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Preface

Under raking a study of Data Communications
st be approached in the sams manner as
building a house. If vou are builldina &
house vou must fFirst lav a good foundation.
Thern vou Duild the frame of the house.,
Finallv., vou roof the house and put the
firdshinag touch on il In the study of
Data Communications yvou must first lav a
aood foundation of basic concepts. Then
vou must baild a frame work of practical
kriowledas . Finally, vou top it oft by
Aacdding the finishing touches of detailedd
information. Much the same approach was
Laken in Lthe seven lavers of the Inter-
national Standar ds Organization (150)

Dpern Sveaetems Inter face (051 reference
modde |, Fach of the seven lavers is made
up of abstract machines that are based
upon the inputs from the previous laver.
This studv of Data Communications will
follow basic T50/051 reference model .
Since there is very 1ittle standardization
at this point beyond the third laver, we
will conceritrate on these first three
laver.,
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I.

History of Data Communications

1832
1860
1930

1964

1964

1965

1966

1968

1969

1970

1970

1972

1973

First telegraph communications using Morse Code
Pony Express
Teletype systems using first crude modems

Rand Corporation published material on store-
and-forward concept of transferring messages.

L. Kleinrock produced a book on gueueing aspects
communication networks, establishing theoretical
basis for design and evaluation of store-and-
forward systems.

D. W. Davies of British National Physical
Laboratory credited with coining term "packet."

U. S. Defense Advanced Research Project Agency
(DARPA) demonstrated feasibility of connecting
heterogeneous computer to share resources.

Carterphone court decision permitted "Foreign
equipment” (foreign to the Telephone company) to
be attached through a Bell provided protective
circuitry called a Data Access Arrangement
(DAA). The purpose of the DAA was to protect
the Telephone Company Central Office (CO) from
high voltage, high signal level, and out of band
frequencies.

Arpanet connected four computers together via
packet switching system.

University of Hawaii operated UHF packet broad-
cast system. (Aloha)

Approximately 15000 modems installed by
Independent modem manufacturers (by other than
"Bell").

Arpanet packet switching demonstration at the
first International Conference on Computer
Communication. System Capabilities: Text
editors, Computer—aided mathematical tool,
Multicomputer air traffic-control simulator,
Electronic message system and interactive
graphic systems.

Telenet Communications Corporation set up a
public packet switching system.



1975

1976

1977

1978

1980

1982

1982

1984

1984

1984

Xerox Palo Alto Research Center (PARC)
anouncement of experimental Ethernet local

area network alliance between Digital Equipment
Corporation, Intel Corporation, and Xerox
Corporation DIX.

CCITT Recommendation X.25.

International Organization for Standardization
(0OS1) Technical Committee.

Federal Communications Commission (FCC) estab-
lished Part 68 of the FCC Rules and Regulations.
It permitted anyone to submit a DAA for FCC
Registration. It also permitted "Direct
Connection”" of devices to the telephone line.
"Direct Connection" permitted modem and DAA to
be registered as a single unit (contained in one
housing).

Approximately 250,000 modems installed by
independent modem manufacturers.

IEEE 802 Local Area Network (LAN) Standards
Committee established.

Open Systems Interconnection (0S1) Reference
Model

Started work on Integrated Services Digital
Network (ISDN).

Divestiture of "Bell."

Approximately 5 million modems installed by
independent modem manufacturers.



IT.

STANDARDS ORGANIZATIONS

1.

International Telecommunications Union

A. Consultative Committee for International

Telegraph and Telephone (CCITT)

. set voluntary International Communications
Standard

. used consistently throughout Europe

. mixed usage in U. S$S. due mainly to defacto
standards from AT&T and IBM

. should gain popularity in U. $. in the future

. V. series deal with physical links and modems

. X. series deal with networks

B. International Standards Organization (150)
. define computer and data-processing standard
. work closely with CCITT
. voluntary comp!liance

Electronic Industries Association (EIA)
. run by EIA Trade Association
. voluntary compliance
. membership is composed of Electronic
Industries

Institute of Electrical and Electronics Engineers

(1EEE)
. based on member recommendations

American National Standard Institute (ANSI)

. run by Computer and Business Equipment
Manufacturers Association

. voluntary compliance

. provide technical representation to CCITT and
150

. formulate standards for use by Federal
Government (Federal Information Processing
Standards - FIPS)

National Bureau of Standards (NBS)

. formulate standard for use by Federal
Government (Federal Information Processing
Standards - FIPS)

. provide technical representation to CCITT and
1S0

National Communications Systems (NCS)
. developed under Federal Telecommunications
Standards Project
. eventually become FIPS

Societe Internationale de Telecommunications

Aeronautiques (SITA)
. International Communications Network
standards for Airline reservations systems

3



ITI.

l.

Types of Networks and their uses

Network - data communications systems which allows
a number of independent devices to communicate with
each other.

A.

Wide Area Network (WAN)

.

-

interconnect facilities in different parts
of the country

may be a public utility

moderate data rates 6

high error rates (1 in 10°) and long delays

Metropolitan Area Network (MAN)

large geographical area — several blocks of
buildings

moderate to high data rates

moderately high error rates (1in 108) and
moderate delays

may be owned by a single organization. Used
by many individuals and organizations

may be a public utility

provide means of internetworking of local
area networks

Local Area Network (LAN)

"a Local Area Network (LAN) is an
information transmission facility
connecting two or more stations in which
the signal propagation delay is less than
the time required to transmit a typical
information bearing frame, but is long
compared to the time required to transfer
a single unit of information." (U. S.
contribution to 1S0/TC97, special ad hoc
group on Local Area Network, June 1981)

moderately-sized geographical area. Single
office building, warehouse or a campus
(2<10Km in diameter)

high data rate (1 MBPS or greater)

lower error rate (1 in 109)

low delay

typically owned by a single organization

not normally used in home or heavy
industrial environments



Typical

not normally used for process control and
other realtime high reliability
applications.

not normally used to support high security
applications.

not used to interconnect devices on a desk
top or component within a single piece of
equipment.

Applications supported by Networks

. file transfer and access protocols
. graphical applications

. word processing

. electronic mail

. remote data base access

. digital voice and digital video

Typical

Data Devices supported by Networks

. computers

. terminals

. Mmass storage devices

. printers/plotters

. photo—- and telecopiers

. image monitors

. monitoring and control equipment
. gateways to other networks



PRINTER
COMPUTER

TELEPHONE

MICROWAVE OR
SATELLITE LINK

—_—r

PLOTTER

GATEWAY TO
ANOTHER NETWORK

GATEWAY TO
ANOTHER NETWORK

PRIVATE LEASED LINES
DDsS
PSTN

COMPUTER

POINT OF SALE
TERMINAL

TELEPHONE

EXAMPLE OF A NETWORK



TYPE OF NETWORK

LOCATION OF PROCESSORS

DISTANCE BETWEEN

PROCESSORS
Interconnection of
WANs - Long Haul Planet 10,000 km
Wide Area Network Continent 1000 km
(WAN) - Long Haul
Country 100 km
Metropolitan Area City 10 km
Network (MAN)
Campus 1 km
Local Area Network
(LAN) Building 100 m
Room 1i0m
Multiprocessor System 1m
Machine Circuit Board 0.1 m

CLASSIFICATIONS OF INTERCONNECTIONS
OF PROCESSORS BY PHYSICAL DISTANCE




MINNEAPOLIS '

=T /D BOSTON

SACRAMENTO - T : DETROIT
SAN FRANCISCO 0. ~.=.7.. . : CHICAGOO Tyl LEVELAND _ ]~ NEW YORK
------------- : . -/ PHILADELPHIA
SAN JOSE T e\ ST S PITTSBURGH
BAKERSFIELD.. - =X e . "COLUMBUS
_____________ : \\.- CINCINNATI
LOS ANGELES ™ @<_T ~ .l
- N ASHVILLE .'9JWASHINGTON
SAN DIEGO MEMPHIS AT o RALEIGH

v et
K ATLANTA
“"BIRMINGHAM

HUNTSVILLE

FORT WORTH

HOUSTON

MULTIPLEXER SAN ANTONIO

[ ]
%* COMPUTER CENTERS
[ SWITCH

— — - SATELLITE

------- MICROWAVE (DDS, TI CARRIER)
——— HIGH SPEED MODEM LINK (9.6 Kbps, 14.4 Kbps, etc.)

NEW ORLEANS

MIAMI

EXAMPLE OF WIDE AREA NETWORK (WAN)
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TELEPHONE LINES
GATEWAY

MICROWAVE LINK TO ANOTHER BUILDING
(LOCATED ON ROOF)
GATEWAY
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NN

FLOOR 1

10

MULTIPLE STORY BUILDING

AREA NETWORK




Iv.

International Standards Organization (1S0) for
reference model of Open Systems Interconnection
(0S1)

1.

This standard defines a common set of rules
that define the way participating network nodes
must interact in order to communicate and
exchange information.

Interface

. relationship between different modules that
are usually operating within a network node.

. typically, a module in one laver will
interface with a module in the layer below
it to receive a service.

Protocols

. relationships between equivalent modules
usually in different nodes.

. protocols define format and the rules for
message exchange.

. establish standard elements (character,
message, file, headers, jobs).

. establish convention and parameters (timing,
code set, formats, speed, control).

. establish standard communications path
(addressing, priority, error control, flow
control, routing, path-set up/disconnect).

Physical Communication is only provided in the
lower layer of the network. The node are
physically connected by the way of some media.

Virtual Communication is provided on all higher

layers. These layers appear to the user to be
physically connected although there is no
physical connection.

11



HOST A HOST B
LAYER 7 | — LAYER 7 PROTOCOL __ __ I |Aver7

LAYER 6/7 INTERFACE ‘t 1
LAYER 6 <___LAV_ER_6_PR£TO_CO_L —-— LAYER 6

3

LAYER 5/6 INTERFACE 1'
LAYER & — LAYER S PROTQCOL __ | L(AYvER S

) )\

LAYER 4/5 INTERFACE | i

LAYER 4 PROTOCOL

LAYER 4 |«— —LAYER 4 PROTOCOL _ LAYER 4

A A

LAYER 3/4 INTERFACE [ !

AYER 3

LAYER 3 — _LAYER 3 PROTOCOL _ LAYER 3

LAYER 2/3 INTERFACE ‘t
LAYER 2 |- — LAYER 2 PROTOCOL _ | (aver2

A

LAYER 1/2 INTERFACE [ 1
LAYER 1 LAYER 1 PROTOCOL A Laven o

VIRTUAL COMMUNICATION
- e = = —— ——— — —
PHYSICAL COMMUNICATION
LAYERS, PROTOCOLS AND INTERFACES




eI

USER LEVEL PROTOCOL

v

EXECUTIVE

4\ EXECUTIVE P

APPLICATION A D
SYSTEM $

1\ SECRETARY | _

A )

TRANSPORT
SYSTEM

(VIRTUAL CKT, LOGICAL MESSAGES)

TRANSPORT LEVEL PROTOCOL

v

;

SECRETARY

{

PHYSICAL
NETWORK

v \L

NETWORK LEVEL PROTOCOL

—

{

DIAL/ANSWER

DIAL/ANSWER
<

PHONE A

LINK AND PHYSICAL LEVEL PROTOCOL

4 PHONE B

{ o

LOCAL LOOP
<>

A

CENTRAL CENTRAL
<> TOLL <>
OFFICE OFFICE
A NETWORK 8

EXAMPLE OF A SIMPLE LAYERED PROTOCOL SYSTEM

~ {

. l LOCAL LOOP
B




Transmitted Message Received Message

Layer 7 message "M" created M < — —— —— — tAYER 7 PROTOCOL__ _ _ _ _ _ M Layer 7 message "M" received

"'M" passed from layer 7 to 6 "M'" passed from layer 6 to 7

according to layer 6/7 interface * 6/7 INTERFACE 6/7 INTERFACE according to layer 6/7 interface
Layer 6 compresses text forming M -——— — — o — — LAYER 6 PROTOCOL __ _ _ _ _ _ - M Layer 6 expand "M" to '"M"
Hh‘"

3
"M" passed from layer 6 to 5 "M" passed from layer 6 to 6
according to layer 5/6 interface { 5/6 INTERFACE 6/8 INTERFACE according to layer 5/6 interface
Layer 5 does not modify '"M" M - — L LAYER § PROTOCOL _ _ _ _ _ _ - M Layer 5 does not modify '™M"

but regulates flow control regulates flow control

TIpf1?
M'" passed from layer 5 to 4 N’) INTERFACE 4/5 INTERFACE "M" passes from layer 4 to 5

IS ?gtg:g:g to layer 4/5 | according to layer 4/5 interface
Layer 4 breaks up "M" into LAYER 4 PROTOCOL Layer 4 M1 and M2 put back
smgller units. ﬁdds header] Ha | My Hy[Mp |- === — —==="—="— > Ha| My Ha M2 jito "M removes sequence
an sequency number

[ A and header

Passed from layer 4 to 3 P f 1 3 4
. ; 3/4 INTERFACE asses from layer to
according to layer 3/4 mterfaci’ 3/4 INTERFACE Y . according to layer 3/4
Layer 3 decides which interface
: . LAYER 3 PROTOCOL
out-going lines to use Ha | H4 | M, Hy|Hy | Mo jm' = = = — = == —=-| Ha| Hy| M, Ha| Ha| M, Layer 3 removes header
and adds header

Passed from layer 3 to 2 P f 1 2 3

) 2/3 INTERFAGE 2/3 INTERFACE asses from layer 2 to
according to layer 2/3 ] ! according to layer 2/3 interface
interface i LAYER 2

Mo| T, Layer 2 removes

oL
Layer 2 adds header Hy [Ha|H My | T, Hy|Hg | Hy M| T <hoTocoL, Hy Ha | Hyf M| To Ho]l Ha| Hy header and trailer

and trailer

Passes from layer 1 to 2

Passed from layer 2 to 1 1/2 INTERFACE 1/2 INTERFACE according to layer 1/2 interface

according to layer 1/2 interfacd I

LAYER 1 PROTOCOL
PHYSICAL COMMUNICATIONS (MEDIA)

VIRTUAL COMMUNICATIONS USING A SEVEN LAYER SYSTEM



6. Seven Levels of 0SI Reference Model

A. Physical Link Layer - Level 1
. defines electrical and mechanical aspects
of interfacing to a physical medium for
transmitting data as well as setting up,
maintaining and disconnecting physical
1inks.

. this laver includes the software device
driver for each communication device plus
the hardware itself (interface device,
modem, communication lines).

B. Data Link Layer - Level 2

. establishes an error-free communication path
between network nodes over the physical
channel, frames messages for transmission,
checks integrity of received messages,
manages access to and use of the channel,
ensures proper sequence of transmitted data.

C. Network Control Layer - Level 3
. Aaddress messages, set-up the path between
communications nodes, routes messages
across intervening nodes to their
destination, and controls the flow of
messages between nodes.

D. Transport Laver - Laver 4

. provides end to end control of a
communications session once the path has
been established, allowing processes to
exchange data reliably and sequentially,
independent of which systems are
communicating or their location in the
network of datagrams and virtual circuits.

E. Session Control - Layer 5

. establishes and controls system dependent
aspects of communications sessions between
specific nodes in the network and bridges
the gap between the services provided by
transport layer and the logical functions
running under the operating system in a
participating node.

F. Presentation Control - Lavyer 6
. encoded data that has been transmitted is
translated and converted into formats which
enable display on terminal screens and
printers forms that can be understood and
directly manipulated by uses.




G. Application/User Lay - Layer 7
. services are provided that directly
support user and application tasks and
overall system management. Examples of
services and applications provided at this
level are resouce sharing file transfers,

remote file access data base management,
and network management.
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Name of unit

Layer
exchanged
Application protocol
7 Application |+ ——-—-—=—————————"—-——-—-——-—-——777™ —»| Application Message
Interface ‘ #
Presentation protocol
6 | Presentation fj=--——-—-—-—---————-—"—————"———-——-—"~-—777 —{ Presentation | Message
Interface # ¢
Session protoco! :
5 Session - - ————_————————— — —— = — — = = = T = - Session Message
‘ Transport protocol
4 Transport |+———————————————-————————==7/7/7 = Transport Message
Communication subnet boundary ‘
3 Network [« —— 1+~ Network A Network *}- — — —=1  Network Packet
t Internal subnet protocol t
[
2 Data link T _.| Dpatalink |~—=| Datalink |=—A———= Data link Frame
I
| | z
v .
1 Physical T Physical - Physical Physical Bit
Host A K IMP IMP / Host B
Network layer host - IMP protocol
Data link layer host - IMP protocol
Physical layer host - IMP protocol
End 802
802 End
System LAN Gateway Gateway
LAN System
End . X.25
System Medium Packet Medium End
Switch System
End
. End
System Medium
yste System

IS0 REFERENCE MODEL FOR OFEN

SYSTEMS INTERCONNECTIONS



DOD IBM DEC cciT
Layer 1S0/0S1 ARPANET SNA DECNET Xerox Standards
7 Application User End user
Application 3
6 Presentation Telnet, FTP NAU services Remots xhza
Procedure Call :
X.29
5 Session (None) Data flow control (None)
T L Sequenced
Host-host ransmission control Packet —
4 Transport Network services
. Source to destination IMP 3 75
3 Network Path control Transport Internet z :acket
Datagram & L
€ evel
) IMP-IMP 2
2 Data link Data link control Data link control gl . HOLC
C DDCMP &
— Ethernet -
) X.21 Bis
1 Physical Physical Physical Physical V.24/28

APPROXIMATE CORRESPONDENCE BETWEEN THE VARIOUS NETWORKS

ARPANET - Advanced Research Projects Agency Network

DDCMP - Digital
DEC - Digital
DECNET - Digital
DNA - Digital

DOD - Department of Defence
FTP- File Transfer Protocol

HDLC - High Level

IBM -

IMP
[SO
NAU
0sSl1
SNA
X.3
X.21

V.24

X.25

V.28

- General

International

Interface Message Processors

packet switch,
International

node,

Data Link Control

Business Machine
(communication computer
data switching exchange
Standards Organization

Network Addressable Unit

Open Systems Interconnection
Systems Network Architecture
Packet assembly/dissembly facility

network

purpose

Data Communications Message Protocol
Equipment Corporation
Equipment Corporation Network
Network Architecture

(PAD)in a public

interface between DTE and DCE for

synchronous operation on public data network

List of definitions for

data terminal
equiprmnent

Interface between DTE and DCE for terminal
"in the packet mode on public data networks
interface for a start/stop mode data terminal
equipment PAD on a public data network situated in the

DTE/DCE

same county
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Institute of Electrical and Electronic Engineering
(IEEE) Standard 802 on Local Area Networks (LAN)
and Metropolitan Area Networks (MAN)

(A) This family of standard defines a set of
interface and protocols for local and
metropolitan area networks

. Local Area Network (LAN) is a type of data
communications network that is usually
contained to a moderately sized
geographical area.

. Metropolitan Area Network (MAN) is a type
of data communication network that is
usually in large geographical areas such
as several blocks.

(B) Six Standards Embodied in IEEE 802

Architecture and
Internetworking
Logical Link Control
CSMA/CD Access Method
and Physical Laver
Specifications
— [IEEE Standard 802.4 = Token-Passing Bus Access
Method and Physical
Layer Specifications
Token—-Passing Ring
Access Method and
Physical Layer
Specifications
Metropolitan Network
Access Method and
Physical Layer
Specifications

- IEEE Standard 802.1

— IEEE Standard 802.2
— IEEE Standard 802.3

inn

- IEEE Standard 802.5

— IEEE Standard 802.6

19



/7
Ve

802.1 INTERNETWORKING

INTERNETWORKING _

802.2 LOGICAL LINK CONTROL

LOGICAL LINK

...._...._..__.....__...__....__._....,
802.1 ARCHITECTURE
b e e e e e

r

802.3
MEDIUM
ACCESS

e cmuee e onmn o

802.3
PHYSICAL

CSMA/CD

802.4
MEDIUM
ACCESS

802.4
PHYSICAL
Token

Passing
Bus

802.5
MEDIUM
ACCESS

o cnmy C— a—

802.5
PHYSICAL
Token
Passing
Ring

802.6
MEDIUM
ACCESS

802.6
PHYSICAL
Metro-
politan
Network

MEDIA ACCESS

PHYSICAL
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~ osl

REFERENCE
MODEL
7 | ApPUCATION
6 | PRESENTATION
5 SESSION /
/
4 | TRANSPORT /
/
3| NETWORK Vs
/ /
DATA UNK 7/
/
PHYSICAL
? MEDIUM )

RELATIONSHIP OF OSI REFERENCE MODEL
TO IEEE 802

t

Logical
Link Control

fe e —— —— - —— — —— — e ——

Medium -
Access Control

Physical
Signaling

| ]

L]
[ |

]

Physical
Media Attachment

1 1

IEEE 802
STANDARD

Access Unit
Interface

MEDIUM
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E?) 802.3 802.4 802.5
5 CSMA/CD Token Bus . Token Ring
Baseband

- Baseband [Broadband Baseband Coax Broadband| 1.:c1eq | Baseband
& Coax Coax 75 () Coax Pair Coax

2 50 () 75 () 75 (1 150 Q 75 (1

o \ Phase Phase | Multi-Level| pjtterential | Differential
£Z|Manchesterf VSB~ [Continuous| Coherent | Duobinary [panchester | Manchester

% FSK FSK AM/PSK

10

sg| 10Mb/s | (9 5 TBD) 1 5,10 1,5,10,20 1,4 4,20,40

S2 ’ Mbps Mbps Mbps Mbps Mbps

IEEE 802 OPTION TABLE



Logical
Link Control

Y

Medium
Access Control

~— MAC

—y

DTE |

MAC Service Spec

-

PLS Service Spec
PLS and AU Interface Spec

Broadband MAU

Coax Cable (50 and 75o0hm)

Physical
Signaling
r'j:]:lJ Access Unit
Interface .
-Physical --———— Baseband MAU
Media Attachment| <+—————
I I
Medium
CSMA/CD (802.3)
Logical
Link Control
Medium

Access Control

-+—— Access Procedure

-+—— Interface Service Spec

Physical -+——— Physical Layer Options
Baseband

l l Broadband

Medium —+—— Medium Options Coax Cable (75 ohm)
Token Bus (s02.4)

Logical

Link Control
—~ MAC Service Spec.
Medium ‘

Access Control

-+—— Token Ring Protocol

Twisted Pair (1500hm)
Coax Cable (75 ohm)

| Physical
Control ~-—— Baseband
_ Physical Layer and
Drop Cable Medium Options
Trunk
Trunk Cable Coupling
Unit
Token Ring (s802.5)

IEEE 802 Options



V. Physical Layer

1. DATA BASICS
Data - digital information (normally binary) that
is sent from one location to another location.
Information expressed in a formalized way (usually
in digital form) for processing, storage or
transmimssion.

Bit - the smallest piece of information contained in
a data transmission - Binary 1 or 0.

Byte - a small group of data bits which are handled
as a unit - character or word.

Frame - a block of data in data 1ink control
procedure

Packet - a block of data handled by a network in

a well-defined format including a header and having
a maximum size of data field. Consequently, a
message may have to be carried as several packets.

Datagram - a packet which is transported by a
network independently of other packets. A datagram
service handles packets separately and compared with
a virtual call service which a call must be first
established.

Virtual Circuit - a facility in a packet-switched
communications network in which packets passing
between a pair of terminals are kept in sequence.

Packet Switching - the transfer of data by means
of addressed packets whereby interim point to
point channels are available only during the
transmission of one packet.

Store and Forward - the handling of messages or
packets in a network by accepting them completely
into storage before sending them forward to the
next switch.

STORE & FOREWARD

SOURCE DESTINATION

MESSAGE
PACKET A

r——

PACKET A

PACKET B PACKET B

PACKET C PACKET C

ROUTING NODES

PACKET SWITCHING WITH STORE AND FORWARD HANDLING OF MESSAGES



[ O[T C TFICE LETTERS AND
- X PosT ¢ PACKAGES FOR
—_— T 3 3 E. F, B AND D
(8
~

Mig N
LETTERS AND %
PACKAGES
FOR C.D
AND F I

TR
LETTERS AND
./ LETTERS

PACKAGES FOR
C,A,B AND D
4 ® AND PACKAGES
FOR A, B, D AND E

U‘t

LETTERS AND PACKAGES
FORE, C AND F

S¢

LETTERS AND PACKAGES
FOR B, F, D AND E

0) N
LETTERS AND
PACKAGES FOR
F, B, A,C AND D -

LETTERS AND
PACKAGES FOR

D,E,CANDF
MAILMAN CARRYING

LETTERS AND PACKAGES
TO/FROM HOMES
AND BUSINESSES

LETTERS AND PACKAGES
FOR F,E AND C

MAIL TRk 4',
v

b X

/."

/a
AT POST OFFICE B, STORE, SORT .AW

AND FORWARD LETTERS AND = °
PACKAGES FOR OTHER LOCATIONS LETTERS AND PACKAGES
(ADDRESSES) FOR B, D, C AND A

ILLUSTRATION OF STORE AND FORWARD PACKET SWITCHING OF MESSAGES USING MAIL TRUCKS



Asynchronous Data Transmission is data transfer that
does not require clocking of the digital signal. Data
synchronization in the terminal egquipment is achieved
by using start and stop bits to frame the data
information.

START INFORMATION BITS PARITY STOP START
A % Vanthen Vanten N r——
2 | | | ] T T ¢
1 2 3l 4| 5161 7 sl9l1ol'!:l':‘i':_1
1 | ! 1 } ] '
~ —

~—
ASYNCHRONOUS CHARACTER LENGTH

ASYNCHRONOUS CHARACTER (BYTE) AS SEEN ON OSCILLOSCOPE

ASCI11 character "A" - American Standard code for infor-
mation interchange
Odd Parity - Number of 1’s equals an even number so the
9th bit is made a "1" to make the number of
1"s odd.
Parity — is the property of being odd or even. The
parity count of a binary sequence is the parity
of the number of ones it contains. Parity is a
means of checking for errors.
Character Framing - characters framed by a start and
stop bit.
Character Size - 10 bits = 1 (start) +7 (information)
+1 (parity) +1 (or more stop).

INDEF
TIME

INDEF
TIME

INDEF
TIME

CHAR CHAR CHAR ETC.

ASYNCHRONOUS DATA TRANSMISSION

Characters are transmitted one at a time with an
indefinite time between characters. The time is
dependent on the time between key strokes on a terminal.
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Bit Number

> 0 0 0 0 1 1 | 1
0 0 1 1 0 0 | 1
0 ! 0 1 0 1 0 1
| Column

b7 bs bs bc b: bz b| ROW 0 l 2 3 4 5 6 7
0000 0 NUL DLE Sp '} t P @ p
0001 1 SOH DCI ' 1 A Q a q
0010 2 STX DC2 " 2 B R b r
0011 3 ETX DC3 # 3 C S c s
0100 4 EOT DC4 S 4 D T d t
0101 5 ENQ NAK % 5 E U 3 u
0110 _6 ACK SYN & 6 F v f v
o111 7 BEL ETB * 7 G w g w
- 1000 8 BS CAN ( 8 H X h X
1001 9 HT EM ) 9 [ Y i y
1010 10 LF  sS . : J z i z
r1ot1 1 11 vT ESC + N K C k |
1100 12 FF FS . < L ~ 1 1
r1rot1t 13 CR GS - = M .| m ]
1110 14 SO RS ) > N A n |
rr1t 15 St us / ? 0 - o DEL

American Standard Code for Information

Interchange (ASCI1)

NUL (null)

SYN (synchronous idle)

SOH (start of header)
STX (start of text)

ETX (end of text)

ETB (end of block)
EOT (end of transmission)

ACK,NAK

DLE (data link escape)

ENQ (enquiry)

CAN (cancel)

All zeros character, used for fill.

Used in synchronous transmission for char-
acter synchronization.

Used at the beginning to indicate routing
information.

Used at the beginning of a sequence of char-
acters which are to be referred to as text.

Used at the end of text.

Indicates end of a block of data.

Used at end of transmission or end of call.

Sent by receiving station to the transmitting
station to indicate successtul (ACK) or un-
successtul (NAK) reception of a message.

Changes the meaning of a limited number
of contiguously following characters.

Used as a request tor a response from a re-
mote station; typical response mav be ad-
dress or status content of station’s burter.

Disregard the accompanied data.

ASCI I

Control Codes
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Synchronous Data Transmission is data transfer that
requires clocking of the digital signal. The clock is
used for bit sampling.

SYNCHRONOUS CHARACTER LENGTH

I\
/7 \
INFORMATION BITS
A
s -

1 | 1 | —T |
|1 21 3laisle]7!ls 11 CHARACTER
1 1 1 1 1 [

- SYNCHRONOUS
cLock

SYNCHRONOUS CHARACTER AS SEEN ON OSCILLOSCOPE

EBCDIC Character "A" - Extended Binary Coded Decimal
Interchange Code (binary
11000001)

Synchronous Clock - used by terminal eguipment for
sampling of bits

No Parity - errors are found using a cyclic redundancy
check (CRC). This information is contained
in the BCC.

Character Size - 8 Bits

SYNCHRONOUS DATA TRANSMISSION

LONG BLOCK OF
SYNC|SYNC| STX ICHAR|CHAR DATA CHARACTERS ETX | BCC
Characters are sent one right after the other. Each bit is

synchronized with a clock to permit proper sampling of the
data by the terminal equipment and communication equipment.

Sync - a synchronization character used to keep the
sending and receiving terminals in step. Sync
is added by the sending terminal equipment and
removed by receiving terminal equipment.

STX (Start of Text) - identifies the start of the
user’s information.
Block of Characters - character from a standard code

set such as EBCDIC. This is the
users information that is being
transmitted.

ETX (End of Text) - identifies the end of the user’s

information.

BCC (Block Check Character) -~ used for detection of
errors which have occurred
during the transmission of
the user’s data.
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D N
o S N o A N a o N o N ) S o N o N
Y O N Q N
moh Yo & S &S S S Sy SS
B.B.B.B, 0 1 2 3 4 5 6 7 8 9 A C 0 E F
NUL | SOH | STX ETX PF HT Lc DEL RLF | SMM FF CR SC S
0000 O
DLE | DC1 | DC2 | DC3 | RES NL 8BS L CAN EM CcC ITS IGS IRS us
0001 | 1
DS SOs FS 8YpP LF EOB/ | ESC/ M ENR | ACK| BEL
0010 | 2 ETB | PRE
SYN PN RS uc EOT DC4 | NAK sus
0011 | 3
SP ¢ < ( + |
0100 4
& ! # ) ; 1
0101 5
- , / [ % - > ?
0110| 6
@ ‘ = -
o11| 7
a b c d e t g h i
1000| 8
i k | m n o p q r
1001| 9
~ H t u v w X y z
1010] A
1011} B
! A B C D E F G H |
1100| C
{ J k [ m n o p Q R
1101 D
S T V] \ w X Y Z
1110| E
0 1 2 3 4 5 6 7 8 9
1M1 F
BINARY — HEX — EBCDIC
EXTENDED BINARY CODED DECIMAL

INTERCHANGE CODE (EBCDIC)
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B. Signaling Basics

Bandwidth - is the information-carrying
capability if a communication line
or channel. This bandwidth is

different for each type of trans-
mission medium.

AMPLITUDE
(dB

\

)
! BANDWIDTH I
! I
1 1 FREQUENCY
34B 348 (Hz)
PoinT PointT
Digital Signal - signal can only assume discrete
values. For example, the

voltage of a digital signal may
be constrained to take on only
two values such as 0 volts and 5

volts.

Analog Signal - signal may vary continuously over
a specified range of values. For
example, the voltage of an analog
signal may assume any value in

the range -10 volts to +10 volts.
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Spectrum - frequencies at which a signal contains
eneray.
Fourier Series for periodic analog signal S(T)

o)
ShH=A, + Z[énsin(%(nﬂ.}.Ancos(%NnQ]
n=|

The Fourier Series for a 50% duty cycle square wave
where:

s®)= %A ;%ig%ﬁl—@@(-l)mcos(%(.zm+ )D)

Amplitude line spectrum of 50% duty cycle square
wave S(T).

AMP

TR in 7 il T om

Contains an infinite number of odd harmonics

A square wave is composed of an infinite number of
odd harmonics of the fundamental sine wave.

COMPOSITION OF A SQUARE WAVE

AV

Fundamental Sin Wave

o

Add Odd Harmonic

Add More 0Odd Harmonics

The l1ow frequency spectral 1ines affect the slowly
changing average value of the signal. The high
frequency terms affect rise time and fast changes
of the signal.

Any wave shape can be formed by adding the proper
frequencies, amplitudes and phases of sine waves
together.

31



. Because of impairments and the bandwidth of some
mediums is limited, some sine waves may change in
amplitude and phase as they pass through the medium.
Some of the sine waves may be totally removed. Thus,
when the signal reaches the other end of the medium,
the signal will be distorted. This distortion will
cause the wave shape and the information contained in
it to be changed.

l |__> MEDIUM —

LIMITED
BANDWIDTH

Distortion of Square Wave as it Passes
Throuagh a Limited Bandwidth Medium

. If the bandwidth of the medium is limited, a digital
signal from the terminal will be sent through a
modem.

. Modem - acronym for the words modulator and
demodulator.

. The modem will condition the digital data so that the
transmitted signal "fits" into the bandwidth of the
communications medium.

. The modem is a sophisticated digital to analog (D/A)
and analog to digital (A/D) converter. It changes
the digital data into tones and the tones back into
digital data. The tones are designed to transmit
efficiently through the bandwidth of the medium.

%ngi _— MEDIUM .

LIMITED
BANDWIDTH

Very Little Distortion on a Modem Signal as it Passes
Through a Limited Bandwidth Medium
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Basfc Components of a Modem (DCE)

Digital Interface - Circuitry that interfaces the data
Circuit-Terminating equipment (DCE - communications
equipment) to the Data Terminal Equipment (DTE).

Transmitter — Converts digital data originating from
DTE or other sources into a signal suitable for trans-
mission over the communications medium.

Receiver - Accepts signals from the communications
facility, converts the signal back to their original

digital format, and presents this digital signal to the
appropriate DTE or data sink.

Interface to Medium - Circuitry that interfaces the DCE
(communications equipment) to the medium.
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TO TERMINAL
GR CPU (DTE)

DIGITAL

INTERFACE

TRANSMITTER

(MODULATOR - CONVERTS

DIGITAL INFORMATION INTO

ANALOG INFORMATION)

RECEIVER
(DEMODULATOR - CONVERTS
ANALOG INFORMATION INTO

DIGITAL INFORMATION)

]

BASIC COMPONENTS OF A MODEM

Interface

to

Medium

I,

To medium (Dial up
line, leased line,
Telco restricted
line, self installed
twisted pair,

or coax cable)




Modulation - process of modifying a single frequency
(carrier) so that it can carry infor-
mation.

Demodulation - process of converting a modulated
signal so that the information is
recovered.

Side Bands - sum and difference of carrier and
modulation frequency.

Baseband - the frequency band that information
bearing signals occupy before they combine
with a carrier in the modulation process.

LOWER SIDE SUPPRESSED UPPER
RELATIVE BAND CARRIER SIDE BAND
AMPLITUDE AL 3 VAN
Ve \? / \

A

f

|
|
|
|
I
|
1

!

FREQUENCY (Hz)

EXAMPLE OF SPECTRAL CONTENT FOR A MODEM

The higher the modulation frequency (higher bit rate)
the farther away the side bands.

Higher bit rates require a greater bandwidth.

Baud - The unit of signaling. It is the number of
signal elements per second. Since a signal element
can represent more than one bit, baud rate is not the
same as bits per second. Baud rate is the bit rate
divided by bits per symbol.

Multilevel Encoding - combining of 1, 2, 3, or 4 bits
into a symbol to reduce the bandwidth of the trans-—
mitted sianal. These symbols may be represented by

different phase angles in a phase shift keyed
modulation technique.
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I1Tlustration of Multi-Level

Combinations
light

{(symbhols).
in

each unit

of bits
Twice as
information

Encoding of Data

are represented by different color
much information is
transmitted.

of
corntained

Twice as much
information can be transferred in a given amount of time.
Y(Q)
o1 "
[ ]
{1y
00 10
[ o
AS SEEN ON O'SCOPE (X AND Y INPUT)
[TTustration of Multi-Level Encoding of Data in the
Constel lation of a Phase Shift Keved (FPSK) Modem
Combinatioris of bits are represented by different phase
angles in the constellation of a PSK modem. The required
bandwidth for a given bit rate is reduced by sending twice
as much information in each unit of

information.
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I[1lustration of Data Rate Versus Required Bandwidth using

()

LOW SPEED

Bail

SMALL
BANDWIDTH

Size Represents Data Rate

and Boxes

D

HIGH SPEED

LARGE BANDWIDTH

Box Size Represents Bandwidth of Medium

-

00
C
|
2 !
)]
3

Data rate "B" will fit into Box |

More than one lower speed channel of
data rate "A" will fit into Box "1".
This is called frequency division
multiplexing (FDM).

Data rate "C" will not fit into Box
"1™ unless the baud rate is
decreased by using multi-level

encoding.

Data rate "C" will fit into Box "1"
if the baud rate is decreased by
using multi-level encoding.

Data rate "C" will fit into the
larger bandwidth of box "2" without
multi-level encoding.

Very high data rates will fit into

very large bandwidths without
sophisticated modulation techniques
or multi-level encoding.
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3. Types of Signaling and modulation
BaseBand - Signaling techniques that can be
classified as non—carrier type.

Carrier Modulation - Signaling techniques that
involve modulation of a sinusoidal carrier

signal.

. BroadBand - is a term that describes a type of
wide bandwidth communications that uses coaxial
cable as its distribution medium and frequency
division multi-plexing (FDM) as its channel
allocation scheme. Uses carrier modulation
signaling techniques.
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BiPolar Return to Zero (RZ) Signaling with Violation Code for Zero

Suppression Sequence -

Transmission.

whereby a '‘zero'' is represented by a zero signal level and suc-
cessive ''ones' are represented by equal-magnitude opposite-polarity
pulses that are one-half a bit period wide.

are sent in a row, the seventh zero is represented by a pulse in the

This encoding scheme uses three level signaling

A signaling technique used for Baseband

same direction (violation code).
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. Miller Encoding (Delay Modulation) - an encoding
scheme used for baseband transmission. In this
encoding scheme, a binary "one " is represented
by a signal transition at the midpoint of the bit
interval. No transition represents a "zero"
unless it is followed by another zero. In this
instance, a transition is placed at the end of
the bit period of the first zero.

DATAL 010101
| |

v
mitter *t

I

|
ENCODED |
SIGNAL |
~1VL

- e o w= e | - -
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Manchester Encoding - an encoding scheme used for
baseband transmission. The signal has a 507 duty
cycle and insures a transition in the middle of
every bit cell (data transition). The first half
of the bit cell contains the complement of the
bit valve and the second half contains the true
value of the bit.

MANCHESTER
ENCODED
SieNAL _Z_wﬁ

- wm = ey

o
—
Y—
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. Amplitude Modulation (AM) - transmission of

information on a communication line by varvying
the voltage level (amplitude). A "one" is
represented by a higher signal level. A "zero"
is represented by a lower signal level.

AypLiTope *
MopULATED
SlteNAH-

-1V




. On-0ff Modulation - transmission of information
on a communication line by turning a carrier
signal "on" and "off." A "one" is represented by
carrier "on." A "zZero" is represented by carrier
"QFF. "

i Lo
DATAD:Z 01:101i1 OEO:O;O:
! i N M
R
AN VT N T
ON-OFF o R R
MODULRTED | S
SIENAL 4y, T
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. Freauency Shift Keyed Modulation (FSK) - a form
of frequency modulation (FM) in which the carrier
frequency is made to vary or change in freqguency
precisely when a change in state of the
transmitted signal occurs. A "one" is repre-
sented by a lower frequency (F1l). A "zero" is
represented by a higher frequency (F2). Both
frequencies are at the same level.

L | | ! b
DATAO|101|101,1 O|o!0|0|
: o A
oy O T R R P
Frequency "1V NN NN | |
SHIFT KEYED
MODULATION 1 | |

I
|
;FI \F2 \F1 :FZ:FL: F1: Fl{ FZ: F! FJ.: FZ:
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Phase Shift Keyed Modulation (PSK) - trans-
mission of information of a communication line by

varying the phase of an analog signal in direct
relationship to the digital input information.
The carrier frequency is constant. A "zero" is

represented by 180° phase shift. A "one" is no
phase change of the carrier.

PHASE
SHIFT KEYED
MODULATION

-1V | |
¢ . 4 . 4 4 4
) 8D 180 190° 180° 180°
PHASE PHASE PHASE  PHASE  PHASEG
SHIFT SHIFT SHIFT  SHIFT  SHIFT
Y (Q)
e O e x
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Differentially Coherent Phase Shift Keved

Modulation (DCPSK) - transmission of information
on a communication line by differentially (with
respect to previously transmitted phase) vary the
phase of an analog signal in direct relationship
to groups of digital input information. The
carrier frequency is constant. Clock information

is transmitted and recovered.

|
|
o
|
DCPSK |

MODULATION

Absolute
Phase

o

315 180 315 0

O Phase with

Resp?ct to 45 315 225 135 45
Previous

Baud

Y(Q)

Xt




. OQuadrature Amplitude Modulation (QAM) - trans-
mission of information on a communications line

by varying the phase and amplitude of an analog
signal in direct relationship to groups of
digital input information. The carrier frequency
is constant. Clock information is transmitted
and recovered. The combination of amplitude
modulation (AM) with differentially coherent
phase shift keying (DCPSK) creates the Quadrature
Amplitude Modulation (QAM) signaling technigue.

270° 90° 270° /80°

o,o0fl1]lo0|l1]lo0|l1'11!]

QAM
MODVLAT ION

4 0]

4 00!
o 000 100
i ol T

v 010

v!ID
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[ 4

Frequency Division Multiplexing (FDM) - a tech-

nique in which a data lines bandwidth is divided

into different freguency sub-channels.

4 AMP
(dB)

I CHANNEL\N CHANNEL

CHANNEL

= | | |
: ! I\ 2 l\ ! 3 l
| 1\ | ! |
| Pl b '
J ! L { L ! ! S
5K SK 10K 4K 12K 19K HZ
Three 4K Wide Channels
5K |
TRAN | —> TRANSHIT =
A I et B A e . A e . il (PR
‘Cl/ _ -
REC == RECEIVE <~
14K
One Physical Medium - Two FDM Channels
One Transmit Channel and One Receive Channel
RXT JTX RX/Tx  TX] RX Tx/Rx__ TxI RX

..... XU N T N N T SR
L ’

T T e

RS BN

B A I O A I I

S

__:_ﬁ_{____:h SN I

THIRX  RX|___IX AT AX Tx[__RX TOEX

L .

One Physical Medium Connecting Many
Devices Using FDM with Multiple Channel
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Time Division Multiplexina (TDM) - a multiplexing
method in which time on the channel is allocated
in turn to different sub-channels. The
allocation may be regular in fixed cycle or frame
or it may be varied according to the needs of the
sub-channels.

Time division multiplexing allows a message or a
portion of a message to be sent in sequence or
serially, each completely occupying the complete
channel capacity for the time it is turned on.
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4. Modes of Transmission

Simplex transmission where
equipment or protocol are only
- L -
. . capable of transmitting in one
s Receive . ) <.
Transmit ;:>\ N direction. An example 1s trans-
mitting data to receive only

printer or a TV station.

SIMPLEX

Information transfer is in
one direction only

CATA
TRANSFER

: Half-duplex-transmission on
HALF DUPLEX 2 wires or employing a protocol
] S . capable of transmitting in one
Transmit SReceive direction at a time. Host and
remote ends take turns transmitting
and receiving. An example of this
neceive <<f Transmis mode of transmission would be

< opcerating a CB radio,

then

. Information transter in both
dircctions but only one time.

. DPressing the key on the mike
is like raising RTS on the

modem,
FULL DUPLEX Full-duplex transmission on 2- or
Transmit . Deceive d-wires where cquipment and protocol
“ are capable of transmitting in both
Receive ~ > Transnit dircctions at the same time. An

example is two people talking
simultancously over the telephone.

T BE wE N
cowd~—

N( \:_—\ .
Cy Information transfer is in both
‘ directions simultancously.




v

NA "

Echoplex - characters are echoed locally on the
screen of the local terminal and sent
out the transmit data lead to the
CPU, sometimes called Half Duplex on
a "dumb" terminal.

Echo - characters are echoed back from the
CPU to the terminal as a means of
error checking. Sometimes called
Full Duplex on a "dumb" terminal.

Echoplex Versus Echo
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RTS [ NSVN — co _J
| MODEM MODEM
™ I LI A B RD _[1[L
2-Wire
then
¢ N AYAVAVAVAN RTS [
) MODEM MODEM -
RD _FLJW_‘ A B ™ JTUL
2-Wire

Half Duplex Modems take turn transmitting on 2-wires (Time
Division Multiplexing)

RTS CD
JAVAVAV AN 2

R —————1 MODEM MODEM E)___I—U_:_LJ

c0 — A <— NNV B RTS

RD oy ™ LU
4-Wire

Half Duplex modem transmit in both direction (full duplex) at
the same time on 4-wires.

RTS HIGH FREQUENCY RANGE CD
™ My MWWww — Iro MUY
| MODEM MODEM |
CD A B RTS
D :
rRD MU NV ™ [T

LOW FREQUENCY RANGE
2-Wire
Full Duplex modems transmit.in both directions at the same time on two wires

by frequency Division multiplexing the transmit and receive signals.

It is important to note that the terminal equipment must be able to support
half duplex operation if half duplex modems are used. Likewise, the terminal
equipment must be able to support full duplex operation if full duplex modems

are used.

Full and Half Duplex Modems
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E. Types of Transmission Media

1. Twisted Pair - pair of wires that are insulated
and twisted together to minimize interference.

Dessoosse

Single Twisted Pair

e
Polyethylene

Cable With Multiple Twisted Pair (Trunk Line)

. main type of media for local telephone and
data transmission

. wire is normally made of copper

. can be installed easily using commonly
available tools

. short distances (normally less than 10
miles)

. bandwidth and distance limitations because
of high capacitance of twisted pair (less
than 256kbps at | mile)

. wire susceptable to electrical interference

. higher error rates

. as bit rate increases, distance that can
be operated decreases

. as the cable size decreases, the speed
possible decreases :

. as the cable size decreases, the distance
possible decreases
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Coax cable - contains a central carrier wire
surrounded by fine copper wire mesh and/or

an extruded aluminum sleeve. Cable is covered
with an insulating PVC outer Jjacket. Shield
and central carrier wire are separated by an
insulating material such as PVC or teflon.

<
R

ﬂﬁw ﬁq Outer Insulating Jacket
CONDUCTOR- \
INSULATION COPPER WIRE
(PVC, TEFLON) MESHOR
EXTRUDED
ALUMINUM SLEEVE
(Shield)

. long distances with repeaters

. wide bandwidth so it can multiplex many
channels (500mHz)

. heavy, shielded cable

. support high data rates

. high immunity to electrical interference

. Tow incident of error

. used extensively in CATV (community antenna
TV, "cable TV")

. moderate cost

. taps, controllers, =splitters, couplers and
repeaters are available. Use same device as
used on CATV.

. used on telephone network to multiplex many
long distance calls on one cable

. low capacitance

. popular medium for Local Area Networks

. used for broadband or baseband signaling on
LAN’ =

. Available in 50ohm or 7%ohm impedence



C. Optical Fiber - plastic or glass fibers with a
light source on one end and a 1ight detector on
the other.

Protective Coat

Protective
Optical ‘/A:” Covering
A= E— o
-

. . Cladding
Optical Fiber

Cable Graded Index Fibre

. electrical isolation

. extremely wide bandwidth (3.3 GHz)

. very high data rate (1G bps) limited by
transmitter/receiver technology

. not effected by electromagnetic interference

. high security

. small and 1ight

. very low error rate (one bit in 109 to 1010
bits)

. "T" tap currently not available. Limited to
point-to-point connections.

. technology is now becoming cost effective

. telephone company now starting to use for
long distance connections

. cannot be spliced in field

. cannot carry DC power
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D.

Microwave - high frequency (GHz) radio trans-
mission/reception. Uses a parabolic dish as an

antenna.

\

Parabolic

Dish

Feed Horn

long distances over rough terrain with
repeaters

wide bandwidth

may be multiplexed to provide many channels
over a single antenna

affected by rain, snow and fog when
frequency exceeds 10 GHz

subject to distortion (fading and interrftace)
high velocity of propagation, minimizing
cdelay time

can cause radio interference

used extensively by telephone company for
long distance calls (T1 carrier system)
used in some types of LAN’s and MAN’s
Timited to lTine of sight

used in LAN"s and MAN’s
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Geosynchronous Satellites - high frequency
(QHz) radio transmission/reception to and from
a satellite, using a parabolic dish as an
antenna.

@ Satellite
/

\

Earth

. very wide bandwidth
. can reach almost anywhere on earth
. subject to interference from terrestrial

link and to interfer with terrestrial link
. long delay times-up to 270ms
. large and costly earth transmitting antenna

required

. economical receive only earth stations

. extensively used by telephone companies for
long distance calls and international calls

. much lower cost per channel than submarine
cable for transatlantic communications
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F. Types of Public Transmission Media

(1)

(2)

(3)

(4)

Private (leased or dedicated lines (3002)

local telco leased lines are within
LATA boundaries

AT&T leased lines are within United
States

data rates less than 14.4K bps

error rates 1 in 1,000,000 bits

many line impairments (noise, amplitude
distortion, envelope delay distortion,
frequency translation, phase jitter,
harmonic distortion, and phase hits)
many standard modems available

limited bandwidth because of loading
coils

Dial up lines - public switched telephone

networks (PSTN)

data rates less than 9.6K bps

error rates - 1 in 1,000,000

many standard modems available
connections may be placed anywhere in
the world

many line impairments (noise, amplitude
distortion, envelope delay distortion,
frequency translation, phase jitter,
harmonic distortion, and phase hits)
limited bandwidth because of loading
coils

Telco restricted leased lines

data rates less than 19.2K bps

error rates - 1 in 1,000,000

line impairments (noise, amplitude
distortion and envelope delay
distortion)

no different 1imited distance modems
available

limited distance (20 miles)

Digital Data System

data rates are 2.4K bps, 4.8K bps, 9.6K
bps, 56K bps and 1.544M bps

between large metropolitan centers
within the United States

low error rate (99.99% error free
seconds per month)

standard Data Service Units (DSU) and
Channel Service Units (CSU) available

High reliability - less than 0.1% down
time per year.
In near future there will be a switched

Digital Data System.

58



65

0 . 4

3° il LA = CHANNEL
. .O'ooooo . UNIT

C (ocu)

56Kbps
50% DUTY CYCLE
BI-POLAR

RZ SIGNAL

88K bps

OFFICE

24 CHANNELS

Ly

MULTIPLEXER] ¢

CONVERTS LOOP SIGNAL .

TO FORMAT REQUIRED ON

INTRAOFFICE CIRCUITS

1.644M bps
T1 Carrier

64K bps
100% DUTY CYCLE

BI-POLAR NRZ SIGNAL

24 CHANNELS

LAND

LINE

OR
MICROWAVE é é

MULTIPLEXER

— e

DIAGRAM OF A DDS NETWORK

A

BAK bps

1.543aM bps




- — —

CITY C

S0, /orasi
k)

| orcs
3

B a == =S =S

=

r-——F——-—t+-

CITY A

60

VO |

CITY B

BLOCK DIAGRAM OF A TYPICAL MULTIPOINT DDS CIRCUIT



19

SERVICE AVATLABILITY DISTANCE DATA RATE APPROXIMATE COST*|TYPES OF MODEMS
Dial-Up Lines Universal Unlimited Up to 9600 bps $40.00/month each|103, 202S, 201C,
(PSTN) Full-duplex or end (same as 212A, 208B, 209,

half-duplex normal dial-up) |V.29

Intra LATA* Universal Within state Up to 14,400 bps | $3.00/mile to 108, 202T, 201B,
Leased Lines boundaries $15.00/mile 212A, 208A, 209,
(3002, C1, C2, C4) degending on arealy, 29

and distance
Inter LATA* Universal Within U. S. Up to 14,400 bps |$0.57/mile to 108, 202T, 201B,
Leased Lines $2.25/mile 212A, 208A, 209,
(3002, C1, C2, C4) depending on V.29

distance § city
Unloaded Lines Universal Up to 20 miles To 19,200 bps $0.50/mile to No standard

(Bell 43401 and
48230)

(9,600 bps most
common)

$1.00/mile,
approx. $400.00

start-up, limited
avallablilty

types - Limited
Distance Modems

Dataphone Digital
Service (DDS)

Majcr Metro-
politan centers

Within U. S.

To 1,544 kbps
(2.4, 4.8, 9.6,
and 56 kbps most
common)

303 Wideband
5700 Series
5800 Series
8000 Series

Metropolitan areas

Within U. S.

50 kbps or 230.4
kbps

Dependent on
speed § service-
rule of thumb =
same as multiple
leased lines with
modems (6 leased
lines plus modems
for 56 kbps, for

example)

Data Service
Unit (DSU) and
Channel Service
Unit (CSU)

Twisted Pair

Install yourself

Up to 20 miles

To 256 kbps

Dependent on
gauge of wire,

distance, labor,
costs.

