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FOREWORD

This manual provides general information, application examples, detailed specifications,
and ordering data for Data Communication Equipment manufactured by Digital Equipment Corporation
(DEC).

"Data Communications Equipment” is equipment for the exchange of digital data, usually in
serial form, between geographically remote digital equipment installations, at essentially conversa-
tional speeds.

DEC's data communications equipment is intended primarily for low and medium speed asynch -
ronous and high=-speed synchronous, transmissions over serial communication lines, either common car-
rier or privately owned. In oddition, special -purpose parallel channels are available for intercomputer
and computer-to-peripheral device dafe exchanges.

Data communication techniques, characteristics of widely used communication channels, and
o summary of available commercial communication facilities, are described in o companion document,
“Introduction to Data Communication, " also published by Digital Equipment Corporation. Copies are

available on request. Also recommended to supplement this manual are DEC's Small Computer Handbook
{C-800) and Logic Handbook (C-105},






CHAPTER 1
INTRODUCTION

DEC'S COMMUNICATION SYSTEM DESIGN APPROACH

In the past six years, DEC has supplied communication equipment for a variety of industrial,
scientific, military/aerospace, and commercial data communication systems. These installations range
from a few remate keyboard/printers to complete multi-station message storing, forwarding, and switch -
ing systems involving hundreds of data channels. Some of the special system types developed and in-

stalled during this time include:

Message switching, storing, and forwarding systems
Communication controllers for large data processors
Message concentrators

Message switching network supervisory systems
Communication line control for time sharing sy stems

Management information systems

In the course of this hardware experience, DEC has developed o standard product line which
allows PDP computers fo exchange data with the most common communication devices and facilities.

DEC's communication products combine the data handling flexibility of the low -cost general
purpose PDP Family —of-Eight computers with specialized hardware to interface with standard communi -
cation devices and communication media.

For small numbers of lines, the systems rely on special ~purpose hardware for dota buffering
and assembly, leoving most of the computer time free for other functions.

Lorger systems use the PDP -8 computer as the central logic element, in ploce of duplicated
wired logic units. This programmed-logic approoch reduces the hardware cost per line and provides
much greater flexibility in system expansion and design modification. DEC supplies the basic opera-
tional and maintenance software.

Small and large systems alike are simplified by solid -state functional logic modules for con =
trol and interfacing to a variety of terminals and transmission media. Medular system expansion on a

per~line basis ensures a [ow per=-channel cost and simple system expansion.

DATA COMMUNICATION SYSTEM DESIGN FACTORS

The design of a serial dota communicotion system for a particular task involves a number of

variables, such as:

Speed
Transmission distonce
Coding Technique and format
Asynchronous channel's: Bits per character

Length of stop element

1-1



Synchronous channels: Bits per character
Synch character code
Mode of operation (half or full duplex)
Communication medivm (private, leased or public transmission fines: DC or
modulated communication technigue; dota set control features)

Number of channels operating simultaneously

Many of these topics are discussed in detail in a companion document, "Introduction to Data
Communication, " also published by DEC and availeble on request. The manual covers: the principles
of serial data transmission; types of terminals and data links; Teletype, telegraph and modulated trans -
mission data links; and the public facilities available for tronsmitting serial deta over long distances
(i.e., Dataphone Service, Wide Area Telephone Service, Teleprinter Exchange Service (TWX), efc.).

The fol lowing paragraphs provide more detail on important design factors involved in adapt -
ing such date communication channels to a digital computer. For convenience, the applications are
classified according to speed: low (0 to 300 baud), medium {1200 to 5000 baud) and high (4800 to
200,000 baud)., Low speed devices encompass the widely used serial asynchronous terminal devices,
which usually permit a conversational interchange of data among many stations at essentially manual
speeds. Medium and high-speed applications are usually under automaotic computer control ot both the
sending and receiving terminals. The data can be converted to low=speed form and distributed to

conversational terminals through the computer.

Low - Speed Serial Asynchronous Communications

Perhaps the most common, and simplesf, data communication application is where extra
asynchronous character devices, such as keyboard/printers or tape reader/punch units, are added to o
computer's peripheral equipment complement. (See Figure 1-1.} The interface equipment is controlled
from the computer's |/O bus, converting parallel computer words to asynchronous serial characters, and
the reverse.

Low -speed communication equipment usually handles data at o manual rate. Some typical

opplications in this inherently low -speed environment are:

a. Time-sharing, conversational type terminals, such as Teletypes
B. Message storing, switching, and forwarding systems
c. Airline reservation systems

d. Information retfrieval systems
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COMPUTER pb—— ——— = -
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SERIAL SERIAL
CHARACTER CHARACTER
DEVICE DEVICE

Figure 1-1 Adapting Low -Speed Asynchronous Terminals to a Computer

Type of Terminal - A typical low ~speed terminal is the Teletype keyboard/printer. With optional

paper tape reader and punch, an ASR or KSR Teletype is an economical source of most low —speed com -

puter inpui/output requirements. These units ore commercially available at low cost, and have a good
service and maintenance history. Because the serial asynchronous character code is readily transmitted
over commercial transmission [ines, it has become a common communication medium even when keyboard,
paper tape, or other standard character devices are not directly involved. For example, in situations
where high data rates are not required, an asynchronous data link is the most economical intercomputer
communication method,

Table 1-1 lists typical [ow -speed communication terminal equipment.

Table 1-1
Low = Speed Communications Terminals

Characters
Manufacturer Model Speed Per Second
Teletype 28 50 baud 0-7
Teletype 32 75 baud 0-7
Teletype 33 110 baud 0-10
Teletype 35 110 baud 0-10
Teletype 37 150 baud 0-15
Teletype Telespeed 110 baud 0-10
Siemens 100 50/75 baud 0-7
[BM 1050 134.4 boud 0-15
Kleinschmidt 3an 150/300 baud 0-30
Friden 150 baud 0-15

Low - Speed Terminal Characteristics = Typiceal characteristics of low -speed terminal equipment are:

§Eeed

0 to 300 baud



Format

Bit serial asynchronous

1 start bit

5, 7, or 8 data bits

T, 1.5, or 2 unit stop bits

Communication Media

Customer installed private wire
Common carrier installed wires*

Common carrier installed modems via common carrier supplied wire

Transmission Media - The final medium for transmitting the data between stations depends upon the
distances invelved and the choice of privately installed or common carrier lines.

For a system with remote keyboard terminals at various sites within a single building or group
of buildings, privately installed lines using low =voltage dc current keying are common. Most serial
asynchronous terminals can operate on such lines at distances up to 1500 ft, depending on the electrical
environment. For greater distances, high-voltage telegraph -type keying or the use of an asynchro -
nous modem {(data set) is more reliable. (See Figure 1-2.)

COMPUTER
1/0 BUS n
] -

SERIALS SERWL/

PARALLEL PARALLEL

INTERFACE INTERFACE

ALUTOMRITIC DETA SET DaTE SET TELEGRAPH

CONTROL ADAFTER LINE
ROL, ORTIGNAL] ADAPTER
-~q r-- ; --9
| AUTOMATIC Ll ASYNCHRONOUS | A — 9 em——-- -
I. CALLING ' | MCDEM B | TELEGRAPH ! REMOTE
e m gy = = \ 1
urIT - TERMINATING 1 TERMINAL
[ o A — EHUIPMENT | ! !
L 2T - | o
TRANSMISSION

LINE [—==-=-- S a
e § gt gl ASYNCHRONDUS | REMOTE |
| WODEM 1 TERMINAL |
| A .I [ -4

Figure 1-2 Telegraph and Modulated -Carrier Transmission
of Low-35peed Data

*Common carriers limit the data rate on leased lines with dc current keying to 75 baud. To exceed 75
baud, modems are required.
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Asynchronous modems (such as Dataphone) may be used for full -duplex deta transfer on pri-
vate lines without any special provisions for control of the data set. However, for operation over a
common carrier, some automatic control features for the data set are usually desirable. (The controls
confirm that the local and remote modems are in synchronization, etc.} Data set control requirements
are more siringent when operating through the standard dial telephone network; an automatic answering
feature is usually needed to acknowledge that the local set is receiving an incoming call. Automatic
calling conirol may also be necessary to permit the computer program to initiate outgaing calls without
operator intervention, '

DEC's communication equipment is designed so that a basic asynchronous interface con be

easily odapted for operation on any of the common communication media.

Paralle! Devices = In almost all low -speed, remote—terminal applications, the communication channel

is serial asynchronous. However, some [ow-speed parallel devices, such os ¢redit cord ond employee
badge readers, are now coming info general use. Such equipment is most easily interfaced to @ DEC
system by a simple parallel interface operated through the computer input/output bus. The computer can
reformat the dafa and enter it into the serial data lines under program control. Because such devices are
not yet standardized, DEC does not offer standard product-line interfaces, but, parallel devices can

usually be accommodated on a special system basis.

Medium -~ Speed Communication

Medium speed communication channels are commonly used to adapt u computer to a single
serial transmission line, usually through @ modem. The computer serves as an intermediary for data
from any item of peripheral equipment, serial or parallel. Typical applications are computer-to-
computer data transfer, or communication between a computer and a high -speed electromechanical de -
vice. Another growing area of application is communication with character and graphic display
terminals.

Data from several low ~speed asynchronous channels can be assembled by the computer and
transmitted over the channel at a higher rate. With the computer performing bit rate conversion,
character formatting and data set control, such a channel can set up commynication between a number

of low -speed lines and any station in the dial telephone network. (See Figure 1-3.)

Medium - Speed Terminal Characteristics - Typical characteristics of medium ~speed terminals are:

SEeed
1200 to 5000 baud

Format

8 bits serial, synchronous or asynchronous.
Buffered devices, such as displays are usually synchronous. Unbuffered devices, such as

paper fape equipment, are usuolly asynchronous,
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Communication Media

Privately owned modems on [eased or private [ines

Common carrier supplied modems on common carrier supplied lines

COMPUTER

1o Ber CTHER
—- e R I i L
SERIAL?
PARALLEL
IMTERFACE
AUTOMATIC
CALLING  UINT GATA SET DATA SET
L CONTROL ADAPTER
1OPTIONAL b J )
| S - - —_ —_—
i auTomaric | [smcngouous a
1 R 1
t cﬁhﬂ"s 1 ASYNCHRONOWS
e : L. MODEM

DiaL
el TELEPHMDKE
NE TWORK

REMOTE
TERMIMAL

Figure 1-3  Medium - Speed Communication Link
Through Dial Telephone Network

High - Speed Communications

For fast response time and high data volume, communication through o high -speed synchro -
nous modem is the vsual selution, In general, such channels are used for the some purposes gs medium -
speed equipment ~~ for interprocessor communication, transfer of high -speed peripheral equipment data,
or as a common transmission line for many channels of low -speed asynchronous character data.

These facilities are expensive so they are used only when necessary. Channels with up to

1 million baud capacity are available in some areas of the country, but these are handled as special
engineering projects by the common carrier servicing that orea; os much as 18 months con elapse from

order to instalfation,

High - Speed Terminal Characteristics - Typical characteristics of high -speed terminals are:

Speed
4800 to 200, 000 baud

Format

6- to 9-hit synchronous (efforts at standardization are underway in the industry),



Communication Media

Common carrier supplied modems and channels.

Privately owned microwave links.,

SUMMARY OF DEC COMMUNICATION EQUIPMENT CHARACTERISTICS

Figure 1-4 shows the types of communication equipment that can be interfaced to a PDP
Family -of -Eight computer. Table 1-2 summarizes the interface options and performance characteristics
of DEC serial communicotion channels.

