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Preface

Data Communications is one of the fastest growing markets in electronics and one
in which Philips Semiconductors has had a leadership position for many years.
Our industry standard UARTs are complemented with the advanced architecture of
the Dual Universal Serial Communications Controller (DUSCC) products and,
more recently, by the innovative I/O Processor family. Taking advantage of an
advanced CMOS technology, this entire product line represents the most
comprehensive in the industry and it continues to grow.

In addition to the product focus, Philips Semiconductors continues its committment
to the highest levels of quality to insure our customers of cost effective ownership
and world class reliability. In addition to the Digital Data Communication product
family, Philips Semiconductors offers a very extensive portfolio of semiconductor
products, the details of which can be obtained from your local sales office.
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DEFINITIONS
Data Sheet finiti
es - 1
\dentification Product Status Definition
This data sheet contains the design target or goal specifications for
Objective Specification | Formative or in Design p(oducl deyelopment. Specifications may change in any manner
without notice.
This data sheet contains preliminary data, and supplementary
. data will be published at a later date. Signetics reserves the right
Preliminary Specification| Preproduction Product | {5 raye changes at any time without notice in order to improve
design and supply the best possible product.
This data sheet contains Final Specifications. Signetics reserves
Product Specification Full Production the right to make changes at any time without notice, in order to

improve design and supply the best possible product.
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Ordering information

DATA COMMUNICATIONS CONTROLLERS

Example: SCNX XX X XC6N438
TITTTT

_ phiti " Pin count
SC — Philips Designator 14,16, 20, 24, 28, 40, 48, efc.

Process/Power Variation

N = N — Channel Package Code
C=C-MOS A = Plastic Leaded Chip Carrier (PLCC)
B = Biolar N = Plastic Dual In-Line
= Bip! F = Ceramic Dual In-Line

Timing Variation
Spd Sym  Spd Sym
01 1 21 1

Basic Part Number
See individual data sheets

Temperature 02 2 22 2
C=0°Cto70°C 03 3 23 3
(Commercial) 04 4 24 4
A =-40°C to +80°C 05 5 25 5
(Automotive) 06 6 26 6
M =-55°C to +125°C 07 7 27 7
(Military) 08 8 28 8
P =-20°C to +70°C 09 9 29 9
(Philips) 10 A 300
1 B 31 1
12 C 32 2
13 D 38 3
14 E 34 4
15 F 3 5
16 6 36 6
17 7 37 7
18 8 38 8
19 9 39 9
20 0 0 0

4
Unless otherwise noted.

Spd Sym
41

(4
o
T ONONAONAOOONDNADN =

FUTUREBUS+ PRODUCTS

Example: FB XXXX BB

Package Code:
A = Plastic Leaded Chip Carrier (PLCC)
BB = Quad Flat Pack (QFP)

Device Number

Designates Futurebus+ Product.
Temperature Range: 0°C to +70°C

LINEAR AND RF PRODUCTS

Example: NE XXXX N
j Package Code:

A = Plastic Leaded Chip Carriers (PLCC)
D = Plastic SO

DK=Shrink Small Outline Package (SSOP)
F = Ceramic Dual In-Line

FE = Hermetic Cerdip (8 Lead)

N = Plastic Dual In-Line

Device Number

Device Family and Temperature Range Prefix
AU = -40°Cto +125°C

NE = 0to+70°C
SE = -55°Cto+125°C
SA = -40°Cto +80°C
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Network terms

A

Access method: A software/hardware method of transferring data
between host-resident application programs and remote devices.
This term is usually used to describe communications software
residing in a mainframe computer.

ACK or acknowledge: A character or sequence of characters sent
by a receiver to notify a sender that the last message was received
correctly. ACK is also sent by a remote device as a “go-ahead”
response to a selection sequence.

Acoustic coupler: A type of modem that permits use of a
telephone handset as a connection to the public telephone network
for data transmission by means of sound transducers.

Adaptive differential pulse code modulation: One of the
methods of pulse code modulation utilized in digitizing an analog
signal (32 Kbps is typical).

Adaptive equalization: A modem feature allowing it to
automatically compensate for distortions on the line.

Adaptive predictive coding: A methodology used in compressing
digitized voice signals.

Algorithm: A prescribed set of well-defined rules or processes for
arriving at a solution to a problem. A mathematical process.

Alphanumeric: Made up of letters (alphabetic) and numbers
(numeric).

Alternative route: A secondary communications path used to
reach a destination if the primary path is unavailable.

Amplitude modulation: Transmission of information on a
communications line by varying the voltage level or amplitude.

Ambient noise: Signal interference that is present on a
communications line at all times (background noise).

Amplifier: A device that increases the power or amplitude of a
signal.

Amplitude variation (ripple): Unwanted variation of signal voltage
at different frequencies on a communications line.

Analog signal: A signal that changes in a non-discrete manner
(smooth transitioning to different levels).

Answer back: A transmission from a receiving data processing
device in response to a request from a transmitting data processing
device that it is ready to accept or has received data.

ARQ, Automatic re-transmission request: A generic description
of a protocol mechanism that involves re-transmission of message
blocks received in error. There are several types of ARQ operation.

Asynchronous: A data transmission which does not require a
separate clock signal for the reception of data. In code sets,
character codes containing start and stop bits.

Asynchronous transmission (start—stop transmission): Provides
transmission of one character at a time with a start bit and one or
more stop bits appended on each one. Any amount of time can
elapse before the next character can be sent.

Attenuation: Loss of communication signal energy.

Audio frequencies: Frequencies that can be heard by the average
human ear, usually between 15 and 20,000 Hz.

June 1994
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Automatic dialer: A device that will automatically dial telephone
numbers on the network. Operation of the dialer may be manual or
automatic.

Backward channel (also called reverse channel): A channel used
for sending data in the opposite direction of the primary (forward)
channel. The backward channel is usually used for sending data at
low speeds for either control purposes or keyboard data.

Balanced circuit: A circuit terminated by a network whose
impedance balances the impedance of the line so that the return
losses are negligible.

Bandwidth: The information carrying capability of a
communications channel or line.

Baseband: The frequency band occupied by individual information
bearing signals before they are combined with a carrier in the
modulation process. In LANSs, one transmitting device at a time on
the circuit.

Base group: Twelve communications paths capable of carrying the
human voice on a telephone set. A unit of frequency-division
multiplexing systems bandwidth allocation.

Baud: Data communication rate unit taken from the name Baudot.
Defined as the number of signal level changes per second
regardless of the information content of those signals.

Baudot: A five-level code set named for the early French
telegrapher who invented it. International Telegraph Alphabet (ITA)
Number 2 is the formal name.

Bias: Communications signal distortion with respect to bit timing.

Bit: Binary digit contraction. The smallest unit of data .
communications information, used to develop code representations
of characters.

Bit-oriented protocol: Refers to those data communications
protocols that move bits across a data link without regard to the
meaning of those bits. Nearly all bit-oriented protocols follow the
international HDLC recommendations.

Bit rate: The rate at which bits (binary digits) are transmitted over a
communications path. Normally expressed in bits per second (BPS).
The bit rate is not to be confused with the data signaling rate (baud),
which measures the rate of signal changes being transmitted.

Bit stream: Refers to a continuous series of bits being transmitted
on a transmission line.

Blank: A condition of “no information” in a data recording medium
or storage location, which can be represented by all spaces or all
zeros, depending on the medium.

Block error rate testing: Testing a data line with groups of
information arranged into transmission blocks for error checking.

Block: Some set of contiguous bits, bytes, or both that make up a
definable quantity of information.

Block check character: A single character appended to the end of
a data block for error-checking purposes. The BCC is usually LRC
but could also be checksum results.

Blocked Asynchronous/Synchronous Transmission: A
proprietary software package for sending asynchronous and
synchronous information used primarily by personal computer
interfaces.

Blocking: A condition in a switching system or PBX in which no
paths or circuits are available to complete a call and no dial tone is
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returned to the calling party. In this situation there is no alternative
but to hang up and try the call again. Also referred to as denial or
busy condition.

Block multiplexer channel: A computer peripheral multiplexer
channel that interleaves blocks of data. See also Byte multiplexer
channel. Contrast with selector channel.

Break: A signal used to “break in” when the opposite party or unitis
sending. A feature of dial point-to-point teletypewriter systems
operating in half duplex.

Breakout box: A test device utilized for monitoring and inserting
signals at the RS-232 interface. Bridge Equipment and techniques
used to connect circuits and equipment to each other ensuring
minimum transmission impairment. Bridging is normally required on
multipoint data channels where the drop for the local loop is
separated from the circuit that continues on to the next drop.

Broadband: Refers to transmission facilities whose bandwidth
(range of frequencies they will handle) is greater than that available
on voice-grade facilities; sometimes called wideband. Also used to
describe a particular kind of local area network configuration where
multiple different users can share the same cable facility in different
channels.

Broadcast: The ability to send messages or communicate with
many or all points on a circuit simultaneously.

Burst: A series of events occurring as a group.

Burst error: A series of consecutive errors in data transmission.
Refers to the phenomenon on communication lines where errors are
highly prone to occurring in groups or clusters.

Bus: A single connective link between multiple processing sites
(co-located only) where any of the processing sites can transmit to
any other but only one way at a time.

Byte: Some set of contiguous bits that make up a discrete item of
information. Bytes are 8 bits long.

Byte multiplexer channel: Multiplexer channel that interleaves
bytes of data from different sources. Contrasts with selector
channel.

Cc

Call forwarding: Calls to one station can be automatically switched
to another specified station.

Call setup time: The overall length of time required to establish a
switched call between pieces of data terminal equipment.

Camp-on: A feature of a switching station or device that notifies a
calling station that a called station is busy and allows the calling
station to wait and be automatically connected when the line is free.

Carrier: An analog signal at some frequency modified by
information (changes to frequency or amplitude or phase or
combinations of amplitude and phase) to represent that data in a
communication system.

Carrier system: A method of obtaining or deriving several channels
from one communication path by combining them at the originating
end, transmitting a wideband or high-speed signal, and then
separating the original information at the receiving end.

Centrex: A type of private branch exchange service where the
equipment is physically located in the local telephone exchange.
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Chain: A series of processing locations that information must pass
through each location on a store-and-forward basis in order to get to
a final location.

Channel: A data communication path.

Channel bank: Communication equipment performing multiplexing.
Typically used for multiplexing voice-grade channels.

Character: A language unit composed of bits.

Character parity: A technique of adding an overhead bit to a
character code to provide error-checking capability.

Character synchronization: The process through which a
receiving device can determine which bits, sent over a data link,
should be grouped together into characters.

Checksum: A BCC or BCS that is computed using simple binary
addition.

Circuit: The electrical path that provides communication between
two or more locations.

Circuit switching: A method of communication in which an
electrical connection between calling and called stations is
established on demand for exclusive use of the caller until the
connection is released.

Clocking: Time synchronizing of communication information.

Cluster: A group of user terminals co-located and connected to a
single controller through which each terminal is afforded the
opportunity to access a single communication line.

Cluster controller: An intelligent device, usually located at a
remote site, that allows several “dumb” terminals or similar devices
to connect to a single modem on a data link.

Coaxial cable: Cable with a shield against noise around a
signal—carrying conductor.

CODEC, Coder/Decoder: A device for digitizing a voice signal or
converting the digitized signal back to voice. Performs the opposite
function of a modem.

Communication line controller: A hardware unit that performs line
control functions with the 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 speech
volume range on a long—distance telephone circuit.

Concentrator: An electronic device that interfaces in a store and
forward mode with multiple communication lines at a message level
and then re-transmits those messages via one or more high-speed
communications lines to a processing site.

Conditioning: A technique of modifying electrical circuit
parameters on a communication line to improve the capability of that
line to support higher data transmission rates. (See Equalization.)

Contention: User competition for use of the same communications
facilities; a method of line control in which terminals request or bid to
transmit. If the channel is not free, the terminals must wait until it is.

Controi character: A character that is normally non-printabie and
used for control purposes rather than for the exchange of
information.

Controlled carrier: A feature of a modem that allows the modem
carrier signal to be turned on or off under command of the DTE. A
controlled carrier is necessary at remote locations on multipoint
lines.
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CRC, cyclic redundancy check: An error-checking control
technique utilizing a specifically binary prime divisor that results in a
unique remainder.

CSMA/CD, carrier sensed multiple access/collision detection:
A method of transmitting information in the local area network
environment (LAN) where only-one transmitter may be on the line at
any one time. If two devices transmit simultaneously, the signals
“collide” and both must cease transmission. Each will try again at a
later time determined by a different internal delay.

CTS, clear to send: A control line between a modem and a
controller used to operate over a communication line.

Current loop: An interface in which the absence or presence of
current now (as opposed to voltage levels) is used to provide
signaling between devices.

Cursor: A lit area on an electronic display screen used to indicate
the next character location to be accessed.

D

Data compression: The technique that provides for the
transmission of fewer data bits without the loss of information. The
receiving location expands the received data bits into the original bit
sequence.

Data set (modem): An electronic terminating unit for analog lines
used for data signal modulation and demodulation.

dBm: Power level measurement unit in the telephone industry. 0
dBm is ImW at 1004 Hz terminated by 600Q impedance.

Decibel (dB): Power level measurement unit.

Dedicated line: A communication line that is not dialed. Also called
a leased line or private line.

Delay: A period of time that elapses between the end of one event
and the start of another.

Delay distortion: A distortion that occurs on communication lines
due to the different propagation speeds of signals at different
frequencies. Some frequencies travel more slowly than others in a
given transmission medium and therefore arrive at the destination at
slightly different times. Delay distortion is measured in
microseconds of delay relative to the delay at 1200 Hz. Delay
distortion does not affect voice, but it can have a serious effect on
data transmissions.

Demodulator: A functional section of a modem that converts the
received analog line signals back to digital form.

Dial line: A communication line that is dialed.
Digital: A two-discrete-state signal.

Distortion: The unwanted modification or change of signals from
their true form by some characteristic of the communication line or
equipment being used for transmission (such as delay distortion,
amplitude distortion).

DPCM, differential pulse code modulation: A method of digitizing
an analog signal.

Drop outs: On a communication line, the signal can temporarily
disappear, causing loss of data. Drop outs are often caused by
environmental influences such as lightning.
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E

Echo distortion: A telephone line impairment caused by electrical
reflections at distant points where line impedances are dissimilar.

Echoplex: An error-detection method in which characters sent by a
terminal to a host are sent back to the terminal and displayed.

Echo suppressor: A device installed in long-distance telephone
lines for eliminating echo back to the speaker. Echo suppressors

can cause difficulties with simultaneous two-way communications
unless they are disabled by the modems.

Emulation: The act of imitating or performing as if a device or
program were something else.

Encryption: The technique of modifying a known bit stream on a
transmission line so that it appears to be a random sequence of bits
to an unauthorized observer.

End office: The first telephone office that a data line is connected
to over the local loop or access line. The end switching office for a
dialed connection.

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.

Error rate: The number of errors per unit of information in the test
to establish the error rate.

F

FDM, frequency-division multiplexing: A multiplexing technique
with which a data line bandwidth is divided into different frequency
sub-channels used to share a data line between several user
terminals.

Fiber-optics: Glass fibers that carry visible light containing
information in cables.

Filter: Electronic circuitry that blocks some components of a signal
while allowing other components to pass through uniformly. For
example, a high-pass filter blocks all frequencies in a signal that are
below a specified frequency called the “cut off.”

Firmware: A set of software instructions set permanently or
semi-permanently into a read-only memory.

Fixed equalization: A simple equalization technique for modems
by which the amount of compensation is preset internally or
externally to the modem.

Flag: A bit field or character of data used to set apart the data on
either side of the flag. A delimiter.

Flow control: A procedure by which a sending station can be
“throttled” so that it does not send more data into the data link or
network than can be handled by the link or network.

FM, frequency modulation: A method of transmitting digital
information on ‘an analog line by changing the carrier frequency
between two different values.

Format: A structure of a message or data such that specific
controls or data can be identified by their position during processing.

Forward error correction: The technique that provides for the
transmittal of additional information with the original bit stream so
that if an error is detected the correct information can be recreated
at the receive end without a re-transmission.
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Four-wire circuit: A circuit that consists of two twisted pair cables.
A four-wire circuit provides two separate circuits between stations.

Frame: Bit-oriented protocols refer to data blocks as frames. Also,
in T-1 transmissions, 8 bits from each of 24 channels plus 1 frame
bit for a total of 193 bits.

Frequency: The number of cycles of an alternating current signal
per unit time.

Frequency shift keying, FSK: A form of frequency modulation in
which the carrier frequency is made to vary or change in frequency
at the instant there is a change in the state of the signal being
transmitted (the carrier frequency on the line during a one or
marking condition would be shifted to another predetermined
frequency during a zero or spacing condition).

Frequency stacking: Another name for FDM, which indicates how
the multiplexing is performed.

Front end: An auxiliary computer system that performs network
control operations, freeing the host computer system to do data
processing.

Full duplex: A four-wire circuit, or a protocol that provides for
transmission in both directions at the same time between the same
two points.

Full-duplex modem: Provides a channel for sending data in each
direction. Full-duplex modems are required for two stations to send
data to each other at the same time.

G

Gain: The degree to which the amplitude of a signal is increased.
The amount of amplification realized when a signal passes through
an amplifier or repeater. Normally measured in decibels.

Gaussian noise: A noise whose amplitude is characterized by the
Gaussian distribution, a well known statistical distribution (white
noise, ambient noise, hiss).

Geosynchronous: A communication satellite orbit at the correct
distance from earth and at the correct speed to appear fixed in
space as the earth rotates.

Gigahertz (GHz): An analog frequency unit equal to 1 billion Hz.

Go-back-N: A form of continuous ARQ in which all biocks or
frames following a block received in error are discarded and need to
be resent.

Group address: Used to address two or more stations in a
predesignated group.

Guardband: The unused frequency band between two channels
that provides separation of the channels to prevent mutual
interference.

H

Half duplex: A communication line consisting of two wires or a
protocol capable of transmitting only one direction at a time.

Handshaking: Line termination interplay to establish a data
communication path.

Harmonic: Frequencies that are multiples of some fundamental
frequency.

Harmonic distortion: A data communications line impairment
caused by erroneous frequency generations along the line.
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High-level data link control: An ISO standard data
communications line protocol.

Hertz: Internationally recognized unit of measure for electrical
frequency. The number of cycles per second. Abbreviated Hz.

House cables: Conductors within a building used to connect
communications equipment to termination blocks.

Hybrid: An inductive device that converts a two-wire circuit into a
four-wire circuit or a four-wire circuit into a two-wire circuit.

Impedance: The total opposition offered by a component or circuit
to the flow of an alternating or varying current; a combination of
resistance, capacitance, and inductance.

Impulse noise: A type of interference on communication lines
characterized by high amplitude and short duration. This type of
interference may be caused by lightning, electrical sparking action,
or by the make-break action of switching devices.

Insertion loss: Signal power loss due to connecting
communication equipment units with dissimilar impedance values.

Integrity of data: The status of information after being processed
by software or transmitted over a communication link.

Interference: Refers to unwanted occurrences on communications
channels that are a result of natural or man-made noises and
signals, not properly a part of the signals being transmitted.

Intermodaulation distortion: An analog line impairment where two
frequencies create an erroneous frequency, which in turn distorts the
original data signal representation.

Isochronous: The term given to the movement of start-stop data
(asynchronous transmission) over a synchronous data link with each
intervening time interval being an integral number of character
times. :

J

Jitter: Type of analog communication line distortion caused by the
variation of a signal from its reference timing positions, which can
cause data transmission errors, particularly at high speeds.

K
L

Leased line, private line, dedicated line: A communications line,
usually a four-wire circuit, for voice, data, or both leased from a
communications carrier on a monthly basis.

Line driver: Aninexpensive amplifying device that allows two or
more devices to communicate over inexpensive twisted-pair cable
up to 2000 feet and up to 19,200 BPS.

Loading coils: Inductive devices that improve the quality of voice
transmissions (distorts data signals and must therefore be
compensated for by standard modems).

Local loop: The access line from either a user terminal or a
computer port to the first telephone office along the line path (also
called station loop, end loop, or subscriber loop).

Logging: The act of recording something for future reference, such
as error events or transactions.

Loopback: Directing signals back toward the source at some point
along a communications path.
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Loop current: A teletypewriter-to-line interface and operating
technique that involves switching an electrical current on and off to
represent data bits.

M

Mark: Interface standards define a mark to be the condition of the
data line when sending a logic one.

Megahertz, MHz: A unit of analog frequency equal to 1 million Hz.

Message switching: Routing messages among three or more
locations by store-and-forward techniques in a computer.

Metallic circuits: Refers to circuits that use metal wire (copper)
from end to end. implies that no loading coils or any other devices
are interposed between the ends of the circuit. Metallic circuits have
electrical (DC) continuity from end to end.

Microcode: A set of software instructions that executes a macro
instruction.

Microwave: A radio carrier system using frequencies whose
wavelengths are very short.

Milliampere, mA:- Electric current measurement unit equal to 0.001
Ampere.

Milliwatt, mW: A power unit of measurement equal to 0.001 watt.

Modem (data set): An acronym taken from functions the unit
performs by modulating and demodulating the digital information
from a terminal or computer port into an analog carrier signal to be
sent over an analog line.

Modem eliminator: A device that allows two DTE devices to be
connected without using modems.

Modem sharing unit: A device that allows several terminals or
other devices to share a single modem.

Multiplexer: A device that accepts many data lines and combines
them into a single high-speed, composite data stream.

Multipoint line: Also called a multidrop line. A communications line
having several subsidiary controliers that share time on the line
under control of a central site.

Multistation controller: A terminal controller having more than one
terminal device connected to it for subsequent access to the
communication line.

N

Narrowband: Refers to a LAN configuration in which only one user
can transmit at any one time (sometimes called baseband).

Noise: A communications line impairment that is inherent in the line
design or induced by transient bursts of energy.

(o)

Octet: A group of eight bits that usually, though not necessarily,
represents a byte, or word, and so on.

P

Packet switching: The transfer of data by means of addressed
packets whereby a channel is only occupied for the duration of
transmission of the packet. The channel is then available for the
transfer of other packets.
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PAD, packet assembler/disassembler: Equipment providing
packet assembly and disassembly facilities.

Parity error: An error that occurs in a particular entity of data in
which an extra or redundant bit is sent with the data. Detects only
odd numbers of bit errors. Even numbers of bit errors are not
detected.

Pass-band filters: Filters used in modem design to allow only the
frequencies within the communication channel to pass, while
rejecting all frequencies outside the pass band.

Patching jacks: Series—access devices used to patch around
faulty equipment using spare units.

Private branch exchange: A telephone switchboard.

PCM, pulse code modulation: A generic method of converting an
analog signal to a digital form.

Phase hits: A sudden electrical disturbance on a communication
line which causes the phase of the carrier signal to change, causing
bit errors on the data link.

Phase jitter: An analog line impairment caused by power and
communication equipment along the line, shifting the signal phase
relationship back and forth.

PM, phase modulation: A method of combining digital information
onto a line-carrying signal by variation of the phase relationship of
the signal. May also indicate preventive maintenance in the form of
service functions provided during periods of normal operation to
reduce the probability of failure later on.

Point to point: A communications line connected directly from one
point to another, as opposed to multipoint lines.

Polling: A control message sent from a master site to a slave site
as an invitation for the slave site to transmit data to the master site.

Propagation delay: The time necessary for a signal to travel from
one point on the circuit to another.

Protocol: A formal set of conventions governing the format and
control of inputs and outputs between two communicating
processes. Includes handshaking and line discipline.

PSK, phase shift keying: A method of analog modulation utilizing
differences in phase only as representing data bit one of several
ways to represent an analog signal. Typical methods involve
modifying the amplitude (PAM), width or duration (PDM), or position
(PPM). The most common pulse modulation technique in telephone
work is pulse code modulation (PCM). In PCM, the analog signals
are sampled at regular intervals and a series of binary bits
representing the amplitude of each pulse is transmitted,
representing the amplitude of the information signal at that time. The
standard sampling in today’s environment is 8000 times per second
with 8 binary bits representing each sample pulse giving a required
transmission rate of 64,000 BPS.

Q

QAM, quadrature amplitude modulation: A method of modulation
in which two carriers in quadrature are used for modulation. One
carrier is used for modulating the X axis and the other carrier is used
for modulating the Y axis.

Quadrature distortion: Analog signal distortion frequently found in
phase modulation modems.

R

Regenerative repeaters: A device interposed between the ends of
a data link or between nodes of a network to regenerate distorted
signals. Used in digital transmission.
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Response time: The time measured from the depression of the
enter key at a terminal to the display of the first character of the
response at that terminal site.

Reverse channel: An optional feature provided on some modems
that provides simultaneous communication from the receiver to the
transmitter on a two-wire channel. It may be used for circuit
assurance, circuit breaking, and facilitating certain forms of error
control and network diagnostics. Also called backward channel.

RTS, request to send: An RS-232 control signal that requests a
data transmission on a communication line.

S

SDLC, synchronous data link control: An |BM data
communications message protocol. A subset of HDLC.

Slicing level: A voltage or current level of a digital signal that
determines whether a one or zero bit will be recognized.

Slot: A unit of time in a TDM frame in which a sub-channel 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
communication signal and noise on a data line, expressed in
decibels.