No standard

types. Limited
Distance Modem
or Line Driver

*Costs vary considerably; check with your Telco representative

*LATA - Local Access § Transport Areas

TYPES OF PUBLIC TRANSMISSION MEDIA
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Network Topologies

A.
(1)

(2)

(3)

Definitions
Topologies — geometric arrangement of 1inks
and nodes that make up the network.

Link — communication path between two nodes-
line, channel, or circuit.

Node - end points of any branch(es) or
junction(s) of a network.

A node consists of hardware and/or software
cdepending on its function in the network.

Nodas are the basic information processing
units that are directly connected to a
network.

Modes are Normally single addressable entities.

(A)Y Intelligent user and applications oriented
devices - computers, intelligent terminals,
and personal workstations.

(B) Server - node which provide specific service
to networks.

(C) Routing server - a system that connect nodes
and networks of like architecture, that is,
the architecture of a particuiar vender.

- dedicated system whose purpose is to
offload other network nodes.

- used for connection between LAN’s.

- used for connection between LAN’s and
long-haul networks.

- used for connection between long-haul
networks of the same architecture.

(D) Gateway server - a system that connects the
nodes and networks of different architecture
by performing protocol translation.

- used for connections between dissimilar
LAN"s

- used for connections between devices on
the same LAN that understand different
ancd higher level protocols.

- used between LAN’s and long-haul network
of different architectures.
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(E) Terminal server, printer servers, file

servers - systems that provide an interface
between compatible peripheral device on a
LAN.

- terminal and printer servers provide EIA
compatible connection for terminals and
printers on a LAN.

- file servers allow sharing of mass
storage devices (like disks)

- file servers can facilitate file
storage, retrieveal, transfer, and
maintenance function.

(4) Physical Link — actual electromechanical
circuits between nodes. These 1inks may be
permanent or temporary.

(5) Logical Link - connection of two nodes that are
able to communicate. They may or may not have
direct physical connection.

A Physical 1i
A-B, B-C, C-D, D-E.
///////’ \\\\\\\ A8, Be. C7D

B E
Logical links
F ‘/////// B to E through A,
B to F through A,
C to F through D and

E, etc. All nodes

are logically linked
C D by routing it
through other nodes.

(6) Message routing - pass a message along to an
adjacent node.

. eliminates the need for so many direct
physical connections

. nodes must be able to make routing
decisions
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B. Point to point link - connect two and only two
nodes without passing through intermediate

node.

NODE MEDIUM NODE |

Point to Point Link

2 Wire Point to Point Link

4 Wire Point to Point Link

The Medium of a point to point 1link may consist of 2 or 4

7 /=N
a8 —

5 Point to Point 3 Point to Point 4 Point to Point
Links (Star) Links Links (Rinag)

e

1

4 Point to Point Links
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C. Multipoint or multidrop 1link - single line
connected to more than one node.

(1) Central control - master node determines
when tributaries can send messages and how
long messages are sent.

. requires intelligence in master node
and tributaries. (CPU and intelligent
terminal devices)

MEDIUM
MASTER

TRIBUTARIES

Multipoint or Multidrop with Centralized Control

TX/RX
[Imx/rxTITx/RY TIX/RX ] | T*/RX
2-Wire
TX
RX

TH[RX [IX]] RX |[TX [RX %x RX

4-Wire
The Medium of Multipoint Links may consist of 2 or 4 Wires

(2) Distributed control - each node has the
ability to contend for the line to transmit
when the line is free of message traffic.

. the rules for this type of contention
set-up are implemented in each node
. can only be used with LAN’s

| I |
I | MEDIUM
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D. Mesh, hybrid, or unconstrained topologies -
non-specitic configurations that take the shape
of the actual connections.

. connections are determined by media costs,
number of nodes, and system efficiency

. made up of combinations of point-to-point
and multi-point 1ink

. may use routing and non-routing nodes

. commonly used on wide area networks or
long haul packet-switched networks

N o

\ / | l
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Star or radial topologies - all nodes are

joined at a single point. Point-to-point lines
connect the central and outlying nodes.

(1)

(3

(4)

Central Control Node -control for the
network is located in the central node or
switch.

. all message routing is through the
central node

Decentralized Control Node - control of
the network is through an outlying node

Distributed Control - control of the

network is distributed to all outlying
nodes.

. busy signal i3 sent to sending node when
there are no circuits available to
connect to the requested node

. station busy signal is sent to sending

node when available port(s) of desti-
nation node are in use.

Examples of star or radial topologies.

. time sharing central host

. clustered networks - word processing
clusters

. private branch exchange (FBX)
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(1)

(2)

F. Ring and loop topologies - an unbroken circular
configuration is formed by connected point-to-
point 1links.

. each node is an active repeater

. transmitted messages are passed around from
node to node.

. each node has its own unique address

. each node has ability to recognize its own
uniqgue address. The node accepts message
that are addressed to it. All other messages
are passed on.

— ™~

-

\

Centralized Control (Loop) - control of the ring
network is from one of the nodes into the ring.

. control node tells each node when it is
permitted to transmit a message

CONTROL

NODE |\

AN

(Distributed Control) Token Control - control of the
ring network is distributed by passing a token (bit
pattern) around the ring. A node receives exclusive
access to the ring when it grabs the token. The
token is then passed on to another node when it is
finished transmitting.
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(G) Bus topologies - a network that is composed of
a single line (physical channel) shared by
multiple nodes.

. connectors or cable taps are used to
connect the nodes to the bus

. Mmessages placed on the bus are broadcast
to all nodes

. nodes must be able to recognize their own
address in order to receive messages

. nodes do not have to repeat and forward
messages intended for other nodes

. hodes are relieved of network control
responsibility, therefore, there is less
delay and overhead in the system

Bus Topology

(1) Single Cable Baseband Bus - used with baseband
(either) local area networks. Each node contends
for time on the bus.
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(2)

(3)

Single Cable (Mid-Split) Broadband Bus - used with
broadband local area network. A single cable is
divided into two frequency (FDM) bands. One is for
transmitting, the other is for receiving.

Headend frequency shifter shifts transmitting
frequency band to receive frequency band.

/L

SIGNAL
SPUITTER

CENTRAL
RETRANSMISSION
Faciuity

Dual Cable (End-Split) Broadband Bus - used with
broadband local area networks. Dual cables are
connected with loop at mid cable.

{ b S
Y
0 R
= =
l | 1
RAeceve Line __]
—
. R
o ol & —
/ fu—
TiansmiLine
Loop ot /L N Samel
wig-Cadie . — jIﬂ-—-
- i Cadte-Bus
[E;;: — =

70



Star Shaped Ring Topology - a8 network that is
composed of cables from a central concentration
point(s) (wiring center), to user location and
back again to the wiring center.

. exhibits the benefits of both stars and
rings.

. wire of data center is much like the wiring
for a phone system.

. allows modification and/or servicing to be
performed at the concentration point.

. can use twisted pair, coax cable, or fiber
optics.
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7. Media Impairments, Line Conditioning, Equalization
and Performance Testing

A.

—

SIGNAL

Media Impairments

All communication channels are affected by

disturbances that are caused by natural and/or

man—-made phenomena. These disturbances will

have a detrimental effect on data transmission

unless care is taken in the modem design to

combat some or all of them.

(1) Noise - a communications line impairment
inherent in the line design or induced

by transient eneray bursts.
MEDIUM ‘D‘f\/
> lﬁy or-\L £h %
NoISE NOIS E B

(A) Gaussian noise (white, thermal, or shot) -
noise which has a probability density
function which follows the familiar bell
curve., Gaussian noise is the result of
many independent overlaping current or
voltage pulses, such as the random motion
of free electrons within a conductor. It
is the background "hiss" occasionally
noticeable on a telephone connection.

(B) Impulse Noise - a high burst of energy
with durations from a few milliseconds to
a hundred or more milliseconds. The noise
is caused by electrical storms, switching
and signaling equipment, power sources,
and other electrical systems.

(C)Y Cross Talk - noise caused by the signal on
one pair wires being capacitively or
inductively coupled to adjacent wire pair.
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(4) Ground Loop or Common Mode Noise - caused by
potential differences of external noise
sources.

Dh—Smunsed —m .
7\

o S0

Non-insuleted Feed Thru
Muitipie Nosse Currents (In)

(5) Quantizing Noise - noise that is a result of
the difference between the signal presented to
a Codec and its equivalent quantized value. A
Codec is a coder-decoder (analog to digital and
digital to analog converter) that is used in
pulse code modulated system such as Tl carrier.

.
un
mo
1o1

Owtput ugnol

=
T
[}
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¥ \ Input ugnal fime >

el

:oow
, 0001
000C

(a) Uniform codec transfer characteristic

(c) Quantized full load sine wave

M Input ugnol

(b) Error characteristic

(6) Impedence Mismatch - the output impedence of
the signaling equipment does not match the
impedence of the modem. This causes signal
reflections and high standing wave ratios
that appear as noise in the system.

SIGNALING
E QUIPMENT MEDIUM

50 CHM 0O
IMPECENCE 75 CHM

IMPEDENCE
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(b) Attenuation - loss of signal energy normally

measured in dB.

—40d8nnlii» OdBm

10 dB GAIN

/\/-l> MEDIUM |= T\ .

LOWER

INPUT X )
SIGNAL 204dB of ourPuT
LEVEL SIGNAL
(OJBN) ATTENUATION LEVEL
(~204Bm)

Effect of Attenuation on Signal

Associated signal level terminology decibel
(dB) - power and voltage level measurement
unit. By using the dB, dBm, dBrn, dBrnc,
dBmV expressions, gains and loss along a
system can be handled with simple addition
and subtraction, without the need for multi-

plication amd division of small signal levels.
P

adB = 10 log _ou
P 1in

dB = 20 log Yout
V in

dBm - power level measurement unit in the

telephone industry based on 600 ohm
impedance at 1004 Hz frequency. O0dBm
is Imw at 1004 Hz terminated by

600 ohms.
dBm = 10 log ——
m = ©9 T
dBrn - power level measurement unit used in

the telephone industry, - 90dBm is 0 dBrn.
Maintains positive number on relative
interfacing effects 0 dBrn = -90 dBm.

- Message Filter - a filter that is used

to weight the level of noise or signal
before measuring it with a dB meter. This
permits measurement of the noise or signal
level relative to its interfering effect on
the human ear. C-Message weighting results
in about 1.5dB reduction in level.

@)

dBrnc —-power level measurement unit used in

the telephone industry. Signal
measured with C-Message filter,
-88.5dbm is odBrnc, maintains
positive number on relative
interfacing effects odBrnc =-88.5dBm.
Gain —-the degree to which a signals amplitude
is increased. The amount of amplifi-
cation realized when a signal passes
through an amplifier or repeater
normally measured in decibels.
dBmV -Power level measurement unit used in
the CATV industry. O0OdBmV is 1000
microvolts across 75 0Ohm load.
dBmV = 20 Log \Ys
1000 Micro Volts

74



LOW FREQ

MED FREQ /7

HIGH FREQ

(3) Attenuation Distortion - attenuation at the
edges of the pass band that affects the
relative magnitude of various frequency com-
ponents in a transmitted signal. The causes
of this distortion include capacitive and
inductive reactances, filters in carrier
systems, loaded cable that acts as a low pass
filter, and transformers and series capacitors
that act as high pass filters.

db

- |
1./ 262630 FREQ KHZ

Typical Attenuation Distortion Curve

LowER
/fﬁ\\\_// Level

LOW FREQ

| g Az
MED’UM ‘> AVAVAVERSS
MED FREQ
ATTENUATION /\/W\/\ LowEn £ 5
DISTORTION HioH FREQ LEVEL

Effects of Attenuation Distortion on Signal
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(4) Envelope Delay Distortion (Group Delay) - phase
delays at the edges of the pass band that
affect or upset the time relationship between
various frequency components in a transmitted
signal. Since a voice circuit acts like a
bandpass filter, delay distortion increases
rapidly as the filter cut-off frequency is
approached. This delay is produced by the
inductive and capacitive reactance in the

system.
4 =
3-—
2-—
1—
111 e (S
3

10 17 262830 FREQ KHZ

MS

Typical Envelope Delay (Group Delay) Distortion Curve
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TImE . e
LOW FREQ 7 LOW FRE il o
RN Frea 83 S
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(GRouP DE LAY) ™
N - okl 2
HIGH FREQ DISTORTIO WG Frea M 7% gig
ARRIWWC AT
DI FFEREMT
TimES

Effect of Envelope Delay (Group Delay) on Signal
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(5) Fregquency Translation - a frequency shift
whereby all frequency components in the
modulated signal are shifted. This generally
fs due to oscillator drift or offset in the
system carrier equipment.

Positive Translation - a shift to a higher

frequency
x:«;“' -,
- MEDIUM -:J\/- )
1500 HZ t SH2 1505 H2 18
TRANSLAT ION s

Effect of Positive Translation on Signal

Negative Translation - a shift to a lower
frequency
2 "§‘«
- MEDIUM y
1500 H2 -5 Hz 14995 HZ
TRANSLATION ~ F
Effect of Negative Translation on Signal
(6) Phase Jitter - results in a pure tone having an

associated FM spectrum. Insome cases, this

spectrum is random and in other cases it takes
the form of discrete, often multiples and
submultiples of ac power frequencies. Phase
jitter is caused by coupling through from power
line associated equipment such as ringing
generators.

| Meoium -’% <4 e

NAL PHRASE SIGNAL X .
-6 FITTER WITH Q? “;ﬁ
JTITTER © i

Effect of Phase Jitter on Signal

77



(7) Harmonic (Nonlinear) Distortion - harmonics
caused by non-linearities in the teglephone
channel. These extraneous frequencgies are
caused by clipping or limiting the transmitted
signal. They are related to the transmitted
signal in natural numbers multipliied by the
fundamental signal (i.e., 500 Hz fundamental;
1000 Hz 2nd harmonic; 2000 Hz 3rd harmonic,

etc.).
ORIGINAL FREQUENCY
(500Hz) . >
/\/ —»| MEDIUM |— e
\ , .
500 Hz INPUT SIGNAL (21n0d0()!isA}?:;ONIC 2 N

3rd HARMONIC
(1500 Hz)

Effect of Harmonic (Nonlinear) Distortion on a Siaal

(8) Single frequency interference - addition of one
or more frequencies to the signal.

/
/\/\ »| MEDIUM ORIGINAL FREQUENCY

300 Hz SINGLE
FRECGUENCY INTERFERENCE

Effect of a Single Frequency Interference on a Signal
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(9) Echo - a telephone line impairment on the dial up
network that is caused by electrical reflections
at distant points where 1ine impedances are
dissimilar.

SATELLITE

OR
MICROWAVE

Origin of Echo on Dial-Up Network

DN
i
Y

T CUTP T SICHAL
MECIUM v
Pyt
SIGNAL - e s /\_/
= ECHO [_ £CHD
| SICNAL | — _!
A Tine b s v
;o B ‘3".»!

10C ms 1ERKESTRIAL
700 ms SATELLITE

NPT ~EEGTHIAL
GOD s SATELLITE

Effect of Echo on Signal

. Most telephone lines to the Central Office (CO)
are two wire.

. Transmit and receive signals travel over the
same electrical path within the frequency
band.

. It is not feasible to put a bidirectional
amplifier in the circuit because gain over
unity will cause the circuit to be unstable
(oscillate).
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Two Wire Two Wire
o— ——o°

Bidirectional Amplifiers on Two Wires

Bidirectional amplifiers cannot be used on two wire
circuits operating in the same transmit and receive
band because gain greater than unity will cause
oscillation.

. Transmission/reception from Central Office
to Central Office is normally via two separate
paths. One path for transmission and the other
path for receiving (4 wires).

. The device used for splitting and recombining
(converting 2-wire to 4-wire and 4-wire to
2-wires) is called a hybrid or 4-wire termi-
nating set.

o)
’ ——— Go
Two Wire Balance
Line :—_—:] Network r Four Wire
I_NW\—_NVL—G‘_—“ Re!urn
2e]

J

Hybrid or 4 Wire Terminating Set

. A hybrid is placed at each end of the circuit.
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2 to 4 Wire Conversion Using Hybrids

. If the impedence is mismatched, most of the
signal will reach the far end. Some of the
signal will be returned as an echo to the
originator of the signal.
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Origin of Echo in 2 to 4 Wire Circuit Using Hybrids
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MODEM

A
.

AAA

Echo Suppressor - device used on terrestrial circuit
(microwave) to attenuate echoes.

it )

}

ANA
~NSVN

SUPPR. MODEM

—_————— - 4.

I — oy G e Qe S— m—
zr

(=

ECHO SUPPRESSOR
(TERESTRIAL CIRCUIT)

L____lv:l-_.__l

r
2
5

B

Echo suppressors may be disabled (closed)
using a 2125 Hz + 100 Hz signal. This signal
is called the answer back tone.

Terrestrial circuits normally have round trip
delay of less than 100ms. Therefore, the echo
will be heard within 100ms.

Full duplex modems using Frequency Division
Multiplexing will disable the echo suppressor
with the answer back tone so that it may
transmit and receive simultaneously. The Echo
will not affect a FDM modem because the trans-
mitter and receiver are operating in different
frequency bands.

Half duplex modems will often have a quiet time
of two seconds after answer back tone to enable
the echo suppressors. This is sometimes called
a satellite option. It takes approximately 50
ms to disable (close) an echo suppressor after
it has been enabled (opened). Because of the
long delay required to disable (close) the echo
suppressors and the long squelch delay required
for echo suppression, half duplex modems will
normally have a long turn around time (RTS/CTS
delay - 150ms).

Some half duplex modems have a dither or idle
tone that is used to keep the echo suppressors
disabled (closed). This tone is normally at
300 or 600 Hz. It is transmitted by the
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answering modem when a carrier is not being
transmitted or received. This permits the half
cdupltex modems to have a short turn around time
(RTS/CTS delay - 30ms or 50ms). The echo will
be suppressed with the modems receiver sqguelch.

. Echo suppressors will be replaced with echo
cancellers in the future.

MODEM

Echo Canceller - a device used on terrestrial (micro-—
wave) or satellite circuits to cancel echoes.

r-

' " — J Z. r-_]

B INCIO R S N

' AN \ "

: =) | |

A 13

I I
CANCELLER cwceeien] | |€l MODEM
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| Vg ya V/ /L =4 ]

| ) R - % ¢ ($)® 1§

L. » N N Y ~ ] |

HYBRID L-J
ECHO CANCELLER HYBRID

(Terrestrial or Satellite Circuit)
. Satellite circuits normally have a round trip

delay of less than 700ms.

. Echo cancellers are not normally enabled and
disabled 1like echo suppressors.

. Echo cancellers are trained by incoming
signals. [t takes approximately 500ms to
train an echo canceller. This training
normal ly takes place during the first trans-
mission of data.

. If a signal is tramsmitted in both directions
simultaneously (double talk mode), the echo
canceller freezes (does not train). This
occurs with full duplex FDM mocem. The echo
will not effect the FDM modem because it
transmits and receives in different bands.

. Only about 5% of all connections within the
Continental U. 5. are by satellite. This
number will decrease as these links are

replaced with fiber optics.

. Intercontinental connections will most likely
continue to use satellites.
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(9) Transient Impairments - impairments that are

not continuously on the line.

(A) Dropouts - sudden large reductions in
signal level that last for more than
several milliseconds.

&
N | MepoM | 7N\ e | X
CONSTANT AMPLITUDE SUDDEN LARGE REDUCTION
INPUT SIGNAL DROPOUT IN SIGNAL LEVEL P R
Effect of Dropouts on a Signal
(B) Gain Hits - sudden large increases in
signal level that last for several milli-
seconds.
b &
—>| MEDIUM [—
CONSTANT AMPLITUDE '
INPUT SIGNAL GAIN HIT SUDDEN LARGE INCREASE
IN SIGNAL LEVEL &(th ﬁ\‘
Effect of Gain Hits on a Sianal
(C) Phase Hits - sudden changes in phase that
are caused by the switching of out-of-
phase carrier supplies or the sudden
substitution of a broadband facility
having a different propagation time.
f"’ ‘}i
CONSTANT PHASE SUDDEN PHASE CHANGE
INPUT SIGNAL PHASE HIT OF SIGNAL N, v

Effect of Phase Hits on a Signal
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Illustration of Effect of Impairment on a Signal Using
Balls and Boxes

o ® © ()

LOW SPEED ‘ _
Ball Size Represents Data Rate HIGH SPEED
o :
'L 3
SMALL
SANDWIOTH LARGE BANDWIDTH

Box Size Represents Bandwidth of Medium

- ﬁ Sand in box represents medium Impairments

Low speed is virtually unaffected by impairments

Higher speeds are greatly effected by impairments.
High speed devices will work very poorly if line
impairments are not corrected or compensated for.
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B. Line Conditioning

Conditioning - applying electronic filtering
elements to a communications line to improve its
ability to support higher transmission data rate.

. only available on private leased (dedicated)
lines.

. Unconditioned 3002
- Insertion loss specified

Attenuation distortion specified

Envelope delay (group delay) distortion

specified

- Impulse noise characteristics specified

- Most modems will work on 3002 unconditioned
lines because of equalizers contained
internal to the modem

. C-Conditioned
- Cl, C2, C4 conditioning available

- Improved characteristics over unconditioned
lines
Higher tariff
Insertion loss specified
Attenuation distortion specified
- Envelope delay (group delay) distortion
specified
Impulse noise characteristics specified
most modems do not require C-conditioning
- 2027 requires C2Z conditioning if it is to be

operated at 1800bps

!

L]

-Conditioned

D1l is for point to point networks

D2 is for multi-points networks
Signal to C-notched noise ratio -28dB
- Signal to second harmonic ratio -35dB
Signal to third harmonic ratio - 40dB

|
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L8

SPECIFICATIONS FOR THE VOICE BANDWIDTH DATA CHANNEL

AND C TYPE CONDITIONING

3002
CHANNEL

C1
CONDITIONING

C2
CONDITIONING

C4
CONDITIONING

I. CIRCUIT
DESIGNATION
USE

(NOTE D +G)

INTERSTATE TARIFF
FCC NO. 260

ALTERNATE VOICE/DATA
OR DATA ONLY

ALTERNATE VOICE/DATA
OR DATA ONLY

ALTERNATE VOICE/DATA
OR DATA ONLY

ALTERNATE VOICE/DATA
OR DATA ONLY

1. GENERAL
CHARACTERISTICS

TYPE OF SERVICE

MODE OF OPERATION

METHOD OF TERMINATION

IMPEDE SOURCE & LOAD

MAXIMUM SIGNAL POWER

(NOTE H)

2-POINT OR MULTIPOINT
HALF- OR FULL-DUPLEX

2-WIRE OR 4-WIRE

600 OHM RESISTIVE BAL.
0 DBM FOR COMPOSITE

DATA SIGNAL, OVU FOR
VOICE

2-POINT OR MULTIPOINT
HALF-OR FULL-DUPLEX
2-WIRE OR 4-WIRE

600 OHM RESISTIVE BAL.
0 DBM FOR COMPOSITE
DATA SIGNAL, OVU FOR
VOICE

2-POINT OR MULTIPOINT
HALF- OR FULL DUPLEX
2-WIRE OR 4-WIRE

600 OHM RESISTIVE BAL.
0 DBM FOR COMPOSITE

DATA SIGNAL, OVU FOR
VOICE

2.POINT OR 3-POINT
(NOTE F)

HALF- OR FULL-DUPLEX

2-WIRE OR 4-WIRE

600 OHM RESISTIVE BAL.

0 DBM FOR COMPOSITE

DATA SIGNAL, OVU FOR VOICE

Ill. ATTENUATION
CHARACTERISTICS

MEASUREMENT BETWEEN
600 OHM IMPEDANCES AT
LINEUP (RECOMMENDED)
EXPECTED MAX. VAR.
OF (L) (NOTE A)
FREQUENCY RESPONSE
(REF. 1000 HZ)

(NOTE B)

16 DB =1 DB 1000 HZ

SHORT TERM =3 DB
LONG TERM =4 DB
FREQ RANGE VAR. DB
300-3000, -3 TO +12
500-5000, -2 TO +8

16 DB =1 DB 1000 HZ

SHORT TERM =3 DB
LONG TERM =4 DB
FREQ RANGE VAR. DB
300-3000, -2 TO +
1000-2400, -1 TO +3
2700-3000, -3 TO +12

16 DB = 1 DB 1000 HZ

SHORT TERM =3 DB
LONG TERM =4 DB
FREQ RANGE VAR. DB
300-3000, -2 TO +6
500-2800, -1 TO +3

16 DB = 1 DB 1000 HZ

SHORT TERM =3 DB
LONG TERM =4 DB
FREQ RANGE VAR. DB
300-3200, -2 TO +3
500-3000, -2 TO +3
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3002 C1 C2 ca
CHANNEL CONDITIONING CONDITIONING CONDITIONING
IV. DELAY
CHARACTERISTICS  +5 HZ +5 HZ +5HZ +5 HZ
FREQUENCY ERROR
ABSOLUTE DELAY NOT SPECIFIED NOT SPECIFIED NOT SPECIFIED NOT SPECIFIED

(NOTE C)
ENVELOPE DELAY
DISTORTION

LESS THAN 1750 MICRO-
SECONDS OVER BAND
FROM 800 TO 2600 HZ

LESS THAN 1000 MICRO-
SECONDS OVER BAND
FROM 1000 TO 2400 HZ
LESS THAN 1750 MICRO
SECONDS OVER BAND
FROM 800 TO 2600 HZ

LESS THAN 500 MICRO-
SECONDS 1000-2600 HZ
LESS THAN 1500 MICRO-
SECONDS 600-2600 HZ
LESS THAN 3000 MICRO-
SECONDS 500-2800 HZ

LESS THAN 300 MICRO-
SECONDS 1000-2600 HZ
LESS THAN 500 MICRO-
SECONDS 800 TO 2800 HZ
LESS THAN 1500 MICRO-
SECONDS 600-3000 HZ
LESS THAN 3000 MICRO-
SECONDS 500-300 HZ

V. NOISE
CHARACTERISTICS
MESSAGE CIRCUIT NOISE
IMPULSE NOISE
(NOTEE & H)

SEE TABLE Il
15 COUNTS IN 15 MINUTES
@69 DBM VB (69 DBM C)

SEE TABLE Il
15 COUNTS IN 15 MINUTES
@69 DBM VB (69 DBM C)

SEE TABLE Il
15 COUNTS IN 15 MINUTES
@69 DBM VB (69 DBM C)

SEE TABLE IlI
15 COUNTS IN 15 MINUTES
@69 DBM VB (69 DBM C)

NOTE: *THESE SPECIFICATIONS ARE TARIFFED ITEMS. ALL OTHERS ARE THE CURRENT ADMINISTRATIVE INSTRUCTIONSOFA.T. & T. CO.

. (L) is the net loss as measured at 1000 Hz. Short-term variations are those likely

to be observed during a measurement interval. They are caused by amplitude
and phase shifts, dropouts, and maintenance activities. Long-term variations
include seasonal changes, tube aging, etc.

. DC continuity is not provided on any of these offerings.

. Absolute delay and propagation times are not specified. Where satellite channels

are employed, the delay may be several tenths of a second and telemetry and
retransmission schemes may be either unusable or limited.

. If alternate voice data operation is desired and the data modulation does not

allow the use of compandors (such as many AM systems where instantaneous
power varies rapidly), the voice mode may be degraded by excessive noise.
If signalling is required, the data modulation must not interfere with 2600 Hz S.F.
signalling units and response is not specified between 2450 and 2750 Hz.

. These impulse noise limits are primarily plant maintenance limits. In cases where

they are exceeded, Engineering will evaluate the performance on impulse noise

distribution, i.e., how rapidly the counts (impulses) fall off as counting level
(impulse noise peak voltage) is raised, and the effect on the data system
performance.

. Third-point operation describes the conditioning where point A (master) can

transmit to B and C (slaves) simultaneously and both B and C canrespondto A.
Transmissions between B and C are possible, but the characteristics are not
specified.

. C3 conditioning, not included in this table, describes conditioning of access lines

and trunks in central office switching applications. An end-to-end connection
consisting of four trunks and two access lines with C3 will approximate C2
conditioning overall.

. The “vb” in the objectives refers to the voiceband filter in the measuring set.

This approximates the “C” message filter and the typical response of the voice
grade channel.
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3002 LINE C1 CONDITIONING
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= TYPICAL LINE CHARACTERISTICS
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ATTENUATION CHARACTERISTICS
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C. Equalization

Equalization - is a technique used to compensate
for distortions present on a communication
channel. Equalizers add loss or delay to signal
in inverse proportion to the channel character-
istics. The signal response curve is then
relatively "flat" and can be amplified to regain
its original form.

. Equalization is usually accomplished with
analog or digital filters.

. Filter is electronic circuitry that blocks

some signal components while allowing other
components to pass through uniformly.

Filtering corresponds to multiplying the signal
spectrum S(F) and the filter frequency
response H(F)

LINEAR
o——3  FILTER [f—0u s
S H) SE)=G (F-HEF)

Linear Filter H(f)

. Filters may consist of simple passive circuits
containing resistors and capacitors.

Jkeei |
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Passive First Order Analog Low Pass Filter

91



Filters may consist of more complex active
circuits that contain operation amplifiers,
resistors, and capacitors.
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Active Second-Order Analog Bandpass Filter
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Active All Pass Analog First-Order Phase Shift Filters
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dB

= FREQ \
Hz

Ideally Equalizing for Attenuation Distortioé\

Several stages of filters may be combined to compensate for
attenuation distortion on the line by creating a filter
response opposite that of the line characteristics. The
output of the filter network is a flat attenuation response.

DELAY
¢ ms
.
4 L
-
p—
] FREQ
] | | ] 1 Hz

Ideally Equalizing for Envelope Delay
(Group Delay) Distortion

Several stages of filters may be combined to compensate for
group delay (phase) distortion on the line by creating a
filter response opposite that of the 1ine characteristics.
The output of the filter network is a flat group delay

response.
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Fixed Statistical Compromise Equalizer is an equalizer
that is fixed (cannot be changed). It’s design is
based on the networks statistics. The shape of the
equalization is a compromise between the worse case
line condition and a "back to back"™ line condition.
This type of equalization is only practical on modems
operating at less than 1200 bps.

The attenuatioon distortion and group delay distortion
characteristics of the telephone line vary greatly from
one line to the next.

It is therefore very difficult to design a compromise
value of equalization that will permit satisfactory

operation on all telephone lines.
LINE \

dB ORM / CHARACTERISTICS

|

2\ /

\ <—FILTER OUTPUT
- | /
X C

] FILTER
= CHARACTERISTICS
e

=4 T FREQ

— Hz

Undér EqballzétioH

If the filter characteristics are not sufficient to
compensate for the line characteristics, the output of

the filter will not have a flat response. Therefore,
the signal will still be distorted.
~dB ORMS FILTER
_ CHARACTERISTICS
] FILTER
— \L;// OUTPUT

LINE
CHARACTERISTICS

FREQ
i i ] T | Hz

Over Equalization

If the filter characteristics over compensate for the
line characteristics, the output of the filter will not
have a flat response. Therefore, the signal will still
be distorted.
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. Manually Adijustable Egualizers are used to help

compensate for these variations

in the line

characteristics. Equalization may be selected in
or out by a strap or switch option.
N
EQUALIZER
1 IN
T EQUALIZEK N L
N ouT RN
T L in
~ — . SR
—t—t—r+ FREQ
HZ

. On higher speed modems,
critical.

compensate for change
accomplished with an Automatic Adaptive Equalizer.
most common Automatic Adaptive Equalizer

Manually Adjustable Equalizer

the equalization becomes more

is necessary to continually

line conditions. This is normally
The
is the Trans-

In fact, it

versal Digital Filter (tapped delay line).
G-
| ° Ly d s £
S . S(3-) ‘L wa) [ ) ) | S(-y)
A/D ot Sall I v SN N-4 TAP
i((:? CONVERTER Ll kL K s 1 vurpaTEes
IS
N RSN NS S N\ S.(#) DECISION R
@ &) Z) Q‘f ALGORITHM 7
< _ N
W) - ;2 Geol £) = SIGNAL OUTPUT SPECTRUM
) = / 5
HE) = = e e/ " FITER  FREQ RESPONSE
Transversal Digital filter (Tapped Delay Line)
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The Automatic Adaptive Equalizer is normally adjusted
each baud time. If the actual received baud location
in the constellation is within the decision boundaries,
the demodulator will use the ideal location for the
reference point of the next baud group. The equalizer
uses the actual baud location to adjust itself for the
intersymbol interference caused by impairments on the
line. If the actual received location is in high error
region, the baud group may be in error.

DECISION
QUNDARIES

Constellatin of 8-Phase DCPSK Modem

ERROR
REGION

Y(Q)

DECISION
BOUNDARY

EXPLODED VIEW X(1)
QUADRANT ONE

Effect of Automatic Adaptive Equalization on
Constellation of 8-Phase DCPSK Modem
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D.

Performance Testing

Since not all modems were designed to equally
compensate for the line characteristics, it is
very important to consider the performance of a
modem over a variety of line characteristics.

The modem should be designed to handle very good
and very bad line characteristics.

A modem that operates very poorly (high error
rate) on a line with bad characteristics may
initially cost less. But, in the long run, it
may cause substantially more in time lost for
retransmissions, especially if the modem is used
over long distance lines. It doesn’t take very
many retransmissions of data over a long distance
telephone call to make up the difference between
a cheap modem (higher error rate) and a more
expensive modem (lower error rate). The slightly

more expensive modem will, in most cases, better
compensate for the line impairments. But, don’t
look at cost only. The best way to verify the
performance over varied line conditions is to use

a telephone line simulator and a bit error rate
tester.

Opinions vary greatly as to what values should be
used for the impairments when conducting
performance tests. In general, tests should be
performed over several shapes of amplitude
distortion and envelope delay distortion (back to
back, typical line and worse case line). The
modem should be tested in the presence of
harmonic distortion, frequency translation, and
phase jitter. Common values of harmonic
distortion, frequency translation, and phase
jitter can be found in ATT published Survey
Reports. Test results are normally expressed

in terms of Probability of Bit Error Rate versus
Signal to Noise Ratio. This curve is plotted by
recording the number of errors received in a
large number of bits received (i.e. five errors
in one million bits) at varied signal to noise
ratios. The modem is normally tested at receive
signal levels of -20dBm and -30dBm.

CCITT V.56 specifies a block diagram of a
telephone line simulator. The basic block
diagram for the simulator is valid for the
Continental United States, but, the values
specified for amplitude distortion and envelope
delay distortion are considerably different from
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those experienced in the United States. If a
modem was designed to perform well on these 1lines
it would perform very poorly on actual telephone
lines in the United States.

. Several manufacturers make telephone line simu-
lators that may be used for modem performance
testing.

« A Bit Error Rate Tester (BERT) is normally used
to generate pseudo-random data patterns and
check for errors in the data patterns.

- common Pseudo—Random Data Patterns are 2047,

511, and 63 bits in length before starting
over.

SHIFT REGISTER

10 S8 7 els5 4 k3 }> -

J ’ 5n
v/ PATTER N

o—

—==
. PATTERN
__") zo47
PUT
qDo‘—d FATTERN  O4T

CCITT 511 Psuedo—-Random Data Patterns Generator

- other common patterns are Mark (all "17s"),
Space (all "O’s"), Alternate (alternately
"17s" and "O’s") and Quick Brown Fox (The
Quick Brown Fox Jumps Over the Lazy Dog
0123456789).
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Noise Level
Iter ®
source Filter Attenuator meter
Error
counter <
Line char-
Fault
acteristics Attenuator — 1
X simulator
simulator
Data T l M
- easuring
source MOD DEM data sink ®
Branch |—*1 Echo Echo fe—{ Branch
Measuring DEM MOD Data
data sink® [* backward backward source®
channel channel
Line char-
Fault
¢— Attenuator . acteristics
simulator
simulator
Error
counter ©
el
Lev Attenuator Filter® Noise
meter sources

CCITT V.56 - Block Diagram of a Telephone Line Simulator
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ERRCR/BITS AUN

PROBABLITY OF ERRURS

10E 0
10E -1
10E -2
1CE -2
1CE -4
10E -3
10E -5
1CE -7

Sianal to Noise Ratio (5/N) - the relative
power levels of a signal and noise on a
communications line, expressed in
decibels.

(S/N)dB SdBm — NdBm

Sianal to noise ratio performance curve -
curve showing probability of bit errors or
message errors vs signal to noise ratio.
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Signal to Noise Rat jio-Performance Curve
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8. Communications Interface Units (CIU) and Data
Circuit-Terminating Equipment DCE

(A) Communications Interface Unit (ClU) - the LAN
component that logically interfaces to the
network. It changes signals from the node
interface into the form and format appropriate
for transmission over the medium. '

. digital to analog and analog to digital

. parallel to serial and serial to parallel

. drives message over the medium

. provides power and ground isolation

. povides error detection at the physical and
data 1ink levels

. in distributed control, it monitors the
network channel for message traffic to
determine if it can transmit the message of
its node

(1) Transceivers - communication interface unit
(CIU) used in baseband LAN’s

Media Access Units (MAU) - device used to
physically connect to medium (i.e., cable tap)

Bus Interface Unit (BIU) - interface between
the nodes internal bus (or equivalent
electrical circuitry) and the CIlU.

NODE l
BIU (NODE INTERFACE)
rJ—T TRANSMISSION

'—J‘\ MEDIUM
CIU (TRANSCE IVER)

& MAU (CABLE TAP)

Transceiver, Media Access Unit and Bus Interface Units
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(2) Modems - CIU used in broadband LAN’s, MAN’s,
and PBX’s. The bus interface unit (BIU) used
with a modem normally conforms to RS232-C,
RS449/422/423, CCITT, V.24/V.28. It may all be
a programmed or interrupt-driven [/0 interface.
Lower speed modems normally operate in the
voice frequency range (less than 20K Hz). Very
high speed modems normally operate in the radio
frequency (RF)range (less than 400 MHz).

v
(MODEM)

Modems, Bus Interface Units, and Media Access Units
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B. Data Circuit-Terminating Euipment (DCE) -
previously called data communications equipment.
Equipment (such as a modem) installed at a users
premises that provides all the functions required
to establish, maintain and terminate a connection
and signal conversion and coding hetween the data-
terminal equipment and the common carrier’s line.

(1) Lonyg Haul Modem
. Modem used over long distances via the
dial up network or leased line (3002).
. Will operate with lines usinag loading
coils.,
. Use carrier modulation type of signaling.

LONG | v re—ca—] LONG
cPU HAUL HAUL
MODEM [ %1 y0opEM
DIAL-UP OR TERMINAL
LEASED LINE LINK
(LOADED LINE)

Long Haul Modems

Loading Coil - a helically wrapped core placed on
the telephone line every 1.6 km for the purpose of
reducing attenuation and phase distortion within a
given band. This is accomplished by cancelling the
distributed capacitance on the telephone 1line.

Loading Coil Winding

4B km AMP

No Loading

-———Lumped Loading

_~Distributed Loading

s \ T

|
300 " 3.3 KHz

2 ) 6 ik FREQUENCY RESPONSE OF LOADED LINE

Loading Coil, Loaded Line and Bandwidth of a Loaded Line
104



c Elements of a Long-Haul Modem

smitter or modulator converts digital data

(2) Basi
. Tran
orig

sour
over

inating from a terminal computer or other

ce into audio signals suitable for transmission
a communication facility.

Data Encoder portion of the modem is part of
the transmitter. It is used in conjunction
with the transmitter timing to determine what
modulation changes are to be made to the
carrier frequency at each sampling instant. In
the 201B modem, the data encoder would group
the incoming binary data into dibit pairs and
then determine one of four phase shifts for the
carrier.

D =D + Dx "™ + Dx*

N
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Transmitter Control - controls turning on of
modems carrier and RTS to CTS delay.

Transmit Timing Source - outputs transmit clock
(TC). Phase locks TC to external transmit
clock (ETC) when strapped for external transmit
clock. Used on synchronous modems.

Test Generator - generates 511 peudo random
data pattern when in test mode.

Modulator part of the transmitter is used to
change the carrier freguency as determined by
the Data Encoder. The type of change imparted
depends on the tvype of modulation desired for
transmission.

Band Limiting Filter - the primary purpose of
the transmitter band limiting filter is to

shape the frequency spectrum of the analog
signals generated by the modem. It is advisable
to bandlimit the analog signal before it is
transmitted. This is important because even
though the telephone line is a bandpass filter
itself, one cannot count on it characteristics
since they change with time. If the bandwidth
of the transmitted spectrum can be contained
within the usable characteristics of the
telephone line, more reliable data transmissions
will result.

Line Amplifier - & variable gain amplifier. It
is usually manually adjustable in 2dB steps. It
may also be adjusted via the Program Resistor
(PR)Y and Programcommon (PC) leads. The
telephone company installs a programming
resistor in the RJ45S or RJ41S across the PR and
PC lTeads. The progagramming is adjusted to
provide a4 —-12dBm signal level at the Central
Office.

Transformer - provides connection between the
modem and the medium. [t is also used to
provide DC isolation and impedence matching.
The transmit transformer is used for both the
transmit and received signals when set up for
two wire operation.
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Receiver or Demodulator - accepts audio signals from

the

communications facility, converts them back to

their original digital format, and presents this
data signal to the appropriate terminal computer or
data sink.

Data Decoder is part ofthe receiver that is used
in conjunction with the demodulator to format
the received data into a serial binary pattern
to be shifted out of the modem to the terminal.
In the 201B, this circuit element converts the
differential phase shifts to dibit pairs, then
to single bits, before making them available for
external use.

D,=D, =D (1 + x "% 4 x 3

Dy > > x—l > x-1 P -—~- > x—t > x-l _____ > !.1
D x-ﬂ
\ 4 v
D ‘-23
% +— D Dp—

CCITT-34560

Data Descrambler

Clock and Phasing Circuits - derives receive
clock from demodulated signal to be output on
RS232 interface. Used on synchronous modems.

Pattern Checker - checks received 511 pseudo
ramdom data pattern for error when in test mode.
Outputs LED indication when errors are received.

Demodulator is the part of the receiver that

extracts the baseband (intelligence) information
from the composite modulated signal as it is
received from the telephone 1line. In the 2018B,

this would be the hardware that performs the
phase comparison from one sample period to the
other in order to determine the differential
phase shift that was received.
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Eaualizer — rhe eaualizer is a network whose

ampl Ttude and phase characteristics are the
inverse of those presented by the telephone line.
The eqgualizer compensates for channel distortion
thereby permitting higher data rates and/or better
moclem performance. The ecqualizer is reauired for
moclem 2400 bps and hiaher.

AGC Amplifier — provides Automatic Gain Control
{AGC)Y enablinag the modem to compensate for ampli-
tude variations on the line. This amplifier also
Aappears as a limiting staae in digitally implemented
mocems .

Band Limiting Filter - the primarv purpose of the
receive band limiting filter is to shape the
fregquency spectrum of the analoa sianal received
from the communications line. This filter
eliminates any extraneous frequencies (such as
noise) that are outside of the frequency band
containina intelliagence.

Transformer - provides connection between the
medium and the modem. It also provides DC isolation
and impedence matching. The separate receive
transformer is used when set up for 4-wire
operation.

Other (Shared Circuits)

- provides DC power for the modem.
V AC 60Hz to +5%V, 412 and -12V.

Power suppl
Converts 12

Direct Connect Auto Answer Circuitrv - Data

Access Arranaement (DAA)Y portion of modem. Provides
Telephone Company Central (CO) protection and

auto answer circuitry. Permits connections of
modem or telephone line. This section is FCC

Part 68 Reaistered for direct connection to the
Public Switched Telephone Network (PSTN).




601

I st |
l Cintanice l
I 1012 bAlA BAND LIMITING Ling g i > 10w
2 iy
—_— & — t 2 MOOULATOR —_ » ( .
lan ™ thconen ™ e AMPLIFIER j‘ IPRUATE Lk Bt "
' | g * >~ 1
' |
' LAMNET |
-
Vannl
S AL - ConiEn |
- 16119 TRANSMIT e I
e TNt
- shuscy TRANSMITTER l
—4—
WER p——t+% 2]
120V powel——"> | 1
e suppLY iz B ;
w e = | 2. _":__‘i_ rstw
- 018 20 > oIRICI i ::;,'::lu
Connict i __ v
- DSR (6] AUTO ANS ».C
CIRCUNRY l
-< R 122 . nr et
RING e
e
OTHER (SHARED CIRCUITS) 1
> PATTLRN [RANR
Cuecx 1o |
0?« ‘
/ .
- B8N0 &« o " RN
1Y orTA o " . aw i
- < DEMOSULATOR | EQUALIZER ace € — LMTING PhoaATE LING J ne
0/ CO0ER X%
FILTER 1— ] o
] T |
- [ -
ANALOG INTEFTACE
1TOCo Trsen
. RCITY CLOCK AND * RECE'V_ER 10 CIMIRAL i h-rp
- aerim mTERFACE PHASING CIRCUITS RS496
ROV —_—
—L— 10 0atE TR AL
00PN ENT
*
Synchronous Modem Only

Basic Elements of a Modem



(3

Standard "Bell" and Consultative Committee for
International Telephone and Telegraph (CCITT)
Modems

(A)

Definitions

Synchronous modem - uses a clock to perform bit
svnchronization of incoming and outgoing data.

Asyvnchronous modem - does not use a clock to
perform bit synchronization of incoming and
outgoing data.

FSK - Frequency Shift Keyed
DCPSK - Differentially Coherent Phase Shift
Keved.

QAM - Quadrature Amp!litude Modulation

Secondary Channel (reverse or backward

channel) - an optional feature on some modems
that provides simultaneous communication from
the receiver to the transmitter on a 2-wire
channel. This channel is normally at a slower
apeed than the primary channel. It is used for
message transmission, circuit assurance or
breaking, and to facilitate certain forms of
error control and network diagnostics.

Al=o, it may be used to send data that is being
typed (slow rate) in one direction and sending
acreen of information (fast rate) in the other
direction.

PL - Private Line

Dial - dial up line, Fublic Switched Telephone
Network (FSTN)
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Originate Mode - a term used with full duplex Frequency
Division Multiplexing modems that describes what bands
are used for transmission and reception. A modem that
is in the originate mode transmits in the lower freg-
uency band and receives in the higher frequency band.
The modem that originates the call normally configures
itself for this mode. On some modems originate or
answer modes may be selected with a switch.

I8 A

Modem in Originate Mode

Answer Mode - a term used with full duplex Freqgquency
Division Multiplexing modems that describes what bands
are used for transmission and reception. A modem that
is in the answer mode transmits in the higher frequency
band and receives in the lower frequency band. The
modem that answers the call normally configures itself
for this mode. Some modems may be selected for
originate or answer modes using a switch.

I8 A

Modem fn Answer Mode
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. The term originate mode should not be confused
with Automatic Call Origination (ability fto
automatically place a call) or a Simplex Mode of
Operation (where one device transmits only and
the other device receives only).

. The term Answer Mode should not be confused with
Automatic Answer (ability to automatically answer
calls) or a Simplex Mode Operation (where one
device only receives and the other device onily
transmits) .

. Al that is important when considering Originate
ancl Answer moces s that thie modem on one endd s
in Originate mode and the modem at the olhier end
s In Answer mode.

////// - - 7

Modem is in Originate Mode, the Other Modem
is in Answer Mode

. Two madems in answer mode will not communicate
with eack other .

. Two mocdems in originate nocde will not commurnicate
withh each olher .

. A 1030 modemn, wupon automatical iy anzwering a
Coall. will e i Ehe Girswer mode . Thus, bthe

origirnator of the call must be in the originate

mocle

. A 212A or L22 Bis (2424) will automatically
configure itzelf in the opposite mode of the

call originate mode upon automatical 1y answer ing
A call. Thus ., the oriainator of the call mayv be
in oriaginate or answer mode.,

1z



¢TIt

TYPES

OF MODEMS

Data Rate CCITT Bell Sync | Async Type Full |Half {[Secondary| PL|Dial | Baud Rate
"Family" |"Family"| (CLK)[(No CLK)Modulation Puplex Puplex|Channel
0 to 300 bps V.21 103 X ESK 2-Wire X| X |0 to 300
Series
0 to 1200 bps V.23 202 X FSK 4-Wire 2~Wiri X X X 0 to 1200
(1800 bps) Series (1800)
0 to 300 bps 212A X FSK 2-Wire X|] X ]0 to 300
1200 bps V.22 212A X X DCPSK 2-Wire X| X |600
1200/600 bps V.22 X X DCPSK 2-Wire X| X ]600
2400/1200 bps |V.22 BIS 224 X X QAM 2-Wire X| X |600
2400 bps V.26 201B X DCPSK 4-Wire [2-Wire X X 1200
2400 bps 201C X DCPSK 2-Wire X X |1200
2400/1200 bps |V.26 BIS X DCPSK 2-Wire X X |1200
2400/1200 bps |V.26 TER X X DCPSK 2-Wire X X (1200
4800 bps V.27 208A X DCPSK 4-Wire [2-Wire X X 1600
4800/2400 bps |V.27 BIS X DCPSK 4-Wire X X 1600
4800 bps V.27 TER 208B X DCPSK 4-Wire [2-Wird X X |1600
9600 bps V.29 209 X QAM 4-Wire [2-Wird X X 2400
7200 bps V.29 X QAM 4-Wire [2-Wird X X 2400
4800 bps V.29 X QAM 4-Wire [2-Wird X X 2400
9600 bps V.29 9600A/B| X QAM 4-Wire [2-Wirg X| X 12400
9600 V.32 X X NDAM-Trellis |2-Wire X X| X {2400
4800 X X DAM-Trellis |2-Wire X X 2400
14400 bps V.33 X NAM-Trellis [4-Wire X X 2400
12K bps V.33 X NAM-Trellis |4-Wire X X 2400

Note: This Table presents similarities between Bell and CCITT Modems. In
most cases the two families are not compatible.

Standard Types of ''Bell'" and CCITT Long llaul Modcms




) bps i "1 1. Full Duplexs . . ' ;71 AC, Powers

i 2. 2 Wire PSTNx ; 2. Auta-Answerv | 25
) 3. Originate/Answer : E : I
4. Async ) ne Powers | i 1. Mariual Answer/Originate [

Y R —

1 1. Full Duplexe. . Auto ‘Answerr. -

2. Private/Leased’Lines
3. Originate/Answers

T ARPRL

i 1. AGto Answers : 1. Manual Dial
2. Full Duplex-2. Wirer R 2. Async
... Private/Leased~ - F .3 Sync ' 1 1. Auto Dial:

. Telephone-Line Powers '
3. Async Only-
. PST N Only:
Pt S v . PR

Halt Duplex:(2 Wire)- PSTN . -/ 1. Alto Answer -

e ‘ 1. Telephone:Line,Powere
B 2. Async

“‘ManuabkAnswens

e

12, Sync: Onlye
3. AC Powers
4:, uta:Ahswers:

. Half Duplex:(2: Wire): Private/Leased. Lines
-2.7Full:Duplexs(4:WirepPrivate/LeasedsLines
- 3: Sync:Onlye .
"4, AC.Powerr

1: Half: Duplexs(2 Wire) Private/Leased:Lines’
2. Full:Duplexa(4-Wire):Private/Leased-Linem
3. Sync.Onlyx :

4. AC.Powem: :

1. PSTNtor Private/Leased!Linee

2. Half:Duplex (2 Wire» PSTN' or Private)s
3. Full. Duplex(4-Wire»Privatesor Leased)a
4. Syncs i

5. AGPower»

6. AutacAnswerse

1. Private/Leased:Lines
2. Full.Duplexs(4-Wire)s
3+'Sync/AC.Powers

Bl 103 O/A LP
103 J LP

-

+

1 1. Sync F .+ JEDENIRE

4 1. Async -

: GLOSSARY: Private/Leased Line: That is not dialed, also termed a dedicated line. :
TR ) ~_Telephone Line: A dial-up line on the Public Phone Network. Also termed PSTN-Public
g A .5, Switched Telephone Network (formerly called DDD). . .

N
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B.

Common types of modems used in the United States

300 Hz 330l0 Hz
|
I

| |

| I

| |

.