DEC supplies four basic serial data communications systems plus an automatic dial —out
device,

The PTO8 Asynchronous Serial Line Interface provides full-duplex communication between
serial asynchronous devices or transmission lines and the PDP-8 Computer. The system expands up to
five channels, in a modular fashion. Typical operation is at 110 baud, but the system can be ordered
for speeds up to 100K baud. The basic data channel matches 20-mA dc -keyed local devices (Teletype,

etc.). An optional data set interface permits operation through on asynchronous modem such as Bell
Data Set Model T03A,

_______ fm————
(ANOTHER PO INTER PARALLEL 1| PARALLEL |
| ARGE  pATS (W——®] PROCESSOR INTERFACE  [ob———mn BATA | —PARALLEL DATA CHAWNELS
L PROCESSOR | BUFFER PECIAL ORADERY ) 2
| PO FAMILY - OF —EIGHT COMPUTER —I
oPeD24/
636 680 SYSTEM oPOIA plive FTGS |w8— SERIAL DATA GHANNELS
] r S NG OF CHANMELS IMAK}
1 126 fza |e[res 1 a s [sa -
110 1500" MAX
TTY Local
DATA 10 CONVERSION TERMINAL
KIT
_ ; e —— 5
DATA AND CONTROL 2400 TO 480D o STNCHRONOUS !
. MoDEM
[ |
£
\ !
!
CONTROL _ Nl :ul;o_ = PRIVATE
CONTROL
CONTROL L o chiLing | = DDMMOERHCIAL
o __ W U rransmission
: LINES
1
!
DATA ONLY 1o __,-LJ._-q
CATA ONLY OR DATA AND CONTROL T1g & SYNCHRONOUS'
DATA B CONTRON 110 = MODEM
| DaTA B COWTROM| . . —_ MODEM X
PR —— .
OATA B COMTROL 14 SYMCHRONOUS
§ - : MODEM !
WX _SERVICE)
TYPICAL WL RS “
GPERATING
SPEEDSIBAUDY wORLD
AT
baTA .. - .15 - .. _m  TRADE
TELEGRAPH
LiNE

Figure 1-4 Types of DEC Communication Equipment
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Table 1-2

Comparison of DEC Communication Equipment Features

Charocteristic DEC System
PTOB 480 DPO1A 636 (Note 1)
Speed 110 Baud Stendard to 150 Baud maximum 50K Baud 110Beud Standard to
100K Baud maximum 180K Baud (maximum)
Data Type Serial Asynchronous Serial Asynchronous Serial Asynchronous Serial Asynchronous
Character Format 1 Start Bit Same as PTOR {Software Character Same o5 PT08
5 to 8 Character Bits Selected) Length Syne
1, 1.42, or 2-unit Stop (Bits) Choracter
Element (Hardware & 26
Selected) 7 026
8 224
9 226
Number of Channels 5 128 1 1
(Maximum)
Mode Full Duplex Full Duplex Fult Duplex Full Duplex
{Note 2)
Local Teletype Interface | Standard Stonderd (682) _— L e
EIA R5-232B PTOBF Option 689-NP and 589-MI1A Standard Standard
Data Interface Option
ElA R5-232B
Contrel Interface: 689-ADF and 689-MIC ‘
Avtomatic Answer | 0 ———-- Option Standard Standard
Automatic Dial Use DPOZA/DPO3 4B9-ACYU Option Use DP02A/DPO3 Standard
TWX Service @ | ===== | mmm=— | e Option
World Trade (Note 3) e83/G85s2 v ___ | .
Telegragh Interfoce Options

Character Assembly
Method

Hardware Serial/Parallel
Converter for each Chan-
nel, looded ond read by
program

Pragram contralled line
scanning and bit-by-bit
character assembly

Haedware Serial /Parallel
converter and Data Set
conirols, program super-
vised

Same as DPOIA

Notes: 1. Special System; not a production unit

2. Holf=Duplex Operation optional

3. Available on Special Request




The 680 Data Communication System has as its central controlling element a PDP-8 Computer,
which is programmed to handle character assembly, both on input and output, for up to 128 serial
asynchronous lines. Programs are supplied to handle data rates of 50, 75, or 110 baud and 5= or
8-bit character codes, Interfacing equipment may be added to the basic system for operation on 20-mA
dec -keyed local lines, polar or neutral Telegraph lines, or through asynchronous modems such as Bell
Data Set Model 103A. Additienal control equipment is available for automatic answering ond dial -out
through the data set,

The Type DPOTA Synchronous Data Communication Channel is an interface between the
PDP-8 Computer and a synchronous modem such as Bell Data Set Model 201B, Typical data rate for
the DPOTA is 2400 baud; the system operates at rates up to 40,800 baud.

The Type 636 Asynchronous Data Communication Channel is an interface between the PDP-8
Computer and an asynchronous modem such as Bell Data Set Model 103A. This equipment permits
asynchronous operatfion at speeds up to 250K baud. Automatic deta set control, answering, and dial -
out are standard features.

The DP02A/DP03 Automatic Dialing Equipment enables a PDP-8 Computer to control up to
four Bell Model 801 Autematic Calling Units {(or equivalent}. The automatic calling units may be used
with data sets connected to PTO8 or DPO1A communication channels, .






CHAPTER 2
APPLICATIONS OF DEC COMMUNICATION EQUIPMENT

This section summarizes the operational characteristics of DEC's standard dota communication
equipment. These systems can be used alone or in modular combinations to form versotile communication

systems. Applications exomples at the end of this section illustrate typical modular system designs.

PTO8 SERIAL LINE INTERFACE

DEC's PTOB system and the options available with it represent the type of system in which
hardware in the interface performs character synchronizing and assembly. Computer fime is re-
quired only when characters or words are ready to be transmitted and received, on an interrupt basis.
Most of the computer's time is available for a real =time task or computation. Even at the maximum
traffic rate, PTO8 equipment requires less than 0.01% of the availoble computer time per channel.

PTO8 configurations are favored when data communication is a secondary function of a computer with a
major computing or on-line assignment such as data acquisition.

The PTO8 series of equipment is economical when 1 to 5 lines operating at rates up to 110
baud are to be interfaced to a PDP-8 computer. The basic system configurations are shown in Figure2-1,
and some application examples are shown in Figure 2-2. Systems expand in a modular fashion up to a
maximum of 5 channels, PTO8B provides an interface to the PDP~8 |/O bus, plus one duplex start~stop
serial channel. PTO8C uniis handle two duplex start—stop serial channels each. Performance specifica-

tions are summarized in Table 2-1,

Table 2-1
PTO8 Serial Line Interface, Summary of Specifications
Characteristic Specificotions
Speed 110 baud is standard; wp to 100K baud (software limited) with PT08X
option.
Character Format Standard: 8 character bits; 2 unit stop element

PTO8X option: 5 to 7 character bits, 1 or 1.42 unit stop element at
request of customer.

Operating Mode Full = duplex

Interface Standard: 20-mA dc switching for communication with local
terminals such as Teletype Model 33, 35 or equivalent,

PTO8F option:  Provides interface that conforms to EIA R5-232B
devices.

Transmission 1500 ft maximum (environment dependent) for local terminals.

Distance EIA interface transmission distance is limited only by characteristics

of dato set and associated communication facility, A 25-ft cable to
the data set is supplied,



PTOB equipment directly interfaces to full ~duplex serial asynchronous devices using 20 mA de
keying over lines up to 1500 ft. PTO8F adapters can convert any channel for interfacing to EIA R5-2328
(Dataphone or equivalent) data links, for longer transmissions. Anofther option, the PTOBX, can be
installed in any channel for customer selection of character format and speed.

With the PTOBF and PTO8X options combined, the bit rate can be increased to 100K baud for
driving medium =~ to high -speed asynchronous modems. This combination can be used for an economical
intercomputer communication chonnel or interfacing to special equipment with unique asynchronous

speeds and character formats.

10 BUs
PDP-8 OR BT

————
PTOBE L'"JE:Z":E .-‘h——-——--

| INTERFACE | | MAXIMUM OF 3 FULL-DUPLEX LINES

L 9PTION _ | (20MA DC KEYING OF SERIAL START-
PTOBC I INTERFALE STOP OODE OVER LINES UP TO

[ - 1500 FT. IS STANDARD)

1 oeTion

| INTERFAGE

prosc L OFTION
{ INTERFACE

| ! CPTION .

CONTINUATION OF
10 BJS TG OTHER FERIPHERALS

A, Standard System Expansion

TIY
CONVERSION KIT
——_— 1 i- _______ Q2
r i ELA RS-2328 TYPE
:_ WorD ) LOCAL : ' PTOBF 100 BAUD o :
- TERMINAL [
PTOBE OR C'_ __ g J lPTOBR ORC ~ L IDATAPHONE,, ETC) _:
! 1
i 1
i
[ —— e — — =
- —d I HIGH—SPEED |
[ eTosr 1 | prosr hiT_TO 100K BAUD | ASYNCHRONOUS
PTOBF 1 | PTOBF oo I
¢

M
ISELL 2020, ETC)
-l

]
| Vi e i e

B. Interface Provisions

Figure 2-1 PTO8 Equipment Configurations



FOP UP TO 1500° (SAME BUILDING ASR-33 OR QTHER
COMPUTE R FTORA 5TART-5TOP CHARACTER DEWICE

A. Local Terminal Connection

DATAPHONE TEFLETYPE

FRIVATE LINE, LEGSED LINE , '_Eb_' TERMINAL

OR DIAL TELEPHONE WET WORK
C e r==-
BELL

POP PTOR i DaTa 1
compuTER [ proar [ 1038 | "'_/ﬁ_w| SET |
L7 Lo

L= T

B. Remote Terminal Connection

FRIVATE LINE, LEASED LINE .
OR D4l TELERPHONE NETWORK

. BTOB ™ e, -| T —l HT o8 poe
— rroBF }— zozp 2020 AT0BF [
COMPUTER PTOBX ( DaTA SETJ [ oATA serJ PTGEX COMPUTER
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Figure 2-2 Typical PTO8 Applicatians

680 DATA COMMUNICATION S5YSTEM

Communication lines connected to PTOB channels require a minimum of program attention
from the computer. However, the cost increases ot a nearly linear rate as the number of channels in o
system increases. A more economical approach for multi =channel systems is provided by special equip~
ment that scans each channel automatically and assembles characters kit by ~bit in computer memory
locations rather than in hardware shift registers. This approach is provided by the 680 Data Communi -
cation System, which uses a minimum of hardware; instead, the data processing ability of the computer
is utilized for character assembly and confrol, The hardware cost saving, plus the flexibility of o soft-
ware-controlled system, makes the computer-based system attractive in applications where message
handling is the primary mission of the equipment. An economic crossover in faver of the 680, compared

to equal numbers of PTO8 channels, occurs at about nine channels, (See Figure 2-3.)
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Figure 2=-3 Cost per Channel = PT08 vs 680 Systems

While a large proportion of PDP-8 computing time is used for character assembly, most
practical systems leave a significant amount of processor time available for task -oriented message
switching, formatting data, validity checks, editing, error detection, or time -shared functions such as
management information, reservations, or desk calculator use. For example, 32 to 40 channels operat -
ing at 150 baud require about 85% of the computer's capacity, while 128 channels at 50 baud require
only 60% of capacity.

The 680 system can be expanded in a modular line =by =line fashion to fit a variety of appli=
cations. {See Figure 2-4.} All 680 systems include the PDP-8 computer, 681 Serial Line
Adapter, and 685 Serial Line Multiplexer. Together these units form a basic 680 system with provisions
for handling up to 128 full -duplex serial asynchronous devices. Different types of device or communi -

cation line are accommodated by additional interfacing options.

Type 682 Local Line Panel permits connection of up to 32 local terminals employing 20 mA
de keying (Teletype, etc.). The 682 drives local lines up to 1500 ft long. Teletype Conversion Kits
are available as a convenient means to plug in Teletype or similar terminals. For longer lines, modem
interface equipment or telegraoph line interface equipment is required.

Type 689 modem interface equipment comes in two configurations; one provides control of the
modems while the other does not.
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689-MP Modem Interface Panel accommodates up to 32 Type 689-MIA Modem Interface
Adapters. Each 689-MIA unit serves as an interface between one data channel of the 685 and a serial
asynchronous modem conforming to EIA Standard R$-232B (Dataphone or equivalent). The modem con-
trol line ("request to send, " etc.) must be set up manually or by separate equipment.

The 689-ADF Modem Interface with Additional Features also exchanges data with up to 32
asynchronous modems, through one 689 -MIC (Modem Interface and Control) per data channel. Each
689 =MIC includes programmed control of the modem for automatic control. In addition, the 68%-ADF
includes provisions for up to four 689 -ACU Auto Dial QOut Features, Each 689-ACU permits the com~
puter to control an Automatic Calling Unit {(Bell 801 or equivalent) for program -controfled dialing of
any number in the dial telephone network. The ACU channels can be assigned to provide automatic

dial —out for any of the dota lines.

World trade telegraph lines, or equivalent, are matched by the 683 Telegraph Interface
Panel, 688 Telegraph Line Panel, 687 Line Monitor Panel, and 791 or 635A Power Supply.

