolate a particular failed RAM pair.
The RAM is enabled by the memory control logic
(2265832, sheet 2). —

5.2.3.3 Nonvolatile Memory. The nonvolatile
memory consists of a Complementary Metal Ox-
ide Semiconductor (CMOS) RAM and a +2.7 volt
battery to provide nonvolatile storage of con-
figuration parameters and communications infor-
mation when the terminal is turned OFF. The

CMOS RAM is a 256 x 4-bit device installed in

socket U30.

5.2.3.4 Programmable ROM. As an option,
the answerback message can be stored in a
nonalterable ROM. The PROM is installed in
socket U64. This PROM can also contain other in-
formation.

5.2.3.5 Memory Control Logic. Memory and
control latch address decoding is accomplished
with three 74L.S138 3-t0-8 line decoders and half
of a 74LS139. These devices decode address lines
A10 through A15 and provide the appropriate chip
enable strobes for the memory and control
latches. The strobes are generated by gating the
enable inputs of the decoders with DBIN or
WR—. This ensures that chip enable to the
various memories and latches is true when data is
valid on the data bus during a WRITE or when the
microprocessor is executing a READ.

A 74LS175 status latch is used to decode 8080
status. The status bits decoded are WO —, INTA,
IN, and OUT. WO— is used to control data flow
through the bus transceiver. INTA disables the
bus transceiver and address decoders during the

time in which the TMS5504 strobes a RST
(restart) instruction on the data bus resulting from
an interrupt. The TMS5504 enable line is also
generated from the status latch. In addition to
enabling the TMS5504, this line also disables the
bus transceiver and address decode chips. This
prevents any possible conflict on the data bus be-
tween the TMS5504 and memory or control
latches.

5.3 MECHANISM DRIVE ELECTRONICS

The printer mechanism drive electronics convert
the processor control signals into the appropriate
closed-loop, controlled dc signals to drive a four-
phase printhead stepping motor, a headlift
solenoid, and a four-phase paper advance step-
ping motor.

5.3.1 Printhead Drive Motor Electronics

The printhead drive motor electronics comprises
five sections: phase select inputs, current-decay
time-constant control, current adjust inputs, 20
KHz switching regulator, and PNP power drivers.
A block diagram of the printhead drive electronics
is shown in Figure 5-3.

5.3.1.1 Phase Select Circuit. Four open-
collector output comparators in U201 select and
control the current applied to each of the respec-
tive phases of the printhead drive motor (refer to
schematic 2265832, sheet 6). The phase select in-
put enables the particular phase, and the feedback
generated by comparator (U201, pin 4) allows
pulsewidth modulation control.

The operation of a single phase is discussed, using
Phase A as an example. The TTL logic level from
U24-19 (PHA) controls current flowing in Phase
A. When the signal PHA is a logic ONE, the out-
put of the comparator switches to a logic ZERO

and power transistor Q204 is driven into satura-

tion, applying approximately 29 volts to the Phase
A (#A) winding of the stepper motor. When the
open-collector output of the comparator switches
high (PHA at logic ZERO), Q204 is cut off and no
current flows in the winding.

5.3.1.2 Switching Regulator Circuit. Current
to drive the stepper motor is supplied by a switch-
ing regulator which is synchronized to a 20KHz
square-wave signal (PWRCLK) from U70-13. This
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Figure 5-3. Printhead Drive Electronics Block Diagram

signal is integrated by C203, R218 and C202.
Pulsewidth modulation at 20 KHz is accomplished
by summing the resulting triangular waveform
with the motor phase current sample voltage from
R205 at the noninverting input (pin 6) of U201.
When the voltage at pin 5 of U201 is more positive
than at pin 6, the output of the comparator at pin
4 switches to a logic ZERO thus enabling the com-
parators in the phase select circuit. The voltage
present at the noninverting inputs is determined
by a voltage divider consisting of R215 and R217.
With the comparators enabled, current flows in
the selected motor winding when the respective
signal (PHA-PHD) is active. When the voltage at
pin 6 is more positive than pin 5, the phase select
comparators are disabled and no current flows in
the motor windings.

5.3.1.3 Current Adjust Circuitry. The pro-
cessor generates control signals which select two
sets of three current levels used for stepping,
braking, and holding the motor. One set of signals
is for high-speed operation which requires higher
current levels than low-speed operation. The con-
trol signals are STEP and DUAL BRK. These
signals change the reference voltage level at pin 5
of U201, thus changing current levels in the motor
winding. Table 5-1 illustrates the current select
signal relationships.

Table 5-1. Current Select Signal Relationships

STEP ‘| DUAL BRK | MOTOR CURRENT

0.7 A (Holding)

1.85 A (Dual Step)
2.15 A (Dual Brake)
1.85 A (Single Step)

T ~]
o - OO0

5.3.1.4 Current-Decay Time-Constant
Control. This circuit controls the current
discharge of the motor windings to increase the
efficiency of the regulator or to provide a rapid
discharge of the motor current when stepping at
high velocities.

When the current regulator senses sufficient cur-
rent in the printhead stepping motor winding, it
switches OFF the current through the respective
driver transistor. The collector of the transistor is
suddenly switched from approximately + 30 volts
to a negative voltage by the inductive flyback of
the motor winding. The value of this negative
voltage determines the time necessary to
discharge the current in that winding.



During periods when motor current needs to re-
main constant (FAST at a TTL low), zener diode
CR205 is reverse biased and cut off. The base of
transistor Q205 is connected through diode CR207
and resistor R211 to —12 volts and remains
saturated when conducting motor current during
the power switch off-time (flyback period). With
Q205 saturated, the motor coil voltage is clamped
at approximately — 1.3 volts, which provides a
very slow motor current-decay and resuits in in-
creased regulator efficiency.

When the processor requires quick discharge of
the phase current, it sets FAST to a logic ONE
which forces CR205 and CR206 into conduction
and reverse biases CR207. With CR207 OFF, Q205
has no base drive and is initially cut off. Q205 re-
mains cut off until a path for base drive is
established through CR208 and CR209. Since
CR208 is a 20-volt zener diode, the motor coil
voltage is clamped at approximately —22.5 volts.
This provides a very rapid discharge of the motor
current and discharges the OFF phases when
stepping at high velocities.

IR
EMITTING
DIODE

5.3.1.5 Power Drivers. The 30-volt power sup-
ply is switched to the motor windings by four PNP
darlington transistors, Q204, Q203, Q202 and
Q201. When the output of any of the four drive
comparators in U201 goes to logic ZERO, the cor-
responding transistor is driven into saturation, ap-
plying approximately 29 volts to the selected
motor winding. When the comparator output
switches to logic ONE, the respective transistor is
cut off.

5.3.1.6 Feedback Sensor Circuit. The pro-

~ cessor requires data on the position of the print-

head stepping motor to determine when to apply
braking, change phases, or make other decisions
concerning motion of the printhead carriage. This
data is provided by the feedback sensor consisting
of a 24-position slotted wheel that interrupts a
light path between an IR-emitting diode and a
photosensitive transistor. This assembly is
mounted on the stepping motor which drives the
printhead carriage. The circuit is shown in Figure
5-4. The signal from the phototransistor is input to
a Schmitt trigger circuit in U203 (2265832, sheet 8)
as illustrated by the block diagram in Figure 5-5.
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Figure 5-4. Printhead Stepping Motor Feedback Sensor Light Path Schematic
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Figure 5-5. Printhead Stepping Motor Feedback Sensor Motor Schematic

As the slotted wheel opens the light path, current and dual-step printing. The algorithms are im-
flows through the phototransistor and causes plemented with the motion control electronics
U203, pin 10 to high (SENSOR). (2265832, sheet 5). A timing diagram for the
single- and dual-step algorithm is shown in Figure
5.3.2 Motion Control Electronics 5-6.
The terminal utilizes two algorithms for single-step
SINGLE STEP DUAL STEP
PRINT e 1 |
r | |
PRNTLD ] Lam = g
I
SLOPRNT M
STEP ] 1 ! ] 1 .
|
DUAL STP } ] | S
SENSOR 1 — ™
e 1 1 —
]
PHB l | - - i o | o
PHD i
FAST I mn } I I | Im|
BRAKE I L 'l —
EXTINT I | | 1 1 | I . |
SENINT 1 l 1 | |
1
CARYINT | - | |

Figure 56. Single-Step/Dual-Step Algorithm Timing Diagram
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5.3.2.1 Single-Step Algorithm. During a single
step, (e.g., from phase A to phase B) the I/0 con-
troller generates signals which cause ¢A to go low
and STEP, FAST and ¢B to go high to initiate mo-
tion. After 512 microseconds, FAST goes lows.
After 5° of rotation of the stepping motor rotor,
the signal from the tach wheel (SENSOR) goes
high and at 10° returns low. On the falling edge of
SENSOR, a short pulse is generated by single-
shot U42. This pulse generates an interrupt signal
(EXTINT) which is used by the TMS5504 to inter-
rupt the processor.

At this time, ¢B goes low and ¢ A goes high which
produces the retarding torque to decelerate the
printhead-carriage assembly. At the same time,
BRAKE also goes high which enables counters
U32 and U33. The carry output of the counters is
also gated with SENINT. A number corresponding
to the brake time is loaded into the counters and,
when the carry output goes high, EXTINT goes
high and generates another processor interrupt.
When this occurs, BRAKE and ¢ A return low and
¢B goes high. After a short delay, STEP returns
low and FAST goes high for 512 microseconds,
thereby terminating the single-step; the printhead-
carriage assembly comes to a stop.

5.3.2.2 Dual-Step Algorithm. During a dual
“step (e.g., from phase A to phase C), the I/0 con-
troller generates signals which cause ¢A to go low
and FAST, STEP, DUALSTP and @B to go high
to initiate motion. After 512 microseconds, FAST
goes low. After rotating 5°, the stepping motor
rotor causes the signal from the tach wheel (SEN-
SOR) go to high and at that time a processor inter-
rupt (EXTINT) is generated.

®B returns low, #C goes high, and FAST goes
high enabling the counters U32 and U33. The
carry output of the counters is also gated with
SENINT. A number corresponding to the desired
FAST pulsewidth is loaded into the counter and,
when carry goes high, EXTINT goes high interrup-
ting the processor. At this time, FAST returns
low. After 20° of rotation, SENSOR goes high
again generating another processor interrupt
causing ¢ C to return low and ¢B to go high, thus

providing the retarding torque. BRAKE goes high
enabling the counters and the carry interrupt. The
desired brake time is loaded into the counters and,
when the carry goes high, EXTINT goes high, in-
terrupting the processor. At this time, BRAKE and
®B return low and ¢C goes high. After a short
delay to allow the printhead-carriage assembly to
settle, STEP and DUALSTP return low and FAST
goes high for 512 microseconds, terminating the
dual step.

5.3.3 Headlift Solenoid

The headlift function is performed when the signal
HDLFT, generated by the processor, is logic ONE.
HDLFT is gated with PWRCLK generating
HDLIFT which is switched at 20 KHz, thus
regulating the solenoid current to 0.8 amperes.
HDLIFT provides base drive for transistor Q206
which completes the path to ground for current
flowing through the headlift solenoid winding.

This function prevents excessive wear of the print-

head during carriage returns or when the print-
head slews across the platen.

5.3.4 Paper Advance

The paper advance function utilizes a four-phase
stepping motor driven by signals generated by the
processor. The signals LINFDA through LINFDD
create a path to ground, allowing current to flow
through the respective motor winding.

5.4 PRINTHEAD SYSTEM

The printhead system consists of the following
parts:

®  Printhead

®  Printhead drivers

® Temperature-compensation circuit
®  Print voltage circuit.

A block diagram of the printhead system is shown
in Figure 5-7. :
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Figure 5-7. Printhead System Block Diagram

5.4.1 Printhead

The printhead consists of two five-by-seven
matrices of 35 heating elements and a
temperature-sensing diode mounted on a single
monolithic chip. Mounted on a heatsink, the chip
is connected to the printhead interface PC card by
a flexible cable. Mounted on the printhead inter-
face PC card is a selected resistor (RTRIM) which
controls the characteristics of the temperature-
compensating circuit so that its operation is op-
timum for each individual printhead.

Each of the 70 heating elements on the printhead
includes an SCR. The 70 elements are controlled
by the printhead driver address lines as shown in
Figure 5-8. When both X and Y inputs are positive
to a given element, the SCR fires and remains on
(approximately four milliseconds) until PVOLTS is
switched OFF.
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Figure 5-8. Printhead Matrix and Address Lines, and Printhead Element Block Diagram



5.4.2 Printhead Drivers

The printhead drivers are implemented using three
SN98614 linear integrated circuits, consisting of
six driver circuits each. Each driver has a low-
power TTL AND input stage and a totem pole,
power transistor output stage. All drivers are
enabled by the signal PRNTHDSTBE, and each is
controlled by an individual (address or data) line
from the processor.

Each driver translates TTL logic levels into the
levels necessary to control the printhead heating
elements. The nominal output levels of the drivers
are —4.7 volts low and + 3.5 volts high.

5.43 Temperature-Compensation Circuit
This circuit provides a regulated, temperature-
compensated voltage to the printhead. The proper
print voltage (PVOLTS) is derived from the
voltage drop (DVOLTS) across RTRIM and the PN
junction of the temperature-compensating diode
(DT) on the monolithic printhead chip. The total
amount of energy per dot transferred from the
printhead to paper (during each character print) is
a function of the initial printhead temperature as
well as the print time and the applied voltage. In-
itial temperature is determined by sampling
DVOLTS prior to a character print. PVOLTS is
then varied as a function of DVOLTS to achieve
uniform contrast.

5.4.4 Print Voltage Circuit

Referring to schematic 2265832, sheet 7, R115
provides approximately 750 microamperes of cur-
rent to RTRIM and DT, which are connected in
series with R110 to ground on the printhead
assembly. RTRIM is selected during manufacture
so that its resistance compensates for variations in
the voltage/current characteristics of DT. Thus,
the resulting voltage across RTRIM and DT is
nominally 0.964 voilts.

When the signal PRINT from the processor is logic
ZERO, Q103 saturates, applying +5 volts to the
cathode of CR102 which holds it OFF and turns
ON Q109, since the gate and drain are tied
together through R133. With Q109 ON, a path of
low impedance is provided which allows the
sampling capacitor C103 to track the variation of
DVOLTS. In the ON state, Q109 has a maximum
resistance of 60 ohms. At a one-volt level, RTRIM
and DT have a characteristic impedance of
1.0v/0.75mA = 1.3Kohms. The resultant RC

time constant is (1.3K + 60)(10°) or 1.36
milliseconds, + .20% for variation in C108, and
the voltage changes and resulting impedance
changes in RTRIM and DT. The maximum 95%
charge time is therefore ((1.63)(10°¢)) = 4.9
milliseconds. The holding time (discharging time
constant) for C108 is greater than 100 milliseconds
with less than 1% drop.

When PRINT switches high, Q103 is cut off which
places the collector of Q103 and cathode of CR102
at —12 volts. This switches Q109 OFF and

~ prevents the voltage on C108 from changing dur-

ing a PRINT period.