1070 1270 2025 2225

ORIGINATE ANSWER
TRANSMIT SPACE 1070 SPACE 2025
MARK 1270 MARK 2225
RECEIVE SPACE 2025 SPACE 1070
MARK 2225 MARK 1270

ORIGINATING MODEM

ANSWERING MODEM

TYPES

e 103 O/A LP-
0 TO 300 BPS
PSTN; MANUAL
ANSWER; LINE
POWERED

103J LP 0 TO BPS PSTN:
ORIGINATE OR ANSWER
AUTOMATIC ANSWER:
LINE POWERED

103 —PSTN:
ORIGINATE OR ANSWER
AUTOMATIC ANSWER

* 113D - PSTN:
ANSWER ONLY AUTOMATIC
ANSWER

* 103-1 PRIVATE
LINE: ORIGINATE
ONLY

103-2 PRIVATE
LINE: ANSWER
ONLY

* 108 PRIVATE
LINE
ORIGINATE
OR ANSWER

103 SERIES SPECTRAL CONTENT AND FREQUENCIES

IS
TRANSMITTER CARRIER 1
TRANSMITTER DATA CLAMP lf " 1
RCV. DATA CLAMP 1 1
DSR —
co z Tl
CTS . , r
T —l 300
HEAR TONE —*) X IECT o
SELE
DIALING 8 CONNECT ———— -— ! ‘r”-\ e e
OH ~—» J 5
TRANSMITTER CARRIER ! ] m
TRANSMITTER DATA CLAMP - ™
RCV. DATA CLAMP | H N — :
R — — T e
o . i
CD . \\‘
CTS | ! —| s [T
Rl n n ﬂ
DTR

103J AUTO ANSWER LP HANDSHAKE SEQUENCE

103 SERIES MODEMS
0-300 BPS ASYNCHRONOUS
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DI [T
INDICATOR

DATE TERMINAL

READY ____r

| <<— OH
1

MODEM

300 3300

l TYPES
e 202S - 0 TO 1200 BPS

PSTN
| e 202S/SS - 0 to 1200 BPS
| ASYNC 600/1200 BPS
| | SYNC PSTN.
| l e 202T - 0 TO 1800 BPS
| l PRIVATE LINE

387 900 1200 2200
MARK 1200 NOTE:
SUFFIX OF 5,75.150 1S REVERSE
SPACE 2200 CHANNEL SPEED

SOFT CARRIER TURN OFF 900 Hz (25 ms)

202 SERIES SPECTRAL CONTENT
T

12 SEC
] BILLING DELAY

ON LINE
ANSWER BACK

3 SECONDS
[ 2025 Hz ANSWER BACK |

TONE SENT

DSR

TONE

CARRIER

EITHER PRIMARY OR
REVERSE CHANNEL MUST BE

REQUEST - TO -

KEPT ON TO DISABLE ECHO
SUPPRESSORS

TR

SEND
200

CLEAR-TO- < MS
SEND 40 MS + 3

ECHO e I I y

SUPPRE-
CARRIER SSORS r MSS HL
DETECT

REQUEST - TO -
SEND

CLEAR-TO -
SEND

CARRIER

CARRIER DETECT
AND

RECEIVED DATA
CLAMP

202 SERIES CONNECT SEQUENCE PSTN

— 1

'—Q—BSMS .
| I

F<—25 s —~]
— 1200 2 maRK sENT | DATA t‘—-
900 Hz SOFT

: CARRIER TURN OFF
|

! _ —ﬂmes}"e_
:~<— 6 MS r] , 1

202 SERIES CONNECT SEQUENCE 4 WIRE PRIVATE LINE

202 SERIES MODEM
0-1200 BPS ASYNCHRONOUS
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™
MODULATOR
b FSK
OSCILLATOR
AND
COUNTER
1200 Hz 600 Hz
DUMMY
TC CLOCK
- =f\
[ E—
exTERNAL (1) NO
TRANSMIT & CONNECTION

_CLOCK

202S/SS Synchronous Modem Transmitter

RD
-
i
RC
-l}- «<

DUMMY PHASE
LOCKED CLOCK

DEMODULATOR
FSK
o
1200 Hz OSCILLATOR
o AND
PHASE LOCK LOOP
600 Hz

202S/SS Synchronous Modem Receiver
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300 3300
TYPES

| |
e 212A
0-300 BPS ASYNC
| ] FULL DUPLEX
| | 1200 BPS SYNC OR
1 | ASYNC FULL DUPLEX

AUTOMATIC ANSWER
1200 2400
CENTER CENTER PSTN OR PRIVATE LINE
QUENCY
PREQUERCY TR e 212LP - 1200 BPS
ORIGINATE ANSWER PHASE SHIFT ASYNG. PSTN

TRANSMIT 1200 2400 LINE POWER MANUAL
RECEIVE 24oo><1200 SCRAMBLED DIBIT ¢ SHIFT ANSWER

8? 98: e 212A/D- 0-300 BPS
. ASYNC FULL DUPLEX
300 3300 10 e 1200 B8PS SYNC OR
| I 7 ASYNC FULL DUPLEX
o L AUTOMATIC ANSWER
103 COMPATIB PSTN OR PRIVATE LINE
0-300 BPS | | WITH AUTOMATIC DIAL
| ? ? ? ? | CAPABILITY
i/ \ / \! . .
1070 1270 2025 2225 Data is scrambled

212A SERIES SPECTRAL CONTENT

ORIGINATING STATION
CALL ORIGINATED

|
DATA SET READY ——-’—J 250

1 ! ms  —
CARRIER DETECT : r —
ON | 550 MS - I
TRANSMITTER OFF —+— {F”M SENT | DATA SENT
! , ! (.
amsh——
CLEAR TO SEND + — -
TRANSMIT DATA  INTERNALLY CLAMPED RYfCLiAR Tlo SEND l[-‘—nm;\
1
CLAMPED BY CARRIER DETECT = | fDATA RECEIVED

RECEIVE DATA

b
.
I

ANSWER STATION : |
SET ANSWERS AUTOMATICALLY AT END OF RINGING CYCLE OR
r (F ] $ !
DATA SET READY — ~astconn | ! [ |
| SILENT | ] N |

ON | INTERVAL - — SETYVE
TRANSMITTER 2205 Hz SENT I, | 2PM~ | DATA SENT

OFF lMSI?%TI@f——
CARRIER DETECT 1 - |

I S
CLEAR TO SEND I |

I
|
INTERNALLY CLAMPED BY CLEAR TO SEND
DATANN
TRANSMIT DATA AR DATAN

|
CLAMPED BY CARRIER DETECT | KDATA RECEIVED

P1M IS THE LOW BAND PHASE SHIFT KEYED SIGNAL
REPRESENTING A MARKING DATA SEQUENCE P2MISTHE SIMILAR
SIGNAL IN THE HIGH BAND

RECEIVE DATA

212A HIGH SPEED SERIES CONNECT SEQUENCE PSTN

0-300 BPS, 1200 BPS ASYNCHRONOUS/SYNCHRONOUS HIGH SPEED ONLY
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Modulation

Dibit Phase
300 3300 Shift

I | 00 90°

01 0°

| ! p e 10 180°
m m, Ao 10 Svne ConvERSION 11 270°

1200 2400 l
CENTER CENTER
FREQUENCY FREQUENCY
224 (212 - 1200 bps) Spectral Content
224 (212 - 1200 bps) Constellation

T 7 Modulation
| : Dibit Phase
\ Shi ft

I 001 0°

000 45°

| | 010 90°
[ I 011 135°
550 1200 1800 2400 . 1 1 1 1800
GTUOANF‘EO F R‘é E)’:JTEFNRCV GTL(j)‘:\JRED FR%EJ"L‘JTEEVRCV 1 1 O 2 2 5 o
100 270°

101 315°

224 (V.22 bis - 240

Prase uadrass 2 Phise Laasrenc

0 bps) Spectral Content

1

NC TO SYNC CONVERSION

1 10 -3 4] 1"

w4

224 (V.22 bis - 2400 bps) Constellation

224 - 2400/1200 bps, Full Duplex, Async or Sync

119

Types
224

2400 bps, full
duplex, sync
or async,
compatible
with V.22 bis

1200 bps, full
duplex, sync or
async, compatibl«
with 212A

May be used on
2 wire private
line or PSTN

224 series
connect sequence
is similar to
212A

Data is scramblec



Types
X(Q)

> ﬁgéﬂliﬁigﬂ P 20IA ggggogginued
o1 00 Dibit Phase
Shift

£ |
R . 201B - 2400 bps, 2 or

11 2250 4 wire private line,

X(1) 10 3150 sync, half duplex

201C - 2400 bps, PSTN
automatic answer, sync,
" 10 half duplex

. 201 series connect
sequence is similar to

201 Constellation 202 series modem

201 Series Modem - 2400 bps Synchronous

Y(Q)
Types

X(1)

. 208 series connect
101 sequence is similar to
202 series modems.

Data is gray encoded and
scrambled

010 000 . 208A - 4 wire leased line
- 4800 bps, sync.
011 ‘ . 208B - PSTN, 4800 bps
1 001 2 wire, sync. Auto.
Answer
110

208 Constellation
MODULATION

TRIBIT . PHASE SHIFT
001 0°
000 45°
010 90°
on 135°
111 180°
110 225°
100 270°
101 315°

+22.5° OFFSET

208 Series Modem - 4800 bps Synchronous
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5
135¢ 45° Type
209 - 9600 bps, sync, only
made by Bell, not
compatible with V.29
180° ‘)§0°AMOMw
9600A - 9600 bps - sync, V.29,
private line
e Sise 9600A/B- 9600 bps - sync, V.29,
PSTN, Automatic Answer
270°
CCITT 34500 9600FP - 9600 bps - sync, V.29
Signal space diagram at 9600 bit/s Private line , Fast
pole
Data is scrambled and
90* gray encoded
135¢ L5 V.29 Modulation
QUADBITS
Q2 Q3 Q4 PHASE CHANGE
‘ s —
12 0 0 1 0°
180° A 0° Absolute 0 0 0 45°
0 1 0 90°
0 1 1 135°
1 1 1 180°
1 1 0 225°
1 0 0 270°
2250 Sise 1 0 1 315
CCITT-3451 0
270°
Signal space diagram at 7200 bit/s Q1 ABSOLUTE PHASE ELEIE_;\\AEK/E i[l\/?P'\[l_?#UDE
0 o gpe " hape 3
1 0°.90°. 180°. 270 5
90° 0 e V2
p 2500135 315 N
Modulation QAM (DC PSK and Amplitude) Y(Q)
Lo Py P
180° 0* Absolute
> ]
X(1)
> °®
270° CCITT-34520
Signal space diagram at 4800 bit/s L o > 9
V.29 Constellations Bell 209
Constellation
9600 BPS SYNCHRONOUS
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010100 -
¢« 6
110101 010201
. .
011110 110000 111110
. . -4 . .
011011 106111 111011 009111
. . . .
002100 100012 001100 000C10 011100
. . . 2 . . .
111101 000001 101301 001001 100101 011301
L] . L] . . .
612110 11109 001110 16100C 161110 100000 110118
183, L L ! ! L ! 0o
010011 % 110111 "% 001611 2 10111 101211 2 oo ¢ 110011 8 o10in
. . . . . o
110019 100100 101010 101100 001010 111100 01010
. . . ~=-2 . . .
011101 100001 001101 101001 000101 111001
. . . .
011090 000110 001000 100110 030700
. o -4 .
033011 111111 100511 011111
. .
1.1010 11010 0110:0
e -6 .
C10701 1MaSet
& 012000
270°
12,000 BPS SYNCHRONOUS MODEM V.CC Constellation
90°
. ..
0000110 00C1110
. « a3 . .
000021+ 1001313 0001011 1000111
. . . .
- 1900700 1001010 1110102 1002310 1€1213C
. . . — 5 . . .
1011101 1100301 1111101 | 111080 1101101 1610001
.
. . . . .
1010110 1011000 000110 1111222 ©011110 1101020 1011110
1010C 1 1101111 0C10G1 ciciin Q31011 010211 1011011 1100111
. . . . o . - B
1000300 110°G10 0100100 01CiC1d 01:03C)  01000:10  0CCi0D 110LCi0 0003723
. . . . s . . . .
301101 1000321 0011101 0158331 G11iid1 | C1ididv €30S 2313301 10011St GXN3Llh
. . ‘. . . . .
5301020 ATt} oy C111310 c-ce22 1 12272
) 2, 4, 6y 81
160° 1110C1 1M 0111071 c1ic1 111381 ARRIARE] <
. . . . . . . .
3001160 1113010 0101100 0113010 0111100 0110210  021:3iG3 1110010 0331102
. . . . . —-2 . . . . .
0000101 1001G21 0010101 0101007 C11C101 | G111081 0103101 0013001 1000101 0051001
. B . . . . . .
0005000 1103110 0210025 01G3'IC Cnddd0 0101116 0ICII00 1101110 100002C
. . SR . . .
110007 103111 0109CT1T 0Ctitt: | 011011 0CiSim 1101011 1010111
_~
. . . . & .
101153 1151102 0811010 1111109 0310030 . 1011310 1010010
. . N -6 . . .
1010161 1101001 1110101 | 1111001 1100101 1011001
o . .
3€10229 i albRlel 1110232 1051110
. . —~-5 . .
103301 [GealRRR 10101 0552111
0221310 0022310
Constellation

14,400 BPS SYNCHRONOUS MODEM V.CC

1
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(1m)
90

N
o 4 )
1 11000
e (O o .
01000 00101 01010
° e 2 ° )
10010 10101 10011 10100
[} [ ] [} [ ] @ [}
00000 0111 00010 01101 00011
180° T . Y ° ° r o - —» 0 (Re)
-4 11001 -2 11110 11010 2 11101 4
[ ] @ [ ] @ e [
00111 01001 00110 01011 00100
) o -2 4 [ ] [
10000 10111 10001 10110
[ ] [ J B8 [ ]
01110 00001 01100
0—41 [ ]
11100 1on
270
Constellation

32-point signal structure with trellis coding for 9600 bit/s
and states A B C D used at 4800 bit/s and for training

V.32 9600/7200/4800 BPS Asynchronous, Sychronous Full Duplex
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C. Common Types of Modems used Internationally

Types
. V.21 O/A LP
0-300 bps, async, FSK,

m?o Full duplex

. V.21 A/A LP
0-300 bps, async, GSTN

300

| Auto answer, FSK
| I Full duplex

| | Connect sequency

980 1180 1650 1850 Similar to 103 series
ORIGINATE ANSWER
TRANSMIT SPACE 1180 SPACE 1850
MARK 980 MARK 1650
RECEIVE SPACE 1850 SPACE 1180
MARK 1650 MARK 980

V.21 Spectral Content

V.21 0 to 300 bps FSK, Async

Types
300 3300 . V.23 0 to 1200 (1800) bps
| | FSK primary channel,
0 to 75 bps or
0 to 150 bps
I l FSK backward channel,
Async, Half Duplex,
| l PSTN, or 2w/4w private
line
! |
390 450 1300 ' 2100 Connect sequence similar
to 202 series
FORWARD CHANNEL BACKWARD CHANNEL
MARK 1200 390
SPACE 2100 450

V.23 Spectral Content

V.23, Primary Channel 9 to 1200(1800) bps, backward FSK Channel, Async
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1200 8PS

/ERVAR

GUARD  CENTER GLARD CENTER
TONE FREQUENCY TONE FREQUENCY

S SHIFT A
MODES + i et .
cRaneiT 1000 -l oes v MOoE
TECEIVE 20000 o %9° )

. ) <)
ASYNC TO SYNG CONVERSION 0 180 ”
' o

ORIGINATE ANSWER me

V.22, 1200/600 BPS, DCPSK, SYNC OR ASYNC

NG %

V.22 Constellation

aavan

550 1200 1800 400
GUARD  CENTER GUARD CENTER
TONE FREQUENCY TONE FREQUENCY

ORIGINATE ANSWER

TRANSMIT 1200 —___— 21400
AFCEIVE 240047 e 1000

ASYNC TO SYNC CONVERSION

¥ Phe 1
. ]
" o 3 0 "
. ] ° .
10 00 1 0o 0
3 | 1 E)
. . .
0.1 00 -1 00 10
. . .
n 10 -3 01 "
. 4

V.22 bis Constellation

Types

V.22

2 wire, GSTN, 1200 bps
sync or async

0 to 300 bps

async

full duplex

V.22 bis

2 wire GSTN
2400/1200 bps,
Sync or async
full duplex

Connect sequence similar
to 212

Modulation

Tribit Phase
Shift
001 0°

000 450
010 900
011 135°
111 180°

110 2250
100 2700
101 3150

V.22/V.22 bis 2400/1200/0 to 300, Async/Sync
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Types

V.26

2400 bps

sync, half duplex,

4 wire, private line

SCRAMBLED DATA

V.26 bis

2400/1200 bps
sync, half duplex,
4 wire, GSTN

Connect sequence simijar
V.26 Alternative "A" Modulation to 202 series

x(h

10

V.26 Alternative "B" Modulation

MODULATION

PHASE SHIFT

DIBIT A 8
) 0 14
[8R an
" 180 .
10 200 it

V.26 Modem - 2400/1200 bps Sync

126



Y(Q)

L 010 (01) Types

V.27
4800 bps, sync
4 wire private line,

may 1, 001 (00) manual equalizer
1 X(n half duplex
V.27 BIS

4800/2400 bps, sync
4 wire private line,

100 (10) automatic equalization
half duplex
(DIBITS) FALLBACK MODE . V.27 TER
) 4800/1400 bps
V.27 Constellation Sync
GSTN

half duplex

MODULATION
Connect sequence similar
TRIBIT DIBIT* PHASE SHIFT to 202 series
001 00 0°
000 45°
010 01 90° Data scrambled
011 135°
111 1" 180°
110 225°
100 10 270°
101 315°

‘DIBIT V27 BIS AND V 27 TER

V.27 Series Modem - 4800/2400 BPS Sync
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135°¢

+e- 0° Absolute

180° ~—

5

225° 315°
270°
CCITT-34500
Signal space diagram at 9600 bit/s
90°
135¢ L5°
180° 0° Absolute
225° 315°
CCITT-34510
270°
Signal space diagram at 7200 bit/s
90°
180° 0° Absolute
270° CCITT-34520

Signal space diagram at 4800 bit/s

V.29 CONSTELLATIONS

128

Modulation QAM (DC PSK

Types

. V.29

9600/7200/4800 bps,

Sync,

4 wire private line
Automatic equalizing

. V.29 Mux
Time division

2, 3, 4 channels

Connect sequence similar

to 202 series

Data scrambled

and Amplitude)

QUADBITS
Q2 Y 04 PHASE CHANGE
0 0 1 o
0 0 0 45"
0 ! 0 90°
0 ! ! 135°
! ! ! 180°
! ! 0 225"
! 0 0 270
! 0 ! 315"
bl S90LUT A S RELATIVE SIGNAL
ABSOLUTE PHASE ELEMENT AMPLITUDE
0 3
, 0" 907 180" 270 .
0 150 1350 2250 315° V2
‘ Wz

V.29 Modem - 9600/7200/4800 BPS, Sync




9c°

010100
e g .
110101 010201
. .
011110 110020 111110
. . -4 . .
011011 100111 11101 009111
. . . .
002100 100C12 ochioc 00010 011100
. . « -2 . . @ .
111101 000001 1C13ct 1001 100121 011301
. . . . . .
G210 TN 001112 1637000 161110 152000 11011C
1e2° -l‘ _l‘ '2 1 1 : o
030011 ~° 1101 001611 T € 101111 10311 2 001 4 1oon @ oroin
. . . . . B
110012 10G100 101C10 161100 001010 111100 010C:Q
. . . —=-2 . . .
011101 100001 001101 1010C1 000101 111001
. . . .
011020 000110 0C 100110 [Vsens]
. . —=-4 . .
35011 LERRRR] 100001 ERRRRI
. .
1.1010 11C10 011010
. —-¢ .
ci1c-01 NXe1
+ 05200
270°
12,000 BPS SYNCHRONOUS MODEM V. 33 Constellation
s0°
B .
0032110 00C 1110
. ¢ g . .
00535213 10C s 0310 1000111
. . .
- 1100100 1001010 1110109 1002310 112122
. . . 2 . . .
1011101 1103301 1111101 1110201 1101101 1010501
-
. © . . . .
£:0110 1011030 010110 1111230 Q011110 110133 105111
. . . ode . .

1010811 110111 0C103it  GiG1it1 | 031iom 0163111 1011C1 1100111
1002100 1107610 €10C:20 0'C2'D G1:C122 0180310 Crli00 1102210 000322
. . . . .o, . . . .

00C10 1000221 00111C 010C3 [ARERTR] 120 it 3213301
. : : | . .
ctigtio 0TIl oo ool NS N )
=38 1-6 [ EX
160° 1190511 1111111 01138t 01111y | 0111031 g1t IRREFER! [RREERR <
. . . . N . . . .
1001100 1113010 0101102 0311030 0111100 0110010 C2 1110010 0231100
. . . . . -2 . . . . .
0000101 1061571 001010! 0101097 C11C101 | 0111001 0102101 0011001 1000101 00123t
. . . . . . . .
(e aviioh] 102110 0312222 0l e [shR Fanials] 0101110 ¢-coz20 1101110 102050
. ® . O . .
1102001 1035101 0105311 [ AEREE] 0°C1C11 0z c1m 1151031 1C10111
—_
. . . . [€X .
1011210 1181120 o100 1111100 0310270 10107 3R0 1010010
. . . —-5 . . .
1010101 1101001 1110101 1111001 11C0101 1011001
. . .
iC10220 1110232 1021156 [Seiepol
. . —-5 . .
10300 [CORRRN] FR ORI R | [GEPARE]
. .
CI21310 fulviession e)
Constellation

14,400 BPS SYNCHRONOUS MODEM V. 33
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Type

(Im)

V.32
9600/7200/4800 bps
GSTN - 2 wire

full duplex
sync/async

Trellis encoding
Echo channeling

90
e 4 [}
IRRRR 11000
e O .
01000 00101 01010
° e 2 ° °
10010 10101 10011 10100
) ® '} ° @ °
00000 [(ARRR] 00010 010 o000
180° r ) v ) ° T ) v
-4 11001 -2 11110 11010 2 11101 4
® <:> [ ] ) [ ] [ )
001 01001 00110 0101 00100
) o —2 ) [ ]
10000 10111 10001 10110
° ) )
01110 00001 01100
® -4 4 )
11100 1101
270

= 0 (Re)

32-point signal structure with trellis coding for 9600 bit/s
and states A B C D used at 4800 bit/s and for training

V.32 - 9600/7200/4800 BPS, Async/Sync Full Duplex
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(4)

Dats Service Units (DsU) and Channel Service
Units (CSW) - DCE eguipment used on DDS
network.,

Data Service Unit (DSU) - DCE device that
uses Baseband Bi-Polar Return to Zero (RZ)
sianaling on DDD networks.,
. svnchronous timing is derived from
incoming siuanal
. provides control and test function
. provides: interface to DTE via V.35
digital interface at 56K bps
. provides interface to DTE via RS23:2C
Adigital interface at 2.4K, 4.8K and

9. 6K

stered

Channel Service Un i
s to the DDS

vice Unit (CRU) — reg
protective device bthat interface
network.,
. FCC Fart 68 Registered
. provides protection for Central Office
(COY equipment
provides receiver egualization
. Provides for remote testinag for telephons
(CDY or vemote DSU

DSU/CSU - & unit containina a DSU and CSU

in one housing.



TELEPHONE

V.35 LINE
INTERFAGE DSU CSsu INTERFACE
T
TEST PATTERN TRANSMITTER |
GENERATOR
TX DATA A | TRANSFORMER
> | > TRANSMIT i LL
TX DATAB | _ LoGIc LINE DRIVER } >
T™xCLKA | E LR
T™xcks ol TMING ' =
EXTTXCLKA {0
EXT TX CLK B . §_ J clhoum |
> > g W
LooP
| LOOPBACK ]
e LOGIC CURRENT
> > >| TRANSMITTER | Lt DETECT
cTs <le CONTROL
e . = e e e e e e e
oL ]
Eyp— __Q- RECEIVER
CHECKER h I
RX DATA A
‘-H
RX DATAB | RECEIVE LINE 1 I
| € . } EQUALIZATION
<| < LOGIC RECEIVER 7
DSR | .
<| € |
8l R
RX CLK A l =
— <} < TIMING -
K B
B¢l ¢ CRCUIT I
1

Basic Elements of a Data Service Unit/Channel
Service Unit (DSU/CSU)
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(5) Limited Distance Modem (LDM) - modem used over
short distances (usually less than 25 miles)
via Telco restricted metallic circuit (48230)
or twisted pair metallic circuit (self-
installed). Uses carrier modulation or base-
band type signalling.

TX — RX
CPU LDM RX —=— TX LDM
TELCO RESTRICTED TERMINAL

(BELL PUB 43401 and 48230)
OR SELF-INSTALLED
- TWISTED PAIR

. Will not normally operate with lines using
loading coils. Because loaded lines 1imit the
bandwidth.

AMP

FREQ Hz

t
0 3.3 KHz x

Frequency Response of an Unloaded Line

. Distance is a function of bit rate and

cable size.
As bit rate increases, distance possible
decreases.
As cable size decreases, the speed possible
decreases.
As cable size decreases, the distance
possible decreases.
Restricted output level.

Data 0 pBm TeLco TRANSMITTED
Rate | TRANSMITTED “oWwER . RestaicTed Yoo | Peaen Level
(8Ps) | IWISTED PalR BeLe wstil anp | N Teco
¢ ) 4s230 Resrricren
More
— . [ Bec wiuan
j Wire Guage . Wire Guage i iwi
| (AKG) P(AWG) !
19 2w » 92 % :
2400 ' 2 15 2 9 - S 9 0
wol 712 8 6 . v R 8 5, b
ol 15 9 7 s 27 s 4, -1
%00 ; 4 8 b U 9 5 4 3y -lb
L 19200 0 6 4 3 6 4w 3 2, -20

Typical Transmission Range (Miles) of a Limited Distance
Modem (LDM)
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. On Telco restricted leased 1ines, the
physical distance between modemn and actual wire
distance is rarely egual unless the Telco

1

is approximately between the two

central office
LDM s,

. LDM’ s must be located within one central
office area

1&

ENTRAL
FFICE A

2 \\?FFICE 3]
>~

. Do not normally require DC continuity
(transformer coupled).

. Non-loaded Metallic lTines may require extra
wOrk by the telephone company to insure that
there are no loadinag coils or bridage taps
{extra lenath of undetermined lTenagth cable) on
the intended circuit. Thi= may cause order
Fime to be extended,.

. No standard tvpes - one manufacturer not
compatible with another.

l.ine Driver (LD)Y DCF devices that use driver s
a5 transmitted and differential amplifies as

receivers (balanced circuait)

. Used over short distances (usually less
than 0.5 miles) via self installed twisted

i

pair.

. Will ot operate with lines using loading
coils.,

. Requires DC continuity (directly

coupled to line-—-normally polarity sensitive).
. No standard types - one manufacturer not
compatible with another .

TX —= RX

|8,8,8.9.0,0,0,8.¢, D

CPU LD RX —=— TX LD
HOCOCOCCCC —/—
SELF-INSTALLED TERMINAL

TWISTED PAIR
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Digital Interfaces

Interface between the data terminal equipment (DTE)
and Data Circuit-Terminating Equipment (DCE) or
communications Interface Units (ClU).

A. R5232-C - EIA- TR 30 Group Standard Interface
used to interface DTE’s to modems (DCE).
. 25 pin connector used for interface

CD

0000000000 O0O
OOOOOOOOOOO?

285)

DB 25 Connector

. defines interface leads for data transfer,
timing, and handshaking information
(control)

. electrical characteristics

Mark (off, 1) - 3V to -25V (normally -12V)
Space (on 0) +3V to +25V (normally +12V)
Undefined -3V to +3V

. Limited to 50 ft. at 20 Kbits/s (but can be
operate over longer distances at lower
rates)

. Unbalanced signals, thus susceptable to
crosstalk and noise pickup

. One wire (single-end) used for each signal
with common return (signal ground - pin 7)

DIGITAL
BASEBOUND

ML = sionat
— G R

SINGLE WIRE CONDUCTOR

17 =
SIGNAL
GROURNRD

RS-232 Unbalanced Circuit

Compatible with CCITT Vv.24/V.28

V.24 - signal description

V.28 - electrical characteristics
Similar to MIL-STD-188C (not fully
compatible)
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PIN NAME TO TO FUNCTION CIRCUIT
;DTE  DCE (CCITT) (EIA)
-+ -
1 FG FRAME GROUND ..ttt ettt i et i ee et ee e e e e e aeaeeas 101 (AA)
2 TD > | TRANSMITTED DATA . ov ittt ettt e e ae et e et et aieeaanas 103 (BA)
3 RD “ RECEIVED DATA oottt ettt e et e et ta e e s 104 (BB)
4 RTS > | REQUEST TO SEND .ottt ittt ittt teaete e e e e a e eiiaaaaaas 105 (CA)
5 CTS “ CLEAR TO SEND ..ttt et ettt ettt e ae e ee i ee e eaaenanas 106 (cB)
6 DSR “« DATA SET READY .ttt ettt et et ettt a e ia e 107 (CC)
7 SG SIGNAL GROUND .ottt ittt ittt e e eeeee et taraeeeanananeans 102 (AB)
8 DCD “« DATA CARRIER DETECT .\ttt itiieeeteiaieae e eeeneannaenanennan 109 (CF)
9 “« POSITIVE DC TEST VOLTAGE
10 « NEGATIVE DC TEST VOLTAGE
" UNASSIGNED
12 (S)DCD | <« SEC. DATA CARRIER DETECT ..ttt e eiee e eiieeaans 122 (SCF)
13 (S) CTS -« SEC. CLEAR TO SEND .\ttt et e e et e e et e eenannns 121 (SCB)
14 {S) TD > | SEC. TRANSMITTED DATA .ttt ittt et i e e iieens 118 (SBA)
15 TC h TRANSMITTER CLOCK .. ttiittt et ie e et iaianaanens 114 (DB)
16 (S) RD + SEC. RECEIVED DAT A ...ttt ittt ettt taaaeaaneanns 119 (SBB)
17 RC “ RECEIVER CLOCK ..ttt i e ettt e e e 115 (DD)
18 - | RECEIVER DIBIT CLOCK
19 (S) RTS 2 | SEC. REQUEST TO SEND .. \i ittt e e 120 (SCA)
20 DTR -> DATA TERMINAL READY it ittt cieeeieeann 108.2 (CD)
21 sQ « SIGNAL QUALITY DETECT ..ottt et et e e 110 (CG)
22 Ri “ RING INDIC AT OR e e e e e e et ettt et e et ee i 125 (CE)
23 o | DATA RATE SELECT ittt ittt et et e e e e e e 1/112 (CH/CI)
24 (TC) = L EXT TRANSMITTER CLOCK ..o\ttt e 113 (DA)
25 - | BUSY
e POSITIVE VOLTAGE EQUALS BINARY ZERO. SPACE. ON
o NEGATIVE VOLTAQE EQUALS BINARY ONE. MARK. OFF
EIA RS232C/CCITT V.24 Interface Categories

+25 VOLTS 1

(LIMIT)

$12VOLT | o o e e L L O o o e e e e

(NORMAL) LOGICAL O

SPACE

IS THE CUP
EMPTY OR FULL?

FULL

LEVEL L

SENSORS

CREAM &
SUGAR

EMPTY

ILLUSTRATION OF
RS232 LEVELS

’ / 7// S s
0 VOLTS LA/~ e /
LT s
|
srevoer o Lo | o e e e e e
NORMAL OFF
LOGICAL 1
-25 VOLTS MARK
___umm_ DRI A

EIA RS232C/CCITT V.28 Electrical Characteristics
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) DTE DCE . '
Signal Pin# Pin# Signal
D 2 > 2 TD
RD 3 P 3 RD
N
RTS 4 ~ 4 RTS

7
CTS 5 e 5 CTS
N
DSR 6 P 6  DSR
SG 7 7 SG
< >
CD 8 8 CD
N
* RC 15 - 15 RC
™~
* TC 17 . 17 TC
N
DTR 20 ~ 20 DTR
e
RI 22 / 22 RI
<
*
(TC) 24 N 24 (TC)

*Required for synchronous modems

RS232 Pin to Pin Cable DTE to DCE

DTE DTE
Signal Pin# Pin# Signal
™ 2 ~ P 2 D

= ~ -
T =z h
RD 3 P I ~ — 3 RD
~ 7
RTS 4 ~ P 4 RTS
e - ~~ — o~
~ <
cD 8 . A > ~ 8 cD
Y P
*
(TC) 24 > - - < 24  (TC)
\’\/
*RC 17 P _- & > S 17 RC
~ P
DTR 20 ~ _ 20 DTR
o \\ /// N~
il
DSR 6 < -~ -3 > 6 DSR
S¢G % N 7 SG
~ 7

*Required for synchronous Devices

RS232 Cross Over Cable DTE to DTE
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S5ignal Definitions

Frame Ground (FG) or Protective Ground
EIA Circuit AA (CCITT 101)

Direction: Not applicable

Pin 1

This conductor shall be electrically bonded to the
machine or equipment frame. It may be connected
further to external grounds as required by
applicable regulations.

Signal Ground (5G) or Common Return
EIA Circuit AB (CCITT 102)
Direction: Not applicable

Pin 7

This conductor establishes the common ground
reference potential for all interchange circuits
except Circuit AA (Protective Ground). Within the
Data Communications Equipment (DCE), this circuit
shall be brought to one point, and it shall be
possible to connect this point to Circuit AA by
means of a wire strap inside the egquipment. This
wire strap can be connected or removed at
installations, as may be required to meet
applicable regulations or to minimize the intro-
duction of noise into electronic circuitryv.

Transmitted Data (TD)

ETA Circuit BA (CCITT 103)
Direction: TO DCE

Pin 2

Signals on this circuit are generated by the Data
Terminal Equipment (DTE) and are transferred to
the local transmitting signal converter for
transmission of data remote DTE.

The DTE shall hold Circuit BA (Transmitted Data)
in marking condition during intervals between
characters or words, and at all times when no data
is being transmitted.

In all systems, the DTE shall not transmit data
unliess an ON condition is present on all of the
following four circuits, where implemented.

Circuit CA (Regquest to Send)
Circuit CB (Clear to Send)
Circuit CC (Data Set Ready)
Dircuit CD (Data Terminal Ready)

AWK —

.
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&11 0arta sianals that are Tranamitted across the
interface on the interchange circuit BA
(Transmitted Data) during the time an ON condition
is maintained on all of the above four circuits,
where implemented, shall be transmitted to the
communication channel.

Received Data(RD)

EIA Circuit BB (CCITT 104)
Direction: FROM DCE

Pin 3

Signals on this circuit are generated by the
receiving signal converter in response to data
signals received from remote DTE via the remote
transmitting signal converter. Circuit BB
(Received Data) shall be held in the binary ONE
(Marking) condition at all times when Circuit CF
(Received Line Signal Detector) is in the Off
condition.

Regquest to Send (RTS)

ETA Circuit CA (CCITT 105)
Direction: TO DCE

Pin 4

This circuit is used to condition the local DCE for
data transmission and, on a half duplex channel, to
control the direction of data transmission of the
local DCE.

O one-way only channels or duplex channels, the
ON condition maintains the DCE in the transmit
mode . The OFF conditions maintains the DCE in a
non-transmit mode.

On a half duplex channel, the ON condition main-
tains the DCE in the transmit mode and inhibits
the receive mode. The OFF condition maintains the
DCE in the receive mode.

A transition from OFF to ON instructs the DCE to
enter the transmit mode. The DCE responds by
taking such action as mav be necessary and
indicates completion of such actions by turning ON
Circuit CB (Clear to Send), thereby indicating to
the DTE that data may be transferred across the
interface point on interchange Circuit BA
(Transmitted Data).

A transition from ON to OFF instructs the DCE to

complete the transmission of all data which was
previously transferred across the interface point
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to interchange circuit BA and then assume a non-
transmit mode or a receive mode as may be appro-
priate. The DCE responds to this instruction by
turning OFF Circuit CB (Clear to Send) when it is
prepared to again respond to a subseqgquent ON
condition of Circuit CA.

NOTE : A non-transmit mode does not imply that
all line signals have been removed from
the communication channel.

When Circuit CA is turned OFF, it shall not be
turned ON again until Circuit CB has been turned
Off by the DCE.

An ON condition is required on Circuit CA as well
as on Circuit CB, Circuit CC (Data Set Ready), and,
where implemented, Circuit CD (Data Terminal Ready)
whenever the DTE transfers data across the inter-—
face on interchange Circuit BA.

It is permissible to turn Circuit CA ON at any time
when Circuit CB is OFF regardless of the condition
of any other interchange circuit.

Clear to Send (CTS)

EIA Circuit CB (CCITT 106)
Direction: FROM DCE

Pin 5

Signals on this circuit are generated by the DCE to
indicate whether or not the data set is ready to
transmit data.

The ON condition together with the ON condition on
interchange circuits CA, CC, and, where imple-
mented, CD, is an indication to the DTE that
signals presented on Circuit BA (Transmitted Data)
will be transmitted to the communications channel.

The Off condition is an indication to the DTE that
it should not transfer data across the interface to
interchange Circuit BA.

The ON condition of Circuit CB is a response to the
occurrence of a simultaneous ON condition on
Circuits CC (Data Set Ready) and circuit CA
(Request to Send), delayed as may be appropriate

to the DCE for establishing a data communication
channel (including the removal of the MARK HOLD
clamp from the Received Data interchange circuit

of the remote data set) to a remote DTE.
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Where Circuit CA (Request to Send) is not imple-
mented in the data communicatin equipment with
transmitting capability, Circuit CA shall be
assumed to be in the ON condition at all times, and
Circuit CB shall respond accordingly.

Data Set Ready (DSR)

EIA Circuit CC (CCITT 107)
Direction: FROM DCE

Pin 6

Signals on this circuit are used to indicate the
status of the local data set.

The ON condition on this circuit is presented to
indicate that -

a) The local DCE is connected to a communication

channel ("OFF HOOK" in a switched service),
AND
b) the local DCE is not in test (local or remote),

talk (alternate voice) or dial mode, AND
c) the local DCE has completed, where applicable,

1. any timing functions required by the
switching system to complete call estab-
lishment, and

the transmission of any discreet answer
tone, the duration of which is controlled
solely by the local data set.

[AN]

Where the local DCE does not transmit an answer
tone, or where the duration of the answer tone is
controlled by some action of the remote data set,
the ON condition is presented as soon as all the
other above conditions (a, b, and c¢c-1) are
satisfied.

This circuit shall be used only to indicate the
status of the local data set. The ON condition
atiall not be interpreted as either an indication

that a communication channel has been established
to a remote data station or the status of any
remote station equipment.

The OFF condition shall appear at all other times
and shall be an indication that the DTE is to
disregard signals appearing on any other
interchange circuit with the exception of circuit
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CE (Ring Indicator). The OFF condition shall not
impair the operation of Circuit CE or Circuit CD
(Data Terminal Ready).

When the OFF condition occurs during the progress
of a call before Circuit CD is turned OFF, the DTE
shall interpret this as a lost or aborted
connection and take action to terminate the call.
Any subsequent ON condition of Circuit CC is to
be considered a new call.

NOTE: Attention should be called to the fact that
if a data call is interrupted by alternate
voice communication, Circuit CC will be in
the OFF condition during the time that voice
communication is in progress. The trans-—
mission or reception of the signals required
to condition the communication channel or DCE
in response to the ON condition of
interchange Circuit CA (Request to Send) of
the transmitting DTE will take place after
circuit CC comes ON, but prior to the ON
condition on Circuit CB (Clear to Send) or
Circuit CF (Received Line Signal Detector).

Data Terminal Ready (DTR)
EIA Circuit CC (CCITT 108.2)
Direction: To DCE

Pin 20

Signals on this circuit are used to control switch-
ing of the DCE to the communication channel. The
ON condition prepares the DCE to be connected to
the communication channel and maintains the
connection established by external means (e.g.,
manual call origination, manual answering, or
automatic call origination).

When the station is equipped for automatic
answering of received calls and is in the automatic
answering mode, connection to the line occurs only
in response to a combination of a ringing signal
and the ON condition of Circuit CD (Data Terminal
Ready) . However, the DTE is normally permitted to
present the ON condition Circuit CD whenever it

is ready to transmit or receive data, except as
indicated below.

The OFF condition causes the DCE to be removed
from the communication channel following the
completion of any "in process" transmission. See
Circuit BA (Transmitted Data). The Off Condition
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shall not disable the operation of Circuit CE (Ring
Indicator).

In switched network applications, when circuit CD
is turned OFF, it shall not be turned ON again
until Circuit CC (Data Set Ready) is turned OFF by
the DCE.

Ring Indicator (RI)

ETA Circuit CE (CCITT 12%)
Direction: From DCE

Pin 22

The ON condition of this circuit indicates that
a ringing siagnal is being received on the
communication channel

The ON condition shall appear approximately
coincident with the ON segment of the ringing
cycle (during rings) on the communication channel.

The OFF condition shall be maintained during the
OFF segment of the ringing cycle (between "rings")
and at all other times when ringing is not being
receijved. The operation of this circuit shall not
be disabled by the OFF condition on Circuit CD
Data Terminal Ready).

Data Carrier Detect (DCD or Received Line Signal
Detector

EIA Circuit CF (CCITT 109)

Pin 8

The ON condition on this circuit is presented when
the DCE is receiving a signal which meets its
suitability criteria. These criteria are estab-
lished by the DCE manufacturer.

The OFF condition indicates that no signal is being
received or that the received signal is unsuitable
for demodulation.

The OFF condition of Circuit CF (Received Line
Signal Detector) shall cause Circuit BB (Received
Data) to be clamped to the Binary One (Marking)
condition.

The indications on this circuit shall follow the
actual onset or loss of signal by appropriate guard
delays.

On half duplex channels, Circuit CF is held in the
OFF condition whenever Circuit CA (Request to Send)
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is in the ON condition and for a brief interval
of time following the ON to OFF transition of
Circuit CA (see Circuit BB).

Signal Quality Detector (SQ)
EIA Circuit CG (CCITT 110)
Direction: FROM DCE

Pin 21

Signals on this circuit are used to indicate
whether or not there is a high probability of
an error in the received data.

An ON condition maintained whenever there is no
reason to believe that an error has occurred.

An OFF condition indicates that there is a high
probability of an error. It may, in some
instances, be used to call automatically for the
retransmission of the previously transmitted data
signal. Preferably, the response of this circuit
shall be such as to permit identification of
individual questionable signal elements on Circuit
BB (Received Data).

Data Rate Select or Data Signal Rate Selector

EIA Circuit CH/CI (CCITT 111)
Direction: TO DCE
Pin 23

Signals on this circuit are used to select between
the two data signaling rates in the case of dual
rate synchronous data sets or the two ranges of
data signaling rates in the case of dual range
non-synchronous data sets.

An ON condition shall select the higher data
signaling rate or range of rates.

The rate of timing signals, if included in the
interface, shall be controlled by this circuit as
may be appropriate.

Data Rate Select or Data Signal Rate Selector
EIA Circuit CH/CI (CCITT 112)

Direction: FROM DCE

Pin 23

Signals on this circuit are used to select between
the two data signaling rates in the case of dual
rate synchronous data sets or the two ranges of
data signaling rates in the case of dual range non-
synchronous data sets.
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An On condition shall select the higher data
signaling rate or range of rates.

The rate of timing signals, if included in the
interface, shall be controlled by this circuit
as may be appropriate.

Ext. Transmitter Clock (TC) or Transmitter Signal
Element Timing

EIA Circuit DA (CCITT 113)

Direction: TO DCE

Pin 24

Signals on this circuit are used to provide the
transmitting signal converter with signal element
timing information.

The CON to OFF transition shall nominally indicate
the center of each signal element on Circuit BA
(Transmitted Data). When Circuit DA is imple-

mented in the DTE, the DTE shall normally provide
timing information on this circuit whenever the
DTE is in a POWER ON condition. It is permissible
for the DTE to withhold timing information on this
circuit for short periods provided Circuit CA
(Request to Send) is in the OFF condition (For
example, the temporary withholding of timing
information may be necessary in performing
maintenance tests within the DTE).

Transmitter Clock (TC) or Transmitter Signal
Element Timing

EIA Circuit DB (CCITT 114)

Direction: FROM DCE

Pin 15

Signals on this circuit are used to provide the
DTE with signal element timing information. The
DTE shall provide a data signal on Circuit BA
(Transmitted Data) in which the transitions
between signal elements nominally occur at the
time of the transitions from OFF to ON condition
of the signal on Circuit DB. When Circuit DB is
implemented in the DCE, the DCE shall normally
provide timing information on this circuit whenever
the DCE is in a POWER ON condition. It is
permissible for the DCE to withhold timing
information on this circuit for short periods
provided Circuit CC (Data Set Ready) is in the
OFF condition (For example, the withholding of
timing information may be necessary in performing
maintenance tests within the DCE.



- Receiving Clock (RC) or Receiver Signal Element
Timing
EIA Circuit DD (CCITT 115)
Direction: FROM DCE
Pin 17

Signals on this circuit are used to provide the
DTE with received signal element timing
information. The transition from ON to OFF
condition shall nominally indicate the center

of each signal element on Circuit BB (Received
Data). Timing information on circuit DD shall be
provided at all times when Circuit CF (Received
Line Signal Detector) is in the ON condition. It
may, but need not be present, following the ON to
OFF transition of Circuit CF.

- Sec. Transmitted Data ((5)TD)
EIA Circuit SBA (CCITT 118)
Direction: TO DCE
Pin 14

The Circuit is equivalent to Circuit BA (Trans-—
mitted Data) except that it is used to transmit
data via the secondary channel.

Signals on this circuit are generated by the DTE
and are connected to the local secondary channel
transmitting signal converter for transmission of
data to remote DTE.

The DTE shall hold Circuit SBA (Secondary Trans-—
mitted Data) in marking condition during intervals
between character or words and at all times when
no data is being transmitted.

In all systems, the DTE shall not transmit data on
the secondary channel unless an ON condition is
present on all of the following four circuits,
where implemented:

. Circuit SCA - Secondary Request to Send
Circuit SCB - Secondary Clear to Send
Circuit CC - Data Set Ready

. Circuit CD - Data Terminal Ready

HiWN —

All data signals that are transmitted across the
interface on interchange Circuit SBA during the
time when the above conditions are satisfied shall
be transmitted to the communications channel.
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When the secondary channel is usable only for
circuit assurance or to interrupt the flow of
data in the primary channel (less than 10 baud
capability), Circuit SBA (Secondary Transmitted
Data) is normally not provided, and the channel
carrier is turned ON or OFF by means of Circuit
SCA (Secondary Request to Send); Carrier OFF is
interpreted as an "Interrupt" condition.

Sec. Received Data (5) RD
EIA Circuit SBB (CCITT 119)
Direction: FROM DCE

Pin 16

This circuit is equivalent to Circuit BB
(Received Data) except that it is used to receive
data on the secondary channel.

When the secondary channel is usable only for
circuit assurance or to interrupt the flow of
data in the primary channel, Circuit SBB is
normal ly not provided. See interchange Circuit
SCF (Secondary Received Line Signal Detector).

Sec. Request to Send (S) RTS
EIA Circuit SCA (CCITT 120)
Direction: TO DCE

Pin 19

This circuit is equivalent to Circuit CA (Request
to Send) except that it requests the estab-
lishment of the secondary channel instead of
requesting the establishment of the primary data
channel.

Where the secondary channel is used as a backward
channel, the ON condition of Circuit CA (Request
to Send) shall disable Circuit SCA, and it shall
not be possible to condition the secondary
channel transmitting signal converter to transmit
during any time interval when the primary channel
transmitting signal converter is so conditioned.
Where system considerations dictate that one or
the other of the two channels be in transmit mode
at all times but never both simultaneously, this
can be accomplished by permanently applying an

ON condition to Circuit SCA (Secondary Request to

Send) and controlling both the primary and
secondary channels, in complementary fashion, by
means of Circuit CA (Request to Send). Alter-—

natively, in this case, Circuit SCB need not be
implemented in the interface.
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When the secondary channel is usable only for
circuit assurance or to interrupt the flow of
data in the primary data channel, Circuit SCA
shall serve to turn ON the secondary channel
unmodulated carrier. The OFF condition of
Circuit SCA shall turn OFF the secondary channel
carrier and thereby signal an interrupt condition
at the remote end of the communication channel.

Sec. Clear to Send (5) CTS
EIA SCB (CCITT 121)
Direction: FROM DCE

Pin 13

This circuit is equivalent to Circuit CB (Clear
to Send), except that it indicates the avail-
ability of the secondary channel instead of
indicating the availability of the primary
channel. This circuit is not provided where

the secondary channel is usable only as a circuit
assurance or an interrupt channel.

Sec. Data Carrier Detect (8) DCD
EIA SCF (CCITT 122)

Direction: FROM DCE

Pin 12

This circuit is equivalent to Circuit CF
(Received Line Signal detector) except that it
indicates the proper reception of the secondary
channel line signal instead of indicating the
proper reception of a primary channel received
line signal.

Where the secondary channel is usable only as a
circuit assurance or an interrupt channel (see
Circuit SCA - Secondary Request to Send),

Circuit SCF shall be used to indicate the circuit
assurance status or to signal the interrupt. The

ON condition shall indicate circuit assurance or
a non-interrupt condition. The OFF condition
shall indicate circuit failure (no assurance) or

the interrupt condition.
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(B) RS-449, RS—-422, RS-423 - EIA Standard
Discontinued for use with Long Haul Modems

« RS-499 - Mother Document
- Category I - Pair of Wires for each
Signal
Balanced - RS—-422
Unbalanced - RS-423
Primary Data, Timing, Five Selected
Control Circuits
- Category Il - Single Wire for each
Signal and Common Return
Return Unbalanced - RS-423
All circuits except primary data,
timing, five selected control circuits.

. Mechanical
37 position connector - primary circuits

(category 1)

juiieloleoNeRoNoNoNoNoNoNeNoNoNeNoNoNoXo)
(o oloNeNeNeNoNoNoNoNoNoNoNeNoNoNoXe W

&

9 position connector-secondary channel
circuitry (category 2)

@ 0000
(ol oNe
®

. Electrical Characteristics
Mark (off, 1) -4V to -6V, VRX .2V
Space (on, 0) +4V to +6V, VRS .2V
Voltage is limited to +12V

RS—-422 - use balanced drives and receives
for rapid response and more noise immunity.

1 [} 1
f—— GENERATOR —3»~ BALANCED ref———— LOAD P
! CABLE i L [
| CABLE ~=~RECEIVER
| TERM, =
1
1

A

A

A SIGNAL

'
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'

!

' cowoucioR
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[

SIGNAL

B CONDUCTOR

ol R

8

'
1)
I
o
NS
1
)
i1 c’

. )

RS449/R5422 Balanced Circuit

149



R§E-422-A

RS—-423 - use unbalanced drivers and recefvers.
since response time is less critical.

:—<—csu:nnon —3af— CABLE —P—k LOAD P

t
i

| |
F¢ RECEIVER —3

|
GENERATO |
b RE-422-A/423-4
. RECEIYER
i A’
— .
o oni! R
! ! B’
b
R5-423-4 Al —
GENERATOR G i -
. .
|

AN

(AJCATEGORY!I CIRCUIT

.
A !
¢/ * ‘R
Cc
.__1 [;-
YO CIRCUIT SEND COMMON YO CIRCUIT RECEIVE
IF OTE, RECEIVE COMMON COMMON IF DTE,
I{F DCE BEND COMMON IF DCE

(B)CATEGORYII CIRCUIT

RS-423 - is compatible with RS232 by use of a
pad and adapter cable. RS422 is not
compatible with RS232.

Longer distances and higher speeds to meet the
advancing state of the art technology
requirement.

Up to 2M bps at 200 feet
2400 bps at 2000 feet

Compatible with CCITT V.10/X.26 and V.11/X.27
Similar to MIL-STD-188-114
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) ) Pin szzggiz_ Gircu@t Usage Nearest RS232
Circuit Name Mnem Cat No. Cation Direction Optlpns Equivalent
Signal Ground SG 11 19 G - M Signal
Ground
*Send Common SC 11 37 G To DCE M -
*Receive Common RC 11 20 G From DCE M -
*Terminal in Service IS 11 28 c To DEC 0 -
Incoming Call IC 11 15 C From DCE A Ring Indication
Terminal Ready TR 1 12,30 C To DCE S Data Terminal Ready
Data Mode DM 1 11,29 C From DCE M Data Set Ready
Send Data SD 1 4,22 D To DCE M Transmitted Data
Receive Data RD 1 6,24 D From DCE M Received Data
Terminal Timing TT 1 17,35 T To DCE 0 Xmit Sig Element DCE
Send Timing ST 1 5,23 T From DCE T Xmit Sig E1 Tim DTE
Receive Timing RT 1 8,26 T From DCE T Rec Sig El1 Timing
Request to Send RS 1 7,25 C To DCE M Request to Send
Clear to Send Ccs 1 9,27 C From DCE M Clear to Send
Receiver Ready RR 1 13,31 C From DCE M Carrier Detcct
Signal Quality sQ 11 33 C From DCE 0 Signal Quality Dotect
*New Signal NS 11 34 C To DCE 0 -
*Select Frequency SF 11 16 C To DCE (o] -
Signaling Rate Selector SR 11 16 C To DCE 0 Data Sig Rate Sclect
Signaling Rate Indication SI 11 2 C From DCE 0 Data Sig Rate Select
*Local Loopback LL 11 10 c To DCE 0 -
*Remote Loopback RL 11 14 9 To DCE 0 -
*Test Mode T™ 11 18 C From DCE M -
*Select Standby SS 11 32 C To DCE 0 -
*Standby Indicator SB 11 36 C From DCE 0 -
Shield - 11 1 G - (0] -
Spares - 11 3,21 - - 0 -
(a) circuits on the 37-pin main connector
Pin| Cir. Circuit Usage Nearest RS232
Circuit Name Mnem | Cat | # |Class. Directions Options Equivalent
Signal Ground SG 11 5 G - 0 Signal Ground
Send Common SC 11 9 G To DCE 0 -
Receive Common RC 11 6 G From DCE 0 -
Secondary Send Data SSD | 11 3 D To DCE 0 Secondary Transmit Data
Secondary Request to Send SRS 11 7 C To DCE 0 Secondary Request to Send
Secondary Clear to Send SCS | 11 8 C From DCE 0 Secondary Clear to Send
Secondary Receiver Ready SRR | 11 2 C From DCE 0 Secondary Rec. Line Signal Detect
Shield - 11 1 G - 0 -

(b) circuits on the 9-pin optional connector

Legend and Notes:
Circuit Classifications
G=Ground or Common

D=Data
C=Control

T = Test

Circuit Category
1=Category 1
11=Category 11

Usage Options

= Mandatory for all two-way communications channels

M=

S = Additional circuits

A = Additional circuits
signaled across the

T = Additional circuits

0 = Optional circuits

Other:

* = New circuits not contained in RS232 Standard

required for all switched channels
required for all switched channels with answering
interface

required for synchronous primary channel

EIA RS449, RS422 and RS423, and
CCITT V.10/X.26 and V.11/X.27
Interface Categories

151



Zst

1200

100

6o

CADLE LENGTH-METERS

15

RS-2232-Csv.28

ol

T

100

1k 2.4k 4.8k 10k 20k 100k 1M 2M

DATA SIGNALLING RATE-DIt/S

Comparison of Performance Characteristics
for RS232, RS422 and RS423



(C) CCITT V.35 - CCITT Standard Interface used
to Interface DTE’s to DSU/CSU’s on Wide Band
Modems
. Mechanical -34 pin connector

oOoo0o00O0O0O
000000000

Oo000O00O0O
000000000

34 PINS (LETTERED)

. Balanced drivers and receivers for data
and timing signals

—— GENERATOR —J»+ BALANCED ref——— LOAD ———Pom

A

! CABLE ! ! !
' ! | CABLE wt~RECEIVER ~Puy
] ] 1 TERM, |t 1
' 1 | . [}
1 1
\ iC SIGNAL o |
{ CONDUCTOR '
G '
|
-~ SIGNAL ~
B CONDUCTOR Ypg°
! .
L Q
c!
]

. Unbalanced control circuits

:-4—- GENERATOR —3—at— CABLE —P—————— LOAD —-)-i

1

]

' | I
] r<¢ RECEIVER =3
1 !