Space-division multiplexing: Refers to using a separate circuit or
channel for each device. Essentially this means no multiplexing at
all. If, for example, a new terminal needs to be added to a system, a
separate wire is run to accommodate it.

Start bit: In asynchronous transmission, the start bit is appended to
the beginning of a character so that the bit sync and character sync
can occur at the receiver. The start bit is always a “0” or “space”
condition.

Start-stop: Also known as asynchronous transmission. A
transmission technique in which each character is preceded by a
start bit and followed by a stop bit.

Stop-and-wait ARQ: A form of ARQ in which the sender sends one
block of data and stops sending until an acknowledgment for that
block is received from the receiver. An example is bisync.

Stop bit: In asynchronous transmission, the stop bit is appended to
th end of each character. The stop bit is always a “1” or “mark”
condition. It sets the receiving hardware to a condition where it looks
for the start bit of a new character. May be 1 or 2 bits.

Store and forward: A data communication technique that accepts
messages or transactions, stores them until they are completely in
the memory system, and then forwards them to the next location as
addressed in the message or transaction header.

Streaming: A condition of a remote modem when it is sending a
carrier signal on a multi-drop communication line and will not turn
off.

String coding: A technique for combining multiple sequential
occurrences of the same character or bits.

Switched service: A common carrier communications service that
requires that call establishment take place before a data link can be
established. For example, DDD is a switched service.

Sync (syn): A bit or character used to synchronize a time frame in
a TDM. Also a synchronizing sequence used by synchronous
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modems to perform bit synchronization and by the line controller for
character synchronization.

Synchronous modem: A DCE that utilizes a clocking signal to
perform bit synchronization with the incoming data.

Synchr transmission: M ges sent in blocks where all
characters or bits are sent contiguously. No start or stop bits are
appended to characters. Each block begins with a sync sequence
and a start of message sequence so that character framing can
occur at the receiver and ends with an end of message sequence to
prepare the receiver to look for a new message.

T

Tariff: The rates, rules, and regulations concerning specific
equipment and services provided by a communications carrier.

T-Carrier: The AT&T name for their digital carrier system used for
carrying data or digitized voice signals.

TDMA, time division multiple access: A method utilized primarily
in satellite transmission in which various users share their time on
the same satellite link (portions of separate users are multiplexed
onto the same link through a satellite).

Telemetry: Collection and transmission of data obtained from
remote locations by sensing conditions in a real-time environment.

Telex: A teletypewriter service that allows subscribers to send
messages to other subscribers on an international level over the
public telephone network.

Terrestrial circuits: Non-satellite channels.

Text: That part of a message or transaction between the control
information of the header and the control information 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 also Gaussian noise.

Time-division multiplexing, TDM: A technique for combining
several information channels into one facility or transmission path in
which each channel is allotted a specific position in the signal
stream based on time. At the receiving end, the signals are
separated to reconstruct the individual input channels.

Time-out: A protocol procedure that requires a device to make
some response to a command or message block within a certain
period of time. If the response does not occur within that period of
time, a time-out condition occurs, which is considered an error
condition.

Time sharing: A processing technique by which multiple users at
their own remote terminals have the ability to share common
computer resources at the same time.

Trailer or trace block: Control information transmitted after the
body or text of a message or transaction used for tracing error
events, timing the communications through the network, and
recovering misplaced blocks or transactions after system failures.

Transparency: A transmission mode achieved when both the
sending and receiving devices do not react to the content of the data
they are sending.

Trunk: A multiple line circuit that connects two switching or
distribution stations or centers. Also a circuit from a PBX to a Class
5 telephone office.
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Turnaround time: The time required for a modem to reverse
direction of transmission on a two-wire circuit.

U
v

Validity checking: The techniques used to check the accuracy of
data after transmission on data lines.

VF, voice frequency or voice-grade line: A 4.2kHz bandwidth
telephone channel designed to carry the human voice from one
telephone set to another. The usable portion of the band is 300 Hz
to 3300 Hz.

VHF, very high frequency: A radio carrier frequency band used in
radio transmissions.

VRC, vertical redundancy checking: A method of character parity
checking.

w

WATS, Wide Area Telephone Service: A flat rate or measured
bulk rate long—distance telephone service provided on an incoming
or outgoing basis. By use of an access line, WATS permits a
customer to make telephone calls to any dialable telephone number
in a specific zone for an hourly rate. INWATS permits reception of
calls from specific zones over an access line in like manner but the
called party is charged with the call. The United States has been
divided into five zones of increasingly greater coverage depending
on the location of the customer.

White noise: See Gaussian noise; Thermal noise.

Wideband: In LAN systems, the ability for multiple users to
communicate simultaneously in different channels. Same as
broadband.

Word: One or more contiguous bytes, which may also be used to
identify a class of computer.

NETWORK STANDARDS :
Three types of Network Standards are described here. The first will
be the Electronic Industries Association (EIA) specifications, which
are always preceded by the letters RS (Recommended Standard) or
EIA. The second set will be the CCITT standard interface
specifications, which are always preceded by the letter V, and the
third series of specifications, also established by the CCITT, are
always preceded by the letter X. A V specification deals primarily
with telephone circuits, while the X specifications deal primarily with
data interfaces and public data networks. The most common
specifications in use today are identified below.

EIA-232-D. Interface between data terminal equipment and data
communication equipment employing serial binary data interchange
(January 1987).

EIA-269-B. Synchronous signaling rates for data transmission
(January 1976; identical to ANSI X3.1-1976).

EIA-334-A. Signal quality at interface between data processing
terminal equipment and synchronous data communication
equipment for serial data transmission (August 1981) (also adopted
as ANSI X3.24-1967).

EM-334-A-1, Addendum No. 1 to EIA-334-A and EIA-404.
Application of signal quality requirements to EIA449.
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EIA-357. Interface between facsimile terminal equipment and
voice—frequency data communication terminal equipment (June
1968).

EIA-363. Standard for specifying signal quality for transmitting and
receiving data processing terminal equipment using serial data
transmission at the interface with non-synchronous data
communication equipment (May 1969).

EU-366~A. Interface between data terminal equipment and
automatic calling equipment for data communication (March 1979).

EIA-404-A. Standard for start/stop signal quality between data
terminal equipment and non-synchronous data communication
equipment ANSI approved (January 1986).

EIA-404-1. Addendum No. 1 to EIA-404 and EIA-334-A.
Application of signal requirements to EIA449.

EIA-410. Standard for electrical characteristics of class A closure
interchange circuits (April 1974).

EIA-422-A. Electrical characteristics of balanced voltage digital
interface circuits (December 1978).

EIA—423-A. Electrical characteristics of unbalanced voltage digital
interface circuits (December 1978).

EIA-449-1. General-purpose 37—position interface for Data
Terminal Equipment and Data Circuit terminating Equipment
employing serial-binary data interchange. (The electrical signal
characteristics for EIA-449 are defined by either EIA-422 or
EIA-423, since EIA-449 is only a mechanical and functional
definition standard) (February 1980).

EIA~-470-A. Telephone instruments with loop signaling.
Performance and technical criteria for connecting and interfacing
various elements of the public telephone network.

EIA-491. Interface between a numerical control unit and peripheral
equipment employing asynchronous binary data interchange over
circuits having EIA-423-A electrical characteristics (October 1982).

EIA-496. Interface between data communication equipment (DCE)
and the public switched telephone network (PSTN). ANSI approved
(May 1984).

EIA-S30. High-speed 25-position interface for Data Terminal
Equipment and Data Circuit Terminating Equipment. ANSI approved
(March 1987).

V. CCITT. Code designation.

V.1. Equivalence between binary notation symbols and the
significant conditions of a two—condition code.

V.2. Power levels for data transmission over telephone lines.
V.3. International Telegraph Alphabet No. 5.

V.4. General structure of signals of International Telegraph Alphabet
No. 5 code for data transmission over public telephone network.

V.5. Standardization of data~signaling rates for synchronous data
transmission in the general switched telephone network.

V.6. Standardization of data—signaling rates for synchronous data
transmission on leased telephone-type circuits.

V.7. Definition of terms concerning data communication over the
telephone network.

V.10(X.26). 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).
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V.11(X.27). 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).

V.15. Use of acoustic coupling for data transmission.

V.19. Modems for parallel data transmission using telephone
signaling frequencies.

V.20. Parallel data transmission modems standardized for universal
use in the general switched telephone network.

V.21. 300-bit/s full-duplex modem standardized for use in the
general switched telephone network.

V.22. 1200 BPS full-duplex modem standardized for use in the
general switched telephone network and on point-to—point two—wire
leased telephone-type circuits.

V.22bis. 2400 BPS full-duplex modem using the frequency division
technique standardized for use on the general switched telephone
network and on point-to—point two—wire leased telephone-type
circuits.

V.23. 600/1.2K BPS modem standardized for use in the general
switched telephone network.

V.24. List of definitions for interchange circuits between data
terminal equipment and data circuit terminating equipment (and
provisional amendments, May 1977).

V.25. Automatic calling and/or answering equipment on the general
switched telephone network, including disabling of echo
suppressors on manually established calls.

V.25bis. Automatic calling and/or answering equipment on the
general switched telephone network using the 100 series
interchange circuits.

V.26. 2.4/1.2 KBPS modem standardized for use on four—wire
leased telephone-type circuits.

V.26bis. 2.4/1.2 KBPS modem standardized for use in the general
switched telephone network.

V.26ter. 2.4 KBPS full-duplex modern using the echo cancellation
technique standardized for use on the general switched telephone
network and on point-to—point two—wire leased telephone-type
circuits.

V.27. 4.8 KBPS modem with manual equalizer standardized for use
on leased telephone-type circuits.

V.27bis. 4.8 KBPS modem with automatic equalizer standardized
for use on leased telephone-type circuits.

V.27ter. 4.8/2.4 KBPS modem standardized for use in the general
switched telephone network.

V.28. Electrical characteristics for unbalanced double—current
interchange circuits.

V.29. 9.6 KBPS modem standardized for use on point—to—point
four-wire ieased telephone-type circuits.

V.31. Electrical characteristics for single—current interchange
circuits controlled by contact closure.

V.32. A family of two-wire, full-duplex modems operating at data
signaling rates of up to 9600 BPS for use on the general switched
telephone network and on leased telephone-type circuits.
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V.35. Data transmission at 48 KBPS using 60— to 108-kHz group
band circuits. V.36. Modems for synchronous data transmission
using 60— to 108-kHz group band circuits.

V.37. Synchronous data transmission at a data signaling rate higher
than 72 KBPS using 60-108 kHz group band circuits.

V.40. Error indication with electromechanical equipment.
V.41. Code independent error control system.
V.50. Standard limits for transmission quality of data transmission.

V.51. Organization of the maintenance of international
telephone-type circuits used for data transmission.

V.52. Characteristics of distortion and error-rate measuring
apparatus for data transmission.

V.53. Limits for the maintenance of telephone-type circuits used for
data transmission.

V.54. Loop test devices for modems.

V.55. Specification for an impulsive noise measuring instrument for
telephone-type circuits.

V.56. Comparative tests of modems for use over telephone-type
circuits.

V.57. Comprehensive data test set for high data signaling rates.

V.100. Interconnection between public data networks (PDNs) and
the public switched telephone network (PSTN).

V.110. Support of data terminal equipment (DTEs) with V-series
type interfaces by an integrated services digital network (ISDN).

X

X. CCITT Recommendation designation.
X.1. International user classes of service in public data networks.
X.2. International user facilities in public data networks.

X.3. Packet assembly/disassembly facility (PAD) in a public data
network.

X.4. General structure of signals of international alphabet no. 5
code for data transmission over public data networks.

X.20. Interface between data terminal equipment and data
circuit-terminating equipment for start/stop transmission services on
public data networks.

X.20bis(V.21). Compatible interface between data terminal
equipment and data circuit-terminating equipment for start/stop
transmission services on public data networks.

X.21. General-purpose interface between data terminal equipment
and data circuit-terminating equipment for synchronous operation
on public data networks.

X.21bis. Use on public data networks of data terminal equipment
that is designed for interfacing to synchronous V-series modems.

X.24. List of definitions of interchange circuits between data
terminal equipment and data circuit-terminating equipment on public
data networks.

X.25. Interface between data terminal equipment and data
circuit-terminating equipment for terminals operating in the packet
mode on public data networks (and provisional amendment, April
1977).
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X.26. 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).

X.27. 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).

X.28. DTE/DCE interface for start/stop mode data terminal
equipment accessing the packet assembly/disassembly facility
(PAD) on a public network situated in the same country.

X.29. Procedures for exchange of control information and user data
between a packet-mode DTE and a packet assembly/disassembly
facility (PAD).

X.30. Standardization of basic model page—printing machine in
accordance with International Telegraph Alphabet No. 5.

X.31. Characteristics, from the transmission point of view, at the
interchange point between data terminal equipment and data
circuit-terminating equipment in a 200 BPS start/stop data terminal.

X.32. : Answer-back units for 200 BPS start/stop machines in
accordance with International Telegraph Alphabet No. 5.

X.33. Standardization of an international text for the measurement
of the margin of start/stop machines in accordance with International
Telegraph Alphabet No. 5.

X.92. Hypothetical reference connections for public synchronous
data net— works.

X.95. Network parameters in public data networks.
X.96. Call progress signals in public data networks.

X.500. A specification defining the universal interconnectivity of
public electronic mail networks. X.500 implies a global directory for
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all of the different services, not just electronic mail; services include
telephone, Telex, and other networks. X.500 is in its early stages of
development.

X3.1. Synchronous signaling rates for data transmission.
X3.4. Code of information interchange.

X3.15.  Bit sequencing of the American National Standard Code
for Information Interchange in serial-by-bit transmission.

X3.16.  Character structure and character parity sense for
serial-by-bit data communication in the American National Standard
Code for Information Interchange.

X3.24. Signal quality at interface between data processing technical
equipment for synchronous data transmission.

X3.25. Character structure and character parity sense for
parallel-by—bit communication in the American National Standard
Code for Information Interchange.

X3.2. Procedures for the use of communication control characters
of American National Standard Code for Information Interchange in
specified data communications links.

X3.36. Synchronous high-speed data signaling rates between data
terminal equipment and data communication equipment.

X3.41. Code extension techniques for use with seven-bit coded
character set of American National Standard Code for Information
Interchange.

X3.44. Determination of the performance of data communication
systems.

X3.57. Message heading formats for information interchange using
ASCII for data communication system control.
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Networking acronyms
P

ANSI

ASR

ATD

ATM

A

ATM Adaptation Layer, two sublayers concerned with
segmenting large PDUs into ATM cells; type 1 = CBR, 2
=VBR. See also SAR.

Asynchronous Balanced Mode (layer 2).

Automatic Call Distributor, PBX function or machine to
spread calls among phones.

Access Control Field, first byte in ATM header (802.6).

Positive Acknowledgment, message or control bytes in a
protocol (DtE + 1/0).

Analog-to-Digital, usually a conversion of voice to digital
formt.

Advanced Data Communications Control Procedure,
ANSI counterpart to HDtC.

Association of Data Communications Users.

Add/Drop Multiplexer, node with 2 aggregates that
supports data pass—through.

Asynchronous Disconnected Mode (layer 2).
ARINC Data Network Service, a packet network.

Adaptive Differential Pulse Code Modulation, a form of
voice compression that typically uses 32 kbit/s.

Active Line State, possible status of FDDI optical fiber.

Alternate Mark Inversion, line coding for T-1 spans
where 0 (space) is no voltage and successive 1s (marks)
are pulses of opposite polarity. See also DMC, NRZ,
4B/5B.

Access Node.

American National Standards Institute, the US member of
the ISO.

Application PDU (OSI).
Automalic Protection Switch.

Address Resolution Protocol, a way for routers to adjust
addresses between different protocols or domains.

Advanced Research Projects Agency, created Arpanet
packet network, folded into NSFnet in 1990.

Automatic Repeal reQuest, for retransmission; an error
correction scheme for data links, used with a CRC.

American Standard Code for Information Interchange,
based on 7 bits plus parity.

Applications Service Element, protocol at upper layer 7
(887, OSl).

Automatic Send/Receive, a printer with keyboard or a
Teletype machine.

Asynchronous Time Division, ETSI proposal for pure cell
relay, without SONET or other framing.

Asynchronous Transfer Mode, a type of framing used in
BISDN and SONET.

Administrative Unit, payload plus pointers (SDH).
AU Group, one or more AUs to fill an STM (SDH).

American Wire Gauge, conventional designator of wire
size.
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B-DCS

BER

BERT
BIP

BISDN

BISYNC
BITS
BNS

BOC
bps
BPV

Acronyms

B

Bearer channel, a DS-0 for user trafric.

Block Check Code, a CRC or similarly calculated number
to find transmission errors.

Binary Coded Decimal, 4-bit expression for 0 (0000) to 9
(1001).
Bit Compression Mux, same as M44 for ADPCM.

Beacon, frames sent downstream by station on ring when
upstream input is lost (802.5).

Broadband Digital Cross—connect System, DACS OC—1,
STS-1, DS-3 and higher rates only (see W-DCS).

Bit Error Ratio, errored bits over total bits; should be <
1-7 for transmission lines.

Bit Error Ralc Test(er).

Bit Interleaved Parity, error checking method (BIP8 in
SONET).

Broadband ISDN, generally access at more than 100
Mbit/s.

Binary Synchronous communications, a protocol.
Building Integrated Timing Supply, stratum 1 clock in CO.

Broadband Network Switch, usually ATM or packet
based, DS-3 and faster.

Bell Operating Company, a telephone company.
Bits per second, serial digital stream data rate, now bit/s.

Bipolar Violation, two pulses of the same polarity in a
row.

Basic Rate Access, ISDN 2B+D loop.
Basic Rate Interface, 2B+D on one local loop.

Binary Synchronous Communications, a half-duplex
protocol.

Broadband Switching System, cell-based CO switch for
B-ISDN.

Bandwidth Balancing, method to reduce a station’s
access to a transmission bus, to improve fairness
(802.6).

Cc

Capacitance, the property of a device that holds an
electrical charge.

Common Application Service Elements, application
protocol (MAP).

Constant (Continuous) Bit Rate, channel or service in
ATM network for voice or sync data in a steady flow.

Computerized Branch eXchange, PABX.
Comite Consultatif internationale de Telegraphique et

.Telephonique, The International Telegraph and Telephone

Consultative Committee, part of ITU.

International Radio Consultative Committee, sister group
to CCITT.

Commitment, Concurrency and Recovery (OSl).
Common Channel Signaling.
Common Control Switching Arrangement.
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CCSsé
cb
cD

CDMA

CELP

CEPT

CFA
CGA

ciT
CcL

CL
CLLM
CLN

CLNP
CLTS

CMA
CMDR
cMmi
cMIP

CMIP

CMIS

CMISE
CMOS

CMOT
CMT

co
coc
COCF

CODEC
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CCS system 6, first out of band signaling system in N.A.
(CCIS).

Carrier Detect, digital output from modem when it
receives analog modem signal.

Count Down, a counter that holds the number of cells
queued ahead of the local message segment (802.6).
Code Division Multiple Access, spread spectrum;
broadcast frequency changes rapidly in pattern known to
receiver.

Code-Excited Linear Predictive coding, a voice
compression algorithm used at 8 kbit/s.

Conference on European Posts & Telecommunications
(Conference of European Postal and
Telecommunications administrations), a body that sets
policy for services and interfaces in 26 countries.
Carrier Failure Alarm, detection of red (local) or yellow
(remote) alarm on T-1.

Carrier Group Alarm, trunk conditioning applied during
CFA.

Computer Integrated Telephony, DEC’s PHI.

Common Language, Bellcore codes to identify
equipment, locations, etc.

ConnectionLess.

Consolidated Link Layer Management (802).
Connectionless Network, packet address is unique and
network routes all traffic.

Connectionless mode Network (layer) Protocol (SONET).

Connectionless Transport Service, OSI datagram
protocol.

Communications Managers Association.
Command Reject, similar to FRMR (HDLC).
Coded Mark Inversion, line signal for STS-3.

Constanl Mark, Inverted; line coding for T-1 local loop in
Japan.

Common (network) Management Information Protocol,
part of the OSI network management scheme,
connection oriented .

Common (network) Management Information Service,
runs on CMIP (OSl).

CMIS Element.

Complementary Metal Oxide Semiconductor, low power
method (lower than NMOS) to make ICs.

CMIP over TCP/IP.

Connection Management, part of SMT that establishes
physical link between adjacent stations (FDDI).

Central Office, of a phone company, where the switch is
located; the other end of the local loop opposite CP.
Central Office Connection, separately.tariffed part of T-1
circuit within a CO.

Connection Oriented Convergence Function, MAC—layer
entity.

COder-DECoder, converts analog voice to digital, and
back.

COFA

CO-LAN

CONP
cos

Change of Frame Alignment, movement of SPE within
STS frame.

Central Office Local Area Network, a data switching
service based on a data PBX in a carrier’s CO.

Connection mode Network layer Protocol.
Class Of Service.

Interconnection Networking in Europe.

cot

cpP

cP
CPE

CPI

CPN
CPU
CR

CRC

CRV

cs

CcsC

CSMA

CSPDN

Cs-PDU

csu

CTS

cv
CvVsD

D3
D4

D5
DA
D/A
D/A
DACS

Central office Terminal, equipment at CO end of digital
loop or line.

Central Processor, CPU that runs network under
center-weighted control.

Customer Premises, as opposed to CO.

Customer Premises Equipment, hardware in user’s
office.

Computer—PBX Interface, a data interface between NTI
and DEC.

Customer Premises Node, CPE.

Central Processor Unit, the computer.

Carriage Return, often combined with a line feed when
sending to a printer.

Cyclic Redundancy Check, an error detection scheme,
used with ARQ.

Coding Rule Violation, unique bit signal for F bit in frame
1 of CMI.

Convergence Sublayer, where header and trailer are
added before segmentation.

Circuit-Switched Channel (Connection).

Carrier Sense Multiple Access, a LAN transport method,
usually with “/CD" for collision detection or "/CA” collision
avoidance.

Circuit Switched Public Data Network.

Convergence layer PDU, info plus new hcader and trailer
to make packet that is segmented into cells or SUs.

Channel Service Unit, the interface to the T-1 line that
terminates the local loop.

Clear To Send, lead on interface indicating DCE is ready
to receive data.

Coding Violation, transmission error in SONET section.

Continuously Variable Slope Delta modulation, a voice
encoding technique offering variable compression.

D

Delta (or Data) channel, 16 kbit/s in BRI, 64 kbit/s in PRI,
used for signaling (and perhaps some packet data).
Third generation channel bank, 24 channels on one T-1.

Fourth generation digital channel bank, up to 48 voice
channels on two T—1's or one T-1C.

Fifth generation channel bank with ESF.
Destination Address, field in frame header (802).
Digital-to-Analog, decoding of voice signal.

Drop and Add, similar to drop and insert.

Digital Access and Cross—connect System, a digital
switching device for routing T-1 lines, and DS-O portions
or lines, among muitiple T-1 ports.



Philips Semiconductors Data Communications Products

Acronyms

Networking acronyms

DARPA Defense ARPA, formerly just ARPA.

DAS Dual-Attached (Access) Station, device on main dual FO
rings, 4 fibers (FDDI).

DASS Digital Access Signaling System, protocol for ISDN D
channel in U.K.

dB Decibel, 1/10th of a bel; 10 log (x/y) where x/y is a ratio
or like quantities (power).

dBm Decibel level referenced to 1 mW at 1004 Hz into 600
ohms impedance.

dBmo0 Power that would be at zero TLP reference level, =
measurement — (TLP at that point).

dBrn Power level relalivc to noise, dBm + 90.

dBrnC  dBrn through a C-weighted audio filter (matches ear’s
response).

DB25 Code for 25-pin connector specified for RS-232 I/F.

D.C. Direct Current, used for some signaling forms; type of
power in CO.

DCC Data Communications Channel, overhead connection in

D bytes for SONET management.
DCE Data Circuit-terminating Equipment, see next DCE.

DCE Data Communications Equipment, ‘gender’ of interface
on modem; see DTE.

DCS Digital Cross—connect System, DACS.
DDCMP  Digital Data Communications Message Protocol.
DDD Direct Distance Dialing, refers to PSTN.

DDS Digital Data System, network that supports DATAPHONE
Digital Service.

DDSD Delay Dial Start Dial, a start—stop protocol for dialing into
2 CO switch.

DES Data Encryption Standard, moderately difficult to break.

DA Drop and Insert a mux function or type.

DIP Dual In-line Package, for chips and switches.

DIS Draft International Standard, preliminary form of OSI
standard.

DISC Disconnect, command frame sent between LLC entities
(layer 2).

DLC Data Link Connection, one logical bit stream in LAPD
(layer 2).

DLC Digital Loop Carricr, mux system to gather analog loops
and carry them to CO.

DLCI Data Link Connection Identifier, address in a frame
(.122).

DLE Data Link Escape, ESC.
DLL Data Link Layer, layer 2 (OSl).

DM Disconnected Mode, LLC frame to reject a connection
request (layer 2).

DMC Differential Manchester Code, pulse pattern that puts
transition at center of each bit time for clocking, transition
[none] at start of period for 0 [1] (802.5).