When printing at 30 cps or less, or from the
keyboard, the print time is 8 msec. Under these
conditions, the SLOPRNT signal is in the open
collector state and R144 is effectively removed
from the circuit. The gain and offset biasing for
U103 and U102 thus provide the following rela-
tionship between DVOLTS and PVOLTS REG.

PVOLTS REG = 49.8 (DVOLTS - OFFSET)

When printing at higher speeds, the print time is 4
msec. Under these conditions, the SLOPRNT
signal is low which places R144 in parallel with
R105. This increases the circuit gain and the
following relationship holds.

PVOLTS REG = 72.0 (DVOLTS - OFFSET)

The OFFSET voltage is varied by the contrast
potentiometer (R137). The range of adjustment is
from 0.569 to 0.675 volts. R139 is selected during
manufacturing test of the PWB in order to
calibrate the function of the temperature-
compensation circuit. This calibration enables use
of any printhead with any PWB without any ad-
justment or circuit change.

A pulsewidth-modulated switching regulator pro-
vides the increased current demands of the dual
printhead while maintaining high operating effi-
ciency. Pulsewidth modulation is implemented us-
ing comparator U102 and a type-D flip-flop U101.
The D input is tied high and PWRCLK (a 20KHz
square wave) is applied to the CLK input. When
the Q output of U101 goes high, transistor Q106
saturates thus turning on transistor Q104 which
applies approximately 30 volts to L1071 and C102.
Q104 remains saturated until the clear input to



U101 is pulled low, which occurs when PVOLTS
REG is at the desired voltage. The inverting input
(pin 10) of U102 exceeds the level at the noninver-
ting input, thus clearing U101 and turning off
Q106 and Q104. Q104 is turned on at the next
leading edge of PWRCLK and subsequently
turned OFF when the voltage reaches the desired
level.

The switching circuit that supplies the print
voltage to the printhead consists of transistors
Q101, Q102 and Q108. Figures 5-9 and 5-10 show
timing diagrams of the voltage waveforms for

single and dual character print, respectively.
When PRINT and PRNTLD go high, Q102 and
Q108 saturate, applying approximately 10 volts to
the base of Q101. During the time the PRNTLD is
high, print data is strobed into the printhead from
the printhead drivers U25, U26 and U27 and
PVOLTS is approximately 9 volts. Once the print
data is strobed into the printhead, PRNTLD goes
low turning OFF Q102 which allows Q101 to
saturate, applying PVOLTS REG to the printhead.
After four or eight milliseconds, depending on
SLOPRNT, PRINT goes low turning OFF Q101
and Q108 and thus terminating the print cycle.
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Figure 5-9. Printhead Interface Timing (For Letter “F")
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Figl;é 5-10. Printhead Interface

A current-limiting soft-start circuit consisting of
R126, R127, CR105 and Q107 limits the power-up
surge current into C102. The voltage developed
across R126 and R127 is proportional to inductor
(L101) current. When the voltage drop across the
resistors becomes large enough to turn ON CR105
and Q107, the collector of Q107 is pulled down to
PVOLTS REG and the level at U102, pin 9 is below
the reference level at pin 8. This causes the output
at pin 14 to go low, clearing U101 and thus turning
OFF the power switch Q104. U101 is set on the
next leading edge of PWRCLK and Q104 is again
turned ON. The overcurrent circuit turns Q104
OFF when the current limit is exceeded, until C102
becomes sufficiently charged. During normal
operation, the current in L101 should never ex-
ceed the trip point (approximately 16 amperes).

Protective circuits to prevent damage to the print-
head are provided by two comparators in U102
should PRINT remain high for more than the nor-
mal four milliseconds.

PRINT is ac-coupled to the inverting input (pin 6)
of U102 through C103. The noninverting input

Timing (For Letters “FF”’)

(pin 7) is a reference level provided by CR106.
When PRINT goes high, C103 goes to a TTL logic
ONE causing the level at the inverting input of
U102 to exceed the reference level at the
noninverting input. The output at pin 1 goes low,
turning on Q108 which turns on Q101. To prevent
thermal damage to the printhead, R107 and C103
form a decay circuit having an RC time constant
of approximately 12 milliseconds. After - 12
milliseconds, the voltage on C103 and at the inver-
ting input of U102 falls below the reference level at
the noninverting input, pin 7 and the output at pin
1 goes high which turns off Q108 and Q101.

A portion of the output voltage (PVOLTS REG) is
fed back (via R140 and R141) to the inverting input
(pin 4) of U102 which is compared to the reference
voltage generated by CR106 at the non-inverting
input (pin 5). Any circuit failure which causes
PVOLTS REG to exceed 24 volts will result in the
voltage at pin 4 exceeding the reference voltage at
pin 5. Under this condition, the output (pin 2) of
U102 goes low which causes the level at pin 1 of
U102 to remain high, thus keeping Q108 cut off
which holds Q101 OFF.
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55 KEYBOARD

5.5.1 Keyboard Scan

The control electronics generate control signals to
scan the keyboard once every eight milliseconds.
When a key depression is detected during a scan,
the character is encoded and the proper action is
taken by the terminal. After a depression is
detected, an eight-millisecond delay is generated
by the software to take care of debounce. No
other key depressions are processed by the ter-
minal until the first depression is released. Release
of the key starts an eight-millisecond contact-
break debounce period. After the debounce
period, keyboard scans resume at eight-
millisecond intervals. Each scan is a complete
scan of all rows and columns which detects multi-
ple key depressions. The control electronics ig-
nore simultaneous depressions, in which case
neither key is acted upon.

5.5.2 Keyboard Interface

Keyboard scanning uses the parallel 1/0 ports of
the TMS5504 along with two 74LS157 multiplex-
ers and a 7417 open-collector driver. The
keyboard rows are scanned by placing logic ZERO
on each row of the keyboard with parallel output
port and then reading the columns through the
multiplexers and parallel input ports thus detec-
ting a switch (key) closure. Keyboard debounce is
accomplished by the software.

56 POWER SUPPLY

The 780 series data terminals use one of two
power supplies to convert the ac input to the
regulated dc output power required to drive all cir-
cuits within the terminal. The domestic version is
shown in schematic 2265837 and the international
version is shown in schematic 2265972. The
power supplies operate over an input voltage
range of 90 to 280 Vac and a frequency range of

47 to 450 Hz. A jumper or jumpers on the terminal

electronics PWB change the terminal from 120

. Vac to 230 Vac operation.

5.6.1 Domestic Power Supply
The power supply consists of the following major
parts:

® Input voltage selection, rectification and
soft start.

®  Blocking oscillator and regulator.
®  Failure protection.

®  Snubber and clipper circuits.

®  Output rectifiers and filters.

A block diagram -of the power supply is shown in
Figure 5-11.

SNUBBER
AND
CLIPPER
CIRCUITS

INPUT VOLTAGE, BLOCKING OSCILLATOR OuTPUT
RECTIFICATION AND REC::\‘I;IERS
AND SOFT START REGU
LATOR FILTERS
OVER VOLTAGE OVER CURRENT
PROTECTION PROTECTION
Figure 5-11. Domestic Power Supply Block Diagram
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5.6.1.1 Input Voltage Selection, Rectification
and Soft Start. Power is supplied through the
power-on switch, transient suppressor, voltage
selection and input rectification (schematic
2265832, sheet 8) to J603. If the terminal is con-
figured for 120 Vac operation, on terminal elec-
tronic PWBs up to revision D, jumpers are in-
stalled between pin 4 and pin 6 and pin 1 and pin 3
to form a voltage doubler as shown in Figure
5-12a. Terminal electronic PWBs after revision D

use a single jumper to form a voltage doubler as
shown in Figure 5-12b. For 230Vac operation, on
revision D and below, jumpers are installed be-
tween pin 4 and pin 5 and pin 1 and pin 2 to form a
full-wave bridge as shown in Figure 5-13a. Revi-
sion E and later terminal electronic PWBs use a
single jumper as shown in Figure 5-13b. The
absence of the jumper in the later version forms a
full-wave bridge.
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b. Voltage Doubler (Rev. E and Above)

Figure 5-12. Voltage Doublers
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Figure 5-13.

During power-up, thermistors R634 and R635 limit
the initial surge of current to provide the soft-start
for the power supply. The thermistor has a
negative temperature coefficient so that as the
temperature increases, the resistance of the ther-
mistor decreases, allowing the current to increase.

5.6.1.2 Blocking Oscillator and Regulator.
The blocking oscillator and regulator circuit
(2265837, sheet 1) is a self-starting circuit which
uses the primary winding of transformer T600 as a
collector load for the main switching transistor
Q600. When the switching transistor is ON,
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Full-Wave Bridge

energy is stored in the primary winding of the
transformer. When the switching transistor turns
off, the magnetic field in the primary winding col-
lapses and the energy is coupled into the secon-
dary windings of the transformer.

In operation, the positive feedback path passes
from the power transformer primary to the base-
drive winding. The base-drive signal is coupled
through C613 and diode CR606, then through
current-setting resistor R611 to the base of power
transistor Q600. Oscillation begins when the
primary-side dc appears. A current set by R608



and R610 flows through R61 into the base of
Q600, biasing it on. Random noise components of
the Q600 collector current ensure that its collector
current will increase because of the positive feed-
back from the primary to base windings. The base
current established through Q600 will increase
linearly as determined by the primary inductance
of transformer T600 and the input dc supply
voltage impressed across it.

When the voltage drop across the current sense
resistor, R624, produced by the Q600 emitter cur-
rent, raises to approximately 0.6. volts, Q601
begins to conduct, shunting base drive from the
switching transistor base which starts to turn off.
As soon as its collector voltage begins to rise,
Q600 is rapidly switched off by regenerative feed-
back generated in the tertiary winding. Falling col-
lector current causes the collector voltage to in-
crease (because of the transformer primary induc-
tance), resulting in falling base drive voltage and
falling base current. The collector voltage of Q600
"“flys back’’ above the input dc supply voltage
(resulting in reverse base drive current coupled
through C613) until the rectifiers in the
transformer secondary circuits become forward
biased and current flows into the output filter
capacitors (and output load resistances). The
energy stored in the magnetic field of the
transformer during the “ON”’ time of Q600 is
transferred to the output during the ““OFF’’ time of
Q600.

Secondary currents continue to flow, decreasing
linearly (approximately) with time, until the
transformer flux has fallen essentially to zero. The
transformer terminal voltages remain at their
flyback values during the entire period of secon-
dary current flow. During a single flyback period
the output voltages rise only a few percent of their
full values, as determined by the output
capacitors. As the flyback currents fall to zero, the
voltages across the transformer windings decay
toward zero. During the flyback interval C613 ac-
quires a charge of about one volt (left-hand side
positive) from the current drawn from R611 which
is clamped by Q601; this transistor acts as an emit-
ter follower in the inverted mode (collector acting
as an emitter and vice versa) when its collector
goes over a diode drop below the primary side dc
ground; the current coming from start-up resistors
R608 and R610 is much smaller than the current in

R611 and has negligible effect once oscillation is
initiated. As the voltage across the base drive win-
ding falls toward zero, the positive voltage across
C613 raises the base of Q600 to the threshold of
conduction through R611, initiating another
regenerative power transistor turn-on cycle.

Transistors Q602, Q603 and Q604, along with
operational amplifier U601 and associated
resistors, diodes, and the sense winding of the
transformer, make up the regulator portion of the
power supply. Until the output voltages reach
their correct values, the power transistor collector
current ramps up to its current limit (as set by
Q601) each cycle, transferring the maximum safe
amount of energy (determined principally by
transformer heating and core saturation limita-
tions) each cycle to the filter capacitors and out-
put loads. During each flyback cycle, C621 is
charged through CR613 and series resistors R624
and R629 the same way as the output load
capacitors.

R624 and C619 and R629, along with the main
regulator filter capacitor C621, serve as high-
frequency noise and spike filters so that C621 is
charged to the average value (less a diode drop) of
the flyback voltage appearing across the sense
winding during each cycle. As soon as voltage is
developed across C612, the negative input of
U601 (because of the voltage divider formed by
R630, R631 and R621) becomes negative with
respect to its positive input which, since zener
diode CR610 passes essentially zero current until
its breakdown voltage is approached, is held at
the full output voltage of C621 through R632,
R633 and R619. This assures that the operational
amplifier will remain in positive saturation and,
therefore, Q604 will be off. As the regulator out-
puts rise toward their correct values and the
voltage across C621 increases proportionally, the
voltage at the positive input of U601 is clamped as
CR610 begins conducting. Voltage then appears
across R633 and R632 because of current in R619
which, as the voltage on the negative input of
U601 approaches that of its positive input
{because of current through R620), initiates out-
put voltage regulation. As its base voltage falls
below the output of C621 by two diode drops,
Q604 begins to conduct, acting essentially as a
controlled constant current source whose output
current flows into timing capacitor C614.




During flyback the base drive winding, which also
drives R614, is negative, energizing CR614 and
thereby clamping the timing capacitor to ground
through the base-collector diode of Q603, sinking
the output of current source Q604. When the
power transistor Q600 switches on after flyback
ends, R614 is taken positive by the base drive
winding, causing Q603 to operate as an emitter
follower, buffering the timing capacitor C614. The
voltage across C614 then begins to ramp up to a
rate proportional to the current from Q604. When
the increasing voltage across C614 reaches ap-
proximately two diode drops, the output of buffer
Q603 begins to rapidly energize Q607, which
shunts drive current from Q600 and causes its
regenerative turn-off just as does current limiter
Q601. The action of the regulator loop controls
the power transistor ‘ON’’ time and the peak cur-
rent flowing in the transformer primary.

The voltage across C621 is held constant (to
within one millivolt) by U601 operating at its full dc
open-loop gain to maintain zero differential input
voltage. Constant voltage across C621 implies
that the flyback voltage feeding CR613 remains
constant, and since all windings are very tightly
coupled (required for satisfactory power supply
operation) the flyback or output voltage from all
windings remains constant (ignoring IR drops).
Therefore, almost no cross-coupling to the output
voltage from one winding results from changing
loads on any other winding, and nearly no effect
results from changing primary side dc input
voltage. The only significant output voltage devia-
tions, well within tolerances, are the changes in
output voltage from its own load change which
result from rectifier diode drop and winding IR
drops.

5.6.1.3 Failure Protection. The power supply
has built-in overvoltage and overcurrent protec-
tion to prevent damage to the blocking oscillator
switching transistor and terminal electronics.

The overvoltage protection circuit consists of
Q606 and its associated circuitry. The sense wind-
ing of the transformer supplies the biasing voltage
for Q606 through diode CR620. Normally, Q606 is
biased off, due to zener diode CR621 in the base
circuit. CR621 will not conduct until the sense
voltage is sufficient to overcome the breakdown
voltage of the diode. Once the voltage is greater
than the breakdown voltage, Q606 conducts; this
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forces the base of transistor Q605 to go to one-
half the sense voltage, which in turn forward
biases the base-emitter junction of Q605 since the
emitter is held at 10 volts by zener diode CR619.
With Q605 conducting, the voltage present at the
collector causes Q601 to conduct, which steals
base current from the main switching transistor
Q600, thus shutting down the power supply. The
power supply remains shut down because Q605
remains in conduction because the emitter is held
at 10 volts.