'

. Electrical Characteristics
Balanced
binary 0=+.55vV 20% (A to B)
binary 1-=.55vV 20% (A to B)
Unbalanced ‘
on = +3V to +25V
off = -3V to -25V

153



CIRCUIT FUNCTION PIN CCITT/RS-232-C
Protective Ground A 101/AA
Signal Ground B 102/AB
Request To Send C 105/CcA
Clear To Send D 106/CB
Data Set Ready E 107/cc
Received Line Signal Detector F 109/CF
Test Mode K 142/
RX Data A R 104/BB
RX Data B T 104/BB
RX Clock A \Y 115/DD
RX Clock B X 115/DD
TX Clock A Y 114/DB
TX Clock B AA/a 114/DB
TX Data A P 103/BA
TX Data B S 103/BA
External Clock A U 113/DA
External Clock B W 113/DA
Remote Loopback BB/b 140/CG
LL Loopback J 141/
RT Loopback EE/f 126/
Test Pattern L 125/CE

CCITT V.35 interface Categories
and EIA Equivalent Categories
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(D)

(E)

Transistor to Transistor Logic (TTL) Interface

common interface if modem is located in
terminal equipment
electrical characteristics

Mark (1, OFF) = +5V

Space (0, ON) =0V
very high speed
very short distance (within terminal
equipment).

Current Loops

)

very simple asynchronous interface for DTE
used up to 1800 ft. normally; often longer
originally provided current to drive
mechanical teletype machines (18 mA)
typically now use 20 mA (sometimes 60 mA on
old TTY’s
. polar: mark = +20mA, space = —-20mA
. neutral: mark = +20mA, space = 0mA
active or passive
usually use optoisolators with DTE logic
seldom used to interface with DCE (modems)
serial data transfer at fairly low rates
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(F) Universal Asynchronous Receiver Transmitter
(UART) and (Universal Synchronous Asynchronous
Receiver and Transmitter (USART)

. UART - used for interface to asynchronous
DCE’s only
« USART - used for interface to synchronous
or asynchronous DCE’s only
. Central component of DTE to DCE interface
. Converts the internal (parallel) bus data
of the DTE to serial synchronous or
asynchronous data to be transmitted by a
modem
. Converts the serial synchronous or
asynchronous data received by a modem to
the parallel bus data of the DTE
. Typical features
- often programmable
- supplies and checks start, stop, and
parity bits
- clocks data at a preset rate
- includes numerous control and status
lines for DTE
- may include modem controls (DSR, DTR,
CTS, RTS)
- may handle synchronous protocols

. Normally interfaces to DCE through IC’s

MC 1488 and MC 1489 - RS232 drivers and
receivers
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In

v

PROGRAMMABLE COMMUNICAT!ON INTERFACE

] Synchronous and Asynchronous
Operation

® Synchronous:
5-8 Bit Characters
Internal or External Character
Synchronization
Automatic Sync Insertion

B Asynchronous:
5-8 Bit Characters
Clock Rate — 1,16 or 64 Times
Baud Rate
Break Character Generation
1, 114, or 2 Stop Bits
False Start Bit Detection

M8251 e =N
?,\

oo *f«b
- m Baud Rate — DC to 56k Baud (Sync Mode)
DC to 8.1k Baud (Async Mode)

m Full Duplex, Double Buffered,
Transmitter and Receiver

m Error Detection — Parity, Overrun,
and Framing -

m Fully Compatible with 8080 CPU

= All Inputs and Outputs Are
TTL Compatible

m Full Military Temperature Range
-55°C to +125°C
m +10% Power Supply Tolerance

The M8251 is a Universal Synchronous/Asynchronous Receiver/Transmitter (USART) Chip designed for data
communications in microcomputer systems. The USART is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission technique presently in use (including IBM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them into
a continuous serial data stream for transmission. Simultaneously 1t can receive serial data streams and con-
vert them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
a new character for transmission or whenever it has received a character for the CPU. The CPU can read the
complete status of the USART at any time. These include data transmission errors and control signals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology.

PIN CONFIGURATION

M8251 BLOCK DIAGRAM

0, ) 0,
0, 2 oY
R0 53 Vee ~
N [ e AC AN DaTA A L~ ] rransmr
5T 0.0 : 8US 3 M BuFfER  f-=Tt0
0. s ?_,_“ 7 YoNTTV BUFFER NV TV P S)
5Ge ™
O, 7 OSR I
o,C s RESET I l
TaC RESET
TaC 3 cLx — I\ TeROY
b cLx N —
WR 1.0 ~ READ WRITE [N\ TRANSMIT
= €D _ o] ccnTROL S Y
& TOEMPTY CONTROL
— RO q rocic ] T
co crs wh 3 T .
RD SYNDET -
ALRDY T.ROY &t
OSR o
P.n Nome | Pin Funci.on PonName | Ponfincrion ) orh . L | meceive
A et R » MODEM (“ AR SUIT N
01 Oo Data Bus 18 buts) oS Dats Set Reacy . ooty 1 s
co Controt or Data s 10 be Wr.tien or Resd oTR Data Terminat Resdy [ 1 JE——— LU T s o
RO Read Dats Command SYNDET | Syac Derect RTS {
WR Write Osta or Controt Command RTS Reguert o Send Dats v r |
cs Chip Enedie s Clear 10 Sena Data \
CLx Clock Puise (TTL) TaE Transmitier Empty
RESET Reset Vee +S Von Supoiy ReRDY
T Transmutter Cloca GND Ground L] eccene | aw
1.0 Transmerter Oata INTERNAL CONTROL
AC Recewver Cloca DATA BUS o SYNDET
) Recerves Oats
R.ADY Recerver Ready (Ras character tor 80801 Y ),
T«ROY Tiansmitter Ready (1eadv tor char trom 80801 |
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(G) RS366 — EIA Standard Interface used to
interface DTE’s to 801 Automatic Calling
Units.

. 25 pin connector is used for interface

©

1
E)OOOOOOOOOOOO
OOOOOOOOOOO?

<D

. Define interface leads for data transfer
and handshaking information
. Electrical characteristics
Mark (OFF, 1) -3V to -25V (normally
-12V)
Space (ON, 0) +3V to +25V (normally
+12V)
. Limited to 50 ft. cable length
. Unbalanced signal thus susceptible to
cross talk and noise pick-up
. One wire (single-end) used for each
signal with common return (signal ground-
pin 7)

DIGITAL
BASEBOUND

M ™ siowan

/ SINGLE WIRE CONDUCTOR R

17
SIGNAL
GROUND

RS366 Unbalanced Circuit

. Compatible with CCITT Vv.25/Vv.28
V.25 - signal description
V.28 - electrical characteristics
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Pin No. IT)?E BEJE Function (CCIT%RCU{EIA)
1 PROTECTIVE GROUND 212 AA
2 ==> | DiGIT PRESENT 211 DPR
3 <-= Asanpon CALL AND RETRY 205 ACR
4 -=> | CaLL Request 202 CRQ
5 <= Present Next Dicrit 210 PND
6 <= Power INDICATION 213 PWI
7 SIGNAL GROUND 201 AB
8 UNASSIGNED

9¢ 10 RESERVED FOR AuToMATIC CALLING

EouipMENT TESTING. THESE Two

PINS SHALL NOT BE WIRED IN THE

DATA TERMINAL EQUIPMENT.
11 UUNASSTGNED
12 UNASSIGNED
13 <= CaLL ORIGINATION STATUS 204 CoS
14 -=>| DBiert StenaL CircuiTs 206 NB1
15 ==>| DieiT StenaL CIrcuITS 207 NB2
16 ==> | DiecIT SieNAL CIRCUITS 208 NBY
17 -=>| Disit StenvaL CIRcuUITS 209 NB8
138 UNASSIGNED
19 UNASSTGNED
20 UNASSTGNED
21 UNASSIGNED
22 <= Data LINe Occupliep 203 DLO
23 UNASSTGNED
24 UNASSTGNED
25 UUNASSIGNED

EIA RS 366 CCITT V.24-V.25 INTERFACE CONNECTOR PIN AssSIGNMENTS
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. Circuit Definitions

— Protective Ground
EIA Circuit AA (CCITT 212)
Direction: Not Applicable

Pin 1
This conductor shall be electrically bonded to
the machine or eguipment frame. It may be

further connected to external grounds as required
by applicable regulations

- Signal Ground
EIA Circuit AB (CCITT 201)
Direction: Not Applicable
Pin 7

This conductor establishes the common ground
reference potential for all interchange circuits
except Circuit AA (Protective Ground). Within
the automatic calling equipment, this circuit
shall be brought to one point, and it shall be
possible to connect this point to Circuit AA by
means of a wire strap inside the equipment. This
wire strap can be connected or removed during
Installation, as may be required to meet appli-
cable regulations or to minimize the introduction
of noise into electronic circuitry.

- Call Request
EIA Circuit CRQ (CCITT 202)
Direction: To Automatic Calling Equipment
Pin 4
Signals on this circuit are generated by the data
terminal equipment to request the automatic
calling equipment to originate a call.

The ON condition indicates a request to originate

a call and must be maintained during call origi-
nation, until Circuit COS (Call Origination

Status) is turned ON, in order to hold the
connection to the communication channel (remain
OFF HOOK). The call is aborted if Circuit CRQ
is turned OFF prior to turning ON Circuit COS.

The OFF condition indicates that the data
terminal equipment is not using or has completed
a prior use of the automatic calling equipment.
To avoid a potential race condition, Circuit CD
(Data Terminal Ready) (see RS5-232-C) in the
interface of the associated modem should be
turned OFF.
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After the automatic calling equipment has turned
ON Circuit COS, the data terminal equipment may
turn Circuit CRO OFF without causing a
disconrniect.

Circuit CRO must be turned OFF between calls or
call attempts and shall not be turned ON unless
Circuit DLO (Data Line Occupied) is in the OFF
condition.

Power Indication

EITA Civcecuit PWI (CCITT 213)

Direction: FROM automatic calling equipment
p i 8] Cl

Sitanals on this circuit are generated by auto-
matic calling equipment to indicate whether power
ie available within the automatic calling equip-
ment .

The ON condition indicates that power is
available in the automatic calling equipment.

This circuit should not be interpreted to indi-
cate the power status in any other eaquipment.

Data Line Occupied

ETA Circuit DLO (CCITT 203)

Direction: FROM automatic calling equipment
Pin 22

Sianals on this circuit are used to indicate when
the communication channel is in use for automatic
calling, data communication, voice communication,
or for testing of the automatic calling or data
communication equipment.

The ON condition indicates that the communication
channel s in Use.

The OFF condition indicates that the data
Lerminal equipment may oriainate & call provided
that Circuit PWI (Power Indication) is ON.

The OFF condition of Circuit DLO shall not be
presented until all of the other interchanage
circuits from the automatic calling equipment are
returned o their proper idle condition.
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— Call Origination Status

EIA Circuit COS (CCITT 204*)
Direction: FROM automatic calling eguipment

NOTE: This circuit was called Circuit DSS
(Data Set Status) in earlier versions
of EIA RS-366

*CCITT Circuit 204 (Distant Station Connected)
is defined differently but used in a similar
manner.

Signals on this circuit are generated by the
automatic calling equipment to indicate the
status of automatic call origination procedures.

The ON condition presented during a call origi-
nated by the automatic calling eguipment
indicates that the automatic calling equipment
has completed its call origination functions and
that the control of the communication channel has
been transferred from Circuit CRQ (Call Request)
to circuit CD (Data Terminal Ready) in the data
set interface (see RS-232-C). When Circuit COS
is turned ON, the data terminal equipment may
turn Circuit CRQ OFF without causing a communi-
cation channel disconnect. Disconnection of

the channel by the data terminal equipment is
then possible only through the associated data
set interface.

Once Circuit COS is turned ON, it shall remain
ON at least until Circuit CRQ is turned OFF by
the data terminal equipment. Circuit COS may
come ON at other times, e.g., during an incoming
call or a manually originated call. But any ON
condition appearing at a time other than during
automatic call origination by the automatic
calling equipment should be disregarded.

This circuit should not be interpreted to convey
information regarding the operational status or
state of preparedness of the associated data set.

Abandon Call and Retry
EIA Circuit ACR (CCITT 205)

Direction: FROM automatic calling equipment

Pin 3

Signals on this circuit are used to indicate the
probability of successful completion of the call
attempt. '
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The ON condition, when presented during the
process of call origination, indicates that there
is a high probability that the connection to a
remote data station cannot be successfully
established and is a suggestion to the data
terminal equipment to abandon the call and to
re—initiate the call at a later time. The
automatic calling equipment does not determine
that the call is to be abandoned. Action
required to abandon the call must be initiated
by the data terminal equipment.

The OFF condition indicates that there is no
reason to believe that the call cannot be
successfully completed.

When the answer signal mode of operation is used,
Circuit ACR remains in the OFF condition after
Circuit COS (Call Origination Status) is turned
ON. When the End of Number mode is used, Circuit
ACR continues to function after Circuit COS is
turned ON.

Digit Signal Circuits (Data Bit 1)
ETIA Circuit NBl (CCITT 206)
Pin 14

g

Digit Signal Circuits (Data Bit 2
EIA Circuit NB2 (CCITT 207)
Pin 15

l

Digit Signal Circuits (Data Bit 3)
EIA Circuit NB4 (CCITT 208)
Pin 16

Digit Signal Circuits (Data Bit 4)
EIA Circuit NB8 (CCITT 209)
Pin 17

Direction: TO automatic calling equipment

Parallel binary signals on these circuits are
generated by the Data Terminal Equipment.

The information presented on these interchange
circuits may either be transmitted (e.g., digits
of the called number) or used locally as a
control signal. An important use of these inter-—
change circuits for control purposes is the
passing of the EON (end of number) code
combination to the automatic calling equipment
after the last digit of the number to be called
has been passed.

163



In response to EON, the automatic calling equip-
ment transfers the communication channel to the

modem immediately without waiting for an answer

signal from the called data set.

The character sets provided by the sixteen code
combinations are shown in Section 9.2.2.

Present Next Digit

EIA Circuit PND (CCITT 210)

Direction: FROM automatic calling equipment
Pin 5

Signals on this circuit are generated by the
automatic calling equipment to control the
presentation of digits on the Digit Signal
Circuits.

The ON condition indicates that the automatic
calling equipment is ready to accept the next
digit indicated on Circuits NBl1, NB2, and NBS8
(Digit Signal Circuits).

The OFF condition indicates that the data
terminal equipment shoulid turn OFF Circuit DPR
(Digit Present) and set the states of the Digit
Signal Circuits for the next digit. Circuit PND
(Present Next Digit) shall not be changed to the
ON condition while Circuit DPR is ON.

Circuit PND may come ON after the data terminal
equipment turns Circuit DPR OFF following the
presentation of the last code combination on the
Digit Signal Circuits.

Digit Present

EIA Circuit DPR (CCITT 211)

Direction: TO automatic calling equipment
Pin 2

Signals on this circuit are generated by the data
terminal equipment to indicate that the automatic
calling equipment may read the code combination
presented on the Digit Signal circuits NBl, NBZ2,
NB4, NBS8.

The OFF and ON transition indicates that the data

terminal equipment has set the states of the
Digit Signal Circuits for the next digit.
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Circuit DPR (Digit Present) must not be turned ON
before circuit PND (Present Next Digit) comes ON.
When turned ON, Circuit DPR must remain ON until
Circuit PND goes OFF. Circuit DPR may then be
turned OFF, and when turned OFF, must be held OFF
until Circuit PND comes on again.

After the automatic calling unit has accepted the
last digit of the called number (including EON
when used) and has turned Circuit PND OFF,
Circuit DPR must be turned OFF and held in the
OFF condition even though Circuit PND may come

ON again.



10.

Telephone Interface

Al

Public Switched Telephone Network (PSTN)
Plug and Jacks

The PSTN was previously called the Direct
Distance Dialing (DDD) Network. This is
the dial-up network that you use in your
home or office.

The interface between the Public Switched
Telephone Network (PSTN) and the Data
Circuit-Terminating Equipment (DCE) is
defined by EIA Standard RS496. This
Standard defines the characteristics
required by the telephone 1ine and the
modem.

Connection to this interface is regulated
by the Federal Communications Commission
(FCC). All devices that connect to the
PSTN must be registered under FCC Part 68.

Before connecting a registered device you
should provide the Telephone Company with
the FCC Registration number and the
Ringer Equivalence Number (REN).

The REN specifies how much loading (Number
of Bells) the Telephone Company Central
Office (CO) egquipment has when ringing

the line. One telephone is equivalent to
a REN of one (one Bell). The minimum REN
is 0.0. The maximum REN permitted is 5.0.
The letter following the REN number
specifies the type ringer that the device
is designed to work with. Ring types "A"
through "Q" may be provided by the
telephone. Ringer Type "B" is most common
because it is compatible with most other
type ringers.

The FCC Part 68 Universal Service Order
Code (USOC) specifies a series of
Registered Jacks arrangements (RJXX) that
must be used when connecting to the PSTN.
The wiring configurations and modes of
operation are specified in the USOC.
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TELEPHONE

Telephone is ''On Hook" - Telephone is "Off Hook' -
disconnected from the connected to the telephone
telephone line line

Meaning of Terms "On Hook' and "Off Hook"

Origin of Terms "Tip'" and "Ring"

The origin of terms "tip and ring" was the plug used
on the old operator patch panel.

Tip - end of patch panel plug. One lead of the analog
interface to the telephone line.

Ring - the second contact on operator patch panel plug.
The other lead of the analog interface to the
telephone 1line.

Sleeve - the third contact on operator patch panel plug.

This lead is often connected to earth ground.
On some PBX systems this lead is used for
special control functions. On Ground Start
local loops the tip lead is momentarily

shorted to earth ground to draw dial tone.

On Loop Start local loops this lead is not
used. Dial tone is started by putting 600 ohms
impedence between "tip" and "ring". Most
modems are designed to operate on loop

start circuits.
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Permissive (Voice Jacks)

. Permits a fixed level of transmitted
signal no greater than -9dBm.

. Does not guarantee the signal level at the
Central Office (CO). The optimum CO signal

is —-12dBm.

. The normal line loss between the customer
and the CO is 3dB to 6dB. Thus, the level
received at the CO will normally be between

-12dBm and -15dBm.

. A permissive jack arrangement is typically
sufficient for most modem applications.

. If problems are experienced with the
permissive telephone 1ine characteristics,
the Telephone Company will be very
reluctant to fix the problems. This is
because a permissive line is defined as a
voice grade line. If you can talk on it,

it is within specifications.

. Parameter such as attenuation distortion,
envelope delay distortion, line loss,
signal to noise ratio, and P/AR are not
guaranteed on a permissive arrangement.

. If telephone line problems are experienced
on a permissive arrangement a data jack
arrangement may have to be ordered to
resolve the problems.
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JACK
e —— =

RJI1C - most common permissive arrangement.
Normally found in home or office.

T0 CQUIPMENT
NETWORK (OPTIONAL)

—— 1t -

MINIATURE |
6 POSITION 1

—_
I
2 3 4 5 6 l
J

r

OTHER SIMILAR 6 PIN JACKS : MINIATURE I
POSITION
RJ12C., RJ13C, RJ16X ¢ PLJUGO‘

I_._.___.I

—
N\ RT ~
TO REGISTERED

TERMINAL EQUIPMENT
(MODEM)

RJ11C PERMISSIVE JACK

- 6-pin modular jack for single line bridged
tip and ring connection.

- Only two wires are used, tip and ring.

- RJ12C and RJ13C are special permissive
arrangements that are associated with multi-
line key telephones. Four wires are used
in the RJI12 and RJ13. CAUTION should be used
when connecting a modem into the arrangements.
In most cases, the modem/key telephone will
not operate properly behind an RJ12 and RJ13
without having a transfer key installed by
the Telephone Company.

- RJ1I6X is a special permissive arrangement

that permits the use of an exclusion key
telephone.
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(2)

Data Jacks

Provide a means of adjusting the signal
level that is received at the CO. There
are two methods of adjusting the CO
signal level: Programmable and F.ixed

Loss Loop.

Programmable Arrangement - the modems out-
put level is adjusted with a Telephone
Company selected programming resistor.

— Resistor is located internal to the Data
Jack.

— Telephone Company measures the local
loss loop at the time of installation
and selects a resistor value, such that
the transmitted signal arrives at the
CO at the optimum signal power level of
-12dBm.

- A table of resistor values used for
implementing the automatic control of
signal power output is provided in
FCC Part 68.

- The Telephone Company can adjust for
the optimum level without having the
modem connected.

Fixed Loss Loop (FLL) Arrangements - the
modems output level is fixed at a signal
level of -4dBm. A Telephone Company
adjustable attenuator is installed in
series with modem to compensate for local
loop loss.

- The attenuator is installed or adjusted
by the Telephone company at the time of
installation.

- The attenuator is located in the Data
Jack.

- The telephone adjusts the attenuator
to have an optimum power level of -12dBm
at the CO.

- UDS modems are not desianed to work into
a Fixed Loss Loop Arrangement.

Bell Operating Companies (BOC) have
specified parameters for local loop
.characteristics when a Data Jack is used.
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- Specifications such as attenuation
distortion, envelope delay distortion,
line loss, signal to noise ratio, and
P/AR are guaranteed on a Data Jack.

~ The Telephone Company is more likely to
fix telephone line problems when you
have a Data Jack.

- A Data Jack will cost a little more at
installation, but the monthly tariff is
normally the same as the permissive
jack.

. Two categories of Data Jack configu-
rations: "Universal" RJ41S(97A) and
"Programmed'" RJ45S5(97B).

. "Universal" RJ41S(97A)

R
To —
NETWORK
(CENTRAL T
OFFICE) | —
NOTE: WHEN USING UDS MODEM, I— = — — - r— -
SWITCH MUST BE IN PROG POSITION. L] d | I R(FLL)
PAD
| 2| T(FLL)
| <; l r————l—w-
4 | }—R
I
| TO MODEM
I 5 I t ' T
| <8 [
PROGRAMMING 7 | |—er
| RESISTOR i |
8 PC
8 PIN JACK LMINIATURE 8 ROSITION KEYED JACK .I — — J
ADVANTAGE: TELEPHONE COMPANY 8 POSITION KEY PLUG
PROGRAMS OPTIMUM MODEM SIGNAL
LEVEL AT CENTRAL OFFICE (-12d8m) *MI AND MIC ARE
OPTIONAL WITH
EXCLUSION KEY PHONE
8 PIN PLUG AND RJ36X JACK
RJ41S

UNIVERSAL
(PROGRAMMABLE/FIXED LOSS LOOP)
JACK

- 8 Pin modular Jack

- Attenuation (PAD) across FLL tip (pin 1)
and ring (pin 2) are leads for Fixed
Loss Loop (FLL) transmitted signal
level.

- When using UDS modem the switch must be
placed in the PROG position. If the
switch is placed in the FLL position,
both the received and transmitted
signals will be attenuated. This may
cause a higher than normal error rate.
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- The Mode Indication (MI) (pin 3) and
Mode Indication Common (MIC) (pin 6)
leads are for connection to an exclusion
key telephone if used.

- The tip (pin 5) and ring (pin 4) leads
to the modem are used for connection
to the telephone 1ine when the PROG
switch position is selected.

- The programming resistor across Pro-
grammed Resistor (PR) (pin 7) and Pro-
grammed Resistor Common (PC) (pin 8)
leads are for a progarammed output level
when in the PROG switch position.

Programmed Data Equipment

Froaramming Resistor (Rp)* Signal Power Output**
short 0 dbm
150 ohms -1 dbm
336 ohms -2 dbm
569 ohms -3 dbm
866 ohms -4 dbm
1,240 ohms -5 dbm
1,780 ohms -6 dbm
2,520 ohms -7 dbm
3,610 ohms -8 dbm
5,490 ohms -9 dbm
9,200 ohms ~-10 dbm
19,800 ohms —-11 dbm

open -12 dbm

Tolerance of Rp is + 1%
Tolerance of programmed data equipment sianal power

output is + | dB

Table of Programming Resistor Values
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+ !"Programmed" RJ45S(97B)

NETWORK
(CENTRAL
OFFICE)
I' —————— - — —
< T
| o< |
I u<3 l I—-J—M"
4' —nR
I
| <5 | T
s | S —
PROGRAMMING v 7| }—rn
RESISTOR =————’ |
8 PIN JACK LMINIATURE 8 POSITION &YEQ_JACKB _] — Fe

8 POSITION KEY PLUG
ADVANTAGE: TELEPHONE COMPANY
PROGRAMS OPTIMUM MODEM SIGNAL

LEVEL AT CENTRAL OFFICE (-12dbm) '*O":,.{‘l"é%m'cw"‘fj

8 PIN PLUG EXCLUSION KEY PHONE
AND RJ36X JACK

RJ45S
PROGRAMMABLE JACK

- 8 pin modular jack

- Mode Indication (MI) (pin 3) and Mode
Indication Common (MIC) (pin 6) leads
are for connection to an exclusion key
telephone if used.

- Tip (pin 5) and ring (pin 4) leads are
used for connecting the modem to the
telephone line.

- FLL tip (pin 1) and ring (pin 2) are
not used.

- Programming Resistor across PR (pin 7)
and PC (pin 8) are for a programmed
output level.

- Programming resistor values are the

same as those specified for the RJ41S
arrangement.
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(3) Typical Modem Connection

(A) Connection of a Standalone modem to a
permissive RJ11C Jack.

e« Use 8 pin to 6 pin modular jack cable
(UDS cable code 68, part number 61020202)
between the Telco Jack (8 pin) on the rear
of the modem and the RJ11IC (6 pin) Jack on
the wall.

« A standard rotary or touch tone telephone
should be connected into the telset Jack
on the rear of the modem. The cable that
comes with the telephone should be used for
this connection.

. A Talk/Data switch on the front panel is
used to connect the telephone line to the
modem or the telephone. This switch should
be placed in the data position to permit
automatic answering of calls.

TALK/DATA SWITCH ON
RJ11C STANDARD ROTARY /Vzag:Tleg'lgrl;\ POSITIO
OR

THE TELEPHONE SET
TOUCH TONE TELEPHONE IS DISCONNECTED

v-ﬁ%ﬂ 8 PIN TO
4 6 PIN CABLE
8 PIN @" = SUPPLIED WITH

1~ TELEPHONE

8 PIN TO 6 PIN CABLE
CABLE CODE 68
PN+ 61020202

TYPICAL STANDALONE MODEM CONNECTION
FOR PERMISSIVE RJ11C ARRANGEMENT
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(B) Connection of a Standalone modem to a
Data Jack (RJ41S or RJ45S)

. Use 8 pin to 8 pin modular jack cable
(UDS cable code 68, part number
61020192) between the Telco Jack (8
pin) on the rear of the modem and the
RJ41S or RJ45S (8 pin) jack on the
wall.

. If the RJ41S jack is used, be sure the
switch is placed in the PROG position.
UDS modems are not designed to work in
the FLL position.

. A standard rotary or touch tone
telephone should be connected into the
telset jack on the rear of the modem.
The cable that comes with the telephone
should be used for this connection.

. A Talk/Data switch on the front panel
is used to connect the telephone line to
the modem or the telephone. This switch
should be placed in the data position to
permit automatic answering of calls.

RJ41S STANDARD ROTARY TALK/DATA SWITCH ON
OR ,///’—— FRONT PANEL WHEN IN DA
TOUCH TONE TELEPHONE POSITION THE TELEPHONE

SET IS DISCONNECTED

SWITCH MUST

BEINPROG  ¢> =R )
POSITION 6 PIN TO
6 PIN CABLE
SUPPLIED WITH
TELEPHONE
8 PIN

g
8 PIN JACK

8 PIN TO 8 PIN CABLE
CABLE CODE 66
PN+ 61020192

TYPICAL STANDALONE MODEM CONNECTION
FOR UNIVERSAL RJ41S ARRANGEMENT
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RJ45S

TALK/DATA SWITCH IS ON
FRONT PANEL.WHEN INDATA
POSITION THE TELEPHONE
SET IS DISCONNECTED.

STANDARD ROTARY
OR
TOUCH TONE TELEPHONE

6 PIN TO

6 PIN CABLE
SUPPLIED WITH
TELEPHONE

8 PIN TO 8 PIN CABLE
CABLE CODE 66
PN# 61020192

TYPICAL STANDALONE MODEM CONNECTION
FOR PROGRAMMABLE RJ45S ARRANGEMENT
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(C) Connection of an LP (Line Powered) modem
to a permissive RJ11IC Jack.

. Use 6 pin to 6 pin modular jack cable
(UDS cable code 62, part number
61020184) between the Telco jack (6
pin) on the rear of the modem and the
RJ11C (6 pin) Jjack on the wall.

. A standard rotary or touch tone
telephone should be connected into the
Telset jack on the rear of the modem.
The cable that comes with the telephone
should be used for this connection. If
two UDS or two Telephone Company cables
are used, the tip and ring leads will
be reversed. This may cause problems
with some types of touch tone
telephones (cannot break dial tone).

. A Talk/Data switch on the front panel
is used to connect the telephone 1ine
to the modem or the telephone. This
switch should be placed in the data
position to permit automatic answering
of calls.

. The LP series of modems was designed
for operation with a permissive
arrangement only.

RJ11C

6Pm‘~%§§z;;] ffvﬁﬂ

6 PIN TO 6 PIN CABLE
SUPPLIED WITH TELEPHONE

TALK/DATA SWITCH

ON FRONT PANEL .
WHEN IN DATA POSITION
THE TELEPHONE SET IS
DISCONNECTED.

STANDARD ROTARY
OR

~———————
(\% TOUCH TONE TELEPHONE
R

6 PIN TO 6 PIN CABLE
CABLE CODE 62
PN+ 61020184

TYPICAL LP SERIES MODEM CONNECTION
FOR PERMISSIVE RJ11C ARRANGEMENT
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(D)

Special modem connection for use with
Exclusion Key Telephones.

. Exclusion Key Telephone is a special
type of telephone with a white switch
hook button on the left hand side that
may be lifted up.

. The special switch hook button controls
the connection of the tip and ring
leads. Also, it controls the opening
or shorting of the mode indication
(MI/A) and mode indication common
(MIC/A1) leads.

. There are two types of Exclusion Key

Telephone configurations: "Data set
controls the (telephone) line" and
"Telephone set controls the (telephone)
line."

. Data Set Controls the Line

- There are three positions for the
telephone handsets:

1. Handset in the cradle

2. Handset lifted with exclusion
in middle position aural
monitoring

3. Handset lifted with exclusion
key up

- Aural Monitoring - permits monitoring
of modems analog signal by bridging
the tip and ring leads through a
capacitor to the ear piece of the
handset.

- With handset in the cradle, the tip
and ring leads are passed through the
telephone to the modem. The MI(A)

and MIC(Al1) are open. Incoming
calls are routed directly to the
modem.

- With the handset not in the cradle
and the exclusion key in the middle
position, the tip and ring leads are
passed through the modem.
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The MI(A) and MIC(Al) leads are open.
If optioned for aural monitoring, tip
and ring are bridged to the telephone
ear piece of the handset through a
capacitor

With the handset not in the cradle
and the Exclusion Key pulled up, the
tip and ring leads are connected to
the handset instead of the modem.
The MI(A) and MIC(Al) leads are
shorted (tells modem telephone is

in voice mode). In this position
calls may be manually placed or
answered.

After the call is manually placed or
answered, the handset is normally
placed in the cradle. This causes

the MI(A) and MIC(Al) leads to go
from shorted state to an open state.
This transition from shorted to open
causes the modem to go "Off Hook" and
connect to the telephone 1line.
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EXCLUSION
KEY (MIDDLE)

POSITION 1:

HANDSET IN THE

CRADLE AND EXCLUSION
KEY DOWN. TIP AND RING
ARE PASSED THROUGH TO
THE MODEM, AND Ml (A)
AND MIC (Al) ARE OPEN.

EXCLUSION

KEY (UP)

POSITION 2:
HANDSET NOT IN THE

CRADLE AND EXCLUSION

POSITION 3:
HANDSET NOT IN CRADLE

AND EXCLUSION KEY IN

KEY IN MIDDLE POSITION-

UPWARD POSITION-

AURAL MONITORING. TIP
AND RING PASS THROUGH
TO THE MODEM. TIP AND
RING BRIDGE THROUGH
CAPACITOR TO HANDSET

MANUALLY PLACE OR

ANSWER CALLS. TIP AND

RING CONNECTED TO
HANDSET AND MI (A) AND
MIC (Al) SHORTED.

AND MI (A) AND MIC (AD)
ARE OPEN.

Three Positions of Exclusion Key Telephone
Wwhen Wired for "Data Set Controls the Line"

. Connection of a Standalone modem to a
permissive RJ16X Jack through an
Exclusion Key Telephone.

- Use 8 pin to 6 pin modular jack cable
(UDS Cable Code 59, part number
61020418) between the Teleco Jack
(8 pin) on the rear of the modem and
the RJI6X (6 pin) jack on the wall.

- The telset Jjack on the rear of the
modem is not normally used.

— The Exclusion Key Telephone will be
connected to the RJ36X (8 pin) jack.
This cable will be provided by the
Telephone Company.

. The RJ36X and RJ16X Jacks are connected
together by the Telephone Company.
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CABLE PROVIDED BY
TELEPHONE COMPANY

EXCLUSION
KEY

. \

6 PIN 1]
e i

EXCLUSION KEY PHONE

i

f_—-———TALK/DATA SWITCH
ON FRONT PANEL
\ IS ALWAYS IN
%/ DATA POSITION.
A\ a____J» e 3:‘»)..
TELSET Frn e ~N
NoT usep|| mi i
6 PIN e e\
~~TELCO

The modems Talk/Data switch on the
front panel should remain in the data
position when originating or
answering calls.

LP (Line Powered) modems will not
operate with an Exclusion Key
Telephone.

RJ36X

JACKS ARE CONNECTED
TOGETHER BY
TELEPHONE COMPANY

— RJ16X

2

o

8 PIN 110 VAC

8-PIN TO 6-PIN CABLE
CABLE CODE 59
PN #61020418

Typical Standalone Modem Connection for Permissive RJ16

Arrangement,
(Wired for

RJ36 Series Jack and Exclusion Key Telephone

Data Set Controls the Line")

Connection of a Standalone modem to
a RJ41S or RJ45S Data Jack through an
Exclusion Key Telephone.

- Use 8 pin to 8 pin modular Jack
cable (UDS Cable Code 66, part
number 61020192).

- Telset Jack on the rear of the
modem is not normally used.

- The Exclusion Key Telephone will be
connected to the RJ36X (8 pin) Jack.
This cable will be provided by the
Telephone Company.
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- The RJ36X

and RJ41S or RJ45S Jacks

are connected together by the

Telephone

The modem

front panel

Company .

Talk/Data switch on the
should remain in the

data position when originating or

answering

position.

RJ36X

CABLE PROVIDED BY
TELEPHONE COMPANY

EXCLUSION
NOT

CABLE CODE 66
PN #61020192

|

~ |
~. ~
~ls

EXCLUSION KEY PHONE

If the RJ41S Jack
the switch

TELSET
6 PIN

calls.

is used, be sure

is placed in the PROG

JACKS ARE CONNECTED
TOGETHER BY
TELEPHONE COMPANY

TALK/DATA SWITCH
ON FRONT PANEL
IS ALWAYS IN

DATA POSITION.

/

USED

8-PIN TO 8-PIN CABLE

TYPICAL STANDALONE MODEM CONNECTION
FOR UNIVERSAL RJ41S ARRANGEMENT
RJ36X SERIES JACK AND EXCLUSION KEY TELEPHONE

(WIRED FOR "DATA SET CON

RJ36X

CABLE PROVIDED BY
TELEPHONE COMPANY

8 PIN

EXCLUSION

EXCLUSION KEY PHONE

110 VAC
TROLS THE LINE")
JACKS ARE CONNECTED
TOGETHER BY
TELEPHONE COMPANY
TALK/DATA SWITCH
4/~”’ ON FRONT PANEL

IS ALWAYS IN
DATA POSITION.

" 110 VAC

8-PIN TO 8-PIN CABLE
CABLE CODE 66
PN #61020192

TYPICAL STANDALONE MODEM CONNECTION
FOR PROGRAMABLE RJ45S ARRANGEMENT.
RJ36X SERIES JACK AND EXCLUSION KEY TELEPHONE
(WIRED FOR "DATA SET CONTROLS THE LINE")

182



The following figure shows the schematic for the "Data Set
Controls the Line" Exclusion Key Telephone. Also a block
diagram of an Exclusion Key Telephone setup is provided.

——————— ———
P 1
] sosmen, NETWORK
) E T o g [ ] |
WTCH X BRIDGH
07} IR N R |
D
Unl
|
] ___"
| [
Al
Ay
]
|
1
AN VN i A
RTC TELEPHONE
s YYSYRY 02 Fe=
r ] M ) )
1
10 ! 11 | !
CENTRAL ~ 7 ] 1 t >\|NA\
OfFICE  —+ T T + DR 10 RCD
| 4+ Qor  ORREG MODEM
! ! ; 1 )MIC Al
L _Raex__ : 1 (AN
, |
NOTE )
OT SHORTED TO T AND e
DR SHORTED TO R WHEN RJ41S OR

L8
PLUG REMOVED FROM RU455 (8 POSITION:

RIIEX JACK OR RJIEX (6 POSITION)
SWITCH POS | ON-HOOK OF F 100K e ee
MODF DATA NDATA VOICE
MiMIC OPEN OPEN CLOSED
NOTE

IN THIS CONFIGURATION THE MODEM HAS CONTROL
OF THE LINE. THE EXCLUSION SWITCH MUST BE PULLED
FOR VOICE MODE (MANUAL ORIGINATION OF CALL)
CALL IS AUTOMATICALLY ANSWERED

Schematic Diagram for a "Data Set Controls the Line"

Exclusion Key Telephone

THE TWO JACKS ARE WIRED TOGETHER
BY THE TELEPHONE COMPANY. THEY MAY ALSO BE CONTAINED
IN ONE JACK HOUSING

TIP
TO SERIES JACK TP | T RJ45S - 8 PIN
CENTRAL ANG 1| RJ41S - 8 PIN
OFFICE \ 7l
AING (. 8PIN CONNECTOR | ¢ L [ CONNECTOR -6 OR
A A A A Al L 8PN A A

M Z
RJ36X RJ16X - 6 PIN

TP

EXCLUSION

BLOCK DIAGRAM EXCLUSION KEY TELEPHONE INTERCONNECTION



. Telephone Set Controls the Line

This configuration is seldom used

with direct connect modems.

It is

normally used with manual answer
CDT Data Access Arrangement (DAA).

There are three positions for
telephone handset.
1. Handset in the cradle.
2. Handset lifted with Exc
Key in middle position.
3. Handset lifted with Exc
Key up.

the

lusion

lusion

Aural monitoring is not available

with this type of arrangement

With the handset in the cradle, the

tip and ring are connected to
telephone. The MI(A) and MIC
are open. Telephone operates
normal telephone.

With the handset 1ifted with
Exclusion Key in middle posit

the
(A1)
as a

ion,

the tip and ring leads are connected
to the telephone handset. The MI(A)

and MIC(Al1) leads are shorted

(telling the modem the telephone is

in voice mode). Calls may be

manually placed or answered in this

position.

With the handset not in the cradle
and the Exclusion Key pulled up, the

tip and ring leads are passed

through to the modem. MI(A) and

MIC(Al) leads are open.
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- Pulling the Exclusion Key to the
upward state causes the MI(A) and
MIC(Al) leads to go from short to
open. This causes the modem to go
Off Hook (Data Mode) and connect to
the telephone line.

EXCLUSION EXCLUSION
KEY (MIDDLE) KEY (UP)

{\\/ U\\““ -
- \’(//\
R S A

Pt

POSITION 1: POSITION 2: POSITION 3:

HANDSET IN THE CRADLE HANDSET NOT IN THE HANDSET NOT IN CRADLE

AND EXCLUSION KEY DOWN. CRADLE AND EXCLUSION AND EXCLUSION KEY IN

TIP AND RING ARE KEY IN MIDDLE POSITION - UPWARD POSITION - DATA MODE.
CONNECTED TO THE VOICE MODE. TIP AND TIP AND RING ARE PASSED
TELEPHONE. MI (A) AND RING ARE CONNECTED THROUGH TO THE MODEM.

MIC (A1) ARE OPEN. TO THE TELEPHONE MI (A) AND MIC (A1)

VOICE IS DISCONNECTED. HANDSET. MI (A) AND ARE OPEN.

MIC (A1) ARE SHORTED.
MANUALLY PLACE OR
ANSWER CALLS.

Three Positions of Exclusion Key Telephone When Wired
for "Telset Controls the Line"

. To connect a Standalone modem to a
"permissive" RJ16X, "Programmable"
RJ45S, or a "Universal" RJ41S with
an Exclusion Key Telephone wired for
"Telephone Set Controls the Line,"
follow the connection diagrams for
"Data Set Controls the Line."
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r——-———= swmren ]

EXCL SWITCH HOOK (ON HOOK)

{DOWN OR MID) NETWORK '
T r & —1 SWITCH HK BRIDGING |
0T, J ] v 1]ionHooK) xFMR
al |
OR |
Al !
T

5{

|
0
4 272" 20 St S |

8 7 Yo" p 3 2Y ===
] I 1 :
10 ! Lt | "
CENTRAL | 1 T D
OfFICE -t + + +<DR  TO RCD
) L 1 +—C0T ORREG MODEM
! ! L L ¢mic
I, S ] ]
! |
NOTE 1 '
DT SHORTED TO T AND [
DR SHORTED TO R WHEN
PLUG REMOVED FROM RJ41S OR
RJ36X JACK RJ45S (8 POSITION)
OR RJ16X (6 POSITION)
SWITCH POS ON-HOOK OFF-HOOK Ef’ﬁttzg'ljf‘“
VOICE-
MODE | pISCONNECTED voice DaTA
L e e D e — — =
MI/MIC OPEN CLOSED OPEN
NOTE

IN THIS CONFIGURATION THE TELEPHONE SET 1S
IN CONTROL OF THE LINE THE EXCLUSION SWITCH
MUST BE PULLED FOR DATA MODE CALL ISTO

BE MANUALLY ANSWERED

SCHEMATIC DIAGRAM FOR "TELSET CONTROLS THE LINE"
EXCLUSION KEY TELEPHONE
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When an Exclusion Key Telephone is ordered from the

Telephone Company or the Pnone Center,

the following

options must be specified.

Option . . s Normally
ion Desc
Number Option Name Option Description Selected
Al Telephone Set Controls Calls must be manually placed and
the Line answered with the Exclusion Key Telephone
Data Set Controls Calls Tay be automatically answgred by
A2 . the modem and manually placed with the X
the Line . . C e
Exclusion Key Telephone
B3 Aural Monitoring not Does not permit monitoring of modems
Provided Analog Signal thru the Telephone Handset
B4 Aural Monitoring Permits monitoring of modems Analog X
Provided Signal through the Telephone Handset
C5 DTMF Dialing Dual Tone Multi-Frequency dialing (Touch X
Tone)
C6 Rotary Dialing Rotary or Pulse type dialing
Sui K di . Provides indication of position of switch
D7 witch Hook Indication hook (handset), On Hook (in cradle) or
only Off Hook (out of cradle)
Provides indication of Exclusion Key
D8 Voice Mode Indication Position. Indicates '"Data Mode'" as MI X

and MIC open and "Voice Mode" as MI and
MIC shorted

EXCLUSION KEY TELEPHONE OPTIONS
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(4) Special Multi-Line Registered Jack Connections
(A) RJ21X Permissive Jack Arrangement

a——-—.—-—.—_—v-

[Vs) N
50 POSITION
MINIATURE
RIBBON
JACK
T T
—9
TO NETWORK [ g r ) TO OTHER . POSITION
o EQUIPMENT
T T LINE TIP  RING
TO OTHER
TO NETWORK ( R ? o ) EQUIPMENT ) p” ’
2 27 2
3 28 3
[ ] L] L]
. o [ ]
L] [ ] L ]
R T R T 25 50 25
(B) RJ27 Programmable Jack Arrangement
WD) e e o a—— — o— o— w—_ T
o
Qo — —— — — — =8
50 POSITION
MINIATURE
RIBBON
JACK
259
90, !
N ML POSITION
_____I__J\,.__l__..
PROGRAMMING
PR 1
RESISTOR .i 31
N ipc 61 LINE T R PR PC
30 1 27 2 28 3
R ° 2 30 5 31 6
° 3 33 8 34 9
UP TO PROGRAMMING 29 4 36 1 37 12
8 LINES RESISTOR 5 39 14 40 15
TO NETWORK N E——-O 28 6 42 17 43 18
T ‘9 7 45 20 46 21
®27 8 48 23 49 24
 J
® 25
“




(5) Connection of modems to a multi-1line key telephone
system.

. Most modems were not designed to work
behind multi-line key telephone systems.

. There is very little standardization
between multi-1ine key telephone systems.

. This is the kind of phone system most
often found at a secretary desk, where she
may answer calls on multiple telphone
lines.

. The most common multi—-1line Key Telephone
System is the 1AZ2 system.

. Multi-line Key Telephone is normally
connected through a 50 pin miniature ribbon
connector. This connector is similar to
that used with the RJZ21X and RJ27X Jacks.
But, the wiring is not required to conform
to these Registered Jacks.

. All Telephones in the system are connected
through a centrally located (PBX room) Key
Telephone Control Unit (KTU). The purpose
of the KTU is to control the status of
incoming calls (on line or hold).

. The KTU determines the status of each line
by monitoring the A and Al leads, and the
tip and ring leads.

. If A and Al are shorted and tip and ring
have current flowing in them, the line is
occupied. Thus, a voltage is placed on the
lamp and lamp ground leads to 1ight the
1ight on the multi-line key telephone to
indicate that the line is occupied.

. If A and Al are shorted and tip and ring do
not have current flowing in them, the line
is on hold. Thus, pulsating voltage is
placed on the lamp and lamp ground lead to
flash the light on the multi-1line key
telephone.
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If A and Al are open and tip and ring do

not have current flowing in them, the 1line
is not occupied. Thus, all voltage is
removed from the lamp and lamp ground

leads. This causes the light to be out.

MULTI-LINE
KEY TELEPHONE
SET
(5 LINES PLUS HOLD)

LINE 1
f——o» 25 PAIR CABLE
TO LINE 2 KEY e
CENTRAL H———— TELEPHONE
OFFICE LINE 3 CONTROL 2 PAIR CABLE
)
(OUTSIDE UNIT
LINE) LINE 4
KT U
LINE 5 25 PAIR CABLE
# 7 a\
TP TIP _I' TIP
RING RING RING
A A
EXPLODED VIEW OF Al A EXPLODED VIEW OF
PHONE LINE TO LAMP MULTI-LINE PHONE
CENTRAL OFFICE, LAMP GND LINE THIS WIRING
EACH LINE CONSISTS  EXPLODED VIEW OF SINGLE —e CONFIGURATION IS
OF TIP & RING LINE PHONE LINE. THIS ONLY ONE TYPE OUT
PHONE IS DEDICATED TO RING OF MANY WIRING
ONLY ONE OUTSIDE LINE A CONFIGURATIONS
ETC
Typical Configuration of Multi-Line Key Telephone
(1A2) System with Interconnect Cabling Shown

[

Single line extensions are often connected
through RJ12C or RJI13C Jack.

The RJ12C Jack provides connection of a
single line extension through a 6 pin
modular Jack (similar to RJI1IC permissive
arrangement). The tip and ring leads are
connected ahead of the KTU (on the CO side).
A and Al leads are connected into the KTU
to indicate status of the telephone line.

The UDS auto answer LP modems provide
contact closer on the A and Al leads.

Thus, the auto answer LP modems may be used
with this arrangement.
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UDS Manual Answer LP modems pass the A and
Al lead through to the telset Jack. Thus,
the telephone must be left Off Hook after
going to data mode to prevent going into
hold.

Standalone UDS modems use the A(MI) and

A1 (MIC) leads as input from an Exclusion
Key Telephone. Thus, the modem will not
provide the proper closure on these leads
for status indication. Since the modem is
drawing current on tip and ring, and A(MI)
and A1 (MIC) are not shorted (inputs to
modem), the system may go into hold. This
will cause the modem to have a very high
error rate.

KEY
TELEPHONE
TIP UNIT TP

TO
OTHER

TO CENTRAL
OFFICE RING

EQUIPMENT

CONFIGURATION
— BRIGED TIP AND RING

6 PIN
JACK AHEAD OF KEY TELEPHONE

UNIT WITH A AND A1
CONTROL LEAD

RJ12 Jack Arrangement

The RJ13C Jack provides connection of a
single line extension through a 6 pin
modular Jack (similar to the RJI11IC
permissive arrangement). Tip and ring
leads are connected behind the KTU (on the
telephone line side). A and Al leads are
connected into the KTU to indicate status
of the telephone line.

The UDS LP modems will operate the same as
with the RJ12C jack.
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. The UDS Standalone modems will not operate
with the RJ13C Jack for the same reasons
that it wont operate with the RJ12C.

Al

RING

KEY
TELEPHONE
UNIT TP

TO
OTHER
EQUIPMENT

D >

5 PIN CONFIGURATION
JACK — BH'DGED TP RING. A AND A1
BE-IND KEY TELEPHONE UNIT

RJ13C
6 POSITION JACK
TO MODEM

[ “ne [ T7 TR T AN T

RJ13C Jack Arrangement

. There are many different styles of adapters
that are manufactured by many different
companies. Most of these adapters connect
between the 50 pin Jack on the wall and the
50 pin plug for the multi-line key
telephone. Most types of modems will not
operate with the adapters, because of the
many different wiring configurations and the
same problems encountered with the RJ12C and
RJ13C.

. A Standalone or LP modem may be conencted
behind a multi—-line key telephone system
with a transfer key.

. The transfer key is a specially wired Jack
arrangement that may be installed by the
Telephone Company. The transfer key is a
switch that is connected ahead of the KTU.
The switch has two positions: modem and
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key telephone system. In the modem
position, the tip and ring lead are
connected to the modem, and the A and Al
leads are shorted to the KTU. In the KTU
position, the tip and ring leads are
connected to the KTU, and the A and Al
leads are open.

KEY TP
TFNLiPHONE 10
o NG OTHER
EQUIPMENT
A
TIP ,
N t
1o CoNTROL * CONFIGURATION -
RING TRANSFER KEY AHEAD OF
)( ' THANSFER KEY TELEPHONE UNIT WITH
KEY A AND A1 CONTROL ON TRANSFER
NOTE
THIS ARRANGEMENT
i MAY BE USED WITH
AJTTE RS ALL TYPES OF LUDS
MOUEM

TO MODEM

TRANSFER KEY ARRANGEMENT.

. The best and most reliable method is to
provide a separate outside line for the
modem connection.

r TP KEY
TELEPHONE
UNIT
RING
LINES TO
CENTRAL
OFFICE ARRANG Em
ARRANGEMENT
MAY BE USED
TiP RINC WITH ALL TYPES
RJ1BX TO OF UDS
RING RJ36S MODEM
RJ45S

"SEPARATE LINE FOR MODEM.