DMI Digitally Multiplexed Interface, AT&T interface for 23 64
kbit/s channels and a 24th for signaling.
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DMPDU Derived MAC Protocol Data Unit, a 44—octet segment of

DMS
DNA
DNIC

DNIC

DNIS

DNR

Do

DP
DPBX

DPCM

DPNSS

DPO

DPT

DQDB

DS-0

DS-0A
Ds-0B

DS-1

DS-1A
DS-1C
DS-2
DS-3
DSAP

DSl

DSP

DSP

DSR

DssI

upper layer packet plus cell header/trailer (802.6); see
L2PDU.

Digital Multiplex System.

Digital Network Architecture, DEC’s networking scheme.
Data network Identification Code, assigned like an area
code to public data networks.

Data Network Interface Circuit, 2B+D ISDN U interface.

Dialed Number Identification Service, where carrier
delivers number of called extension after PBX
acknowledges call.

DCE Not Ready, signaling bit in CMI.

Data over Voice, modems combine voice and data on
one twisted pair.

Dial Pulse, rotary dialing rather than DTMF.

Data PBX, a switch under control of end users at
terminals.

Differential Pulse Code Modulation, voice compression
algorithm used in ADPCM.

Digital Private network Signaling System, PBX interface
for common channel signaling.

Dial Pulse Originate, a form of channel bank plug-in that
accepts dial pulses.

Dial Pulse Terminate, a channel bank plug that outputs
pulses.

Distributed Queue Dual Bus, an IEEE 802.6 protocol to
access MAN's, typically at T-1, T-3, or faster.

Digital Signal level 0, 64,000 bit/s, the worldwide
standard speed for PCM digitized voice channels.

Digital Signal level 0 with a single rate adapted channel.
Digital Signal level 0 with multiple channels sub-rate
multiplexed in DDS format.

Digital Signal level 1, 1.544 Mbit/s in North America,
2.048 Mbit/s in CCITT countries.

Proposed designation for 2.048 Mbit/s in North America.
Two T-1’s, used mostly by Telcos internally.

Four T-1’s, little used in US, common in Japan.

Digital Signal level 3, 44.736 Mbit/s, carrying 28 T-1’s.
Destination Service Access Point, address field in header
of LLC frame to identify a user within a station address
(layer 2).

Digital Speech Interpolation, a voice compression
technique that relies on the stalistics of voice traffic over
many channels.

Digital Signal Processor, specialized chip optimized for
fast coriputations.

Display System Protocol, protoco! for faster bisync traffic
over packet nets.

Data Set Ready, signal indicating DCE and line ready to
receive data.

D-channel Signaling System 1, access protocol for

switched connection signaling (Q.931 & ANSI
T151/90-214).
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DSU

DTAU

DTE

DTMF

DTR

DvI

DX

E-1
E&M

EBCDIC

EC

ECC

ECL

ECN

ECO

ED

EDI

EGP

EIA

EMI
EMS

ENQ

EOC

EOM
EOT

ERL

June 1994

Digital (Data) Service Unit, converts RS-232 or other
terminal interface to line coding for local loop
transmission.

Digital Test Access Unit, CO equipment on T-1 line.

Data Terminal Equipment, ‘gender’ of interface on
terminal or PC; scc DCE.

Dual Tone Multi-Frequency, TOUCHTONE dialing, as
opposed to DP.

Data Terminal Ready, signal that terminal is ready to
receive data from DCE.

Digital Video Interactive, applications with large, bursty
bandwidth.

Duplex, a 2-way audio channel bank plug without
signaling.

E

European digital signal level 1, 2.048 Mbit/s.

Signaling leads on a voice tie line, known as Ear and
Mouth.

Extended Binary Coded Decimal Interchange Code,
extended character SCI on IBM hosts.

Error Correction, process to check packets for errors and
send again if needed.

Error Checking Code, 2 bytes (usually) in frame or
packet derived from data to let receiver test for
transmission errors.

Emilter Coupled logic, transislor circuit type optimized for
high speed.

Explicit Congestion Notification, network warns terminals
of congestion by setting bits in frame header (1.122).
Engineering Change Order, document from designer
ordering change in product.

Ending Delimiter, unique symbol to mark end of LAN
frame (TT in FDDI, HDLC flag, etc.).

Electronic Document (Data) Interchange, transfer of
business information (P. 0., invoice, etc.) in defined
formats.

Exterior Gateway Protocol, on the Internet (TCP/IP).

Electronic Industries Association, publisher of standards -

(e.g. RS-232).
Electro Magnetic Interference.

Element Management System, usually a vendor—specific
NMS for a hardware domain (OSlI).

Enquiry, control byte that requests a repeat transmission
or control of line.

Embedded Operation Channel, D bytes devoted to
alarms, supervision, and provisioning (SONET).

End of Message.

End Of Transmission, control byte; preceded by DLE
indicates switched station going on hook.

Echo Return Loss.
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ERS

ESB
ESC
ESD

ESS
ETC
ETN
ETO

ETX

FACS
FAD

FADU
FAS

FAX
FB
FC
FCC

FCOT
FCS
FDDI

FDL

FDM
FDX
Fc

FEC

FEP

FEXT
FIB
FID

FIFO
FISU

FITL

Errored Second, a 1 sec. interval containing 1 or more
transmission errors.

Errored Second type B, new name for bursty ES.
Escape, an ASCII character.

ElectroStatic Discharge, electrical “shock” from person or
other source that can destroy semiconduclors.

Electronic Switching System, a CO switch.
End of Transmission Block, control byte in BSC.
Electronic Tandem network.

Equalized Transmit Only, voice interface with
compensation to correct for frequency response of the
line.

End of Text, control byte.

F

Final, control bit in frame header (layer 2).

Framing, bit position in TDM frame where known pattern
repeats.

Facility Assignment Control System, for telco to manage
outside plant (local loops).

Frame Assembler/Disassembler, functlons like a PAD,
but for frames.

File Access Data Unit (OSI).

Frame Alignment Signal, bit or byte used by receiver to
locate TDM channels.

Facsimile.
Framing Bit.
Frame Control, field to define type or frame (FDDI).

Federal Communication Commission, regulates
communications in US.

Fiber oplic Central Office Terminal.
Frame Check Sequence, error checking code (layer 2).

Fiber Distributed Data Interface, 100 Mbit/s FO standard
for a LAN or MAN.

Facility Data Link, part of the ESF framing bits available
for user data, in some cases.

Frequency Division Multiplexer.
Full Duplex.
Extended framing (“F sub c¢”), old name for ESF.

Forward Error Correction, using redundancy in a signal to
allow the receiver to correct transmission errors.

Front End Processor, peripheral computer to mainframe
CPU, handles communications.

Far End Cross Talk.
Forward Indicator Bit, field in SUs (SS7).

Format Identification, bit C—1 in DS-3 format shows if
M13, M28, or Syntran signal.

First In First Out, buffer type that delays bit stream.
Fill-in Signaling Unit, ‘idle’ packet that carries ACKs as
sequence numbers (SS7).

Fiber In The Loop, optical technology from CO to
customer premises.
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FIX

FO
FOTP
FOTS
FPDU
FPDU
FR

FRS
FRMR

FS
FSN

FTAM

FTP
FLLC

G3

G4
Gbit/s
GOSIP

GPS

GS
GSM
GSTM

H
Hx
Ho
Hy
Hyy
Hi2
Hy
Haq
Haz
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Fedcral Interncl Exchangc, point or interconnection for
U.S. agency research networks.

Fibcr Optic, bascd on optical cable.

Fiber Optic Test Procedure.

Fiber Optic Terminal System, mux or CO switch interface.
FTAM PDU.

Frame relay protocol Data Unit (1.122).

Frame Relay, interface to simplified packetized switching
network (1.122).

Frame Relay Switch.

Frame Reject, LLC response to error that cannot be
corrected by ARQ, may cause reset or disconnect (layer
2).

Failed Second, now called UAS.

Forward Sequence Number, sent sequence number of
this SU/packet (SS7).

Fractional T-1, digital capacity of N x 64 kbit/s but usually
less than 1/2a T-1.

File Transfer, Access, and Management; an OS! layer—7
protocol for LAN interworking (802).

File Transfer Protocol (TCP/IP)

Fiber To The Curb, local loop is fibcr from CO to just
outside CP, wire into CP.

G

Group 3, analog facsimile standard at up to 9.6 kbit/s.
Group 4, digital facsimile standard at 56/64 kbit/s.
Giga bit/s per second, billions (10°) per second.

Government OS| Profile, suite of protocols mandated for
US Federal and U.K. contractors; —T = Transport model;
—A = Application model.

Global Positioning System, satellites that report exact
time

Ground start, analog phone interface.
Group Special Mobile, part of CEPT working on cellular.

General Switched Telephone Network, CCITT term to
replace PSTN after 1990’s privatizations.

H

Halt, line State symbol (FDDI).

High-speed bearer channel (ISDN).

384 kbit/s.

1.536 Mbit/s (N. Amer.) or 1.920 Mbit/s (CEPT areas).
1.536 Mbit/s (N. Amer.).

1.920 Mbit/s (CEPT areas).

DS-3 (N. Amer.) or 32.768 Mbit/s.

32.768 Mbit/s (CEPT).

DS-3 (N. Amer.) (or 43 to 45 Mbit/s).
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Hs

Ha
HCM

HCS

HCV
HDB3

HDLC

HDSL

HDTV

HEC

HEL

HIPPI

HLM

HOB

HOPS

HPR

HRC

HSSI

HSPS
Hz

1AB

IBR

ICCF
ICMP

IDF

Would have been 60~70 Mbit/s but left undefined for lack
of interest.

132.032 to 138.240 Mbit/s.

High Capacity Multiplexing, 6 channels of 9600 in a
DS-0.

Header Check Sequence, CRC on header flelds only, not
on info; HEC (ATM).

High Capacity Voice, 8 or 16 kbit/s scheme.

High Density Bipolar 3—zeros, line coding for 2 Mbit/s
lines replaces 4 zeros with BPV (CEPT).

High—lével Data Link Control, layer—2 full-duplex
protocol.

High bit-rate Digital Subscriber Line, proposal to T1E1
for way to duty T—1 over local loops without repeaters.

High Definition Television, double resolution TV image
and candidate application for broadband networks.

Header Error Control, ECC in ATM cell for header, not
data. (See HCS)

Header Extension Length, the number of 32-bit words in
HE (802.6).

High-speed Peripheral Parallel Interface, computer
channel simplex interface clocked at 25 MHz; 800 Mbit/s
when 32 bils wide, 1.6 Gbit/s when 64 bits.

Heterogeneous LAN Management, OSI NMS protocol
specification without layers 3—6, developed by IBM and
3Com to save memory in workstations.

Head Of Bus, station and function that generates cells or
slots on a bus (DQDB).

Horizontally Oriented protocol Structure, proposal for
high performance interfaces at broadband rates.

High Peformance Routing, a form of dynamic call routing
in the PSTN.

Hybrid Ring Control, TDM sublayer at bottom of data link
(2) that splits FDDI into packet— and circuit switched
parts.

High Speed Serial Interface, of 600 or 1200 Mbit/s.
High Speed Peripheral Shelf.
Herz, cycles/second.

| class central office switch is not in HPR network.
Idle, line state symbol (FDDI).
Information, type of layer 2 frame that carries user data.

Internet Activities Board, defines LAN standards like
SNMP.

Intermediate bit Rate, between 64 and 1536 kbit/s;
fractional T-1 rates.

Integrated Circuit.
Industry Carriers Compatibility Forum.

Internal Control Message protocol, reports to a host
errors detected in a router by IP.

Intermediate Distribution Frame.
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idle Integrated Digital Loop Carrier, combination or RDT
(remote MUX), transmission facility, and IDT to feed
voice and data into a CO switch.

DT Integrated Digital Terminal, M24 function in a CO switch
to terminate a T—1 line from RDT.

IEC International Electrotechnical Commission, standards
body.

IEEE Institute or Electrical and Electronics Engineers, Inc.:
engineering society that sets standards.

I/F Interface.

IG ISDN Gateway (AT&T).

IGRP Interior Gateway Routing Protocol, learns best routes
through LAN (TCP/IP).

ILS Idle Line State, presence of idle codes on optical flber
line (FDDI).

IMD InterModulation Distortion.

IMPDU  Initial MAC PDU, the SDU received from LLC with
additional header/trailer to aid in segmentation and

reassembly (802.6).
IN Intelligent Network.
IND Indication (OSI).
INE Intelligent Network Element.
Vo Input/Output.
IR InfraRed, light with wave length longer than red like 1300

nm used over fiber.
iSDN Integrated Services Digital Network.

ISDN-UP ISDN User Part, protocol from layer 3 and up for
signaling services for users Q.761-Q.766 (SS7).

ISDU Isochronous Service Data Unit, upper layer packet from
TDM or circuit-switched service (802.6).

ISl Inter~Symbol Interference, source of errors where pulses
(symbols) spread and overlap due to dispersion.

ISO International Standards Organization (International
Organization for Standardization). ANSI is US member.

ISSi Inter—Switching System Interface, between nodes in a
public network, not available to CPE (e.g. SMDS to
B-ISDN).

ISSIP ISSI Protccol.
Isup ISDN User Part.

iITB End of Intermediate Transmission Block, control byte in
BSC.
IWF InterWorking Function, the conversation process

between FR and X.25, etc.

IWwu InterWorking Unit, adapter between circuit— and
packet-based switches; e.g., SMDS and SONET.

J
J Non—data character for starting delimiter (11000) in
4B/5B coding (802.6).
JB7 Jam Bit 7, force bits in position 7 wnthln aDS-0to 1 for
1’s density.
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kbit/s
KG

kHz

L2-PDU
L3-PDU

LADT
LAN

LAPB

LAPD
LAPD+

LAPM
LAT
LATA

Lc
LCI

LCN
LDM

LED

LLB
LLC

LLC1
LME

LMi
LOF

LOFC
LOP
LOS

LPC
LSAP

LSs

K

Non-data character for starting delimiter (10001) in
4B/5B coding (802.6).

Thousands of bits per second

Key Generator (Krypto Gear), encryption equipment from
NSA.

Kilohertz, thousands of cycles per second.

L

Layer 2 Protocol Data Unit, fixed length cell (SMDS).

Layer 3 Protocol Data Unit, a variable length packet at
OSil level 3.

Local Area Data Transport, telco circuit on copper pair.
Local Area Network.

Link Access Procedure, layer 2 protocol for error
correcting.

LAP Balanced, HDLC protocol for data sent into X.25
network, etc.

Varian~ or tAPB lor ISDN D channels.

LAPD protocol for other than D channels, e.g. B
channels.

LAP Modem, part of V.42 modem standard
Local Area Transport, DECnet protocol for terminals.

Local Access and Transport Area, a geographic region.
The LEC can carry all traffic within a LATA, but nothing
between LATA’s.

Local Channel, the local loop.

Logical Connection ldentifier, short address in
connection—oriented frame.

Logical Channel Number, form of address in a packet.
Limited Distance Modem. '

Light Emitting Diode, semiconductor used as light source
in FO transmitters.

Local Loop Back.

Logical Link Control, the upper sublayer of the OSI data
link layer (layer 2).

Connection oriented LLC. LLC2 Connectionless LLC.

Layer Management Entity, the process that controls
configuration, etc. (802.6).

Local Management Interface, transport specification for
frame relay that sets way to assign DLCls, etc.

Loss Of Frame, condition where mux cannot find framing,
OOF, for 2.5 sec.

Loss of Frame Count, number of LOFs.
Loss of Pointer, SONET error condition.

Loss Of Signal, incoming signal not present (no rcceived
data).

Linear Predictive Coding, voice encoding technique.

Link layer Service Access Point, logical address of
boundary between layer 3 and LLC sublayer in 2 (802).

Least Significant Bit, position in byte with smallest value.
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LSSU Link Status Signaling Unit, control packet at layer 3

(S87).

LSuU Line State Unknown, possible report from FDDI line state
monitor.

LTE Line Terminating Equipment, SONET nodes that switch,
CLC, and so create or take apart an SPE (SONET).

L Logical Unit, upper level protocol in SNA.

LU6.2 Set of services that support program-to-program
communications at levels 4-6.

M
M Million when used as prefix to abbreviation: Mbit/s.
m Milli (1/1000) when used as prefix: mm = millimeter
m Meter (39.37 inches)
M13 Multiplexer between DS-1 and DS-3 levels.
M24 Multiplexer function between 24 DS-O channels and a
T-1, a channel bank.
M28 Same as M 13, but different format, not compatible.
M41 Multiplexer function to put 44 ADPCM channels into one

T—1; four bundles, each of one common signaling
channel with 11 voice channels; transcoder or BCM.

M4s8 Multiplexer function to put 48 ADPCM channels into one
T-1; signaling in each voice channel.

M55 ADPCM multiplexer that puts SS voice channels in five
bundles on an E-1.

MAC Medium (Media) Access Control, the lower sublayer of
the OSI data link layer.

MAN Metropolitan Area Network, typically 100 M bi t/s.

MAP Manufacturing Automation Protocol, for LANS; closely
related to TOP, and written MAP/TOP (802.4).

MAU Media Access Unit, device attached physically to cable
(802.3 layer 1).

MAU Multiple (Multistation) Access Unit, hub device in a LAN

(802.5).

Mbit/s Megabit (1,00,00 bits) per second.

MCF MAC Convergence Function, how an SDU is framed into
a packet (PDU), segmented, and loaded into cells
(802.6).

MCP MAC Convergence Protocol, segmentation and
reassembly procedure to put MSDUs into cells (802.6).

MDDB  Multi-Drop Data Bridging, digital bridging of PCM
encoded modem signals, equivalent to analog bridging.

MDF Main Distribution Frame, large CO wire rack for low
speed data and voice cross connects.

MDI Medium Dependent Interface, link between MAU and
cable (802 layer 1).

MF Multi-Frequency, tone signaling on analog circuits.

MFA MultiFrame Alignment, code in time slot 16 of E-1 to
mark start of superframe.

MHS Message Handling System, OSl store and forward
protocol.

MHz Megahertz, million cycles per second.
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MiB
MIiC
mis
MNP
modem

MPDU
MPL

MSAP

MSDU

MsSS
MTBF
MTS
MUX

NAK
NAS
NAU

NCB
NCB

NCC
NCI
NCP

NCTE
NDF

NE
NEBS

NEXT

Management Information Base, OSI defined description
of a network for management purposes (SNMP, IP).

Media Interface Connector, dual-fiber equipment socket
and cable plug FDDI).

Management Information Systems, dept. that runs the big
computers.

Microcom Networking Protocol, error correction in
modems.

MOdulate/DEModulate, modulate analog signal from
digital data and reverse.

MAC PDU (802.6).

Maximum Packet Lifetime, number of hops allowed
before packet is discarded.

Millisecond, 1/1000 second.

Master/Slave, relationship in a protocol where master
always issues commands and slave only responds.

MAC Service Access Point, logical address (up to 60
bits) of boundary between MAC and LLC sublayers
(802).

MAC Service Data Unit, data packet in LAN format; may
be long and variable length before segmentation into
cells.

MAN Switching System.

Mean Time Between Failures, average for one device.
Message Toll Service, normal dial up phone service.
Multiplexer.

N

Nano, prefix meaning 10~ of the unit as nin = 10-°
meter.

Negative Acknowledgmént, protocol control byte
indicating error.

Network Applications Solutions, set of DEC APIs for
communication.

Network Addressable Unit, device or process running an
SNA protocol stack.

Network Control Block, command packet in SNMP.

Network Control Block, transport protocol in LAN
Manager (level 4).

Network Control Center.
Network Control Interface.

Network Control Point, for SDN and AT&T switched
network.

Network Channel Terminating Equipment; first device at
CP end of local loop; e.g., CSU.

New Data Flag, inversion of some pointer bits to indicate
change in SPE position in STS frame (SONET).

Network Element

Network Equipment-Building Standards, Bellcore generic
spec for CO equipment (TR63).

Near End Cross Talk, interference on 2-wire interfaces
from sent signals leaking back into the receiver.
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NFS Network File System, protocol for file transfers on a LAN.

NFs Network File Server, computer with shared storage, on a
LAN.

NI Network Interface; demarcation point between PSTN and
CPE.

NIC Network Interface Card, add-in card for PC, etc. to
connect to LAN.

NID Network IDentification, field in network level header
(MAP).

NISDN  Narrowband ISDN, access at T-1 or less.

NM Network Management.

NME NM Element.

NMOS  N-channel Metal Oxide Semiconductor, common IC type
uses more power than CMOS.

NMP Network Management Protocol.
NMS Network Management System.

NNI Network—Node Interface, point-to-point interface between
two switches for SDH, SONET, or B--ISDN network.

NPDU Network PDU, Layer 3 packet (OS!).

NR Number Received, control field sequence, tells sender
the Ng that receiver expects in next frame (Layer 2).

NRZ Non-Return to Zero, signal transitions from positive to
negative without assuming 0 value. See also DMC, AMI.

NRzI NRZ Invert on ones, coding changes polarity to indicate
‘I and remains unchanged for ‘0.’

ns Nanosecond, 10~9 second.

NS Number Sent, sequence number of frame in its control
field; determined by sender.

NSA Non-Service Affecting, fault that does not interrupt
transmission.

NSAP Network Service Access Point,
NSC Network Service Center, for SDN.

NT-1 Network Termination 1, the first device on the CP end of
the local loop (like the CSU).

NT-2 Network Termination 2, the second CP device, like the
DSU (TSDN).

NTN Network Terminal Number, address of terminal on data
network, part of global address with DMC (X.121).

NTSC National Television Standards Committee, group and
format they defined for U.S. TV broadcasting.

NUI Network/User Interface.

o

OA&M  Operations, Administration, and Maintenance.

OAM&P Operations, Administration, Maintenance, & Provisioning;
telco housekeeping.

oC-1 Opticai Carrier level I, SONET rate of 51.84 Mbit/s,
matches STS-1. .

0C-3 Optical Carrier level 3, SONET rate of 155.52 Mbit/s,
matches STS-3.

OC-N Higher SONET levels, N times 51.84 Mbit/s.
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ocu
OCuU-DP

OF
OLTP
ONA

ONI
OOF
00s

OPR
ORL
0s
osl

OSI/NMF

OSione
OSI TP
OTDR

ow

PA

PA

PABX

PAD

PAL
PAM

PARIS

PBX

PC
PCM

PCN

PCR

PDG

PDH

Office Channel Unit, “CSU” in the CO; also called OCR.

OCu-Data Port, channel bank plug I/0 to 4— wire local
loop and CSU on CP.

Optical Fiber.
On Line Transaction Processing.

Open Network Architecture, FCC plan for equal access
to public networks.

Operator Number Identification.
Out Of Frame, mux is searching for framing bit pattern.

Out Of Synchronization; multiplexers can't transmit data
when OOS.

Optical power received, by a FO termination.
Optical Return Loss.
Operating System, main software to run a CPU.

Open Systems Interconnection, a 7-layer model for
protocols defined by the 1SO.

OSI Network Management Forum, standards group for
NM protocols.

Global organization to promote OSI standards.
OS| Transaction Processing, a protocol.

Optical Time Domain Reflectometry (Reflectometer),
method (tester) to locate breaks in OF.

Order Wire, DS-0 in overhead intended for voice path to
support maintenance.

P

Preamble, a period of usually steady signal ahead of a
LAN frame, to set timing, reserve the cable, etc.

Pre—Arbitrated, portion of traffic on DQDB MAN with
assigned bandwidth, usually isochronous connections
(802.6).

Private Automated Branch eXchange, electronic PBX.

Packet Assembler/Disassembler, device to convert
between packets (X.25, etc.) and sync or async data.

Programmable Array Logic, large semi—custom chip.
Pulse Amplitude Modulation; used within older channel
banks. .

Packetized Automated Routing Integrated System, fast
switch developed by IBM.

Private Branch eXchange, small phone switch inside a
company, manual or automatic.

Path Control, level 3 in SNA for network routing.

Pulse Code Modulation, the standard digital voice format
at 64kbit/s.

Personal Communications Network, second generation
cellular system.

Preventive Cyclic Retransmission, error correction
procedure that repeats packets whenever link bandwidth
is available (SS7).

Packet Data Group, 12 octets in FDDI frame (outside of
WBCs) not assignable to circuit-switched connections.
Pleisiochronous Digital Hierarchy, present multiplexing
scheme from T-1 to T-3 and higher, contrast with SDH.
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PDN Public Data Network; usually packetized.

PDS Premises Distribution System, the voice and data wiring
inside a customer office.

PDU Protocol Data Unit, information packet (ADDR, CTRL,

INFO) passed at one level between protocol stacks
(0sI).

pel Picture Element, the smallest portion of a graphic image
encoded digitally.

PIF Poll/Final, bit in control field of LLC frames to indicate
receiver must acknowledge (P) or this is last frame (F)
(Layer 2).

PHY PHYsical, layer 1 of the OSI model.

Pl Primary In, FO port that receives light from main fiber ring
(FDDI).

PIN Positive-Intrinsic-Negative, type of semiconductor photo
detector.

PL Pad Length, number (0-3) of octets of Os added to make
Info field a multiple of 4 octets (802.6)

PL Physical Layer, level 1 in OSI model.

PL Private Line, a dedicated leased line, not switched.

PL Performance Loop Back, LB done at point of ESF

performance function in CPE.

PLCP Physical Layer Convergence Protocol (Procedure), part
of PHY that adapts transmission medium to handle a
given protocol sublayer (DQDB).