~ Overcurrent protection is provided by Q605. Any

increase in current flow in the secondary windings
is reflected in the sense winding by a drop in
voltage. This drop in voltage is detected at the
base of Q605, forward biasing the base-emitter
junction, thus forcing Q605 into conduction and
causing Q601 to conduct stealing base drive cur-
rent from Q600, shutting down the power supply.

Instantaneous overcurrent protection is provided
by Q601 when the voltage drop across the current
sense resistor R624 exceeds two diode drops
(CR615 and the base-emitter junction of Q601),
thus turning on Q601 which steals base current
from Q600.

5.6.1.4 Snubber and Clipper Circuits. The
snubber circuit - prevents damage to the main
switching transistor Q600 during flyback by pro-
viding a low-impedance path for the energy
created by the collapsing field plus the reflected
voltage from the secondary winding. The energy
is absorbed in C603 and is dissipated in R601 and
R602. Without the snubber, the power appearing
in Q600 could exceed the safe operating area of
the transistor. :

The clipper circuit consists of capacitors C601 and
C602, diode CR601 and resistor R600. The clipper
circuit clips the flyback voltage overshoot due to
imperfect transformers, which prevents any fluc-
tuations being reflected in the sense winding.

5.6.1.5 Output Rectifiers and Filters.
Transformer T600 has four secondary windings
which generate the voltages used in the terminal,
The windings produce +30Vdc, +5Vdc, +12Vdc
and —12Vdc. The —12Vdc is also used to
generate a —5Vdc, by using a three-terminal
regulator U600. The + 30V winding is rectified by
CR605 and filtered by a pi filter consisting of C604,



L600 and R605. The +5V winding is rectified by
CR604 and filtered by a pi filter consisting of C605,
L601 and C606. CR602 rectifies the + 12V winding
and a pi filter, consisting of C607, L602 and C608,
filters the output. The — 12V winding is rectified
by CR603, and the output is filtered by a pi filter
consisting of C609, L603 and C610. The filtered
outputs are supplied to the terminal electronics
PWB via P604.

5.6.2 International Power Supply

The international power supply consists of the
following major parts:

® Input voltage selection, rectification and
soft start. )

®  Blocking oscillator and regulator.

®  Failure protection.

® Snubber and clipper circuits.

®  OQutput rectifiers, filters and regulators.

A block diagram of the international power supply
is shown in Figure 5-14.

5.6.2.1 Input Voitage Selection, Rectification
and Soft Start. As previously described in
paragraph 5.6.1.1, power is supplied through the
power-on switch, transient suppressor, voltage
selection and input rectification (schematic
2265832, sheet 8) to J603. If the terminal is con-
figured for 120Vac operation, on terminal elec-
tronic PWBs up to revision D, jumpers are in-
stalled between pin 4 and pin 6 and pin 1 and pin 3
to form a voltage doubler as shown in Figure

.5-12a. Terminal electronic PWBs after revision D

use a single jumper to form a voltage doubler as
shown in Figure 5-12b. For 230Vac operation, on
revision D and below, jumpers are installed be-
tween pin 4 and pin 5 and pin 1 and pin 2 to form a
full-wave bridge as shown in Figure 5-13a. Revi-
sion E and later terminal electronic PWBs use a
single jumper as shown in Figure 5-13b. The
absence of the jumper in the later version forms a
full-wave bridge.

During power-up, thermistors R634 and R635 limit -

the initial surge of current to provide the soft-start
for the power supply. The thermistor has a
negative temperature coefficient so that as the
temperature increases, the resistance of the ther-
mistor decreases, allowing the current to increase.

SNUBBER
AND
CLIPPER
CIRCUITS

] OUTPUT
INPUT VOLTAGE, BLOCKING OSCILLATOR" RECTIFIERS
RECTIFICATION AND FILTERS
AND SOFT START REGULATOR AND
REGULATORS
OVER VOLTAGE OVER CURRENT
PROTECTION PROTECTION
Figure 5-14. International Power Supply Block Diagram
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5.6.2.2 Blocking Oscillator and Regulator.
The blocking oscillator and regulator circuit
(2265837, sheet 1) is a self-starting circuit which
uses the primary winding of transformer T500 as a
collector load for the main switching transistor
Q504. When the switching transistor is ON,
energy is stored in the primary winding of the
transformer. When the switching transistor turns
off, the magnetic field in the primary winding col-
lapses and the energy is coupled into the secon-
dary windings of the transformer.

In operation, the positive feedback path passes
from the power transformer primary to the base-
drive winding. The base-drive signal is coupled
through C500 and diode CR500, then through
current-sensing resistor R500 to the base of power
transistor Q504. Oscillation begins when the
primary-side dc appears. A current set by R512
flows through R500 into the base of Q500, biasing
it on. Random noise components of the Q504 col-
lector current ensure that its collector current will
increase because of the positive feedback from
the primary to base windings. The base current
established through Q504 will increase linearly as
determined by the primary inductance of
transformer T500 and the input dc supply voltage
impressed across it.

When the voltage drop across the current sense
resistor R511 (produced by the Q504 emitter cur-
rent) rises to approximately 1.2 volts, Q502
begins to conduct, shunting base drive from the
switching transistor base which starts to turn off.
As soon as its collector voltage begins to rise,
Q504 is rapidly switched off by regenerative feed-
back generated in the tertiary winding. Falling col-
lector current causes the collector voltage to in-
crease (because of the transformer primary induc-
tance), resulting in falling base drive voltage and
falling base current. The collector voltage of Q504
“flys back’’ above the input dc supply voltage
(resulting in reverse base drive current coupled
through C500) until the rectifiers in the
transformer secondary circuits become forward
biased and current flows into the output filter
capacitors (and output load resistances). The
energy stored in the magnetic field of the
transformer during the “ON’’ time of Qb04 is
transferred to the output during the “’“OFF"’ time of
Q504.
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Secondary currents continue to flow, decreasing
linearly (approximately) with time, until the
transformer flux has fallen essentially to zero. The
transformer terminal voltages remain at their
flyback values during the entire period of secon-
dary current flow. During a single flyback period
the output voltages rise only a few percent of their
full values, as determined by the output
capacitors. As the flyback currents fall to zero, the
voltages across the transformer windings decay
toward zero. During the flyback interval C500 ac-
quires a charge of about one volt (left-hand side
positive) from the current drawn from R500 which
is clamped by Q502; this transistor acts as an emit-
ter follower in the inverted mode (collector acting
as an emitter and vice versa) when its collector
goes over a diode drop below the primary side dc
ground; the current coming from start-up resistor

'R512 is much smaller than the currents in R500

and have negligible effect once oscillation is in-
itiated. As the voltage across the base drive wind-
ing falls toward zero, the positive voltage across
C500 raises the base of Q504 to the threshold of
conduction through R6500 initiating another
regenerative power transistor turn-on cycle.

Transistors Q500 and Q501, along with the sense
winding of the transformer make up the regulator
portion of the power supply. Until the output
voltages reach their correct values, the power
transistor collector current ramps up to its current
limit (as set by Q502) each cycle, transferring the
maximum safe amount of energy (determined
principally by transformer heating and core satura-
tion limitations) each cycle to the filter capacitors
and output loads. During each flyback cycle, C501
is charged through CR501 the same way as .the
output load capacitors.

The voltage appearing across the base-emitter
junction of Q500 is a function of the average sense
voltage on C501, the zener diode, and the voltage
divider resistors (the 56-ohm and 200-ohm poten-
tiometers). Q500 is used as voltage-controlled cur-
rent source and charges timing capacitor C504.
During the ‘“charge” period for T500 (Q504 is in
saturation and the current in the primary of T500
ramps positively), transistor Q501 acts as an emit-
ter follower, buffering the voltage across timing
capacitor C504. Transistor Q502 acts as a
threshold switch which terminates the T500



“charge’’ period. The ““charge” period or “ON"’
time for Q504 is then a function of how long it
takes C504 to reach the threshold of Q502. The
rate of voltage rise across C504 is proportional to
the charging current from the collector of Q500,
which ultimately is proportional to the voltage
across C501 and all the other secondary
capacitors. In this manner, the secondary voltages
(it is important to remember that the sense wind-
ing and associated capacitor also are one of the
secondaries) are maintained constant.

5.6.2.3 Failure Protection. The supply has an
overvoltage latch, instantaneous overcurrent
limiting, and secondary overcurrent limiting.
Zener CR505 and R508 form an overvoltage sense
divider which provides a signal to the gate of SCR
Q503. When Q503 is turned ON it latches
(because of the dc voltage present at its anode),
and a voltage is produced across R509 which is
used to disable the supply until power is removed.
The +12, —12 and —5 volt secondaries have
overcurrent limiting provided by linear regulators.
With these regulators, the output ““folds back” if
the current exceeds the device limit. Overcurrent
limiting is provided on the +5 and + 30 volt out-
puts by a fuse.

Instantaneous overcurrent protection is provided
by Q502 when the voltage drop across the current
sense resistor R611 exceeds two diode drops
{CR508 and the base-emitter junction of Q502),

thus turning on Q502 which steals base current

from Q504.

5.6.24 Snubber and Clipper Circuits. The
snubber circuit prevents damage to the main
switching transistor Q504 during flyback by pro-
viding a low-impedance path for the energy
created by the collapsing field plus the reflected
voltage from the secondary winding. The energy
is absorbed in C509 and is dissipated in R515 and
R516. Without the snubber, the power appearing

in Q504 could exceed the safe operating area of
the transistor.

The clipper circuit consists of capacitors C516 and
C517, diode CR511, and resistor R514. The clipper
circuit clips the flyback voltage overshoot due to
imperfect transformers, which prevents any fluc-
tuations being reflected in the sense winding.

5.6.2.5 Output Rectifiers, Filters and
Regulators. Transformer T500 has four secon-
dary windings which generate the voltages used in
the terminal. The secondaries produce +30Vdc,
+5Vdc, +12Vdc, and —12Vdc. The —12Vdc is
also used to generate a —5Vdc, by using a three-
terminal regulator U502. The +30V winding is
rectified by CR514 and filtered by a C511 and
C512. The +5V winding is rectified by CR513 and
filtered by C507 and C519. CR516 rectifies the
+ 12V winding and a filter consisting of C514,
C524 and C525 filters the output. The — 12V wind-
ing is rectified by CR515 and the output is filtered
by a filter consisting of C513, C522 and C523. The
filtered outputs are supplied to the terminal elec-
tronics PWB via P604. Three-terminal linear
regulators are used on the + 12V, —12V and -5V
secondaries. A linear regulator and external pass
transistor are used on the + 5V secondary.

5.7 COMMUNICATIONS INTERFACE

All data, incoming and outgoing, is routed
through the communications interface. The com-
munications interface is under software control
and is selectable between EIA, current loop (TTY)
or one of several modem options. Control signals
(TTYEN-, EIASEL, and MODEMEN-) generated
by the processor select which type of communica-
tion is used by the terminal. Figure 5-15 is a block
diagram illustrating the receive, transmit and con-
trol circuitry of the communications interface.
Further detail of the circuitry is shown in
schematic 2265832, sheet 4.
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Figure 5-15. Communications Interface

5.7.1 Current Loop Interface
The current loop interface is compatible with a

20-milliampere neutral current loop. In a neutral -

current loop arrangement, current can flow in‘'only
one direction. The interface consists of separate
transmit and receive circuits, electrically isolated
from each other and from signal and chassis
ground. The receiver and transmitter can be used
separately in a four-wire full-duplex system or ex-
ternally connected in series to form a two-wire
half-duplex system.

5.7.1.1 Receiver Section. The current loop
(TTY) receiver (schematic 2265832, sheet 4) con-
sists of the necessary circuitry to sense current
from an external source and to convert the current
levels to the appropriate TTL logic levels. The
maximum voltage drop across the receiver inputs
RL1/RL2 is 3.0 volts at 20-milliamperes loop cur-
rent into RL1. The MARK/SPACE threshold deci-
sion current is nominally 10 +5.5 milliamperes.
The receiver circuit utilizes an optically coupled
isolator to isolate the current loop from the ter-
minal electronics.
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A current level at the receiver circuit input above
the MARK/SPACE threshold will forward bias the
photodiode of U1l. When-the U1 photodiode is
forward-biased, the phototransistor is energized,
supplying approximately +12 volts to the
noninverting input of differential comparator U3.
The comparator generates a TTL logic level which
is applied to a three-state bus buffer U14 which is
enabled by the signal TTYEN/ generated by the
processor.

With the current level at the receiver circuit input
below the MARK/SPACE threshold, the
photodiode and phototransistor of U1 are off and
the output of the comparator U3 is a logic ZERO.

5.7.1.2 Transmitter Section. The current loop
(TTY) transmitter consists of the circuitry
necessary to switch the current in the transmit
loop (supplied from an external source). The input
to the transmitter is an ElA-level logic value. The
voltage drop across the transmitter output ter-
minals is less than 1.0 volt at 20 milliamperes loop
current when marking. The maximum spacing
leakage current is 0.5 milliamperes at 50 volts.



A TTL low level at the transmitter input (U14, pin
9) when enabled by TTYEN/ will switch com-
parator U3 OFF (high-impedance state), turning
the photodiode and phototransistor of U2 off.
With no base current drive, output transistor Q1 is
off and the transmitter is ‘““open’” (i.e., no
current).

A TTL high at U14, pin 9 will energize comparator
U3. With the output pulled low, the photodiode
and phototransistor in U2 are energized. With
base drive supplied to Q1, the output transistor re-
mains ON, allowing current to flow in the transmit
loop.

5.7.2 EIA Interface

The terminal interfaces to any device meeting the
EIA Standard RS-232-C or the CCITT Standard
V24, through connector J1 on the rear of the ter-
minal.

5.7.2.1 Receive Section. All inputs from J1 are
converted from EIA/CCITT levels to TTL logic
levels by line receiver circuits U6 and U13. The
TTL signals are then multiplexed onto the data
bus by U19.

5.7.2.2 Transmit Section. Line drivers U4 and
U5 convert the TTL logic levels to EIA/CCITT
levels and output the signals through J1.

5.7.3 Acoustic Coupler/Modem

The 785 terminal uses an optional internal modem
allowing communication over standard commer-
cial telephone lines via the acoustic coupler inter-
face. The internal modem interfaces with the
communications interface through J3 on the main
PWB and uses the EIA interface circuitry.