. There are many new types of multi-1ine/PBX
phone systems that are manufactured by many
different companies. There is very little,
if any, standardization of the wiring
configurations for these systems. Many of
the systems use digital signaling to select
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telephones. Other systems are totally
digital. Caution should be used when

trying to connect a modem behind these

phone systems. Connecting a modem behind
one of these systems, even though it may

use a 6 pin modular Jack (similar to the
RJ11C), may damage the modem and the phone
system. The only solution to this probliem
is to obtain a separate outside line for the
modem.

(6) Connection of modem to telephone 1ine through

a

CDT1000A

Data Access Arrangement (DAA)

Data Access Arrangement (DAA) - an external
Registered Protective Circuitry (RPC). Its
purpose is to protect the Telephone Company
Central Office (CO) from harm in the form of
of high voltage (115 vac shorting through
power supply), high signal level (0OdBm
reaching the C0), and out of band frequen-
cies. Sometimes called a data coupler.

FCC Part 68 Registered

Before direct connect modems were made, all
devices that connected to the telephone 1line
required a DAA.

Very limited usage today because of direct
connection of modems. In these types of
devices the DAA is internal to the modem.

There are three common types of DAA“s: CDT
(1000A) coupler, CBT (1001D) coupler, and
CBS (1001F) coupler.

@ @ e o raliLd
. B B B O,

CBT 1001D CBS 10017

Common Types of Data Access Arrangements (DAA)

194



(B) Connection of DAA to modem and telephone 1line

(JACKS ARE WIRED TOGETHER
BY TELCO)

RJ36X
8 PIN

The DAA is normally connected to modem
through a DB-9 9 pin connector.

The DAA is connected to the telephone
line through an RJ16X, RJ45S or RJ41S Jack.

An Exclusion Key Telephone is used to
manually place and answer calls. The
Exclusion Key Telephone is connected through
an RJ36 Jack.

A wall mounted power transformer is used to
power CBS(1001F) DAA’s. CDT(1000A) DAA’s
are powered from the telephone 1line.
CBT(1001D) DAA’s are powered from the modem.

RS232C
IG'DIE

RJ41S - 8 PIN

RJ45S-8 PIN
RJ16X-6 PIN

110 VAC

TELCO CONNECTOR
DB9 JACK

POWER TRANSFORMER

UUU

EXCLUSION KEY PHONE
IHAS DATA POSITION BUTTON)

TYPICAL DATA ACCESS ARRANGEMENT CONFIGURATION
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(C) DAA Interface Signals

. There are two interfaces on a DAA: the
telephone l1ine interface and the modem
interface.

. Telephone l1ine interface leads are the same
as those used on the Registered Jacks:
Tip (T), Ring (R), Program Resistor (PR),
Program Resistor Common (PC), Mode Indicator
(MI) and Mode Indicator Common (MIC).

. Modem Interface Leads

- Data Tip (DT) and Data Ring (DR) - Analog
signal leads that interface to the
telephone 1ine. DT and DR are the same as
T and R of the telephone line except they
are isolated by a transformer and other
protective circuitry.

- Switch Hook (SH) - indicates status of
Exclusion Key. MI and MIC open indicated
by a low state on this lead. MI and MIC
shorted are indicated by a high state on
this lead. This signal is to the modem
from the DAA.

- Off Hook (OH) - indicates that the modem
wants to close the Off Hook relay (connect
to the telephone line). This signal is to
the DAA from the modem.

- Data Access (DA) - indicates that the
modem wants to close the coupler cut
through (CCT) relay to allow data to be
passed through the DAA. This signal is
to the DAA from the modem.

- Coupler Cut Through (CCT) - indicates that
CCT relay is closed. Allows data to be
passed through the DAA. DA and OH must
be high before the CCT relay will close.
If the modem output level on DT and DR is
too high the "over load LED" will 1light,
the CCT relay will open (prevents high
level signal from being sent to the CO),
and the CCT lead will go low. The DAA
will stay in this state until the high
signal level signal is removed. This
signal is from the DAA to the modem.
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— Ring Indication (RI) - indicates that a
ringing signal is present on the tip and
ring leads (receiving an incoming call).
The modem normally responds to ring
indication by raising OH and DA. This
causes the DAA to answer the call. This
signal is from the DAA to the modem.

EXCLUSION
KEY up
SH__[ 1| EXCLUSION KEY DOWN
OH __ \ 4 |
DA 1
ccT L
RI

oo ——— i g —

Typical DAA Connect Sequence for Call Origination

INCOMMING
CALL

RI _ITLTLK
OH

DA b)
CCT____ N
SH

rn —— g —

Typical DAA Connect Sequence for an Incoming Call

T
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(D) Types of DAA’s

. CDT (1000A) DAA

- All calls must be manually placed and
answered.

- Requires Exclusion Key Telephone wired
for "Telephone Set Controls the Line

(TCL)."
T000A-CDT
089 To RJTex] EXCLUSICN KEY
DCE Lo DT RO RJUSS TELEPHONE
(MODEM) ©OD  PRo RJ4IS Q\
[[ ut:ﬁwn
PC O WU\
L N ,\f‘

TELCO LINE

CDT(1000A) DAA

. CBT(1001D) DAA

- Calls may be automatically answered by
the modem/DAA.

- Calls may be manually answered with an
Exclusion Key Telephone.

- Uses Exclusion Key Telephone wired for
"Data Set Controls the Line."

- Interface signals between modem and DAA
are contact closures.

1001D-CBT
O DT EXCLUSION KEY
DR To TELEPHONE
DCE DB SH R (bcv
= O OH PR
(MODEM) O DA PC
: ccT Mi
CBT RI MIC O
+V
-V

INTERFACE
CONTACT CLOSURE
ON DIGITAL SIGNALS

CBT(1001D) DAA
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. CBS(1001F) DAA

- Calls may be automatically answered by
the modem/DAA.
- Calls may be manually answered with an

Exclusion Key Telephone.

- Uses Exclusion Key Telephone wire for
"Data Set Controls the Line."

Interface signals between modem and DAA
"On"- +3V to +25V
"Off"- -3V to

Undefined- +3V to -3V

AC POWER
1001F-CBS TRANSFORMER
o
cTo
o DT
oBO o DR EXCLUSION KEY
DCE | o SH To TELEPHONE
O OH RO (ocL
(MODEM) [ O DA PR O
o cCcT PC O
ORI M O
0 5SG MIC O
INTERFACE

RS232 SIGNAL
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B. Private (Dedicated, Leased) Line Interface

« Connection to a private line (3002 or DDS
Network) is through a Network Terminating

Equipment (NTE) device.

. The purpose of the NTE device is to protect
the Telephone Company CO, make adjustments
for the line, and provide connection inter-
face for Data Circuit-Terminating Equipment
(DCE - modem or DSU/CSU).

(1) Connection to a 3002 Private Line (Cl, C2,
c4, D1, D2)

. This interface is defined by proposed
EIA Standard PN 1372. Defines require-
ments for modem interface and network.

. Most private leased lines are 4-wires. A
2-wire leased line may be formed by using
a 4-wire to 2-wire hybrid. This hybrid
is contained in the 829 channel interface
unit.

« Connection to the 829 channel interface
unit may be through a 42A block, 4 prong
plug/receptical (types 283B plug, 404B
receptical), or 50 pin miniature ribbon
connector.

MODEM

TO TELEPHONE COMPANY

829 CHANNEL
INTERFACE UNIT

6-PIN TO 4 SPADE LUGS

4L2A BLOCK

OR (NTE)
4 PRONG PLUG

O

MAY ALSO BE 50-PIN
RIBBON CABLE CONNECTOR

Private Line Connection through 829 Channel Interface Unit
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Black

Wall Jack
A Phone Wire N

Cover Plate

4-wire Termination

Red Transmit
Green Pair
Yellow Receive
Black Pair

Red/Green and Yellow/
Black are not
Polarity Sensitive

2-wire Termination

Red Transmit
Green and
Receive
Pair

Private Line Connection to 42A Block

Type 2838 Piug

sol--
Eg-
\\

To R Y
2-Wire
Local

Channel < GN BK
o

(loop)

Two Wire Termination

Type 404B Receptacle
(for surface mounting)

Type 549A Receptacle

Transmit
to local !
channel

(loop) (

Ry
~ o—._-_) Receive
l from iocal
GN 2( i channei
)

(looo)

Four Wire Termination

Private Line Connection to 4-Prong Plug/Receptical
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50-PIN RIBBON Pin 4 Transmit
CABLE CONNECTOR Pin 29 Pair

Eé;:::ZJJE:F——————— Pin 5 } Receive
Pin 30 Pair

Private Line Connection to 50 Pin Ribbon Cable Connector

« A new type of NTE is the Omni Port (Bell
Port 146A).

. Connection to the Omni Port is through an
8 pin modular Jack or a 50 pin ribbon cable
connector (uses adaptor cable).

MODEM

LEAS
LIN

"

OMNI PORT

8-PIN MODULAR JACK NTE

X
A
\ 6-PIN MODULAR JACK

TO TELEPHONE COMPANY

SPECIAL 6-PIN TO 8-PIN
MODULAR JACK CABLE

Pin No. Signal Name
1 Receive Pair
2 4-wire
3 TEK 5 loop back indication
4 Not used
) Not used
6 TEK 6 loop back indication common
7 Transmit or Transmit/Receive
8 Pair 4-wire or Pair 2-wire

Private Line Connection to Omni Port-8 Pin Modular Jack
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8-PIN MODULAR TO e =
50-PIN RIBBON CABLE
CONNECTOR PROVIDED
BY TELEPHONE COMPANY OMN1 PORT

Uy

50 Pin Ribbon Cable Connector to Modem

Pin NO. Signal Name
4 Transmit or Transmit/Receive
29 Pair — 4 Wire or Pair - 2 Wire
5 Receive
30 Pair — 4 Wire
28 TEK 5 - Loop back indication
3 TEK 6 - Loop back indication common

Private Line Connection to Omni Port through 8 Pin to 50
Pin Adaptor Cable

(2) Connection to Digital Data System (DDS)
private line network.
- A different DDS NTE device is provided for

each speed (56K bps, 9.6K bps, 4.8K bps,
2.4K bps).
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DSU

—a

DDS
csu

TO TELEPHONE
COMPANY
CENTRAL OFFICE

4

15-PIN DDS CONNECTOR

DDS CONNECTOR
PIN SIGNAL

SIGNAL GROUND

STATUS INDICATOR (S1)

RECEIVE SIGNAL FROM DDS NETWORK
RECEIVE SIGNAL RETURN

TRANSMIT SIGNAL TO DDS NETWORK
TRANSMIT SIGNAL RETURN

NOT USED

TQM&QM-‘

SRRRRN

15

DDS Connection to NTE

DSU ,
csu
TO TELEPHONE

CENTRAL OFFICE

R I @ COMPANY
| o1 © ﬁj

DDS

8-PIN MODULAR
JACK INTERFACE

8-PIN MODULAR JACK INTERFACE

PIN SIGNAL

; TRANSMIT PAIR
4-6 — NOT USED

; RECEIVE PAIR

DDS Connection to S—Pin Modular Jack Interface
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11. Special Devices
(A) 801 Automatic Calling Units (ACU)

(1) Permits automatic dialing of telephone
numbers for modems on the Public Switched
Telephone Network (PSTN)

(2) Four types of 801 ACU’s
801A - ACU with pulse (rotary) dialer
that uses RS366 parallel interface to
connect to Data Terminal equipment
(DTE).

- 801C - ACU with Dual Tone Multi-
Frequency (DTMF-Touchtone) that uses
RS366 parallel interface to connect to
Data Terminal Equipment (DTE).

- B801lAS - ACU with pulse (rotary) dialer
that uses RS232C asynchronous serial
interface to connect to DTE.

- 801CS - ACU with Dual Tone Multi-
Frequency (DTMF-Touchtone) that uses
RS232C asynchronous serial interface
to connect to the DTE.

- All four types are available in one
unit. Types are selected by strap
options.

- Serial 801ACU are only available from
uDbs.
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(3) Three 801 ACU Configurations

STANDALONE MODEM

Parallel RS366 Configuration - the 801

ACU is connected to the CPU through a

parallel

RS366 port.

Synchronous modem

is connected to a synchronous CPU port
or an asynchronous modem is connected to
an synchronous CPU port.

/ 801 (AI(C) ACU
FEMALE
0TE Oce
RS366 NOT USED  DCE  TELCO ;
[ Co g pi pd v'\

iy
=i
)

8 PIN .
CONNECTOR _—]///;;,
D s
[

RJTIC. RJI6X,
RJ45S

. Dedicated RS232 Configuration - the 801 ACU

is connected to the CPU through a serial
Synchronous modem
is connected to a synchronous CPU port or

an asynchronous modem is connected to an

SYNC/ASYNC / CPU (OTE) \
SYNC/ {
' o RS232C RS232C RS366
\ \\‘\\ fe N\ .
iy ‘ —— ‘ il ":\\\' L
e g W
TELCO D D
8 PIN -
CONNECTOR 25 PIN CABLE
8 PIN CABLE
Parallel RS366 Configuration
asynchronous RS232 port.
asynchronous CPU port.
Moutm
SYNC. {201.208)

/

CPU (DTE)

ASYNC
PORT
RS232C

801 (AS)(CS) ACU

AN

o

OCE
NOT USED  DCE  TELCO

8 PIN CABLE

J 1

Dedicated RS232 Configuration
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Shared RS5232 Configuration - the 801 ACU and
asynchronous modem are shared by one serial
asynchronous RS$232 CPU port.

CPU

801 (AS)(CS) ACU

(4)

8 PIN CABLE

25 PIN CABLE

Shared RS232 Configuration

Special terms associated with 801 ACU’s.

Pulse or Rotary Dialing

The pulse occurs at a 10 + 1 pulse-per-second
rate. The pulse is 60% break and 40% make
with 700 ms between digits.

Dual Tone Multi Frequency (DTMF) or Touch
Tone

The ON time of the tone is 60 ms with a 70 ms
fnter-digit time. The output tone level is

4 dB above the modem output level.

Dial Tone Detection

The ACU recognizes a dial tone if the signal
is there continously for approximately 1
second. The frequency must be between 200
and 1000 Hz. The level must be -30 dB or
greater.

Tandem Dial Control (Second Dial Tone
Detection)

The dial tone detection circuitry is reset
when the received digit (from the DTE) is
1010, (1019). The ACU will look for a dial
or BUSY signal before proceeding with the
call.




Answer Back tone (ABT) Detection

The ACU will recognize a signal as an answer
tone if it is 2125 Hz + 100 Hz, the level is
0 to -42 dB, and it occurs for at least 1.5
seconds.

Busy Signal Detection

The ACU detects a BUSY signal (if the called
number is BUSY) and sends the BUSY character
to the DTE or turns on the ACR line.

. Abort Timer (ACR)

The ACU has a timer which starts when CRQ fis
turned On and gets reset each time a digit is
dialed. The timer is selectable to be 12.8,
25.6, 51.2, or 102.4 seconds. The call is
aborted if ABT is not detect selected amount
of time.

End of Number

The ACU recognizes the code 11002 (1219) as
the EON code. I1f the ACU receives the EON
code, the modem is connected to the telephone
1ine without receiveing ABT, the COS line
will turn On. If EON is not used, the ACU
waits to detect the ABT before connecting the
modem to the telephone line.

(5) Parallel RS366 Data Format for DTMF (Touch Tone

Dialed Digit

WONdONUNHWN—O

Tandem Digit (Option)
Pause Light

Eon
(Option)
Unused

1

Auto Dialing).

NB8 NB4 NB2 NB1 Frequencies (Hz)

0 941 and 1336
1 697 and 1209
0 697 and 1336
1 697 and 1477
0 770 and 1209
1 770 and 1336
0 770 and 1477
1 852 and 1209
0 852 and 1336
1 852 and 1477
0

1

0

——— = - 00000000
OO0 00O0O—r—=—= = 0000

Tandem Digit

—
o
—
—
—
—

0
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(6)

Parallel RS366 Contrgl and Data Leads

« Power Indication (PWR)..... On when power is
supplied to unit.

. Call Request (CRQ)..... On when ACU has con-
trol of interface leads.

. Data Line Occupied (DLO)..... On if ACU
attempts call when DCE is off hook. On when
CRQ is On.

. Present Next Digit (PND)..... On when ACU has
detected dial tone, remains on until call is
completed.

. Digit Present (DPR)..... On while digits are
being dialed.

. Call Origination Status (COS)..... On when

call has been completed satisfactorily (if

CRQ is On).

. Digit Signal Circuits (NBl, NB2, NB4,NB8)...

Parallel Data input to ACU. Low indicates

Mark. High indicates Space.
. Abandon Call and Retry (ACR)..... Oon

when call

has not been completed because of no anwer

back tone, abort timer has run out, or busy
signal was received.
CRQ___JI:J.:;;;:;ii;:ni L
[ [ | | 1 1 [ o |
YT N R O T A N A O T o A o o B L
L C o I v 1o o -
DPR LT LTI T T [
! [ 1 [ o 1 ' -
NBI M rrJrrr... ..
b e L b
NB2 | o o T
[ v v [ | : | : o | :
NB4 N R
e e
NB8 [ K v Vo i b . Vol
| J vl U o [ Vo - -
DLO l [ Lo 0l Lo L b P! b
I Vo (. ;! | I | o
COos [ L v v Pl (] Vo [ | l
; ; o . : : X : I X \ : | ' - —
ACR | Lo I L C [ WOMEsruGHlFABTISNOTFEcayED-
A R R
| : [ | | : | (I L L |
ANSWER BACK P AN R N S N I I : [f‘i”{u‘f lll“,al“nl:".
TONE (ABT) T I E A A A R O
| 1 [ | [ (. (- L
DIALED DIGITS 50 15, 451 a1 a2 a2

Timing Diagram for Parallel RS366 Auto Dialing

209



(7) Serial RS232C Asynchronous Auto Dialing Format

. Control Characters - From DTE
Bit Pattern Function
7 6 5 4 3 2 1
STX 0O 0 0 o o 1 o Start Format
ETX 0 0 0 0O 0 1 1 End Format
EOT 0O 0 0 0o 1 0 O Abort Call

. Dial Digit Characters - From DTE

Digit Bit Pattern ASC11
7 6 5 4 3 2 1
0 0o 1 1 0 0 0 O 0
1 o 1 1 0 0 0 1 |
2 o 1 1 0 0 1 oO 2
3 0o 1 1 0 0 1 1 3
4 0o 1 1 0 1 0 oO 4
5 0 1 1 0 1 0 1 S
6 0 1 1 0 1 1 0 6
7 o 1 1 0 1 1 1 7
8 0 1 1 1 0 0O O 8
9 0 1 1 1 0 0 1 9
Tandem (Option) o 1 1 1 0 1 O :
Pause (Option) 0 1 1 1 0 1 1 ;
EON (Option) 0 1 1 1 1 0 O <
Tandem (Option) 0 1 1 1 1 0 1 =
Last Digit 0 1 1 1 1 1 1 ?
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. Data Format - From DTE

Block No. Function
1 STX
2 through X Dial Digits (desired length) (up to 25 digits)
X + 1 EON (follows last ACU digit) (option)
X + 2 Last Digit (follows last digit character) -?
X + 3 ETX (follows last digit character)

Example of Serial Asynchronous Character String for Placing
Call:

STX 1 8 0 0 5 5 5 1 2 1 2 ETX

-~

. Redial Format - from DTE
The DTE may direct the ACU to re-dial the
last telephone number dialed by sending STX
followed by ETX.

Example of Serical Asynchronus Character String for Redialing

Last Number Called:

STX ETX

. Abort Procedure - From DTE (Before DCE
enters Data Mode)
The DTE may abort the call at any time by
turning the RTS signal Off (Low Level) or
transmitting an EOT character (preceded by
STX) when strapped for STX control.

Example of Serial Asynchronous Character String for Aborting
Call:

STX EOT
. Response Characters - from ACU to DTE
indicates call progress status
ASC11 Bit Pattern Function

7 6 5 4 3 2 1

DLO D 1 o0 0 O 1 o0 O Data Line Occupied

COoSs C 1 0 0 0 0 1 1 Call Originate Status
ACR A 1 0 0 O O 0 1 Abandon Call and Retry
Busy B 1 0 0 0 o 1 oO Busy (Remote)

Error E 1 0 0 O 1 o0 1 Character Error
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B. Auto Dialing Modems (Smart Modems)

(1) In the future most modems will have auto
dialers built into the modem. At this
point there is very little standardization
of the auto dial command structure.

(2) Sample auto dialing modem command structure
(used in UDS 212A/D)

Async Character Command Description
H Print Command Directory
D Dial from Keyboard (7 digits)
R Repeat Last Digits
(L1-L5) Load, Contents of Digit Set (up to 30 digits)
(1-5) Dial Store Digits
CL Clear, Contents of Stored Digits (Al1l)
C(1-5) Clear, Specific Stored Digit
Print, Contents of Stored Digits
Busy Out Telco Line
Release Busy Condition
Quit, Any Operation of ACU
Options

OC0ZwWDT

(3) Sample of special dial characters used in
modem auto dialers (used in UDS 212A/D)

Async Character Dial Character Description
W Wait for Second Dial Tone
D Delay (3 Second Pause)
E End of Number (Turns Telco Line to Telset)
A} Append Number (Retry Number)
(SP) Space

(4) Example of asynchronous character strings
used with auto dialing modems.

. Async Character String to Load Number
into auto dialer memory:

L1 81 W 15551212 A3
Ll - loads in to memory location 1
81 - connect to outside watts 1line
W — waits for second dial tone
15551212 - telephone number to be dialed
A3 - if busy or no answer, dial number
contained in memory location 3.
. To Dial number located in memory location 1.

1 (typed by user)

8115551212 call complete (from auto dialer)
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Modem Sharing Devices (MSD) - UDS model 701

. Permits four external intelligent DTE devices
to be connected to the telephorne 1ine through
one modem.

. The modem 1ink is normally full duplex.

. DTE ports may be synchronous or asychronous.
All ports must be configured the same (async
or sync). In the synchronous mode a single
character buffer may be enabled to permit
each terminal to use its own transmit clock.
Data is clocked into the buffer with the
terminals clock. Data is clocked out of the
buffer into the modem with the modems clocks.

. When configured for async terminals, the
modem must be async. If configured for
sync terminals, the modem must be sync.

. Mav be operated with data rates up to 9600
bps.

. Terminals must respond one at a time to a
uniaue poll code by raising Reguest to Send
(RTS)Y. Only one terminal at a time may
raise RTS.

. Essentially the MSD is an RS232 switch,
where RTS controls which port is selected
for connection to the modem.

N
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INTELLIGENT
TERMINAL

#1

— D INTELLIGENT
— TERMINAL
#2

701
CPU MODEM MODEM MsD

INTELLIGENT
TERMINAL

FULL-DUPLEX
LINK

#3

INTELLIGENT
TERMINAL
#Y

T

Typical Modem Sharing Device (MSD) Configuration

<T4’___‘_ To Terminal To Modem :>

(Typical)
Clock
—_— > 24 24 _>
| Input Output
| Modem
+V (see note) — 1 18 Buffer Select | _ 15 < Transmit Clock
Not Used Buffler
———————— 15 r —
| |
|
> _ _; L _ f_ —> Transmit
__________ . Data
Data 2

MSD with One Character Buffer Enabled

<: To Terminal To Modem i
(Typical)

Not Used
———————— 24
(Gnd. or -V) [ 18 Buffer Select 24 —_

g Lrock . < Modem

[ SS—— ._lf_ _______________ Transmit Clock
15
_ bata }{ 2 _ _ o ___ —> Transmit
> - 2 Data

MSD with One Character Buffer Disabled
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CPU

.

MODEM

Modem sharing devices may be cascaded.
Thus, additional MSD’s may be connected to
the terminal ports to increase the number
of terminals that may be connected. There
is no limit to the number of MSD’s that may
be cascaded, but the practical 1imit for
most systems is 16 ports.

INTELLIGENT
TERMINAL

#1

INTELLIGENT
TERMINAL

701

MODEN MSD &

INTELLIGENT

TERMINAL
#3

INTELLIGENT
TERMINAL

#Y

701 |
MSD

INTELLIGENT
TERMINAL

#5

INTELLIGENT
TERMINAL

#6

INTELLIGENT
TERMINAL

#7

I EibEs

Cascading of Modem Sharing Devices
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D. Dual Dial Back Up Units (DDBU) - UDS Model 720

. Allows a modem that is designed to operate
over a private leased line to operate over
two dial—-up telephone lines.

« In normal mode, modem is connected to
private leased line. When back up mode is
selected, modem is connected over two dial-
up telephone lines.

. May be used tc back up private line, in case
of private line failure.

. May be used permanently in backed up mode
over dial up lines to permit 4-wire full
duplex operation.

FITEER)

USER'S OTE UBER'S DTE

[ GH~E OTE

MODEM

LEASED
UINE
oTE

MODEM

LEASED YELEPHONE LiNE B # J

cou’:'.ryo‘- CONTROL
PORT
Condy 7 o ve Lime Uiuluiuln B wi
ML TR ML TR iJ
DUAL DAL BACKUP UNIT DUAL DIAL BACKUP UNIT
,,L; -
N M MODEM
t’/":“:')\ oy L LEASED LINE ’//"l‘ §
FEAS, o 5';3\
2E O\ T XMIT TELCO it :
& a sec reico j&22

TELSET TELOET

% X TRANSMIT PAIR AND RECEIVE PAIR
8HOULD BE SWITCHED
AT THIS POINT IN THE NETWORK

Typical DDBU Configuration
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. Rear panel contains modular Jacks for
connecting to:

- private line modem

- 4-wire leased telephone line
- transmit dial-up line

- receive dial-up line

- telephone set

Rear Panel for DDBU

. Four ways to enter back up mode:

- Through special control lead on RS232
control port. High on control lead causes
DDBU to automatically go in to back up
mode (automatically places two telephone
calls).

- Through async control port DTE may give
DDBU commands to go into back up mode.
Commands are similar to those used with
auto dial modem.

- Through automatic back up mode switch on
on the front panel.

— Through manually placed calls via the

telephone set plugged into the rear of the
DDBU.
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E. Async to Sync Converters - UDS Model 210A/SP

« The purpose of an async to sync converter
is to permit interfacing of asynchronous
terminal equipment (computer) to synchronous
modems .

. Synchronous modems operate at higher speeds
than asynchronous modems. This is due to
the modulation techniques required to "fit"
the higher data rates onto the telephone
line.

. Asynchronous modems are typically limited
to 1200 bps. Many users find that 1200 bps
is too slow.

. The user finds that he must either buy all
new terminal equipment of the synchronous
type or operate at a slower data rate.

. The async to sync converter is divided into
two sections; the modem or synchronous
section and the DTE or asynchronous section.
The two sections are connected together with
a one character buffer which make up the
heart of the converter.

- The synchronous section of the converter
interfaces with the modem. The modem’s
clocking is used to synchronize the data
out of the converter. Synchronous modems
require synchronization of clock and data.

- The asynchronous section of the converter
takes in incoming data from in the DTE and
either delays the data rate or speeds up
the data rate. This is accomplished by
adding or deleting stop bits. DTE equip-
ment uses internal clock sources to
generate the transmited data output. The
DTE’s internal clocks are not accurate
enough for synchronous modems. The DTE’s
data rate will often vary plus or minus
1% of the speed setting. The converter
has the ability to compensate for +1% high
and -2.5% low data rates. Additionally,
asynchronous transmission has an
indefinite time interval between char-
acters. Thus, there is a very high
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ASYNC

probability that the terminal

will

equipment

transmit data out of phase with
In this case,

synchronous modem’s clock.

the converter will
the modem’s clock.

PROCESSOR C[——I f;Rszsz_
OR —
TERMINAL

523

uDs

210AS

OR
PRINTER

SYNC
MODEM

TELCO

synchronize data to

SYNC
MODEM

S23

RS232

uDs
210AS

ASYNC
CENTPAL
PROCESSING
UNIT

System Configuration using 210A/S-P Async to Sync Converter

Typical

cable

(1

to

1,

system will
2 to 2,

require pin to pin
etc.) from the

computer to the async to sync converter and
from the async to sync converter to the

modem.

If the terminal
directly to the computer,

was previously connected

cable may have been used between the
This cross-—
over cable cannot be used with the async
to sync converter because the transmit
(pin 2) and receive (pin 3) are connected
opposite to those on the async to sync
converter.

computer and the terminal.

If the computer port and cable were
previously configured for connection to a
a pin to pin cable may have been

modem,
used.

In this case,

the cable can be

a Cross-—-over

used for connection to the async to sync
converter.
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vzamese  (Je
5

Rear Panel Asynchronous to Synchronous Converter
Shown With Modem

Notes of Caution
1. The async/sync converter must be used with async/
sync converter of the same manufacturer because not
all manufacturers use the same method of conversion.
2. Async/sync converters are not protocol converters.
Protocol converters are used to connect asynchronous
DTE equipment to synchronous DTE equipment.

- / SYNC
ASYNC = \ CENTRAL
PROCESSOR /_::%: 2\1%% PROCESSING
OR UNIT
TERMINAL \
OR

PRINTER

Async to Sync Converter {is not a Protocol Converter

3. The async to sync converter does not have the
intelligence to control the R5-232 control leads.
The converter simply passes all control leads from
the DTE through to the modem. Therefore, in config-
uring a system control lead compatibility must be
considered.

4. The async to sync converter should only be used in
systems with a constant carrier. Therefore, async
to sync converters should not be used in half duplex
dial-up applications. This is because synchronous
modems inherently error at the leading and trailing
edges of the carrier. Synchronous protocols are
designed to correct for these leading and trailing
errors, but async protocols typically do not have a
means of correcting for these errors. This results
in "garbage" characters leading and following data.
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F.

Error Correcting Units - UDS Model EC100

. The purpose of the Error Correcting Unit is
to permit interfacing of asynchronous
terminal equipment (computer) to synchronous
(full or half duplex) modems and provide
error correction of transmitted data.

. Error Correcting Units may only be used in
point to point application.

. Three main features:

Async to Sync Conversion - The Error Correcting
Unit converts asynchronous data from the
TERMINAL (CPU) into a form of SDLC (SYNCHRONOUS
DATA LINK CONTROL). The receiving Error
Correcting Unit converts the SDLC back to
asynchronous data for the receiving TERMINAL
(CPU). Note: The EC100 cannot be used for
protocol conversion.

Full to Half Duplex Conversion - In the half
duplex mode of operation, the Error Correcting
Unit recognizes incoming data from the terminal
and performs all R5-232 control lead action
necessary to function with a half duplex modem.
This feature allows "DUMB" TERMINALS (CPU’s)
without control leads to operate at higher
speeds (i.e.; 4800 or 9600 bps on a Z2-wire
line). The value of this feature cannot be
over stressed. Customers may now use less
expensive terminal equipment and avoid complex
synchronous protocols, but still maintain high
data rates. Additionally, the Error Corrector
can be optional for full duplex operation.

This allows the Error Correcting Unit to be
used with full duplex synchronous modems or
half duplex synchronous modems operating on
4-wire private lines.

Error Detection and Correction - As an
additional bonus, the Error Correcting Unit
provides data protection. This is accomplished
by an AUTOMATIC RETRANSMIT SCHEME. The error
detection and retransmission is totally
TRANSPARENT to the terminal eguipment. In
other words, the terminal equipment never

knows when the Error Correcting Unit is in a
mode of retransmission, except for a slight
delay in data output.
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DATA DATA
TERMINAL EC100 SYNC SYNC EC100 TERMINAL
EQUIPMENT MODEM |..__.| MODEM EQUIPMENT
RS-232-C Pin RS-232-C 2-wire or RS-232-C RS-232-C Pin

to Pin or Cross Pin to Pin 4-wire Pin to to Pin or
Over Cable Cable Telephone Pin Cross Over
depending on Line. Full Cable Cable depending
Terminal Equip. or Half on Terminal
Wiring Duplex Equip. Wiring

System Configuration Using EC100’s Error Correcting Units

Rear Panel of EC100 Error Corrector Shown with Modem

Typically the system requires a pin to pin
(1l to 1, 2 to 2, etc.) from the computer to
the Error Correcting Unit and from the Error
Correcting Unit to the modem.

If the terminal was previously connected
directly to the computer, a cross over cable
may have been used between the computer and
the terminal. This cable cannot be used with
the EC100 because the transmit data (pin 2)
and receive data (pin 3) are connected
opposite those on the EC100.
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I1f the computer port and cable were
previously configured for connection to a
modem, a pin to pin cable may have been used.
In this case the cable can be used for
connection.

Flow Control is the handshaking method
between the Error Correcting Unit and the
terminal CPU to prevent data from being lost.

Two types of Flow Control:

Internal Flow Control - Internal flow

control is the method used by the Error
Correcting Unit to stop the terminal equip-
ment from outputting data. To illustrate the
use of internal flow control, let’s assume
that the transmission 1ine had degraded (high
error rate) to a point where the Error
Correcting Unit has difficulty in communi-
catina with the remote Error Correctinag Unit.
As the internal buffer (4K bytes) fills with
data from the local terminal, the Error
Correcting Unit needs to tell the local ter-
minal to stop outputting data or data will be
lost. The Error Correcting Unit will inform
the terminal of this condition by either an
X-0OFF character (in-band signaling) or by
lowerina an RS-232 Control Lead (strap
selectable). It is important to note that
different terminal equipment use different
forms of flow control. The user manual for
the terminal eaquipment should specify which
form of flow control is used. When the
transmission line has improved and the Error
Correcting Unit’s buffer has cleared out,

the Error Correcting Unit will signal the
terminal equipment to start transmitting
again.

External Flow Control - External flow control
is similar to internal flow control, except
that with external flow control, the terminal
equipment is telling the Error Correcting
Unit that it cannot accept any more data and
to stop outputting data. An example of this
would be the operation of a printer. Let’s
say that a file was being sent to a printer
and the printer ran out of paper. In this
case, the printer would want the Error
Correctina Unit to stop outputting data until
more paper was loaded into the printer. The
printer can use either an X-0Off (in-band




signaling) or RS-232 Control Lead pin 20
(out—-of-band-signaling) to tell the local
Error Correcting Unit to stop outputting
data. When paper is loaded back into the
printer, the printer would inform the Error
Correcting Unit to start outputting data.

Flow Control Considerations:

Normally, flow control needs to be considered
only at the CPU side of the circuit. When
using "DUMB" terminals to access data from
computer, a human manually keys in infor-
mation from the keyboard and the computer is
sending pages of information back to the
display. A human would have to be an
extremely fast typist to fill up a 4K buffer.

It is probable that a computer could send
data at a faster rate than the Error Correct-
ing Unit could transmit. An exception to
this is the use of the printer. Printers

can accept higher data rates than they can
actually print and they can also run out of
paper. If the system is configured for
computer to computer operation, then flow
control must be considered for each side of
the link.

Two computers communicating with each other
have a high probability of over flowing the
Error Correcting Unit’s buffer.

Typical Error Correcting Unit Application:

THE PROBLEM: The customer’s computer site is
remotely located. His software people are
doing development work on the computer. The
computer and terminals are both asynchronous
devices without RS-232 control leads. The
customer wanted to have a dedicated 4-wire
line installed. He found that the lead time
was very long and the tariff was very high.
Rather than move his people to the computer
site, he wants to operate over a dial-up
line, because they are so much less
expensive. He tried using 212A’s, but found
that they were too slow. What can he do?

THE SOLUTION: This would be a perfect
application for the Error Correcting Unit and
either the 208A/B or 9600A/B. The reason is
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that these modems will give him the speed
that he is looking for to accomplish his
work. Also, he may still use the same
equipment if he decides to install a private
line at a later date. Since his application
is software development, he will require
error free transmission. A bad character
entered into the computer will cost him
money, because his people will have to DE-BUG
the error.

The next consideration is flow control of the
computer. If the programmers request only
one display at a time (normally one display
consists of 2K bytes of data), then flow
control is not required. This is because the
Error Correcting Unit has a 4K byte buffer.
If the programmers are calling up multiple
displays or data greater than 4K bytes, then
flow control should be used.

If the computer uses X-ON/X-OFF flow control,
then strap the Error Correcting Unit for this
operation. If the computer uses control lead
flow control, the proper RS-232 pin must be
used. Not all computers use the same pins
for flow control. The Error Correcting Unit
uses either Pin 5 or Pin 11 for internal flow
control and Pin 20 for external flow control.
The cable between the terminal/computer and
the Error Correcting Unit must be wired
appropriately.

225



G. Multiplexers (MUX)

(D)

DALLAS

There are two approaches to linking
multiple terminals into a CPU located in
another city: separate lines and single
multiplexed line.

Separate telephone lines for each DTE
device. The telephone 1ines may be

PSTN or private leased lines.

NEW YORK

CENTRAL
COMPUTER

LEASED

MODEM MODEM

TELEPHONE LINE

DIAL-UP [::]
MODEN ——————|MODEM ::::7/———__\\ TERMINAL
TELEPHONE LINE e
LEASED
MODEM [:::]
TELEPHONE LINE
MODEM ::::7/—t—_—\\ TERMINAL
LEASED ,
MODEM | TELEPHONE L 1Ng |MODEM [::] TERMINAL
—)

Typical Approach Used to Link Multiple Terminals into a

CPU Located

fn another City using Separate Lines

Example: CPU is located in Dallas, Texas.
Remote terminals are located in New York.
Three leased lines and one dial up line
are used to connect the remote terminals.
The leased lines are being rented 24 hours
a day from the Telephone Company. Very
seldom are all three terminals and the
printer being operated at the same time.
The printer is used mostly at night to
print out the reports that were created
during the day. The terminal using the
dial up line places calls over the dial

up network three or four times a day for
about two hours. A 1ot of money is being
wasted on three leased lines and long
distance Calls.
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Single Multiplexed Line may be used to

connect all four DTE’s.

DALLAS NEW YORK
— )
======i2££££i53 PRINTER
MODEM MODEM
pl=t
LINE
CENTRAL MUX —MODE Momﬁ: MUX —
COMPUTER LEASED TERMINAL
TELEPHONE LINE
FULL-DUPLEX MODEM MODEM
— | [__J
3
LEASED TERMINAL
TELEPHONE
LINE

(Short Distance)

Typical approach used to Tink multiple
terminal into a CPU located in another city
using a single multiplexed 1line.

Example: CPU is located in Dallas. Remote
terminals are located in New York. One
leased line is connected from Dallas to

New York. Another short leased line is
connected just outside the city limits.
Tariff on leased lines is based on distance
of line. Therefore, the cost of the short
leased line is minimal compared to the long
leased line to Dallas. A terminal located in
another building places local calls into the
multiplexer over the dial up network. Since
all four DTE devices are seldom used at the
same time, the multiplexers find it very
easy to time share data transmission. Even
if all DTE devices are connected at the same
time, most of the data that is sent is very
"Bursty." In most cases, the operator
requests screen of information and sends
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back only a few characters in response to
the screen of information. Also the operator
normally takes several seconds to several
minutes to respond to the screens of infor-
mation. In short, statistically, each DTE

is utilizing the line about 15% of the time.
In this set up, a considerable amount of
money is saved in leased line costs and long
distance calls.

(2) There are three types of multiplexers:
Frequency Division, Time Division, and
Statistical.

. Freguency Division Multiplexing (FDM) divides
up the available band width into smaller
bands. A band is then assiagned to each
device. This technique is only practical
with very wide band medias such as are used
in Local Area Networks. Frequency division
multiplexing several DTE’s over a private
leased 1ine or a PSTN 1ine is not practical.

. Time Division Multiplexing (TDM) allots a
specified amount of time for each DTE port
transmit. The specified amount of time
for each DTE is fixed. In some TDM’s, the
allotted amount of time is as small as one
bit time. In other TDM’s the allotted
amount of time may be very long, enough to
send a block or several blocks of data. If
a terminal has nothing to send during its
allotted time "dummy" characters are sent
(wasted time). Typically much time is
wasted with "dummy" characters."
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Tort

Port

Port
3

Port
L}

' Blocks of Data

DG —_ -
= =
—— —~— TERMINAL
0 0 : —!
D D —~ TERMINAL
M . M 3 D
> AR RDNADRERRADIE [ S—
B Port 1 Port 2 lort 5 lort 4 Fort 1 m TERMINAL
Port D
e__— o ]
‘ —
TIME TERMINAL
TIME
DIVISION D[;I‘,ﬂ)S(ION
MUX
\j/f{l:’{;,‘};///} Dummy Characters - wasted time
. Each port is allotted three blocks of time
for sending data.
. Not all DTE’s have three blocks of infor-

Therefore, much

is wasted.

mation to send each time.
available transmission time

Statistical Multiplexer allows a variable
armount of time for each DTE port to transmit.
Amount of time allotted for each port varies
depending on how much a port has to send.
Some ports may have a lot of data to send
while other ports may have very little data
to send. Data from the DTE ports is first
loaded into a buffer. The Statistical
Multiplexer then transmits the data from the
buffers as required to best utilize available
transmission time. Thus, very little of the
available transmission time is wasted. This
increased efficiency allows the Statistical
Multiplexer to have a higher aggregate
terminal speed for a given link speed than a
Time Division Multiplexer, and still have
time to do error detection and correction.

N
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OPERATION OF STATISTICAL MULTIPLEXER

o]cTs 4] _—_ Tort
l‘tl)rt g p:m r.lm l'?rt 1
—_~
— Sts Tec oo el [n]aI} (~]s] TERMINAL
- A o | K
rort M M (Zart
: "" 0 0 ———
D TERMINAL
: : — =
0 |
P;rl M M 3r )
gl lefc o [eTa Tone Trore naca $ — [
n Fort Fort Tort TERMINAL
Port 3 - ‘. B —
4 Port \
&— .
[=—
MUX TEFRMINAL
STAT MUX STAT
. B IAJ 3locks of Data
CRC CRC Character for Error Detection and Correction

- Amoumt of time allotted for each port is
variable.

. Order may be varied.

. Very little time wasted.

. CRC character is sent for error detection
and correction.

« Anaology of Time Division Multiplexer and

statistical multiplexer.

Time Division Multiplexer (TDM) - Analogous

to restaurant which takes on reservations.
1. Many tables are empty much of the time.
2. Total quantity of people served is
less.
3. Cannot overflow. No waiting line.

Statistical Multiplexer - Analogous to
restaurant which does not take reservations.
1. Most of the tables are ful] most of the
time.
2. The bar is used a a slack buffer.
3. Total guantity of people served is
greater.
4. Can overflow. May have waiting line.




(3) Basic Elements of a Statistical Multiplexer

Terminal Port Buffer - solid state memory (RAM)
used to hold data coming into and out of the
Mux for each terminal port. The buffer is
normally dynamically allocated to each of the
terminal ports. If data comes into the Mux at
a higher rate the network port is able to send
it out, the buffer will hold the data until it
is 75% full. At this point the Mux will enable
flow control, by lowering CTS on sending X-Off
character to the terminal on the RD lead. If
the terminal does not stop sending data in, the
buffer will be destroyed (over written).

Network Port Buffer - solid state memory (RAM)
that is used to hold data going into and out of
the modem. This buffer is used to create
frames of data. In the buffer, the (CRC) is
added to permit error detection. This buffer
holds incoming frames of data from the modem
and checks this BCC character for error. If a
frame is found to be in error the Mux requests
that the frame be retransmitted by sending a
NACK (no acknowledgement) for that frame. If
frame has no error, the Mux sends an ACK
(acknowledgement) for that frame. The trans-
mitting Mux must hold all outstanding frames
that have not been acknowledged. If a received
frame does not have any errors, it is broken
down and sent to the proper terminal port.

EIA RS232 Interface - There are two sets of
interfaces on the multiplexer: the terminal
port EIA RS232 Interface and the Network Port
(modem) EIA Interface. These are the serial
ports used for sending data into and out of
the Mux.

MicroProcessor - The controller for the Mux.
All buffering, formating, processing, trans-
mitting and receiving is controlled by the
Micro Processor.

Power Supply - Converts 120V AC to +5V, +12V,
and -12V DC to power Mux.
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TERMINAL PORTS

TERMINAL EIA C:
PORT 1 |INTERFACE

CONFIGURED AS DCE INTERFACE.
TYPICALLY ASYNCHRONOUS.

TERMINAL EIA , . NETWORK PORT
PORT 2 [INTERFACE I = £, o CONFIGURED AS
ég E N\ $ 3 /\:) 1| DTE INTERFACE.
5 o g | Y Lo 3 TYPICALLY
w w SYNCHRONOUS.

TERMINAL EIA
PORT 4 |INTERFACE

(4)

TERMINAL EIA S
PORT 3 |[INTERFACE

=]

MICROPROCESSOR

POWER
SUPPLY

THE BASIC ELEMENTS OF A STAT MUX CONSIST OF

AC THE EIA INTERFACE (TERMINAL AND NETWORK PORTS) ,
THE BUFFERS, THE MICROPROCESSOR TO CONTROL
ALL SYSTEM FUNCTIONS, AND THE POWER SUPPLY.

BASIC ELEMENTS OF A STAT MUX

Flow Control (Data Restraint)

There are two types Flow Control: Internal
Flow Control and External Flow Control.

Internal Flow Control - this is the ability

of the Stat Mux to stop the terminal from
sending data. If the terminal on port one is
sending data and the network port is receiving
a high number of re-transmit frames due to
poor telephone lines, the Mux must tell the
terminal to stop sending data when the buffer
fills up. This is accomplished by sending

an X-0ff (DCl) character (inband Flow Control)
to the terminal or lowering Clear to Send
(CTS, Pin 5) to the terminal (out of band Flow
Control). When the buffer reaches a safe
level, the Mux will send an X-On (DC3)
character or raise Clear to Send (CTS, Pin5)
to the terminal. This will allow the terminal
to start sending data again.

External Flow Control - this is the type of
data restraint that comes from the terminal.
It tells the Mux to stop sending to the
terminal. An example of this would be a
printer that has run out of paper. Since the
printer can no longer receive any data until
paper has been added, it must tell the Mux to
quit sending data. There are three types of
External Flow Control: X-Off (DC3) character
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(5)

sent to Mux (inband Flow Control), X-0Off (DC3)
character transparent (inband Flow control),
and lowering of DTR (Pin 20) or Pin 14
(special pin) to the Mux (out of band Flow
Control)

X-Off (BC3) Character to the Mux - inband Flow
Control. The terminal sends X-Off (DC3)
character to the Mux telling it to quit
sending data. The data is stored in the Mux’s
buffer until the terminal is ready to receive
data again. If the buffer in the local Mux
fills up, data is restrained from the remote
Mux until its buffer fills up also. If the
terminal is still not ready to receive data,
X-0Off is then sent from the remote Mux to

the remote terminal.

X=-0ff (DC3) Transparent — inband Flow Control.
When the terminal sends an X-0Off character to
the Mux, it is transmitted through both Mux’s
to the remote computer. When the computer
receives the X-0ff character, it stops sending
data. With transparent Flow Control
activated, the Mux’s do not respond to the
X-Off character. They simply pass it through
as any other data.

DTR (Pin 20) or Pin 14 (Special Pin Assignment
- out of band Flow Control. The terminal
lowers DTR (Pin 20) or Pin 14 to the Mux to
tell it to stop sending data. Data is
restrained in the same way as it was with the
X-Off character. When the terminal raises DTR
(Pin 20) or Pin 14 to the Mux, it will start
sending data again.

Passing Through of EIA Control Signal

Some Mux’s have the capability to pass through
some of the RS232 control signals. Typically,
Request to Send (RTS), Carrier Detect (CD),
Data Terminal Ready (DTR), Data Set Ready
(DSR), Make Busy (MB), and Ring Indication
(RI) are passed through the Mux. These

signals are used to control tail circuit
configuration. This permits a local CPU to
have full control of a remotely located

modem. The transfer of the control lead
status is delayed. This is because the Mux
encodes, transmits, decodes, and activates
the corresponding control leads through
modems and the transmission line.

233



CENTRAL

COMPUTER

MUX

CENTRAL
COMPUTER

F

ULL-DUPLEX

PRIVATE LEASED LINE

MODEM

MODEM

DIAL-UP LINES

TERMINALS

MUX

MODEM

<

MODEM |

MODEM

<

MODEM

MODEM

<—

MODEM

MODEM

<= MODEM |

DIAL UP ACCESS
(TAIL CIRCUITS)

Example of passed through RS232C Control Leads
controlling remotely located Dial Up Modems

MUX

POLLED
TERMINAL

MODEM

MODEM MODEM

FULL-DUPLEX

PRIVATE LEASED LINE

POLLED
TERMINAL

ULLEL
TERMINAL

POLLED CIRCUITS
(TAIL CIRCUITS)

MUX

MODEN

G/l

TERMINAL

i

TERMINAL

MODEM

MODEM

MODEM

B

Example of passed through RS232C Control-Leads controling
remotely located Polled Modem (tail circuit)
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HOST
COMPUTER

MUX MODEM

MODEM

CHICAGO

Mip-Point Back-To-Back CoNFIGURATION

MUX

LEASED
TELEPHONE LINE

SAN FRANCISC

LOS ANGELES
TO REMOTE DTE's

MIDPOINT
DTE’s

MUX

MODEM

HODEM

LEASED
TELEPHONE
LINE

MUX

IR

Example of passed through RS232C control leads
controlling remotely located modem in a mid-point
back to back configuration,
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Special considerations when configuring a
Statistical Multiplexer System.

Utilization is the quantity of data that is
normally passed between the terminal and the
computer. This figure is very important,
but in most cases, it is not readily avail-
able. Therefore some assumptions must be
made.

- Approximate utilization figures for "dumb"
terminal and computer being used inter-
actively.

Terminal to computer - 2% to 5%

Computer to terminal - 10% to 15%
- Assume 25% utilization
25% = 15% (worse case) +10% (margin)

— Computer to computer and computer to printer
may approach 100% utilization.

Agaregate Speed - is the sum of all the
terminal port speeds.

Aggregate speed = data rate terminal 1 + data
rate terminal 2 + data rate terminal N.

Example: 4 port Stat Mux with each terminal
operating at 2400 bps.

2400 + 2400 + 2400 + 2400
9600 bps

Aggregate speed
Aggregate speed

Network (Modem) Port Speed - is speed at
which the modem must operate to permit the
Stat Mux system to operate properly.

- Approximate calculation of required network
port speed.

Network port speed = utilization X aggregate
speed.

Network speed 25% X 9600 bps

Network speed

2400 bps.
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This will normally permit the system to
operate without Flow Control activated.

Exact formula for determining Network Port
Speed (NPS) for Stat Mux with N Terminal
Ports (TP) and known Utilization (U).

NPS = TP1 (bps) xUl + TP2 (bps) xU2 + TPn
(bps) xUn.

Always use a modem that is greater than the
calculated Network Port Speed.

Example:
For calculated Network Port Speed of
3600 bps, use a 4800 bps modem

If the calculated Network Port Speed is
higher than the available modem speed, the
speed of the Terminal Ports must be reduced.
If this is undesirable, then two Mux’s with
less ports must be used.

Caution should be used when connecting Mux’s
to systems that are computer to computer or
computer to printer. These types of equip-
ment tend to "Hog" the system because of
their high utilization.
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y \
, \
/ :9
MUX EARTH
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Mux’s will not operate
properly over Satellite Links because the
buffers are typically to small to handle the
long delay before acknowledgement.
Mux’s are specifically designed for this

Some

EARTH
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SATELLITE DATA LINK
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VI. Data Link Layer

l.

2.

Channel Access Methods

This layer defines the channel access methods
used in networks. These access techniques are
the means by which nodes gains use of the
network. There are two general categories of
access methods - noncontention and contention.

. Noncontention - node takes turns accessing
the network in or orderly fashion so that
collision between nodes is avoided.

. Contention - nodes access the network
randomly. With this method collisions may

occur.
Polling - is a noncontention method of network

access. Polling may be centralized or
distributed.

A. Centralized Polling — polling is con-
trolled by a master or control node. The
master asks each node one at a time if it has
any information to send. If it does not have
information, it responds with a no and goes on
to the next node.

. master node has poll list

. all nodes listen but only respond to their
unique "poll code”" or "name"

. if two devices would speak at the same
time there would be a collision

. the time interval alloted for each nodes
response is determined by the message size
allowed

. terminal device (nodes) must be
intelligent

. can be used on any type of topology
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MASTER OR
CONTROL NODE

Illustration of Centralized Polling

POLL LIST | "A" DO YOU HAVE ANY MESSAGES?
1. A l ONLY NODE ''A'
2. B
3. ¢ ‘;E;“""1l’ | { |
L. D MESSAGE | A B c D
INTELLIGENT TRIBUTARY NODES
POLL LIST | "B DO YOU HAVE ANY MESSAGES?
1. A l ONLY NODE "B
2. B
3. C € [r NO ll J l
4. D A B c D
POLL LIST | "C' DO YOU HAVE ANY MESSAGES?
1. A l ONLY NODE ''C"
2. B
3. C <€ T 1 y | )
4. D A B C D
YES -
MESSAGE

ONLY NODE 'p'*
POLL LIST | "D DO YOU HAVE ANY MESSAGES?
1. A L
2. B i : i
3. C € ] 1 11
4. D A ) ¢ |ves| o

MESSAGE

STARTS OVER AGAIN AT NODE '"A"
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B. Distributed Polling - polling is not

controlled by a central or master node. Polling
is controlled by allowing exclusive time slots
that a node could transmit in.