These options permit a modular system buildup for efficient handling of any combination of
local dc keying terminals, modem data links, or telegraph lines. All interface options are expandable
on o line-by -line basis. Interconnections to local terminals are through WO070 plug—-in modules. (The
Teletype Conversion Kit is o WO70 with the cabling installed and terminals at the other end for direct
connection to a Model 33 Teletype or equivalent. The conversion kit is supplied for Teletype units
supplied by DEC with the system.) Telegraph lines are accommodated by the G852 Dual Telegraph

Level Converter module. (Each G852 handles two full ~duplex lines.) Type 689 equipment for modem
interfacing employs one 6892 -MIA or 689 -MIC per active channel. In addition, up to four 689-ACU
Auto Dial Qut features may be installed in a 689-ADF.

Programs for the basic data assembly functions are supplied with each system. These may be
modified, if necessary, for special applications, and other programmed functions may be added. Full
software control over the details of character assembly, synchronization, and formatting produces mox -
imum flexibility and ease of expansion. Performance specifications are summarized in Table 2-2.

Typical applications are shown in Figure 2-5.

Table 2-2
680 Data Communication System Summary of Specifications
Characteristic Specifications
Speed 0 to 150 boud
Character Format 5=, 7=, or 8-level code {supported by DEC software)
Operating Mode Full duplex (ha!f-duplex operation available)
Number of Channels 128 full duplex; expansion of a system is modular on a per~line
basis
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Table 2-2 {cont)
680 Data Communication System Summary of Specifications

Characteristic Specifications
Interface 20 mA dc switching for local connection to Teletype Model 33, 35

or equivalent

20 to 60 mA polar or nevtral World Trade Telegraph Lines {(with 683,
687, 688 options)

RS-232 interface devices for Dataphone service (689 option with
Automatic Answering or Automatic Calling Unit features)

Transmission Distance 1500 ft for local terminals

Built=in adjustments permit operation over several miles of dc -
keyed telegraph wire lines.

EIA RS-232B interface: 25-ft cable supplied, Distance beyond
data set limited only by communication medium,
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Figure 2-5 Typical 680 System Applications

DPOTA SYNCHRONQUS MODEM INTERFACE

Both the PTOB and 680 systems are intended for usynchronous operation at relatively low
speeds (typically 50 or 110 baud). Synchronous operation at the 2000, 2400, and 40,800 baud speeds
typical of synchronous data sets or modems, requires the DPO1A option to the PDP-8 computer. The
DPOIA provides a single full -duplex synchronous channel between the PDP~8 and an EIA standard
RS-232B data set. Synchronous serial modems are preferred for medium and high speed communications,
both for improved reliability and higher data rates, DPOlA is a single -channel device intended for
operation by high -speed programmed data fransfer fo and from computer memory (see Figure 2-6).



Alone it con serve as an interprocessor communication channel between any two stations in the dial
telephone network. With PT08 equipment or a 680 system acting as o message concentrator, the DPOIA
can serve as a single economical high =speed communication channel for meny low ~speed asynchronous
lines. Data set control under program supervision is included os a standard feature, and an ADOT Auto -
matic Calling Unit control can be added. Specifications are summarized in Table 2-3.
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CONTINUATION OF 140
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Figure 2-6 DPOIA Equipment Configurations

Table 2-3
DPOA Synchronous Modem Interface
Summary of Specifications

Characteristic Specifications

Type of Channel Half- or Full «Duplex

Interface EIA R5-232B (Other synchronous modem interface specifications
available upon request)

Interface Connector Cinch or Eznnon DB=19604-432 with hood

Speed Up to 50,000 baud

Technique Synchronous serial

Sync code is 226 {for 8- and 9-bit characters)
LSB sent and received first
Character Lengih 6, 7, 8, or ? bits, selected by prewired plug-in connector

ASYNCHRONOUS DATA COMMUNICATION CHANNEL TYPE 636

The Type 636 Asynchronous Data Communication Channel is available on special order for
use with the PDP-8 in applications where program -supervised control of an associated data sef is o re=
quirement. The 636 offers approximately the same data handling features as the PTOB equipment but
includes automatic answering logic and includes an Automatic Calling Unit Conirol feature. The sys=~
tem can also be ordered for operation through a Bell Model 811 Data Set for TWX service. A typical

installation is shown in Figure 2-7. Specifications are summarized in Table 2-4,
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Figure 2-7 Typical 636 System Installations

Table 2-4
636 Data Communication System
Summary of Specifications

Characteristic Specifications
Data Format 1 Unit start element

5, 7, or B data bits
1, 1.5, or 2 unit stop element

Speed _ 180K buad {max)

Mode Both transmit and receive, half- or full ~duplex
Interface ElA Standard RS-232B

Automatic Calling TWX service available through Bell 811 Data Set

Feature Available

DPO2A/DP0O3 AUTOMATIC DIALING EQUIPMENT

This equipment enables a PDP computer to control up to four Bell 801 (or equivalent)
Automatic Calling Units (ACU). Normally the automatic calling units are associated with data sets
connected to a PTO8 or DPOIA serial data channel, as shown in Figure 2-8,

The DPO2A Auto Dial Multipiexer provides the basic computer interface and mounting faci -
lities for up to four DPO3 Automatic Dial Out Units. Each DPO3 provides a control interface to one
Automatic Calling Unit.
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Under program control, this equipment sends o call request to the ACU., When a line is
available, the ACU requests the digits of the number o be called, one at a time. In response to each
digit request, the computer delivers the digits in BCD form. After dialing is completed, the ACU waits
for an answer from the called station; when an answer signal is detected, the ACU transfers control to
the associated data set. The computer can then send and receive messages on the active line through
the data set. When a message exchange is complete, the program can request the ACU to terminate
the call {hang up).
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Figure 2-8 DP02A/DP0O3 ACU Control Equipment Configurations

PARALLEL DATA CHANNELS

All the preceding communication systems are intended for transmission of seriol digital data,
usually over long distunces. Another category is parallel transfers between two nearby computers or
between a computer and on an electromechanical device or display system. Two computers can, of
course, be linked by serial character channels. However, data exchanges then take place at limited
speed and require direct program control. More efficient for transfer of large blocks of data between
compufters is a parallel communications channel that, preferably, operates memory -to -memory without
program intervention. DEC supplies parallel interprocessor interfaces for all the PDP computers and be -
tween PDP computers and those of a number of other manufacturers, as standard equipment. Parallel

interfuces to other devices are usually available as a special system design.

Interprocessor Buffers

The parallel interface arrangement between computers is usvally done when the computers
are in the same room and a high dota rate or device simulation is desired.
Usually the PDP interfaces to « large data processing computer as a peripheral device, ond

communication is controlled by the large computer on a memory ~to-memory transfer basis.
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Interfaces to most manufacturer's computers are available in the DEC communication product

line. Some of these are |isted below,
Available as a standard option:
IBM 360

a. Selector channel

b. Multiplexer channel
Available through special systems:

CONTROL DATA

a. 3600
b, 3200
c. 6600
d, T&0A
e, 160G
SDS

a, 930
h. 940
UNIVAC
a. 1107
b, 1108
IBM

a. 7090
b, 7094
c. 7040
d, 7044
BURRCUGHS
a, 5500

Parallel Devices

Parallel interfaces from PDP computers to electromechanical devices and display systems are
usually available ond can be quoted on special system basis.
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COMMUNICATION SYSTEM EXAMPLES

The following systems are representative applications of DEC communications equipment in

transportation, computer time rental, data processing, and process control.

Airline Reservation and Management System

Figure 2-9 shows a part of a communication network that might be used by o large airline
with a central traffic control, reservation, and management information center centrally located in
Chicago, and with communication facilities at all the major airports in the U. S. The hypothetical
"Boston, Mass. " communication facilify is shown at the left. It consists of a 680 system as a message
concenirator connected to low -speed airlines terminal facilities throughout the airport: reservation
desks, flight control, maintenance, personnel, and a message room. Entries from, and responses to,
these terminals are routed through the 4680 system to a DPOTA synchronous modem interface, which
operates through a common carrier such as the dial telephone network.

At the Chicago end of the line, data and messuges from all airport terminals are processed
and suitable replies or inquiries generated. A single large data processor thus has direct access to up-
to -date information from all regional sites, and in tumn, any of the regions can request processed
reservafion data, flight or traffic control information, management guides, accounting, or personnel
records.

Systems of this sort con be expanded to any size or number of channels within the data proc -

essing capability of the main computer installation.
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Figure 2-9 Communication Equipment in Commercial Data Processing and Control Network
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Time ~shared Computer Service

Figure 2-10 shows a communication facility for time -sharing of o large computer installation
through conventional telephone lines. Three installations are involved; o large data processing instal -
lation in Los Angeles, California; o computer time rental service in Boston, Mass.; and a rental -
service customer in one of the Boston suburbs.

Each rental -service customer uses a keyboard/printer unit with a built~in dota set for manual
dialing over standard telephone lines. The time rental office has a 680 system equipped to receive data
inputs. The 689/ADF options provide for automatic answering and automatic calling, if necessary.
Data from all customer lines is assembled by the PDP-8 computer (in the 680 system) and tronsmitted on
a single high -speed serial synchronous channel through a DPGTA, which in tumn drives a modem con -

nected to the long-distance communication line.
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Multi - Terminal Data Processor

Figure 2-11 shows a large~scale dato processor, such as the PDP-10, connected to a variety
of remote peripheral and communication equipment through o PDP-8 operating as a communications
controller, The PDP=8 is shown controlling four medium or high =speed serial channels, three handling
synchronous data and one for asynchronous data. A type 680 system operating as a message concen -
trator, and a type 338 graphic display system, are shown as two of the synchronous data terminals.
(Both the 680 and the 338 employ a built-in PDP-8 and thus con interface directly to a DPOTA synch -
ronous interface.) Special equipment such as a character display might also be connected to a synch -
ronous channel. (The display controller and synchronous data interface are special system designs. )
The asynchronous channel might be used to interface to line printers or card readers in a remote batch
processing terminal; again, the device control equipment and serial asynchronous interface are special

system designs.
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Figure 2-11  Communication Equipment in Lorge - Scale Data Processor
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Centrally Monitored Process Control Sites

The multiprocessor system illustrated in Figure 2=12 provides maximum flexibility and growth
potential in a process control application without compromising essential on=line control functions.
Small satellite control computers handle the basic on =line control operations, while a central data
processing system supervises and optimizes the overall operatfion and provides for off -line activity.

The local {satellite) instrumentation control centers could consist of PDP-8 or PDP-8/S
computers equipped to interface with standard process instrumentation.

The satellite computers or data loggers communicate with the central computer via PTO8
serial data channels. (LTO? equipment is similar to PTO8, for the PDP -9 computer.) Many satellite
stations can be handled by o central PDP-%2. Sofellites could even be mounted on mobile carts, with
phone jacks installed at each local site at which confrol is required,

Each satellite operates independently, scanning its inputs and delivering direct control out -
puis. Significant data is assembled and transmitted over the communieation link for monitoring by the
central computer,

The central processor is thus free to supervise the entire operation, coordinate individual
satellites, and develop operating guides and opfimization, New or modified programs can be developed

off~line, as in a stand ~alone installation.

SPECIAL COMMUNICATION SYSTEM REQUIREMEINT S

In some situations standard DEC equipment may not be completely compatible with special
communication system requirements, as where a special modem or unusual type of transmission is expected.
In many cases standard DEC items con be adapted to special opplications by minor hardware modifica-
tions. You are invited to contact DEC sales offices for quotations on special communication system

designs.
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CHAPTER 3

DEC SERIAL DATA COMMUNICATION EQUIPMENT
PERFORMANCE AND INTERFACE CHARACTERISTICS

This section contains a brief functional description, performance characteristics, a summery
of software supplied ond programming techniques, and detailed interface specifications for the DEC

serial communication equipment.

PTO8 ASYNCHRONOUS SERIAL LINE INTERFACE

The PT08 is a serial ~to -parallel, parallel ~to-serial converter which provides full -duplex
communication between an asynchronous teletype ~code serial device and a PDP-8 computer .
Two basic configurations are offered: PT08B, {(one duplex channel) and PTOBC {two duplex channels).
Systems may be expanded up to five duplex channels by stacking of PTO8 units. PTO8B and C are de -
signed for connection to Model 33 or 35 Teletype units (or equivalent) through Teletype Conversion
Kits {o WO70 connector module and interconnecting cable assembly). Any channel can be modified
by the PTOSF option for compatibility with EIA Standard RS-232A interface logic levels.

Principles of Operation

A simplified system diagram, Figure 3-1, shows interconnections between o PT08B, o PTO8C,
and associated external equipment. Cne channel of the PTOBC is shown with a PTOSF EIA interface
option {any channel can accommodate a PTOSF).