~ The 785 modem is an originate-only modem which

CONTROL COMMAND RESPONSE
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CONTROL
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(ACHTL, CI

MICROPROCESSOR STATUS

)
o

CXR.CTs, DSR) (SHEET 61 103

+ST/103 TXD, +CT

can configure itself to either a RACAL-VADIC
3400 or Bell 103-type format. Selection of the
modem type is controlled by an autoselection
algorithm or manually through forcing the 3400 or
103 mode. Interface of the modem to the
telephone network is through the acoustic coupler
muffs located on the rear deck of the terminal. A
simplified block diagram of the modem used in the
785 terminal is shown in Figure 5-16. Detailed
schematics are in Section 7 (2265842).
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Figure 5-16. 785 Modem Simplified Block Diagram
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There are two operating modes of the modem: the
control mode and data transfer mode. When the
control mode is requested by the terminal elec-
tronics via the RCNTL control input signal, the
modem unconditionally enters the control mode
and responds with a status signal ACNTL to the
terminal electronics PWB. During the control
mode, the terminal electronics PWB and modem
communicate via the —TXD and —RXD lines.
The terminal electronics send a series of con-

figuration and operating commands to the modem

via the —TXD input and the modem responds
with a series of status response codes to the ter-
minal electronics via the — RXD output. All con-
trol mode communication by the modem is han-
dled by the internal microprocessor. Upon receipt
of the various commands from the terminal elec-
tronics, the microprocessor generates the ap-
propriate hardware control signals to configure
the modem circuits to the commanded state(s).
When control mode communications have been
completed, control mode is dropped by the ter-
minal electronics deactivating RCNTL and the
modem responds by deactivating ACNTL. When
the control mode is dropped, the data transfer
mode is entered.

Upon entry into the data transfer mode, the
modem must determine which type of modem is
answering the call. If the autoselect mode has
been commanded by the terminal electronics, the
modem microprocessor begins switching the con-
figuration between 3400 and 103 (with the —103
control signal) at a 50-millisecond rate. If one of
the forced modes is commanded by the terminal
electronics, the microprocessor configures the
modem for the commanded mode with the — 103
control signal. In either case, the modem searches
for receive input energy from the answering
modem.

The — 103 control signal from the microprocessor
controls the generation of the +HET FREQ
(heterodyne frequency) which controls the carrier
frequency that the receive filter network will ac-
cept. When receive energy from the answering
modem arrives, it is coupled through the line inter-
face circuit to the receive hybrid. From the hybrid,
the receive signal is applied to the receive filter. If
the receive filter is configured to accept the
receive carrier frequency, the resulting filter out-
put drives both the energy detect and AGC cir-
~cuits. The AGC circuit provides a standardized
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signal level to the 3400 and 103 demodulator cir-
cuits.

The energy-detect circuit - provides the
microprocessor with an indication that receive
energy of the required level has been detected.
When the microprocessor receives active energy
detect plus detected MARK from the applicable
demodulator circuit, the handshake routine is
complete and an active CXR status signal is sent
to the terminal electronics to indicate that a valid
answering modem has answered the call. At the
same time that the active CSR signal is generated,
the microprocessor internally generates a MARK
signal of the selected modem type and routes it to
the appropriate transmitter circuit for application
to the remote (answering) modem. At this point,
data transmission can begin at either end.

When the answering modem is a 3400, the 3400
transmit circuits are used. Data from the terminal
is routed to the modem via the — TXD input line at
1200 bps. The —TXD data in 3400 mode is asyn-
chronous; the microprocessor contains an
asynchronous-to-synchronous buffer which syn-
chronizes the input data to the internally-
generated transmit clock from the system clock
circuit. The resultant synchronized data from the
microprocessor is encoded as dibits (two bits at a
time) forming two baseband signals (+ ST/103
TXD and +CT). The baseband signals are the
modulating signals for the 3400 transmitter circuit.
Carrier frequency for the 3400 transmitter is sup-
plied by the system clock circuit. The resultant
modulated carrier output of the 3400 transmitter is
a quadrature-amplitude modulated (QAM) signal;
QAM signals are carriers with phase shift of 0°,
90°, 180°, or 270°, depending upon the value of
the dibit information contained in the baseband
signals. The modulated 3400 carrier is coupled to
the acoustic-interface circuit where it is routed to
the speaker output.

When the answering modem is a 103, the 103
transmit circuits are used. Data from the terminal
electronics is routed to the modem via the — TXD
input line at 300 bps. The 103 data is asyn-
chronous; the microprocessor performs an inter-
nal timing check on the data and synchronizes it
to the transmit clock by adding an extra stop bit
where necessary. The resultant synchronized data
from the microprocessor is applied to the 103
transmitter circuit as the +ST/103 TXD signal.



The + 103 TXD signal along with the system clock
frequency (from the system clock circuit)
generates the frequency-shift-keyed (FSK)
modulation for the 103 transmitter circuit. The
FSK output of the 103 transmitter circuit is cou-
pled to the acoustic interface circuit where it is
routed to the speaker output.

The receive circuits of the modem operate in the
same manner during data transfer as that
previously described for the handshake routine.
When the modem is in the 103 mode, the + HET
FREQ signal from the system clock circuit con-
figures the receive filter circuits to accept the 2125
Hz 103 carrier frequency; when the modem is in
the 3400 mode, the +HET FREQ signal is in-
hibited and the receive filter circuits are con-
figured to accept the 1150 Hz 3400 carrier frequen-
cy. The standardized output level of the AGC cir-
cuit is applied to both the 3400 and 103
demodulator circuits in parallel. If the receive
signal is 103 data, the 103 demodulator circuit
recovers the 103 baseband modulation signal and

applies it to the receive multiplexer. If the receive

signal is 3400 data, the 3400 demodulator circuit
performs both carrier and clock recovery opera-
tions from which the dibit data is recovered. The
resultant dibit data is then decoded into the 1200
bps, 3400 receive data internally in the
microprocessor. The resuitant 3400 RXD data
signal is applied to the receive multiplexer. The ap-
plicable data signal from the receive multiplexer is
then gated to the — RXD output which is routed
to the terminal electronics.

Provisions are made for local test (analog loop-
back), initiated remote test (remote digital loop-
back), and response to remote test (although not
shown in the block diagram). Analog loopback
(ALB) couples the local transmitter output to the
local receive input so that data sent from the local
data terminal can be received by the local terminal
and compared as required. Initiating remote digital
loopback (RDLB) consists of transmitting data to
the remote modem, which connects its receive
output to its transmitter input. The remote
modem then transmits the same data back to the
originating modem, which processes it through its
receive circuits to the local data terminal for com-
parison with the transmitted data. Response to
remote test consists of connecting the receive
output to the transmit input in response to initia-
tion of remote test from the remote modem. Both
remote test modes apply in 3400 mode only.

5.7.4 Direct ConnectModem

The 787 terminal uses a dual-speed,
answer/originate, full-duplex modem which can
configure itself to Racal Vadic 3400, Bell 212 or
103-type formats. Selection of modem type is
controlled by the terminal electronics PWB; selec-
tion can be made automatically via the autoselec-
tion algorithms or manually through forcing 3400,
212, or 103 mode. Interface of the modem to the
telephone network can be either of two methods,
direct-connect or acoustic. Acoustic interface can
only be used in 3400 or 103 modes in originate
mode. A simplified block diagram of the 787
modem is shown in Figure 5-17. Detailed
schematics are located in Section 7 (2265842).

There are two operating modes of the modem: the
control mode and data transfer mode. When the
control mode is requested by the terminal elec-
tronics via the RCNTL control input signal, the
modem unconditionally enters the control mode
and responds with a status signal ACNTL to the
terminal electronics PWB. During the control
mode, the terminal electronics PWB and modem
communicate via the —TXD and —RXD lines.
The terminal electronics send a series of con-
figuration and operating commands (including
dialing) to the modem via the — TXD input and the
modem responds with a series of status response
codes to the terminal electronics via the —RXD
output. All control mode communication by the
modem is handled by the internal microprocessor.
Upon receipt of the various commands from the
terminal electronics, the microprocessor
generates the appropriate hardware control
signals to configure the modem circuits to the
commanded state(s). When control mode com-
munications have been completed, control mode
is dropped by the terminal electronics deactivating
RCNTL and the modem responds by deactivating
ACNTL. When the control mode is dropped, the
data transfer mode is entered.

Upon entry into the data transfer mode, the
modem must determine which type of modem is
answering or originating the call. If the modem is
in the originate mode and the autoselect mode has
been commanded by the terminal electronics, the
modem microprocessor begins switching the con-
figuration between 3400 and 103 (with the LOSPD
and BELL control signals) at a 50-millisecond rate.
If one of the forced modes is commanded by the
terminal electronics, the microprocessor con-
figures the modem for the commanded mode with
the LOSPD or BELL control signals. In either case,
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the modem searches for receive input energy from
the answering modem. The LOSPD, BELL, and
ORIG control signals from the microprocessor
controls the generation of the FHET heterodyne
frequency (from the system clock circuits) which
controls the carrier frequency that the receive
filter network accepts. When receive energy from
the answering modem arrives, it is coupled
through the line interface circuit to the receive
hybrid. From the hybrid, the receive signal is ap-
plied to the receive filter. If the receive filter is con-
figured to accept the receive carrier frequency,
the resulting filter output drives both the energy
detect and AGC circuits.

The AGC circuit provides a standardized signal
level to the 3400/212 high-speed and 103 low-
speed demodulator circuits. The energy-detect
circuit provides the microprocessor with an indica-
tion that receive energy of the required level has
been detected. When the microprocessor receives
active energy detect plus the required period of
detected MARK from the applicable demodulator
circuit, the handshake routine is complete and an
active CXR status signal is sent to the terminal
electronics to indicate that a valid answering
modem has answered the call. At the same time
that the active CXR signal is generated, the
microprocessor internally generates a MARK
signal of the selected modem type (TMD for
3400/212 mode, 103 FREQS for 103 mode) and
routes it to the appropriate transmitter circuit for
application to the remote (answering) modem.
After CTS delay, data transmission can begin at
either end.

If the modem is in the answer mode, ringing
voltage is detected on the telephone line and the
call is answered either manually by the operator or
automatically by the modem. With the modem
configured for the autoselect mode, the
microprocessor internally generates an answer
tone sequence consisting of four seconds of 2225
Hz 103 MARK (answer tone), four seconds of
1150 Hz 3400 low-band MARK, 10 seconds of
2225 Hz 103 MARK, and four seconds of 1150 Hz
3400 low-band MARK. This sequence is ac-
complished by alternately generating 103 MARK
in the 103 low-speed transmitter and 3400 MARK
in the 3400/212 high-speed transmitter. If no
receive energy is detected during the 4-4-10-4
answer mode sequence, the sequence repeats
itself indefinitely. During the 4-4-10-4 sequence,

the receiver circuits are configured to detect 212
low-band scrambled MARK for the first four
seconds, 3400 high-band MARK for the second
four seconds, 103 low-band MARK for the third 10
seconds, and 3400 high-band MARK for the final
four seconds. With the modem configured in one
of the three forced-answer modes, the
microprocessor internally generates four seconds
of 2225 Hz 103 MARK (answer tone) for transmis-
sion to the remote (originating) modem via the 103
low-speed transmitter. If the forced modem type
is 3400, the modem configures itself to 3400 mode
(LOSPD and BELL low) after the four-second
answer tone burst and transmits 3400 low-band
MARK to the remote modem via the 3400/212
high-speed transmitter. If the forced modem type
is a 212, the receive circuits of the modem are
configured to search for low-band 212 scrambled
MARK after the four-second answer tone burst.
While searching for the scrambled MARK, the
modem continues to transmit the 2225 Hz 103
high-band MARK to the remote modem. If the
forced modem mode is a 103, the receive circuits
of the modem are configured to search for low-
band 103 MARK after the four-second answer
tone burst. While searching for the low-band 103
MARK, the modem continues to transmit the 2225
Hz 103 high-band MARK to the remote modem. In
either autoselect or forced-answer mode,
however, the modem searches for receive input
energy from the originating (remote) modem
while transmitting its answer tone sequence.

The LOSPD, BELL, and ORIG signals from the
microprocessor control the generation of the
FHET heterodyne frequency (from the system
clock circuits) which controls the carrier frequen-
cy that the receive filter network accepts. When
receive energy from the originating modem ar-
rives, it is coupled through the line interface circuit
to the receive hybrid. From the hybrid, the receive
signal is applied to the receive filter. If the receive
filter is configured to accept the receive carrier fre-
quency, the resulting filter output drives both the
energy detect and AGC circuits. The AGC circuit
provides a standardized signal level to the
3400/212 high-speed and 103 low-speed
demodulator circuits. The energy-detect circuit
provides the microprocessor with an indication
that receive energy of the required level has been
detected. When the microprocessor receives ac-
tive energy detect plus detected MARK from the
applicable demodulator circuit, the handshake
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routine is complete. Then, an active CXR status
signal is sent to the terminal electronics to indicate
that a valid originating modem has originated the
call. At the same time that the active CXR signal is
generated, the microprocessor internally
generates a MARK signal of the selected modem
type (TMD for 3400/212 mode, 103 FREQS for
103 mode) and routes it to the appropriate
transmitter circuit for application to the remote

(answering) modem. At this point, data transmis-

sion can begin at either end.

When the remote modem is a 3400, the 3400 por-
tion of the 3400/212 high-speed transmitter cir-
cuits of the modem is used. Data from the ter-
minal is routed to the modem via the — TXD input
line at 1200 bps. The — TXD data in 3400 mode is
asynchronous; the microprocessor contains an
asynchronous-to-synchronous buffer which syn-
chronizes the input data to the internally-
generated transmit clock (SCT) from the system
clock circuits. The resultant synchronized data
(TMD) from the microprocessor is encoded as
dibits {(two bits at a time) in the 3400 transmitter.
Carrier frequency for the modulating (baseband)
signals generated in the 3400 transmitter is sup-
plied by the 4 F. output of the system clock cir-
cuit. The resultant modulated carrier output of the
3400 transmitter is a DPSK (dibit-phase-shift-
keyed) signal; DPSK signals change the phase of
the carrier by 0°, 90°, 180°, or 270°, depending
upon the value of both the current and previous
dibit information contained in the baseband
signals. The modulated 3400 carrier is coupled to
the acoustic and direct-connect interface circuit
from which it is routed to the line output or
speaker output, depending on the interface mode
selected.

When the remote modem is a 212, the 212 portion
of the 3400/212 high-speed transmitter circuits is
used. Operation of the 212 transmitter circuit is
similar to that of the 3400 circuit described
previously. Differences are in carrier frequencies
(1200 Hz or 2400 Hz for 212 mode), phase shift for
given dibit values, and the insertion of a scrambler
circuit which scrambles the TMD transmit data
before application to the encoder of the 212
transmitter. Also, the 212 mode is not used when
the modem is in acoustic-interface mode.

When the remote modem is a 103, the 103 low-
speed transmitter circuits of the modem are used.
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Data from the terminal electronics is routed to the
modem via the — TXD input line at 300 bps. The
103 data is asynchronous; the microprocessor
sends the data to the system clock circuits which
generate the 103 MARK-SPACE frequencies (103
FREQS) to drive the 103 low-speed transmitter.
The 103 low-speed transmitter generates the
frequency-shift-keyed - (FSK) 103 TX output
signal. The FSK output of the 103 transmitter cir-
cuit is coupled to the acoustic and direct-connect
interface circuit where it is routed to the line out-
put or speaker output, depending upon the inter-
face mode selected.