(1)

Token Passing - a mechanism whereby

each device, in turn and in a pre-
determined order, receives and passes the
right to use the channel.

normally associated with ring
topologies.

may be used on bus topologies

tokens are special packet or patterns
of bits

tokens are circulated around the ring
when there is no message traffic
possession of the token gives a node
exclusive access to the network

since only one node can have a token
there are no conflicts with other nodes
that wish to transmit

a node that wishes to transmit a
message will hold the token and send a
message to a specified address

each node will identify and accept
messages addressed to it

each node will repeat and pass on
messages not addressed to that node
when the message is received back by
the sending node, it removes the
message and passes the token on

the same node cannot use a token twice
in a row. This prevents "Hogging" of
the channel.

Token Passing

241



(2) Slotted Rings - a mechanism where by
several devices may transmit messages in
turn by using several tokens that are
passed around the ring at the same time.
In the method of token passing, a number
of slots or frames of fixed sized
circulate around the ring.

. each frame contains source and
destination address, control and
parity information, and data.

. when a node wants transmit, it waits
for a free or unused slot, inserts data
into the appropriate field, and sets a
bit to indicate that the frame is full.
The source and destination addresses
are specified.

. when the destination node receives the
frame, it copies the data and sets a
bit to indicate the frame is empty.
Another node can now use this empty
frame for transmission.

. frames that are addressed to other
nodes are passed on.

. one node is normally designated to
place the original frame in circu-
lation.

Slotted Ring

242



(3) Carrier Sense Multiple Access with
Collision Detect (CSMA/CD) - is a
contention method of network access where
any node may transmit a message upon
sensing the channel is free of traffic.

(A) Carrier Sense (listen-before-
talking) - the ability of each node to
detect any traffic on the channel.
nodes may not transmit whenever
they sense traffic on the channel.
nodes may transmit whenever they
sense no traffic on the channel.
because of propagation dalay two
nodes could detect that the channel
is free either exactly at or close
to the same time, yet not detect
each other. In this situation, a

collision between the two messages
will occur.
? ?
@3@9 —\ —_3__ / _
Y -
ALL l

Il1lustration of Carrier Sense Multiple Access

Listen before talking to avoid collisions.
Two devices may sense the channel is
clear at the same time.

(B) Multiple Access - permits any node
to send a message upon sensing that a
channel is free of traffic.

more efficient use of channel time
because there is no waiting.
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(C) Collision Detection — the ability
of a transmitting node to sense a
change in the energy level of the
channel and to interpret it as a
collision.

. upon detecting a collision, each
node involved backs off and abandons
its transmission, waits for a brief
interval, and attempts to transmit
again.

. the interval of back off may be
fixed, random or controlled by
algorithm (wait longer each time

a collision occurs).

. Jam - a short burst of noise emitted
by the collision nodes to ensure
that all nodes involved have
detected the collision.

. to ensure that all nodes are able to
hear a collision, the slot time

(size) of each packet must be
slightly greater than the round trip
propagation delay between the two
farthest points in the network.

\22[/

@
B
&
1]
- .l v
N
o
]
- .I v

COoLLIsIo CoLLisioN
BACk OFF BACK OFF
LONGER SHORT
TIME TIM&

Il1lustration of Collision and Back Off

Analogy - group of polite people standing
around talking.

. if one person wants to speak and no-
body else is talking, he simply speaks
. if someone else is talking, he waits

for them the finish

. when two people begin talking at the
same time they both stop talking (back
off), and then randomly start talking

again

. eventually one person will speak
before the other gains access to the
floor
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3. Data Link Protocols

(A) Bisync Link Protocol

. Characteristics

ETX
SOH|HEADER| | $TX TEXT OR scc
ETB

older IBM protocol (1968)

used for HDX Multidrop Polled Networks
character-oriented, i.e., uses special
control characters and delimiters

each block must be acknowledged before
the next block is sent (HDX)

several LSI chips handle bisync (8251)

«@———————— DIRECTION OF SERIAL DATA FLOW
M1-0585

BISYNC Message Format

. Message Format

optional header is user—-defined

DLE around text makes it transparent as it
turns off receiver character recognition
acknowledgement with ACKO, ACKl, WACK OR
NAK and sent via separate control messages
block check codes are VRC for ASCII, CRC-16
for EBCDIC, and CRC-12 for transcode

SOH - Start of Header

STX - Start of Text

ETB - End of Transmission Block

ETB indicates the end of a block of
characters that started with SOH or STX and
indicates that the block check is coming
next. ETB requires a response from the
receiving station indicating its status:
ACKO, ACK1l, NAK, WACK, or RVI.

ITB - End of Intermediate Transmission
Block (This is called IUS in EBCDIC and US
in ASCII)

ITB is used to separate the message into
sections for error detection purposes
without causing a reversal of transmission
direction. The transmission of ITB
indicates that the block check is coming
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next. While the block check is checked at
this point and reset to zero, the receiving
station does not reply to the transmitting
station until a final block, ending the ETB
or EXT, is received. Except for the first
intermediate block, or a boundary between a
heading block and a text block, the inter-
mediate blocks need not begin with STX. One
further exception is the use of intermediate
blocks in transparent data transfer - these
must all start with DLE STX.

ETX - End of Text

Terminates a block of characters transmitted
as an entity and which started with SOH or
STX. Its function is the same as ETB except
that it also means that there are no more
data blocks to be sent.

EOT - End of Transmission

EOT indicates the end of a message trans-
mission which may contain a number of
blocks, including text and headings. EOT
is also used to respond "nothing to trans-
mit" to a polling request and can also be
used as an abort signal.

NAK — Negative Acknowledgement
NAK indicates that the previous block was
received in error.

DLE - Data Link Escape

One of the uses of DLE is in the creation
of WACK, ACKO, ACKl1, and RVI, which are
two-character sequences. As an example, in
EBCDIC RVI is sent as DLE@. DLE is
primarily used for control character
sequences in transparent data transfer. The
sequence DLE STX is used to initiate trans-
parent text and DLE ETX, DLE [ITB, and DLE
ETB are used to terminate transparent text.
In addition, DLE, ENQ, DLE DLE, and DLE EOT
are also used for control purposes during
transparent text transmission.

ENQ - Enquiry

ENQ is used to bid for the 1ine when using
point to point connections; it indicates the
end of a poll or selection sequence. It is
also used to request retransmission of the
ACK/NAK response if the original response
was garbled or not received when expected.
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- ACKO, ACK1 - Affirmative Acknowledgement

These replies indicate that the previous
block was accepted without error, and
that the receiver is ready to receive the
next block. ACKO is used to acknowledge
multipoint selection, point-to-point line
bid, and even numbered blocks. ACKl is
used to acknowledge odd numbered blocks.

WACK - Wait Before Transmit Positive
Acknowledgement

A WACK reply indicates that the previous
block was accepted without error, but that
the receiver is not ready to receive the
next block. The usual response from the
transmitting station is ENQ and the
receiving station continues to respond with
WACK until it is ready to receive.

RVI - Reverse Interrupt

Like ACKO, ACKl1, and WACK, RVI is a positive
acknowledgement. However, it is also a
request that the transmitting station
terminate the current transmission as the
receiving station has a high priority
message which it wishes to send to the
transmitting station and thus needs to turn
the line around.

TTD - Temporary Text Delay (STX ENQ)

TTD is used by a transmittig station which
is not quite ready to transmit, but wishes
to retain the line. The receiving station
responds with NAK and the transmitting
station may again send TTD if it is still
not ready.
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ONO,

TERMINAL COMPUTER

TERMINAL SENDS A
MESSAGE WHOSE TEXT
IS A SINGLE CONTROL
CHARACTER-ENQ.
THIS MEANS “I HAVE
SOME DATA TO SEND

T0 YOU.” COMPUTER RECEIVES

ENQ.

COMPUTER ACKNOWL-
) EDGES PRESENCE OF
- TERMINAL BY RE-
SPONDING WITH A

TERMINAL RECEIVES “GO AHEAD MESSAGE
“GO AHEAD" (ACKO). (ACKO).

TERMINAL SENDS
BLOCK OF DAYA.\

COMPUTER RECEIVES
BLOCK OF DATA AND
CHECKS FOR PARITY

° ERRORS. IF NO ERROR,
JUMP TO 8.
IF AN ERROR HAS
OCCURRED, THE COM-
PUTER SENDS A CON-
TROL CHARACTER

(NAK OR NEGATIVE

ACKNOWLEDGEMENT)
TERMINAL RECEIVES WHICH SAYS “PLEASE
NAK AND RETRANS- RETRANSMIT LAST

MITS LAST MESSAGE. MESSAGE.”

COMPUTER RESPONDS

WITH AN ACKNOWL-

EDGEMENT MESSAGE
TERMINAL SENDS NEXT (ACK) WHICH SAYS "I
BLOCK OF DATA OR. RECEIVED THAT OK-

IF TRANSMISSION IS SEND ME THE NEXT
COMPLETE, SENDS A MESSAGE.”
CONTROL CHARACTER

(EOT-FOR END-OF-

TRANSMISSION) WHICH

SAYS “I AM FINISHED.” 0 COMPUTER RECEIVES

EOT MESSAGE AND
TERMINATES ITS RE-
CEIVE SEQUENCE.

MI1-0620

Typical Data Exchange Using BISYNC

248



6v¢

°
NON- WAITING FOR
TRANSPARENT TRANSPARENT MESSAGE
DATA REQUIRED
NO
1
[ YES | rransiTiON TO

TRANSPARENT g

o 3 RECEPTION
vES
INITIAL INITIAL NON- . o -
TRANSPARENT TRANSPARENT
3

TRANSMISSION TRANSMISSION
NO TRANSPARENT
DATA
RECEPTION
vssl
NO NO
2
NON. NO
TRANSPARENT
YES l_“ -—l YES DATA RECEPTION
1 4 I YES
NON-
R
TRANSPARENT TRANSPARENT 4
DATA TEXT YES TRANSPARENT
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MI-0615
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B. DDCMP Link Protocol

. Characteristics

- DEC protocol for mini computer network

- provides transparency using byte counts,
thus a byte-oriented protocol

- works for synchronous/asynchronous, HDX/FDX,
point-to-point/multi-point network 1inks

CHARACTERS
———————1

More, Lwnoter

c INFORMATION

syn|lsvn k COUNT | FLAG | RESPONSE | SEQUENCE | ADDRESS | CRC1 | ANY NUMBER | CRC2
s |148ITS| 28ITS 8 BITS 8 BITS 8 BITS 16 8ITS OF 8.BIT 16 BITS
S

XXX XXOOOMKX
Data Messages 10000001 Character Count Qs Resp # Message# Address
Acknowledgement 00000101 00000001000000 QS Resp # 00000000 Address
Negative Acknowledge 00000101 00000010----~-- Qs Resp # 00000000 Address
Reasons: BCC Header Error 000001

BCC Data Error 000010

Rep Response 000011

Buffer Unavailable 001000

Receiver Overrun 001001

Message Too Long 010000

Header Format Error 010001
Reply Message 00000101 00000001100000 QS 00000000  LstMess# Address
Start Message 00000101  00000110000000 11 00000000 00000000 Address

Start Acknowledgement 00000101 00000111000000 11 00000000 00000000 Address
Maintenance Message 10010000  Character Count 11 00000000 00000000 Address

Notes:

1. Only the Data Message and the Maintenance Message have character counts. so only these mes-
sages have the information and CRC2 fields shown in the message format diagram above.

2. "Resp # " refers to Response Number. This is the number of the last message received correctly. When
used in a negative acknowledge message. it i1s assumed that the next higher numbered message was
not received, was received with errors, or was unaccepted for some other reason. See “Reasons.”

w

“Message#” is the sequentially assigned number of this message. Numbers are assigned by the
transmituing station modulo 256. i.e., message 000 follows 255.

4. “LstMess#” is the number of the last message transmitted by the station. See the text discussion of
REP messages.

5. “Address” is the address of the tributary station in multipoint systems and is used in messages both to
and from the tributary. In point to point operation, a station sends the address ""1” but ignores the
address field on reception.

6. Q" and S refer to the quick sync flag bit and the select bit. See text.

MI-0657

DDCMP Message Format in Detail
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HDLC/SDLC Link Protocol
Characteristics

— SDLC is standard IBM protocol, while HDLC
is CCITT extension of SDLC

- many other protocols are similar to SDLC

- provides transparency with bit stuffing,
thus is a bit oriented protocol

- bit stuffing avoids the unique flag byte
o1111110

TxDATA RxDATA
ool1111101111 00111111111
00111110010 00111118010

{/inserted bremoved

thus, pattern 01111110 cannot occur in TX
DATA

— idle character is flag byte

- pattern of > 7 continuous 1’s means abort

- pattern of > 15 continuous 1’s means
terminate polled connection

- there is a SDLC variation for loop networks
that operates much 1like "token passing”

SDLC Message Frame Format .

le o
FRAME

I M

BEGINNING ENDING

FLAG ADDRESS | CONTROL LNN?:&:;L(;N 2::22": FLAG

01111110 8BITS |s8BITS 01111110

8 BITS OF BITS 16 BITS 8 BITS

M1-0589

Basic SDLC Frame

flags delineate the message frame
address field can be extended
information field can be any length
bit-stuffing is applied between flags
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. Control Field

- determines type (function) of frame

0 1 2 3 4 ) 6 7
Information
frames N (R) |P/F| N(S) 0

0 1 2 3 4 5 6 7
Supervisory N (R |p/Elsupv |0 1
frames

0 1 2 3 4 5 6 7
Unnumbered M P/E M 1 1
frames

Where:

N(S) — Sequence number of the frame containing this
control field
N(R) — Sequence number of the next frame the
transmitter expects to receive
P/F — Poll/Final bit (Primary sets Poll, Secondary sets
Final)
SUPV— Up to four supervisory functions
M — Additional link control functions

Frame Control Field, in Detail, (Listed by Frame Type)

- poll/final bit indicates poll from primary
(master) and final frame when from secondary
(slave) -

- sequence numbers indicate last frame sent
and next expected

- I frames contain normal data information

- S frames initiate and control flow of I

frames
- U frames are for disconects, unusual
situations, and to provide additional link

control functions

. Supervisory Commands

- Receive Ready (RR) - acknowledges frames
through NR and indicates ready for frame
NR next

- Reject (REJ) - requests retransmission of

frame NR and all following frames

- Receive Not Ready (RNR) - stop sending
temporarily, but resume with frame NR when
clear

- Selective Reject (SREJ) - request retrans-—
mission of the single frame NR, and acknow-
ledges frames NR-1 (will not accept later
frames until NR recieved)
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First
Poll
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HDLC Polling in HDX
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Sec send
1 Frame

Pr1 acknow-
ledges with
S Frame

PR1 sends
7 FR

Frame #5 has
Error

Sec send 2
Frames back,
but ACK’s only
through #4

PR1 repeats
frames #5 and

#6

Sec ACK’s
Retransmitted
Frames



el . PRELIMINARY
8274
MULTI-PROTOCOL SERIAL
CONTROLLER (MPSC)

» Asynchronous, Byte Synchronous and s Byte Synchronous: .
Bit Synchronous Operation - Character Synchronizatio~, Int.or Ext.

s Two Independent Full Duplex —One or Two Sync Characters
Transmitters and Receivers — Automatic CRC Generation and

king (CRC-16
e Fully Compatible with 8048, 8051, 8035, Checking (CRC-16)

8088, and 8086 CPU's; 8257 and 8237 = 1BM Bisync Compatible
DMA Controllers; and 8089 1/0 Proc.

4 Independent DMA Channels © Bit Synchronous:
° 4incependen . - SDLC/HDLC Flag Generation and
s Baud Rate: DC to 380i{ Baud

. Recognition
—Future Selections to 1M Baud — 8 Bit Address Flecognition

8 Asynchronous: - Automatic Zero Bit Insertion and
—5-8 Bit Charactar; Odd, Even, or No Dealetion
Parity; 1, 1.5 or 2 Stop Bits - Automatic CRC Géneration and
—Error Datection: Framing, Overrun, Checking (CCITT-16)
and Parity - - - CCITT X.25 Compatible

The Intel® §274 Multi-Prolocol Series Controlier (MPSC)is designedto interface High Spead Communications
Lines using Asynchronous, IBM Bisync, and SOLC/HDLC protocol to Intel microcomputer systams. It can be
interfaced with intel’'s MCS-48, -85, -51; iAPX-06, and -88 tamilies, the 8237 DMA Controller, or the 8089 I/0
Processor in polled, interrupt driven, or DMA driven modes of operation.

The MPSC is a 40 pin device fabricated using Intel's High Performance HMOS Technology.
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Figure 1. Blocx Diagram Figure 2. Pin Configuration
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Block Error Check Codes

Parity Codes
— odd parity adds a 1| or 0 bit to a character

so that the total number of 1’s is odd

e.g.,
TN
0111010 ———01110101 Parity bits
0101010———=01010100
- can also form blocks 0111010 1
of characters (each with 0110010 O
character parity) and 0101010 O
generate vertical parity 0110011 1
bits i.e., longitudinal 1111111 0
redundancy check 0010001 1

— LRC detects double bit errors
and corrects single bit errors

Cycllc Redundancy Codes (CRC)
mod 2 division of data stream by generator

polynomial
- attach division remainder to end of data as

check block
- efficient to implement in hardware or soft-

ware
— detects all single and double bit errors,

all odd bit errors, all burst errors shorter
than generator polynomial, and most other

bursts
- CRC-16 polynomial Gr(x) = x16 4+ x15 4+ x2 4+

Data tnput

D Shift Register

@ Exclusive OR

Generation and Detection of the CRC-16 Cyclic Code
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VI

Network Layer

1.

SN

A Network Protocol

Characteristics

Ro

F

X.

Ch

IBM System Network Architecture (1974) to
provide uniform networking for IBM products
path control includes some transport and
network services

uses SDLC for l1ink protocol

designed for 370 host running VTAM and 3705
FSP running NCP/VS, etc. (IBM Standard)

uting

Network closes session route dynamically
from route tables

virtual route between sub-areas, then
explicit routes within sub-areas

packets are resecuenced before leaving each
sub-area

packets may be combined temporarily on
intermediate routes to increase efficiency

ow Control

sender initially sends "window" of n
packets, which may include a request to send
n more

receiver returns authorization for n packets
when it has sufficient buffer space
("reservation")

congestion control done dynamically by
adjusting the pacing window parameter n

25 Network Protocol
aracteristics

ISO/CCITT Standard (1976) for connecting
subscriber machines (DTE) to intelligent
packet network machines (DCE)

widely used throughout the world

being slowly adopted in U.S5. (Telenet,
Tymenet, I1BM, DG, DEC, ACS) Honeywell, AT&T
uses HDLC for 1ink level protocol and X.21
(X.2]1 bis) for physical level
character-oriented terminal interface via
packet assembly/disassembly (PAD) unit,
which provides buffering, control, and
packetization (X.3, X.28, X.29)

network protocol deals with the set-up,
use, and clearing of virtual circuits,
along with various error procedures
distinguishes virtual calls and permanent
virtual circuits
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. Basic X.25 Packet Format
Bits

8 7 6 S 4 3 2 1

1 General format identifier L | ch | ar
{see Note 1) ogical channel group number

2 Logical channel number

Packet type identitier
o 0 o] (o] 1

-

4 Calling DTE address length

Called DTE adaress length

DTE adaress !
(see Note 2) |

[ o] o )

o ] Faciity length

Octet

(=]

Facilities

! Call user data
| (see Notes 3 and 4)

L

Note | - Coded 0X01 (modulo 8) or 0X 10 (modulo 128).

Note 2 - The figure is drawn assuming a single address 1s present consisting of an odd number of digits.

Note 3 - Bits 8 and 7 of the first octet of the call user data field may have particular sigmiticance (see § 6.2.1).
Note 4 — Maximum length of the call user data field is 16 octets

- whole packet goes into HDLC frame as data

- general format identifier specifies sequence
counts of 8 on mod 128, and also has 2 bit
for intermediate/end-to—-end acknowledgements

- logic channel numbers are converted by nodes
from virtual calls to physical addresses

- type bits indicate data on control packets,
and flag bit for additional control bytes
and/or send and receive sequence numbers

- additional control bytes can indicate

addresses, special facilities for additional
virtual circuit features, e.g., priorities,
reverse billing

. X.25 Flow Control
- s8liding window of length n allows no more
than n unacknowledged packets at any time
- n can be adjusted dynamically as the network
loading changes
- large windows are needed for satellite 1inks

Error Control Packets

— INTERRUPT and INTERRUPT CONFIRMATION packet
pre—empt sequence numbers and one bit of
control data directly to the destination

- RESET packets reinitialize virtual circuits
(all sequence numbers, windows, counters,
etc.) but circuit remains connected.

—~ RESTART packets disconnect (non-permanent)
virtual call circuits and reset (permanent)
virtual circuits
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258

X.25 Call Procedure
User A User A User B User B
Host Node Proc Node Proc Host
(DTE) (DCE) (DCE) (DTE)
VIRTUAL _
CALL C CALL REQ [—
INITIATED
C CALL IND b VIRTUAL
CALL
~4*_1c CALL ACCEPT}—{ ACCEPTED
AND C CALL /
CONNECTED CONNECT
SEND DATA
DS = R=0
(WINDOW - 2) 0 T‘\
-
D S=z1 R=0
WAIT FOR ACK -
PIGGYBACK PIGGYBACK ACK
D =2 R =1 - = —
ACK s DS=0 R=2 ON RETURN DATA
C REC RDY USE CONTROL
R= 3 PACKET FOR ACK
CLEAR C CLR REQ =
VIRTUAL
C CLR IND |
CALL C CLR u
CONFIRM
= C CLR
CONFIRM |



intel o

8273, 8272-4, 8273-3
PROGRAMMABLE HDLCISDLC PROTOCOL
. CONTROLLER

s CCITT X.25 Compatible m Programmable NRZl Encode/Decode
@ HDLC/SDLC Compatible s Two User Programmable Modem
s Full Duplex, Half Duplex, or Loop Control Ports

SDLC Operation

= Digital Phase Locked Loop Clock

s Up to 64K Baud Synchronous Recovery
T fers
ranster . o Minimum CPU Overhead
s Automatic FCS (CRC) Generation and
Checking a Fully Compatible with 8048/8080/8085/
s Up to 9.6K Baud with On-Board Phase 8088/8086 CPUs
Locked Loop s Single +5V Supply

The intei* 8273 Programmable HDOLC/SDL > Protacol Controlier 1s a dedicated device cesigned to support the 1SO/
CCiTT's HOLC and IBM's SOLC communication line protocois. It 1s fully compatible with Intel's new high performance
micrccomputer systems such as the MCS<€3/86™. A frame level commana set 1S achieved by a unique microprogrammed
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of tha low
level real-time tasks normally associated with controllers.
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. De

Datagrams

finition

A datagram is a single packet message with
its own address, and is sent independent of
any other messages

Type

Addr User Data

. Co

mments

avoids overhead of virtual calls

a large percentage of day-to-day traffic
could be sent as datagrams

no sequencing is required

by passes lower level X.25 protocols
terminals can be simple

users must provicde all error control
undeliverable datagrams are returned to
sender

address is changed from receiver to sender
by network during transmission

now specified as part of X.25 standard
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VIII.

Local Area Network Approaches

There are three popular technologies used for local
area networks: baseband, broadband, private branch
exchange (PBX)

1. Baseband Approach (Ethernet)

A.

B.

designed by Digital Equipment Corporation,
Xerox Corporation, and Intel Corporation in
1980. They combined their experience in
areas distributed processing, networking
communications and VLSI technology.

Physical Layer

Topology: bus, in the shape of a branch-

ing tree.
Medium: shielded coaxial cable
Signalinag: manchester encoded digital
baseband

Data Rate: 10M bps

Maximum Seperation of Nodes: 2.8Km
(about 1.7 miles)

Max imum number of Nodes: 1,024

Data Link Lavyer

Network Control: multiaccess - evenly
distributed to all nodes

Access Control: carrier sense multiaccess
with collision detection

Allocation: packet length from 64 to 1518
bytes. Data field 46 to 1500 bytes
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C. Maximum Ethernet Configuration

.

A seament of coaxial cable can be a
max imum of 500 meters in length. Each
seagment of coaxial cable is terminated
at both ends, at which point
transmitted siagnals stop.

There can be a maximum of 100 nodes
connected to any segment of the cable,
and nodes must be at least 2.5 meters
apart on the cable segment.

A node is & sinale addressable entity
on the Ethernet that is connected via a
cable tap. transceiver, and a
controller. (Remember, a number of
devices can be connected to one node).

Repeaters are used to continue signals
from one segment of the Ethernet to
another. A maximum of two repeaters
can be placed in the path between any
two nodes. A repeater requires a
transceiver connection (a node
"position") on both of the segments

it joins and counts towards the 100
node maximum for each seament.

Repeaters can be placed at any or every
available node position on a cable seg-
ment (up to 100) and can be used to
extend the network topoloay from one to
three dimensions.

The maximum length of coaxial cable
between any two nodes is 1,500 meters.

The maximum length of the transceiver
cable (between a transceiver and the
controller) is 50 meters.

The maximum of 1,000 meters of point-
to-point 1ink is allowed for extending
the network - for instance between two
buildings. (One possible implemen-—
tation would be to connect two Ethernet
segments, using a high-speed, point-to-
point, fiber optic l1ink).

The 2,800 meter maximum end-to-end
length of the network between any two
nodes is the sum of three 500-meter
coaxial cable segments plus six 50-
meter transceiver cables plus 1,000
meters of point-to-point 1link.



COAXIAL CABLE SEGMENT
(500 M MAX)

TRANSCEIVER CABLE > COAXIAL CABLE
50 M MAX
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Small Ethernet Configuration
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Medium-Scale Ethernet Configuration
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Interface to Ethernet

ARCHITECTURE FUNCTIONS

DATA LINK
LAYER

PHYSICAL J
LAYER

NOOE
INTERFACE

DATA ENCAPSULATION-

DECAPSULATION

LINK MANAGEMENT
COLLISION HANDING

(ENCODE ‘DECODE

COLLISION DETECT

L CARRIER SENSE

COMPONENTS

TO I'0 BUS, ETC.

VT T T T T T T T T

ETHERNET
COMMUNICATIONS
CONTROLLER

Lo aa oS

TRANSCEIVER

CABLE

TRANSANT AND RECEIVE

TRANSCEIVER

COAXIAL
caRLE

ANG CABLE TAP
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D.

Packet Format for Ethernet

(1)

(2)

(3)

(4)

(5)

(6)

Preamble and Interframe Spacing

. 64 bit preamble for synchronization
of receiving nodes

« minimum time between frames 9.6
microseconds — allows recovery time
for data l1ink controllers and for
the physical line to stabilize.

Destination Address

. Physical address - unique address
for each single node (247 address
possible)

. Multicast Group Address - any
number of node groups can be
assigned a group address. This
enables all the nodes in the group
to receive the same packet in a
single transmission.

. Broadcast Address - all nodes on
the Ethernet receive the packet.

. First bit in destination address
field is set to indicate a
physical or multicast address.

Source Address - identifies the
address of the sending node

Type Field - specified for use by
higher level protocols to allow them
to identify the format of the data
being sent and to determine how to
process the packet (216 different
data formats).

Data Field - data being transmitted
is placed in this field (minimum
size is 46 bytes, maximum size is
1,500 bytes)

Frame Check Sequence - 4 byte cycle
redundancy check (CRC). This is
used to check for errors in the
transmitted data.
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fe——1 BYTE—sf

8BYTES |- PREAMBLE ]
PHYSICAL MULTICAST BIT—={J 3
6 BYTES o DESTINATION ]
ec S R 3
6BYTES £ SOURCE 4 4yqgs
) o 1 WITHIN PACKET
2BYTES | TYPE 1 TRANSMITTED
] TOP.TOBOTTOM
7
- -4
|
461500 BYTES : DATA :
| |
- FRAME CHECK
4 BYTES (-
TE SEQUEMNCE

BITS\WITHIN BYTE
TRANSMITTED
LEFT-TO-RIGHT

Packet Format for Ethernet
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Concise Ethernet Specification

Packet Format

.L Packet !
Preamble | Dest. { Sourcd Type Data CRC Preamble | Dest. | Sourcq Type Data CRC
Addr. | Addr. | Fleld Flelgd Addr. | Addr. | Fleld Field
64 48 48 16 8n 32 €4 48 48 18 8n 32
CRC covers these flelds —-—{ l l Minimum Packet Spacing
G(x)

Stattons must be able to transmit and receive packets on the common coax;al cable with the indicated packet format and spacing. Each packet should
viewed a8s a sequence of 8-bit bytes; the least significant bit of each byte (starting with the preamble) is transmitted first.

Maximum Packet Size: 1526 bytes (8 byte preamble + 14 byte header + 1500 data bytes + 4 byte CRC)
Minimum Packet Size: 72 bytes (8 byte preamble + 14 byte header + 46 cata bytes + 4 byte CRC)

Preambie: This 84-bit synchronization pattern contains alternating 1's and 0's. ending with two consecutive 1's.
The preambie is: 10101010 10101010 10101010 10101010 10101010 10101010 10101010 10101011,

Destination Address: This 48-bit field specifies the station(s) to which the packet is being transmitted. Each station examines this field 0 determ
whether 1t should accept the packet. The first bit transmitted indicates the type of address. |If it is a 0, the fieild contains the unique address of the C
destination station. {f it is a 1, the field specifies a logical group of recipients: a special case 18 the broadcast (all stations) acddress, which is all 1

Source Address: This 48-bit field contains the unique address of the station that is transmitting the packet.

Type Fleld: This 16-bit lield is used to identify the higher-level giotocol type assoctated w.ith the packet. It deturmines hows the data field is interprett
Data Field: This field contains an integral number of bytes ranging from 46 to 1500. (The minimum ensures that vaiid packets wiil be disunguisha
from coliision fragments.)

Packet Chack Sequence: This 32-bit field contains a redundancy check (CRC) code. defined by the ganeralmq polynomial:

G(x)-x20x26+1230x22¢x18’1120x“ox1°¢xaox7¢x50x40xzox¢1

The CRC covers the address (destination/source), type, and data fields. The first transmitted bit of the destinaton field is the high-orcer termm of !
message polynormial 10 be civided by G(x) producing remamnder R(x). The hign.orcer term of R(x) 18 the first transminted bit of the Packet Check Seauen
fieid.  The algorithm uses a linear feedback register which is initially preset 1o all 1's. After the last ca:a obit is transmitted, the contents of (his regis
(the remainder) are inverted and transmitted as the CRC fleid. Afer receiving a good packet the receiwer's shift regisier contains 11000111 000001
11011107 0111101 (xa‘. xo) '

Minimum Packet Spacing: This spacing is 9.6 usec, the minimum time that must elapse aiter one transmission before another transmission may begin.

Round-trip Deiay: The maximum end-to-end. round-trip delay for abitis §1.2 usec.

Collision Filtering: Any receved bit sequence smaller than the minimum vaiid packet (with minimum data field) is discarded as a collision fragment.

Control Procedure

The control procedure defines how and when a host station may transmit packets into the common cable. The key purpose I8 fair resolution of occasior
contention among transmiting stations.

Defer: A station must not transmit into the coaxial cable when carrier is present or within the mimimum packet spacing time after camer has ende

Transmit: A station may transmit if it is not deferring. It may continue 1o transmit until either the end of the packet Is reached or & collision
detected.

Abort: If a colision s detected, transmission of the packet must terminate, and a jam (4-8 bytes of arbitrary data) is transmitted to ensure that all otr
paricipants 1n the collision aiso recognize its occurrence. .

Retransmit: After a station has detected a collision and aborted. it must wait for a random retransmission delay, defer as usual, and then attempt
retransrmit the packet. The random tirne interval is computed using the backoff algorthm (below). After 16 transmission attempts, a hngher level (e.
software) decision 1§ made to determine whether 10 continue or abangon the effort.

Backoff: Retransmission delays are computed using the Truncated Binary Exponential Backoff algorthm. with the aim of fairly reso]vmg contention amo!

up to 1024 stations. The delay (the number of time units) before the At attempt 1s @ uniformty cistricuted random number from [0 to 2" 1] for 0<n‘<
(n=0 :s the ongwinal attempt). For attempts 11-15, the interval is truncated and remains at [0 to 1023). The unit of time for the retransmission delay
512 bit times (51.2 usec).

Channel Encoding I_ Bit Cell _1 I I

Mancnester encoding 1s used on the coaxial cable. It has a
50% cuty cycle, and insures a transition n the micdle of every

bit cell ("cata transiion”). The first nalf of the bit cell contains l High (also quiescent st
the complement of the bit vaiue, and the secong half contains

the true value of the bit. - Low
}é— 100 nS ﬁ{ Logic High: 1 = OmA = OV
Data Rate 0.75 1.25 Logic Low: 0 = .82 mA = .2.05V
Cable has O volts In quiescent state
Datarate 1s 10 Mbits/sec = 100 nsec bit cell & 0.01%. Determination of Carrier at recelver.
Carrier

The cresence of data transitions incicates that carrier is present. If a transition 1s not seen between 0.75 and 1.25 bit times since the center of the la
oit cei. then camier nas been l0st, incicating the end of a packet For purposes of ceferring, carrer means any activity on the cable, independeant -
teing property formed. Specifically, it 15 any actwvity on either receive Or colision cetect signals i the last 160 nsec.
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Coax Cable Segment (1 electrical segment) 1

]
Coax Cable Section Coax Cable Section
Terminator Terminator
Tap <— Male coax $ Connectorized °
Transceiver + Connector Transceiver
Fema'eFemale Female cable
Adapter (Barrel) connector
Z:zabnz:cewu 1 Host Host
, Station Male cable Station
Coax Cable Connector

Impedance: 50 ohms + 2 ohms (Mil Std. C17-E). This impedance variation includes batch-to-batch variations. Periocic variations in impecance of up
1o £ 3 ohms are permtied along a single piece of cable.

Cable Loss: The maximum loss from one end of a cable segment 1o the other end is 8.5 db at 10 MHz {equivaient t0 ~500 meters of low 10<s cable)
Shielding: The physical channel hardware must operate in an ambient field of 2 volts per meter from 10 KHz to 30 MHz and 5 V/meter from 30 MHz 10
:JfG:zeﬁu::gy;h|eld has a transter impeagance of less than 1 miliohm per meter over the frequency range of 0.1 MHz 10 20 MHz (exact value i a tunction

Ground Connections: The coax cable shield shall not be connected 10 any building or AC ground along its length. If for safety reasons a ground
connection of the shield is necessary, it must be in only one place.

Physical Dimensions: This specrfies the dimensions of a cable which can be used with the standard tap. Other cables may also be used. i they are
not 10 be used with a tap-type transceiver (Ssuch as use with connectorized transceivers, Or as a section between sections t0 which stangard taps are
connected).

Center Conductor: 0.0855" diameter solid tinned copper

Core Material: Foam polyetnyiene or toam tefion FEP

Core O.D.: 0.242 " minimum

Shield: 0.326" maximum shield O.D. (>30% coverage for outer braid shield) N
Jacket: PVC or tefion FEP

Jacket Q.0 0.405"

Coax Connectors and Terminators

Coax cables must be terminated with male N-series connectors, and cable sections will be joined with temale-femaie acaoters. Connector shelis sha'l be
insulated such that the coax shieio 1s protected from contact to bullding grounds. A sleeve or boot 1S acceptabie. Cabie segments should be lerminated
with a a temale N-series connector (can be made up of a barrel connector and a male terminator) having an impecdance of 50 ohms + 1%, anc adie 10
dissipate 1 watt. The outside surface of the terminator should also be insulated.

Transceiver
CONNECTION RULES

Up to 100 transceivers may be placed on a cable segment no closer together than 2.5 meters. Following this placement rule reduces 10 a very ‘ow (but
not zero) probabiity the <chance that objectionable standing waves will result.

COAX CABLE INTERFACE

Input Impedance: The resistive component of the impedance must be greater then 50 Kohms. The total capacitance must be less than 4 picofaracs.

Nominal Transmit Level: The important parameter is average DC level with 50% duty cycle waveform input. It must be -1.025 V (41 mA) nominal with
a range of -0.9 V 10 -1.2 V (36 to 48 mA). The peak-to-peak AC waveform must be centered on the average DC ievel and its value can range trom 14
V P-P 10 twice the average DC level. The voltage must never go positive on the coax. The quiescent state of the coax s logic hign (0 V)  Voltage
measurements are made on the coax near the transceiver with the shield as reference. Positive current 1s current flowing out of the center concuctor of
the coax.

Rise and Fall Time: 25 nSec = 5 nSec with a maximum of 1 nSec diference between rise time anc fall time in a given unit. The intent 1s tnat dV/d!

should not significantly exceed that present in a 10 MHz sine wave of same peak-to-peak ampiitude.
Signal Symmetry: Asymmetry on outcut should not exceed 2 nSec for a 50-50 sguare wave input 10 eitner transmit or receive section of transceiver.

TRANSCEIVER CABLE INTERFACE -

Signal Pairs: Both transcewver and nost station snall drive and present at the recewving end a 78 onm baiancec load. The ditferential signal voltage shall
e 07 volts nominal peak with a common mode voltage between 0 and +5 volts using power return as reference. (This amounts to shiftec ECL levels
operating between Gnd and +5 volts. A 10116 with suitable pulildown resistor may pe used). The quiescent state of a lne corresponds 1o logic high,
which  occurs wnen the + line is more positive than the . lne of a par.

Coliision Signal: The actve state of this hne 1s a 10 MHz waveform and its quiescent state 1s 1ogic high. It 1s active if the transceiver 1s transmifing
and another transmission Is detected, or If two or more other statons are transmiting. incepencent of the siate of the local transmit signa:

Power: +114 volts 10 + 16 volts DC at controller. Maximum current available to transceiver 1s 0.5 ampere  Actual voltage at transceiver 1s getermined
Dy the interface cable resistance (max 4 ohms Iloop resistance) and current crain.

ISC_LATICN
The impegance between the coax connection and the transceiver cable connection must exceed 250 Kohms at &0 Hz and withstand 250 VRMS at 60 Hz.

Transceiver Cable and Connectors
Maximum signal loss = 3db @ 10 MHz. (equivalent to ~50 meters of either 20 or 22 AWG twisted pair)

Transzewer Carle Connecior Pin Assianment X
(3o
1 Shieic*
2 Collision « 9 Collision -
3 Transmit « 10 Transmit -
; Reserved 11 Reserved 4 pair #20 AWG or 22 AWG
P mee e e T 78 ormautierential mocaance
7. Reserved 12 Reserves Male 15 pin 1overallshield Insulating jacket Female 15 pin D-Sere:
8 - = bt D-Sernes connector 4 ohms max loop resistance for power pair 1o
Reserveg 15. Reserved with IOCk posts. connector with shde io
. assembly.

Shieic must be terminated 10 connector shell.
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2. Broadband Approach

. Broadband is a term that describes a type
of wide band communications network that uses

coaxial cable as its distribution medium and
frequency division multiplexing as its
channel allocation scheme.

A. Physical Layer

Topology: branching tree
. Headend represents the base of the tree
. Distribution Network represents the
branches of the tree
. Dual Cable (end-split) Broadband Bus -
two cables are connected with a l1oop at

mid cable

, -~
S — y Soa
. ) PR )
W#L—— — =
ll | |
Beceree Lime B
t: :n o — 1—‘__‘

Tiansmi Line

Looop ot
“ig-Caole S

Csvie-Bus

Il
[

/

N
J
T

Dual Cable (End-Split) Broadband Bus
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Frequency
Range

Description

10-15 MHz

15-25 MHz

25-55 MHz
55-75 MHz

75-175 MHz
175-210 MHz

210-240 MHz

240-310 MHz

48 FDX, dedicated,
point-point channels,
each set at fixed
frequency, to support

data rates of up to 9.6K bps

32 FDX, dedicated,
point-point channels,
each set at fixed
frequency, to support

data rates of up to 64K bps

Unused/Reserved

128 FDX, switched
noint-point channels,
to support data rates
of up to 9.6K bps

Unused/Reserved

CSMA/CD controlled
channel for data
transmission at rates
of approximately 10M
bps

§ standard CATV
video channels
(6 MHz each)

Unused/Reserved

Typical Hardware

1 fixed-frequency
modem per user
device conforming
to RS232-C

1 fixed-frequency
modem per user
device conforming
to RS449

1 variable-
frequency modem
per user device
conforming to
RS232-C PLUS

1 data switch for

the 128 channels

1 CIU per user
device containing
CSMA/CD logic
PLUS very high-
speed modem

Customized and/
or standard
(CATV) video
equipment
transmission

Sample Frequency Allocation Scheme for a

Dual-Cable, 300 MHz Broadband LAN
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. Single Cable (mid-split) Broadband Bus -
single cable is divided into two freqguency
bands (FDM). Normally the higher
frequency band is for transmitting (out-
bound or forward path). Normally the
lower frequency band is for receiving
(inbound or return path).

. Central Retransmission Facility (CRF) -
a device that consists of amplifier,
filters, and signal modulators.  Its
purpose is to shift all frequency in
the transmit band to the receive band.
It is only required for single cable
broadband bus.

SIGNAL
SPLITTER

CENTRAL
AETRANSMISSION
FACILITY

/

Single Cable (Mid-Split) Broadband Bus

Medium: 75 ohm CATV coaxial cable

Signaling: may be mixture of voice, video
and data. Data transmission is
via Radio Frequency (RF) modem.
The transmitting and receiving
frequencies may be fixed or
adjustable (switched).

Data Rate: up to 10M bps (9.6K bps,
64K bps, 10M bps).
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Sample Frequency Allocations for Single Cable (mid-split)
Broadband Bus

"~
~

Receive Frequencies (MNz) Transmit Frequencies (M2)

swr 2 30 “ 60 JlesRr g ea 180 16 300 Wz
uuw-f++++++++++++++44{ F++++++++++++++++++++++{
—_—
Ungernann-dass s 6 Channels
Channels Reserves for TV
Switched Suttcned
. Audie  Digital Dats Audto Digital Data
—_— —_—
ian Eziiitiij++++++44{ O T e .
Oedicated Opttonal Dedicated Ootions! N

Otgital Data Dedicated Oigttal Data Dedicated

Audio Transait and Receive
181 Cata Channels-Transait
————
15/ |—H+F—H—+—0—H—+—-H—+—i—+-!
—
Oata Transmit
and Recerve

Audto Transait and Receive

Channels are slightly offset from [EEE 40.1 Specifications

40 / 10 106 iz 196 iz \ 262wz
e k++++J++++++++++4h T nnnnannnnmn RII
N T LR T T 7 T 1 - " T LI .

System 40 System 20
Oata Aecetve Data Receive

]

System 40 System 20
Data Transmit Oata Transsit

Interconnect 8and

L
10 0z 22 82 176 Wy 28 252 iz
| Dedicated Data I | I
Transmit
Codle
Wang
Switched Wanq Band
Data b — Yaeo  __ | 12 eieg

Channels Csma/Co

e e ]

note: Wang uses o 2-cable confiquration; one for
transmission, the other for recestion.
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Private Branch Exchange (PBX) and Private Automatic
Branch Exchange (PABX) Approach

A system that permits connecting of calls between
parties on the same premises, and switching calls
between the premises and the outside telephone
network.

Topology: star

Medium: twisted pair

Signaling: carrier modulation

A.

ON PREMISE -
TELEPHONE /

TERMINAL

~

Types of PBX’s
PBX - switches analog signals electro-

mechanically
Internal and external telephone voice
conversations (analog) enter the switch
directly, and are connected to other
Telephones within the premises. Internal
calls can be switched to the external
telephone network.
Computer signals are converted to analog form
by modems and are switched to computers,
terminals, or other data devices in which the
sfgnal is converted back to digital form.
Terminals are connected to the switch via
modems (which make the D/A conversion) that
are connected to a telephone. The telephone
is used to dial up a port on the switch and
the switch connects the terminal to
computers, other terminals, or other data
devices, again with the conversion back to
digital made at the receiving end.
Data rates up to 9.6K bps

COMPUTER CONTROL

ANALOG

ON PREMISE

TERMINAL TELEPHONES

Private Branch Exchange (PBX)
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Digital Branch Exchanges (DBX)

. Computer control switch that use Time
Division Multiplexing (TDM) to allocate and
switch available channels. Inputs to switch
may be analog or digital.

. CODEC’s are used to convert analog signals to
digital and digital signals to analog for
analog inputs.

. Data rates: Analog up to 9.6K bps
Digital up to 56K bps

DDS METYWORK OR
T1 CARRIER

;be\\\_TELEPHOuE
% A NETWORK

APPLICATION/
CONTROL COMPUTER

DBX

APPLICATIONS

MICROPROCESSOR
AND CODEC FOR
DIGITIZED VOICE

"OLDER STYLE"
ON PREMISES
TELEPHONE

TERMINAL

"'"NEWER STYLE"
DIGITAL TELEPHONE

Digital Branch Exchange (DBX)
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In the future, it is possible for a nationwide and worldwide
digital telecommunications network. Standards are now being
created for this network. This network is call the Inter-
grated Services Digital Network or Intergrated Switched

Digital Network (ISDN).
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IX.

Modem Switch, Strap, and Soft Option

Most modems have user options that may be selected.
These options permit the user to reconfigure the
modem for his particular application.

Switch Options - user selects options with a DIP
(Dual Inline Package) switch.

CLOSED |ON

.. 100000000

Strap Options - user selects options by moving

short bar between

N

7
N

7

AV

7

£
¢

p——
-9

]
=

A Jp=-m-=-

Strapped to
position 2

different sets of pins.

® &
_ & @
. e
\'\’m’ o &
Strapped to
position 2

Soft Switch Option - user selects options by typing

commands to the modem through the terminal equip-

ment.

Example:

Command
0oBO
oB1
0oB2

TERMINAL

Option
Pulse Dialing
DTMF Dialing
Auto Select DTMF or Pulse Dialing
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TYPICAL STRAP OPTION

208 A/B OPTION DESCRIPTION

) STRAP STRAP 208A J203A 1 2088 4
FEATURE | o on | DESIGNATION 4~WIRE _ 2-WIRE | 2-WIRE | FUNCTION
: PRIVATE LINE PRIVATE LINE DiAL UP
Request to Sendj; Top RTS DTE/CXR ON | @—® O CXRyy| &—-® CH A fjw——® O CAR_[KTS Controlled
Controt Board : IDTE RTS on F){DTE RTSE on Fipre mrs oN(F 1By The Terminal.
i~ il T i 1 P
(o) #——@ CXR Q @B CXR O S——-@CURIConstant Carrier
OTE RTS ON DTE RTS OM oTE ATS ON [Outout
Internal or Top (Customer FINT @ Iy Transmit Glock
External Board Option) & (FD Juophied By Mo —
: EXT/INT < dam No £ «ternal
Transmit Clock
CLK NEXT [® ke Supphed
O INT nat Transmit
aok Supplied
@ Ay Tor
Y Ry Terminal .
I EXY & EXT i
Digital Top {CGustomer our © ouy O CHa
Pre-Equalization] | Board ‘r’g’L'O“) £QL® () EOQL @ 'F (oiq a0 Pro-
- [ ditzation
IN/OUT iN B ING S B snabled
i amen e e o e S . ’ —_—
s for ait normal
! QUT & AA OUT t‘!! aporation. )
1 oy - -
! EQL £oL EOL & Divabied
S R0 (1N {
Ciear to Send Top CTS Detay 8.5 ms @ ws Clear To
Board B.5 ms/50 ms STS @ ad (Two straps
{Master Umit are reqguired.)
i Only) 50 ms O Far Central Site
CiS Delay 50 me Polting
150 ms/50 ms ! 56 ms & Agptication .
| T3 b
b — e e b S S I —_——
Delay fEG ms Cloar
B85 ms/50 ms CSUG o PRI 5 L fo Send (Two
(Customer [ ’ X straps are
Qption) S0 ms &
C7S Delay )
150 ms/50 ms 50 ms O H5G ms O
cYS ? C18 I
150 ms @ - 150 ms
! r- STS Delay 8.5 ms B. 5 mms O yans Clear To
¢ 8 5 ms/150 ms CTS @ Gerd (Two straps
{Customer jare required.)
Ootien) 50 ms - -
OTS Detoy F ‘\F-"
150 mu/80 ms 50 ms (!v 50 my L4
| crs RE ]
150 s O | 150 : i
N . T
Signal Quality Top SQ Ret on © 'r)f” c ) out
Retrain Board QUT/IN a e F A Y
(Customer N * L 'N.
N !
OD!'U"‘) e T T T B el -—— —
? DUT ? Qut
SO g SQ
RET » RET A
OIN D IN
New~3ync Top New-3ync (s} iNh [T
8oard OUT/IN NS ¥) NS F i
(Customer I - 1 H
Option) ouT our i
i ? iN “f’ iN LARE !?.vw~:jyn<‘
; ; i .
i NS res NS @ {Enabled
¢ i
i | o out Y OUT G oouT |
2-Wire/a-Wire Top 2-Wire/a-Wire aw I [ a-wine
Opticn Board B i
2w O
b e = e e e e ot s et o e i o -
i ERKe] oeWire
| ¢ F o F
ir 2 e
Anti-Stream Top STRM '(:‘ O ek o Disabied
Board (Spare) e — e “;)U.T.‘ el e el
/ . ammancd - ¢ Fnaulpd ~For -
IN7OUT N * r)f))Y mote Site Polling
Apehicatigns.
p O——@ [ Disabled — Dial
!?xal Thruy Top Oial Thru DIS enF Thru Mot Used
Enable Board “nable = — — s SO A gob A
TIS/EN (o) [ ] Enablud ~
01S EN Diai Thru Used

‘F TYPICAL FACTORY STRAPPING UNLESS OTHERWISE SPECIFIED.
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208 A/B OPTION DESCRIPTION (cont.)

8B
STRAP STRAP 208A 208A 20
FEATURE 4-WIRE 2-WIRE 2-WIRE FUNCTION
LOCATION | DESIGNATION | pRIVATE LINE| PRIVATE LINE | DIAL UP
. Signai Ground
Chassis/ Top Signal Ground I I I Not Connected To
Signal Board (Cé‘::,i',:e?rom SG sG sG Chassis Ground
Ground Option Option) cG ©O CG o CG ©o :
. - _6 - - - o fo) Signal Ground
= — | Connected To
SG I F sG I ® $G I (E)| Chassis Ground
CG CG cG
i 1 1 DSR ON In Loop-
DSR Option Bottom OFF/ON I back NOTE: DSR
Board (Customer ON Indicates Mo~
Option) dem Is Off Hook
o 2 L o 2 In Dial-up Mode.
poe . — —— — _— e = = o e e e - e o ——
o 1 o 1 IIL)SR I?FF In
oopback
I ® I ®
2 2
' ~4 = -44
Carrier Detect| Bottom RLSD 44 I “I I -44 dBm Level
Level Board Threshold RLSD RLSD RLSD
-34dBm O -34d8Bm O |-34d8mO F
e —_—— —— — —_—— —_—.— e e — e e e ]
-44 O -44 0 -44 0 -34 dBm Level
I RLSD \F} I ALso () Iano
-34dB8m -34dBm -34d8m
Analog Pre- Bottom Analog Pre- our o € outr o = our © nconditioned
i i Equalization ' F) '
Equalization Board A za s I I & I F 1 (oo2)
Option) IN IN IN
ouT ouT ouT Conditioned
I I Lines
(Cc 2)
IN O IN O IN O
Private Line/ Bottom Direct Connect o DC o oC Private Line
Direct Connect| Board Private Line I I
PL PL
F
. O LCD O LCD
Line Current
Disconnect I I
Time TIME TIME
. TP R SR — I Tooc Direct Connect
Line Current Direct CL‘?“"“' No Line Current
Disconnect Private Line I Discomnect
PL
LCD
Line Current
Disconnect
Time O TIME
Direct Connect I bc Direct Connect
Private Line 8 ms Line Current
Disconnect
O PL (Recommended
F for most dial
O LCD applications.)
Line Current
Disconnect I
Time TIME
e ity it UG SN U
Direct Connect I oc g(')”::s' ﬁzr;nect
Private Line Current Disconnect
o PL
LCD
Line Current
Disconnect
Time 0 TIME
- *x The PR Position
Transmit Bottom 0 dBm &—@ 0 d8m ®——e 0 dBm (o] 00 dBm Provides - 12 o8m
Output Level Board -2 o o -2 o o 2 o o-2 OUTPUT LEVEL In
-4 o o -4 o o -4 o o-4 Private Line
Operation And
-6 o o -6 o O -6 o o -6 Dial—p Operation
-8 o o -8 F [e] o -8 F o o -8 F |Where Nc External
. ' * | Programming
-9 o o -9 o o -9 ®——@ -9 RJI11C|Resistor (RJ11C
-10 ) o o -10 o o -10 o o0-10 Jack) Is Provided.
-12 [e] o -12 o o -12 o o -12
PR o O PR [e] O PR o O PR

* -9 PERMISSIVE MODE PART 68 AND USE RJ11C JACK.
FOR PROGRAMMABLE MODE PART 68 STRAP "PR* AND USE RJ45S JACK.
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[

DIGITAL
PRE-EQUALIZATION

OPTION ~—— |
XINJOUT

2-WIRE/4-WIRE
OPTION

ANTI-STREAM
OPTION

SIGNAL QUALITY
RETRAIN OPTION —

CLEAR TO SEND

DELAY OPTION
(TWO STRAPS)

INTERNAL/EXTERNAL

TRANSMIT CLOCK
OPTION ———

REQUEST TO SEND

o®
CONTROL OPTION ~——1+ e
“e

|

2082402

NEW SYNC OPTION
IN/OUT *

#* RECOMMENDED FOR
DIAL UP LINES

00 3C- v80 an-
000

td

m
g

®
nsk
m
Cni' .