Each PTO8 channel consists of confrol logic for communication with the computer's [/O bus
plus two special solid state FLIP CHIP modules that perform the serial ~to-parallel and parallel ~to =
serial conversion. On input, the W706 shifts in serial characters from the device; when g character is
assembled, o "receive flag" is set in the control logic. The flag causes a program interrupt, and ¢an
be tested for the "character ready” condition by an /O skip instruction. Programmed IOT commands
transfer the assembled parallel character fo the computer's accumulator,

On output, parallel characters are loaded into the W707, which then shifis the character to
the device, adding start and stop bits, When a character is fully shifted out, o "transmit flag" in the
control logic is set. The flag con cause a program interrupt or be tested for the "ready for another
character"” condition by an 1/O skip instruction.

Character Format = Jumper wiring options on the W707 and W706 modules permit a variety of character

formats in and out of each channel. Character codes of 5 fo 8 bits and a stop element of 1, 1.2, or 2
units may be selected, A 1-unit start element is standard.

Speed - The standard dafa transmission speed is 110 baud, but the hardware is capable of operation at
any speed up to 100K baud. The PTOBX option permits the user fo specify the speed and input/output
characteristics of a duplex channel on order. (Operation at speeds other than the standard 110 baud
requires a different type of clock module than that normally supplied.)
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Figure 3-1 Typical PTO8 System Cabling Diagram
Programming

|OT Instructions = The following instructions test for character-ready conditions and transfer assembled

characters fo and from the computer's accumulotor. The same basic commands are used for all channels.
Individual channels are addressed by a microcoded portion of the instruction word, The octal code for
the basic PDP-8 or 8/1 Teletype KSF command is 6031; for PTOB channel 1 the KSF command is 6401,

and 30 on,

Skip on Receive Flag (KSF) Causes the program to skip the next instruction if the receive
flag is set, indicating that an assembled character is ready.

Clear Receive Flag and AC (KCC) Clears the accumulator and the receive flag.

Read Receive Buffer (Static) (KRS) Transfers an assembled character from the receive buffer to
bits 4 through 11 of the AC. Dces not reset AC or receive
flag.
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Read Receive Buffer (Dynamic) (KRB) Performs the functions of KCC and KRS together, so that the
receive flag and AC are cleared before data is transferred
from the receive buffer to the AC,

Skip on Tronsmit Flag (TSF) Causes the program to skip the next instruction if the trans-

mit flag is set, indicating that the transmit buffer is ready
for another characier,

Clear Transmit Flag (TCF) Resets the transmit flag.,

Load Transmit Character {TPC) Loads the transmit buffer from bits 4 through 11 of the AC,

and initiates shifting of the character out to the device or

communication channel.

Load Transmit Sequence (TLS) Performs the functions of TCF and TPC together.

Maintaining Maximum Data Rates -~ Both in transmitting and receiving, the PTOB allows a full character

cycle for the program to deliver or read in new data. However, for maximum data transfer rates, the
time at which data transfer can occur is limited to on aperture equal te the stop bit time plus half a bit
time. This response time is measured from the beginning of a stop bit (the time at which the transmit
or receive flag is reset) and the midpoint of the next character's start bit, If the pregram fails to

respond within this time, o character is lost. Timing is illustrated in Figure 3-2.
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Figure 3-2 PTO08 Program Response Time

For example, at 110 baud (9.0% ms bit time), response time is:

Stop bit time + half a data bit time
=2 X 9.09+ 9.09/2
=22.725 ms

Note that the number of bits per character need not be considered.



Interfacing to Teletype Equipment

A FLIP CHIP module socket provided in each PT0B duplex channel accepts a W070 cable
connector, to which local teletype interconnecting cables may be wired, (DEC offers a Teletype
Conversion Kit which includes the W070, the cabling, and terminals for attachment to a standard
Teletype or equivalent.) Interconnections for one channel and simplified schematics of the W706,

W707, and WO70 appear in Figure 3-3.. (Detailed schematics appear in Appendix A.)

Input Data - The W070 provides a 32 mA current source to be switched by the teletype keyboard
generator contacts, and includes a biosed diode and voltage divider network fo make the switched

sighal compatible with the data input circuit of W706 module:

Keyboard Generator Voltage ot WO70 pin D
Contacts (Serial data input)
open <=3V
closed (32 mA) xz Ground

in the standard supplied connection, closed contacts are interpreted as a mark., However, the polarity
can be reversed by changing jumpers in the W706 module. Filter capacitors prevent noise spikes from

activating the W706 input circuit,

Reader Run Signal - The W706 Module drives a READER RUN line (on DEC supplied Teletypes) that

clutches the Teletype's reader using the RCV flag. (Reader will not read next character until the flag

is cleared.) The driver circuit is capable of switching up to 20 mA from a source of -15V supplied on

pin B of the W070. This reader clutching is part of the Teletype modification kit.
Output Data ~ The WO70 provides a 20 mA current source for the teleprinter print selection magnet {or
equivalent), Switching is done by the output circuit (pin AH) of the W070 module. In the standard

connection, current represents a binary 1 (mark); this may be reversed by changing jumpers in the W707 .

Cabling - Teletype Conversion Kits may be ordered for each duplex channel. Cable tength is 25 ft. The

free end of the cable connects to terminal boards in a Teletype Model 33,35 or equivalent.

Interfacing to EIA Devices (PTOSF Option)

The EIA interface modificafion adds W511 and W&02 level conversion modules in series with
the input and output data lines as shown in Figure 3-4. The modules moke the serial data to and from
the W706 and W707 modules compatible with the requirements of Electronics Industries Association
Standard RS=232A (reproduced in Appendix B of this document). EIA interface signals are polarities
more positive than +3V and more negative than -3V, Detailed informotion on the W706 and W707

modules appeors in Appendix A,
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Figure 3-4 PTO8F Data Set Interface

Datg Signal Polarity = The level converters in the EIA line interface exchange data between the data

set and the PTO8 logic in the following form:
RECEIVE DATA

from Data Set w706 Ingut
Mark (+) -3y
Space (=) ov
TRANSMIT DATA
W707 Output to Data Set
-3v Mark (+6V)
ov Space (-6V)

The voltages at the W706 and W707 modules correspond to standard PTO8 system mark -space polarity,

but the polarity may be reversed if desired by changing jumper wiring,

Cabling = The PTOBF includes a 25 ft interconnecting cable with a W021 connector module at one end
and o Cannon DB-19604 -432 at the other to match one of the modems listed in Table 3-1.
The PTOBF option controls the serial data lines only. Control Iines to the data set must be

terminated by fixed wiring or separate control equipment.

Table 3-1
Modems Compatible with PTOBF Interface
Mfr Type Baud
Bell 103A 0-300
Bell 103E 0-300
Beil 103F 0-300
Bel! 202C 0-1200
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Table 3«1 (cont)
Modems Compatible with PTOSF Interface

Bell 202D 0-1800
Western Union 118-1A 0-180
Western Union 1601 -A 0-600
Western Union 2121-A 0-1200

680 DATA COMMUNICATION SYSTEM

The 680 Data Communication System terminates up to 128 full-duplex serial asynchro-
nous data lines operating at speeds up fo 150 boud. The system employs a modified PDP -8 computer
which controls input scanning and assembles characters bit=by =bit in computer memory locations, As @
message -switching system, the 680 can switch messages between local or distant Teletype
units. The 680 can also serve as a 128-channel data link for another computer, through an interproe -
essor buffer.

Software for the 680 system is designed to pack serial asynchronous data in character format.
Although ASCH or Baudot format is assumed, other serial data transmission formats con be used. Sub-
routines are suppiied with the system to handle 5-bit or 8~bit Teletype lines, full - or half-duplex,
mixed speeds.,

The 480 system hardware consists of a PDP -8 computer, a Type é81 Data Line Interface, a
Type 685 Serial Line Multiplexer, and other equipment as required to interface the system to Teletype,

Telegraph, or modulated communication lines.

Principles of Operation

Operating principles of the PDP-8 with Type 681 Data Line Interface and Type 685 Serial
Line Multiplexer are shown in Figure 3-5. The 681 provides the special TTl and TTO instructions that
transfer data to and from the PDP-8 one bit at a time. Other functions in the Type 685 are controtled
by assigned |OT instryctions.

Operations are controlled by a free =running clock that generates a pulse rate at eight times
the baud frequency. The clock generates an interrupt request on every clock pulse. An 1/O skip com-
mand (TTSKP) permits the program to distinguish clock interrupts from other external equipment interrupts.
Up to four independent clocks may be used for operation ot different baud rotes. The clocks are enabled
or disabled by coded 1OT instructions {TTXON, TTXOF),

In a typical program sequence, each interrupt initiates a series of TTl instructions, one for
each channel, using the automatic line register increment option; then a group of eight output lines is
vpdated, if desired, by TTC instructions.

One Type W750 Serial Line Unit module is installed in the 685 for every active channel.

The W750 (described in more detail loter) provides for gating input and output charocters to and from



the outside world. One W750 at o time is enabled by a select code from the Line Register in the 685,
Either an input or an output data bit can be passed through the selected W750, under control of the
program.

IOT commands are provided to load the line register (TTSL), read its contents (TTRL), or reset
it to zero {TTCL). The TTI input command includes an option for incrementing the line register contents,
a feature that is used when the input lines are scanned sequentially.

A detailed description of the 680 choracter assembly technique oppears in Digital's Small
Computer Handbook, C-800.
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Figure 3-5 6480 System Functional Block Diagram

Character Structure and Data Rates = DEC delivers with each system the software fo support the speci -

fications given below.

8 bit, 110 baud 1 start bit
8 data bits
2-unit stop element

5 bit, 50 baud 1 start bit
5 data bits
1.42 =unit stop element

5 bit, 75 baud 1 start kit
5 data bits
1.42-unit stop element
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Operation at different bit rates is implemented by independent clock modules. In a system
that includes two clocks, each clock is ossigned to o group of adjacent channels. For example, chan-
nels 1 to 32 operating at 50 baud from clock 1, ond channels 33 to 44 operating at 79 baud from clock 2.}

Data Rate Versus Number of Lines = The percentage of available computation time required per line

depends on the data rate. For example, at 50 baud, 40 lines require only about 23% of the computer
time for character assembly, while at 150 baud, 40 channels require almost 100% of the available

computer time. Processor [oading vs. number of chonnels can be determined in Figure 3-6,

PERCENT QOF
COMPUTATION  TIME
100

SREEDBAUD)
150

Lo

i SO
50

NO. OF CHAWNELS | I T T T I f I
8 % 24 32 30 8 56 6

Figure 3~6 6480 Processor Loading

W750 Serial Line Unit - The W750 is a solid-state FLIP CHIP module that implements input and output

data switching for a single send -receive serial line pair. One W750 is required for every input/output
channel in a system. The circuit is shown in simplified form in Figure 3-7 (for a complete schematic see
Appendix A). Each module is enabled when the line register contain the channel's address code.

(Part of the decoding is dene in the medule itself.)
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Figure 3-7 W750 Simplified Logic Diagram

The output circuit consists of e storage flip -flop that is updated by "Set 1" or "Set 0" pulses
generated during o TTO instruction. Either output polarity of the flip~flop can be strapped to the out-
put through a line driver. Normally the "mark = 1" polarity is provided.

The input circuit consists of o selection gate that connects the data input line to a common
input bus when the module is selected. {Only one module is selected at a time.} During a TTI instruc -
tion, the data on the common line is shifted into the character assembly location if the line is active.
Straps on the module permit the input fo be applied fo the gate by o direct connection, through an in=-

verting amplifier, or through a low -pass filter. The filter rejects noise transients less than 600 ps wide.

680 System Software and Programming

DEC supplies the following programs for the 680 system,

Program Document No,
680 5-bit Character Assembly Routines 8-35-5-A-D
680 8-bit Character Assembly Routines 8-35-5-B-D
680 Static Test MAINDEC 825-D
680 8-bit Character Exerciser MAINDEC 826-A-D
680 5-bit Character Exerciser MAINDEC 826-B-D
680 DCS Expanded Static Test MAINDEC-08-D71A-D
680 DCS Data and Control Test MAINDEC-08-D72A-D

Programming details and a description of the special instructions assigned to the 680 system appear in

Digital's Small Computer Handbook, C-800.



5-Bit and 8-Bit Character Assembly Routines = These routines handle start~stop character data to and

from multipie lines connected to o 680 system. Serial input data is assembled and stored with character
ond line identification. Start and stop bits are added to output characters which are transmitted on the

opptopriate output line in serial format. Full -duplex lines are assumed, but the subroutines can operate
in half-duplex if the user handles the expected echo.