The receive circuits of the modem operate in the
same manner during normal data transfer as that
previously described for the handshake routines.
The FHET heterodyne frequency output of the
system clock circuits configures the receive cir-
cuits to accept the input carrier frequency
transmitted from the remote modem. The stan-
dardized AGC output levels are applied to both the
3400/212 high-speed demodulator and 103 low-
speed demodulator circuit in parallel. When the
receive signal is 103 data, the 103 low-speed
demodulator circuit recovers the 103 baseband
modulation signal and applies it to the receive
multiplexer. If the receive signal is 3400 or 212
data, the 3400/212 high-speed demodulator cir-
cuit performs demodulation and carrier and clock
recovery operations from which the dibit data is
recovered. The resultant dibit data and associated
clock signals are coupled to the system clock cir-
cuits where decoding into 1200 bps RXD is ac-
complished. From the system clock circuits, the
high-speed RXD signal is routed to the
microprocessor where it is synchronized to the ap-
plicable clock signal (and descrambled in 212
mode). The resultant 1200 bps RXD data stream is
applied to the receive multiplexer. The applicable
data signal from the multiplexer is then gated to
the — RXD output which is routed to the terminal
electronics. :

Although not shown in the block diagram, provi-
sion is made for local test (analog loopback), in-
itiated remote test (remote digital loopback), and
response to remote test. Analog loopback (ALB)
couples the local transmitter output to the local
receive input so that data sent from the local data
terminal can be received by the local terminal and
compared as required. Initiating remote digital
loopback (RDLB) consists of transmitting data to



the remote modem which connects its receive
output to its transmitter input. The remote
modem then transmits the same data back to the
originating modem which processes it through its
receive circuits to the local data terminal for com-
parison with the transmitted data. Response to
remote test consists of connecting the receive
output to the transmit input in response to initia-
tion of remote test from the remote modem.
Analog loopback can be entered in 3400, 212 and
103 modes, while both initiation of and response
to remote test is restricted to 3400 and 212 modes.

5.8 FIRMWARE

The terminal operating system (firmware) is a
multi-task, natural wait system consisting of inter-
rupt processors, a scheduler, a clock routine and

various system tasks. The operating system is
stored in the terminal’'s ROM.

The terminal operates in a real-time environment,
and the elements that are time-critical (i.e., which
process events requiring action within a certain
small period of time) are separated from the
elements that process events on a time-available
basis. The receiver, printer mechanism control,
keyboard and system clock are events that are
time-critical and are handled by interrupt pro-
cessors. The remaining tasks run on a time-
available basis and include print line analysis, the
transmitter, various timeout protocols, ABM, and
COMMAND Mode processing.
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Section 6

Maintenance

6.1 INTRODUCTION
The 780 Series terminals are designed with several
built-in test features to aid in quick isolation of
failures. This section discusses the following pro-
cedures:

®  Self-tests

® Reports

®  Troubleshooting flowcharts

® Removal and replacement of terminal
subassemblies

® Terminal adjustments

Printhead cleaning

6.2 SELF-TESTS

The Model 780 terminals provide automatic self-
test functions to verify correct terminal operation.
Two types of self-tests are built into the terminals:

® Power-up diagnostics tests
® Maintenance tests

6.2.1 Power-Up Diagnostics Tests

The following sequence of tests is performed
automatically by the terminal in the order in-
dicated each time power is applied to the terminal.

6.2.1.1 Indicator Test. The indicator test is in-
itiated at the beginning of the power-up se-
quence. The LED indicators are illuminated and

remain on until the power-up sequence is com-
pleted (approximately two seconds).

6.2.1.2 RAM Test. The terminal processor ex-
ercises the random-access memory to verify that
data can be written to and read from each
memory location. If an error is detected, a RAM
failure error code is activated and is reported via
the long bell tone and the flashing ERR/TEST in-
dicator. If a RAM failure is detected, the operating
system attempts to run with the remaining, good,
lower order RAM devices as indicated by the CR
report (paragraph 6.3.3). If the detected failure is
in RAM 0, the terminal should not be operated
before being repaired. The processor proceeds to
the next test, but there is no assurance that subse-
guent test results are valid if this test fails.

6.2.1.3 ROM Test. The terminal processor per-
forms a cyclic redundancy character (CRC) check
of the read-only memory. If the results of the CRC
check are unsatisfactory, a ROM failure error is
activated. The processor proceeds to the next
test, but subsequent test results may not be valid
if this test fails. (Operation of the terminal is not
recommended if this test fails.)

6.2.1.4 Nonvolatile Memory Test. The ter-

~minal processor computes the CRC of the con-

tents of the nonvolatile memory (configuration
parameters). If an error is found, the processor
reloads the configuration memory with default
parameters, proceeds to operate with the default
parameters, and activates a nonvolatile memory
error code.

6.2.1.5 Mechanism Test. On completion of
the memory tests, the terminal controller causes
the printhead to step to the left margin and print



the model number of the terminal. If any power-
up test failures occurred, the audible tone sounds
for one second, and the ERR/TEST indicator
flashes until reset.

6.2.2 Maintenance Tests
The maintenance tests are manually initiated from

the operator interface. A maximum of nine
maintenance tests are available, depending on the
model. Table 6-1 lists the tests that are available
on each terminal.

Table 6-1. Maintenance Tests
Test Test Model Termfnal
Number 781 783 785 787 Status
0 Transmit level X X Online
1 Power-up X X x X Local
2 Local barberpole X X X X Local
3 Transmit check X X X Online
4 Remote digital loopback X X Online,
Connected
5 Analog loopback X X Online, Not
Connected
6 Transmit barberpole X X X X Online
7 Transmit with error checking X X X Online
8 Mechanism alignment X Local
9 CR Report (for 781 only) X Local
A Mechanism alignment X X "X Local

6.2.2.1 Transmit Level Test. This test is used
both to verify operation of the speaker in the
acoustic muff, and its electronic driver, as well as
to calibrate the transmit level of the selected inter-
nal modem in the Model 785 or 787. This test may
also be used with tests 3 or 6 or with data entered
from the keyboard. During this test, the modem
receiver is inhibited. Proper calibration is 94
dBSPL + 3 dB for 3400 originate mode operation.
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6.2.2.2 Power-Up. This test executes the
Power-Up Tests described in paragraph 6.2.1. The
test terminates automatically and prints the model
number of the terminal. Failures are indicated by
the sounding of the long bell tone and flashing of
the ERR/TEST indicator. The results of the
memory test are contained in the ERROR and CR
reports.



6.2.2.3 Barberpole Test. This test prints a
barberpole pattern at a speed depending on the
communications rate selected. At 1200 bps or
greater, the printer prints at the maximum print
_rate. Below 1200 bps, the printer prints at 30 cps.
When code 29 is enabled, the printer prints at the
maximum print rate when the terminal is OFFLINE
or according to the selected communications rate
when ONLINE. A typical barberpole test pattern is
illustrated in Figure 6-1.

6.2.2.4 Transmit Check. This test executes
repeated transmission of the last keyboard
character to the selected interface at the con-
figured rate. The modem to be checked (103 vs
212/3400) is selected by speed as described in
paragraph 6.2.2.6. A new entry from the keyboard
changes the transmit character. Any data received
during this test is printed. The transmit check is
helpful in providing an on-board data source for

use in conjunction with remote digital loopback
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|nmw |: ]"
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and analog loopback tests available on the 785
and 787 models.

NOTE

Due to the modulation technique of
the 3400 modem, a repeated stream of
ASCIl “U"” characters, with even pari-
ty, may cause false failure of the loop-
back test(s), due to synchronization
drift.

© 6.2.25 Initiate Remote Digital Loopback
(RDLB) Test. This test is used with test 3, 6 or 7
or with data entered from the keyboard for testing
the Models 785 and 787 with the 212/3400 modem
after communications are established. If the
remote loop cannot be established, error 32 is set
and the long bell tone is sounded. Figure 6-2
depicts the test setup for the RDLB test.
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bcdefﬂhlelmnnpqrefnuwxszl“* '(JO*yo.fU1£345é?8

"
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"

. Ulc<_ f
‘0137455
ng 4qn;r_ H
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SR
' Figure 6-1. Barberpole Example
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S DATA j ¢
SET
TERMINAL > —
ELECTRONICS MODEM S

Figure 6-2. RDLB Test Setup
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6.2.2.6 Initiate Analog Loopback (ALB)
Test. This test is used with test 3, 6 or 7 or with
data entered from the keyboard when the terminal
is ONLINE but not connected. If the terminal is
configured for 300 bps, the 103 (FSK) portion of
the modem is tested. If the terminal is configured

785/787

for a higher rate, the 212/3400 (PSK) portion of
the modem is tested. After the test is initiated, the
rate can be changed to any rate that is compatible
with the selected modem type. Figure 6-3 depicts
the test setup for the ALB test.

TERMINAL
ELECTRONICS

MODEM ]

REMOTE
(\ )
COMMUNICATIONS DATA N
LINK SET
J
_— X

Figure 6-3. ALB Test Setup

6.2.2.7 Barberpole Transmit Test. This test
transmits the barberpole pattern to the selected
interface at the configured rate. Data received
during this test is printed.

6.2.2.8 Barberpole with Error Check. This
test transmits the barberpole pattern to the
selected interface and compares the received data
with the transmitted data. Data received during
this test is not printed. When errors are detected,

the short bell tone sounds. The error count is:

printed as part of the Customer Representative
(CR) report (refer to subsection 6.3).

6.2.29 Mechanism Performance Test. This
test verifies the performance of the printer
mechanism and should be used whenever the
printhead is changed. While running the test,
check the column alignment of the ones and zercs
being printed. If the headlift on the mechanism is
correct (0.889 + 0.127 mm or 0.035 + 0.005 in.)
and the misalignment from row to row is greater
than 0.381 mm (.015in.), the alignment should be
~ adjusted using the pot on the sensor PWB, at-
tached to the rear of the printhead stepping
motor. Also verify that the tops and bottoms of
the zeros are being printed; if they are not, clean
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the printhead and repeat the test. If the tops or
bottoms of the zeros are still not being printed, ad-
just the carriage rod up or down, as required, and
repeat the test.

If carriage jam errors occur during this test (in-
dicated by the flashing of the “ERR/TEST"” in-
dicator, long bell tone, and error code 11), verify
column alignment and headlift. If column align-
ment and headlift are correct and carriage jam er-
rors still occur, replace the mechanism.

6.2.3 Test Procedure Instructions :
The following procedure is used to execute the
previously described tests:

® Model 781:

Set the terminal ONLINE or LOCAL ac-
cording to the test requirements.

Depress TEST. The terminal responds
with the prompt #. ’

Enter the desired test number or letter.

Terminate the test by depressing RESET.



® Models 783, 785, 787:

Set the terminal ONLINE or LOCAL ac-
cording to the test requirements.

Depress CMD. The terminal responds
with the prompt

Enter T or t for TEST. The terminal
responds with the prompt #.

Enter the desired test number or letter.
When test 3, 6 or 7 is used to generate
data for tests 4 and 5, it is necessary to
depress. CMD, T or t and the desired
number (3, 6 or 7) to start the test.

Terminate the test by depressing RESET.

6.3 REPORTS

Printed reports are available which provide infor-
mation on the current configuration parameters,
hardware status and terminal errors. The available
reports are:

® CONFIG report
® ERROR report
® Customer Representative (CR) report

In the 783/785/787, a consolidated report is
printed in numeric sequence beginning with report

number 1 when the report function is terminated
by using ENTER or CR (carriage return).

Printing of the report resets the error status flags.

Completion of the requested report terminates the
COMMAND Mode.

6.3.1 CONFIG Report

This report prints the configuration report as
described in paragraph 3.3.2. In the 781, the
report is printed when the CNFG key is pressed.
For the 783/785/787, the configuration report can
be requested by using the report function (Report
1) or the configure function.

6.3.2 ERROR Report
This report prints the error report in one of the
following formats:

® CR LF ERRORS: S1, S2, ...; SNCR LF
where S1 through SN are any enabled er-
ror status codes as described in paragraph
3.4.1.

® CRLF ERRORS: NONE CR LF

The 781 prints an error report only if an error is in-
dicated, when the RESET key is pressed.

For the 783/785/787, an error report can be re-
quested by using the report function (Report 2).



6.3.3 CR Report

This report provides pertinent information for
maintenance personnel to isolate failures to the
board level. The report prints the terminal hard-
ware configuration in the following format:

where:

NN =
AA =
BB =
cC =
DD =

00 =

PP =

HH =

If DD, OO,

NN AA BB CC DD OO PP HH Il FG (X1 X2 Y1 Y2 Y3 21 22)*

A two-digit hexadecimal identification number for the ROM set installed in the terminal.
A two-digit hexadecimal number representing the revision level of ROM 1.
A two-digit hexadecimal number representing the revision Ievelnof ROM 2.
A two-digit hexadecimal number representing the revision level of ROM 3.
A two-digit hexadecimal number representing the revision |evél of ROM 4.

A two-digit hexadecimal identification number for ROM 5.. This ROM is used for patches or
options.

A two-digit hexadecimal number representing the revision level of ROM 5.

A two-digit hexadecimal number representing the identification number of the PROM in-
stalled in the terminal.

A two-digit hexadecimal number representing the revision level of the PROM installed in the
terminal.

A one-digit hexadecimal number with a bit assigned to each possible RAM in the system. A
one in the assigned bit indicates that the corresponding RAM is installed. Bit assignments
are as shown:

RAM 3| RAM 2| RAM 1| RAM O

A one-digit hexadecimal number with a bit assigned to each possible RAM in the system. A
one in the assigned bit indicates that the corresponding RAM has been checked good by
either the power-up test or TEST 1. Bit assignments are the same as in “‘F"’.

NOTE

PP, HH, or Il is greater than

7F hex, then the ROM or PROM
represented by that identifier is not in-
stalled. Therefore, the highest PROM
or ROM ID or revision is 7F hex.

*The information
785/787 terminals.
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in parentheses is valid only for



This information pertains to 785/787 terminals:

X1, X2 = Two-digit hexadecimal number representing the internal modem functions that are installed in the

terminal. Bit assignments are shown below.

MN

MN

~\

BIT7 BIT6 BITS5 BIT4

where:
M=X,YorZand N =1, 2, or 3.

X1(0) = 3400 Originate-only
X1(1) = 3400 Answer/originate
X1(2) = 212 Answer/originate
X1(3) = 103 Originate-only

X1(4) — X1(7) = Not used
X2(0) = 103 Answer/originate
X2(1) = Tone dial installed
X2(2) = Acoustic interface
X2(3) = Direct connect interface
X2(4) — X2(7) = Not used

—h

/
BIT3 BIT2 BIT1 BIT O

Y1, Y2, Y3 = Two-digit hexadecimal numbers representing the current status of the internal modem. Bit

assignments are shown below.

Y1(0) = On hook
Y1(1) = Off hook
Y1(2) = In RDLB
Y1(3) = 3400 Originate
Y1(4) = Y1(7) Not used

Y2(0) = 3400 Answer
Y2(1) = 212 Originate
Y2(2) = 212 Answer
Y2(3) = 103 Originate
Y2(4) — Y2(7) = Not used

Y3(0) = 103 Answer
Y3(1) Forced idle
Y3(2) — Y3(7) = Not used

Z1, Z2 = The number of errors that have occurred since the start of TEST 7, expressed as a four-digit hexa-

decimal number.