PLL Phase Locked Loop, electronic circuit that recovers clock
timing from data.

PLP Packet Layer Protocol, at Layer 3 like X.25.

PLS Physical Link Signaling, part of layer 1 that encodes and
decodes transmissions, e.g. Manchester coding (IEEE
802).

PMA Physical Medium Attachment, electrical driver for specific
LAN cable in MAU, separated from PLS by AUI (802.3).

PMD Physical Layer, Medium Dependent, a sublayer in layer 1
(below PLS) of LAN protocols; also PMA (802).

PO Primary Out, FO port that sends light into the main fiber
ring (FDDI).

POF Plastic Optical Fiber, for short distances rather than glass
for long haul.

POH Path OverHead, bytes in SDH for channels carried
between switches over multiple lines and through DCCs.

POP Point Of Presence; end of IXC portion of long—distance
line at central office (Tel).

POS Point of Sale.

POTS Plain Old Telephone Service, residential type service.
PPDU Presentation (Layer) PDU (OSI).

ppm Parts Per Million.

PPP Point-to-Point Protocol, non—proprietary interface on
routers for WAN links.

PPS Pulses Per Second, speed of rotary dialing dial pulses.

PRC Primary Reference Clock, GPS—controlled rubidium
oscillator used as stratum 1 source.
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PRA
PRBS

PRI
PRS
PSI

PSN
PSPDN
PSTN

PTE

PTAT

PUB

PUC

PVC

QA

Qos
QPsX

Q.921

Q.931

R1

RACE

RAI
RARP

RBOC

RBS
RD

Primary Rate Access, via PRI for ISDN.

PseudoRandom Bit Sequence, fixed bit pattern, for
testing, that looks random.

Primary Rate Interface; 23B+D (T-1) or 30B+D (CEPT).
Primary Rate Source, stratum 1 clock.

Primary Subnet ldentifier, part of address in network level
header (MAP).

Packet Switched Network.
Packet Switched Public Data Network.

Public Switched Telephone Network, the telco—owned
dial-up network.

Path Terminating Equipment, SONET nodes on ends of
logical connections.

Private Trans—Atlantic Telephone, cable from US to U.K.,
Ireland, and Bermuda.

AT&T Technical PUBIication, Bell System de facto
standard.

Public Utilities Commission, state body that regulates
telephones, also PSC.

Permanent Virtual Circuit, assigned connection over a
packet/frame network, not switchable by user.

Q

Quiet, line state symbol (FDDI).

Queued Arbitrated, portion of packet traffic that contends
for bandwidth (DQDB).

Quality of Service.

Queued packet Synchronous eXchange, old name for
DQDB; QPSX Systems Inc. originated it in Australia.
CCITT recommendation for level 2 protocol in signaling
system 7.

CCITT recommendation for level 3 protocol in signaling
system 7.

R

Interface reference point in the ISDN model to pre~ISDN
phones and terminals.

Ring, one of the conductors in a standard twisted pair,
2-wire local loop (the one connected to the ‘ring’, the
second part of a phone plug) or the DTE-to-DCE side of
a 4-wire interface.

Ring, or R lead of the DCE-to-DTE pair in a 4-wire
interface.

Research for Advanced Communications in Europe,
program to develop broadband.

Remote Alarm Indication.

Reverse ARP, Internet protocol to let diskless workstation
learn its IP address from a server (TCP/IP).

Regional Bell Operating Company, one of about 22 local
telephone companies formerly part of Bell System.
Robbed Bit Signaling, in PCM.

Receive Data, lead on electrical interface.
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RD Request Disconnect, secondary station unnumbered
frame asking primary station for DISC (Layer 2).

RDA Remote Database Access, service element (OSl).

REJ Reject, S-format LLC frame acknowledges received data

units while requesting retransmission from specific
errored frame (L.ayer 2).

RELP Residually-Excited Linear Predictive Coding, voice
encoding scheme (8-16kBit/s).

REQ Request (OSI).

RF Radio Frequency.

RFI Radio Frequency Interference.

RFT Remote Fiber Terminal, equivalent to SLC96.

RI Ring Indicator, digital lead on modem tells DTE when call
comes in.

RI Routing Indicator, bit in LAN packet header to distinguish
transparent- from source:routed packets.

RIM Request Initialization Mode, Layer 2 supervisory frame.

RIP Routing Information Protocol, method for LANs to learn
topology (TCP/IP). .

RISC Reduced Instruction Set Computer.

RJ Registered Jack, connector for UNI; RJ1 1 is standard
phone, RJ48 for T-1.

RJE Remote Job Entry, one form of BSC.

RL Ring Latency, time for empty token to traverse full ring
with no load (FDDI).

RMN Remote Multiplexing Node.

RO Receive Only.

ROSE Remote Operation Service Element (OSI).

RNR Receiver Not Ready, S—format LLC frame acknowledges
received data units but stops sender temporarily (Layer
2).

RR Receive Ready, S-format LLC frame acknowledges
received data units and shows ability to receive more
(Layer 2).

RSET Reset, Layer 2 supervisory frame to zero counters.
RSL Request and Status Link, same as PHI or SCAI.
RSP Response (OSl).

RTS Request To Send; lead on terminal interface.

RVI Reverse Interrupt, positive ACK that lets station take
control of a BSC line.

RZ Return to Zero; signal pauses at zero voltage between

each pulse, when making zero crossings.

S

S Status, signaling bit in CMI.

S ISDN interface point between TA and NT-2.

) Supervisory frame, commands at LLC level: RR, RNR,
REJ, SREJ (Layer 2).

SA Source Address, field in frame header (802).

SA Synchronous Allocation, time allocated to FDDI station
for sending sync frames (802.6).
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SAA

SABM

SABME
SAFER

SAP

SAPI

SAR

Systems Application Architecture, compatibility scheme
for communications among IBM computers.

Sel Asynchronous Balanced Mode, connection request
between HDLC controllers or LLC entities (Layer 2).
SABM Extended, uses optional 16-bit control fields.
Split Access Flexible Egress Routing, service at one site
from two toll offices over separate T—-1 loops (AT&T).
Service Access Point, logical address of a session within
a physical station, part of a header address at an
interface between sublayers (802).

SAP Identifier, address between layers in protocol stack;
e.g., subfield in first octet of LAP-D address.

Segmentation And Reassembly, protocol layer that
divides packets into cells.

SAR-PDUSAR Protocol Data Unit, segment of CS-PDU with

SARM

SARME
SAS

SB

SCAI

SCP

SD

S/D
SDDN

SDH

SDLC

SDMm

SDN
SDs
Sbu

SFND

SES

SF

SF
SFET

additional header and possibly a trailer (e.g., a cell in
ATM).

Sel Asynchronous Response Mode, unnumbered frame
connection request (Layer 2).

SARM Extended, uses optional 16-bit control field.

Single—Attached Station, FDDI node linked to network by
2 optical fibers (vs. DAS).

Signal Battery, second lead to balance M lead in E&M
Circuit.

Switch-to—-Computer Applications Interface, link between
host CPU and voice switch to integrate applications; also
PHI and RSL.

Service Control Point, CPU linked to SS7 that supports
carrier services (800, ANI).

Staging Delimiter, unique symbol to mark start of LAN
frame (JK in FDDI, HDLC flag, etc.).

Signal-to-Distortion ratio.

Software Defined Data network, virtual private network
built on public data net.

Synchronous Digital Hierarchy, digital multiplexing plan
where all levels are synched to same master clock.

Synchronous Data Link Control; a half-duplex IBM
protocol based on HDLC.

Subrate Digital Multiplexing, a DDS service to put
multiple low-speed channels in a DS-0.

Software Defined Network.
Switched Digital Service, generic term for carrier function.

Service Data Unit, information packet or segment passed
vertically between adjacent layers in a protocol stack.
Clear to Send, signaling bit in CMI.

Severely Errored Second, interval when BER exceeds
1073, >319 CRC errors in ESF, frame slip, or alarm is
present.

Single Frequency; form of on/off~hook signaling within
telcos.

Super frame, 12 T-1 frames.

Synchronous Frequency Encoding Technique, a way to
send precise isoc clocking rate as a delta from system
clock.
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SG Signal Ground, second lead to balance E lead in E&M
signal circuit.

SHR Self-Healing Ring, topology can survive one failure in
line or node (802.6, etc.).

Sl Sequenced Information, LAP-D frame type.

Sl Secondary In, FO port that receives light from secondary
fiber ring (FDDI).

SIM Set Initialization Mode, Layer 2 supervisory frame.

SIR Sustained Information Rate, average throughput; basis
for SMDS access class.

SIT Special Information Tone, audible signal (often three
rising notes) preceding an announcement by the network
to a caller.

SIP SMDS Interface Protocol.

SIVR Speaker Independent Voice Recognition.

SLC Subscriber Loop Carrier, usually digital loop system.

SLIC Subscriber Line Interface Card (circuit), on a switch.

SMB Server Message Block, a LAN client-server protocol.

SMDR  Station Message Detail Recording, keeping list of all calls
from each phone, usually by PBX or computer.

SMDS Switched Multi-megabit Digital Service, offered on a
MAN by a carrier; service mark of Bellcore.

SMF Single Mode Fiber, thin strand that supports only one
transmission mode for low dispersion of optical waves.

SMT Station ManagemenT, NMS for FDDI.
SMTP Simple Mail Transfer Protocol (TCPAP).

S/MUX  Workstation software to allow UNIX daemons to talk to
SNMP manager station.

SNA SDH Network Aspects, evolving standards for VC
payloads and network management (SDH).

SNA Systems Network Architecture, IBM’s data
communication scheme.

SNADS SNA Distribution Services, communication architecture
for electronic mail and other applications.

SNAP Sub-Network Access Protocol (802.1).
SNI Subscriber—Network Interface, the demark point.

SNMP Simple Network Management protocol, started in TCP/IP,
but extending to many LAN devices (Layer 4-5).

SNR Signal-to-Noise Ratio, in dB.

SNRM Set Normal Response Mode, unnumbered command
frame (Layer 2).

SNRME SNRM Extended, uses optional 16-bit.control field.

SO Secondary Out, FO port that sends light into the
secondary fiber ring (FDDI).
SO Serving Office, central office where IXC has POP.

SOH Section OverHead, bytes in SDH for channels carried
through repeaters between line terminations like DCC or
switch.

SOH Start of Header, controi byte in BSC.
SONET  Synchronous Optical Network.

SPAC Standards Promotion and Applications Group, has same
function as COS.
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SPCS

SPDU
SPF

SPF

SREJ

SRL
SRT

SS7
SSA

SSAP

SSCP

SSM

ST

STDM
STE
ST™M

STM-1

STP

STP
STS-1

STS-N
STSX-n

STX
sV
svC

SWIFT

SW56
SYN
sync

Stored Program Controlled switch, CO switch (analog or
digital) controlled by a computer.

Session (Layer) PDU (OSI).

Synchronous Payload Envelope, data area in
SONET/STS/SDH format, with POH.

Shortest Path First, LAN router protocol that minimizes
some measure (delay) and not just “hops” between
nodes.

Selective REJ, Layer 2 frame that requests
retransmission of one specific | frame.

Singing Return Loss.

Source Routing Transparent, variation of source routing
combined with spanning tree algorithm for bridging (802).

Signaling System 7, to replace CCIS in ISDN.

Systems Applications Architecture, SNA plan to allow
programs on different computers to communicate.

Source Service Access Point, field in LLC frame header
to identify the sending session within a physical station
(802).

System Services Control Point, host software that
controls SNA network.

Single Segment Message, frame short enough to be
carried in one cell.

Stream, network layer protocol for very high speed
connections.

Statistical Time Division Multiplexer.
Section Terminating Equipment, SONET repealer.

Synchronous Transfer Mode, one of several possible
formats for SONET and BISDN.

Synchronous Transport Module—1, smallest SDH
bandwidth; = 155.52 Mbit/s, STM—n = n x 155.52 Mbit/s.

Shielded Twisted Pair, telephone cable with additional
shielding for high speed data and LANs.

Signal Transfer Point, packet switch for SS7.

Synchronous Transport Signal, level |; electrical
equivalent of OC- 1, 51.84 Mbit/s.

Signal in STS format at N x 51.84 Mbit/s.

Interface for cross—connect of STS—n signal that defines
STS—n.

Start of Text, control byte in BSC.
Subvector, part of NMVT (SNA).

Switched Virtual Circuit, temporary logical connection in a
packet/frame network.

Switched Fractional T-1, telco service defined by
Belicore, includes full T-1.

Switched 56 kilobit/s, digital dial up service.
Synchronization character, 16h ASCII.
Synchronous.

SYNTRANSynchronous Transmission, byte aligned format for an

electrical DS-3 interface.

T

Interface between NT—1 and NT-2 (ISDN).
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T Non—data character in 4B/5B coding, ending delimiter
(802.6).
T Tip, one of the conductors in a standard twisted pair,

2-wire local loop (the wire connected to the ‘tip’ of a
phone plug) or one of the DTE—to—DCE pair or a 4—wire

interface.

T-1 Transmission at DS-1, 1.544 Mbit/s.

T Tip or T lead of the DCE—to—DTE pair in a 4—wire
interface.

TiDM T-1 Data Multiplexer, brings DS-OBs together on a
DS-1 (Tel).

T1D1 TSC of T1 for BRI U interface.

T1E1 TSC or T1 for SNI.

TiM1 TSC or T1 for NMS and OSS.

T1Q1 TSC of T1 for ADPCM, voice compression, etc.
T181 TSC of T1 for ISDN bearer services.

T1X1 TSC of T1 for SONET and SS7.

TA Terminal Adapter, matches ISDN formats to existing
interfaces like V.35, RS-232.

TABS Telemetry Asynchronous Block Serial, M/S packet
protocol used to control network elements and get ESF
stats.

TAPS Test and Acceptance Procedures, telco document for
equipment instalation and set up.

TASI Time Assigned Speech Interpolation; analog voice
compression comparable to DSI and statistical
multiplexing of data.

TAT Trans—Atlantic Telephone, applied to cables, as TAT-8.

TBD To Be Determined, appears often in unfinished technical
standards.

TC Terminating Channel; local loop.

TC Transport Connection.

TC Transmission Control, Level 4 in SNA.

TC Trunk Conditioning, insertion of various signaling bits in A
and B positions of DS-0 during carrier failure alarm
condition.

TCA TeleCommunications Association.

TCA Threshold Crossing Alert, alarm that a monitored statistic
has exceeded preset value.

TCP/IP  Transmission Control Protocol (connection oriented with
error correction) of ten runs on Internet Protocol (a
connectionless datagram service).

D Transmit Data.

TDD Telecom Device for the Deaf, Teletype machine or
terminal with modem for dial-up access.

TDM Time Division Multiplexing (or multiplexer).

TDMA  Time Division Multiple Access, stations take turns
sending in bursts, via satellite or LAN.

TDS Terrestrial Digital Service, MCI’s T-1 and DS-3 service.

TE Terminal Equipment, supports native ISDN or B-ISDN
formats without a TA.
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TEI

TEST

TH

TLI
TL1

TLP

TMN

T™MS
TO

TOP
TOPS

TOS

TP

TPEX
TP-N
TP-0

TP-4

TPDU
TPF

TPSE
TR
TR
TS
TSDU
TSI
TTC
TTR

TTRT

TU

TUG

TWX

Terminal Endpoint Identifier, subfield in second octet of
LAP-D address field.

Test command, LLC Ul frame to create loopback (Layer
2).

Transmission Header, 2 bytes in framing format for layer
4 protocol (SNA).

Transport Level Interface, for UNIX.

Transaction Language 1, to control network elements
(TR482); CCITT’s form of MML.

Transmission Level Point related to gain (or loss) in voice
channel; measured power — TLP at that point = power at
0 TLP site.

Telecommunications Management Network, a support
network to run a SONET network.

Timing Monitoring System.

Transmit Only; audio plug for a channel bank without
signaling.

Technical and Office Protocol; for LAN’s.

Task Oriented Procedures, telco document for equipment
operation and maintenance.

Type Of Service, connection attribute used to select route
in LAN (SPF).

Transaction Processing, work of a terminal on-line with a
host computer.

Twisted Pair Ethernet Transceiver.

Transport Protocol of Class N (N = 0 to 4), OSl layer 4.
Connectionless TP (ISO 8602).

Connection oriented TP (ISO 8073).

Transport Protocol Data Unit (OSI).

Transaction Processing Facility, IBM host software for
OLTP.

Transport Processing Service Element (OSI).

Technical Reference, a final Bellcore standard.

Token Ring, a form of LAN.

Transport Service (OSI).

Transport Service Data Unit (OSI).

Time Slot Interchange; method of temporarily storing data
bytes so they can be sent in a different order than
received; a way to switch voice or data.
Telecommunications Technology Committee, Japanese
standards body.

Timed Token Rotation, type of token passing protocol
(FDDI).

Target Token—Rotation Time, expected or allowed period
for token to circulate once around ring (802.4, 802.6).
Teletypewriter.

Tributary Unit, virtual container plus path overhead
(SDH).

TU Group, one or more TUs multiplexed into a larger VC
(SDH).

TeletypeWriter Exchange, switched service (originally
Western Union) separate from Telex:
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u

UA

UART

UAS

ubLC
UDP/IP

uF

ul

ULP

UNI

UNR
upP
U-Plane

UPS
us
USART

USAT

usoc

VAN

VBR

vC

vC

vcc
vCl

vCX
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U

English transliteration of Greek mu ( ), for micro or
millionth; prefix in appreviation of units like us, um.

Interface between CO and CP for ISDN.

Unnumbered format, command frames, same as Ul
(Layer 2).

Unnumbered Acknowledgement, LLC frame to accept
connection request (Layer 2).

Universal Async Receiver Transmitter, interface chip for
serial async port.

Unavailable Second, when BER of line has exceeded
1073 for 10 consecutive seconds until next AVS start.

Universal Data Link Control, Sperry Univac’s HDLC.

Universal Data Protocol or User Datagram Protocol,
Internal protocol.

Microfarad, one millionth of the unit of capacitance.

Unnumbered Information, frame at LLC level whose
control field begins with 11: XID, TEST, SABME, UA, DM,
DISC, FRMR (802).

Upper Layer Protocol.

User—Network Interface, demark point or SDH and
B-ISDN at customer premises.

Uncontrolled Not Ready, signaling bit in CMI.
Unnumbered Poll, command frame (Layer 2).

User Plane, bearer circuit for customer information,
controlled by C—Plane.

Uninterruptable Power Supply.
Microsecond; 10-8 second.

Universal Sync/Async Receiver Transmitter, interface
chip for sync and async data I/0.

Ultra—Small Aperture SATellite; uses ground station
antenna less than 1m diameter.

Universal Service Order Code.

v

Value Added Network; generally a packet switched
network with access to data bases, protocol conversion,
ciC.

Variable Bit Rate, packetized bandwidth on demand, not
dedicated (ATM).

Virtual Container, a cell of bytes carrying a slower
channel to define a path in SDH; VC-n corresponds to
DS-n,n=1to4.

Virtual Circuit, logical connection in packet network so
net can transfer data between two ports.

Virtual Channel Connection (SMDS).

Virtual Circuit (or Channel) Identifier, part of a
packet/frame address header (X02.6, ATM).

Virtual Channel Cross—connect, device to switch ATM
cells on logical connections.

vDT

VF
VG
VGPL
VHF
VMTP

VNL
VPI
vac

vaL
VR

Vs

VSAT
vT

VTAM

VTE

VTNS
V35

WACK

WAN

WATS
WBC

W-DCS

WDM

X.25

XID

XNS

Video Display Terminal, often applied to any type of
“tube” or PC.

Voice Frequency, 300-3300 Hz.

Voice Grade; related to the common analog phone line.
Voice Grade Private Line, an analog line.

Very High Frequency, radio band from 30 to 300 MHz.

Versatile Message Transport Protocol, designed at
Stanford to replace TCP and TP4 in high-speed
networks.

Via Net Loss, related to TLP.
Virtual Path Identifier, VCI in ETSI version or ATM.

Vector Quantizing Code; a voice compression technique
that runs at 32 and 16 kbit/s.

Variable Quantizing Level; voice encoding method.

Receive state Variable, value in register at receiver
indicating next NS expected (Layer 2).

Send state Variable, value in register or sender of Ns in
last frame sent (Layer 2).

Very Small Aperture Terminal, satellite dish under 1m.

Virtual Tributary, logical channel made up of a sequence
of cells within SONET or similar facility.

Virtual Telecommunications Access Method, SNA
protocol and host program.

Virtual Tributary Envelope, the real payload plus path
overhead within a VT (SONET).

Virtual Telecommunications Network Service.

Former CCITT recommendation for a modem with a 48
kbit/s interface, being replaced by TIA-530A.

w

Wait before transmit positive Acknowledgment, control
sequence or DLE plus second character (30 ASCII, 6B
EBCDIC).

Wide Area Network, the T-1, T-3, or broadband
backbone that covers a large geographical area.

Wide Area Telephone Service.

WideBand Channel, one or 16 FDDI subframes of 6.144
Mbit/s assignable to packet or circuit connections.

Wideband Digital Cross—connect System, 3/1 DACS for
OC-1, STS-1, DS-3, and below, including T-1 (see
B-DCS).

Wavelength Division Multiplexing, 2 or more colors of
light on 1 flber.

X

X class central office switch is in HPR net but not linked
to NP.

CCITT recommendation defining Level 3 protocol to
access a packet switched network.

Exchange Identification, type of Ul command to set up
exchange parameters between LLC entities (Layer 2).

Xerox Network Services, a LAN protocol slack.
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Acronyms

Networking acronyms

X-off Transmit Off, ASCII character from receiver to stop

sender.

X-on Transmit On, ok to resume sending.

XTP

June 1994

eXpress Transfer Protocol, a simplified low—processing
protocol proposed for broadband network.
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ZBTSI

Y

Yellow alarm control bit in sync byte (TS 24) of T1DM,
Y=0 indicates alarm.

z

Impedance, nominal 600 ohm analog interface may be
closer to complex value of 900 R + 2 uF C.

Zero Byte Time Slot Interchange, process to maintain 1’s
density.
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Although you’ll probably never design a datacom protocol, you'll
often need to interface to a particular protocol environment. And
you can better select among the many silicon implementations
becoming available if you know protocol basics.

INTRODUCTION

As technical and market factors make your product’s data
communications capability more important, meeting the
requirements of the datacom protocol dictated by the application
environment becomes vital. Unfortunately, the wide variety of
protocols and their subtle differences complicate the design task.
But by understanding the tradeoffs involved in working with various
protocols, you can design a product for many years of service in a
variety of network environments. And the key to that flexibility lies in
implementing a protocol that's now in wide use and likely to remain
widely used, or at least compatible with future protocols. Further,
becoming familiar with these protocols is the first step in intelligently
selecting among the many |C-level implementations becoming
available.

What is a protocol?

In the most general terms, a protocol is a formal set of conventions
governing the format and relative timing of message exchange
between two communications terminals. When dealing with
protocols, though, most datacom engineers tend to think in terms of
the 7-layer Open System Interconnection (OSI) reference model
developed by the International Standards Organization (Figure 1).
This widely (if academically) accepted architecture provides a
framework in which you can define every aspect of data
communications.

The model's first protocol, Layer 1, underwrites electrical and
mechanical conventions such as connector format and signal/pin
assignments. Familiar standards such as EIA's RS-232C, RS-442
and RS-449 as well as CCITT’s V.24 and X.21 are Level 1 protocols.
Layer 2 — the area in which datacom engineers get most involved
and the focus of this article — defines procedures for error-free
transmission and reception.

PRESENTATION

DOWNSTREAM SYNCHRONIZATION

BETWEEN END USERS

DATA-LINK CONTROLS

(HUMAN) INTERACTION LEVEL ALL MESSAGES CONTAINING REAL DATA BEGIN OR END HERE

A TRANSLATION LAYER DEALING WITH DATA COMPOSITION, FOR EXAMPLE, DATA'RECEIVED FROM

ONE NODE GETS CONVERTED INTO THIS NODE'S APPLICABLE DIALOGUE TO ENSURE PROPER

A MANAGEMENT LAYER THAT ORGANIZES DATA INTO A LOGICAL STRUCTURE FOR

AN EFFICIENCY MANAGEMENT LAYER CONSISTING OF MESSAGE  TRANSFER SPECIFICATIONS

A PROCEDURAL LAYER THAT ALLOWS NETWORK NODES TO BEHAVE INDEPENDENTLY OF ACTUAL

DEFINES THE PROCEDURES FOR FORMAL ERROR FREE TRANSMISSION AND RECEPTION

DEFINES THE ELECTRICAL AND MECHANICAL CONNECTIONS BETWEEN NETWORK NODES

The { O ization’s OSI| model breaks the various data-communications tasks into seven protocols. Layers 1 and 2 predate the model and are
fairly mature in terms of standards and protocol implementation; at Layer 3 and above, many OS!-like i ions exist in ietary system offeri and izati
efforts are underway. Layer 2 protocols, the focus of this article precisely define the format of and provide i y

Figure 1. Theoretically Describing Any Datacom Link
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Layers 3 and 4 add standards for message transport, and the three
highest layers define the procedures for human interaction with
overall network services.

DLCs define transmission methods and detect and

correct errors

Layers 1 through 4 are designated the transfer service because they
move

messages from one point to another; layers 5 through 7 are known
as the user layers because they provide user access to messages
on the network.