These routines perform character assembly and buffering only. The amount of computer capa-
city left over for packing or unpacking of words, lines, or messages depends on the amount of free mem -
ory remaining and the percenf of computer time consumed by the character assembly routines,

Each of these routines occupies approximately 4008 memory locations, plus space for internal
buffering of the input and output characters and for the TTl instructions. In addition, space is used in
memory page O and a [imited number of autoindex registers are used. For mixed speeds, independent
subroutines must be included for each line speed. The total amount of memory used, including the auto-
index registers and the locations in page 0, can be determined precisely as follows:

5-Bit: 8-Bit:
S{4355) +7N S{224) + 7N

where 5 is the number of different speeds and
N is the number of lines (to the next even multiple of 8 if the number of lines is not an
even multiple of 8)

The amount of free computer time depends on the character length, the number of [ines, and
the baud rate. Each routine is executed once during the interrupt interval of the associated clock. Any
time remaining ofter the character assembly program may be used for other functions. The percent of
processor capacity used at various datfa rates is shown in Figure 3-6. Time for specific systems may be

determined precisely as follows:

Format Program Execution Time Interrupt Interval
5-~bit, 50 baud 11.85N+120 s 2500 ps
. 5-bit, 75 baud 1667 s
8-bit, 110 baud B.3BN+119.5 ps 1135 ps

(N = the number of lines)

Diagnostics -~ The 680 -8-bit and 5-bit Character Exerciser programs transmit and receive 8-bit ASCII
or 5-bit Baudot serial data, exercising up to 128 lines. In one mode, a test message is fransmitted on
all selected output lines. |f outputs are jumpered to inputs, the program will assemble the input charac -
ters and verify the test message. [n another test mode, the program scans all fines for on input. When
an input is received, it is retransmitted on the same line. A third mode transmits the content of the
PDP-8 switch register on a selected line, waits for a reply, and verifies that the output and input are
identical . These programs assume that all lines selected are full duplex.



Used fogether the 680 DCS Data and Control Test and the 680 DCS Expanded Static Test pro-
vide an exhaustive diagnostic exercise of all major 680 system functions. Amongthe functions checked
are:

Correct operation of the line selection register in the 685

Data transfer between the computer oand each W750 module in the 685

Power clear functions

Operational transmitting and receiving of ASCII 8-level or Baudot 5-bit level codes
Verifying execution of 1OT instructions associated with a specified clock number

681 and 685 device selection and operation of assigned 10T instructions

The 680 Static Test verifies operation of the 681 and 685 logic circuits in a static state; the
program does not actually transmit characters, but does exercise and verify internal logic operations.
1OT commands for line register manipulations are verified, the TTl and TTO instructions are tested,
various bit combinations are shifted at the MB, clock enabling and disabling 1OT commands are checked

out, and power clear functions are confirmed.

Interfacing to the 680

The input and output lines of the 685 Serial Line Multiplexer handle serial asynchronous
teletype codes at DEC standard logic levels of 0 and «3V. The following paragraphs describe the
options that convert the DEC logic levels to suitable drive current for teletype units, telegraph lines,
and dafophone links. .

The W750 input/output signals are available ot FLIP CHIP connector siots in the 685 assembly
in groups of eight line pairs. In special system designs, using custom signal distribution and terminating
equipment, the customer may prefer to interface to the 680 system at this point,

DEC also supplies standard interface units for convenient, economical connection of teletype,
telegraph, or asynchronous modem lines. Shown in Figure 3-8 is a typical cobling diogrom of an ex-

panded 680 system.

Direct Interfacing to 685 Serial Line Multiplexer

Connections to the 685 unit must match the characteristics of the W750 Serial Line Unit
(Figures 3-9 and 3-10). Character strycture specifications are a function of the 485 unit and DEC-
supplied software only. The following electrical specifications apply to the W750.

Pin U = Switches up to 150 mA af ground.
Pin V - Provides a 20 mA source for driving equipment such as Teletypes

Polarity = Qutput polarity is selected by a wiring jumper terminal. The standard
supplied connection (jumper A) is:

Binary 1 (mark) = Ground

Jumper B may be wired to provide ground for binary O (space)
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Figure 3=9 W750 Output Circuit Simplified Schematic
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Figure 3-10 W750 Input Circuit Simplified Schematic

Type 682 local Line Panel

This unit consists of o mounting panel with up to 32 FLIP CHIP connector sockets for connec -
ting Teletype {or equivalent} lines to the Type 685 Serial Line Multiplexer on a one =connector -per -
line basis. Each socket accepts a Type WO70 cable connector to which local feletype interconnecting
cables may be wired. (DEC offers a Teletype Conversion Kit which includes the W070, the cabling,
and terminals for attachment to.a standard Teletype or equivalent.) Interconnections for one channel
and a simplified schematic of the W070 connector module appear in Figure 3=-11, (A detailed sche -

mafic of the WO70 appears in Appendix A.)

Input Characteristics - The WO070 provides @ 32 mA current source to be switched by the teletype key -
board generator contacts, and includes o biased diode and voltage divider network to make the switched
signal compatible with the input to the W750 in the 685 Serial Line Multiplexer.
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Keyboard Generator Voltage at W0O70 pin D

Contacts {line data input)
open -3V (clamped in W750)
closed (32 mA) Ground

In the standard supplied connection, closed contacts are interpreted as a mark (1), However, a choice
of jumpers in the W750 permits reversal of polarity.

ot
- - - — — RED —
+aov o 1 s
15y 730N Ww/YEL.
8 o = o e s
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TELETYPE wato CONNECTORY SIMPLIFIED
CONMMECTOR [— — — — — — — TELETYPE CET
6B% MULT IPLEXER PANEL LACAL TELETYPE

Figure 3-11 Typical Connection Type 682 Local Line Panel

Output Characteristics = The W070 provides a 20 mA current source for the teleprinter selection magnet.
Switching is performed by the output circuit (pin U) of a W750 module in the 685 Serial Line Multi -
plexer. In the standard connection, current represents o binary 1 (mark); this may be reversed by a
jumper in the W750,

Special Feafures = A =15V source capable of supplying 20 mA to the print selection relay of o tele -

printer is applied to W070 pin B. The circuit can be closed by switching pin M to ground. (This
switching must be wired by the customer or on special order.) Filter copacitors minimize noise on all

active voltage lines.

Caobling ~ Teletype Conversion Kits may be ordered for each full - or half-duplex channel. Cable
length is normally 25 ft unless otherwise specified on order. The free end of the cable connects fo
terminal boards in a Teletype Model 33, 35 or equivalent.

Telegraph Interface Equipment (683, 688, 687, 791)

These four related units make the output of the 685 Serial Line Multiplexer compatible with
World Trade Telegraph Lines or equivalent. [nterconnections for one channel and a simplified sche -
matic of the GB52 level converter module appear in Figure 3-12. (See Appendix A for a detailed
schematic of the G852.)
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The 683 Telegraph Interface Panel is used for two~way communication on long telegraph
lines. Each unit handies up to 32 [ines through Type G852 plug~in modules. Each G852 handles two
send -receive lines.

The 687 Line Monitor Panel contains two double ~decked rotary wafer switches and a milli-
ammefer to select ond read the current in any one of 32 Teletype lines at the 683 Telegraph Level
Converter,

The 688 Line Terminafor Panel contains four output terminal blocks for the application of
polar or neutral dec voltages to the 32 paoirs of lines in the 683 unit and 64 potentiometers for individual

line current adjustment, The voltage con be supplied by the DEC Type 791 or 635A Power Supply or
from a common carrier's power source,

The 791 Power Supply generates dc voltages for use as keying voltages on polar or neutral
telegraph lines. The output level can be set to +40, £50, 60, 70, or 80V,
The 635A power supply provides 120 Vdc neutral operation only.

G852 Telegraph Line Adapter Module - The G852 module (Figure 3~13) contains two identical input
and output level converter circuits. Telegraph line inputs operate a current-sensitive relay and are
converted to ground and =15V, while DEC logic levels from the W750 are converted to telegraph line
current keying.

Mercury ~wetted relays are used in the input and output circuits for bounce -free operation
and extremely long contact life. The relays permit connection for either polar or neutral operation and
allow the telegraph [ines to be completfely isolated from the rest of the system. Specifications are
summarized below. A detailed schemafic appears in Appendix A.

Input from Telegraph Line

Nominal Line Current

Polar {zero bias®) +20 mA
MNeutral (20 mA bias*) 0 and 40 mA
Logic Polarity Telegraph Input Logic Level to W750
Space {+) Qv
Mark {(-) -15v
Current Sensitivity 5 mA
Relay Puli -in Delay 1.1 ms
Impedance 100 chms

*Bias is provided by an adjustable potentiometer within the G852 input circuit. Fine adjustments can
be made to compensate for [ine voltage distortion.
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Qutput to Telegraph Line

Maximum Switching Current

Maximum Voltage

Maximum Switching Power

Logic Polarity

Switching Relay Pull-in Delay

Series Resistance

Maximum Frequency

I

+£100 mA

500V

100 VA

Output from W750
ov

-3V

1.6 ms

500 ohms

500 cps
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+ 5 + 5
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Figure 3-13 G852 Module Simplified Schematic
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687 Line Monitor Panel and 688 Telegraph Line Panel - These two units operate together to allow

monitoring and adjustment of telegraph line voltages, and convenient interconnections for a choice of
polar or neutral operation on individual lines.

The line monitor panel allows the operator to read the line current in any one of 32 telegraph
input/output lines at the 683 unit. The switch contacts are wired direct to Iine voltage terminals in the
G852 moduies of the 683 unit, A toggle switch at the meter movement selects metering polarity. When
the telegraph line is drawing current, the selected line's potentiometer in the 688 unit can be adjusted
for the nominal line current of 20 or 60 mA,

The telegraph line panel routes voltages from the system power supply, through fixed and

variahle resistors, and connects them to telegraph input/Gutput lines via terminal strips.

791 and 635A Power Supplies ~ The 791 Power Supply is a transformer -operated dual full -wave rec -

tifier supply that converts ac line voltage to balanced de voltage outputs. Transformer taps permif
operation at 40 and -40, +50 and -50, +60 and -60, +70 and -70, or +80 and -8C Vde. Maximum
output current for any voltage is 5A; output voltage stability is 5 percent for line voltages from 105
to 125V; maximum ripple content is 380 mV p-p.

Specifications for the 635A Power Supply are similar but the 635A produces 120 Vdc for

nevtral aperation only.

Type 689 Data Set Interfoce Equipment

This family of equipment aodapts the output of the 685 Serial Line Multiplexer to gsynchronous
modems such as Bell Data Set Model TO3A or TO3F. Type 682 Modem Interface Equipment comes in two
configurations; 689 =ADF provides contrel of the modem while 689~ MP does not,

All interface circuits in the 689 equipment are compatible with Electronics Industries
Association (EIA} Standard RS-232B. EIA interface signals are polarities more positive than +3V and

more negative than =3V; they are interpreted as follows:

Data Circuits Control Circuits Polarity
Mark {1) OFF -
Space (0) ON +

These signals are matched to the DEC standard levels of =3V and ground by level conversion modules
Type W511, W602, and WI107. Detailed information on these modules appears in Appendix A.

689 -MP Modem Interface Panel - The 68%«MP Modem Interface Panel (Figure 3-14) accommodates up
to 32 Type 689 -MIA Modem Interface Adapters. Each 689 -MIA serves as an interface befween one
data channel of the 485 and a serial asynchronous modem conforming to EIA Standard RS-232B

(Dataphone or equivalent). The modem control lines {"request to send, " etc.) must be set up manually

or by separate equipment,



689 -MIA Modem Interface Adapter - The basic EIA data line interface consists of level ~conversion
modules, cable connector slots, and 25-ft interconnecting cables, terminated by Cannon DB25P hooded
connectors for direct connection to a data set. The EIA Line Interface handles only the TRANSMIT
DATA and RECEIVE DATA lines; control lines for the data set must be terminated by sepérate equip ~
ment. Up to 32 data channels are housed in a single 689-MP unit. The level converters in the EIA

line interface exchange data between the data set and the 685 Serial Line Multiplexer in the following
form.