The CR report is requested using TEST 9 on the
781 and Report 0 on the 783/785/787.
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6.4 TROUBLESHOOTING FLOW DIAGRAMS maintenance tests and the CR report to isolate
failures to a specific board. The first diagram

This section contains troubleshooting flow defines major symptoms and refers maintenance

diagrams for use in conjunction with the personnel to a more detailed flow diagram.

START

|

TELECOMMUNICATION SYMPTOMS:

® ACOUSTIC COUPLER PROBLEMS

® DIRECT-CONNECT PROBLEMS

[

POWER SUPPLY SYMPTOMS:

©FAN NOT RUNING

®POWER ON, THEN OFF AGAIN

1

KEYBOARD SYMPTOMS: u

® STICKY KEYS

® KEYS DO NOT INPUT

® MULTIPLE INPUTS t

LINE FEED SYMPTOMS
®NO LINE FEED

eNO HEAD LIFT

1

PRINT QUALITY SYMPTOMS:

®PRINTS CHARACTER WITH TOO
FEW OR TWO MANY DOTS

®PRINTS CHARACTER TOQ LIGHT/DARK

®PRINTS BLURRED CHARACTERS

OVER HEATING SYMPTOMS:
®HOT EXTERIOR

®NO AIR FLOW FROM EXHAUST

®OPERATION CEASES AFTER UNIT
i WARMS UP

COMMUNICATION SYMPTOMS:
©NO COMMUNICATION LAMPS

®DATA ERRORS

® COMMUNICATION LAMPS, NO DATA l

CARRIAGE SYMPTOMS:
®SLOW OR SLUGGISH RETURN
® MULTIPLE RETURNS ON POWER-ON
® LACK OF MOVEMENT ON ’OWéR-ON
®CHARACTERS TOO CLOSE TOGETHER
@ LOSS OF CHARACTERS ON CR
®SMEARED CHARACTERS ON CR

®WON'T MOVE TO LEFT MARGIN
ON POWER-ON

68 Troubleshooting Flow Diagrams



DIRECT-

COUPLER

PROBLEM

CORRECT

IS
DIRECT-CONNECT
CABLE TI-
SUPPLIED,

DOES
UNIT GIVE
DIAL TONE

REPLACE TERMINAL
WITH TELEPHONE

GET DIAL
TONE WITH
HANDSET

REPLACE TELEPHONE I
WITH TERMINAL

CABLE
LOOSE IN JACK

CONNECT OR
ACOUSTIC

DIRECT-CONNECT

CALL
ESTABLISHMENT

ACOUSTIC
COUPLER

UNIT
GIVES DIAL
TONE BUT CANNOT

BREAK TONE
AFTER DIALING

[sheer
2

IS
TONE DIAL

ENABLED —
CODE 131

AT EITHER END
OR SHORT/OPEN

IS
INSTALLATION
AN 8-PIN
DATA JACK

CHECK FOR MISWIRED JACK
OR HANDSET BY USING
6-PIN CABLE

REPLACE MODEM
PWB

REPLACE MAIN
PWB

Troubleshooting Flow Diagrams

NO
CORRECT MODEM PHONE LINE IS
STRAP W-2 IF NOT EQUIPPED
PWB NOT TONE FOR TONE DIAL
EQUIPPED SERVICE-DIABLE
CODE 131
START CONFIGURE
D2 109 o




DOES
UNIT PRINT
"CONNECTED”

1S
USER DIALING
WITH PHONE VS
TERMINAL

DIAL WITH
TERMINAL

ARE
EQUALIZERS
ON—CODE
132 ENABLED

ENABLE
EQUALIZERS

1S
HOST MODEM
A 103/212/3400

\JSE CORRECT
HOST MODEM

POOR QUALITY
PHONE LINE—
MOVE UNIT

TO ANOTHER
LINE

DOES
UNIT PRINT
“CONNECTED"'THEN

“DISCONNECTED"

l INITIATE ANALOG
LOOPBACK (TEST #5)

INITIATE BARPERBPOLE
(TEST #6)

IS
BARBERPOLE
PRINTED OK
FOR 10 LINES

REPLACE MODEM
PWB

POOR QUALITY PHONE]
LINE—MOVE UNIT
[TO ANOTHER LINE

ENSURE HOST MODEM
HAS EQUALIZERS ON
AND CAN PASS

ANALOG LOOPBACK TEST

Troubleshooting Flow Diagrams

FORCE APPROPRIATE

DOES
UNIT CONNECT
AT LOW SPEED

COMMUNICATION
MODE:CODE 113 = 212
CODE 114 = 3400

ENSURE OTHER
SIMILAR TERMINALS
ARE OPERATING
CORRECTLY WITH
HOST AND THAT
HOST SOFTWARE
UNDERSTANDS HIGH/
LOW SPEED DETECT




CALL NO DATA
MAINTENANCE INTEGRITY
PROBLEM PROBLEM
YES

IS
TERMINAL
SYMPTOM:

'DISCONNECTED” DURING
CONVERSATION
WITH HOST

D4
YES

IS
UNIT CONFIGURED
FOR PARAMETERS
61 THROUGH 65

DISABLE YES

START Is
D3 PARITY

SENSE CORRECT

NO

FOR SYSTEM

No

YES
FIXED
USE TI CABLE jag=2 ]
INITIATE BARBERPOLE

e YES (TEST #6)

INITIATE ANALOG
1S LOOPBACK (TEST #5)

DIRECT-CONNECT

CABLE TI-

SUPPLIED

1S
IS
DIRECT-
YES CONNECT CABLE PR?Q?EBSROPKOIE(E)R
CORRECT INTERMITTENT 10 LINES
OR LOOSE IN

JACK(S)

IS
UNIT INSTALLED
ON MULTI-LINE PHONE
OR BEHIND PBX WITH
OPERATOR
INTERVENTION

REPLACE MODEM
PWB

YES NO

INSTALL ON REPLACE MODEM
DIFFERENT PHONE PWB

OR DIRECT

OUTSIDE LINE

CHECK MODEM CONTROL CABLE

AND MODEM POWER SUPPLY
CABLE FOR INTERMITTENT
OPERATION

REPLACE MAIN
PWB

Troubleshooting Flow Diagrams
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IS
UNIT
INSTALLED ON
MULTI-LINE PHONE
OR BEHIND PBX WHERE
CALL INTERVENTION
CAN OCCUR

DOES
PHONE LINE
HAVE TONE SIGNALING
FEATURES SUCH AS CALL
WAITING OR CALL
FORWARDING

CHECK FOR MARGINAL
QUALITY PHONE LINE BY
MOVING TERMINAL TO
ANOTHER LINE

INSTALL ON A
DIFFERENT LINE OR
A DIRECT OUTSIDE LINE

DOES
TERMINAL
HAVE EQUALIZERS
ENABLED
(CODE 132)

DOES
HOST MODEM
HAVE EQUALIZERS
ENABLED

CAN
HOST MODEM
PASS ANALOG
LOOPBACK
TEST

REPLACE HOST
MODEM

@_7
REPLACE
MODEM
PWB

CHECK MODEM CONTROL CABLE
AND MODEM POWER SUPPLY
CABLES FOR INTERMITTENT
OPERATION

REPLACE MAIN PWB

Troubleshooting Flow Diagrams




TRY ANOTHER
PHONE OR
LINE

ACQUSTIC
COUPLER
PROBLEM

CALL
ESTABLISHMENT
PROBLEM

IS UNIT ST/GRT
CONFIGURED CORRECT ‘

RIGHT *1
IS PHONE PUT
i YES

INTO MUFFS
CORRECTLY,
*2

IS U

DOES

DOES UNIT PRINT
UNIT PRINT “CONNECTED”
“CONNECTED"

INITIATE TEST®
AND HOLD DOWN
SPACE BAR

1S
HOST MODEM
3400 TYPE

AND CLEAR
TONE

COMES FROM
SPEAKER
MUFF

FORCE 3400 MODE
OF OPERATION

REPLACE MIKE
MUFF ASSY

REPLACE
SPEAKER MUFF
Al ASSY

'S
TRANSMIT
LEVEL RIGHT

NO

CHECK ACOUSTIC
CABLES FOR SHORTS/

OPENS OR SOLDER
ON MAIN PWB ADJUST TO SPEC

INEFFICIENT MICROPHONE

EEPLACE MODEM PWBJ iN HANDSET — REPLACE
WITH LINEAR MIKE

YES

*NOTES:
o 1. SEE “CONFIGURATIONS" IN OPERATOR’'S MANUAL
2. SEE OPERATOR’'S MANUAL

POOR LINE QUALITY —
ENSURE HOST MODEM
LHAS EQUALIZERS ON
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SHEET
6

CALL: NO
MAINTENANCE
PROBLEM

YES

YMPTOM:
CONSISTENTLY
PRINTS —
< DISCONNECTED"' DURING
CONVERSATION

ITH HOST,

YES

1S
UNIT CONFIGURED YES START

FOR PARAMETERS
61 THROUGH 65

NO

NO

| SHEET

FIXED

DISABLE A2

NO UNIT

OK

YE

IS PHONE NO
PUT INTO MUFFS

S
CORRECTJ [ FIXED J

CORRECTLY

YES
YES IS
CORRECT TRANSMIT LEVEL
TOO LOW

NO

CHECK FOR CARBON
MICROPHONE IN HANDSET
WHICH SETTLES OVER TIME "3
REPLACE WITH LINEAR MIKE

UNIT
INSTALLED ON
MULTI-LINE PHONE OR
BEHIND PBX WITH
OPERATOR

INSTALL ON
DIFFERENT LINE OR
DIRECT OUTSIDE LINE

REPLACE MICROPHONE
MUFF

[ REPLACE SPEAKER |
MUFF

REPLACE MODEM PWB
AND CHECK ACOUSTIC CABLE

Troubleshooting Flow

* NOTES:
3. BEFORE REPLACING MICROPHONE—TAP
HANDSET TO LOOSEN CARBON
GRANULES AND TRY AGAIN.

Diagrams



DATA NO
_INTEGRITY
PROBLEM

FIXED

YES

IS
PHONE PUT NO
INTO MUFFS CORRECT
CORRECTLY

START
YES A3

NO TERMINAL
0K

ARE
NO SPEED AND
CORRECT CONFIGURATION
RIGHT FIXED

YES

YES
A3

YES IS
CORRECT TRANSMIT LEVEL
TOO HIGH

NO
A3

CHECK ACOUSTIC MUFF
ISOLATION PLATFORM

PLATFOR
IS FREE TO

PLATFORM YES

PLATFORM
TOUCHES INNER RIPPED LOOSE “FLOAT" AT ALL
FROM RUBBER
COVER oM Iues RUBBER

MOUNTS

I INITIATE ANALOG l

[REPLACE INNER COVER 1 LOOPBACK (TEST #5)

INITIATE BARBERPOLE I
(TEST #6)

IS
BARBERPOLE
PRINTED OK
FOR 10 LINES

REPLACE MODEM
PWB

PRESS
RESET
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REPLACE CARBON
MICROPHONE IN HANDSET
WITH LINEAR MIKE

IS
UNIT INSTALLED
ON MULTI-LINE
PHONE OR BEHIND PBX
WHERE CALL INTERVENTION
CAN OCCUR

DOES
PHONE LINE
HAVE TONE SIGNALING
FEATURES SUCH AS CALL
WAITING OR CALL
FORWARDING

REPLACE MICROPHONE
MUFF

[ REPLACE SPEAKER
MUFF

REPLACE MODEM PWB
AND CHECK ACOUSTIC CABLE

YES

INSTALL ON A
DIFFERENT LINE
OR A DIRECT
OUTSIDE LINE

Troubleshooting Flow Diagrams




POWER SUPPLY CHECKLIST:
[ORECYCLE POWER

FA\ NO
RUNS -

?

YES

AUDIBLE YES

HUM
?

REPLACE
P.s, PWB

FIXED
REPLACE
P.S. PWB
YES ‘
NO
FIXED X
REPLACE
MAIN PWB
YES
NO
FIXED
REPLACE MECHANISM
LOOK FOR SHORTS UNDER
PWB AND BETWEEN
MECHANISM, KEYBOARD,
AND PWB
YES
TERMINAL
oK?
FIXED

Troubleshooting Flow Diagrams

REPLACE
FAN
NO
YES
NO
YES
FIXED




O

KEYBOARD CHECKLIST:

RELEASE ALL ALTERNATE
ACTION KEYS (ON UNITS SO
EQUIPPED)

CHECK BEZEL FOR FOREIGN
MATERIAL AND ALIGNMENT

SET TERMINAL TO OFFLINE

REPLACE
KEYBOARD

START

YES |-
YES
NO REPLACE

REPLACE KEYBOARD

MAIN PWB

CHECK CHECKLIST

FIXED

NO
REPLACE
KEYBOARD
REPLACE
MAIN PWB
NO
START

Troubleshooting Flow Diagrams

FIXED

FIXED




LINE FEED CHECKLIST:
[0 PRINTHEAD PRESSURE
ADJUSTED CORRECTLY
00 VERIFY TERMINAL FREE
OF PAPER JAMS

NO
PRINTHEAD

PRESSURE

REPLACE
MECHANISM

REPLACE
MAIN PWB

Mh YES

REPLACE
MECHANISM

PRINTHEAD

REPLACE
MAIN PWB

OKAY?

FIXED
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YES DOT

PRINT QUALITY CHECKLIST:

RELEASE ALL ALTERNATE
ACTION KEYS (ON UNITS

SO EQUIPPED)

[ SET THE TERMINAL TO
OFF-LINE

[J PAPER LOADED PROPERLY

YES

DOT NO

START

6-20

PATTERN

NK?

NO

CONSJDER POSSIBLE
LINE FEED OR CARRIAGE
MALFUNCTION

PATTERN
K

NG

REPLACE
PRINTHEAD

DOT
PATTERN
oK?

REPLACE
MAIN PWB

Troubleshooting Flow Diagrams
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FIXED




—()

OVERHEATING CHECK LIST
[0 OBSERVE THAT TEMPERATURE IS € XCESSIVE
D VERIFY THAT FAN IS RUNNING . IF NOTGO TO B

[JOBSERVE THAT TERMINAL OPERATES
NORMALLY. IF NOT GO TO H

[0 cHECK FOR OBSTRUCTION IN FAN BLADE

NO

YES START

o
r
m
»
z
2
2
o
5
«

INSIDE OF CASE

YEs FIXED

REPLACE
FAN

YES
FIXED

REPLACE
P.S PwB

YES
FIXED

REPLACE
MANN P.W.R.

YES FIXED

REPLACE
MECHANIBM

lYES FIXED

MODEM
PrW.B.