From a design standpoint, the vast majority of work in both hardware
and software implementations focuses on Layers 1 and 2. Above
the link layer (Layer 2), implementations abound in the form of
proprietary offerings from competing firms; the electronics industry is
seeking a consensus on exactly what the corresponding standards
and protocols should be.

Specifics of link-layer protocols

Although still undergoing development, Layer 2 protocols, also
known as link-layer

protocols or data-link controls (DLCs) are relatively well defined by
function and type. In terms of function, several aspects define a
DLC. First, a DLC is a formal ritual for communications; it is the
precise definition of message transmission and acknowledgement
between computers and their peripherals for every message
transfer. Although not the communicated data itself, every link-layer
protocol facilitates communications by embodying a structure for
transport of information from one point to another.

In addition, a clearly defined method for data transfer among
computers and peripherals must accommodate coding and
transmission errors even under the best circumstances. Besides the
error sources that a busy

DATA LINK CONTROL

LAYER 2
PROTOCOLS (DLCS)

N

ESTABLISH STANDARD ESTABLISH FORMALITIES ESTABLISH STANDARDS

DATA UNITS FOR FOR UNAMBIGUOUS FOR A VIRTUAL DATA
MESSAGE EXCHANGE MESSAGE EXCHANGE PATH, SUCH AS
SUCH AS SUCH AS
* BLOCKS « CODES * ERROR DETECTION
* CHARACTERS « CONTROLS +» ERROR RECOVERY
* FILES * FORMATS * SEQUENCING

* DATA RATES « POLLING

« HANDSHAKES * FLOW CONTROL

* MESSAGE RECOGNITION

Link-layer thata unit gets and

g y
received; how these tasks are implemented differentiates the various data-link controls.

Figure 2. Link Layer Attributes

datacom link might suffer because of a low signal-to-noise ratio,
receiving stations might be engaged in other tasks when a message
gets sent. Thus, the second major characteristic of a DLC is the
ability to detect and recover from mistakes and complete the
communication process.

Figure 2 details other important link-layer-protocol attributes. All
DLCs embody all or some of these features, whether implemented
in hardware or software. In fact, variations of these features define
the various link-layer protocols.
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Thus, as a family of protocols, DLCs share many common features
but also accommodate a wide variety of performance characteristics
that require full understanding for correct DLC selection. For
instance, it is not unusual for networks to use both synchronous and
asynchronous transmission and wide variations in data rates.
Datacom-equipment designers must carefully evaluate the choices
to ensure correct positioning of their products in the marketplace.

To see how link-layer protocols fit into a typical datacom scheme,
examine Figure 3. In this system, a terminal user wants access to
an applications program that is physically located some distance
away. Between the terminal and host computer that stores the
desired program is a complex network of modems, transmission
facilities and protocol-conversion devices. Each communications
layer at the terminal end has an equivalent layer at the
host-computer end. Thus, the modems “talk” only to each other,
ignoring the actual meaning of the data they handle. Likewise, the
data-link controls interact as peers to assure the successful
transmission and reception of data without regard for the modems’
modulation scheme.

This peer-to-peer communication, when combined with the structure
of the OSI model, leads to the concept of enveloping. As the user
data generated in Layer 7 moves down the model, the protocol
associated with each layer adds control information. By the time the
user data reaches the physical link layer (Layer 1), it has been
successively enveloped several times. Following transmission
across the data link, the enveloped data moves up the model. At
each layer, the peer-level envelope of control information gets
stripped off for evaluation and action by its peer protocol.

Datacom messages don’t necessarily contain user data, though.
Messages such as polling or acknowledgement — where a
computer grants permission for a terminal to send a message, or
where any receiver sends a short message ACKing or NAKing
another message — can originate and terminate at Layer 2 with
higher layers none the wiser.

For the system designer, an end-to-end view builds a virtual
communications path through a network. Because you cannot
always predict the various network environments in which a product
will see use, you should concentrate your design effort on the
data-link interface, thereby allowing for the use of any higher level
protocols. Your goal, of course, is to control data transmission and
reception by synchronizing sender and receiver and to detect errors
and provide successful recovery techniques. A subordinate but no
less important objective is to minimize overhead so that datacom
efficiency remains high and costs remain low.

The DLCs at your disposal for this job can be classified according to
several criteria, such as error-handling capability, message format,
method of communication-line control and flow-control procedure.
The implementation of any DLC requires knowledge of all these
criteria because enough variation exists to mandate complete
specification by the engineer. In other words, every data-link-control
protocol is itself a procedure that offers several modes of operation
depending on the aforementioned options.

Sync vs async transmission

Before selecting a DLC, you should first determine if your application
requires synchronous or asynchronous operation because this
aspect can limit DLC options. Furthermore, other technical issues

“are involved in the sync/async decision.

The prime distinction between sync and async operation lies in the
time domain In async, the time interval between transmissions is
variable.-Control bits, which designate message start and stop,
frame each character; asynchronous characters vary in length
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depending on the information code (e.g., ASCII, EBC-DIC or IBM’s
6-bit Transcode) and are usually 5- to 8-bits long. On the other
hand, sync transmission proceeds without character-by-character
framing once synchronization is achieved; there are no intervening
control bits for start/stop.

Because of its inherent simplicity and historical momentum (async
transmission methods were introduced years before sync methods),
async transmission is now used in perhaps millions of terminals,
primarily where low-speed communication (less than 1800bps) is
sufficient. Async’s prime disadvantage is its control overhead, which
can reach three control bits for five data bits or 37%. In contrast,
fully synchronous transmissions typically have less than 2%
overhead and suit multiplexing. This high efficiency also allows
synchronous data rates over voice-grade lines as high as 9.6kbps.

By comparing transmission data structures, you can see why async
(with its inherent idle times) suits man/machine interfaces while
continuously flowing sync offers the high speed needed in
machine-to-machine interfaces. Thus, character-mode CRT
terminals generally employ async transmissions to keep costs low.
On the other hand, the trend in intelligent terminals, which
pre-process data and then transmit it to a host in blocks, is toward
sync transmissions.

Some equipment might provide both means. For example, a cluster
controller, which interfaces a CPU to a group of terminals, can use
async mode for the terminal ports while communicating with the host
over a synchronous link.

By themselves, synchronous and asynchronous formats are not
protocols. Rather, they are transmission methods that place
performance restrictions on a communications channel to ensure
data integrity. DLCs that use sync or async transmission mirror
these performance restrictions and act as policemen to assure that
messages are correctly transferred independently of the
transmission methods employed.

Sync and async transmissions are closely related to the two main
classifications of link-layer protocols: character-oriented protocols
(COPs) and bit-oriented protocols (BOPs). Async mode, with its
character-by-character framing, does not lend itself to BOPs, which
inherently lack character framing in their information fields and thus
required COP; sync transmission, in contrast, can use either a COP
or BOP.

Despite this fact, BOPs and COPs are not direct competitors for
datacom applications. One well-established rule of modern datacom
engineering is that bit orientation is synonymous with high-speed
operation. However, a great deal of installed datacom equipment
requires relatively slow speeds; thus, the DLC decision in the
applications environment rests with other factors contained in the
definitions of BOPs and COPs.

For most applications, you will likely deal with one of the several
widely used BOPs or COPs. Examining the BOPs first, note that
they are all variations of the International Standards Organization’s
High Level Data Link Control (HDLC). The US version, sponsored
by the American National Standards Institute (ANSI), is designated
the Advanced Data Communications Control Procedure (ADCCP).
Perhaps the most popular version of HDLC is IBM’s Synchronous
Data Link Control (SDLC), but a variation becoming more widely
used is the Link Access Procedure B (LAPB), a host-to-node
datacom protocol contained in the CCITT’s X.25 multilevel protocol
(which covers Layers 1, 2 and 3).

Turning to the COPs, note that the two dominant versions are IBM’s
Binary Synchronous Communications (BSC or Bisync) and Digital
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Equipment Corp’s Digital Data Communications Message Protocol
(DDCMP). Between these two exist hundreds of proprietary
variations (such as ones for passenger-reservation systems) that
emulate the IBM or DEC technique in thousands of compatible
products.

To gain a better understanding of the differences among these DLC
types, first examine the structures of two very popular BOPs (HDLC,
and SDLC) and the two top COP contenders, Bisync and DDCMP
(Figure [4]).

BOPs all have similar frame structures

HDLC-subset distinctions become visible with a field-by-field
description of a typical BOP frame. Beginning with an 8-bit flag
sequence, a frame is sequentially built by adding Address, Control,
Information (data) and Frame Check fields and finally another flag.
Al fields except the Information field consist of single or multiple
8-bit patterns designated octets. The Information field can be of any
length (not necessarily a multiple of characters or bytes), although
some specific implementations such as SDLC require that it be an
integer multiple of eight bits.

The entire transmitted frame, also called a block, gets examined by
each station attached to the data link. The BOP hardware resident in
each receiver continuously examines the Address field and enables
that receiver immediately upon detection of its own address. The
address is usually a single octet, but provisions are available for
transmitting a multiple-octet address.

In all HDLC implementations, the DLC behaves differently for
primary and secondary stations, or masters and slaves. In any
network, only one master can exist, and slaves can transmit only
when the master explicitly gives them permission to do so. When a
secondary station transmits, the Address field is its own rather than
the destination address. A primary station accepts this message
only if it has given that secondary station permission to transmit. As
one measure of flow control, the primary station periodically enables
each secondary by transmitting an explicit permission message.
Mandating the inclusion of the Address field in every message
permits a primary station to interleave receptions from two or more
secondary stations without garbled resuits.

Next in sequence, the control field contains one or two octets
depending on which HDLC subset and mode — extended (two
octets) or non-extended (one octet) — are used. Control determines
(informs the receiver of) the message type, the sequencing of send
and receive flames, the explicit poll command (permission to
transmit) and/or the final response from secondary to primary
station. A primary station uses the Control field to command specific
actions by a secondary, while a secondary station encodes the
Control field with appropriate response data. Together, the Address
and Control fields make up a Header.

The Information field can contain virtually any number of bits, but
practical considerations limit the field according to flow-control
regulation in complex networks. (For instance, you might not want to
repeat a 20-min block because one error shows up; you would use
smaller blocks.) However, long information fields are easily
accommodated with sequential frames that collectively constitute a
complete transmission. Data in the field can employ any code
structure: BCD, standard binary, packed decimal or others. Itis
important to use a code defined by the terminal address. Note in
addition that the special control characters exclusive to a particular
secondary station get included in the Information field.
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Finally, the Frame Check field provides a code that can serve at the
receiving end to verify error-free message reception. It is generally
the remainder of a CRC calculation based on a standardized
polynomial.

BOPs use few control characters

BOPs do not use control characters to delineate message blocks.
Only two distinct bit patterns, which need not occur on character
boundaries, carry special meaning within a BOP message: Flag
(01111110) and Abort (1111111). Thus, to achieve data transparency,
you need only ensure that a sequence of six or more ONEs never
gets transmitted unless you want to send a Flag or an Abort.
(Transparency is important because every datacom message
consists of bit patterns representing both data and control
information that flow along one communications link; you therefore
need techniques that distinguish data from control. Transparency
allows characters (bit patterns) to get transmitted as data without
regard for their inherent control definitions).

To ensure data transparency, BOPs use a bit-stuffing technique
termed Zero Insertion and Deletion (Figure [5]a). The transmitting
end examines the outgoing bit stream, and if it detects a sequence
of five ONEs, it unconditionally inserts a ZERO into the bit stream
(the Flag- and Abort-generation circuits bypass this step). The
receiving end then deletes any ZERO that follows exactly five
ONEs.

What are the major differences among the major BOPs? As seen in
Figure [6], they differ primarily in the length of the Address and
Control fields and method of re-transmitting rejected (erroneous)
frames. When designing a data-link protocol into a piece of
equipment, you will generally choose the one that your device must
interface with. But if no such restrictions apply — for example, when
you are interconnecting a closed system — the HDLC/ADCCP
protocol provides the most flexibility because the Address-field
extension allows you to address a large number of stations and the
2-octet Control-field option allows as many as 127 frames to remain
unacknowledged before a response from the secondary station is
required.

COPs: a more complex control structure

Turning to the structure of COP frames, note that although the exact
nature and sequence of fields varies with the DLC, all COP blocks
contain Header, information (data) and Block Check fields. The
detailed structure of a COP (Figure [4]) illustrates the options for
each field, and the differences between the two most widely used
COPs — Bisync and DDCMP — are discemible.

The first major field, the Header, although here an independent field,
performs the same basic role as in BOPs — it can incorporate the
address of either the message source or destination, a job number,
message type (control or data) and required control action, as well
as positive or negative acknowledgement related to error-free
reception of a prior message. The control sub-field can serve to
initialize a receiver, ask why an acknowledgement has not yet
occurred, abort a message transfer or acknowledge correct or
incorrect reception of prior blocks. Encoding of the control
messages is accomplished with predetermined characters.

Next, a typical Information field can contain characters of an
information code set in BCD, binary, floating point or other pure data
codes. Because of its great flexibility, the field can also contain a
special code or even a machine-language computer program.

Completing a message unit, the Block Check field provides a code
that, when used at the receiving end, can verify error-free reception
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of a message. This field can be based on a parity check or, as is the
case in all major DLCs, the remainder of a CRC calculation. Some
DLCs provide a Block Check field at the end of both the Header and
Information fields.

As previously noted, COPs have a common characteristic in that
they all use a fully defined set of control characters (Figure [4]b).
Remember that BOPs use only two control-character sequences;
thus, the use of this character set makes code transparency in
COPs a complex task because of a relatively long list of bit
sequences that cannot appear in the Information field.

In their approach to handling data transparency, COPs fall into two
sub-classes: The Character Controlled class (such as Bisync) uses
special 2-character sequences to enter and exit the Transparent
mode (Figure [5]b); the Character Count class (such as DDCMP)
uses a standardized Header format that explicitly provides a
character count for the Information field. This latter approach allows
a receiver to determine the end of a message without including
control characters in the Information field, thus automatically making
this field transparent.

Some significant differences between BOPs and COPs should now
be apparent (Figures 4, 5 and 6). Both types of DLC provide for data
transparency, but the overhead for BOPs is lower than for COPs,
resulting in higher data rates for BOPs. Furthermore, BOP message
frames share many common characteristics regardless of the
specific DLC used, including a standard frame format, code
independence due to bit stuffing, positional significance rather than
control characters or character counts, and either half- or full-duplex
operation (only some COPs work in full-duplex mode). In addition,
BOPs offer a wider range of modes and user programmability as
well as the widest acceptance among vendors and standards
organizations. Thus, despite the fact that COPs have been in use for
more than 20 years and currently control more network nodes than
any other type of link-layer protocol, you can safely assume that
more datacom-engineering time will be devoted to designing-in
HDLC-like BOPs during the next decade than to any other DLC.

The second major DLC function

Recall from the initial definition of a DLC that a key function is error
detection and correction. This task varies in importance depending
on the DLC application. It ranges from completely ignoring errors in
applications such as hulk-text transfers of lengthy word-processing
files to absolute zero-defect assurance in applications such as
transferring financial records or stock quotes.

Statistical error rates for various applications give insight into the
error-control/recovery task that you must consider in DLC selection.
In transfers between a computer and disk at rates to 109 bps, the
error rate typically equals one in 103 bits. In a typical datacom
setting using a dial-up public telephone network, though, the data
rate is a comparatively modest 103 to 104 bps while the error rate
escalates to one in 105 bits. These two applications are thus more
than 10 orders of magnitude apart in expected errors.

DLC error-control methods include Hamming codes, vertical (parity)
and longitudinal redundancy checks (VRCs and LRCs) and cyclic
redundancy checks (CRCs). Link-layer protocol structures always
provide Error Control fields, and detected errors result in a request
for re-transmission across the data link.

In general, DLCs offer two types of re-transmission requests
(ARQs): Stop/Wait and Continuous. In the Stop/Wait procedure, the
transmitting station literally stops sending after the transmission of a
block or frame. It then waits until the receiving station performs the
predetermined error check, sending an ACK to confirm correct
reception. If the receiver finds the message erroneous, it sends a
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NAK and the previous block gets re-transmitted. The overhead in receiver transmits a NAK control message that contains the

terms of line idle time and turnaround for this type of ARQ is defective block’s number. Two implementations of this type of ARQ

obviously very high, and DLCs that use it don’t fully exploit line are widely used: Go-Back-N and selective repeat (Figure [7]). The

capacity. The Stop/Wait procedure is most often found in simplex former results in the re-transmission of both the defective block and

and half-duplex communication links. all subsequent in-transit blocks; the latter improves link efficiency by
re-transmitting only the defective blocks. Both implementations

In continuous ARQ, blocks move continuously and the transmitter require a full-duplex link and typically can improve line utilization by

provides buffer storage while both the transmitter and receiver a factor of two because line turnaround and idle time are virtually

monitor block counts. When it detects an erroneous block, the eliminated.

LANSs vs datacom links
Although datacom links have seen wide use for many years, the great attention now given to local-area networks (LANS) raises the question of what differentiates the two.

To undersland the distinctions, Iook first at the general description of a LAN: a datacom system that allows several i devices to i i and that confines

ion to a d area such as an office building, a warehouse or a campus. It accomplishes communication over a physical channel with a moderate to high data
rate (1M to 10M bps) and a consistently low error rate (because of LANs’ well-defined cable links, you can better predict and control such speed-degrading factors as cable and unit
delays). Finally, LANs allow any network user or device to have direct access to any other point.

A standard datacom link, on the other hand, uses a long-dist: network i of i facilities in different parts of a country or the world often a part of the
public switched telephone network. A more important distinction, lhough is that standard datacom links implicitly rely on a master that controls bus activity. Aithough the polling method
used in standard datacom networks to allocate link usage functions adequately, it does have several disadvantages:

1. It is difficult to adapt the system to changing conditions. For instance, if some unit’s activity peaks at certain times, you must write an elaborate software algorithm so that the master
can account for this fact. Further, if system characteristics change over time, you must continually update this algorithm.

2. ity is difficult to i a central unit controls all system activity, adding or deleting modules from the bus dictates a change in the control software. This
requirement holds even if you add or delete units that talk only to each other and not to the primary.

3. Total system reliability depends on the primary station’s reliability; if that unit goes down for any reason, the entire system stops functioning.

" 4. Protocol for data ion or control ications can be high. Because standard serial buses do not have interrupt capability, the primary must continually poll the
data-gathering and status-monitoring units. Often, however, the polling action indicates no change in status and returns little meaningful data. Thus, protocol overhead is high compared
with the volume of data gathered.

As noted earlier, most LANs do not employ the central-controller concept; each network unit can take control of the system bus when needed and transmit data directly to appropriate
units. Because several units can vie for bus control si two methods of Iving such conflicts have arisen: carrier sense multiple access with collision detection
(CSMA CD) and token passing.

This networking concept leads to the following advantages over classical datacom structures:
1. The bus can self adapt to changing conditions because modules request the bus only when they need it. If necessary, some modules can be assigned higher priority than others.
2. Modularity is easy to implement. You can add units to the bus without disturbing existing units provided that the total at any time does not exceed the bus’s effective bandwidth.

3. System reliability is high because system communications capability does not depend on any particular unit being connected.

" 4. Control and monitoring systems are effici i (when bus idth is close to the data bandwidth) because any unit can directly address any other, effectively allowing
interrupt capability.
Because LANs achieve high transmission speeds and typically i intelli i they uni ission mode, i with
BOPs. The LAN unit of information transfer, usually desig a packet, is ly similar to an HDLC frame. Il conSIsts of a source address, destination address, control code,
information and a frame-check The two identify the i and receiver, the control code tells the receiver what kind of data is being sent and the frame-check
allows ion of ission errors. Unlike i BOP frames, however, LAN frames do not need bit stuffing to achieve data transparency. Rather, the start- and
end-of-packet delimiters get ii with special code-violation patterns in the modulation scheme (typically Manchester) that encodes the clock and data on one signal, instead of
using a special character such as a flag.
Thus, although classical dat: could be desi LANs if they meet the general definiti there is a clear distinction between them —
although the functional ditferences between the most advanced datacom links and the least advanced LANs are small.
START
ADDRESS ADDRESS MESSAGE MEDIA-ACCESS FRAME
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START
ACCESS ADDRES: FRAME
FRAME INFORMATION FRAME
CONTROL (DESTINATION) SOURCI CHECK TOKEN RING
HIER (1OCTET) | (/6 OCTETS) | (2l6/ 00751)3) (< 4099 OCTETS) (4OCTETs) | DFLMIER
PREAMBLE/ START-
ACCESS ADDRESS ADDRESS FRAME
FRAME INFORMATION FRAME
(1 OR MORE DELIMITER COMTROL | DESTNATION) | oS RECEl (<4099 OCTETS) GHECK DELIMITER | TOKENBUS
OCTETS) (1OCTET) ( ) | s )| ( TETS) (4OCTETS) | ({oCTET)

Framing diagrams for popular LAN types show that these message packets require both source and destination addresses, in contrast to DLC protocol's single-master multiple-slave
architectures, which require polling at the expense of speed.
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Efficient communication systems depend on knowledge of design
concepts and principles for encoding and transmitting digital data

Recent developments in information systems and computer and
microcomputer hardware have highlighted the need for efficient data
communications. Industrialists, educators, financial institutions, and
government organizations are finding computer services essential to
their operation, and the data communications link is an integral part
of these services.

Data communication refers to the electronic transmission of
encoded information or data from one point to another. As used
here, the term encompasses all the physical elements, systems,
devices, and procedures that are required for the transmission and
reception of data between two or more points. Elements of a data
communication system are communication channels, transmission
modes, line conditioning, modems, serial communication interfaces,
data link configurations, information codes, and protocols.

The data communication process generally requires at least five
elements: a transmitter or source of information, a message, a
binary serial interface, a communication channel or link, and a
receiver of transmitted information (Figure 1) . A data
communications interface is often needed to make the binary serial
data compatible with the communication channel.

Communication Channels and Facilities

A communications link or channel is a path for electrical
transmission between two or more stations or terminals. It may be a
single wire, a group of wires, a co-axial cable, or a special part of the
radio frequency spectrum. The purpose of a channel is to carry
information from one location to another. All channels have
limitations on their information handling abilities, depending upon
their electrical and physical characteristics.

There are three basic types of channels: simplex, half-duplex, and
full-duplex. As an example of each, consider transmission between
points A and B in Figure 1.

Transmission from A to B only (and not from B to A) requires a
simplex channel. Simplex channels are used in loop mode
configurations such as supermarket checkout terminals.
Transmission from A to B and then from B to A, but not
simultaneously, requires a half-duplex channel. If a 2-wire circuit is
used, the line must be turned around to reverse the direction of
transmission. A 4-wire circuit eliminates line turnaround.
Transmission from A to B and from B to A simultaneously describes
a full-duplex channel. Although four wires are most often used, a
2-wire circuit can support full-duplex communications if the
frequency spectrum is subdivided into receive and transmit
channels:

In addition to the direction of transmission, a channel is
characterized by its bandwidth. In general, the greater the bandwidth
of the assigned channel, the higher the possible transmission speed.
This speed is usually measured in terms of the number of line signal
elements per second, the baud rate. If a signal element represents
one of two binary states, the baud rate is equal to the bit rate. When
more than two states are represented, as in multilevel modulation,
the bit rate exceeds the baud rate. The range of channels inciudes
private wire, wideband, Digital Data Service, limited distance, voice
grade, subvoice grade, and telegraph (Table 1).
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Figure 1. Elements of Data C tions Pr
Five major elements are source, message, interface channel,
and receiver. Channel can be any of three basic types.

Digital vs Analog Transmission

Digital transmission can be applied to digital data or analog voice
signals. In either case, information is sent over the communications
channel as a stream of pulses. Pulses transmitted over a
communication line are distorted by line capacitance, inductance,
and leakage.

The longer the line or the faster the pulse rate, the more difficult it is
to interpret the received signal. This signal degradation is the reason
for the closely spaced regenerative repeaters used in digital data
transmission facilities. When noise and distortion threaten to destroy
the integrity of the pulse stream, the pulses are detected and
regenerated. If the regeneration process is repeated properly, the
received signal will be an exact replica of the transmitted signal. It is
possible to transmit pulses over short distances using privately
owned cable or common carrier wire pairs. This is baseband
transmission and usually requires line drivers and receivers on each
end of the line. Longer distance communication must use the digital
transmission facilities of the common carriers.

In analog transmission, a continuous range of signal amplitudes or
frequencies is sent over the communications line. Linear amplifiers
maintain signal quality. The voice telephone network supplied by the
common carriers uses analog transmission facilities to service most
data communications users. To interface the analog voice channels
to digital terminals and computers, a modulator-demodulator
(modem) is used. In a modem, digital information modulates a
carrier signal, which passes through the telephone network just as
does a voice signal. At the receiving end, the signal is demodulated
back into digital form.

Voice Grade Lines

Voice grade telephone lines are available through the public
switched network (Direct Distance Dialed or DDD); as private leased
lines without conditioning; and as private, conditioned, leased lines.
Although the bandwidth is the same for all three, the effective data
rates vary because of different specifications for signal noise,
amplitude attenuation, and envelope delay distortion.