RECEIVE DATA

frem Data Set W750 Input
Mark {+) -3v
Space (=) ov
TRANSMIT DATA
W750 Ouiput to Data Set
=3V Mark (+6V)
ov Space {(-6V)

The voltages at the W750 modules correspond to standard 680 system mark -space polarity, but the
polarity may be reversed if desired by jumper wiring in the W750 input and output circuits,

T E89-MF B
| MODEM INTERFACE FANEL | 81 | wozs RECENVE
1 | pata ]
1 T il 3
1 < o
o . N '
| 3 . H 1
o [wozs 1 woza | A
INPUT - (NI U, I l
at jor— - v
H < M f I TRANSMIT MODEM
ouUTPUT o | D el DATA » | BELL DAt sEY | TELEPHONE
u D o [ 1 3 Lt 1034, 103F  [—»
LTy 1 PTE[R LA 20 |tor EounaLenm| LNE
1 | |
1 i i GR9-MIA
| | MODEM INTERFACE ¢
s 1 1 1 N ADARTER S L P
y Emm s == -
MULTIFLEXER i1 QF UP TG 32 CHAMNELS)
{NOT SUPPLIED}
—
I

Figure 3-14 689-MP and 689 -MIA Modem Interface

689 -ADF Modem Interface with Additional Features - The 689-ADF Modem [nterface with Additional
Features {Figure 3-15) exchanges data with up to 32 asynchronous modems, through one 689-MiC
{Modem Interface and Control Features) per data channel. In addition, the 689~ADF includes provisions

for up to four 689 -ACU Auto Dial Out features. The ACU channels can be assigned to any of the data
lines in the some 689-ADF unit.
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689 - MIC Modem Interface and Conirol Features ~ This option is identical to the 689 -MIA for data
transfers, ond also permits the 680 progrom to monitor the RING and CARRIER lines from a data set and
to respond on the TERM READY and REQ TO SEND lines. The option consists of control logic and level
converters. Control lines connect to the data set over the same cable and connector as the TRANSMIT
and RECEIVE data lines for each dafa channel. The RING and CARRIER lines from the data set cause
program interrupts; the program can respond by sending TERM RDY or REQ TO SEND signals.

The functions performed by this logic are summarized below,

a. Detect an Incoming Call = The 689-MIC detects o ring condition from the modem and

indicates this status so the program, at which time o decision con be made on whether or not the in -
coming call should be answered.

b. Answer or Ignore Incoming Call - The 689-MIC gives the program control of the

"Terminal Ready” line to the modem, which can be tumed on fo answer an incoming call or kept off to
ignore the detected incoming coll. If an incoming call continues to request service (because a remote
operator is not familiar with the system, or dials the wrong number) the incoming call can be terminated
by turning Terminal Ready on for about 150 ms and then tuming it off.

c. Detect Termination of Cuall by Remote Source = The 689 ~MIC indicates to the pro-

grammer when the data carrier from the remote terminal goes on or off. Loss of carrier is normal when

the remote terminal has hung up; however, it may indicate an open line or an automatic disconnect
by the telephone company due to detection of a faulty or undesirable condition. This feature also in-
dicates when a subscriber has been disconnected for billing purposes.

d. Computer Termination of a Call - The 689-MIC gives the program the ability to dis-

connect on established connection for reasons such as:  time has run out, unauthorized user, failure to

identify, system overload, or problems requiring disconnection.,

Functions of the control lines are summarized in Table 3~2. Control signal voltages conform

to EIA R5-232B requirements. A typical sequence of operation proceeds us follows.

d. A RING line input sets o "ring flag" flip~flop, causing a computer interrupt. The
responding interrupt subroutine samples all RING lines (in four groups of 8 lines each) and sets a "ter-
minal ready” flip-flop for every ringing line. Each set flip~flop causes o TERM READY signal to be
sent to thet line's modem,

b. The logic waits for a CARRIER signal from the modem, When it is received a carrier
flag is set, causing an interrupt. The program may respond by setting the REQ TO SEND line for the
appropriate channel {if required). (The REQ TO SEND line can also be used to signify “force busy"
when used with a Bell Model TO3E Data Set. )

c. The 680 system with the 689 =ADF is at all times sampling input lines for data, but no
characters can be received over the transmission link until the CARRIER line for a channel has been
energized. "Handshake” (clock synchronization of modems) is assumed when the TERM RDY and
CARRIER conditions are both true,
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d. If the CARRIER input line goes off during a transmission (indicating that the calling
station hung up or that there has been an accidental disconnect) the "carrier flag” flip«flop is also set.
The interrupt subroutine resets the TERMINAL READY and REQ TO SEND lines for that channel, ter-
minating the connection.

e. The ADF answering logic will also terminate a call under program control, resetting
TERM READY and REQ TO SEND by programmed instructions. This might be done when an EOT charac -

ter is received or when there has been a 60 second time [opse without data, for example.

Table 3-2
&89 -MIC Control Line Functions
Line Function
TERMINAL READY Turned "ON" fo allow the data set to automatically

answer an incoming call {go "off hook") if all other
conditions are met. |t is turned "OFF" to commond
the data set to disconnect the line atthe end of the
call (go "on hook"),

RINGING Turns "ON" to indicate the receipt of a ringing sig-
nal by the data set. If all conditions for automatic
answering are met, it will tum "ON" for a brief
period when the call is answered. If automatic an-
swering is not enabled, the "ON" indication follows
the ringing cycle, typically 2 seconds "ON," 4
seconds "OFF."

CARRIER DETECTOR Indicates when "QN" that data carrier is being
received from the distant end. In the method of

operation used by Data Set Model 103A, this circuit
and the Clear to Send cireuit carry simultaneous

signals,
REGQUEST TO SEND Turns carrier "ON" or "OFF" in the date set. Can
OR be used as a "force busy" signal for Bell Model 103E
FORCE BUSY Data Set.

689-ACU Automatic Dial -Out Features - This option to the 689~ADF consists of control logic, level

converters, and a separate cable for direct connection to a Bell Model 80TA Automatic Calling Unit
(ACU) or equivalent. The 801A operates in conjunction with a data set for program -controlled dial -
up of any telephone number in the switched telephone network., Four 689-ACU options may be in-
stalled in a 682-ADF unit,

Functions of the control lines are summarized in Table 3~3. Control signal voltages conform

to EIA RS<«232A requirements. A typical sequence proceeds as follows.

a. In response to CRQ (Call Request) ON, the ACU transfers the telephone line from the
data set and signals off~hook to the central office. (This assumes that the ACU is in the idle state,
power is on, and the TERMINAL READY lead is ON.}

b. The central office responds with a dial go-ahead indication, turns DLO (Data Line
Occupied) ON ond turns PND (Present Next Digit) ON to request the first digit of the telephone

number.
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c. After the digit leads are set up by 680 program control, the 682-ACU turns ON the
DPR {Digit Present) lead. The ACU translates the binory code and delivers the digit to the central
office.

d. The ACU turns OFF PND and the 689 -ACU logic turns OFF DPR (Digit Present) and
waits for the next digit request from the ACU. (The stotes of the digit leads are changed while DPR is
OFF.)

e. This sequence is repeated until all digits in the telephone number have been delivered
to the central office.

f. Following the presentation of the last digit, or the "End of Number" code, the 689-ACU
logic turns off DPR ond holds it off for the remainder of the call.

g. After dioling is completed, the ACU waifs for an onswer signal to be returned from the
called station. When the answer signal is detected, the ACU retums the felephone line to the data set
and turns DDS (Data Set Status) ON when the data set goes into the data mode,

h. Under an optional method of operation, the ACU retums the line fo the data set when
the program presents an "End of Number" code (s on NB8 and NB4) on the digit leads and turns DPR
ON. This method of operation is used when the data sets themselves are arranged to detect an answer
signal {"handshake ") from the far end.

i. Normally, to terminate the call, the 489-ACU logic drops the service request to the
ACU by tuming off CRQ. CRQ then held off until DLO goes off. In this case, the ACU opens the
central office loop and holds it open until the data set drops off {goes on~hook). This method of ter-
mination can be stropped out in the ACU so that 689 ~ACU logic may drop the service request after the
connection has been established (by turning DSS on) without terminating the call. The call is then
terminated by fuming off the Terminal Ready lead. The CRQ lead is also held off until the ACU turns
DLO off, This latter method of terminating call is obtained by requesting the telephone company for a

"Z" option.,
Table 3=3
689 -ACU Confrol Line Functions
Line Function

CRQ (Call Request) The ON condition indicafes that the 680
system is initiating a call.

DIGIT LEADS (NB1, NB2, NB4, NB8) The four leads are o 4-bit parallel binary
coded digit to be dioled. NB8 is the most
significont bit.

DPR (Digit Present) The ON condition indicates that the digit leads
may be read by the ACU.

PND (Present Next Digit) The ON condition indicates that the ACU is
ready to receive a digit.,

PWI (Power Indication) ON whenever power is ovailable within the
ACU. The ACU should be considered inoper -
ative if the PWI lead is OFF.

DSS (Data Set Stutus) ON whenever the data set is in the data mode.
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Table 3-3 (Cont)
689 «ACU Control Line Functions

Line Function

DLO {Dato Line Occupied) An ON indication is given whenever the tele -
phone line associated with the ACU is in use.
This is an indication that the ACU will ignore
any request for service presented at a time when
this lead is already ON. The lead will also be
ON when the ACU is in the test mode.

ACR (Abandon Call and Retry) This circuit is associated with a timer that times
out whenever a presef interval has elapsed be -
tween successive events in the calling procedure.
When this lead comes ON it indicates that an
event has not occurred within the desired time.

SGD (Signal Ground} Provides a common ground reference for inter-
change circuits. It is connected to the frame
of the ACU,

FGD (Frame Ground} This circuit is furnished to provide an electrical

bond between the frames of the ACU and the

689 assembly. The frames of both the ACU and
the 689 should be connected to a common ex —
ternal ground.

Installation

Generally, all units except the 681 Data Line Interface are installed in o DEC Type CAB-1
cobinet. The 68] logic modules are installed in the PDP=8 main frame, which is connected to the
685 Serial Line Multiplexer by WO11 Connector Modules and attached cabling. The CAB~1 cabinet

may be bolted to the cabinet in which the computer is mounted, or it may be separate. (See Figure 3-16.)
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Figure 3-16 680 Communication System Cabinet Arrangement

3-25



In the CAB~1 cabinet, the 485 and various interfuce options occupy space within DEC
Type 1943 Mounting Panels, Combinations of equipment can vary widely, In Figure 3-17, the pre-
ferred panel arrangement for six typical installations are shown. Note that space is reserved in some
installations for a DPO1A Synchronous Modem Interface.
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Figure 3-17  Typical 680 System Option Installations
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TYPE DPOIA SYNCHRONOUS DATA COMMUNICATION CHANNEL

The Type DPO1A Synchronous Data Communication Channel provides the PDP-8 with one
medium~to~high speed synchronous communication channel which fransmits and receives o continuous
serial data stream through a synchronous modem,

The DPQ1A is designed for full duplex operation, but can be modified to operate in a half~
duplex mode.

Typical facilities which a cusfomer might use for a communication medium are:

Data Set : Speed {Baud)
Bell 201A 2K
Bell 201B 2400
Beli 205 400, 1200, 1800
Bell 301 40, 8OO
Rixon FM-12 1200
Rixon Sebit 48 4800
GE TDM Series 2400

Lenkurt 26C Data Set

Principles of Operation

The DPO1A (Figure 3~-18) consists of two independent serial chonnels controlled by programmed
IOT insiructions from the PDP-8, and synchronized by timing pulse streams from the associated data set.,
{Timing can optionally be provided infemal to the DPOTA.) Synchronization is established by a sync
character code. Once a sync character is detected, o receiving channel assembles every N successive
bits to form o character (N =46, 7, 8, or 9).

QUTPYT
BUFFER

BUS
ouThRUT

SHIFT REG. TRANSWMITTED _ _ _ _ _
DATA r 3
]
CONTROL ] !

ror & COMPUTER ETa PECEIVEDDATA , paTa !
INTERFACE [ SET |

COMPUTER [& INTERFACE CONTROL AND | i
SHIFT REG. f——————————— 1

| I

BUFFER
CONTROL

DPGY SYNCHROMOUS DATA CHANNEL

Figure 3-18 DPOIA Synchronous Data Channel
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Output characters are transferred to a buffer register, then serially shifted to the data set
communication terminal. Input characters are shifted info g register and made aveilable to the PDP=8
on an interrupt basis. Double buffering, both on input and output, allows a full character time in
which to coordinate the program and the real ~time data. _

Contrel of the communication terminal is also through programmed |OT commands,

An optional non-memory reference instruction {XOR) can be added to the PDP-8 to facili-

tate special character detection and longitudinal message parity generatfion.