YES FIXED

MEPLACE
KEYBOARD

4_

Troubleshooting Flow Diagrams
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COMMUNICATIONS SYMPTOMS CHECK LIST:

O VERIFY THAT TERMINAL OPERATES IN
LOCAL MODE

O VERIFY THAT CORRECT MODEM/EIA/TTY CABLE
INSTALLED PROPERALY

O VERIFY SIGNAL TO TERMINAL IS KNOWN GOOD

O VERIFY TERMINAL IN ON-LINE MODE

O VERIFY TERMINAL CONFIGURATION IS CORRECT

~NO YES
COMMUNICATION
LAMPS
ON?
XMIT RDY YES
REPLACE KEYBOARD RCV ADY T‘R:.:NAL
PERFORM CHECKLIST LINE RDY N
OPERATIONS
FIXED
REPLACE
MAIN PWB
YES
COMMUNICATION
LAMPS
REPLACE
MAIN PWB
YES
TERMINAL
OK
?
NO
REPLACE
MODEM (IF EQUIPPED)
FIXED

Troubleshooting Flow Diagrams
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ICARRIAGE CHECKLIST:

0O CHECK THAT THE FAN IS RUNNING WITH
POWER ON

O ADJUST PRINTHEAD PRESSURE AND
CARRIAGE RETURN

0O LOOK FOR A PAPER JAM IN MECHANISM

O VERIFY CARRIAGE MOVEMENT ON POWER UP
(IF NOT GO TO B)

Hy
SLOW vEs
CARRIAGE
RETURN
?
NO
REPLACE
MECHANISM
NO SLow
CARRIAGE
RETURN.
NO FULL
CARRIAGE RETURN
UPON
REPLACE
WER-ON
FOWER-0 MAIN PWS
CHANGE YES
MECHANISM
NO sLow
CARRIAGE

RETURN

YES
CARRIAGE RETURN

ON

LOSE NO

CHARACTER
CHANGE ON CR?
MAIN PWB
NO
HARACTERS
mEPLACE TOO CLOSE
MECHANIEM
START
REPLACE
MECHAN ISM
LOST
FIxXED CHARACTER

ON CR
7

REPLACE
MAIN PWB

REPLACE
MAIN PWE

Troubleshooting Flow Diagrams
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6.5 SUBASSEMBLY REPLACEMENT

The modular-designed subassemblies may be
easily removed to facilitate repair or replacement.
Figures 6-4, 6-5, and 6-6 show the important
modules and their attachment and plug-in points.
Detailed procedures are contained in the following
subsections.

6.5.1

WARNING

Disconnect the data terminal ac
power cord from the wall receptacle
before attempting any
disassembly procedures. The top
board and power supply board con-
tain high voltage.

internal

Terminal Cover

Remove the terminal cover as follows:

1.

6-24

Disconnect the power cord and com-
munications cable (if attached) from the
rear of the terminal.

Open the paper supply door and remove
any paper from the terminal.

Place the terminal upside-down on a pad-
ded working surface.

Remove the four recessed screws which
secure the base to the cover.

Firmly grasp the cover and base together
and turn the terminal right-side up.

Carefully lift the cover up and off the ter-
minal.

NOTE

Terminals equipped with an acoustic
coupler have two cable assemblies
located inside the case at the rear of
the terminal which must be discon-
nected. To disconnect, simply remove
the two connecting plugs (P401, P402)
attached to the modem PWB. DO
NOT disconnect by pulling on the
wires; grasp the connectors manually
or use small needle-nose pliers.

Replace the terminal cover as follows:

1.

Set the terminal cover on its back, to the
rear of the terminal base.

On terminals equipped with acoustic
couplers, connect the two acoustic
coupler connectors (J401, J402) to the
modem PWB.

Verify that the fan, printer mechanism,
printhead, keyboard, power supply PWB
and modem PWB (if so equipped) cables
are connected to their upper PWB con-
nector pins.

Verify that the power cord receptacle is
inserted in its groove in the terminal base.

Lower the front of the cover, keeping
cables and wires off the heatsink and
away from the fan blades.

Guide the paper compartment rear wall
(on the terminal cover) into the slot at the
bottom rear of the mechanism paper sup-
ply compartment.

Verify that the sides, front, and rear of the
cover are engaged in their respective
grooves in the base.

Grasp the cover and base together and
turn the terminal upside down.

Install the four screws through the base
and tighten. :

6.5.2 Printer Mechanism
Remove the printer mechanism as follows:

1.

Remove the terminal cover as described
in paragraph 6.5.1.

Disconnect the printer mechanism sensor
and motor connector, paper advance
motor connector, headlift solenoid,
paper-out detector (if installed) and the
mechanism ground connector (see Figure
6-4).
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J302

Figure 6-4. Internal Connector Locations



NOTES

Grasp only the plastic bodies of the
connectors when disconnecting. DO
NOT pull on the wires. Needle-nose
pliers may be used if more convenient.

The printer mechanism

is shock-

mounted and will lift up without any
difficulty.

Lift the entire mechanism approximately
100 mm (4 inches) and unplug the print-
head connector (P5) from the main PWB.
The connector is located below the
mechanism.

Lift the printer mechanism from the ter-
minal.

Replace the mechanism as follows:

1.
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Verify that the four spaces are seated
atop each of the four mechanism mount-
ing posts.

Hold the printer mechanism above the
main PWB and connect the printhead
connector to J5 on the PWB.

Route the motor and sensor cables (P201,
P1) under the mechanism and behind the
left rear mounting post.

Connect the sensor cable to J1 and the
motor cable to J201. Refer to Figure 6-4
and connect the printhead solenoid con-
nector (P251) to J251 and the line feed
stepper motor connector (P204) to J204.
Connect the mechanism ground cable to
the tab located beneath the line feed step-
per motor.

Lower the mechanism over the mounting
posts and press down firmly on the
mechanism to ensure proper seating of
the mechanism on the shock-mounts.

Replace the terminal cover as described in
paragraph 6.5.1.

6.5.3 Printhead
Remove the printhead as follows:

1.

* flexible

Remove the terminal cover as described
in paragraph 6.5.1.

Remove the printer mechanism as
described in paragraph 6.5.2.

Remove the plastic clip that holds the flat
ribboh cable to the printer
mechanism (Figure 6-5).

Release the pressure bar assembly (Figure
6-8) by disconnecting the plastic solenoid
linkage at the point where it attaches to
the pressure bar assembly.

Carefully remove the E-clip that holds the
carriage wheel. Be sure that it does not
fall into the mechanism or electronics.

Loosen the two printhead mounting
screws that secure the printhead to the
carriage assembly.

Lift the clear plastic window grasp the
printhead assembly pulling up and back
until it is clear of the two plastic aligning
tabs.

Gently remove the printhead assembly (if
the printhead does not come off, repeat
steps 6 and 7) and let the clear plastic win-
dow return to its resting position against
the platen.

Replace the printhead as follows:

1.

2.

Lift the clear plastic window.

Slide the printhead into position onto the
printhead carriage. Ensure that the two
plastic ‘pins fit into the holes on the print-
head assembly.

Tighten the two screws that retain the
printhead assembly.

Replace the carriage wheel and E-clip that
retains the wheel.
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Figure 6-5. Printer Mechanism
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10.

Adjust the printhead pressure as in-
structed in paragraph 6.6.1.

Lay the flexible cable under the printhead
with a rolling loop to the left and ensure
the cable is parallel with the front lip of
the mechanism frame, ‘as close to the
mechanism frame lip as possible.

Secure the flexible cable to the

mechanism with the plastic clip.

Install the mechanism in the terminal as
instructed above in paragraph 6.5.2.

Adjust the printhead alignment as in-
structed in paragraphs 6.6.1 and 6.6.2.

Replace the terminal cover as described in
paragraph 6.5.1.

6.5.4 Keyboard
Remove the keyboard as follows:

1.

Remove the terminal cover as described
in paragraph 6.5.1.

Remove the keyboard bezel releasing the
snap-on posts on the left and right ends
of the keyboard and the bezel (Figure
6-6).

Press the keyboard assembly toward the
rear of the terminal until the three front re-
tainer clips are free of the keyboard.

Lift the front of the keyboard assembly up
and slide the keyboard forward off the ter-
minal.

Holding the keyboard in one hand, place
the index finger of the other hand under
the flat keyboard ribbon connector. Gent-
ly pull up on the keyboard cable connec-
tor until it is free of the keyboard.

Replace the keyboard as follows:

1.

6-28

Lay the keyboard in front of the terminal
and connect the keyboard ribbon cable
connector to the keyboard.

NOTE

Take special care when installing the
keyboard flex cable connector. The
connector pins are made of a thin
metal and are easily bent or broken.
Verify that all pins are in their respec-
tive sockets of the connector before
applying pressure.

Lift the keyboard and inset the rear edge
into the three rear keyboard clips of the
base while gently folding the cable
beneath the keyboard.

Push the keyboard toward the rear of the
terminal until the front clips of the base
are clear. Lower the front edge of the
keyboard and insert the front edge into
the three front clips.

Install the keyboard bezel by pushing
down on the bezel until the two end posts
snap into place. :

Replace the terminal cover as described in
paragraph 6.5.1.

6.5.5 Fan Assembly
Remove the fan assembly as follows:

1.

Remove the terminal cover as described
in paragraph 6.5.1.

Unplug the fan connector (P302) from the
main PWB at J302 (Figure 6-4).

Loosen both fan bracket screws.

Slide the fan motor and blades forward
and out of the bracket.

Replace the fan assembly by reversing the order of
removal. '
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POSTS

Figure 6-6. Keyboard Removal



6.5.6 Battery
Replace the battery as follows:

1. Remove the terminal cover as described
in paragraph 6.5.1.

2. Remove the printer mechanism as
described in paragraph 6.5.2.

3. Disconnect the battery connector (P4)
from the main PWB.

4. Remove the battery from the battery
PWB and remove any remnants of
double-sided tape.

Replace the battery by reversing the order of
removal.

6.5.7 Main PWB
Remove the main PWB as follows:

1. Remove the terminal cover as described
in paragraph 6.5.1.

2. Remove the printer mechanism as
described in paragraph 6.5.2.

3. Disconnect the two interboard connec-
tors P603 and P604 (Figure 6-7).

4.  Remove four spacers (Figure 6-7).

5. Slide the ac power receptacle out of its
mounting slots.

6. Remove the main PWB by lifting it
straight up.

Replace the main PWB by reversing the order of
removal.

CAUTION

When replacing the main PWB,
verify that the black conductive
foam has been removed from the
underside of the board. Damage to
the terminal could result if it is not
removed.
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6.5.8 Power Supply PWB
Remove the power supply PWB using the follow-

- ing procedures (Figure 6-8):

1. Remove the terminal cover as described
in paragraph 6.5.1.

2. Remove the printer mechanism as
described in paragraph 6.5.2.

3. Remove the main PWB as described in
paragraph 6.5.7.

4. Remove the power supply PWB by lifting
it straight up.

Replace the power supply PWB reversing the
order of removal.

6.5.9 Modem PWB
Remove the modem PWB as follows:

1. Remove the terminal cover as described
in paragraph 6.5.1.

2. Remove the printer mechanism as
described in paragraph 6.5.2.

3. Remove the main PWB as described in
paragraph 6.5.7.

4. Remove the modem PWB by lifting it
straight up.

Replace the modem PWB by reversing the order
of removal.

6.6 TERMINAL ADJUSTMENTS

Under normal- operating conditions, the closed-
loop control circuitry of the printer mechanism
compensates for friction changes caused by wear,
temperature variations, and component aging. No
field adjustments are required except alignment of
the thermal printhead after replacement of the
mechanism or printhead assembly. If print quality
deteriorates, do not attempt adjustments untii the
cause is fully understood.
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Figure 6-8. Power Supply and Modem PWB’S



6.6.1 Printhead Pressure Adjustment
Adjust the printhead pressure as follows:

1. Remove the terminal cover as described
in paragraph 6.5.1.

2. Manually slide the printhead approximate-
ly 100mm (4 inches) from the left margin.

3. Press the printhead lift solenoid {(Figure
6-8) so that the solenoid is in the fully
energized position.

4. Place a measuring device along the
solenoid linkage and measure the travel
distance.

5. Adjust the solenoid travel to at least
0.5mm (0.02 inches) but no greater than
1.1mm (0.045 inches) by rotating the
knurled solenoid adjustment wheel
(Figure 6-8). Rotate the wheel clockwise
to increase printhead travel,
counterclockwise to decrease travel.

6. Repeat steps 3 through 5 several times to
make certain that the adjustment is cor-
rect.

6.6.2 Printhead Alignment

After installing a new printhead, check a printed
line of zeros. If the tops or bottoms are missing
anywhere along the printed line, correct by reposi-
tioning the printhead carriage rod support bear-
ings (Figure 6-5) as follows:

1. Remove the terminal cover as described
in paragraph 6.5.1.

2.  Loosen the screw that clamps the bearing
to the frame. Move the bearing up if the
bottoms of the characters are missing, or
down if the tops of the characters are
missing. Independently adjust each end
of the carriage rod support for the condi-
tion observed.

3. After adjusting, verify that the printhead
carriage does not rub against the frame
and that the top of the printhead does not
interfere with the clear plastic window
and its associated roller.
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4. Retighten the clamping screws and type
several more lines of zeros to recheck
printing quality. Readjust as necessary.

6.6.3 Print Image Contrast

The print image contrast is preset at the factory
for optimum clarity and should not require adjust-
ment. If the contrast has been changed and a
darker or lighter image is desired, use the follow-
ing procedures:

®  For darker print insert a small standard
screwdriver into the hole marked CON-
TRAST located on the right side of the
terminal (Figure 6-10); rotate the
screwdriver clockwise (toward D),
while printing characters from the
keyboard, until the desired print image
is obtained.

NOTE

If the print blurs, the screwdriver has
been rotated too far. If so, adjust to a
lighter print.

®  For lighter print, rotate the screwdriver
counterclockwise (toward L) while print-
ing characters from the keyboard, until
the printed image is light enough.

6.6.4 Transmit Level Adjustment (Models 785,
787)

The internal modem transmit level is factory-
calibrated for optimum performance with most
U.S. telephone systems. The transmit level is not
field adjustable. Tampering with the internal
modem will violate the warranty and is subject to
criminal prosecution under FCC regulations.

6.7 PRINTHEAD CLEANING

The printhead should be cleaned each time a new
roll of thermal paper is loaded into the terminal.
Clean more often if the printed image begins to
fade because of residue accumulated on the print-
head by using the following procedures:

1.  Remove all thermal paper from the paper
chute.
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Figure 6-9. Printhead Solenoid
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Figure 6-10. Print Contrast Adjustment




2. Using 95-percent denatured alcohol, wet
a 50mm (2 inch) wide strip across a sheet
of good quality bond paper (Figure 6-11).
Insert the sheet in the paper chute so that
the wetted area appears under the print-
head. If denatured alcohol is not
available, rubbing alcohol can be used.

3.  Print five lines on the bond paper across
the alcohol-wetted strip. Then advance
the paper to a dry area and print two more
lines.

Wet with denatured alcohol
NOTE 2 inch strip

The printhead will not print a visible im-
age on the bond paper. e e

Figure 6-11. Printhead Cleaning
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Section 7

Assembly Drawings

.~ Assembly Drawings

Family Tree

PWB Assy, Terminal Electronics
PWB Assy, Power Supply
Mechanism Assy, Stepper Motor w/Printhead
Carriage Assy, Printhead

Solenoid, Printhead Assy

Sensor Assy, Feedback Wheel Motor
Motor, Drive-Printer Assy

Muff Assy, Mike, 780 Series

Muff Assy, Speaker, 780 Series
781 RO Data Terminal

781 U/L Keyboard Kit

783 KSR Data Terminal

785 KSR Data Terminal

Cover Assy, 780 Series w/o0 Muffs
787 KSR Data Terminal

Cover Assy, 780 Series w/Muffs
Keytop Assy, 781 Data Terminal
Keytop Overlay, 781 Data Terminal
Motor Assy, Paper Advance
Keyboard Assy, 781 RO

Sensor Assy, 780 Series

PWB Assy, Paper Out Detector
PWB Assy, VDE Power Supply
Assy, International Power Supply
Cover Assy, Outer

Fan Assy

*Two versions of this board are in use; they can be distinguished by their lists of materials, 2265830-0001 or 2265830-0002.