I

28-PIN DTE
CONNECTOR

v
[ 1]
b
"

s

10 O O1lvso

N -
hd
~
|~ 40-pIN
CONNECTOR
20-PIN
CONNECTOR
2
o ___{-cHASSIS/SIaNAL
E1-2dd GROUND OPTION

3
a3lavsia

INDICATOR LEDS

e————— DATA SET READY (DSR) OPTION

CARRIER DETECT LEVEL OPT1ON

e ANALOG PRE-EQUALIZATION OPTION

© e———— PRIVATE LINE/OIRECT CONNECT OPTION

e TRARSRITTER OUTPUT LEVEL OPTICN

2
<o
50
3 o
g0
20 (SEC CmanT)
zo
O e LINE CURRENT O1SCONNECT OPTION
io (SEE CnaRT)
o
o
o
o
o
o
o LEASED Ling
o

o

lhdll connECTOR

0

POVER llbf g

ROTARY SWITCH

e
6-r

nOTE:

SET '
™ ConmECTOR

THE PR POSITION PROVIDES -12dBe OUTPUT LEVEL 1IN

tnlu Line
Ror Y COMNECTOR

TE LinE

SRECOMMENDED FOR DIAL UP LINES

OPERATION AND DIAL UP OPERATION wHEAE MO EXTEAMAL PAOGRANAING
RESISTOR (AJ1IC JACK) 1S PROVIOED.

TYPICAL STRAP OPTION MAP

281



X.

e
&

Data Communication Link Testing

1.

Transmission Impairment Measurement Set

TELECOMMUNICATIONS TEST EQUIPMENT

Transmission Impairment Measuring Sets (TIMS)

Models 4940A

* Complete analog testing of voice/data channels
¢ Compatibie with North American Standard
® Low frequency phase jitter

TIMS—Transmission Impairment Measuring Set

Most of the important analog parameters can be measured by a
combined assortment of analog test scts which measure only a few
parameters. However, TIMS are “stand alone™ combination test sets
that measure 7 to 1S parameters depending on the model and options
selected. Thus TIMS can replace a large number of analog test sets.
The major advantages of TIMS are that they cost significantly less
and are more compact and more portable than a combinatior of test
sets required to do the same measurements

In addition to cost savings and portability, TIMS are easy to oper-
ate. The switches on the front panel are logically arranged in func-
tional groups. Simple straight-forward operating procedures allow
the craftsperson or engineer to quickly and easily analyze voice band
data channel.

4940A TIMS—Complete Analog Testing

The HP 4940A measures all the necessary parameters to complete-
Iy describe the ability of a voiceband channel to carry medium and
high speed data. The 4940A is the ideal ool for analyzing and troub-
leshooting C and D-1 conditioned lines.

With the HP 4940A it is possible simultancously to observe all of
the transients that cause data errors. By counting phase hits, gain
hits. dropouts and three levels of impulse noise at the same time, a
more accurate analysis can be made of error causes and channel qual-
ity. All of these transients are totalled by TIMS during the selected
count time and stored in memory. The pushbutton-selectable count
times are 5,15 minutes and continuous. During the test and at the end
of the count time. either the impulse noise totals or the hits and drop-
out totals may be displayed trom memory.

The 4940A TIMS measures the peak-to-peak phase jitter in two
separate bands. Bell standard phase pitter 1s measured in the trequen-
cv band of 20 H7 to 300 Hz, and Bell low frequency phase ptter s
measured in the frequency band of 4 Hz 10 20 Hz. By measuning the
peak-to-peak phase yitter in cach band, vou can identify positively the
existence of low frequency phase ptter from standard phase jitter.

282

4940A Specifications

For detailed specifications ask your local HP sales office for 4
4940A TIMS data brochure.

General

Power: 10510 129 V AC. 60 Hz. 130 watts.

Dimensions: 464 H x 470 W x 324 mm D (18.3" x 18.5" x 12§
Weight: net, 18 kg (39 Ib). Shipping, 25 kg (54 Ib).

Options

001: adds P/AR measurement

002: adds nonlincar distortion measurement

003: adds P/AR and nonlinear distorion measure-

ments

004: adds P/AR, nonlincar distortion and low frequen-

cy phase jitter

010: Ficld carrying case

019: 19" Rack Mount Adapter, deletes cover

023: 23" Rack Mount Adapter, deletes cover

910: cxtra set of manuals

The nonlinear distortion technique is licensed under

Hekimian Laboratories. Inc.,

USA Patent No. 3862380.

4940A Transmission Impairment

Measuring Set
Measures level and frequency. message circuit noise (C-message

and 3 kHz flat), noise-with-tone, 3-level impulse noise, phase hits,

gain hits. dropouts, phase jitter, envelope delay. noise-to-ground
Low frequency phase jitter can be retrofit at an HP Service Center

4940A, 4943A and 4944A Comparison

Measurement 4940A 4943A 4944A
Messaze Circut |
Noise-C-Message . . . 1
1
3 kHz Flat . . .
Noise with Tone . . . :
Attenuation Distortion . . . X
Enveiope Deiay Distortion . ) . :
tmpulse Noise 1 Level . . . i
Levels . |
Phase Hits . !
Gain Hits . |
Drepouts .
Phase Jitter . .
Low Frequency Phase Jitter . ot
Non-Linear Cistortion . .
Peak to Average Ratio G !
Noise to Ground . ;
Signal to Noise Ratio . . |
I
t Options X




2. Break Out Box

Model 65/60

Bit Error Rate Tester
and EIA Breakout Panel

The Model 65/60 is composed of two separate units packaged in a lightweight, pocket-size carrying case. Model 85
is a complete miniaturized modem test set capable of performing bit error rate tests on synchronous and asynchronous
EIA data communications channels. The Model 60 is our popular “Blue Box" EIA Monitor and Breakout Panel
described previously. Together, they provide for the first time, a hand-held, battery-powered unit for testing and
monitoring data communications systems at the EIA RS-232/CCITT V.24 modem-terminal interface.

The Model 65 is a completely self-contained test set capable of analyzing the bit error rate of digital data communication
channels. It contains separate transmitter and receiver sections, allowing full-dupiex tests to be pertormed in either
end-to-end or loopback configurations. The transmitter continuously generates one of four switch selectable data
patterns which include 63-, 511-, and 2047-bit repeating pseudo-random sequences; and an alternating mark-space
pattern. Steady all-mark or all-space signals may also be transmitted to detect mark-to-space or space-to-mark
transitions. respectively. The receiver section generates a true replica of the selected transmitted data pattern and
compares this error-free replica with the received data pattern. A bit-by-bit comparison is then performea, with detected
bit errors counted and displayed on athree digit LED readout. Anoverflow s indicated whenever the count exceeds 999.
If the receiver loses synchronization with the received data pattern, the LED display will indicate an overtiow.
Resynchronization is accomplished at the touch of a button.

Power for the Model 65/60 is supplied by two 9-volt rechargeable Ni-Cad batteries and an AC adaptor/charger is
provided for 115 VAC. 60 Hz or 230 VAC 50 Hz operation using the Model 22 or 23, respectively. Dimensions
are: 3% "W x 5"H x 1%"D (9.52 cm W x 12.7 cm H x 4.45 cm D) and the unit weighs 1 pound (batteries included).
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3. Data Line Monitor

COMTEST 100

The Comtest 100 is a passive, non-interactive data analyzer that
permits the operator to observe network traffic without interrupting
normal communications. It is specifically user-oriented to provide an
extremely comprehensive repertory of digital data monitoring
technology. Comtest 100 units have an integral 5-inch CRT and can be
either stand-alone or rack-mounted. A composite video output may
drive an external CRT. The unit also includes anintegral “patch panel”
capability.

Data storage capabilities may be extended and made non-volatile
with the addition of the optional disk storage units.

MODE

Monitor Both, Monitor Send, Monitor Receive, Hunt Send, Hunt
Receive, Find Clock Rate, Find Data Less Than Or Equal To 300
Bits/Sec, Find Data Greater Than 300 Bits/Sec

LINE TYPE

Asynchronous, Synchronous, Isochronous, Binary Synchronous
(with block check), IPARS (with block check), SDLC (with frame
checking)

LANGUAGE
ASCII, EBCDIC, Baudot, XS-3, EBCD, Correspondence, IPARS

BITS/CHARACTER
5. 6, 7, 8 (not counting parity)

PARITY
Even, Odd, or None

DATA SENSE
Normal (STD, RS-232C), Inverting, (MIL. 188 and airlines), NRZI|
(some SDLC installations)

BIT RATES

50 to 9600bps full duplex, 50 to 19,200bps half duplex. Selectable:
50. 75, 110, 134.5, 150, 300, 600, 1200, 1800, 2400, 3600, 4800, 7200,
9600, 19,200. Dissimilar transmit and receive rates are supported.

DATA STORAGE

3500 characters, recallable on command and fully identified with error,
intermessage time s:atistics, triggers and traps. Full forward and
reverse scroll during recall.

DISK STORAGE
1.75 million bits (unformatted) per disk surface. 89,600 formatted and
annotated bytes per surface. Up to 358,400 bytes on 4 surfaces.

DISK OPERATIONS

Erase and initialize. Record on line, Record from data buffer, Replay to
video display, Replay to data buffer.

OPTIONS

SDLC, Binary Synchronous Communications (BSC) Special bit-rate,

IPARS, Special detault parameters, Carrying Case, One or more disk
units.

DIMENSIONS
52 x16.0x 125 n.

WEIGHT 17.4 Ibs.

LINE POWER
120 or 240 Vac (switch selectable), 47 to 63 Hz

ENVIRONMENT
Operating Temperature: 5°C to 50°C;
Operating Humidity — Up to 90 percent non-condensing
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4, Data Line Emulator

COMTEST 200

The Comtest 200 is a versatile, user-oriented data communications
analyzer. It provides an extremely comprehensive repertory of digital
data monitoring, emulation, and recording technology. An integral
“patch panel” provides flexibility in accessing the RS-232C interface.
Data presentation and operator control are accomplished through the
integral 5-inch CRT and full keyboard. User programmable emulation
functions provide the capability to interactively test virtually any
network configuration. Data storage capabilities may be extended and
made non-volatile with the addition of the optional disk storage unit.

MODE

Conventional: Monitor Both, Monitor Send, Monitor Receive, Local
Emulate, Remote Emulate. Hunt Send, Hunt Receive, and Test. Find:
(five functions). Special (BERT): Four 511 Pattern Functions

LINE TYPE

Asynchronous, Synchronous, Isochronous, Binary Synchronous
(with block check), IPARS (with block check), SDLC (with frame
checking), DDCMP, Frame and X.25 Packet Disassembly.

LANGUAGE
ASCll, EBCDIC, Baudo:, XS-3, EBCD, Correspondence, IPARS,
Transcode, BCD

BITS/CHARACTER 5, 6, 7, 8 (not counting parity)
PARITY Even, Odd, or None

DATA SENSE
Normal (STD, RS-232C), Inverted (MIL. 188 and airlines), NRZ| (some
SDLC installations)

BIT RATES

50 to 9600bps full dupiex. 50 to 19,200bps half duplex. Selectable: 50,
75, 110, 134.5, 150, 300, 600, 1200, 1800, 2400, 3600, 4800, 7200, 9600,
19,200. Dissimilar transmit and receive rates are supported.

DATA STORAGE

4000 characters, recallable on command and fully identified with error,
intermessage time statistics, triggers and traps. Full forward and
reverse scroll during recall. Paging. usage reporting and butfer clear
functions are provided.

DISK STORAGE
1.75 million bits (unformatted) per disk surface. 89,600 formatted and
annotated bytes per surface. Up to 358,400 bytes on 4 surfaces.

DISK OPERATIONS

Erase and Initilize, Record on line, Record from Data Buffer, Replay to
video display, Replay to Data Buffer, Copy Disk to Disk, Store user
programs.

OPTIONS
Special bit-rate, Specia!l default parameters, Carrying Case, One or
more disk units.

DIMENSIONS 7.0 x 187 x 16.5 in.
WEIGHT 239 Ibs.

LINE POWER
120 or 240 Vac (switch selectable), 47 to 63 Hz

ENVIRONMENT
Operating Temperature. 5°C to 50°C;
Operating Humidity — up to 90 percent non-condensing

286



LOCAL EMULATION

TESTER DCE DCE CPU
REMOTE EMULATION
TESTER CpU
REMOTE EMULATION
DTE TESTER
LOCAL EMULATION
DTE DCE DCE TESTER
p———— DISK ——— FLOPPY DISK

TESTER

AUXILIARY - PRINTER

REMOTE MODEM

Options for Data Line Monitoring or Emulation Equipment
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5. Built in Modem Tests

LooP ,°I r LooP 5.l Loop 3.] l_.Loor 6’] LooP l..' Loop 2.I
ro X T~ X I orr - '
: : ! T2 , : : JoT2x ,
' [ L |
) ST Loop 3\ i ! |
) N Ber) ) )
- <= == = === —
DTE A DIGITAL OCE A DCE B DIGITAL DTE B
CONNECTION TELCO LINE CONNECTION
RS-232-C RS-232-C
TEST NAME DESCRIPTION
LOOP 1 DIGITAL LOOPBACK TO DTE A
LOOP 2 DIGITAL LOOPBACK THROUGH DCE B TO DCE A
LOOP 3 ANALOG LOOPBACK TO DTE A
LOOP 4 ANALOG LOOPBACK THROUGH DCE B TO DTE A
LOOP § DIGITAL LOOPBACK PROVIDED TO BOTH DTE A AND DCE A
LOOP 6 ANALOG LOOPBACK TO BOTH DCE A AND DCE B
ST LOOP 3 ANALOG LOOPBACK WITH SELF TEST FUNCTION ACTIVATED
ST LOOP 2 DIGITAL LOOPBACK WITH SELF TEST FUNCTION ACTIVATED
oT 1 - TRANSMIT ONLY TEST (DCE A) TO RECEIVE ONLY TEST (DCE B)
0T 2 % END TO END TEST BETWEEN DCE A AND DCE B

 Universal: Data: Systems:

Lot TALKS
— REC ONLY
NORMAL. —— ; -
DIGITALs =« == DIGITAL:
ANALOG)— ‘. - ~=s ANALOGE

.
Al

Z+LOOPBACK#: . SELETEST®

Front Panel of Modem Showing Switch to Select Test Options
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LOCAL MODEM REMOTE MODEM

HH- TRANSHITTER 2

FY

RECE IVER RX
DATA

DTE

b

DTE

4 RECEIVER - — TRANSMITTER X
DATA

DiGITAL Loopeack Loop 1

Digital loopback loop 1 tests the local DTE, cable and modem
fnterface drivers. Loop | separates the normal data path
from the modem transmitter and receiver circuits and connects
transmit data to receive data; transmit clock to receive
clock; and RTS to CTS and CD.

LOCAL MODEM REMOTE MODEM
+———H—4+1+ TRANSMITTER H—t+4—+R &1+ RECEIVER
DTE DTE
-t RECEIVER ~+f—L 43— TRANSMITTER

DiciTAL LoorBack Loop 2

Digital loopback loop 2 allows the local DTE to test itself,
local cable, local modem (totally), Telco lines (totally),
and remote modem except digital interface drivers. The
remote modem disconnects the remote DTE and connects receive

data to transmit data, receive clock to transmit clock, CD to
RTS.

LOCAL MODEM

. N DiT\:'.A HHH TRANSHITTER Sy

DTE PAD

'dgii: +{ RECEIVER —4—+j

AnaLoc Loopeack Loop 3

Local loopback loop 3 tests the local DTE, cable, and local
modem excluding Telco line interface. The modems modulated
signal runs through a nominal 10dB pad to the receiver
section of the modem. The purpose of the pad is to prevent
receiver saturation caused by too high of a transmit signal
level.
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LOCAL MODEM REMOTE MODEM

DATA | TRANSMITTER

RECEIVER

DTE DTE

RECEIVER ¥ * | TRANSMITTER

-+
-
o
-

AnaLoe LoopBack Loop 4

Analog loopback 4 allows the local DTE to test itself, local
cable, local modem (totally), Telco lines (totally), and the
Telco interface on the remote modem. The remote modem
disconnects the signal paths to the transmitter and receiver
circuits and connects the receiver line through a 12db
amplifier to the transmit line.

LOCAL MODEM REMOTE MODEM
} ;‘.x: : : Y ' TRANSM‘TTER ° e b'..q‘..l [ XXX ) RECE'VER 2808080 --Q%
DATA b DATA
lr g

DTE T DTE

TX
k-3 44

RECEIVER

L] ll."’." vows] TRANSMITTER LA R AR N ]

DiciTAL LoorBAck Loor 5

Digital loopback loop 5 (also known as bilateral digital
loopback) combines the features of loop | and loop 2 at the
local modem. The local DTE can test the local DTE, cable,
and modem digital interface. The remote DTE can test the
remote DTE, cable, remote modem, Telco lines, and local modem
excluding the digital interface.

*LOCAL MODEM REMOTE MODEM
IX L] TRANSHITTER passhasa{ RECEIVER |rasesssa aailas
" DATA H—q. A DATA
DTE PAD DTE
_Rx 1 . X
MY/ M RECEIVER 'l—'—d- ; swwd wwvpwwsy{ TRANSMITTER AAAAAAA Ad\1.& /'y

AnaLoc LoopBack Loor 6

Analog loopback loop 6 (also known as bilateral analog
loopback) combines the test features of analog loopback loop
3 and loop 4 in the local modem. The local DTE can test the
local DTE, cable, and local modem except Telco interface
circuits. The Remote DTE can test the remote DTE, cable,
Telco line ,and the local modem Telco circuits.



LOCAL MODEM

PATTERN
TRANSMITTER
GENERATOﬁA}F-F4

DTE PAD

ERROR ]rﬂ—ql RECEIVER et

R

CHECK

ST Loop 3

ST (self test) loop 3 is similar to analog loop 3 except the
local modem disconnects. The local DTE connects its own
internal test pattern generator and error detection circuits.
This test quickly checks out 907 of the modem functions to
determine if the modem is functioning properly. ST loop 3 is
normally performed before any other modem tests are run.

LOCAL MODEM REMOTE MODEM

c::::iign t—+—H| TRANSM I TTER p—t—t—# S—t—l+—]  RECEIVER  H—t——t

-t

DTE i DTE

ERROR i
t R +—f H——1—++{ TRANSMITTER H—+—t++
CHECK RECEIVE E

-+
T

ST Loor 2

ST (self test) loop 2 is similar to analog loop 2 except the
local modem is doing the testing instead of the local DTE.
This test is normally done when the local DTE can not perform
loopback tests to itself or used in problem isolation.
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LOCAL MODEM

REMOTE MODEM

PATTERN L RR
GENERATOR [FF TRANSMITTER H—F——¥ ——{—H RECEIVER H——t (E:HEgi
DTE
DTE
RECEIVER —s — TRANSMITTER

DT 1 is normally used on half duplex dial—-up modems to set
equalizer straps on initial installation. The local modem
disconnects the local DTE and connects the test pattern
generator circuits to the modem transmitter. The remote
modem disconnects the remote DTE and connects the error check
circuits. Once communications is verified, the test would be
reversed. This testing is also known as receive only test.

LOCAL MODEM REMOTE MODEM

PATTERN L | erroR
GENERATOR +—+—1IE§NSHITTER —+— H— RECEIVER g+ oo
DTE DTE
ERROR 200 ahananasa asasal PATTERN
CHECK RECEIVER e TRANSMITTER GENERATOR
DT 2

DT2 - (end to end testing) connects the test pattern
generator of the local modem to the remote modems error
checks circuits and vice versa. This provides complete modem
to modem full duplex communication testing of both modems
(except digitial interface) and the Telco lines. This test

is normally used in determining modem connection and
operation.
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Appendix A

A Listing of
Abbreviations, Acronyms,
Specifications and Standards
Utilized in Data Communications
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UNIVERSAL DATA SYSTEMS. INC.

A-1
ABBREVIATIONS AND ACRONYMS

ABT
A/D
ACF
ACK
ACR
ACU
ADCCP

ADP
AGC
ALU
AM
APL
ARQ
ASCII

ASR
AVD
Basic
Baudot
BCC
BCD
BDLC
BDN
BER
BERT
Bit
Bit/s or bps
BLU
BSC
BTAM

BTU
CAl
CBT
CBX
CCDN

CCF
CCITT

CCL
CCT
CCuU
CDCcCP

Abort Timer or Answer Back Tone
Analog/Digital

Advanced Communications Function
Acknowledgement, positive

Abandon Call and Retry

Automatic Calling Unit

Advanced Data Communications Control
Procedure

Automatic Data Processing

Automatic Gain Control

Arithmetic Logic Unit

Amplitude Modulation

A Programming Language

Automatic Request for Repetition (IBM)
American Standard Code for Information
Interchange (7 level)

Automatic Send/Receive (teleprinters)
Alternate Voice/Data

Beginners All Symbolic Instruction Code
Teleprinter Code (5 level)

Block Check Character

Binary Coded Decimal

Burroughs Data Link Control

Bell Data Network (planned)

Bit Error Rate

Bit-Error-Rate-Test (set)

Binary Digit

Bits per second

Basic Link Unit

Binary Synchronous Communications
Basic Telecommunications Access
Method (IBM)

Basic Transmission Unit

Computer Assisted Instruction
Computer-Based Terminal
Computerized Private Branch Exchange
Corporate Consolidated Data Network
(IBM)

Communications Control Field
International Consultative Committee for
Telegraphy and Telephony
Communications Control Language
Coupler Cut Through

Communications Control Unit

Control Data Communications Control
Procedure (Control Data Corp.)

CDF
CMOS

CPH
CPODA

CPU
Coax
COBOL
COM
Comsat
COS
CPOL

CR
CRC
CRQ
CRT
CTAK
CTS
Cybernet
DA
DAA
DAL
DAP
DASD
Dataset
Datel Il

dB, db
DBMS
DBS
DCE

DCF

DCPSK
DCS
DDCMP

DDD
DDP
DDS
Decnet
DES
DLC
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Communications-Data Field
Complementary Metal Oxide
Semiconductor

Characters Per Hour

Contention Priority-Oriented Demand
Assignment (protocol)

Central Processing Unit

Coaxial Cable

Common Business-Oriented Language
Computer Output Microfilm
Communications Satellite Corp.

Call Originate Status

Communications Procedure-Oriented
Language

Carriage Return

Cyclic Redundancy Checking

Call Request

Cathode Ray Tube

Cipher Text Auto Key

Clear To Send

Network of Control Data Corp.

Data Available

Data Access Arrangement (AT&T)
Data Access Line

Data Access Protocol

Direct Access Storage Device
Synonym for Modem (see Modem)
RCA Global Communication Data Service
in Conjunction with Telenet

Decibel

Database Management System
Database Service (WUI)

Data Circuit-Terminating Equipment or
Data Communications Equipment
Distributive Computing Facility (Bank of
America)

Differentially Coherent Phase-Shift Keying
Distributed Computing System

Digital Data Communications Message
Protocol (Digital Data Corp.)

Direct Distance Dialing

Distributed Data Processing
Dataphone Digital Service (AT&T)
Network of Digital Equipment Corp.
Data Encryption Standard

Data Link Control
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DLCF
DLO
DMA
DMEP

DNA

Domsat
DOS
DP
DPR
DRS
DSC
DSDS

DSE
DSR
DSU
DTE
DTR
DTS
EBCDIC

ECOS

EDP
EFT
EIA

EIES

EOCA
EOM
EON
EOT
EPROM

ESS

FAX

FCC

FDX

FDM

FEC
FED-STD
FF

FGND
FHD

FIPS

FIGS

FM

FOC
FORTRAN
Fox message

FSK

Data Link Control Field

Data Line Occupied

Direct Memory Access

Data-Network Modified Emulator Program
(Cambridge Telecommunications Inc.)
Digital Network Architecture (Digital
Equipment Corp.)

Domestic Satellite Service

Disk Operating System

Dial Port

Digit Present

Data Rate Selector

Direct Satellite Communications
Dataphone Switched Digital Service
(AT&T)

Distributed System Environment
Data Set Ready

Data Service Unit

Data Terminal Equipment

Data Terminal Ready

Digital Tandem Switch

Extended Binary Coded Decimal Inter-
change Code (8 level)

Extended Communications Operating
System (Harris Corp.)

Electronic Data Processing

Electronic Funds Transfer.

Electronic Industries Association
Electronic Information Exchange System
(New Jersey Institue of Technology)
End of Address

End of Message

End of Number

End of Text or End of Transmission
Erasable Programmable Read Only
Memory

Electronic Switch System

Facsimile

Federal Communications Commission
Full-Duplex Transmission
Frequency-Division Multiplexer
Forward Error Correction

Federal Standard (see Appendix A-6)
Form Feed

Frame Ground

Fixed-Head Disk

Federal Information Processing Standards
Figures Shift (teleprinters)

Frequency Modulation

Fiber Optics Communications
Formula Translation

Test message (The quick brown fox
jumps over the lazy dog) 0123456789
Frequency-Shift Keying
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FX
GPD

HASP
HDLC
HDX
HiD/LoD
HN

Hz

IBM TSS
IMP

IMS
Infonet
Intelsat
I/0

IPL

IPN

IRC

IS

IT

ITDM
ITS

- JCL

KAK
KAU
KDS
KSR
LCD
LED
LF
LDM
LIU
LIM
LO
LRC
LSD

LSI
LTRS
MAN
MD
MDS
MHD
MHP

MICR
MIU
MNCS
Modem
MOS
MPCC
MP
MPL
MSI

Foreign Exchange

General Purpose Discipline (first IBM data
link control)

Houston Automatic Spooling Priority
High-level Data Link Control
Half-duplex Transmission
High-Density/Low-Denisty Tariff

Host to Network

Hertz (cycles per second)
Timesharing System (IBM network) .
Interface Message Processor
Information Management System (IBM)
Network of Computer Sciences Corp.
International Satellite Service
Input/Output

Initial Program Load

Instant Private Network

International Record Carrier
International Standard (See Appendix A-3)
Intelligent Terminal

Intelligent Time-Division Multiplexer
Invitation To Send

Job Control Language

Key-Auto-Key

Keystation Adapter Unit

Keyboard Display Station

Keyboard Send/Receive

Line Current Disconnect
Light-Emitting Diode

Line Feed

Limited-Distance Modem

Line Interface Unit

Line Interface Module

Line Occupancy

Longitudinal Redundancy Check
Line-Sharing Device or Line Signal
Detector

Large-Scale Integrated (circuit)
Letters Shift (teletypewriters)

Manual

Multiple Dissemination

Multiple Dataset System
Moving-Head Disk

Message-Handling Processor (Bank of
America)

Magnetic Ink Character Recognition
Multistation Interface Unit

Multipoint Network-Control System
Modulator/Demodulator

Metal Oxide Semiconductor
Multiprotocol Communications Controller
Modem Port

Multischedule Private Line
Medium-Scale Integrated (circuit)



MT
MTBF
MTS

MTTR
"MUX
MVS
NAK
NAM

NBS

NC

NCP
NCR-DNA

NCS

NDT
NMC
NRZ
NSP

NTPF
OCR
Octopus
OH
(08}
OSWS
PABX
PAD
PAM
PBX
PC
PCM
PFEP
PLL
PIU
PM
PMS
PMX
PND
PSC
PSE
PSK
PROM
PRTM
PTT

PUC
PWI
QAM
QTAM

Measured Time

Mean Time Between Failures
Message Telecommunications Services
(AT&T)

Mean Time To Repair

Multiplexer

Muiltiple Virtual Storage

Negative Acknowledgement
Network Access Method (Control Data
Corp.)

National Bureau of Standards
Network Connect

Network Control Program (IBM)
NCR Corp. - Distributed Network
Architecture

National Communications Systems
(Department of Defense)

Net Data Throughput

Network Management Center
Non-Return to Zero (Waveform)
Network Services Protocol (Digital
Equipment Corp.)

Number of Terminals Per Failure
Optical Character Recognition
Network of Control Data Corp.

Off Hook

Operating System

Operating System Workstation
Private Automatic Branch Exchange
Packet Assembler/Disassembler
Pulse Amplitude Modulation

Private Branch Exchange

Printed Circuit (Board)

Pulse-Code Modulation
Programmable Front-End Processor
Phase Locked Loop

Path Information Unit

Phase Modulation

Public Message Service (WU)
Packet Multiplexer

Present Next Digit

Public Service Commission

Packet Switching Exchange

Phase Shift Keying

Programmable Read Only Memory
Printing Response-Time Monitor
Postal Telegraph and Telephone Agencies
(Europe)

Public Ultilities Commission

Power Indicator

Quadrature Amplitude Modulation
Queued Telecommunications Access
Method (IBM)

RAD
RAM
RI
RCAC

RCD
RCV
RDC
RLSD
RJE
RMS
RO
ROM
ROTR
RPC
RPG
RPQ
RS

RTS
RU
SCC

SCPC
SCTO
SDLC
SGND
SH
SID
SIMP
SMRT
SNA
SNAP
SNR
SOH
SOM
SP
SPOOL

SQD
STR

STX
SuU
SVD
TAC
TC
TCAM
TCU
TDM
TDMA
TELCO
Telex
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Random Access Method

Random Access Memory

Ring Indicator

Remote Computer Access
Communications Service
Receiver-Carrier Detector

Receiver

Remote Data Concentrator

Received Line Signal Detector
Remote Job Entry

Root Mean Square

Receive Only

Read Only Memory

Receive-Only Typing Reperforation
Registered Protective Circuitry

Report Program Generator

Request to Price Quotation
Recommended Standard (EIA) (See
Appendix A-5)

Request To Send

Request/Response Unit

Satellite Communications Controller or
Specialized Common Carrier

Single Channel Per Carrier

Soft Carrier Turn Off

Synchronous Data Link Control (IBM)
Signal Ground

Switch Hook

Swift Interface Device (See Swift)
Satellite Information Message Protocol
Signal Message Rate Timing

Systems Network Architecture (IBM)
Standard Network Access Protocol
Signal/Noise Ratio

Start Of Header

Start Of Message

Space Character

Simultaneous Peripheral Operation On
Line (Now an accepted term)

Signal Quality Detector

Synchronous Transmit Receive (4 level
code, IBM)

Start of Text

Signalling Unit

Simultaneous Voice/Data

Telenet Access Controller (Telenet Corp.)
Terminal Controller
Telecommunications Access Method
Transmission Control Unit
Time-Division Multiplexer
Time-Division Multiple Access
Telephone Company

Teleprinter Exchange Service (WU)
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T™U
TNS
TSO
TTL
TTY
TUCC
TWX
Tymnet
UART

USASCII

USITA

UusocC
V.

VAC

Transmission Message Unit

Transaction Network Service (AT&T)
Timesharing Option
Transistor-to-Transistor Logic
Teletypewriter

Triangle University Computing Center
Teletypewriter Exchange Service
Timeshare Inc. Network

Universal Asynchronous Receiver/
Transmitter

United States of America Standard Code
for Information Interchange (identical

to ASCII)

United States Independent Telephone
Association

Universal Service Ordering Code
CCITT Code Designation (See Appendix
A-2)

Value Added Carrier
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VAN
VIP
VM
V+TU
VS
VSPC
VTAM

WATS

WPM
WRU
WUl

X-Off
X-On

XMIT
XTC

Value Added Network

Visual Information Projection

Virtual Memory

Voice Plus Teleprinter Unit

Virtual Storage

Visual Storage Personal Computing (IBM'
Virtual Telecommunications Access
Method (IBM)

Wide Area Telecommunications Service
(AT&T) :
Words Per Minute
Who-are-you?/character

Western Union International
Transmitter Off

Transmitter On

CCITT Recommendation Designation
(See Appendix A-4)

Transmit

External Transmit Clock
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CONSULTATIVE COMMITTEE FOR
INTERNATIONAL TELEPHONE AND

TELEGRAPH

V.1

V.2

V.3

V.4

V.6

V.10(X.26)

V.11(X.27)

V.15

V.19

V.20

V.21

Equivalence between binary notation
symbols and the significant conditions
of a two-condition code

Power levels for data transmission
over telephone lines

International Alphabet No. 5

General structure of signals of Inter-
national Alphabet No. 5 code for data
transmission over the public telephone
network

Standardization of data-signalling rates
for synchronous data transmission of
leased telephone-type circuits

Electrical characteristics for unbalanced
double current interchange circuits for
general use with integrated circuit
equipment in the field of data
communications (and provisional
amendments, May 1977)

Electrical characteristics for balanced
double-current interchange circuits for
general use with integrated circuit
equipment in the field of data
communications (and provisional
amendments, May 1977)

Use of acoustic coupling for data
transmission

Modems for parallel data transmission
using telephone signalling frequencies

Parallel data transmission modems
standardized for universal use in the

general switched telephone network

200-baud modem standardized for use
in the general switched telephone
network

V.22

V.23

V.24

V.25

V.26

V.26bis

V.27

V.27bis

V.27ter

V.28

V.29

V.31

V.35

V.36

V.54
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1200 bps asynchronous, full duplex
modem for the switched network

600/1200 baud modem standardized
for use in the general switched telephone
network

List of definitions for interchange circuits
between data terminal equipment and
data circuit-terminating equipment
(and provisional amendments, May
1977)

Automatic calling and/or answering
equipment on the general switched
telephone network, including disabling
of echo suppressors on manually
established calls

2400 bits per second modem standard-
ized for use on four-wire leased circuits

2400/1200 bits per second modem
standardized for use in the general
switched telephone network

4800 bits per second modem standard-
ized for use on leased circuits

4800 bits per second modem with
automatic equalizer standardized for
use on leased circuits

4800/2400 bits per second modem
standardized for use in the general
switched telephone network

Electrical characteristics for unbalanced
double-current interchange circuits

9600 bits per second modem for use on
leased circuits

Electrical characteristics for single-
current interchange circuits controlled
by contact closure

Data transmission at 48 Kkilobits per
second using 60-108-kHz group-band
circuits

Modems for synchronous data
transmission using 60-108-kHz group-
band circuits

Loop test devices for modems (and
provisional amendments, May 1977)
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A-3

INTERNATIONAL ORGANIZATION
FOR STANDARDIZATION

A-4

AMERICAN NATIONAL STANDARDS

INSTITUTE

ISO 646-1973

ISO 1155-1973

ISO 1177-1973

ISO 1745-1975

ISO 2022-1973

ISO 2110-1972

ISO 2111-1972

ISO 2593-1973

ISO 2628-1973

ISO 2629-1973

ISO 3309-1976

7-bit coded character set for information
processing interchange

Information processing Use of
longitudinal parity to detect errors in
information messages

Information processing - Character
structure for start/stop and
synchronous transmission

Information processing - Basic mode
control procedures for data
communications systems

Code extension techniques for use
with ISO 7-bit coded character sets

Data communication - Data terminal
and data communication equipment -
interchange circuits - assignment of
connector pin numbers

Data communication - Basic Mode
control procedures - Code-independent
information transfer

Connector pin allocations for use with
high speed data terminal equipment

Basic mode control procedures
complements

Basic mode control procedures
Conversational information message
transfer

Data communication - High level data
link control procedures Frame
Structure
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X3.1

X3.4

X3.15

X3.16

X3.24

X3.25

X3.28

X3.36

X3.41

Synchronous Signalling Rates for Data
Transmission

Code of Information Interchange

Bit Sequencing of the American
National Standard Code for Information
Interchange in Serial-by-Bit Data
Transmission

Character Structure and Character
Parity Sense for Serial-by-Bit Data
Communication Information Inter-
change

Signal Quality at Interface between Data
Processing Technical Equipment for
Synchronous Data Transmission

Character Structure and Character
Parity Sense for Parallel-by-Bit
Communication in American National
Standard Code for Information
Interchange

Procedures for the use of the
Communication Control Characters
of American National Standard Code
for Information Interchange in Specific
Data Communication Links

Synchronous High Speed Data Signalling
Rates between Data Terminal
Equipment and Data Communication
Equipment

Code Extension Techniques for use
with 7-Bit Coded Character Set of
American National Standard code for
Information Interchange



X3.44

X3.57

X1

X.2

X.3

X.4

X.20

X.20bis

X.21

X.21bis

X.24

X.25

Determination of Performance of Data
Communication Systems

Structure for - Formatting Message
Headings for Information Interchange
Using The American National Standard
Code for Information Interchange for
Data Communication System Control

International user classes of service
in public data networks

International user facilities in public
data networks

Packet assembly/disassembly facility
(PAD) in a public data network

General structure of signals of Inter-
national Alphabet No. 5 code for data
transmission over public data netwarks

Interface between data terminal
equipment and data circuit-terminating
equipment for start-stop transmission
services on public data networks

V.21 - compatible interface between
data terminal equipment and data circuit
terminating equipment for start-stop
transmission services on public data
networks

General purpose interface between
data terminal equipment and data
circuit-terminating equipment for
synchronous operation on public data
networks

Use on public data networks of data
terminal equipment which is designed
for interfacing to synchronous V-series
modems

List of definitions of interchange circuits
between data terminal equipment and
data circuit-terminating equipment on
public data networks

Interface between data terminal equip-

ment and data circuit-terminating
equipment for terminals operating in
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X.26

X.27

X.28

X.29

X.92

X.95

X.96
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the packet mode on public data

networks (and provisional amendment,
April 1977)

Electrical characteristics for unbalanced
double current interchange circuits for
general use with integrated circuit
equipment in the field of data
communications (identical to V.10)

Electrical characteristics for balanced
double current interchange circuits for
general use with integrated circuit
equipment in the field of data
communications (identical to V.11)

DTE/DCE interface for a start/stop
mode data terminal equipment
accessing the packet assembly/
disassembly facility (PAD) on a public
data network situated in the same
country

Procedures for exchange of control
information and user data between a
packet mode DTE and a packet
assembly/disassembly facility (PAD)

Hypothetical reference connections for
public synchronous data networks

Network parameters in public data
networks

Call progress signals in public data
networks

A-5

ELECTRONIC INDUSTRIES

ASSOCIATION

RS-232C

RS-269B

Interface between Data Terminal
Equipment and Data Communication
Equipment Employing Serial Binary
Data Interchange

Synchronous Signaling Rates for Data
Transmission
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RS-334

RS-363

RS-366

RS-404

RS-410

RS-422

RS-423

RS-449

IEB-5

IEB-9

IEB-12

Signal Quality at Interface between
Data Processing Terminal Equipment
and Synchronous Data Communication
Equipment for Serial Data Transmission

Standard for Specifying Signal Quality
for Transmitting and F.eceiving Data
Processing Terminal Equipment using
Serial Data Transmission at the Interface
with Non-Synchronous Data
Communication Equipment

Interface between Data Terminal
Equipment and Automatic Calling
Equipment for Data Communication

Standard for Start-Stop Signal Quality
between Terminal Equipment and Non-
Synchronous Data Communication
Equipment

Standard for the Electrical Charac-
teristics of Class A Closure Inter-
change Circuits

Electrical Characteristics of Balanced
Voltage Digital Interface Circuits

Electrical Characteristics of Unbalanced
Voltage Digital Interface Circuits

General Purpose 37-Position and 9-
Position Interface for Data Terminal
Equipment and Data Circuit-
Terminating Equipment Employing
Serial-Binary Data Interchange

Industrial Electronics Bulletin No. 5, a
tutorial paper on signal quality at
Interface

Industrial Electronics Bulletin No. 9,
application notes for EIA Standard RS-
232C

Industrial Electronics Bulletin No 12,
application notes on interconnection
between interface circuits using RS-449
and RS-232C
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A-6

FEDERAL STANDARDS

FED-STD-1001

FED-STD-1002
FED-STD-1003

FED-STD-1005
FED-STD-1006

FED-STD-1010
FED-STD-1011
FED-STD-1012

FED-STD-1013

FED-STD-1020

FED-STD-1030

High Speed Synchronous Signaling
Rates between Data Termina!
Equipment and Data Circuit
Terminating Equipment

Time and Frequency Reference
Information

Bit Oriented Data Link Control
Procedures

2400 BPS Modem
4800 BPS Modem

ASCII Bit Sequencing for Serial-by-Bit
Transmission

Character Structure for Serial-by-Bit
ASCII Transmission

Character Structure for Parallel-by-Bit
ASCII Transmission

Data Terminal Equipment to Data
Circuit-Terminating Equipment
Synchronous Signalling Rates using
4KHz Circuits

Electrical Characteristics of Unbalanced
Voltage Digital Interface Circuits

Electrical Characteristics of Balanced
Voltage Digital Interface Circuits



Appendix B

Glossary of Data Communications Terminology

304



Datacomm glossary

Communication 8
Technology 4
Special Issue }

penetrates the jargon

Use this listing of datacomm definitions to unravel

the technology’s specialized vocabulary.

Whether you use it as a reference or an introduction,
this compilation of terms will prove a handy guide to
datacomm concepts. Adapted with permission from
Data Communications, A User's Guide, by Ken
Sherman (Reston Publishing Co, Reston, VA, 1980), it
will help clarify your understanding of a complex and
burgeoning field.

ACD (automatic call distributor)}—A switching
system that automatically distributes incoming calls to
a centralized group of receivers in the sequence in
which the calls are received. It holds calls until a
receiver is available.

AC signaling—Using ac signals or tones to transmit
data and/or control signals.

Acoustic coupler—A sound transducer connected to
a modem that permits use of a telephone handset as a
connection to the telephone-company network for
data-transmission purposes.

ACU (automatic calling unit}—A device that
automatically places a telephone call upon receiving
information from a data-processing device.

Algorithm—A prescribed set of well-defined rules or
processes for finding a problem’s solution.

Alphanumeric—Consisting of letters and numbers.

Alternate route—A secondary communication path
used to reach a destination when the primary one is
unavailable.

AM (amplitude modulation}—Transmission of infor-
mation on a communication line by varying the voltage
level (amplitude).

Ambient noise—Interference present in a communi-
cation line at all times.

Amplitude variation (ripple)—Unwanted signal-
voltage variations at different frequencies on a
communication line.

Answer back—A signal from a receiving data-
processing device in response to a transmitting one’s
request indicating that the receiver is ready to accept
or has received data.

Application program—A computer program that

EDN MARCH 4, 1981
305

performs a data-processing function rather than a
control operation.

ARQ (automatic retransmission request}—An
error-detection and -correction technique that attempts
a retry upon detecting an error.

ASCIl (American Standard Code for Information
Interchange)—A data-communication code set.

ASR—Automatic send/receive.

Asynchronous—Not synchronized by a clocking
signal; in code sets, character codes containing start
and stop bits.

ATC (automated technical control}—A computer
system used to maintain control of a data-
communication network. :

Attenuation—Loss of communication-signal energy.

Automatic dialer—A device that automatically dials
telephone numbers on a network.

AWG (American Wire Gauge)—Wire-size standard.

Backup—The hardware and software resources
available to recover after a degradation or failure of one
or more system components.

Balanced circuit—A circuit terminated by a net-
work whose impedance balances that of the line,
resulting in negligible return losses.

Balancing network—Electronic circuitry used to
match 2-wire to 4-wire facilities, sometimes called a
hybrid. The balancing is necessary to maximize power
transfer and minimize echo.

Bandwidth—The information-carrying capability of
a communication line or channel.

Baseband—The frequency band that information-
bearing signals occupy before they combine with a
carrier in the modulation process.

Base group—Twelve communication-set paths capa-
ble of carrying the human voice on a telephone set; a
unit of frequency-division-multiplexing systems’ band-
width allocation.

Baud—A data-communication-rate unit used similar-
ly to bits per second (bps) for low-speed data: the
number of signal-level changes per second (regardless
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of the information the signals contain).

Baudot—A 5-level code set; its formal name is the
International Telegraph Alphabet (ITA) #2.

BCH—An error-detecting and -correcting technique
used by communication receivers.

Beam—Microwave radio systems that use ultrahigh
or superhigh frequencies (UHF, SHF) to carry
communications where the signal is a narrow beam
rather than a broadcast signal.

BERT (bit error-rate testing)—Testing a data line
with a pattern of bits that are compared before and
after a transmission.

Bias—Communication-signal distortion related to bit
timing.

Bit rate—The rate at which data bits are transmitted
over a communication path, normally expressed in bits
per second (bps); not to be confused with the data
signaling rate (baud), which measures the rate of signal
changes transmitted. .

Bit stream—A continuous series of bits transmitted
on a line.

Blank—A “no-information” condition in a data-
recording medium or storage location. This vacancy can
be represented by all spaces or all ZEROs, depending
on the medium.

BLERT (block error-rate testing)—Testing a data
line with groups of information arranged in transmis-
sion blocks.

Block—A set of contiguous bits and/or bytes that
make up a definable quantity of information.

Blocking—Describes a condition in a switching
system in which no paths or circuits are available to
complete a call, resulting in a busy tone returned to the
calling party. The term also refers to a denial or busy
condition.

Block-multiplexer channel—A computer-peripheral
multiplexer channel that interleaves blocks of data.
(See byte-multiplexer channel; contrast with selector
channel.)

Bridge—Equipment and techniques used to match
circuits to each other, ensuring minimum transmission
impairment. Bridging is normally required on multi-
point data channels where several local loops or
channels interconnect.

Broadband—Refers to transmission facilities whose
bandwidth is greater than that available on voice-grade
facilities. Also called wide band.

Broadcast—To send messages or communicate
simultaneously with many or all points in a circuit.

BSC (Bisync)}—An IBM-developed data-link-control
procedure using character synchronization.

Buffer—A storage area for a data block.

Burst—A group of events occurring together in
time.

Burst error—A series of consecutive errors in data
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transmission.

" Bus—A connective link between muitiple processing
sites (colocated only), where any of the processing sites
can transmit to any other, but only one way at a time.

Byte—A set of contiguous bits constituting a discrete
item of information. Most common bytes are six or
eight bits long.

Byte-multiplexer channel—A channel that inter-
leaves bytes of data from different sources. (Contrast
with selector channel.)

Cache memory—A high-speed computer memory
that contains the instruction or sequence of instructions
most likely to be executed next.

Call-setup time—The overall length of time required
to establish a switched call between pieces of data-
terminal equipment.

Carrier—An analog signal at a fixed amplitude and
frequency that combines with an information-bearing
signal in the modulation process to produce an output
signal suitable for transmission.

Carrier system—A method of obtaining several
channels from one communication path by combining
them at the originating end, transmitting a wide-band
or high-speed signal and recovering the original
information at the receiving end.

CCITT (Consultative Committee for International
Telephone and Telegraph)—An international stan-
dards group.

CERT (character error-rate testing)—Checking a
data line with test characters.

Chain—A series of processing locations through
which information must pass on a store-and-forward
basis to reach a subsequent location.

Channel—A data-communication path.

Channel bank—Communication equipment that
multiplexes, typically used for multiplexing voice-grade
channels. :

Character—A language unit consisting of bits.

Character parity—Adding an overhead bit to a
character code to provide error-checking capability.

Circuit switching—A communication method in
which an electrical connection between calling and
called stations is established on demand for exclusive
circuit use until the connection is released.

Clocking—Time - synchronizing communication
information.

Cluster—A group of user terminals colocated and
connected to one controller, through which each
terminal accesses a communication line.

Coaxial cable—2-conductor wire whose longitudinal
axes are coincident; cable with a noise shield around a
signal-carrying conductor.

Common mode—A high-speed-modem interface
name.

Communication-line controller—A hardware unit.
that performs line-control functions with a modem.

Compandor—A device used on some telephone
channels to improve transmission performance. The
equipment compresses the outgoing-speech volume
range and expands the incoming volume range on a
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long-distance telephone circuit.

Concentrator—An electronic device that interfaces
in a store-and-forward mode with multiple low-spc
communication lines at a message level and then
retransmits those messages to a processing site via one
or more high-speed communication lines.

Conditioning—Applying electronic filtering ele-
ments to a communication line to improve its ability to
support higher transmission data rates. (See equaliza-
tion.)

Connecting block—A cable-termination block
where access to circuit connections is available.

Contention—Competition for use of the same
communication facilities; a line-control method in which
terminals request or bid to transmit.

Control-line timing—Clock signals between a
modem and a communication-line controller unit.

CPS (characters per second)—A data-rate unit.

CPU (central processing unit}—The computer
control logic used to execute programs.

CRC (cyclic redundancy check)—An error-
checking control technique utilizing a binary prime
divisor that produces a unique remainder.

Crossbar—A type of widely used control-switching
system using a crossbar or coordinate switch. Crossbar
switching systems suit data switching be :ause they
have low-noise characteristics and can handle Touch-
Tone dialing.

CTS (clear to send)}—A control signal between a
modem and a controller used to initiate data transmis-
sion over a communication line.

Cursor—A lighted area on a CRT screen used to
indicate the next character location to be accessed.

CXR (carrier)—A communication signal used to
indicate the intention to transmit data on a line.

DAA (Data Access Arrangement)—A telephone-
switching-system protective device used to attach
uncertified nontelephone-company-manufactured
equipment to the carrier network.

Data base—A collection of electronically stored data
records.

Data compression—A technique that provides for
the transmission of fewer data bits than originally
required without information loss. The receiving
location expands the received data bits into the original
bit sequence.

Data set—See modem.

Data switcher—A system used to connect network
lines to a specific data-processing computer port.

dB (decibel)—Power- and voltage - level- mea-
surement unit.

dBm—Power-level-measurement unit in the tele-
phone industry based on 6000 impedance and 1004-Hz
frequency. 0 dBm is 1 mW at 1004 Hz terminated by
600() impedance.
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DCE (data - communication equipment)—
Equipment (such as a modem) installed at a user's
premises that provides all the functions required to
establish, maintain and terminate a connection and
signal conversion and coding between the data-terminal
equipment and the common carrier’s line.

DDD (Direct Distance Dial}—The North American
telephone dial system.

Dedicated line—A communication line that isn't
dialed, also termed a leased or private line.

Delay distortion—Distortion that occurs on commu-
nication lines due to signals’ different propagation
speeds at different frequencies. Measured in microsec-
onds of delay relative to the delay at 1700 Hz. This type
of distortion doesn’t affect voice communication but can
seriously impair data transmissions.

Demodulator—A functional section of a modem that
converts received analog line signals to digital form.

Dial up—The use of a rotary-dial or Touch-Tone
phone to initiate a station-to-station call.

DMA—Direct memory access from I/0 and peripher-
al controllers without going through the arithmetic
processing unit.

DQM (data-quality monitor}—A" device used to
measure data bias distortion above or below a
threshold.

DTE (data-termination equipment)—Equipment
that constitutes the data source and/or data sink and
provides for the communication control function
protocol; it includes any piece of equipment at which a
communication path begins or ends.

EBCDIC (Extended Binary Coded Decimal Inter-
change Code)—An 8-level code set used frequently in
data communication.

Echo distortion—A telephone-line impairment
caused by electrical reflections at distant points where
line impedances are dissimilar.

EIA (Electronic Industries Association) RS-232—
The standard interface between a modem and line
controller for voice-grade communication lines.

Electronic Switching System (ESS)}—A type of
telephone switching system that uses a special-purpose
digital computer to direct and control the switching
operation. ESS permits custom-calling services such as
speed dialing, call transfer and 3-way calling.

Encryption—The technique of modifying a known
bit stream on a transmission line to make it appear like
a random sequence of bits to an unauthorized observer.

Envelope delay—An analog line impairment where
a variation of signal delay with frequency occurs across
the data-channel bandwidth. (See delay distortion.)

Equalization—A technique used to compensate for
distortions present on a communication channel.
Equalizers add loss or delay to signals in inverse
proportion to the channel characteristics. The signal
response curve is then relatively “flat” and can be
amplified to regain its original form. (See distortion.)

F1F2—A type of modem that operates over a
half-duplex line (2-wire) to produce two subchannels at
two different frequencies for low-speed full-duplex
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operation. (See reverse channel.)

Facility—A transmission path between two or more
locations without terminating or signaling equipment.
Adding terminating equipment would produce either a
channel, a central-office line or a trunk.

FDM (frequency-division multiplexing}—A tech-
nique in which a data line’s bandwidth is divided into
different frequency subchannels. It permits several
terminals to share the same line.

FE (format effectuation)—Characters of a code set
used to format information to be sent for processing.

FEC (forward error correcting)—Used to describe
equipment that corrects transmission errors at a

receiver. The technique provides for transmission of

additional information with the original bit stream so
that if an error is detected, the receiver can recreate
the correct information without a retransmission.

Fiber optics—A technology employing plastic or
glass fibers that carry light representing information.

Filter—Electronic circuitry that blocks some signal
components while allowing other components to pass
through uniformly.

Firmware—A set of software instructions placed
permanently or temporarily in a read-only memory
(ROM).