Dial-up lines are the 2-wire pairs supplied by the common carriers
on the public switched telephone network. Most often these lines are
used for half-duplex operation, although frequency band splitting
modems can facilitate full-duplex at 1200 bits/s. A major advantage
of dial-up lines is that any point on a worldwide telephone network
can be reached. Furthermore, communication costs are limited to
the time the lines are actually in use.
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Table 1. Communication Channel Characteristics

modems, CCITT V-series
wideband modems

Channel Type Channel Interface Data Rates (bits/s) Applications
Fiber optics Fiber optic connector Up to 2G Computer-computer, WAN,
Computer-high speed peripheral
Private wire or cable Line drivers and receivers 1M to 155M In-plant data communications
Modem eliminators Local Area Network
Limited distance modems
Wideband analog Wideband Bell 300-series 19.2k to 230.4k Telephone channel multiplexing

Dataphone Digital Service

Data Service Unit
Digital Station Terminal

2.4k, 4.8k, 9.6k, 56k, 1.544M

Private terminal-computer
geographically dispersed links

Switched telephone network
(DDD)

2-wire modems
Acoustic couplers

0 to 2k (async), 2k to 4.8k (sync)
300, 450, 600, 1.2k (async)

Terminals, data collection
stations, other interactive
communications

Leased voice grade lines (with or | 2/4 wire modems 0 to 2.4k (async) Remote batch, private

without conditioning) 2k to 9.6k (sync) communications networks

Subvoice grade Narrowband modems 150 to 200 Teletypes, A-D converters,
telemetry

Telegraph DC signaling 4510 75 TWX, TELEX

Four major problems are associated with the switched telephone
network. First, the lines may be noisy. The human brain can interpret
what is being said despite the interference that plagues many calls,
but computers and terminals can easily lose or misinterpret data
because of noise. Second, delay distortion is caused by the various
frequency components of a signal being transmitted at a nonuniform
speed through the transmission medium. This may result in received
data that are erroneous. Third, the switched network requires
relatively long connect, disconnect, and turnaround times, which
limit the system data throughput. Fourth, the reliability of telephone
switching equipment is relatively low.

Although more costly than dial-up lines, private leased lines largely
circumvent the problems that afflict the switched network. Their
basic advantages are ready availability and freedom from busy
signals, fixed monthly charges, and conditioning for better data
quality, as well as higher transmission rates and throughput. Leased
lines are generally 4-wire circuits usable for half- or full-duplex
operation. Simultaneous transmission and reception is possible, and
line turn-around is eliminated. The basic disadvantages of leased
lines are higher cost and the line’s connection to only one location.
However, if telecommunication demands entail high volume, high
quality, high speed traffic between two points, a leased line is the
best choice.

Digital Data Services

The Bell System developed a digital transmission network that
provides higher data rates with fewer errors at a lower cost than
conventional analog transmission facilities. Known as Dataphone
Digital Service (DDS), the network is available in 32 U.S. cities and
recently has been granted Federal Communications Commission
(FCC) approval for 64 other cities. Two point, full-duplex, private line
service is provided at synchronous data rates of up to 1.544M bits/s.
In June 1977, the FCC approved construction of American
Telephone & Telegraph (AT&T)’s Dataphone Switched Digital
Service (DSDS).

Specialized common carriers offer a variety of services in addition to
those of the Bell System. These include shared private line services
such as EXECUNET by MCI Communications and SPRINT by
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Southern Pacific; satellite services by the Radio Corporation of
America, Western Union, and others; packet-switching carriers
including Telenet by General Telephone and Electronics and Tymnot
by Tymshare; and facsimile and electronic mail services such as
Graphnet, TWX, TELENET, and SPEEDFAX.

Modems

Modems are devices that convert digital data from a computer or
terminal to a modulated carrier waveform required by the
communication channel. One modem is needed at each end of the
channel, as shown in Figure 2. Modems are also known as data
sets and are designed for specific kinds of service and for specific
bandwidths or data rates. Those discussed here accept a binary
serial input from the transmitter and provide a binary serial output to
the receiver. Parallel input modems (used mostly for paper tape
transmission) and analog input machines (used primarily for
facsimile transmission) are not considered. The three types that are
considered are short haul, wideband, and voice grade (Table 2).

Voice grade telephone lines with a bandwidth of 2700 Hz (300 to
3000 Hz) are by far the most common medium used for data
communications. A voice grade modem, designed for use on these
lines, should be selected on the basis of the type of service (dial-up
or leased), the required data rate, and an acceptable level of error
performance. The two broad categories.of voice grade modems are
asynchronous units and synchronous units. Asynchronous units
operate at a maximum data rate of 1800 bits/s over dial-up facilities
and 2000 bits/s on conditioned leased lines. Acoustic couplers are
asynchronous modems designed for dial-up use that are generally
limited to speeds of 600 bits/s or less. Synchronous units operate at
a maximum data rate of 4800 bits/s over dial-up and 9600 bits/s on
conditioned leased lines.

Wideband modems operate over telephone transmission facilities at
speeds of 19.2k bits/s to 230.4k bits/s. This class of data set is
supplied almost exclusively by the common carrier and requires the
bandwidth of 6 to 60 dedicated voice grade channels. Examples are
the Bell 303B, -C, and -D for 19.2k-, 50k- and 230.4k-bit/s full-duplex
operation.
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Short haul modems operate over relatively short distances —
generally less than 10 mi (16 km) — on solid conductor, non-band
limited, non-loaded lines. In some cases, they are not true modems
but are line drivers and line receivers that transmit and receive
digital data. Although the communication line must be carefully
chosen, the cost can often be one-tenth that of a voice grade
modem rated at the speed. Other advantages are higher speed and
reliability and easier maintenance.

Asynchronous and Synchronous Transmission
Asynchronous data are typically produced by low speed terminals
with rates of less than 1200 bits/s. In asynchronous systems [Figure
3(a)], the transmission line is in a mark (binary | ) condition in its idle
state . As each character is transmitted, it is preceded by a start bit,
or transition from mark to space (binary 0), which indicates to the
receiving terminal that a character is being transmitted. The
receiving device detects the start bit and the data bits that make up
the character. At the end of the character transmission, the line is
returned to a mark condition by one or more stop bits, and is ready
for the beginning of the next character. (An asynchronous character
varies in length depending on the information code employed.) This
process is repeated character by character until the entire message
has been sent. The start and stop bits permit the receiving terminal
to synchronize itself to the transmitter on a character by character
basis.

Synchronous transmission (Figure 3(b)) uses an internal clocking
source within the modem to synchronize the transmitter and
receiver. Once a synchronization character (SYN) has been sensed
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by the receiving terminal, data transmission proceeds character by
character without the intervening start and stop bits. The incoming
stream of data bits is interpreted on the basis of the receive clock
supplied by the modem. This clock is usually derived from the
received data through a phase locked loop. The receiving device
accepts data from the modem until it detects a special ending
character or a character terminal count at which time it knows that
the message is over. The message block usually consists of one or
two synchronization characters, a number of data and control
characters (typically 100 to 10,000), a terminating character, and
one or two error control characters. Between messages, the
communication line may idle in SYN characters or be held to mark.
Note that synchronous modems can be used to transmit
asynchronous data, and, conversely, asynchronous modems can be
used for synchronous data if the receiving terminal can derive the
clock from the data.

Asynchronous transmission is advantageous when transmission is
irregular (e.g., when it is initiated by a keyboard operator’s typing
speed). It is also inexpensive because of the simple interface logic
and circuitry required. Synchronous transmission, on the other hand,
makes far better use of the transmission facility by eliminating the
start and stop bits on each character. Furthermore, synchronous
data are suitable for multilevel modulation, which combines two or
four bits in one signal element (baud). This can facilitate data rates
of 4.8k- or 9.6k bits/s over a bandwidth of 2.4 kHz. Synchronous
modems offer higher transmission speeds, but are more expensive
because they require precisely synchronized clock and data.
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Table 2. Communication Channel Characteristics

drivers/receivers

Modem Type l Communications Channel Data Rates (bits/s) I Use
1. Voice grade (vg)
a. High speed synchronous Leased line (3002 4.8k, 7.2k, 9.6k High volume machine to machine
Dial-up 4.8k communications. 600 to 1200 bits/s.
b. Medium speed synchronous Leased line/dial-up 2.4k, 3.6k Interactive or low speed remote
Medium speed asynchronous Leased line 1.8k, 2k batch operations. 150 to 300 bits/s
Medium speed asynchronous Dial-up 1.2k
c. Low speed asynchronous Dial-up 300, 600 Interactive teleprinters and glass
teletypewriters, data acquisition and
collection. 30 to 60 bits/s
2. Wideband
a. Super group (60vg) 5700, 5800 (TELEPAK) 230.4k Large volume telephone line
b. Group (12vg) 8801 40.8k, 50k, 56k multiplexing, dedicated computer to
c. Half group (6vg) 8803 19.2k computer links
d. Lineplexer (2vg) 2 leased lines 19.2k
3. Short haul
a. Limited distance [<10 mi (<16km)] | Private wire/cable 2kto 1M Data communications in plant
Non-loaded, non-conditioned, 2k to 19.2k (private wire) or off premises where
non-carrier line distance is <10 mi (<16 km) [(leased
line)}
b. Medium distance Leased line 2k to 9.6k Intermediate distance [10 to 50 mi
[<50 mi (<80km)] (16 to 80 km)]
4. Modem eliminators and line Private wire/cable 2k to 1.544M On-premises data communications.

Typical distances are 500 ft (152 m)

to 2 mi (3.2 km)
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Figure 3. Asynchronous and Synchronous Transmission

Modulation Techniques

Whether to use the dial-up network or leased lines depends on how
the modem modulates data prior to sending them over the phone
line. Certain modulation techniques permit higher transmission rates
than others, and all modulation techniques directly affect the
maximum data rate and the error performance. The three basic
modulation techniques are frequency shift keying (FSK), amplitude
modulation (AM), and phase modulation (PM) (Figure 4).

The most popular form of frequency modulation is FSK, in which the

carrier frequency (operating at, say, 1700 Hz) is modulated +500 Hz
to present binary 1 or binary 0. Thus, a frequency of 1200 Hz
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represents a zero, while a frequency of 2200 Hz represents a binary
1. FSK techniques are generally quite suitable for low speed devices
like teleprinters and allow operation at speeds as high as 1800
bits/s.

AM enables a modem to transmit and receive the analog
equivalents of binary 1s and 0s. This technique involves varying the
amplitude of the line’s carrier frequency. Several levels of amplitude
modulation are possible, allowing twice as much data to be sent in
the same time frame. Both AM and FSK are quite suitable for data
transmission; however, FSK has a noise advantage over AM, and
AM allows more efficient use of the available bandwidth.

PM modems are generally described in terms of the number of
phase shifts generated, and operate at speeds of 2000 bits/s and
above. In this technique, the transmitted signal is shifted a certain
number of degrees in response to the pattern of bits coming from
the terminal or computer. For example, in a 2-phase PM modem, if
the analog signal generated by the transmitting modem is shifted
180°, a binary 1 (or 0 if desired) is indicated. If there is no shift, then
the signal will be interpreted as a series of zeros (or ones) until such
a shift is sensed. Generally, PM modems operate in four and eight
phases, permitting up to two or three times the data to be sent over
the line in the same bandwidth. Most 4800- and 9600-bits/s modems
use PM.

Conditioning and Equalization

As data in the form of analog signals are sent down the line between
modems, they suffer from the effects of envelope delay and
amplitude distortion. Signals of different frequencies are delayed or
attenuated by varying amounts as they are transmitted. To
compensate for these effects, two techniques are employed: line
conditioning and modem equalization.
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Figure 4. Modulation Techniques

amplitude modulated by modems using this
technique. Here, one carrier signal amplitude (A1)
represents binary 1, and another (A2), binary 0. In
phase modulation (c), whenever 180° phase shift is
encountered, receiving mode assigns value of
binary 0; at all other times, value of binary 1 is
assumed.

Conditioning is the process by which the telephone company
maintains the quality of a specific; privately leased line to a certain
standard of permissible delay distortion and signal attenuation.
AT&T has two types of conditioning referred to as C and D, There
are five categories of C conditioning (C1 through C5) and two
categories of D conditioning (D1 and D2). C conditioning attempts to
equalize the drop in signal voltage and envelope delay for all
frequencies transmitted; D conditioning controls the signal to noise
ratio and harmonic distortion. Both may be used on the same
communication channel. '

Equalization refers to modem compensation for amplitude and
envelope delay distortion of the line. Equalization is seldom required
in lower-speed modems attached to a leased line, since minimum
line conditioning is sufficient. However, conditioning and equalization
are required when higher speed modems (4.8k- and 9.6k bits/s) are
attached. Modems used for high speed transmission over the dial-up
network must have equalization, since it is never certain exactly
which unconditioned telephone line will be used.

Communication Line Sharing and Modem Sharing

When several input/output devices are required at one end of a
communication link, a multiplexer or modem sharing unit, which
enables these devices to share one communication line, can be
used to reduce costs. Multiplexers take low speed inputs from a
number of terminals and combine them into one high speed data
stream for simultaneous transmission on a single channel. At the
other end of the link, a second multiplexer (actually a de-multiplexer)
reconverts the high speed data stream into a series of low speed
inputs to the host computer. The channel is split into time slots (time
division multiplexing) or frequency bands (frequency division
multiplexing). Intelligent or statistical multiplexers increase line
utilization by allocating time slots on the basis of a line activity
algorithm.

Modem sharing units enable multiple terminals to share one modem.
They are particularly valuable in networks that require clusters of
terminals at remote sites because the number of modems and
transmission lines are reduced. Operation is polled half-duplex.
Multiport modems can split a high speed channel (e.g., 9600 bits/s)
into various medium speed channels (e.g., four 2400 bits/s and two
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4800 bits/s), thus permitting several medium speed terminals to
share a 9600 bit/s line. A miniplexer is a device that performs
channel splitting for DDS as well as for a single 3002 leased line. A
lineplexer or biplexer splits 19.2 kbit/s data into two 9600 bit/s paths
that can be transmitted over two conditioned full-duplex channels.
This eliminates the need for a wideband channel to send and
receive data at 19.2 kbits/s. A port sharing unit connects to a
communication controller or central processing unit port and
transmits or receives data from two to six terminals or modems.
Less costly than a multiplexer, it reduces the number of controller
ports in a polled terminal data communications configuration and
makes more efficient use of connected ports.

Standards and Protection

The electrical, functional, and physical interface to data terminal
equipment provided by modems is compatible with Electronics
Industries Association (EIA) or International Consultative Committee
for Telephone and Telegraph (CCITT) standards. Most commercial
models conform to EIA RS-232, and plug to plug compatibility via a
25-pin connector is ensured between modems and data terminal
equipment that subscribe to this standard. CCITT V.26 is the
electrical equivalent of RS-232-C, while V.24 is the U.S. standard’s
functional pin equivalent. CCITT V.35, a current-mode, 34-pin
connector interface standard for serial data transmission up to 56k
bits/s, is used by wideband European modems and in the Bell
System DDS Data Service Unit at 56k bits/s. Military standard
(MIL-STD) 188 is a U.S. government standard for military
communications equipment. An improved EIA functional standard,
RS-449, was approved in November 1977.

Common carrier equipment on the switched telephone network must
be protected. A device called a data access arrangement (DAA)
limits the attached modem’s signaling power to prevent it from
exceeding the power level restrictions of the communication
channel. In 1977, the FCC ruled that modem manufacturers can
incorporate equivalent protective circuitry in their products, register
them with the FCC, and connect them directly to the telephone
network. DAAs are available from FCC-certified independent
suppliers and can be leased from the Bell System. Modems rented
from the Bell System or those used on leased lines do not require a
DAA.
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Protocols

Protocols provide the necessary ground rules to ensure the orderly
and accurate transfer of data between digital devices. Data
communications protocols are growing in importance as the terminal
population increases, distributed processing becomes widespread,
and new communications technologies, such as packet switching
and satellite links, become commonplace.

Protocols associated with data communications have several major
levels, or layers, that define various functions and operations. Each
level is designed to be functionally independent of the others, but
the function of each depends on the correct operation of the
previous level. The protocols embodied in these levels range from
those that define the physical and electrical links, e.g., RS-232-C
and CCITT V.35, to those that are responsible for functions such as
message buffering, code conversion, recognition and reporting of
faulty conditions in terminals or lines, communication with the host
mainframe, and management of the communication network. They
are implemented by software packages like International Business
Machines (IBM)’s Systems Network Architecture (SNA), CCITT’s
X.25, and Digital Equipment Corporation (DEC)’s DECnet.

The remainder of this article concerns data link control protocols
(DLCs), the sets of rules necessary for effective communication
between terminals and computers over conventional
communications channels. DLCs are involved in handling the
communications link itself and moving information across it
efficiently and accurately. Their basic functions are to establish and
terminate a connection between two stations; to ensure message
integrity through error detection, requests for re-transmission, and
positive or negative acknowledgments; to identify sender and
receiver through polling or selection; and to handle special control
functions such as requests for status, station reset, reset
acknowledge, start, start acknowledge, and disconnect.

Structure of Data Link Controls ‘
Data link controls can be classified into Character Oriented
Protocols (COPs) and bit oriented protocols (BOPs). In COPs, a
defined set of communication control characters effects the orderly
operation of the data link. These control characters are part of a
character code set. COP messages are transmitted in blocks
composed of a header or control field, a body or text field, and a
trailer or error checking field with characters used as field or block
delimiters. Examples of COPs are IBM's Binary Synchronous
Communications Protocol (BISYNC) and DEC'’s Digital Data
Communications Message Protocol (DDCMP). Block formats for
these are illustrated in Figure 5.

BOPs use only two or three specific control characters for operation
of the data link. These characters are used to delimit the beginning
(FLAG) and end (FLAG, ABORT, GA) of a message frame. Upon
receipt of the opening FLAG, positional significance is used to
delineate the bit sequence that follows into prescribed fields

(Figure 5).

These fields are address, control, information, and frame check
sequence. The address, control, and frame check fields are of fixed
length; the information field length is variable and may be zero.

COP Messages

As already stated, COP messages are transmitted in units called
blocks. The header field contains auxiliary information that identifies
the address of the message destination or source, the job number (if
any), the type of message (data or control), the control action, and a
positive or negative acknowledgment to ensure error-free reception
of a previous message (or messages). Control actions are used to
reset or initialize a secondary station, to acknowledge good or bad
reception of blocks, to inquire why a response or acknowledgment
has not occurred within a specific time period, or to abort a transfer
sequence. The control information is conveyed via special
characters or character sequences.

SYN : SYNCHRONOUS IDLE
SOH : START OF HEADING
BCC STX : START OF TEXT
LRC-8, CRC-12, ETX : END OF TEXT
R
H|- HEADER [sTx TEXT ETX oEgEr?mrcfc;%N
CHARACTER BCC : BLOCK CHECK CHARACTER
LRC : LONGITUDINAL REDUNDANCY CHECK
CRC : CYCLIC REDUNDANCY CHECK
FCS : FRAME CHECK SEQUENCE
a. Binary Synchronous Communications (BISYNC)
HEADER
INFORMATION
COUNT | FLAGS |RESPONSE |SEQUENCE|ADDRESS| CRC-16 | (ANYNUMBER | CRC-16
H| (14BITS) | (2BITS) | (8BITS) | (8BITS) | (8BITS) | (16 BITS) OF 8-BIT (16 BITS)
CHARACTERS)
. o Byte control protocols (a) and
b. Digital Data C: ge (DDCMP) (b) use special control
characters to enforce orderly
data transmission of blocks
HEADER containing header, body text,
’ GFgﬁs and trailing data. Bit oriented
INFORMATION i
FLAG 4 FLAG protocol (c) requires only two
ADDRESS | CONTROL ANY NUMBER C-CCITT, -
(2BITS) [N BITS) INVERTED (2BITS) or three special control
REMAINDER) characters; however,
ZERO INSERTION/DELETION, CRC ACCUMULATION — > information must be
[P distinguished from final FLAG.
c. Bit Oriented Protocol (BOP) Block Format &
Figure 5. Typical Data Link Control Structures
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The text field contains any data being transmitted. The text may be
characters of the information code set or may be transparent to that
code set. In the latter case, pure data (binary, packed decimal,
floating point), specialized codes, or machine language computer
programs must be distinguished from characters in the code set
being used. This is done by employing a transparent mode whose
implementation depends on the specific DLC.

To ensure correct reception of information over communication
facilities, a sequence of check bits, often called block check -
characters or BCC, are generated and transmitted as an error check
field. Each block of data transmitted is checked for errors at the
receiving station in one of several ways, depending on the code and
functions employed. These checking methods include vertical
redundancy check (VRC), a parity check on each character, in
conjunction with a longitudinal redundancy check (LRC), a
horizontal parity; and cyclic redundancy check (CRC), which
involves a polynomial division of the bit stream by a CRC
polynomial.

BOP Messages .

BOPs are more straightforward and universal than the COP just
discussed. BOP messages are also transmitted in frames, and all
messages adhere to one standard frame format. Common
characteristics of BOPs are the independence of codes, line
configurations, and peripherals; the use of positional significance
instead of control characters or character counts; one standard
frame format for all messages; the possibility of haif- or full- duplex
operation; the achievement of information transparency through zero
insertion and deletion; and error checking on a complete frame.

A frame starts with the 8-bit FLAG sequence, followed in order by
the sequences ADDRESS, CONTROL, INFORMATION (if present),
and FRAME CHECK, and ends with another FLAG sequence. Each
station attached to the data link continuously searches for the FLAG
sequence and an ADDRESS sequence. In multipoint operation, for

Table 3. Common Protocol Characteristics

example, a secondary station must detect a FLAG immediately
followed by its own ADDRESS to enable the receiver.

When the primary station transmits, the station ADDRESS
sequence, which is usually one 8-bit field, designates which
secondary station is to receive the balance of the transmitted frame.
When a secondary station transmits, the ADDRESS tells the primary
station which secondary station originated the frame. A secondary
station must recognize its valid address before it can accept a frame
and take any action on the contents of that frame. Also, the primary
station will accept a frame only when it contains the address of a
secondary station that has been given permission to transmit. To
ensure the integrity of the data being transmitted, the ADDRESS
sequence appears within each frame. This enhances flexibility in
that the primary station can interleave receptions from several
secondary stations without intermixing individual station information
transfers.

The CONTROL field follows the ADDRESS sequence and is
composed of one or two 8-bit bytes, depending on the protocol
implementation. It is the heart of the BOP message, for it determines
the type of message, the send and receive frame sequence counts,
and a poll command from the primary station or final response from
the secondary station. The primary station uses CONTROL to tell
(command) the addressed secondary station what operation to
perform. The secondary station uses CONTROL to react (respond)
to the primary station.

The INFORMATION field may vary in length; this includes different
lengths in the sequential frames making up a complete transmission.
The data may be configured in any code structure: straight binary,
binary coded decimal, and packed decimal, among others. However,
the content of the field must be self-defining by actual or implied
means. For example, peripheral device control characters, such as
carriage return, will actually be part of the INFORMATION field,
while the code being used may be implied in the address of a

Feature BiSYNC DDCMP SDLC ADCCP
Full duplex No Yes Yes Yes
Half duplex Yes Yes Yes Yes
Message format Variable Fixed Fixed Fixed
Link control Control character, Header (fixed) Control field (8 bits) Control field (8/16 bits)
character sequences,
option header
Station addressing Header Header Address field (8 bits) Address field (8 bits to
00)
Error checking Information field only Header, information Entire frame Entire frame
field
Error detection VRC/LRC-8 CRC-16 CRC-CCITT CRC—CCITT
VRC/LRC-16
Request for retransmission Stop and wait Go back N Go back N Go back N, selected
reject
Maximum frames outstanding 1 255 7 127
Framing —start 2 SYNs 2 SYNs Flag Flag
—end Terminating characters | Count Flag Flag
Gaps between characters allowed | Yes No No No
Information transparency Transparent mode Inherent (count) Inherent Inherent
(zerofinsertion/deletion) | (zero/insertion/deletion)
Control characters Numerous SOH, DLE, ENQ None None
Character codes ASCII EBCDIC ASCII (control character | Any Any
Transcode only)
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specific terminal designed for a specific code. Furthermore, whether
a frame contains an INFORMATION field at all depends on the
particular CONTROL format transmitted. Table 3 presents a
comparison of common DLCs.

Synchronization Techniques

Four kinds of synchronization — bit, character, block and message
— must be distinguished when using synchronous transmission. Bit
synchronization is achieved through a received clock signal which is
coincident with the received serial data stream. Most modems or
"business machines” (i.e., terminals) derive this clock by means of
phased lock loops from the 0 to | and | to 0 transitions occurring in
the received data. This technique, called self-clocking, overcomes
the effect of propagation delay between distant stations and the
tendency of electronic circuits within the modem to drift.

Character synchronization is accomplished by recognizing one or
two “phasing” characters, often called SYN or sync characters. The
receiver senses these SYN characters and phases its receive logic
to recognize, by bit count, the beginning and end of each
subsequent character. To ensure character synchronization
throughout a message, SYN sequences are sometimes inserted in
the transmitted data stream at 1- or 2-second intervals. This permits
receiving stations to verify that they are in sync.

Request for Re-transmission

As previously mentioned, DLCs include an error checking field to
allow the receiving station to validate the message. When errors are
detected, the receiving station issues a request for re-transmission
(ARQ). The two types of ARQs are stop and wait and continuous
Each provides defined methods for acknowledging correct (error
free) reception of transmitted blocks of information.