Drawing Number

2265825
2265830*
2265835
2265845
2265848
2265849
2265850
2265852
2265875
2265878
2265881
2265882
2265883
2265885
2265886
2265887
2265888
2265895
2265897
2265899
2265915
2265951
2265952
2265970
2265971
0983809
0999232

Page Number

7-3

7-8

7-22
7-26
7-31
7-33
7-35
7-37
7-39
7-41
7-43
7-47
7-49
7-53
7-57
7-60
7-64
7-67
7-69
7-70
7-72
7-74
7-76
7-79
7-86
7-88
79N

71



Cables ' Drawing Number Page Number

Cable Assy, Internal Modem 2265826 7-93

Cable Assy, Unregulated dc 2265840 7-95
Cable Assy, Secondary dc 2265841 7-97
Cable Assy, Modem Power Supply 2265844 7-99
Cable Assy, TTY 2265871 7-101
Wiring Harness, Low Paper Alarm 2265898 7-103
Wiring Harness, Sensor , 2265923 7-105
Cable Assy, Acoustic Coupler, 780 Series A - 2265932 : 7-107
Jumper, Voltage Conversion, 780 Series 2265934 - 7-109
Cable Assy, Unregulated dc A 2266000 7-111 -
Cable Assy, Secondary dc : 2266001 : 7-113
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OCTOBER 24,

PART NUMBER

1980

REV

2265830-0001 F

ITEM.
0032
0032A
0033
00334
0034
0034A
0035
0035A
0036
0036A
0037
0037A
0038
0038A
0039
00394
0040
0040A
0092
0092A
0093
0093A
0094
0094A
0096
0096A
0098
0098A
0099
0099A

0100

QUANTITY.

00001.000
00001.000
00002.000
00001.000
00001.000
00001.000
00001.000
00001.000
00001.000
00001 .000
OOOOI-QOO
00001 .000
00001.000
00002.000
00002.000

00001.000

LIST OF MATERIALS

DESCR‘PTION-.’.'........Q..'.- AR L BN X N E X
PWB ASSY, 780 SERIES DATA TERMINAL

COMPONENT. .

0971000-0001

0972625-0001

0996089-0004

0996755-0001

0996029-0001

0944472-0001

0972469-0002

0996203-0002

2210988-0001

0972619-0004

0972554-0006

0972946-0074

0972978-0098

2211264-0001

0972978-0142

0983937-0001

DESCRIPTION<cecesccacoacenccscananasscces UM

IC TIL-111 OPTICALLY COUPLED ISOLATOR
TI =TIL111

Ul

‘Tl -TILLl1

NETWORK 0C1449 OPTICALLY COUPLED

TI -0CI449

u2

TI -0C1449

ICySNT4LS244N LINE DRIVER
~SN74LS244N

U20 u2s
~SNT4LS244N

ICySN74LS245N BUS XCVR TRANSITION
001295-SNT74LS245N

U4t

001295-SNT4LS245N .
IC,SNT4LS273N OCTAL D-TYPE FLIP/FLOP

T1 =SNT4LS273N
U24
T1 =SNT74LS273N

NETWORK,TMS-8080 MICRO PROCESSOR
TI -TM58080

U3t

TI ~-TMS8080

NETWORK TMS5504,1/0 AND TIMER
TI -TMS5504

u3s

TI ~-TMS55504

1CyS 5101L~-1 1024BIT(256 X 4)ST CMOS RAM
034649-55101L-1

U30

034649-55101L-1

ICy, HEX DIFFERENTIAL COMPARATOR

SEE TI- DRAWING

u201

SEE TI- DRAWING

RESISTOR VAR 500 OHM S% .SW

R137

RESISTOR.FIXEDyWIREWOUND .5 OHM 3W 1%
SEE - TI DRAWING

R205

SEE - TI DRAWING

RES FIX 2.4K OHM 5 ¥ .25 W CARBON FILM
ROH - R-25

R233

ROH - R-25

RES. FIXEDy 750 OHMS, 1W, S% TOL.

SEE TI{- DRAWING

R245

SEE TI- DRANWING

THERMISTOR, DISC

SEE TI- DRAWING

R634 R635

SEE TI- ODRAWING

RES FIX COMP 51K 1 WATT 5%

QPL = RCR32G473J4S
R636 R637
QPL ~ RCR326473JS

RESISTOR,SELECTED +743/745 PWB,PVOLTS
1224~ =000

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA




OCTOBER 24, 1980

PART NUMBER REY
2265830-0001 F

ITEM.
0100A
0103
0103A
o119
0119A
0120
0120A
o121
0121A
0124
0124A
0125
0125A
0126
0126A
0127
0127A
0128
0128A
0129
0129A
0130
0130A
0131
0131A
0133
0133A
0134
0134A
0135
0135A

QUANTITY,

00001.000

00002.000

00001 .000

00002.000

00004.000

00001.000

00001.000

00001.000

00002.000

00001.000

00005.000

00001.000

00001.000

00001 .000

00001 .000

LIST OF MATERIALS

DESCRIPTIONcccceevencsvsevcsccocacsnvansce

PWB ASSY,

COMPONENT. .

0972757-0037

0996326-0009

2210420-0005

0972601-0001

0772637-0006

2210989-0001

0996801-0001

0772116-0001

0972057-0001

0800523-0001

0996712-0001

0972572-0002

0538031-0020

2210858-0001

0996260-0001

780 SERIES DATA TERMINAL

DESCRIPTIONccececceccscnncecsscccvcccsccacs UM

R139
1224~ -000
CAP FIX CER O.1MF 10% S50V

C209

CAPACITOR.ELECT.,ALUM., 390 CAP MFD
SEE TI- DRAWING

C102 Cé625

SEE TI- DRAWING

CAP,PLASTIC,MEVALLIZED,20%+,4700 PF,20MHZ

012624-SEE T1 DWG

C626

012624-SEE TI DWG

CAPACITOR 200UF 200WVDC 10%
056289-076443 E
C623 Cé624

056289-076443
TRANSISTOR,TIS99

TI- -T1599
Ql Q105 Ql06 Q107
TI- -T1599

IC, SWITCHING REGULATOR

SEE TI- DRAWING

Q104

SEE TI- DRAWING

TRANSISTOR,T1P100 N-P—N,DARLINGTON
001295-T1P100

Q101

001295-T1P100

TRANSISTOR TIST7S

TI- -TISTS
Q109
TI- ~-TISTS

TRANSISTOR-A5T2222 NPN SILICON
1640-2132-000

Q102 Q108

1640-2132-000

TRANSISTOR A572907 PNP SILICON
TI- -A5T2907

Q103

TI- ~A5T2907
TRANSISTOR,TIPLOS P-N-P POWER
001295-TIP10S

Q201 THRU Q205

001295-TIP105

TRANSISTOR,TIPL21 SILICON N-P-N DARLNGTN

TI- -TirP121
Q206
TI- -TIP121

CRYSTAL UNIT, QUARTZ
SEE T -1 DWG

Yl

SEE T -1 DWG

BUZZERy PIEZOELECTRIC
SEE TI- DRAWING

Dsl1

SEE TI- DRAWING
RECEPTACLE+3-PIN AC PHWR
SCT -EAC-301

J602

SCT -EAC-301

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA
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OCTOBER 24, 1980

PART NUMBER REV
2265830-0001 F

ITEM.
0136
0136A
0137
0137A
0138
0138A
0139
0139A
0140
0140A
0141
Ol41A
0142
0143
0143A
0l44
0144A
0145
0145A
0146
0146A
ol47
0147A
0148
0l48A
0149
0150
0151
0151A
0152

0153

QUANTITY.

00001.000

00001.000

00001.000

00001.000

00001.000

00001.000

00002.000

00002.000

00005.000

00002.000

00004.000

00001.000

00001.000

00001 .000

00002.000

00001.000

00001.000

00001.000

LIST OF MATERIALS

DESCRlPIIUN.Q....Q.Q....'...."-'.‘..OQ‘

PHWB ASSY,

COMPONENT. .

0972423-0005
0972423-0003
0996099-0013
0972493-0001
0972498-0001
0972854—-0001

0406769-0001

2210188-0009
2210188-0016

2210188-0014
2210188-0013
2210188-0003
0996?92-0001
0999430-0001
0772635-6001

0416434-0203

2265851-0001

2210498-0001

780 SERIES DATA TERMINAL

DESCRIPTION<eecevoscssccsccvoncsenancansos UM

CONNECTOR PWB MOUNTED 3 CONTACTS NATURAL

017105-350429~-1

J603

017105-350429-1

CONN, PCB HEADER 9CKT

J604

HEADER,RIGHT ANGLE 26 POSITIONS

8E1 - 65624-126

J3

BEI - 65624-126

CABLE ASSEMBLY,FLAT-FLEXIBLE

AMP - 88178-1

J6

AMP - 88178-1

CONN,DBL ROW,EDGE MTG-20 POSITIONS
-SEE DWG

Js
-SEE DWG

CONNECTORyP.C. BOARD 25 POSITION
AMP - 206584-2

J1

AMP - 206584-2

SCREW,SPECIAL yCONNECTOR LOCKING
CIE - D20418-2

SCCKET, LOW PROFILE, DIP, 40 PINS
003612-DILB40OP-108

XU37 Xxu3s

003612-D0ILB40P-108
SOCKET+DIP,24-PINyLOW PROFILE
SEE T -1 DRAWING

XU59 THRU XU63
003612-DILB24P-108
SOCKET,0IP,20-PIN,LOW PROFILE
SEE T -1 DRAWING

XU47 XUb64

003612-DILB20P-108
SOCKET4DIPy18-PINS,LOW PROFILE
SEE T -1 DRAWING

XU44 XU45 XU56 XUST
003612-DILB18P~108

SOCKET,LOW PROFILEsDIPy16 CONT
003612-0ILB16P-108

Xu48 - .
003612-DILB16P-108

SWITCH,TOGGLE DPDT 3A/7250 VAC 6A/120 VAC

009353~9201L4H3W3QE
5600
009353-9201L4H3W3QE
SPACER, SWITCH
1224-9430-019
CLIP+FUSE

LIT -102068

FUSE 2.0 A 250V 3AG

LIT - 312002
F600
LIT - 312002

CLIP,BATTERY PACKAGE
1238-5851-003

BATTERY PACK, MERCURIC OXIDE
SEE TI- DRAWING

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA
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OCTOBER 24, 1980

PART NUMBER REV
2265830~0001 F

ITEM. QUANTITY,.
0153A

0154 00001.000
0154A

0155 00004.000
0156 00000.300
o157 00005.000
0158 00004.000
0158A

o161 00005.283
0163 00002.000
0165 REF

0166 REF

0168 00002.000
0168A

0170 AR
0171 00052.000
oL73 00002.000
0174 00000.170
0175 00002.000
0176 00001.000
0176A

oL77 00002.000
o178 00002.000
0oL79 00002.000
01890 00002.000
o181 00002.000
0182 00004.000
o183 00002.000
0184 00002.000
0185 00002.000
0186 00004.000

LIST OF MATERIALS

DESCR‘p‘loN..........-...‘.'-..........Q
PWB ASSY, T80 SERIES DATA TERMINAL

COMPONENT. .

2265921-0001

0972632-0001
0411400-0018
2265828-0001

0972487-0001

2210083-0003
0996285-0004
2265832-9901
2265833-9901

2265934-0001

0996527-0001
0972456-0002
0085936-0018
0972437-0005
0996521-0010

0772696-0009

0972988-0029
0411027-0805
0411104-0136
0416453-0022
0972988-0016
0416622-0011
0411104-0135
0972628-0001
0416453-0021

0410898-0004

DESCRIPT lONoroo IEE R R NP RERIR AR R RN L R R UM

BAT
SEE TI- DRAWING
INDUCTOR, FIXED

L101

STRAP,TIE DOHN;CABLE—NON-SID'O—l—l/4 D.

WIRE,BARE TINNED,18AWG,
IwpP -18-630

CLIP, TRANSISTOR
1238-5828-004

JUMPER PLUG+CONNECTOR BLACK
5935~-0900-000

JT J8 J204 J607

5935-0900~-000

WIRELELEC,COND U/L STYLE 1213,24 AWG
090484-WTE24A

HEATSINK, TRANSISTOR .750 X 750
013103-60738
DIAG LOGIC,

COPPER BUS

780 SERIES DATA TERMINAL
TEST PROC, 780 SERIES DATA TERMINAL
JUMPER, VOLTAGE CONVERSION, 780 SERIES
1238-5934-010

J605 J606

1238-5934-010

ADHES IVE,LOCTITE 416
059724-16SUPERBONDER

PINy.025 SQUARE

5935-0800~-000

"EYELET .121 BARREL 0D X-219 LG FLANGE

USH - MNSE-47

INSULATION SLEEVING 1/4™ HEAT SHRINKABLE

LFS - HT-105C-UL-1/
INSULATOR, .147DIA .750LG
055285-7403-09FR-54
HEADER,2 PIN
-0002363

«500W

J7
-0002363
SCREW 6-32 X .438 PAN HEAD CRES

WASHERSFLAT ¢ 156ID X .312 0D X .035THK

WASHER, LOCK-SPRING, HELICAL, #6

QPL - MS$35338-136

NUT yPLAIN 6-32 UNC-2B HEX CRES,SMALL
QrPL - NAS6T1C6

SCREW 4—40 X .438 PAN HEAD CRES

WASHER #4 FLAT
QPL - AN960C4L
WASHER, LOCK—SPRING, HELICAL, #4

QeL ~ MS35338-135

WASHER #4 .1151ID .20000-SHLDR NON-MET
SEA -5607-45

NUT,PLAINy4-40 UNC-2B HEX,CRES,SMALL
QPL — NAS671-C4

WASHER #4 LOCK-INT TOOTH .11SID

+200LG SGL ROW,STRIP OF 2

EA

EA
FT
EA

EA

FT
EA
EA
EA

EA

EA
EA
EA
FT
EA

EA

EA
EA
EA
EA
EA
EA
EA
EA
EA

EA
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LIST OF MATERIALS

OCTOBER 24, 1980

PART NUMBER REV
2265830-0001 F

ITEM.
o187
o188
0190
0190A
0200
0203
0207
0207A
0208

9999

QUANTITY,
AR
00001.000

00001.000

00001.000
00001 .000

00001.000

00000.063

00002.500

DESCR[PTION...‘.-...‘... A A A A E AR ERENNERNENR)
PWB ASSY, 780 SERIES DATA TERMINAL

COMPONENT.. DESCRIPTIONcccccecc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>