Sync Characters = A time reference is needed at the start of every message in order for a receiving

terminal to determine which successive bits in the incoming serial stream make up each character. To
accomplish this, special sync charocter codes are transmitted af the start of each message. When a
receiving terminal recognizes a sync character, it assembles every Nth bit in a buffer (N=6, 7, 8,
or 9). Sync characters employed by the DPOTA are:

Bits Per Character Sznc Character
6 010 110
7 0 010 110
8 10 010 110
g 010 012 110

Data Format - Serial data is fransmitted and received continuously once synchronization is achieved.
The transmission format consists of sync characters {three in succession are recommended) followed by
the characters which make vp the text of the message. Charocter lengths of 4, 7, 8, or @ bits are
selected by a prewired patch plug, to allow the DPOTA to communicate with remote sites at various
word lengths,

Starting Transmission ~ The DPOTA transmit logic enters the "transmit active" mode when the program

loads a sync character for transmission. Thereafter, the character is shifted out on the Transmitted Dato
line under control of the data set Serial Clock Transmit pulse stream.

Maintaining Transmit Data Stream - Since the DPO1A operates in a bit synchronous mede, data must be

made available for transmission as it is needed, since every N bits are assembled to form a character,
Even one extra or a dropped bit will cause faulty character assembly ot the receiving stotion. The
DPOVA safeguards against interruptions in the character pattern by double buffering and by program
interrupt requests for new characters.

As the last bit of each character is transmitted, the character in the transmit buffer register
is avtomatically loaded into the cutput shift register, and a "transmit flag" is set, causing o program
interrupt. The program responds with a TAC instruction that loads a new character into the transmit
buffer register. This method allows a full character time for the program to update the buffer character,
The transmit flag is reset by a CTF instruction after the character has been delivered.
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Transmit Active/Transmit Idle Modes - In the normal "transmit active"” mode of operation automatically

selected by the first sync character of a new transmission, the DPOIA will stop transmitting (hold the
Transmitted Data line in the binary 1 condition) if a new character is not available for transmission.
An alternate "transmit idle" mode can also be set up by the program. In the transmit idle mode, when
a new character is not available, communication with the distont terminal is maintained by repeating

an idle character {the last character that was transmitted),

Assembling Received Data - Serial data on the Received Data line is continually assembled in o shift

register under control of the Serial Clock Receive pulse stream from the data set. When a syn¢ charac -
ter is detected, o sentinel bit is set in the most significant bit of the receiving shift register. The next
incoming character is fully assembled when the sentinel bit is shifted out of the |east significant stage.
At that time, the assembled character is transferred to the receive buffer register, a program interrupt
request is generated, and o new sentinel bit is inserted into the shift register MSB., The program re -
sponds to the interrupt request with an instruction which loads the assembled character into the com-

puter's accumulator. This sequence is repeated for every character.

Clear Receive Active - When it s desired to maintain a data link between the DPO1A and the terminal

equipment, but fransmission of data is not required, a Clear Receive Active command is provided to take
the receive logic aut of the "active" state. The receive logic becomes active again upon receipt of a

sync character.

XOR Option - This option adds a non-memory reference XOR command to the PDP-8, fo facilitate

special character detection and longitudinal message parity generation,

|OT Commands

The following 10T Commands are assigned to the DPOIA:

Instruction Description
Skip on Transmit Flag (STF) Causes the program to skip the next instruction if the

Transmit Flag is in the 0 state. (The Transmit Flag is
in the 1 state during a program interrupt that occurs
when the transmit buffer register is ready to accept
another character.)

Clear Transmit Flag (CTF) Resets the Transmit Flag after a TAC instruction. |If
Transmit Active Flag is set, CTF also causes the
EI{"°9"°"‘" to skip the next instruction, indicating that

AC was received in time for the character to be
transmitted.

Transmit & Character (TAC) Causes the contents of the PDP -8 Accumulator (6, 7,
8, or 9 bits right justified) to be transferred into the
(transmit buffer) register. TAC and CTF can be exe-
cuted as o single instruction,

Clear Idle Mode (CIM) Resets the transmit logic Idle Mode flip~flop.
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Set |dle Mode (SIM) Sets the transmit Idle Mode flip -flop.

Skip on Receive Flag (SRF) Causes the program to skip the next instruction if the
Receive Flag is not set. {The Receive Flag is set when
each non -sync character is assembled, and stays set
until an RRD instruction occurs.)

Read Receive Buffer (RRB) Transfers the confents of the Receive Buffer (6, 7, 8B,
or 9 bits right justified) to the PDP-8 Accumulator.
RRB also resets the Receive Flag,

Skip on Receive End Flag (SEF) Causes the program to skip the next instruction if the
- Receive End Flag is not set. (The Receive End Flag
flip-flop is set when the receive logic has stopped
receiving serial data from the communications equip=

ment due fo termination of the SERIAL CLOCK RECEIVE
pulse train.)

Clear End Flag (CEF) Resets the Receive End Flag.

Set Ring Enable (SRE) Set the Ring Enable flip=flop which permits the Ring
Flag to request a program interrupt.

Clear Ring Enuble (CRE) Resets the Ring Enable flip~flop.

Skip on Ring Indicator (SRI) Causes the program to skip the next instruction if the

Ring Flag is not set. The Ring Flag is set when a
RING input is received from the data set.

Clear Ring Flag (CRF}) Resets the Ring Flag.

Set Terminal Ready (STR) Sets the Terminal Ready flip~flop. (See description
of DATA TERMINAL READY interface signal.)

Clear Terminal Ready {CTR) Reseis the Terminal Ready flip-flop.

Skip on Data Set Ready {SSR) Causes the progrem to skip the next instruction if the

communications equipment is in the ready state. (See

description of the DATA SET READY interface line.)

Clear Receiver Active {(CRA) Resets the Receive Active flip-flop, toking the receive
logic out of the "active"” state. No more incoming
characters are transferred to the receive buffer register
until another synch character is detected.

ElA Interface

All DPOTA interface circuits to the data set are compatible with Electronics Industries
Association (EIA) Standard RS~232B af data rates up to 40K boud. Higher speeds are available on
special order. EIA interfoce signals are polarities more positive than 13V and more negative than ~3V;

they are interpreted as follows:

Data Circuits Control Circuits Polarity
Mark (1) OFF -
Space (0) ON +
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These signals are matched to the DEC standard logic levels of ~3V and ground by level conversion mod -
ules Type W511 and Wé02. Detailed information on these modules appear in Appendix A,

The DPOTA ElA Line Interface shown in Figure 3-19 consists of level ~conversion modules
and a 25 ft interconnecting cable terminated by ¢ Connon DB25P hooded cennector, for direct connec -
fion to a data set. Characteristics of the interface signals are summarized below, (Voltages are

assumed to be measured at the date set connection. )

Request to Send ~ This signal is under control of the DPOTA. It is tumed ON when the first sync

character of a message is loaded and is held ON throughout transmission. When transmission is com -

pleted, this output is turned OFF under program control ,

Transmitted Data = Serial data is presented to the data set on this output, A positive polarity (+6V)

represents o binary 0, and a negative polarity (-6V) represents a binary 1. Between transmissions, the

line is held in the marking (-6V) condition.

Local Timing ~ This optional output is used only when data set timing is to be supplied from the DPOTA.
The output is obtained from o free ~running clock module that can be adjusted for bit rates from 1200 to
40,000 pps.

Data Terminal Ready - This cutput is ON when the data set signal converter is connected to the com-
munication channel. (For a detailed description refer to EIA STD RS-232B.)

Serial Clock Transmit ~ This square wave signal from the data set synchronizes DPG1A output data with

the data set transmitter timing. When local timing is used, the Local Timing signal is connected to this

termingl.

Serial Clock Receive - This square wave signal from the dafa set is similar to the Serial Clock Transmit

signal, but is synchronized with the data set receiver timing circuits.

Data Set Ready - This input is ON ot all times when the data set is prepared to send or receive data.

When OFF, the line indicates that the dota set is not in an operative condition.

Clear to Send = This input is OFF when the data set is activated buf not in the transmitting state. The
line turns ON approximately 150 ms after the DPO] generates a Request to Send signol. (During this

delay, o line echo suppressor operotes and the distant receiver establishes synchronization.)

Received Data - Incoming serial dota from the data set is received by the DPO1 at this input, A

positive polarity indicates a binary 0, negative polarity a binary 1.

Ring Indicator = When ON, this input indicates that a ringing signal is being received by the data set

from a remote station.
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Figure 3~-12 DPO1A Data Set Interface

installation

The DPO1A logic is divided into a control section and an interface section, each occupying
one standard Type 1943 Mounting Panel. The sections are connected together and to the computer by
plug=~in ribbon cables, for installation flexibility. The logic mounting panels may be installed in any
standard 19-inch rack assembly, such as the DEC CAB-1 option cabinet.

TYPE 636 ASYNCHRONOQUS DATA COMMUNICATION CHANNEL

For applications requiring single ~channel full -duplex operation with asynchronous start -stop
character codes, at speeds up to 250K bauds, the 636 Data Communication Channel is avoilabie as a
nonstandard system. The 636 serves as an interface between the PDP-8 computer and an asynchronous
modem conforming to ELA standards, such as Bell Data Set Models 103A, 103F, 202C, 202D, or 8118,
Program moniforing and setup of the data set control lines is included as o port of the basic system, and

control for an Automatic Calling Unit is optional.
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Principles of Operation

The 636 consists of control logic for communication with the PDP-8 1/0O bus buffer register
that performs the serial-to-parallel and parallel-to-serial conversion for input and output character

assembly, and logic to monitor and set up the control lines of the associated data set.

Data Transfer = On input, the input buffer shiffs in serial characters from the data set; when a charac -
ter is assembled, a flag is set in the conirol logic. The flag can be enabled to cause a PDP-8 program
interrupt, or tested by /O skip instructions for the "character ready” condition. Programmed 10T
commands transfer the assembled paralle| character to the PDP-8 accumulator,

On output, parallel characters are loaded into the output buffer, which then shifts the charac -
ter to the device, adding start and stop bits. When a character is fully shifted cut, o flag in the control
logic is set to cause a program interrupt, The flag con be tested for "ready for another character' con -
dition by 1/O skip instructions,

Data Set Contrel - The dota set Ringing, Clear to Send, and Restraint Detected lines set flags in the

636 control logic which con be tested by programmed instructions. Output transfer instructions turn the
Data Terminal Ready and EOT Detected lines to the data set on or off, as required.

As an option, the logic con be expanded to controf an Auvtomatic Calling Unit, such as the
Bell Model B80TA,

Character Codes and Speeds - The 636 operates with asynchronous character codes such as those em -

ployed by Teletype, TWX and other terminal equipment. Unless otherwise specified on order, the 636
is equipped to hondle a code employing a 1 -unit start element, 8 character bits, and a 2-unit stop
element, at 110 baud. (See Figure 3-20.) Operation with 5 or 7 character bits, and 1 or 1.5=unit
stop codes, can be specified of the time or order,

The time interval of a unit {Baud) is controlled by the transmitting hardware, but is vsually
dependent upon the choracteristics of the receiving hardware. Speeds up to 250K baud can be accom-

modated at no extra charge if specified with order.

STGRT t 2 3 4 5 & 7 &  STOP
MaRK (1) e Sk ek Bl bl ik Bk
1 1 1 1 1 ] 1 1 r
_l_L N VU N S WU WA S I_ i
SPACE (2) e . e e L
hy_J\ - J;_v._.._.l
1uNIT 5,7 Of 8 CHARACTER BITS LIS OR 2
1 UHIT EAGH] JUNITS

Figure 3-20 636 Asynchronous Data Communication Channel Character Format

ElA Interface

All 636 interfoce circuits to the data set are compatibie with Electronics Industries Associa -
tion (EIA} Standard RS-232B ot data rates of up to 230K baud. EIA interface signals are polarities more

positive than +3V and more negative than ~3V; they are interpreted as follows:
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Data Circuits Control Circuits Pulorirz

Mark (1) OFF -
Space (0) ON +

These signals are metched to the DEC standard logic levels of =3V and ground by level conversion mod -
ules Type W51T and W602. Detailed information on these modules appear in Appendix A,

The EIA Line Interface shown in Figure 3-21 consists of level -conversion modules and a
25=ft interconnecting cable terminated by a Cannen DB25P hooded connector, for direct connection to
a data set, Charocteristics of the data and control interface signals are summarized below. (Voltages
are assumed to be measured at the doto set connection,) For Automatic Calling Unit operation, another
connector is provided to match a Bell Model BOTA or equivalent. Characteristics of the Automatic

Calling Unit interface are identicol to the 680 System ACU, described previously.