When a connection is established in the stop and wait ARQ, the
transmitter sends one block and then stops. Eventually, the receiver
acquires that block, subjects the block to an error check, and then
sends an ACK control character to the transmitter to indicate that
the block is correct, or a NAK control character to indicate an error.
If an ACK is returned, the transmitter sends the next block in
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sequence. If a NAK is returned, that block is re-transmitted. Thus,
the stop and wait mode involves periods of idleness, including
propagation delays between each block, so that the line is not
communicating nearly at its rated capacity.

In continuous ARQ, the transmitter keeps sending one block after
another without stopping. The receiver and transmitter retain
individual counts of the blocks outstanding and provide buffer
storage to retain those blocks. Only when an erroneous block is
detected does the receiver tell the transmitter to re-send that block
and all subsequent in-transit, but unacknowledged, blocks.

Summary

As the installed base of computers and the speed and volume of
their output have increased, so has the need to transmit that output
to more places over longer distances. Inherent in the data
communications process — the electronic transmission of encoded
information from one point to another — are various physical
elements, devices, and systems, as well as standards and
procedures. An understanding of these basic elements and
concepts can help users of computer services to take advantage of
the communication systems that are now available.
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Single-chip datacom peripherals have become so powerful they now
implement a variety of software-selectable protocols. A large family
of such devices is designed to interface to the 68000 and 80x
processor families.

With computing power and memory dropping in price, you can now
cost effectively put computational capability closer to where
information is gathered or displayed. To capitalize on this
distributed-processing trend, you must be aware of how to make
various system elements communicate. Thus, you must be familiar
with communication protocols and the ways to implement them with
the variety of datacom peripherals now available.

First select the protocol

Protocols are the standard procedures and conventions that govern
the transfer of data among communicating data-processing
machines (see reference). They're classified by the manner in which
they allow data to be transmitted, and for the purposes of this article
(which addresses device-to-device links rather than bus-architecture
interconnects such as local-area networks), you must be familiar
with the terms asynchronous, synchronous, bit oriented and byte
oriented protocols.

In asynchronous systems, transmission begins with a Zero/One
transition that, when held long enough, becomes the start bit. Thus,
the receiving node doesn’t have to anticipate a transmission, and
the structure of unique start and stop bits allows the receiver to
synchronize itself to the transmitter on a character-by-character
basis. In practical applications, you'll typically find asynchronous
data in low-speed terminals with bit rates less than 1200 bps.

For higher speed synchronous transmission, the protocol
coordinates the sending and receiving stations. There are two broad
categories of protocols used in synchronous communication known
as character-oriented protocols (COPs) and bit-oriented protocols
(BOPs). COPs, dominated by IBM’s Bisync and DEC’s DDCMP, use
units called blocks; in addition to data, these blocks contain
error-checking and -correcting information. BOPs, although
relatively new, have proliferated quickly; they’re more
straightforward in structure and application than COPs. BOP
messages are transmitted in frames, and all messages adhere to a

common format. Two of the most common BOPs are HDLC (ISO’s
high-level data-link control) and SDLC (IBM’s synchronous data-link
control). And while COPs can work in asynchronous as well as
synchronous mode, BOPs can't. datacom peripheral chips now exist
to help you implement all these protocols.

Look over this family tree

If your design goal is a system with minimum cost and maximum
reliability, you'll likely investigate single-chip implementations for the
central controller and protocol peripheral. One large family of
datacom peripherals revolves around the 68000 and 80x processor
families.

These parts often have dual numbers such as the 2681 and 68681.
The former is the processor-independent version; the latter offers
direct 68000 interface with minimum glue circuitry. If the last three
digits of the part numbers are the same, their internal control
sections are virtually indistinguishable. Understanding this fact gives
you a head start in selecting the correct device for a particular
processor and protocol. Following is a list of some of the more
popular devices that you can now obtain; they appear in numerical
order:
® 2652/68652 multiprotocol communications controller (MPCC) —
dedicated to synchronous protocols and formats. It transmits and
receives bit- and character-oriented protocols and also includes
extra support for Bisync operation. Because the device can
recognize and create special characters such as message
delimiters (flags), sync characters and other link-control operators,
it further enhances synchronous-communications transparency for
bit-oriented protocols.

® 2661/68661 enhanced programmable communication interface
(EPCI) — an upgraded version of the popular 2651 PCI. It
functions as a universal synchronous/asynchronous
receiver/transmitter (USART) that provides special support for
Bi-sync. The EPCI also provides features that free the host from
preprocessing data. For instance, if the pP can’t feed data to it
fast enough, it inserts control characters that serve as controlled
datacom Wait states so the controller doesn’t lose synchronization
with the other node or otherwise lose data.

- -
2652/68652
BIT-ORIENTED MPCC DUSCC cbuscc
PROTOCOLS A~
- I - S — . . » _
CHARACTER- ' 2651 1
ORIENTED poI  2681/e8661
2681/68681 2694
DUART 2698 26C198
ASYNCHRONOUS
PROTOCOLS }_
—r \_/
Figure 1. Philips Data Communication Products
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® 2681/68681 dual universal asynchronous receiver/transmitter
(DUART) — this dual-channel device performs well with 8- and
16-bit processors. The 2681 provides enhancements compared
with single- and dual-channel UARTS: In addition to its two
asynchronous data channels, it offers independent bit-rate
generators (BRGs), self testing and interrupt handling. Moreover,
you can use it in.either polled or interrupt-driven systems. The
2681 comes in configurations of 24, 28 or 40 pins, each with
different levels of I/O. For interfacing to the 68000, the 40-pin
68681 supplies the asynchronous handshake signals that the
68000 requires as well as an interrupt vector in response to
receipt of an interrupt-acknowledge signal.

® The SC26C92 is a CMOS dual full duplex UART that is pin and
software compatible with the previous SCN2681 and SCC2692. It
features 8 byte FIFOs for each transmitter and receiver with four
interrupt levels for each FIFO. Internal baud rates are provided to
230.4Kb; to 1Mb with an external clock.

® The SC26C94 is configured as four independent CMOS UARTSs.
It features 8 byte FIFOs for each receiver and transmitter with
internal baud rates from 50b to 460.8Kb; to 1Mb with external
clock. lts principle difference from the traditional Philips family
UARTs resides in arbitrating interrupt system which drives a
context sensitive configurable interrupt vector. Two 16 bit
programmable counter/timers are provided with four I/O pins for
each UART.

©® The SCC2698B is a CMOS octal UART based upon the previous
design of Philips UARTs and is software compatible with previous
SCC and SCN type devices. It features 8 full duplex and
independent UARTSs with internal baud rates from 50b to 115.2Kb,
four open-drain interrupt pins, four 16 bit programmable
counter/timers and a multiplicity of general purpose output pins.
Automatic RTS/CTS hand-shake is supported for all channels.

® The SC26/68C198 is a CMOS octal UART based upon the
SC26C94. It features 16 byte FIFOs for each receiver transmitter,
internal baud rates from 50 to 460.8Kb; to 1Mb with an external
clock. It has an arbitrating interrupt system which drives a context
sensitive and configurable interrupt vector. Its new features
include programmable control of a fully automatic Xon/Xoff
function, Multidrop character recognition, a general three
character recognition system and a synchronous or asynchronous
bus interface operating at a nominal 33MHz.

® The 26562 and 68562 Dual Universal Serial Communications
Controller (DUSCC). This dual channel communication controller
offers synchronous and asynchronous modes. In synchronous
mode it offers Bit Oriented Protocols (BOP) such as HDLC,
SDLC, etc. and Character Oriented Protocols (COP) such as
BiSYNC, DDCMP, etc. It offers a wide range of Tx/Rx clock
selection, one counter/timer per channel and an easy to use DMA
interface. DUSCC has an on-board DPLL to reconstruct clock
from receive data and various data encoding schemes such as
NRZ, NRZI, FM and Manchester. DUSCC offers various methods
of error detection ranging from parity generation/detection to
CRC-16 generation detection (it also includes LRC and VRC
methods). The 68562 provides bus interface signals for Mot
68000 family and 26562 provides bus interface with Intel 80x
family. DUSCC can be used in interrupt or vector driven
environments for control purposes and in DMA, interrupt and
vectored mode for data I/O purpose.

® The 26C562/68C562 CMOS Dual Universal Communication
Controller (CDUSCC) is an enhancement of its predecessor
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NDUSCC. It offers faster bus interface and higher serial data
rate. It also offers deeper FIFOs, more standard baud rates,
better interrupt control/enabling scheme and reduced power
consumption.

These devices allow datacom designers to easily address protocol
requirements in either synchronous or asynchronous mode because
the controllers take over much of the datacom requirements for
interpreting protocol rules.

Do-7 D
10RQ
CE
E A3
M O
ADDRESS A2 A3
DECODER A2
Ao-15] /_{/"1 M
uP
@e0) . ho
DUART
(SCN2681)
RD O d ro i
WR b WR
A i ing can be simple, for 8-bit designs.
This Z80/SCN2681 dual uni y i i
(DUART) interface requires only one address decoder.
Figure 2. Asynchronous Interfacing

Design examples use similar software

Whether used individually or in combination, the Philips
Semiconductors datacom interface chips support most standard
protocols for device-to-device communications. To help you select
the proper device for your system, consider the following design
examples. Note that these examples don’t provide software listings
because they all operate on the same basic principles, and the
routines would vary little.

Prior to initiating data communications, you must instruct the
controller to program in the peripheral’s operational mode by
performing write operations to the Mode and Command registers;
likewise, you can re-configure the devices any time during program
execution. But if you do, be sure to disable the transmitter and
receiver pair prior to loading the new command and mode
information, or else you run a high risk of truncating a character
during transmission or losing it during reception.

Once initialization is complete, software can control the transfer of
information by either polling or interrupt subroutines or DMA
operation. In all cases, the software must determine the request,
whether for transmit- or receive-data requests. In addition, the
routines should check for any errors that might have occurred and
resolve those problems. In all cases, the routine must reset the
condition that indicated the request. In most cases, it does so by
reading or writing data to appropriate buffers on the communication
chip.

Hardware design should be just as straightforward, if not easier.
Take for example the asynchronous interface circuit in Figure 2,
which serves simple datacom tasks such as connecting dissimilar
communication devices like printers and modems. It uses the
2681/68681 DUART, which interfaces to either an 8- or 16-bit
system with relatively few parts; this I/O-mapped Z80 interface
requires only an address decoder. The processor’s Mi signal inhibits
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the Chip Enable signal during interrupt-acknowledge cycles. A Wait
state ensures that the data lines settle before the peripheral reads
the data. And as simple as this circuit seems, the Z80/2641 UART
interface is even simpler. It also requires only a decoder, but
reduces the number of connections to eight data lines, the Chip
Enable signal and three address lines for device selection and
read/write control. ’

Compare the simplicity of Figure 2’s 8-bit interface to the 16-bit
interface in Figure 3. Part of the latter's complexity, however, arises
because the DUART takes advantage of the DMA capability
provided by the 68430 DMA interface (DMAI). The DMAI provides
all the signals necessary to interface to the 68000 as both a
peripheral and system master. The control signals drive the bus
directly, while five other ICs demultiplex the address/data bus from
the DMALI. During a register read/write cycle, U4 and Us function as
bi-directional data buffers and U4 serves as an input buffer for the
register address. U4 to Uz are active during the DMA operation and
drive the memory address onto the bus.

The rest of the circuitry interfaces the DUART as a 68000 peripheral
or a DMAI device. The address lines to the DUART come from
multiplexer Ug, and the DMAI selects Ug’s output with its Own signal
(Own is an output-control signal asserted during DMA transfers).
The controller thus selects between two sets of multiplexer inputs:
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the address bus and Uds (upper data strobe) or a hardwired
address.

Because of its two channels, the DUART is normally addressed at
even or odd memory locations. To address contiguous memory
locations, however, try ANDing the DUART select with Lds or Uds
(Ug and Ug) to generate the DUART Cs signal, and then use Uds for
the DUART least significant address. The hardwired address,
selected during DMA operations, addresses the transmitter/receiver
registers. The most significant bit of this address comes from flip
flop U7, which determines the channel that is accessed. The system
sets the flip-flop during the initialization process.

To control the data path to the DUART during system and direct
memory access, multiplexer Uyo gates the DUART’s Cs and RW
signals. The ANDed signals from Ug and Ug also enable the proper
transceiver buffer for the data to or from the DUART through
multiplexer U1o. During DMAI operation, Rl is inverted to the
DUART because a memory read is a write to the DUART.

During host access, the system requires a Dtack (data transfer
acknowledge) signal at the proper time. For that purpose, Ug and
Uq3 gate the DUART’s Dtack signal onto the system bus during host
access. Finally, the interrupt request (Intr) asks for a DMA operation
by being routed to the DMAI’'s Req input. When a DMA transfer is in
process, the Dtack from the DUART serves as Rdy for the DMAI.
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The most widely used data communication protocols are now - SCN68562 Dual-Channel Universal Synchronous Communications
supported by a single-chip controller that requires minimum external Controller (DUSCC), incorporates circuitry for virtually alil
hardware. subsystems and functions required in advanced data

communication systems. The chip provides interfacing to advanced
DMA controllers and supports such interrupt structures as vectored,
daisy chained, priority, and masked using minimum external logic. In
many applications, the DMA and interrupt interfaces are
implemented easily through direct connections from the DUSCC’s
request and acknowledge lines to the control bus.

The need to transfer large amounts of data at high speed between
several different local workstations and large computer systems has
generated a variety of message transaction schemes or-protocols.
While several protocols have evolved, development of dedicated
controller ICs to handle them has not kept pace.

A single-chip VLSI device from Philips Semiconductors, the
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as DMA interfacing and setup of interrupt mechanisms.
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The DUSCC'’s two independent data communications channels
permit substantial programming flexibility for handling multiple
protocols. Because of variations in bit- and character-oriented
protocols, a controller must provide a more encompassing solution
for high performance data communication systems. For example,
when the transmitter/receivers can be operated either as full-duplex
synchronous or asynchronous channels, the chip can embrace a
broad range of advanced bit- and character-oriented protocols,
including HDLC/ADCCP, SDLC, X.25, X.75 link level, IBM Bisync,
DDCMP, and X.21.

An architectural overview

Architecturally, the DUSCC has four major sub-sections: interface
and operational controls, timing circuitry, channel receivers, and
channel transmitters. The interface and operational control section
handles transactions between the device and its various interfaces,

coordinates activities between the other sections, and executes
commands. Interface circuitry extends to a host processor, an
interrupt structure, the DMA, and multifunction pins.

The host processor interface is dedicated to the complete set of
control, data, and bus signals for the 68x and 80x processor
families. Eight DMA interface pins can be configured to provide
individual DMA request and acknowledge signals for the individual
transmitters and receivers. An additional control signal, DONE,
provides flow control. For example, it can signify the completion of a
message sequence and the termination of DMA operation.

A triple set of registers configures each channel. The channel-mode
configuration pair (CMR1 and CMR2) selects the channel
protocol/transmission mode, message format, and error-check
sequence. The system interface and pin configuration register
(PCR) selects the function of the multifunction pins.
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A variety of interrupt schemes including vectoring, daisy chaining, and masking can be set up through the DUSCC'’s
interrupt control register (ICR) and interrupt enable register (IER). The ICR determines the relative interrupt priorities
of one data communication channel with respect to the other. Channel interrupt conditions are enabled in the IER.
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Interrupt masking can be performed either on individual groups or
channel interrupt conditions using the IER, or on an entire channel
under control of the ICR. In addition to handling interrupt request
and acknowledge signals, the DUSCC provides a mechanism to
create interrupt daisy chains using its X2/IDC pin to propagate the
interrupt acknowledge signal. Most application timing functions can
be derived from the DUSCC'’s internal timing circuitry. This section
consists of independent 16-bit timer/counters and digital phase
locked loop (DPLL) circuits for each channel, and a common crystal
clock and baud rate generator. Clock signals for the transmitters and
receivers can be selected from an external source or from one of the
internal sources mentioned above. .

The crystal oscillator operates directly from a crystal connected
across the X1/CLK and X2/IDC pins or from an external clock
connected to the X1/CLK pin. The osciilator’s output provides the
clock signal for the DUSCC’s logic and other internal timing circuits.

The baud rate generator runs off the oscillator signal or on the
external signal, generating 16 baud rates simultaneously. These
signals are made available to the receiver, transmitter, DPLL, and
counter/timer. Since the 16 baud rates are available simultaneously,
each receiver and transmitter can select its baud rate independently.

Each channel includes a DPLL that is used in synchronous modes
to recover clock information from the received data stream. The
DPLL contains a 6-bit counter that is incremented by sampling a
clock signal at 32 times the nominal data rate. The clock source can
be from an external input, the receiver baud rate, the counter/timer,
or the crystal oscillator. The DPLL uses the sampling clock signal
together with the received data to construct a data clock that can be
used as the DUSCC receiver data clock, transmitter clock or both.
This results in a DPLL square wave output clock at a data rate that
can be programmed to be sent out on a special pin. Users can
select NRZ/NRZI, FMO, FM 1, or Manchester as the encoding
format of the received data.

Transmitter/receiver flexibility

Dedicated hardware is integrated within the transmitter and receiver
circuits to generate and detect special character sequences, to
generate various error sequences and to handle many of the
overhead tasks associated with advanced message formats. The
large number of operational registers for each channel and the
concise set of control commands allow easy setup and operation of
the DUSCC.

Each transmitter channel consists of three major sections: clock
multiplexer and control registers; TxFIFO and shift register; and
special character generation logic. After a channel is configured for
a protocol/transmission mode, transmitter operation is refined by the
contents of the transmitter parameter register (TPR) and the
transmitter timing register (TTR).

The transmitter’s clock source is selected from inputs to the
transmitter-clock muiltiplexer. Inputs are the channel counter/timer,
the other channel’s counter/timer, baud rate generator, DPLL, or an
external clock signal. The TPR selects the clock source and baud
rate if the baud rate generator is chosen as the transmitter clock
signal.

The transmitter accepts parallel character data from the data bus
and loads the data into the transmitter FIFO register (TxFIFO),
which consists of four 8-bit holding registers. Data is then moved to
the transmitter shift register (TxSR), which serializes it according to
the transmission format. The TxSR can also be loaded from special
character logic or from the cyclic redundancy check/longitudinal
redundancy check.

54

The transmitter-ready signal, TXxRDY, indicates the status of the
TxFIFO and is set either when an empty position exists in the FIFO
or if the entire FIFO.is empty. The user can choose the frequency of
service requests because the DMA and interrupt service request
follow the state of TxRDY.

The receiver architecture is basically similar to that of the
transmitter. The receiver consists of a clock multiplexer and control
registers, FIFO and shift register, receiver data path, and error
accumulation logic. After a channel is configured for the receive
mode, receiver operation is refined by the contents of the receiver
parameter register (RPR) and receiver timing register (RTR). The
RPR selects the number of bits per character.and controls operation
of an external enable control line for all receiver transmission
modes. The interpretation of the remaining bits in the RPR depends
on the receive mode selected.

Timing signals are selected from the receiver timing multiplexer. Its
inputs are an external timing source, the baud rate generator,
channel counter/ timers, and the DPLL output clock. The clock
source and data rate selections of the baud rate generator are made
through the RTR. This register also selects the DPLL clock source
from among counter/timers, external source, baud rate generator,
and crystal oscillator inputs.

No single data path can support the diverse requirements of the
various transmission modes efficiently. Thus, the DUSCC data path
can be viewed as four separate paths — an asynchronous path and
three paths to support the requirements of different protocols. Each
data path is responsible for assembling characters into the receiver
shift receiver (RxSR). After assembly, characters are sent to the
receiver FIFO along with appropriate status information.

The receiver FIFO consists of four 8-bit holding registers with
appended status bits. Data is loaded into the FIFO after a character
is assembled; data is removed when a character is read. The state
of the receiver FIFO (RxFIFO) is indicated by the receiver ready
status signal (RxRDY). As in the operation of the transmitter, a user
can choose when the RxRDY bit is set.

Down the data paths

The asynchronous path of the DUSCC is comprised of the holding
register (HSRL) and the RxSR in parallel. The HSRL path is active
only if a character comparison option is selected. In this case, all
incoming data is matched against the contents of the SYN1 register
on a bit-by-bit basis to determine a character match. If a match is
obtained, a flag in the receiver-status register is set. This feature
can be used to generate an interrupt. If the character comparison
option is not selected, character data is shifted only to the RxSR.
After a character is assembled in the RxSR, it is loaded into the

RXFIFO. )

Synchronous data ﬁaths can be pictured as one of three parallel
paths that become active in the following channel conditions: a
character-oriented protocol (COP) with or without a block-check
character (BCC); a bit-oriented protocol (BOP) without BCC and
BOP with BCC. The COP path contains the two 8-bit holding
registers (HSRH-and HSRL) in series with the shift register, CRC
accumulation logic, two synchronizing flip-flops, and special Bisync
comparison logic. Data entering this path is held first in either or
both of the holding registers. During each bit time, data in the
register (or registers) is compared against the contents of either the
SYN1 register or the SYN1 and SYN2 registers. Comparison
depends on the synchronizing pattern chosen — whether the
pattern uses single or dual SYN characters. A match is indicated by
the setting of a status bit in the receiver status register (RSR).
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To support the requirements of various protocols, the DUSCC provides a number of internal data paths. One path
is asynchronous — the holding register (HSRL) in parallel with receiver shift register (RxSR) configuration at the
bottom of the figure — while the other three paths are synchronous. Synchronous paths are used for the
bit-oriented protocol (BOP) without CRC, BOP with CRC, and the character-oriented protocol (COP) including

ASYNC

The BOP without a BCC path uses three parallel inputs to the
character comparison (CCSR), HSRH, and HSRL registers, in
series with the receiver register. In this arrangement, data is shifted
into the three registers simultaneously. The holding pair of shift
registers compares their contents with the SYN1 and SYN2
registers to determine if the correct station address has been
received. All data entering this path is compared in the CCSR for the
flag sequence. When a match occurs, the status bit in the RSR is
set. Data entering the HSRL is assembled in character form in the
RxSR and then transferred to the FIFO. Zero deletion occurs on all
data received unless a flag or abort is detected.

In the case of the BOP with BCC data path, the CCSR, the holding
registers, and the RxSR, are arranged in series. The CCSR remains
active throughout a message frame and compares the incoming bit
stream to determine the flag sequence. The address is compared
using the 16-bit holding registers. As character data bits are shifted
from the CCSR to the holding register pair, they generate the
received BCC character according to the selected accumulation
format of the CRC/LRC logic.

In Bisync mode, special comparison logic checks for control
sequences and is active for both normal and transparent operation.
Comparisons can be made either with EBCDIC or ASCII text
messages as selected in the channel mode register. When detected,
these sequences cause either a status bit in the RSR to be set or
initiate special processing. This comparison logic makes the
DUSCC a powerful tool for processing Bisync text. It frees the
processor from searching for these special sequences and
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eliminates the need for additional processing associated with such
sequences.

Minimum of hardware

An advanced two-channel data communication system can be
implemented with the DUSCC. (The Table depicts the specifications
for a typical data communication system supporting the different
protocols.) Because so much of the hardware is already in the
device, few additional parts are required.

Since the DUSCC provides separate DMA request and
acknowledge signals for the transmitter and receiver, the full-duplex
requirement for channel A is satisfied with a minimum of hardware
between the DMA controllers and the DUSCC.

The complex vectored interrupt scheme for channel B is established
by programming the interrupt control register for vectored interrupts
and their formats. Separate interrupt vectors can be generated for
the transmitter, receiver, and counter/timer by selecting bits in the
interrupt control register. An interrupt masking can be performed
through the interrupt-enable register. The interrupt interface involves
simply connecting the interrupt request and acknowledge signals to
the appropriate control bus signals. No additional hardware is
necessary to complete this portion of the design.

A minimum of design is required to select the various interfaces for
both channels. For channel A, five registers are used to select the
channel interfaces and to set up the protocol requirements.
Channel-configuration registers CMR1 and CMR2 establish the
DMA structure and define operation of the data channel. External
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inputs are defined by the pin-control register and the address of the
secondary station is stored in the SYN1 and SYN2 registers.
Channel B is set up just as easily. But it requires additional
programming of the interrupt control and enable registers to
establish the interrupt structure.

Operating refinements for each channel are made through the
transmitter and receiver parameter registers (TPR and RTR). These
define the message format and select automatic features that are
invoked under various transmitter and receiver conditions. The
channel A transmitter, for example, is set up to terminate the BOP
message automatically by sending an end of message sequence
and then mark the data line when an underrun occurs. In similar
fashion, channel B is set up to linefill with a sync pattern until
another character is loaded into the transmitter when an underrun
occurs. These actions do not require the intervention of the host
processor.

Once the interfaces are established, transmitter and receiver
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operations are controlled and monitored through the command and
the transmitter/receiver status registers. The DUSCC provides a set
of commands that directly supports transmission of Bisync and BOP
messages. Each command performs an action necessary to
generate a message in the specific protocol. In Bisync, the first
character of a message after the SYN pattern is an SOH, STX, or
DLE-STX pattern. The send-DLE command not only sends the
DLE-STX sequence, but the command can be appended to any
character to transmit special control sequences as the protocol
requires.