Flag—A delimiting bit field used to separate portions
of data.

Flexible disk (floppy disk)}—A magnetic storage
medium constructed of thin plastic.

FM (frequency modulation}—A method of transmit-
ting digital information on an analog line by varying the
carrier frequency.

Format—A message or data structure that allows
identification of specific control codes or data by their
position during processing.

Frequency offset—Analog-line frequency change,
an impairment encountered on a communication line.

Frequency shift keying (FSK)}—A form of frequency
modulation in which the carrier frequency is made to
vary or change in frequency precisely when a change in
the state of a transmitted signal occurs.

Frequency stacking—Another name for FDM that
reveals how the multiplexing is performed.

Front end—An auxiliary computer system that
performs network-control operations, releasing the
host computer system to process data.

Full duplex (FDX)}—A 4-wire circuit or protocol that
provides for simultaneous transmission in both direc-
tions between two points.

Full/full duplex—A protocol for a multidrop line that
permits transmission from a master location to a slave
site; the master location can also simultaneously receive
a transmission from another slave site on that line.

Gain—The degree to which a signal’s amplitude is
increased. The amount of amplification realized when a
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signal passes through an amplifier or repeater,
normally measured in decibels.

Gaussian noise—Noise whose amplitude is charac-
terized by the Gaussian distribution, (eg, whlte noise,
ambient noise, hiss).

Group channel—A unit or method of organization on
telephone carrier (multiplex) systems. A full group is a
channel equivalent to 12 voice-grade channels (48 kHz).
A half group has the equivalent bandwidth of six
voice-grade channels (24 kHz). When not subdivided
into voice facilities, group channels can furnish
high-speed data communication.

Guard frequency—Describes the frequencies be-
tween subchannels in FDM systems used to guard
against subchannel interference.

Half duplex—A communication line consisting of two
wires or employing a protocol capable of transmlttmg in
only one direction at a time.

Hamming code—An FEC technique named for its
inventor. It corrects single-bit errors.

Handshaking—Line-termination interplay to estab-
lish a data-communication path.

Harmonics—Frequencies that are multiples of a
fundamental value..

Harmonic distortion—A data-communication-line
impairment caused by erroneous frequency generation
along the line.

HDLC (High Level Data-Link Control}—A CCITT
standard data-communication line protocol.

Hit on the line—Describes errors caused by external
interference, such as impulse noise resulting from
lightning or man-made interference.

House cables—Conductors inside a building used to
connect communication equipment to outside lines.

HRC (horizontal redundancy checking)—A val-
idity-checking technique used on data-transmission
blocks in which redundant information is included with
the information to be checked.

Hybrid—See balancing network.

Impulse noise—A type of communication-line inter-
ference characterized by high amplitude and short
duration.

Insertion loss—Signal-power loss resulting from
connecting communication equipment with dissimilar
impedance values.

Interference—Refers to unwanted occurrences on
communication channels that result from natural or
man-made noises and signals.

Intermodulation distortion—An analog-line impair-
ment where two frequencies interact to create an
erroneous frequency, which in turn distorts the
data-signal representation.

ITDM (intelligent time-division multiplexery—A
multiplexer that assigns time slots on demand rather
than on a fixed subchannel-scanning basis. Also termed
a statistical multiplexer.

Jitter—Type of analog-communication-line distortion
caused by a signal’s variation from its reference timing
position, which can cause data-transmission errors,
particularly at high speeds. This variation can be in
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amplitude, time, frequency or phase.

Jumbo group—The highest FDM carrier-system
multiplexing level; it contains 3600 voice-frequency
(VF) or telephone channels (six master groups).

Leased line (private line, dedicated line}—A
communication line for voice and/or data rented from a
communication carrier.

Line protocol—A control program used to perform
data-communication functions over network lines.
Consists of both handshaking and line-control functions
that move the data between transmit and receive
locations.

Local loop—The access line from either a user
terminal or a computer port to the first telephone office
along the line path.

Logging—Recording data, such as error events or
transactions, for future reference.

Long line—A communication line spanning a long
distance relative to the local loop. ’

Loop current—A teletypewriter-to-line interface
and operating technique that doesn’'t employ modems.

Loopback—Directing signals back toward the
source at some point along a communication path.

LTS (line test set}—Analog-line test unit.

Main distribution frame (MDF)—The cable rack on
which all distribution and trunk cables leading into a
central office are terminated.

Message switching—Routing messages between
three or more locations by store-and-forward tech-
niques in a computer.

MG (master group)—An FDM carrier-multiplexing
level containing 600 voice-frequency channels.

Microcode—A set of software instructions that
execute a macro instruction.

MIL-188—A military interface between a modem and
line controller equivalent to RS-232.

Modem (data set)—An acronym for a unit that
modulates and demodulates digital information from a
terminal or computer port to an analog carrier signal
for passage over an analog line.

Multiplexed line—A data-communication line
equipped with multiplexers at each end.

Multipoint line—A communication line with several
subsidiary controllers sharing time on the line under a
central site's control.

Noise—A communication-line impairment inherent
in the line design or induced by transient energy
bursts.

On line—A direct connection between a remote
terminal and a central processing site.

Open wire—Communication lines that aren’t insulat-
ed and formed into cables, but are instead mounted on
aerial crossarms on utility poles.

Packet-mode ‘erminal—Data-terminal equipment
tha' can control and format packets and transmit and
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receive them.
Packet switching—The transfer of data by means of

.addressed packets whereby. interim point-to-point

channels are available only during the transmission of
one packet. The channel then becomes available for the
transfer of packets from the same or other messages.
Contrast with circuit switching, where the data
network determines the end-to-end routing before the
entire message transfer.

PAD (packet assembler/disassembler)—
Equipment providing packet assembly and disassembly
facilities.

Parity error—An error occurring when the results of
the parity calculations at the transmit and receive ends
of a system don’t agree.

Passband filters—Filters used in modem design to
allow only the frequencies within the communication
channel to pass while rejecting all frequencies outside
the channel.

PC (phase corrector—A part of synchronous
modems that adjusts the local data-clocking signal to
match the incoming receive data sent by the remote
clocking signal.

Phase jitter—An analog-line impairment caused by
power and communication equipment along the line that
shifts the signal phase relationship back and forth.

PM (phase modulation)}—Variation of an analog
signal’'s phase in direct relationship to digital input
information.

Point-to-point—A communication line connected
directly from one site to another.

Polling—A control message sent from a master site
to a slave site that serves as an invitation to transmit
data to the master site.

Primary center—A Class 3 telephone-switching
office at the next level above toll center.

Privacy—The techniques used for limiting and’or
preventing access to specific system information from
otherwise authorized system users.

Propagation delay—The time necessary for a signal
to travel from one point in a circuit to another.

Protocol—A formal set of conventions governing the
format and control of inputs and outputs between two
communicating processes, including handshaking and
line discipline.

Puise modulation—Modulating the characteristics
of a pulse series in one of several ways to create an
information-bearing signal. Typical inethods involve
modifying the pulses’ amplitude (PAM), width or
duration (PDM), or position (PPM). The most common
pulse-modulation technique employed in telephone
communications is pulse-code modulation (PCM), in
which the system samples the information signals at
regular intervals and transmits a series of pulses in
coded form, representing the amplitude of the informa-
tion signal at the sampling time.

Quadrature distortion—Analog-signal distortion
frequently found in phase-modulation modems.

Reactance—Frequency-sensitive communication-
line impairment causing loss of power and phase
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shifting.

Recovery—The actions required to bring a system
to a predefined level of operation after a degradation or
failure.

Regional center—A Class 1 telephone-switching
office, the top level in the DDD system.

Response time—The time measured from the
depression of a terminal’s Enter key to the display of
the first character of the response at that terminal site.

Reverse channel—An optional feature on some
modems that provides simultaneous communication
from the receiver to the transmitter on a 2-wire
channel. It can be used for message transmission,
circuit assurance or breaking and to facilitate certain
forms of error control and network diagnostics. Also
termed backward channel.

RTS (request to send)}—An RS-232 control signal
between a modem and user’s digital equipment that
initiates the data-transmission sequence on a comimuni-
cation line.

SDLC (Synchronous Data-Link Control}—An IBM
data-communication message protocol.

Sectional center—A Class 2 telephone-switching
office between a regional and a primary center.

Selector channel—A channel designed to operate
with only one I/0 device at a time. Once the I/O device
is selected, a complete record transfers one byte at a
time. (Contrast with block-multiplexer channel.)

Slicing level—A voltage or current level of a digital
signal at which a ONE or ZERO can be determined.

Slot—A unit of time in a TDM frame during which a
subchannel bit or character is carried to the other end
of the circuit and extracted by the receiving TDM unit.

S/N (signal-to-noise) ratio—The relative power
levels of a signal and noise on a communication line,
expressed in decibels. ’

SRC (spiral redundancy checking)}—A validity-
checking technique for transmission blocks where the
redundant information sent with the block for receiver
checking is accumulated in a spiral-bit-position fashion.

Store and forward—A data-communication tech-
nique that accepts messages or transactions, stores
them until they are validated and complete and then
forwards them to the next location as addressed in the
message or transaction header.

Streaming—A modem’s condition when it is sending
a carrier signal on a multidrop communication line and
hasn’t been polled.

Super group—The assembly of five 12-channel
groups, for simultaneous modulation and demodulation,
occupying adjacent bands in the spectrum. Can be used
as 60 voice-grade or wide-band channels or combina-
tions of both.

SYN (SYNC)—A bit or character used to synchronize
a time frame in a time-division multiplexer. Also, a
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_synchronization.

sequence used by synchronous modems to perform bit
synchronization and by the line controller for character

Synchronous modem—A line-termination unit that
uses a derived clocking signal to perform bit synchroni-
zation with incoming data.

TDM (time-division multiplexing)—A data-
communication technique for combining several lower
speed channels into one facility or transmission path at
a higher speed in which each low-speed channel is
allotted a specific position in the.signal stream based
upon time. Thus, the information on the low-speed
input channels is interleaved at higher speed on the
multiplexed channel. At the receiver, the signals are
separated to reconstruct the individual low-speed
channels.

Telemetry—Transmission and collection of data
obtained by sensing conditions in a real-time
environment.

Text—The part of a message or transaction between
the control information of the header and that of the
trace section or tail that constitutes the information to
be processed or delivered to the addressed location.

Thermal noise—A type of electromagnetic noise
produced in conductors or in electronic circuitry that is
proportional to temperature. (See Gaussian noise.)

Time sharing—A processing technique that permits
multiple users to share resources simultaneously.

Toll center—A Class 4 telephone-switching office up
one level from the end or serving office, named for the
call-billing apparatus found there.

T/P (transaction processing)}—A processing tech-
nique using on-line control programs and a remote
terminal network so that inquiries and applications
against a data base can be performed at any processing
site where the data is stored. Routing is performed
based on the content of the message that also contains
the information to be processed.

Turnaround time—The time required for a modem to
reverse the direction of transmission on a half-duplex
line.

Uncontrolled terminal—A user terminal that is on
line all the time and does not contain line-control logic
for polling and calling.

VF (voice frequency)}—Describes a telephone chan-
nel designed to carry the human voice.

VHF (very high frequency}—A radio carrier-
frequency band (30 to 300 MHz) used in emergency
situations for telephone and data communications.

VRC (vertical redundancy checking)}—A method of
character parity checking.

White noise—See Gaussian noise and thermal
noise.

Wide band—Implies data speeds requiring the
equivalent of more than one VF channel for operation;
broadband. EDN

Article Interest Quotient (Circle One)
High 479 Medium 480 Low 481
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FCC ADOPTED STANDARD JACK ARRANGEMENTS

FOR

DATA EQUIPMENT CONNECTION

Type of Jack

Type of Connection

USOC Code

Application

A. Miniature 6-Position

B. Weatherproof

C. 50-Position Miniature
Ribbon Jack

Bridged Tip and Ring

Bridged Tip and Ring
Ahead of Key Telephone
Line Circuit Plus A and Al

Bridged Tip and Ring
Behind Key Telephone
Circuit Plus A and Al

Bridged 2 Line Tip and Ring

Bridged Tip and Ring With
Mode Indication to A Series
Connection Ahead of Bridged
Connector

Bridged Tip and Ring
Ahead of All Equipment
With Make Busy Control

Bridged Tip and Ring Behind
Key Telephone Line Circuit
Plus A, Al, and Make Busy
Control

Bridged 3 Line
Tip and Ring

Bridged Tip and Ring

Bridged Tip and Ring
(Adapters)

Bridged Tip and Ring

Bridged Tip and Ring
Ahead of Key Telephone
Line Circuit Plus A and Al

Bridged Tip and Ring
Behind Key Telephone
Line Circuit Plus A and Al

Bridged Tip and Ring
Behind Key Telephone
Line Circuit Plus A
And Common Al
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RJ11C, RJ11W, RJ17C

RJ12C, RJ12W

" RJ13C, RJ13W

RJ14C, RJ14W

RJ16X

RJ18C

RJ19C

RJ25C
RJ15C
RJA1X, RJAZX
RJA3X

RJ21X

RJ22X

RJ23X

RJ24X

1&2

10

11

12

13

14

15
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Type of Jack Type of Connection USOC Code Application
C. 50-Position Miniature Bridged Tip and Ring (DATA) RJ26X, RJ27X 16
Ribbon Jack (Cont)
Series Tip and Ring RJ71C 17
Series Tip and Ring Ahead RJ31X 18
of All Station Equipment
D. Miniature 8-Position Series Tip and Ring Ahead RJ32X 19
Series Jack of One Station
Series Tip and Ring Ahead RJ33X 20

of Key Telephone Line
Circuit Plus A and Al

Series Tip and Ring Behind RJ34X 21
Key Telephone Line Circuit

Plus A and Al

Series Tip and Ring Plus A RJ35X 22

and Al Wired to Station
Set Terminals

Series Tip and Ring Plus RJ36X 23
MI and MIC
Bridged 2 Line Tip and Ring RJ37X 24

With Exclusion On Line 1

Series Tip and Ring RJ38X 25
Ahead of All Station
Equipment With Continuity

Leads
E. Miniature 8-Position Bridged Tip and Ring RJ41S, RJ45S 26
Series Jack (Keyed) Plus Ml and MIC (RJ41M, RJ45M)
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. Jacks RJ11C and RJ11W are normally associated
with single line ancillary devices, telephone sets, or
-9 dBm (permissive) modems and provide bridged
connections to the tip and ring of a telephone line.
RJ11C is surface or flush mounted for use with desk
telephone sets, while RJ11W is used for wall mounted
telephone sets.

. Jack RJ17C provides a single line bridged connection
of tip and ring to special telephone sets or ancillary
equipment (e.q., ECG machines) in hospital critical
care areas. Only registered equipment conforming to
Article 517 of the 1978 National Electrical Code is
permitted to connect to this jack arrangement. This
jack differs from the RJ11C in that tip and ring appear
on pins 1 & 6 rather than 3 & 4.

. Jacks RJ12C and RJ12W are normally associated
with one line of a key telephone system. They
provide a bridged connection to the tip and ring of
the telephone line and to key system A and Al leads.
The tip and ring conductors in the jack are connected
ahead of the key telephone system line circuit. The
RJ12C is surface or flush mounted for use with desk
telephone sets while the RJ12W is for wall mounted
telephone sets. Typically, these arrangements are
used when registered ancillary equipment must
respond to central office or PBX ringing.

. Jacks RJ13C and RJ13W are normally associated
with one line of a key telephone system. They
provide a bridged connection electrically behind the
key system line circuit to the tip and ring conductors
and to the A and A1 leads. The RJ13C is surface or
flush mounted for use with desk telephone sets while
RJ13W is for wall mounted telephone sets. These
arrangements are generally used when the registered
ancillary equipment does not require central office
or PBX ringing to function properly.

. Jacks RJ14C and RJ14W provide for bridged
connections to the tip and ring conductors of two
separate telephone lines. The RJ14C is surfaced or
flush mounted for use with desk telephone sets while
the RJ14W is for wall mounted telephone sets.

. Jack RJ16X provides a single line bridged tip and
ring and is associated with -9 dBm (permissive) data
arrangements that require mode indication for use
with exclusion key telephone sets. The exclusion
key telephone set requires a series jack, RJ36X
(described under 8 position jacks) as its normal
means of connection.
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7. Jack RJ18C provides a bridged connection of single

10.

11.

line tip and ring with make-busy leads MB MB1.
When the registered equipment provides a contact
closure between the MB and MB1 leads, a make
busy indication is transmitted to the network equip-
ment busying out the line from further incoming calls.
It is recommended that the busy indication (contact
closure) be provided while the line is in the idle state
in order to reduce the possibility of interfering with a
call that is in the ringing or talking state. The RJ18C
is surface or flush mounted for use with desk
telephone sets.

. Jack RJ19C is normally associated with one line of a

key telephone system. It provides a bridged
connection of single line tip and ring behind a key
system line circuit, with A and Al lead control, and a
direct connection for MB/MB1 make busy leads.

When the modem provides a contact closure
between the MB and MB1 leads, a make busy
indication is transmitted to the network equipment
busying out the line from further incoming calls. It is
recommended that the busy indication (contact
closure) be provided while the line is in the idle state
in order to reduce the possibility of interfering with a
call that is in the ringing or talking state. The RJ19C
is surface or flush mounted for use with desk
telephone sets.

. Jack RJ25C provides for bridged connection to the

tip and ring conductors of three separate telephone
lines. The telephone company will wire the lines to
the jack in the sequence designated by the
customer. The RJ25C is surface or flush mounted
for use with the desk telephone sets and ancillary
devices.

Jack RJ15C is a weatherproof jack arranged to
provide single line bridged connection to tip and
ring. Jack RJ15C can be arranged for surface or
flush mounting depending upon customer needs.

RJA1X and RJA3X are adapters used to adapt 4-
position and 12-position jacks, respectively, to a
6-position miniature bridged jack (Figures 15 and
16). They provide bridged connections to the tip and
ring of the telephone line. If A and Al leads are
already terminated in the 4- or 12-pin jack, they will
appear in positions 2 and 5 in the adapter. f Aand A1
leads are not involved, positions 2 and 5 are reserved
for telephone company use.



UNIVERSAL DATA SYSTEMS. INC

12.

13.

14.

15.

16.

RJA2X is an adapter that converts a single miniature
jack to two miniature jacks. It provides a bridged
connection to the tip and ring conductors of the
telephone line. If A and Al leads are already
terminated in an existing miniature bridged jack,
they will appear in positions 2 and 5 in both miniature
bridged jacks in the adapters. If A and A1 leads are
not provided, positions 2 and 5 are reserved for
telephone company use.

Jack RJ21X provides bridged connections to tip and
ring conductors of up to twenty-five telephone lines.
The RJ21X is typically used with Traffic data
Recording Equipment and Multiple Line
Communication Systems. The user must specify the
connection sequence for each line appearing in the
jack.

Jack RJ22X can be associated with a telephone
company-provided key telephone svstem  when
connection to several lines is required. It provides
bridged connections of up to twelve telephone lines
and their associated A and Alleads. The tip and ring
conductors in the jack are wired ahead of the line
circuit in the key telephone system. This
arrangement is used when the modem must respond
to central office or PBX ringing.

Jack RJ23X is normally associated with a telephone
company-provided key telephone system when
connection is required to several lines. It is wired
to provide bridged connections of up to twelve key
system line circuits and associated A and A1 leads.
It differs from and is prefered over the RJ22X, in that
tip and ring conductors in the jack are wired behind
the key system line circuits. This arrangement is
typically used when the modem does not require
central office or PBX ringing to function properly.

Jack RJ24X is normally associated with a
telephone-company provided key telephone
system. It is typically used with registered ancillary
devices such as conferencing devices, music on
hold, etc. It is wired to provide the same tip, ring,
A, and A1 appearances as a standard five line key
telephone set.

Jack RJ26X is a multiple line universal data jack for
up to 8 lines in a 50-position miniature ribbon
connector and accommodates either fixed loss loop
(FLL) or programmed (P) types of data equipment.
A switch, accessible to the customer, is provided on
each line to select FLL or P type of operation. FLL
equipment transmits at -4 + 1 dB with respect to one
milliwatt and a pad is included in the data jack so
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17.

18.

19.

20.

21.

that pad loss plus loop loss is nominally 8 dB.
Programmed type data equipment adjusts its output
power in accordance with a programming resistor in
the data jack. By these means, signals from either
FLL or P types of registered data equipment will
arrive at the local telephone company central office
at a nominal -12 dB with respect to one milliwatt for
optimum data transmission.

Jack RJ27X is a multiple line programmable data
jack for up to 8linesin a 50-position miniature ribbon
connector and accommodates programmed data
equipment only.

Jack RJ17C provides a multiple series arrangement
of tip and ring. It is typically used with registered
series devices such as toll restrictors, etc. Jack
RJ17C can accommodate up to 12 circuits per jack
(i.e., one tip and ring “in” and one tip and ring "out”,
4 leads per circuit). This arrangement does not
currently provide automatic restoration upon
disconnection of registered equipment. Thus, a
manual bridging plugis provided in order to maintain
circuit continuity upon withdrawal of a registered

plug.

Jack RJ31X provides a series connection to the tip
and ring conductors of a telephone line. It is wired
ahead of all station equipment electricaliv and 15
typically used with registered alarm reporting
devices. When there is an alarm condition, the
registered device functions to cut off all station
equipment wired behind it, via this jack.

Jack RJ32X provides a series connection to the tip
and ring conductors of a telephone line. It differs
from RJ31X in that it is wired ahead of a particular
telephone set rather than ahead of all the station
equipment. It is typically used with registered
automatic dialers.

Jack RJ33X is normally associated with a key
telephone system. It provides a series connection to
the tip and ring conductors of the telephone line and
the key system line circuit A and Al leads. The tip
and ring conductors are wired ahead of the key
system line circuit. This arrangement is typically
used when the modem requires central office or PBX
ringing.

Jack RJ34X is normally associated with a key
telephone system. It is wired to provide a series
connection to the key system line circuit tip and ring
conductors and its A and Al leads.



22.

23.

24.

25.

It differs from RJ33X in that all conductors are
wired behind the key system line circuit. This
arrangement is typically used when the modem is
not critical as to type of ringing signal or does not
require central office or PBX ringing.

Jack RJ35X is normally associated with a key
telephone set. It is wired to provide a series
connection to the tip and. ring conductors of the
telephone line and a bridged connection to the A and
Al leads. It differs from RJ33X and RJ34X in that the
tip and ring leads are connected to the common
wiring behind the pick-up keys of the station set
but ahead of the switch hook. The jack is wired to
the key telephone set so that the modem functions
on the line selected on the key telephone set.

Jack RJ36X provides a connection for a registered
telephone set equipped with an exclusion key when
the telephone line is also to be used with aregistered
data set or registered protective circuitry. It is wired
to provide a series connection to the tip and ring
conductors of the telephone line and mode
indication leads MI and MIC. With this jack, the
exclusion key can be used to transfer the telephone
line between the modem and the telephone set. As a
customer option, the exclusion key may be wired so
that either the telephone set or the modem controls
the line. In the former case, the exclusion key must
be operated to transfer the telephone line to the
modem. In the latter case, the telephone line is
normally associated with the modem. Operation of
the exclusion key is required to transfer the line to
the telephone set. In either case, a closure on the
Mi and MIC leads indicates the voice mode.

Jack RJ37X is used for providing two line service
with exclusion. Thejack is wired to provide a bridged
cennection to the tip and ring conductors of two
telephone lines with exclusion on line 1.

Jack RJ38X provides a series connection to the tip
and ring conductors of a telephone line identical to
those described for RJ31X. However, the jack also
prevides a continuity circuit which is used as an
indication that the plug of the registered equipment
1s engaged with the jack. The jack is wired ahead of
all station equipment electrically and is typically
used with registered alarm dialers.

RJ41S is a single line universal data jack normally
associated with fixed loss loop (FLL) or
programmed (P) modems. A switch, accessible to
the user, is provided to select FLL to P type of
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operation. (FLL equipment transmits at -4 + 1 dB
with respect to one milliwatt and a pad is included
in the data jack so that pad loss plus loop loss is
nominally 8 dB. Programmed modems adjust their
output power in accordance with a programming
resistor in the data jack. By these means, signals
from either FLL or P types of registered modems will
arrive at the local telephone company central office
at a nominal -12 dB with respect to one milliwatt for
optimum data transmission.) A sliding cover is
provided to keep dirt and dust from entering the
jack when it is not in use. The FLL/P switch selects
the desired method of operation. Two matted
surfaces are provided on the housing of the jack for
the telephone company installer to write in the loop
loss (designated LP L) and the telephone line
number (designated T LN).

RJ45S is a single line data jack normally associated
with programmed (P) modems. Thisjack is the same
as the universal data jack RJ41S described above,
except that the pad for fixed loss loop (FLL)
equipment and the switch to select FLL or P type
of operation are omitted. Its appearance is the same
as RJ41S except that RJ45S does not have the
FLL. P switch.

Both jacks provide bridged connections to the up
and ring of a telephone line and provide mode
indication leads for use with exclusion key telephone
sets when required. The exclusion key telephone set
requires a series jack RJ36X as its normal means of
connection.

The RJ41M and RJ45M provide a multiple mounting
arrangement for mounting a number of RJ41S or
RJ45S Single Line Universal or Programmed data
jacks. The telephone companies will implement
USOCs and RJ41IM and RJ45M with RKM2X
(which is the USOC for a mounting arrangement)
and the appropriate number of RJ41S or RJ45S
single line data jacks as required by the user. The
mounting arrangement will accommodate up to 16
single line data jacks. In effect. this arrangement
provides the features of a patch panel. The user has
complete flexibility in patching the cord and plug
from any modem to any line. The arrangement can
be mounted on a wall or on 19 or 23 inch relay racks.
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Standalone and Rack Mount Modem Cables
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UDS PART

STANDALONE MODEM LINE

MODEM MECHANICAL TELCO

1
- ] 1
CABLE TELCO JACK USED ON
CODE NUMBER CONNECTION | LAYOUT ! CONNECTION
6 PIN 6 PIN
= 3 ¢ o)
62 61020184 RJ11C ALL LP SERIES
e 6 FEET o PERMISSIVE MODEMS.
I o
2 WIRE CABLE (TIP AND RING)
6 PIN 6 PIN
E‘? J ¢ @ RJ12C ALL LP SERIES
64 61020410 L 6 FEET | RJ13C MODEMS
- = PERMISSIVE
4 WIRE CABLE (TIP. RING, A AND A1) (MULTIBUTTON PHONES)
8 PIN 6 PIN
( % [ BN o
68 61020202 RJ11C ALL DIRECT CONNECT
. ol PERMISSIVE STANDALONE MODEMS
- 6 FEET
| T
2 WIRE CABLE (TIP AND RING)
8 PIN
6 PIN
—
( E" Y & o
59 61020418 ' ) RJ16X ALL DIRECT CONNECT
[ 6 FEET l PERMISSIVE STANDALONE MODEMS
4 WIRE CABLE (TIP. RING. MI. MIC)
8 PIN
8 PIN
1 \ Y € — RJ45S ALL DIRECT CONNECT
PROGRAMMABLE | STANDALONE MODEMS
56 61020192 | RJ41S
I‘ 6 FEET - (PROGRAMMABLE
ONLY)
6 WIRE CABLE (TIP. RING. MI. MIC. PR. PC)
6 PIN 4 SPADE LUG
o TX PAIR
- . < RIG
- 3 & 1{ e
73 61020212 S BY PRIVATE LINE ALL PRIVATE LINE
L | MODEMS
e 8 FEET =t
4 WIRE CABLE [TIP. RING (TX PAIR). TIP. RING
(RX PAIR))
8 PIN 8 SPADE LUG
= |PRIVATE LINE FOR 212A IN
= 2W PRIVA N
82 61020232 =& IRE OPERATION TE LINE

LJu

T

8 WIRE (TIP AND Ruri:3)

| ::1 3§ \a

6 FECT

MODE RED AND
GRZEN WIRES USED
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RACK MOUNT CABLES

RM16 D/C WITH 50 PIN BACKPLANE

T T
CABLE| UDS PART RACK ] MECHANICAL 1 TELCO TELCO USED
CODE NUMBER CONNECTION LAYOUT | CONNECTION JACK ON
[l 1
50 PIN 50 PIN
4——"s0 PN E
RM16 D/C RACK
63 61020181 RJ21X MAX 16 LINES
- PERMISSIVE LESS IF AUTODIALERS
< 8 FEET ARE USED
50 WIRE CABLE (MAX 16 PAIRS OF TIP AND RING)
50 PIN - 50PIN
I 4 RM16 D/C RACK MAX 8
' ‘é::r"ﬁ LL___>' LINES PER CABLE.
61 61020171 | RJ27X LESS IF AUTODIALERS
8 FEET - PROGRAMMABLE | ARE USED. 2 CABLES

50 WIRE CABLE (MAX 8 PAIRS OF TIP & RING)

PER SHELF

FRONT VIEW !
1
D | ADAPTER 2 ADAPTERS PER
COVERTS SHELF TO COVERT
NOT 61020240 50 BACKPLANE ALL 16 LINES PER
USED CONNECTOR TO PERMISSIVE ‘PRO-
8 (8 PIN) MODULAR  GRAMMABLE OR
o [con———— ) © CONNECTORS PRIVATE LINE
REAR VIEW
8 PIN 5 PIN
. A .
) =2 | g oarTer
1
o6 1020162 , ) ‘;’jﬁgmMMABLE PROGRAMMABLE
lr__ 6 FEET =1 | (PROGRAMMABLE SSQLNUESC,CT)',?EEY
ONLY) PHONE CANNOT BE
USED
6 WIRE CABLE (TIP RING. PR FC)
8 PIN 6 PIN
—
- o ng USED WITH ADAPTER
! — PROVIDES PERMISSIVE
RJTIC CONNECTION
68 61020202 % 6 FEET - PERMISSIVE | EXCLUSION KEY

2 WIRE CABLE (TIP AND RING)

PHONE CANNOT BE
USED.

82 61020232

8 PIN
C=F
6 FEET — -———>'1

8 WIRE CABLE [TIP AND RING (TX PAIR)

RED AND GREEN] [TIP AND RING (RX PAIR)
BROWN AND SLATE]

PRIVATE LINE
2 OR 4 WIRE

USED WITH ADAPTER
PROVIDES PRIVATE
LINE CONNECT 4
WIRE OPERATION USE
BOTH PAIRS 2 WIRE
OPERATION USE TX
PAIR
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RACK MOUNT CABLES CON'T.

b

320

RM16 D/C WITH 6 PIN MODULAR BACK PLANE
-~ 1 1
CABLE | UDS PART RACK MECHANICAL ! TELCO
CODE | NUMBER CONNECGTION | LAYOUT ! CONNECTION | TELCO JACK USED ON
1. 1
6 PIN 6 PIN
RM16 D/C RACK WITH
@ 3 MODULAR BACK
62 | 61020184 RISV | PANELMAX 16
l 6 FEET -] PE SEPARATE LINES.
I | LESS IF AUTODIALER
USED
2 WIRES (TIP AND RING)
6 PIN (BLACK CABLE) 8 PIN
13_ _ @ RM16 D/C RACK WITH
RJ45S MODULAR BACK
85 61020266 | |- 8 FEET o | PROGRAMMABLE | PANEL MAX 16
SEPARATE LINES LESS
IF AUTODIALER USED
4 WIRES (TIP, RING, PROGRAM RESISTOR,
PROGRAM COMMON)
6 PIN 4 SPADE LUG
TX PAIR
é] R.G RM16 D/C RACK WITH
S <C ] RX PAIR MODULAR
B.Y. CONNECTOR PRIVATE
» PRIVATE LINE
73 61020212 | LINE CONNECTION 4
e 6 FEET - 2 OR 4 WIRE WIRE. USE BOTH
PAIRS 2 WIRE. USE TX
4 WIRE CABLE [TIP, RING (TY PAIR), TIP. RING PAIR
(RX PAIR| ,
RM8 WITH STANDARD BACKPLANE. 25BP CONNECTORS a
; DB25 (25 PIN)
6 PIN
[
3 € R I
680 61020166 PERMISSIVE RM8 PACK
le 6 FEET
| i e
2 WIRES (TIP AND RING)
DB25 (25 PIN) §
8 PIN
Y § RM8 PACK
58 RJ45S
] 61020165 PROGRAMMABLE B
|
- 6 FEET |
"RM8-208 MODEM ONLY
6 WIRES, TIP. RING. MI, & MIC", PR, PC) HAS MI, MIC LEADS
DB25 (25 PIN) 4 SPADE LUG
> R
) ¢ ér ¢ ey
= '\; B8
w] RX
#56 61020164 PRIVATE RM8 PACK
|e 6 FEET LINE
[
4 WIRES TIP. RING (TX PAIR)
TIP RING (RX PAIR)




RACK MOUNT CABLES CON'T

RM17 8 PIN MODULAR CONNECTOR PER MODEM

T
y TELCO

CABLE UDS PART MOBEM MECHANICAL
CODE NUMBER CONNECTION | LAYOUT | CONNECTION TELCO JACK USED ON
8 PIN 6 PIN
68 61020202 EL BN g‘r | RJ11C ALL RM17
PERMISSIVE MODEMS
|- 6 FEET |
2 WIRE CABLE (TIP AND RING)
8 PIN 8 PIN RJA5S . ALL RM17
66 61020192 E PROGRAMMABL MODEMS
. ] RJ41S EXCLUSION KEY
(- 6 FEET (PROGRAMMABLE PHONE CANNOT
| gl ONLY) BE USED

6 WIRE CABLE (TIP. RING. PR, PC)
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Appendix E

UDS RM8 and RM16 Racks
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RM-16/RM-8 Racks

RM-16 DC
FRONT VIEW

7
RM-16 DC ;
FronT PANEL 3
LOWERED

-160C 1 A A [
Rear View oo ot

. o

RM-8
FRONT VIEW

TIOR Qe - v

" e

< TN 2 v —
T LAV S 3 TPV

RM-8
FrRONT PANEL
LOWERED

e ree

i=8
"EAR PANEL

e

ie




50 PIN 50 PIN
50 PIN 50 PIN
S o = -~
50 PIN, 50 PIN

1. STANDARD
2, SeLIT
3, ALTERNATE

Permissive (RJ21X)
Use onLY 16 oF 25 pPosSSIBLE
UDS ParT No, 61020181 CaBLE Cope 63

ProcrAMMABLE (RJ27X)

ReQuIREs 2 CABLES
UDS ParT No., 61020171 CaBLE Cope 61

50-PIK CONNECTOR
o 50-P 1IN CONMECTOR

8- - 3- - 3-
~~~~~~~~~~~~~~~ B E EEEDEE
PN PiIN
L LINE 1 T
LINF I

50 Pin 1o 8 Fin MoDuLAR JACK
ADAPTOR BOARD

6 PIN 8 PIN
—
8 Pi
N 8 PIN

e

:;b —r _9 L

Permissive (Voice Jack-RJ11)
UDS ParT No. 61020202 CaBLE CopE 68

PROGRAMMABLE (DATA JAck-RJ45S)
UDS FarT No. 61020192 CaBLe Cope 66

PRIVATE LINE
UBS FarT No. 61020232 CaBLe Cope 82

RM-16/DC TeLco CoNNECTOR AND CABLE CONFIGURATION
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1. STANDARD
2. SpLIT
3. ALTERNATE

6 PIN| e Permissive (Voice Jack-RJ11C)

= 3 § | UDS ParT No. 61020184

CaBLE CopE 62

6 PIN| . 8 PIN PrROGRAMMABLE (DATA JAck-RJU5S) -

(e cessssss — )  SPECIAL BLACK

UDS ParT No. 61020266
CaBLE Cope 85

6 PIN| PrIVATE LINE

(225%; ' —c ‘_éégggggg UDS ParT No. 61020212

CaBLE CoDE 73

RM-16/DC TeLco ConNecTor AND CABLE CoNFiGurATIONS (CoNT)
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- Eﬁzf:: STANDARD BACKPLANE
—|E=
a. OO
Q—Q_'—'\ b=l = = a2 Bl Bl -l e Bl =l -l B B
—
2 N3 S 52828 B85 =55 88| 20 P Teco
5i;§<zzzzzggggggzgggg
3 o
a. gfo-\
2 112]3]|4]5]6/7]819]10'11'12/13{14j15] 6 P1in MobuLar JAck
—J -
33‘§§§§k\ : SPLIT BACKPLANE
&00_21\ =il === l=m|=sioisi=is=s
) )——"\: (W] Ll_liLlJ‘LIJ LLJ:LJ_I;LJ_J:DLLJ Lol LLJ:LJJILLJ [a]
o ina N anoaao oo odoal alala alalal 50 Pin TeLco
Q:DC’ <, 9|2 Qfgo_acgqoo'ggo
e I; sl |= === |=H e === =
S 192 £
a |Fx H
20011 213141516{7H8]|9]10i11 1213].4@5 6 PN MopuLArR JACK
>~ 8525:: H | H E s E E ALTERNATE BACKPLANE
— == H H 8
a 5o H : H
[a W — H = =11 = = -
= D"_EDE:DE;D wr:m‘f:EL:u’j‘—:E t] 50 Pin T
I in Q- olalloajoado atlO aldiako|adaga IN ELCO
= RSN T |22 <22l 2T ef=IerT e
£ TN 0| H H 'R
& |[ZaN HLUH s !
>KJ0|1H2|3H4[5H6({7H8!901112|13614.15] 6 Pin MopuLar Jack
TYPES OF MODEMS.vvenvreve.a.n. 103, 108, 202S, 2027, 201B, 201C
Tyres oF ACU S vvvvvnvnnnnnnns 801A - PuLse wiITH PARALLEL RS366

801C - ToucH Tone WiTH ParALLEL RS366
801AS - PuLSE WITH SERIAL RS232
801CS - ToucH TONE WITH SERIAL RS232

RM-16/DC ACU/Mopem Back PLANE CONFIGURATION
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FEMALE 25 PIN

_ MaLe 25 PIn
TeLco CONNECTOR

DB25 (25 PIN)

° PN PerMIssIVE (Voice Jack-RJ11C)
= s “ UDS ParT No. 610220166 CasLE Ho.60

8 PIN: oB25 2 PN proGRAMMABLE (DATA Jack RJU45S)
=] 3 “ UDS Part No. 61020165 CabLe No.58

DB25 (25 PIN)
5 PrRIVATE LINE
5 3 ¢ !I UDS ParT No. 61020164 CaBLE No.5b

RM-8 TrLco CotinecTor AND CABLE CONFIGURATIONS
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s
2222 STANDARD
> - ) BACKPLANE
M=
=] :‘gég’./:’ SIS s sl=|l=|=|=
& 5o 2 ;//’ == Halselalala2s
5@2%% glgelg|le|gelgelgle
2 S S C;:;
V
5??2 o(1t2{3j4|5]61]7]38
/ - H -
EEEE E = S = ALTERNATE
§§ EE ,\rj:: E E E ; BACKPLANE
&g = 2 5 H 5
5 |285E 2 5|E5a|Bls|5E|5HE
g |BgEg <| ST e %|E = EE
S s 5 E g g
e = = = -
/ s = - -
10| 1H2|3B4|5EB6|7HS8
TYPES OF MODEMS. v i vunvonnnss 103, 108, 202S, 202T. 201B, 201C,
2127, 208A/B, 9600
TyPeEs OF ACU S vvvvvnvanvnnes 801A - PULSE WITH PARALLEL RS366

801C - ToucH TONE WITH PARALLEL RS366
801AS - PuLse wiTH SERIAL RS232
801CS - TouCH TONE WITH SERIAL RS232

RM-8 ACU/Mopem Back PLANE CONFIGURATION
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TO DTE

HOUSING #1

CABLE /M

HOUS ING #2

P3

e————— 6 INCHES

e ——

CABLE #2

P1

pB-25p!

\oa-zss

P3

\0B-25°P

e 6 INCHES ———s)

UDS ParT Ho., 10
CaBLE Cope #/1

UDS ParT No. 1020203 PaArRALLEL DiIALING
CaBLE Cope #69

CABLE f1

20205 SeriaL DiaLiNG

HOUSING #3

HOUS ING #4

P3 P2

P3

f

E

0B-25P

L = DESIRED LENGTH

CABLE #2

08-255

CABLE #2 1S WIRED PIN TO PIN FROM P1 T[J P2

(1.E. 1 TO 1

, 27102,

CaBLE Cope #/0
UDS ParT No, 1020204

CascabinG DiIALERS
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_..
QK
R R

T o
b"‘ﬁ o

T F TR

i

h

=y 5 ¢ *#ééw Permissive (Voice Jack-RJ11C)
! | L= UDS ParT No. 61020202
o CaBLE Cope 68
- o ProGrRAMMABLE (DATA JAck-RJU5S)
== ] —3 ¢ 3 =) UDS ParT No, 61020192

CaBLE CopE 66

TYPES OF MODEMS. v vvvsvvnvneesaninvesesas 113D, 202S

TYPESOFACUDIIIﬁIlI'l'iIUII"Ii!llll!!! NOFJE
POWER SUPPLY .+ v svrsessvsssessvvsseresss None (TeLepHoNE LINE POWERED)

RM-17 Rack anND CABLE CONFIGURATIONS
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Appendix F

Guidance in Selecting Custom OEM Modems
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UNIVERSAL DATA SYSTEMS, INC.

# COX DATACOMME

GETTING THE MOST MODEM
FOR THE LEAST MONEY

Today's relatively low modem costs can be cut further by defining
specific data communications requirements and matching them to
available modems, thus reducing the need for custom design.

John Jurenko

Universal Data Systems, Incorporated

5000 Bradford Dr, Huntsville, AL 35805

COmpared to the cost of central processing units and
most peripheral devices, modems are relatively inexpen-
sive. As distributed data processing grows in impor-
tance, however, systems engineers become increasingly
sensitive to the cost of dozens or even hundreds of
modems within a single system. One of the best ways to
control modem cost is by stripping away everything that
is not absolutely essential. Making the modem an in-
tegral rart of a terminal, for example, eliminates the ex-
pensive housings, power supplies, controls, and
switches that are required in a self-contained modem.
The original equipment manufacturer modem, a board
that can be plugged into a slot within the cabinet of a
terminal or other system component, reduces this essen-
tial subsystem to its least costly configuration.
Modems are such a highly specialized part of a data
communications system that many original equipment
manufacturers (OEMs) purchase these subsystem
elements from outside vendors. The technologies
employed in modem design and manufacturing span a
great many disciplines. Within the deceptively simple
appearing boards, high speed streams of digital data are

converted into audio signals; waveforms are precisely
shaped, clipped, and buffered; the whole conversion
process is performed in the opposite direction; and an
immense variety of control and housekeeping functions
are handled through a combination of hardwired and
software techniques.

Signal handling is only part of a modem'’s job. Many
systems also require the modem to handle diagnostic
and testing chores and to give detailed indications of ex-
isting conditions within the modem itself, the associated
terminal, the interconnecting network, and even the
modem and terminal at the other end of the com-
munication path. For high speed operation, modems in-
corporate automatic adaptive equalization that changes
the filter characteristics with time as the transmission
lines change. Finally, because they span the gap between
a data processing system, with all of its peculiarities,
and an interconnecting network, with its own rigid set
of rules and peculiarities, modems can be viewed as
devices that perform a combination of electronic,
mechanical, and government agency mandated isolation
functions.

Reprinted with permisaion trom Computer Desien - November, 19%0 issue
Copyricht 1980 by Computer Devien Pubhishine Corp
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Considering all of the factors just mentioned, it is
tempting to compile a very detailed list of specifications
when seeking bids from modem vendors. In many cases,
the tendency toward overspecification can lead to a
much more expensive modem than the system actually
requires. Temperature tolerances, for example, can be
overstated to the point where an otherwise suitable off
the shelf modem must be passed by in favor of a custom
designed unit that uses speciaily selected components,
incorporates additional circuitry, and requires expensive
qualification testing. The cost of all this special work is
worthwhile, of course, provided that the system truly

needs the extra performance. However, most systems do
not require much more than generally accepted perfor-
mance within industry standard temperature ranges.
Throughout the modem industry, manufacturers sug-
gest a high degree of vendor participation when it comes
to specifying a custom modem for an OEM application.
Their advice is to arrive at a general characterization of
the modem performance level required and then to sub-
mit this outline information to selected vendors. De-
tailed specifications should be drawn up jointly with the
vendors. This approach otfers many benefits. There is a
good chance of obtaining a recommendation for an off
the shelf product that would cost less than a custom
design. The final specification will be more meaningful
than a specification generated by engineers who have
limited modem expernence. Costly overspecification can
be avoided. Necessary details will be included that might

Modem Specification Qutline

(Check Appropriate Boxes)

1. General System Information
» Dial-up telephone network
(J Dedicated private line nety ork
L 2-wire
] 4-wire
2 Point to pont
~ Muludrop
{2 Approvals and standards
FCC Part 68
Underwriters” Lab
CSA
LUPTT
T Othet .

2. Data Flow information

Speed 1s_____bits/s

) Synchronous
Asynchronous

Z1 Full-duplex
Half-dupiex
(7 Simplex
[3 Extreme data accuracy required

3. System Interface (nformation
{J Dwect logic intertace
LTTL
3 CMOS
{(1Other .
2 RS-232
MiL-188
EIA-449
([ IEEE 488
T CCITT V.24
S Other___

4. Terminal Power Available
. OK to tap termingl
__Vac
— A
2 Dc to de converter reaquired
Modem must have independent power supply
Power mains provide -V a4t . Hz

5  Modem Circuit Board Requirements
_naong
* ___nowde
max) 1n between cards (standard = 0.5 in)
operating temperature max (standard
50 °C)
6. Features and Options Desired
Analog loop test
Digital inop test
CCITT pseudorandom code generator
Error detect and dispiay
Squelcn
Multipte RTS CTS delays
Auto diat
Auto answer
2-wire 3 wire seiect
i Onginate onty
©Answer only b
{ " Manual onginate answer select
© Automatic onginate-answer select
L External ciock input
"~ Output level seiect
© Reverse channel
© 5 bitsis
275 buts.s
5 150 busis
. Disconnect options

Full-duplex modems only

. a. 12-s absence of carrier
- b Loss ot carrier

c. Loss of hne current
. d  Recewe Long Space

e. Send Long Space

iR

! Busy out
Constant carrier
Carrier detect level
7. Purchasing Information
Need . __.units this year
Need ______units next year
Need quote by iDate)
Need evaluation prototype by (Date)
Neea __ _units per __
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otherwise be overlooked, especially in the area of
telephone network interfacing. Helpful suggestions may
result in testing and diagnostic features that cost less
when incorporated into the modem subsystem than
when included elsewhere in the overall product design.
Finally, a written test procedure may be supplied if re-
quested.

There are basic facts that any modem manufacturer
must know in order to respond to a request for an OEM
modem to be used in a product or system. If OEM
modem customers would begin the purchasing process
by preparing these facts, the entire relationship with
vendors would be smoother, the process leading to a
firm quotation would be easier, and far fewer problems
would occur in the long run.

General System
Application Information

Vendors need to kncw whether the system will be inter-
connected through the regular dial-up telephone net-
work or through some type of leased line network. If the
dial-up telephone network will be used, they must know
whether this will involve Federal Communications
Commission (FCC) registered, direct connect inter-
facing. Is the system (or any portion of it) destined for
use in a foreign country? If so, which one? What sort of
governmental agency approval might be required? (The
FCC, Underwriters’ Laboratories, CSA, and PTT, among
others, should be considered.) If the system will be in-
terconnected through a leased line network, is it a 2-wire
system or a 4-wire system? Is it a point to point system,
or is it a multidrop system with one transmission line
connected to more than two stations? Are there any
special engineering features that the modem vendor
should know about? Will the system use any unusual
data links, such as satellites or other long path carriers?

Specific Data Flow Information

Vendors also must know the required bit rate for digital
data transmission. Modems are available to handle data
speeds from fewer than 300 to 9600 bits/s. Special pur-
pose modems can handle data at far higher rates;
however, they are not compatible with the constraints
encountered on conventional voice grade telephone
lines. Will the system handle synchronous or asyn-
chronous data? Will the terminals require full-duplex
operation, or will half-duplex operation suttice? The re-
quired level of accuracy is another important data
transmission parameter. For example, facsimile systems
may be rather undemanding, while banking systems in-
volving electronic transfer of funds cannot tolerate
errors.

System Interfacing Information

What kind of interface is required? Available modems
provide interface capability for use with several types of
integrated circuits including transistor-transistor logic
and complementary metal oxide semiconductor logic.
Also available are so-called standard interfaces, such as
EIA RS-232-C, MIL STD-188, IEEE-488, EIA RS-449, and CCITT
v.24 and, if required, custom designed, bus oriented in-
terfaces. In addition, another important piece of system
information, the connector requirements, should be
determined. How will other system elements connect to
the modem? How will the modem plug into the network
interconnection wiring?

Power Availability and Form Factor

Must the modem contain an independent power supply,
or ¢an operating voltages be taken from the associated
terminal? If terminal power can be used, the available
voltages and currents must be determined. How much
space has been allotted to the modem? What are the
dimensions of the cards used in the system? What is the
separation between card slots? Where are the card con-
nectors located, and what type of connector is being
used? Must the modem occupy only a single card slot,
or can it take up two or more slots? During actual
system operation, will the modem card be in a vertical
position or in a horizontal position? This last considera-
tion can affect heat transfer and component cooling.
Vendors also should know about any special en-
vironmental qualification that would require the
modem to be constructed using a special printed circuit
board material or specially qualified components.

Special Features and Options

Special features rank among the most difficult portions
of the specification to anticipate. However, in this area,
one can expect a great deal of prompting and assistance
from the modem manufacturer. Are there any special
testing needs? For example, analog or digital loop
testing, built-in signal generators, and CCITT pseudoran-
dom noise generators all are available, along with an
almost infinite lineup ot other diagnostic capabilities in-
cluding automatic remote diagnosis, error detectors,
quality monitoring subsystems, and so on. Addi-
tionally, such items as light emitting diodes that indicate
functions generally used for testing (but not for signal
handling) also can be specified. An example is a simple
indicator that shows the presence of a carrier signal, a
transmitted data signal, a received data signal, or any
number of modem and terminal intertace functions.

Opuons such as those described in some of the Bell
standards should be considered. Does the modem re-
quire a squelch feature? Will the system employ only
one delay between a request to send and a clear to send,
or might several delay intervals be required? The list of
possibilities in this category is a long one.
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Environmental Considerations

Normal environmental specifications for industry allow
the equipment to operate within a temperature range of
0 to SO °C. Relative humidity can be as high as 95%
(without condensation). If the system must tolerate
more extreme environments, the special component,
construction, and testing requirements will have an
especially significant impact on cost.

Purchasing Information

Of necessity, vendors require the best forecast cf quan-
tities needed and as much information as possible about
the timing of deliveries. How closely can needs be syn-
chronized with the modem vendor’s normal cycle of
product development, prototype testing, manufacturing
release, volume production, and delivery? The earlier an
agreement on these questions is reached, the more ac-
curately actual costs will match initial cost estimates.

Proprietary Agreements

Assuming the required modem will be a custom de-
signed product, the vendor should know whether a long
term proprietary agreement will limit wider distribution
or, alternatively, whether the design can be offered to
other potential customers.

Custom Design Cost Considerations

Past relationships with other OEM subsystem vendors
are a good guide in dealing with a modem manufac-
turer. Obviously, off the shelf, standard products are
the least expensive to purchase, and this cost advantage
remains valid when relatively minor modifications must
be made to existing standard products. Using existing
products to satisfy needs is a good business practice that
benefits both parties.

If the product does call for custom design engineer-
ing, there will of course be a charge for the development
effort involved. Typically, these charges are nominal
and significantly lower than charges encountered in cer-
tain other segments of the electronics industry.

How to Get Started

Perhaps the best way to get started is by attempting to
answer the questions presented here and in the Modem
Specification Outline. Then, after organizing the data in
some fashion, one or more modem manufacturers can
be contacted by telephone. Allow the manutacturer to
help decide whether an informal discussion among
engineers might be of use before the specification is sent
out for bids. An honest and helpful reply can be ex-
pected because the business advantages of volume pro-
duction encourage modem manufacturers to exhaust all
possibilities involving standard products before ini-
tiating a custom design project.

John Jurenko joined Universal Data Systems in 1975 as National Sales
Manager, participating in the development of sales representatives
and distributor programs, and was named Vice President of Sales in
1979. He has earned his BS and MS in electrical engineering.
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Appendix G

Credits are given to the following list of
references used creating this study of
networks.

Introduction to Local Area Networks, Digital
Equipment Corporation, 1984

The Local Netter Designers Handbook 3rd Edition,
Architecture Technology Corporation, 1984

Computer Networks and their Protocols, D. W.
Davies, D. L. Barber, W. L. Price, C. M.
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Computer Networks, Andrew S. Tanenbaum, Prentice-
Hall Inc., 1981

"Data Communications”" Dr. William Barksdale, 1982

A1l About Modems, John Jurenko, Universal Data
Systems, 1981

More About Modems, Jack Douglass, William Zupko,
Universal Data Systems, 1983

Technical Aspects of Data Communications, John
E. McNamara, Digital Equipment Corporation, 1977

CCITT Recommendations, International Tele-
communications Union, Yellow Book, 1980
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