Transmitted Data = This line contains the output signals from the 636 transmit logic {on 11 -unit bipolar

code) fo the communication equipment. Unless atherwise specified by the customer, the data bit rate is

110 baud. This line is in the marking stote (binary 1) when no signals are being transmitted.

Data Terminal Ready - This signal is generated in the 636 under program control, to indicate that the

636 is ready to service the line. However, if the data set is equipped for call originotion, this signal
serves only to maintain the connection established by external means.

The user may wish to turn this signal off for such reasons as:

1. Freeing the communication equipment for alterncte use.
2. Permitting the use of the computer for an alternate function,

3. Terminating u call.

ECT Detected - This signal is generated in 636 under program contrel. 1t should be generated by the
user when he receives or sends an End of Tape code so that the message ond the call are clearly ter=
minated. The length of time thot this signal should be in the on state depends on the chargcteristics of

the communication equipment.
Receive Data - This signal is the serial bipolar data generated by the data set presented to the 636
receiver logic, This line should be in the marking state when no data is being transmitted. Unless

otherwise specified, the receiver logic is designed to receive 110 baud.

Clear to Send = This signal, generated by the data set, indicates to the 636 that the data set is ready

to transmit data.

Ringing Indicator = This signal, generated by the data set, is ON when a ringing signal is being re -

ceivad from a remofe station.
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Restraint Detected - This signal, generated by the data set, indicates that the 636 should refrain from

transmitting any more information. This signal is used when the communication equipment is a four (4)

row service,

10T Commands

Following is a list of 1OT commands assigned to the 636 and an explanation of the operation

they perform.

Skip if Data Transmit Flag Not Set (SDT) - Causes the program to skip the next instruction if the Trans-

mit Flag is in the O state.
(The Transmit Flag is a 1 when the 636 transmit buffer is ready to receive o charocter for

transmission. )

Clear Data Transmit Flag (CTF) - Resets the Data Transmit Flag.

Transmit o Character (TAC) - Transfers the contents of accumulator bits 10 through 17 into the transmit

buffer, which then presents the data to the communications equipment in a seriol fashion, LSB First,

To ensure that the data is transferred at a maximum rate, the programmer must refoad the
transmitter buffer (with a TAC command) within T-1 ps ofter the transmit flag is set, where T is the time
interval of one data bit.

The TAC and CTF commands can be executed as a single instruction

Skip on Receive Flag Not Set (SDR) ~ Causes the program to skip the next instruction if the Receive

Flag is in the O state. (The Receive Flag indicates that the interface has assembled a character to be

read by the computer. )

Skip If Clear 1o Send (SCS) - Causes the progrom to skip the next instruction if the data set is clear to

send data to the remote station.

Clear Receive Flag (CRF) - Resets the Receive Flag. If the Automatic Colling Feature is present, this

command also enables or disables the input ringing flag depending on MB12

MB 12 (0) Disable
MB 12 (1) Enable

Read a Character (RAC} - Strobes the contents of the receiver buffer into bits 10 through 17 of the ac-

cumulator. To ensure that characters are not lost when receiving at maximum data rates, the program

must read the character within two bit time.

The CRF and RAC commands can be executed as a single instruction.

3-36



Skip if Restraint Not Detected (SRD) - Causes the program to skip the next instruction if the communi -

cations equipment restraint signal is not defected.
The restraint signal, generated by the data set, indicates that the program should stop trans-

mitting data. This signal is used only with communications equipment with four row service.

Set Terminal Ready (STR) ~ Generates the Terminal Ready which indicates to the data set that the 636 is

ready to handie a call. [If the data set is equipped only for call origination by means external to this

interface (such as a manual or an automatic call originating unit), then the on condition serves only to
maintein the connection established by these means. When the station is equipped for automatic answer-

ing or received calls, this signal con be used to complete the connection of the incoming call to the 636.

Cleor Terminal Ready (CTR) - Tums the TERMINAL READY line OFF, for such reasons as:

a. Freeing the communication line for other use (such as a voice or other communication
interfacing).

b. Freeing the computer for other applications,

c. Terminating a call.

This off condition does not dischle the Ring Indicater circuit,

Set End of Transmission (SET) - Turns ON the ECT DETECTED lilne to the data set. Indicates that the

636 has transmitted or received an "end of transmission" character and causes the call to be terminated.

This signal should be kept on for a minimum of 100 ms from the time the EOT code has been sent or

received. This signal is required by communications equipment with four row service only,

CET 10T 3704 Clear End of Tape Signals. Tumns the EOT DETECTED line OFF,

Programming

Sample programs showing an approach that con be taken to initiclize and handle a data

transfer using the Data Communication System Type 636 are available on request,

Installation

The 636 system occupies two DEC Type 1943 Mounting Panels, which can be installed in any
stondayd 19-in, rack assembly, such as the DEC CAB -1 optional equipment cabinet. The 636 is inter-
connected to the PDP~8 through the usual 1/O bus connectors and cabling.

DP02A/DP03 AUTOMATIC DIALING EQUIPMENT

This equipment enables a PDP computer to control up to four Bell Model 801 {or equivaient)
Automatic Calling Units (ACU). Normally the automatic calling units are associated with data sets
connected to a PTOB or DPO1A serial data channel.
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The DPO2A Auto Dial Multiplexer provides the basic computer interface and mounting facili -
ties for up to four DPO3 Automatic Dial Out Units. Each DPO3 provides a control interface to one
outomatic calling unit as shown in Figure 3-22.

Signal levels, control line functions, and operating sequences are identical to the 689-ACU

Automatic Dial Out Feature described previously.
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Figure 3-22 DP02A/DP03 ACU Interface
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CHAPTER 4

EXAMPLE OF DEC
PARALLEL INTERPROCESSOR INTERFACE

DEC offers several varieties of interprocessor buffers that exchange parallel data between
two computers —— DEC's or those of other manufacturers. (A list of the standard product line interfaces
now available oppears in Chapter 2.} This chapter contains a brief description of the DMO3 Data
Channel, o high speed dofa channel for the exchange of information between a 12-bit PDP computer
and any 36-bit digital device. Operation of the other DEC parallel data channels is similar in many

respects.

DMO3 DATA CHANMNEL

The DMO3 Data Channel is an optional device that allows the PDP-8 computer to communi ~
cate rapidly with an external 36-bit machine. Bidirectional data transfer is accomplished using the
PDP -8 Dota Breck Facility, while confrol and status information is transferred separately on 10 externcl

sense lines via the PDP-8 accumulator.

interconnections

The DMO03 Datg Channel communicates with the PDP~8 through the standard data break
focility cables. Signals exchanged between the DMO3 and the external computer are shown in

Figure 4-1.
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Figure 4-1 DMO3 Data Channel
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The external equipment must supply the Data Channel with o 36~bit Dato Word, DBO-35 IN;
a 10-bit Sense Word, ESLO-9; [INPUT and QUTPUT REQ levels; and READ SENSE LINE pulse. These
must conform to DEC standard voltage and timing parometers. In addition, an extre signel (hamed
EXT WC=0) may be provided for any desired purpose, as an input to AC10 Information Collector,

The Data Channel provides a 36~bit data word, DBO-35 QUT; a 10~bit sense line word,
SLRO-9; and o transfer completed signal, TRAC(1), to the external equipment as stondard DEC levels.
Four standard DEC pulses are also provided: DB~ EXT to inform the external equipment that a 36-bit
data word is available in the data buffer; EXT ~ DB as a signal that the 36 -bif word sent to the data
channel has been loaded into the data buffer; SENSE LINE SET to inform the external equipment that
the 10-bit sense line register has a word available; and an EOR signal (end of record), produced by an
|OT command whose meaning can be assigned.

If the external machine does not use standard DEC logic levels of 0 and -3V, an exira level -
conversion interfuce is required between the DMO3 and the external machine. DEC supplies level

conversion modules fo match most existing logic systems.

Principles of Operation

Each 36-bit data word thet is sent to the external equipment is assembled from three adjacent
12-bit words locoted in the computer's memory. Similarly, each 36-bit dota word received from the
external equipment is split info three 12 -bit words and deposited in adjacent PDP -8 memory locations.
In both cases, the high-order 12 bits are stored in the lowest-numbered location and the low —order
12 bits are stored in the highest numbered location. Complete tables, or blocks of successive data words,
may be transferred without interruption as long os the starting address and the number of 12 -bit words
are specified in advance.

A program interrupt is generated when the transfer of any block of data is completed, or
when the external equipment requests it. The computier can sense the source of the interruption, then
take the necessary acfion to service the interrupt,

In addition to supplying the necessary signals fo the external equipment that controls the
transfer of data and information, an extra pulse is provided. This pulse, named EOR (for end of record)

can be used in any copacity desired.

Programming

The DMO3 Data Channel allows bidirectional communication in one of two modes, sense
mode or data mode.

In the sense mode, data is transferred to and from the PDP -8 accumulator on the 10-bit
input and output sense lines. Transfers fo and from the sense |ines are under PDP -8 program control .
Since the external computer can also send ond receive 10~bit words on the same lines, the two com-
puters can exchange control and status information with the freedom of independent program contrel on

each side.
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In the dota mode, the PDP-8 data break facility takes over control in transmitting or re~

ceiving groups of three 12-bit words directly to or from the PDP-8 memory. Data transfers are auto -

matic once the initial conditions have been established by an exchange of control data during the

sense mode.

Provisions for up to 28 |OT instructions are assigned to the DM0O3; 9 of the most frequently

used instructions are summarized below.

Mnemonic

LCC

EOR

LwC

STC

Octal

6301
6302

6303

&304

6311
6312

6313

6314

6321

Operation and Comments

Clears the sense line register, RUN, and OUT flip~flops.

Inclusive ORs the sense line register with the contents of ACO
through ACY and produces the SENSE LIINE SET pulse, sets
the RUN flip-flop and clears the transfer counter when ACTO
is set, and sets the QUT flip-flop when ACIT is set,

Load Channel Command, combination of 6301 and 6302. Used

to send sense information to the external equipment, set the
data channel to the data mode, and specify the direction of
data transfer. The contents of the AC have the following
meching:

AC bit(s) Significance

Q-9 Sense line inputs to the external equipment,
significance assignable.

10 Leave date channel in the sense mode if o 0.
Set data channel to the data mode if a 1.

11 Specify a transfer into the computer's memory
if a Q.

Specify a tronsfer out of the computer's memory
ifal,

End of Record. Produces o pulse whose meaning is assignable.

May be combined with either or both 6301 and 6302,
Clears the word counter and ODD WORD flip-flop.

Inclusive ORs the contents of ACO through AC11 into the word
counter.

Lload Word Counter, combination of 6311 and 4312. Used to

specify the 1s complement of the number of 12-bit words to be
transferred in a dota mode operation.

Skip if Transfer Completed flag is elear. Used to check if the

data channel has completed o data mode operation, or if an
interrupt was caused by the Transfer Completed Flag. {TRAC
FLAG).

Clears the location counter.,
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Mnemonic Octal
6322

LLC 6323
CTC 6324
REL 6331
SSL 6332
C5L 6334

Operation and Comments

Inclusive ORs the contents of ACO through AC11 info the
location counter.

Load location Counter, combination of 6321 and 4322, Used

to specify the beginning location for the first word in a data
mode operation.

Clear Transfer Completed flag. May be used with either or both

6321 and 6322,

Inclusive ORs the contents of the 10~bit external sense lines, o
single information line, and the state of the ODD WOCRD flip -
flop into the AC, Used to receive the 10~bit word from the
external equipment and to check if the number of 12-~bit dota
word transfers were an even multiple of three,

Skip if Sense Line Flag is Clear. Used to check if the external

equipment has a 10-~bit sense word ready to be read, or if an
interrupt was caused by the Sense Line Flog (SL FLAG). May
be combined with either or both 6331 and 6334,

Clear Sense Line Flag. May be used with either or both 6331

and 6332.



APPENDIX A
COMMUNICATION MODULE SCHEMATICS

Current schematics of the following special ~purpose communication system logic medules are

included here for reference purposes.

wo70 Teletype Connector

wi07

w511 Negative Level Converter
W02 Bipolar Level Amplifier
w706 Teletype Receiver

w707 Teletype Transmifter
W750 Teletype Line Unit

G852 Telegraph Level Converter

TTY Conversion Kit
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