In BOP mode, the message frame after the flag character consists
of 0 to n address bytes, followed by 1 or 2 control bytes. The
sequence is transmitted by loading the data into the transmitter
FIFO. After the last control byte, the transmitter switches
automatically to the programmed character length. A feature of the
transmitter is its ability to send the last character for a bit count less
than the programmed character length by specifying a shorter
character length in the output/miscellaneous register.
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Asynchronous Communication Product Line (UARTSs)

lccmA Temp Buffer Misc 16 Bit
Device Technology | Package | o°v . Range Speed RxTx | Interrupt pins | Counter Key Features
Description Type(s) sV deg C FIFO 1,0,V0 Timer
PDIP24,28
Std. 50 to 38.4kHz 16x .
SCN2681 thfl?RsT PDIP40 150 _gotc; 4-735 Ext. 880 to 125kHz 16x 4/2 Normal 7,80 1  Basic feature set
PLCC44 o+ Oto TMHz 1x
Std. 50 to 38.4kHz 16x .
SCN2681T NMOS PDIP40 150 010 +70 42 Normal 7.8,0 1 « Basic feature set
DUART | PLCC44 Ext. 880 to 500kHz 16 « High speed version of SCN2681
0to 1MHz 1x
Std. 50 to 38.4kHz 16x Normal .
B fe
SCN68681 |  Mos POIP40 | 150 | 01+70 | gy 'ssototaskHz 16x | 2 | vectored | &80 T |¢ Basicleature set ' !
DUART PLCC44 —40 to +85 010 TMHz 1x JACK/DACK * Motorola interface compatible, version of SCN2681
* Basic feature set
CMOS PDIP24 Oto+70 | Std. 50to 38.4kHz 16x )
SCC2691 UART PDIP28 2 01075 | Ext. 88010 125kHz 16x 4/2 Normal 1,1,0 1 « SOL package has very small footprint
PSOL24 0to 1MHz 1x « Single channel version of SCC2692
» Basic feature set
CcMOS PDIP28 Oto+70 | Std. 500 38.4kHz 16x ;
SCC2692 Sy PDIP40 10 oo | Ext 880 to 125KHz 16x 42 Normal 7,80 1 » CMOS version of SCN2681
PLCC44 0to 1MHz 1x * Counter timer can be used as receiver watch dog
Basic feature set
PDIP28 Std. 50 to 38.4kHz 16x Normal *
SCC68692 CMOS 10 0to +70 E H 4/2 Ve d 6,8,0 1 « Motorola interface compatible, CMOS version of SCN68681
DUART PDIP40 —4010 +85 xt. 880 to 125kHz 16x lectore
PLCC44 0to 1MHz 1x IACK/DACK * Counter timer can be used as receiver watch dog
* Enhanced faster version of SCC2692
Std. 50 to 38.4kHz 16x
SC26C92 CMOS PDIP40 Normal 7,80 1 " -
C26C9 DUART PLCCA4 25 0to +70 Ext. 880 to 1MHz 16x 9/9 Multi level * Watchdog nmersl 10( each receiver
0to 1MHz 1x « Deeper FIFOs with interrupts on 4 levels
« Enhanced quad version of 502692
SC26C9%4 CMOS PDIP48 50 0to +70 Std. 50 to 38.4kHz 16x 99 Normal 00,16 2 « Versatile, programmable high speed interrupt controller
SC68C94 QUART PLCC52 —40to+85 [ Ext g?g ::Am":i 16x | A\?l?;gr:gk « Watch dog timers for each receiver
* 8 level FIFO interrupt
SCC2698B| CMOS PDIP48 30 0to +70 ,S;g ggé‘::mﬂ:ﬂ ;ix 42 Normal | 168,16 4 * Basic feature set A
OCTART PLCC52 —40 to +85 g 0to TMHz 1x « 8 independent channels arranged as 4x SCC2692 on a single chip
* New design with Basic feature set and many enhancements
SC26C198 « Available as C198 for 5V: CMOS/TTL (33MHz) or 3.3V: CMOS
SC68C198 (20MHz) and as L 198 for 3.3V: CMOS/TTL (25MHz)
Std. 50 to 500kHz 16x Normal . »
CMOS PLCCB84 120 0to +70 Ext. 880 to 1MHz 16x 16/16 Vectored 0,0,32 0 * Xon/Xoff in band flow control, 3 byte character recognition
SC26L198 | OCTART —4010 485 0to 1MHz 1x IACK/DACK o Asy ous, Sy bus up to 33MHz @ 5V
SC68L198 « Bus cycle 120ns, data release time 30ns @ 5 Volt
« Two 16 bit odd baud rate generators
« All UARTs have individual interrupt status « All UARTs have wake-up mode for multi drop support
Basic » All Philips Semiconductors UARTs are full duplex on all channels « Counter timers have independent programmable
o » ) P * All CMOS devices have power-down mode
Feature o All and are fully with respect to clock source and dual mode
Set clock speed, clock source and operation mode « All UARTs have Programmable data formats, channel modes

« Each UART has its own modem or flow control
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Synchronous Communication Product Line

Device Technology Package ::;:: ;::; Speed Key Features
Description Type(s) sv degC
* Synchronous/asynchronous operation (full/half duplex)
NMOS O-1Mbps datarate |+ 5-8bit character (1, 1.5, 2 stop bits in asynchronous mode)
SCN2651 Programmable PDIP28 150 0t0+70 16 interal baud rates |« Odd, even, no parity in asynchronous mode
Communication | PLCC28 4010485 (5010 19:2K) « Single or dual SYN, transparent and non-transparent auto SYN/DLE insertion/deletion in synchronous
Interface (PCI) external BRG operations
« Double buffer transmit and receive operation
NMOS Enhanced « Functionally it is an enhanced version of SCN2651
SCN2661 Progvam.ma.ble PDIP28 150 0to +70 19intemnalbaud rates ||y Lo e different baud rate versions
SCN68661 ﬁ::z:::::g; PLCC28 4010 +85 (5010 38.4K) . Eggagsg%mg s/ﬁﬁo;sde(ect and external jam sync, DLE detect, SYN1 stripping, drop RTS, stop bit search and
NMOS Enhanced *Supports synchronous Bit Oriented (SDLC, ADCCP, HDLC) and Character Oriented (DDCMP, DISYNC) Protocols
SCN2652 Programmable PDIP40 150 0to +70 0-2Mibps cata rate * SYNC Generation, detection in BCP and Auto Zero insertion/deletion in BOP modes
SCN68652 | Communication PLCC44 —40 to +85 * Programmable 8 or 16 bit data bus
Interface (PCI) o Full/half duplex transmit and receive operation
« Dual channel synchronous and asynchronous operation
« Bit Oriented (HDLC, SDLC, X.25/75) and Character Oriented (BISYNC, DDCMP) Protocols
NMOS DUAL 0-4Mbps data rate  Parity and Frame Check Sequence (FCS) generation/checking
Universal Serial 16 interal baud rates e Poll, Interrupt, Veciored Interrupt, Modified Vector Interrupt, DMA and Wait Data Transfer modes
SCC26562 o PDIP48 « Data coding/encoding modes: NRZ, NRZI, FMO, FM1, Manchester
SCN68562 Coz::::;:on PLCC52 & oto+70 I:::;z:ﬁ « On-chip oscillator (16MHz), 16 bit counter/timer, DPLL
(DUSCC) and counters « Modem control inputs/outputs and external synchronous pin
* 4 byte receiver and transmitter FIFOs and Rx/Tx shift registers for each channel
* Rxoverrun and Tx underrun controls
« Full/half duplex transmit and receive operation
« Functionally it is an it of SCI
PDIP48 » Faster transmit/receive data rate (10MHz)
CMOS DUAL 0to+70 0-1Mbps datarate |« 16 byte deep Tx/Rx FIFOs
SC26C562 | universal Serial PDIP48 19 intemal baud rates | « 170ns bus cycle
SC68C562 | Communication | PLCC52 80 (50 to 64K) « More and higher intemal BRG selections
Controlier PLCCS2 Internal DPLL «  Better control over individual interrupt conditions
(cpbusce) 0to+70 and counters « Supports X.21 pattern recognition
—4010 +85 ¢ Provides more Tx/Rx status information
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DESCRIPTION PIN CONFIGURATIONS
The Philips Semiconductors SCN2651 PCl is a universal
synchronous/asynchronous data communications controller chip
designed for microcomputer systems. It interfaces directly to the p2 [7] B b1
Philips Semiconductors SCN2650 microprocessor and may be used : oo
in a polled or interrupt driven system environment. The SCN2651 03 [2] 27
accepts programmed instructions from the microprocessor and AxD [3] 26] vee
supports many serie?l data communication disciplines, synchronous aNp [7] B
and asynchronous, in the full or half-duplex mode. _

D4 [5] [24) DTR
The PCl serializes parallel data characters received from the —
microprocessor for transmission. Simultaneously, it can receive 05 [6] 23] RTS
serial data and convert it into parallel data characters for input to the D6 [7] [22] DSR
microcomputer. o7 [4] oP 7] ReseT
The SCN2651 contains a baud rate generator which can be <€ [3] 70 BRCLK
programmed to either accept an external clock or to generate
internal transmit or receive clocks. Sixteen different baud rates can A1 [ig 78] Tx0
be selected under program control when operating in the internal CE [11] [18] TXEMT/DSCHG
clock mode. 20 [ 7] cTs
The PCl is constructed using Philips Semiconductors n-channel AW [13 75 5B
silicon gate depletion load technology and is packaged in a 28-pin
DIP. RxRDY [14] [15] TxRDY

TOP VIEW
FEATURES
® Synchronous operation
- 5- to 8-bit characters
OTHER FEATURES

- Single or double SYN operation

~ Internal character synchronization @ Internal or external baud rate clock

— Transparent or non-transparent mode ® 16 internal rates — 50 to 19,200 baud

= Automatic SYN or DLE-SYN insertion ® Double buffered transmitter and receiver
— SYN or DLE stripping .

—~ Odd, even, or no parity ® Full or half duplex operation

- Local or remote maintenance loopback mode ©® TTL compatible inputs and outputs

- Baud rate: DC to 1Mbps (1X clock) ® Single 5V power supply

©® Asynchronous operation
- 5- to 8-bit characters
- 1, 1-1/2 or 2 stop bits
— Odd, even, or no parity

® No system clock required

® 28-pin dual in-line package

— Parity, overrun and framing error detection APPLICATIONS
- Line break detection and generation ® Intelligent terminals
~ False start bit detection ® Network processors

— Automatic serial echo mode

. ® Front-end processors
-~ Local or remote maintenance loopback mode

- Baud rate: DC to 1Mbps ©® Remote data concentrators
(1X clock) ® Computer to computer links
DC to 62.5kbps (16X clock)
DC to 15.625kbps ® Serial peripherals
(64X clock)
ORDERING CODE
Ve =5V +56%
PACKAGES Commercial Automotive DWG #
0°C to +70°C -40°C to +85°C
28-Pin Plastic Dual In-Line Package (DIP) SCN2651CC1N28 Not available 0413B

April 27, 1994 60 853-0083 12793
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SCN2651

BLOCK DIAGRAM
DATA BUS <:"} DATA BUS /\—> SYN/DLE CONTROL
D0-D7 BUFFER N—
SYN 1 REGISTER
(27,28, 1,2,
5,6,7,8) A SYN 2 REGISTER
DLE REGISTER
RESET _ () 1  OPERATION CONTROL <:
Ao L MODE REGISTER 1
Aq Lb MODE REGISTER 2 T TER [ TXADY
03 | ["CoMMAND REGISTER .
e ™M ,d [ sTatus ReGISTER N [ Transmir pata
1| |HOLDING REGISTER
TRANSMIT 19
SHIFT REGISTER —>TxD
BRelk —20 )
BAUD RATE l T
T2 > GENERATOR
AND
CLOCK CONTROL RECEIVER (14 o pampy
25)
RECEIVE
SHIFT REGISTER
RECEIVE DATA [€)] |
@ 4 HOLDING REGISTER| [ RxD
pop &g
ors 0 g MODEM <:-
(23) CONTROL
ATS< 00
DTR< o)
TxEMTH <
DSCHG
ABSOLUTE MAXIMUM RATINGS!
SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature2 Note 4 °C
Tsta Storage temperature -65 to +150 °C
All voltages with respect to ground3 -0.5t0 +6.0 \
NOTES: :

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or at any other condition above those indicated in the operation section of this specification is not

implied.

CWN

. For operating at elevated temperatures, the device must be derated based on +150°C maximum junction temperature.
. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effect of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature
range and operating supply range.

CAPACITANCE
Ta =25°C, Vg =0V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS - UNIT
Min I Typ I Max

Capacitance
Cin Input 20 pF
Cout Output fc = 1IMHz 20 pF
Cio Input/Output Unmeasured pins tied to ground 20 pF

April 27, 1994
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DC ELECTRICAL CHARACTERISTICS! 2. 3

SYMBOL PARAMETER TEST CONDITIONS

LIMITS

UNIT
Min | Typ | Max

Input voltage

Vi Low v
Vin High l 2.0 l Lo‘e L v

Output voltage

VoL Low loL = 1.6mA 0.4 \
VoH High IoH = -100pA 2.4 : \
I Input leakage current Vin=0to5.25V -10 10 pA
3-State output leakage current
ILH Data bus high Vo =4.0V -10 10 pA
TS Data bus low Vo =045V -10 10 pA
lcc Power supply current 150 mA
NOTES:
1. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature

range and operating supply range.

2. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgry and tgg( ) and at
0.8V and 2.0V for outputs. Input levels for testing are 0.45V and 2.4V.

3. Typical values are at +25°C, typical supply voltages and typical processing parameters.

AC ELECTRICAL CHARACTERISTICS': 2.3

LIMITS

SYMBOL PARAMETER TEST CONDITIONS Min | Typ | Max UNIT
Puise width

tRes Reset 1000 ns
tce Chip enable 300 ns
Set-up and hold time

tas Address setup 20 ns
tAH Address hold 20 ns
tcs R/W control setup 20 ns
tcH R/W control hold 20 ns
tps Data setup for write 225 ns
tbH Data hold for write 0 ns
trxs RX data setup 300 ns
tRXH RX data hold 350 ns
top Data delay time for read C_ = 100pF ’ 250 ns
tor Data bus floating time for read CL = 100pF 150 ns
tceo CE to CE delay 700 ns
Input clock frequency
fgn(é Baud rate generator 1.0 5.0688 | 5.0738 MHz
farr! TxC or RxC dc 1.0 MHz
Clock width
tBRH: Baud rate high 70 ns
tRL Baud rate low . 70 ns
tRTH TxC or RxC high 500 ns
trTL® TXC or RxC low 500 ns
trxo TxD delay from falling edge of TxC C_ = 100pF 650 ns
trcs Skew between TxD changing and falling edge Cy = 100pF 0 ns
of TxC output?
NOTES:

1. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature
range and operating supply range.

2. All voltage measurements are referenced to ground. All time measurements are at the 50% level for inputs (except tgry and tgRry ) and at
0.8V and 2.0V for outputs. Input levels for testing are 0.45V and 2.4V.

3. Typical values are at +25°C, typical supply voltages and typical processing parameters.

4. Parameter applies when internal transmitter clock is used.

5. Under test conditions of 5.0688MHz, fgrg, tsrH, and tgr. measured at Vy and V)_ respectively.

6

. tr/T and tr/r shown for all modes except local loopback. For local loopback mode fr/r = 0.7MHz and tg/. = 700ns min.
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PIN DESCRIPTION
Pin No. Symbol Name and Function Type
27,28,1,2,5-8 D0-D7 8-Bit data bus /0
21 RESET Reset |
12,10 Ag—Aq Internal register select lines |
13 RwW Read or write command |
1 CE Chip enable input |
22 DSR Data set ready 1
24 DTR Data terminal ready (o}
23 RTS Request to send o
17 CTS Clear to send 1
16 DCD Data carrier detected |
18 TXEMT/DSCHG Transmitter empty or data set change o
9 TxC Transmitter clock 10
25 RxC Receiver clock /10
19 TxD Transmitter data [¢]
3 RxD Receiver data |
15 TxRDY Transmitter ready ) o
14 RxRDY Receiver ready (0]
20 BRCLK Baud rate generator clock |
26 Vee +5V supply |
4 GND Ground |
Table 1. Baud Rate Generator Characteristics the data bus and contains mode registers 1 and 2, the command
Crystal Frequency = 5.0688MHz register, and the status .register. Details of rclegister gddressipg and
protocol are presented in the PCI programming section of this data
Baud Theorstical Actual Percent L sheet.
Rate Frequency Frequency Error Divisor
16X Clock 16X Clock Timing
50 0.8kHz 0.8kHz = 6336 The PCI contains a baud rate generator (BRG) which is
75 1.2 1.2 - 4224 programmable to accept external transmit or receive clocks or to
110 1.76 1.76 - 2880 divide an external clock to perform data communications. The unit
1345 2152 2.1523 0.016 2355 can generate 16 commonly used baud rates, any one of which can
150 24 24 — 3112 be selected for full-duplex operation. See Table 1.
300 4.8 4.8 - 1056 Receiver
600 9.6 9.6 - 528 The receiver accepts serial data on the RxD pin, converts this serial
1200 19.2 19.2 - 264 input to parallel format, checks for bits or characters that are unique
1800 28.8 28.8 — 176 to the communication technique and sends an “assembled”
2000 32.0 32.081 0.253 158 character to the CPU.
2400 38.4 38.4 - 132 Transmitter

NOTE: *Error at 19200 can be reduced to zero by using crystal
frequency 4.9152MHz. 16X clock is used in asynchronous mode.
In synchronous mode, clock multiplier is 1X.

BLOCK DIAGRAM

The PCI consists of six major sections. These are the transmitter,
receiver, timing, operation control, modem control and SYN/DLE
control. These sections communicate with each other via an
internal data bus and an internal control bus. The internal data bus
interfaces to the microprocessor data bus via a data bus buffer.

Operation Control

This functional block stores configuration and operation commands
from the CPU and generates appropriate signals to various internal
sections to control the overall device operation. It contains read and
write circuits to permit communications with the microprocessor via
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The transmitter accepts parallel data from the CPU, converts it to a
serial bit stream, inserts the appropriate characters or bits (based on
the communication technique) and outputs a composite serial
stream of data on the TxD output pin.

Modem Control :

The modem control section provides interfacing for three input
signals and three output signals used for “handshaking” and status
indication between the CPU and a modem.

SYN/DLE Control

This section contains control circuitry and three 8-bit registers
storing the SYN1, SYN2, and DLE characters provided by the CPU.
These registers are used in the synchronous mode of operation to
provide the characters required for synchronization, idle fill and data
transparency. )
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INTERFACE SIGNALS

The PCl interface signals can be grouped into two types: the
CPU-related signals (shown in Table 2), which interface the
SCN2651 to the microprocessor system, and the device-related
signals (shown in Table 3), which are used to interface to the
communications device or system.

OPERATION

The functional operation of the SCN2651 is programmed by a set of
control words supplied by the CPU. These control words specify
items such as synchronous or asynchronous mode, baud rate,
number of bits per character, etc. The programming procedure is
described in the PCI programming section of the data sheet.

After programming, the PCl is ready to perform the desired
communications functions. The receiver performs serial to parallel
conversion of data received from a modem or equivalent device.
The transmitter converts parallel data received from the CPU to a
serial bit stream. These actions are accomplished within the
framework specified by the control words.

Receiver

The SCN2651 is conditioned to receive data when the DCD input is
low and the RxEN bit in the command register is true. In the
asynchronous mode, the receiver looks for a high to low transition of
the start bit on the RxD input line. If a transition is detected, the
state of the RxD line is sampled again after a delay of one-half of a
bit-time. If RxD is now high, the search for a valid start bit is begun
again. If RxD is still low, a valid start bit is assumed and the receiver
continues to sample the input line at one bit time intervals until the
proper number of data bits, the parity bit, and one stop bit(s) have

been assembled. The data is then transferred to the receive data
holding register, the RxRDY bit in the status register is set, and the
RXRDY output is asserted. If the character length is less than 8 bits,
the high order unused bits in the holding register are set to zero.
The parity error, framing error, and overrun error status bits are
strobed into the status register on the positive going edge of RxC
corresponding to the received character boundary. If a break
condition is detected (RxD is low for the entire character as well as
the stop bit[s]), only one character consisting of all zeros (with the
FE status bit set) will be transferred to the holding register. The RxD
input. must return to a high condition before a search for the next
start bit begins.

When the PCl is initialized into the synchronous mode, the receiver -
first enters the hunt mode on a 0 to 1 transition of RXEN (CR2). In
this mode, as data is shifted into the receiver shift register a bit at a
time, the contents of the register are compared to the contents of the
SYNT1 register. If the two are not equal, the next bit is shifted in and
the comparison is repeated. When the two registers match, the
hunt mode is terminated and character assembly mode begins. If
single SYN operation is programmed, the SYN detect status bit is
set. If double SYN operation is programmed, the first character
assembled after SYN1 must be SYN2 in order for the SYN detect bit
to be set. Otherwise, the PCl returns to the hunt mode. (Note that
the sequence SYN1-SYN1-SYN2 will not achieve synchronization.)
When synchronization has been achieved, the PCI continues to
assemble characters and transfer them to the holding register,
setting the RxRDY status bit and asserting the RXRDY output each
time a character is transferred. The PE and OE status bits are set
as appropriate. Further receipt of the appropriate SYN sequence
sets the SYN detect status bit. If the SYN stripping mode is

Table 2.  CPU-Related Signals
PIN INPUT/

PIN NAME NO. OUTPUT FUNCTION

Vee 26 I +5V supply input

GND 4 | Ground
A high on this input performs a master reset on the SCN2651. This signal asynchronously terminates any

RESET 21 | device activity and clears the mode, command and status registers. The device assumes the idle state
and remains there until initialized with the appropriate control words.

A1 —-Ag 10, 12 | Address lines used to select internal PCl registers.

RW 13 | Read command when low, write command when high.
Chip enable command. When low, indicates that control and data lines to the PCI are valid and that the

CE 1 | operation specified by the RW, A and Aq inputs should be performed. When high, places the Do~Dy lines
in the 3-State condition.

_ 876 8-bit, three-state data bus used to transfer commands, data and status between PC‘I and the CPU. Dy is
D;-Dp 52,1, 110 ot " nster "
28, 27 the least significant bit, D; the most significant bit.

This output is the complement of status register bit SR0. When low, it indicates that the transmit data

TXRDY 15 o holding register (THR) is ready to accept a data character from the CPU. It goes high when the data
character is loaded. This output is valid only when the transmitter is enabled. It is an open drain output
which can be used as an interrupt to the CPU.
This output is the complement of status register bit SR1. When low, it indicates that the receive data

RXRDY 14 o holding register (RHR) has a character ready for input to the CPU. It goes high when the RHR is read by
the CPU, and also when the receiver is disabled. Itis an open drain output which can be used as an
interrupt to the CPU.
This output is the complement of status register bit SR2. When low, it indicates that the transmitter has

TXEMT/DS completed serialization of the last character loaded by the CPU, or that a change of state of the DSR or

THG 18 o DCD inputs has occurred. This output goes high when the status register is read by the CPU, if the
TXEMT condition does not exist. Otherwise, the THR must be loaded by the CPU for this line to go high.
It is an open drain output which can be used as an interrupt to the CPU.
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Table 3. Device-Related Signals

PINNAME | Fitt | INBUTIO FUNCTION

BRCLK 20 | 5.0688MHz clock input to the internal baud rate generator. Not required if external receiver and
transmitter clocks are used.
Receiver clock. If external receiver clock is programmed, this input controls the rate at which the

e 25 o) character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as programmed by mode
register 1. Data are sampled on the rising edge of the clock. If internal receiver ciock is programmed, this
pin becomes an output at 1X the programmed baud rate.*
Transmitter clock. If external transmitter clock is programmed, this input controls the rate at which the

™ 9 /o character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as programmed by mode register
1. The transmitted data changes on the falling edge of the clock. If internal transmitter clock is
programmed, the pin becomes an output at 1X the programmed baud rate.”

RxD 3 | Serial data input to the receiver. “Mark” is high, “Space” is low.

TxD 19 o Serial data output from the transmitter. “Mark” is high, “space” is low. Held in mark condition when the
transmitter is disabled.

DSR 20 | General purpose input which can be used for data set ready or ring indicator condition. Its complement
appears as status register bit SR7. Causes a low output on TXE&T when its state changes.

DCD 16 | Data carrier detect input. Must be low in order for the receiver to operate. Its complement appears as
status register bit SR6. Causes a low output on Tx when its state changes.

TTS 17 1 Clear to send input. Must be low in order for the transmitter to operate. If it goes high during
transmission, the character in the transmit shift register will be transmitted before termination.

DTR 24 o General purpose output which is the complement of command register bit CR1. Normally used to indicate
data terminal ready.

RTS 23 o General purpose output which is the complement of command register bit CR5. Normally used to indicate
request to send.

NOTE: *RxC and TxC outputs have short circuit protection max. Ci_ = 100pF

commanded, SYN characters are not transferred to the Holding

Register. Note that the SYN characters used to establish initial

synchronization are not transferred to the holding register in any
case.

Transmitter

The PCl is conditioned to transmit data when the CTS input is Low
and the TXEN command register bit is set. The SCN2651 indicates
to the CPU that it can accept a character for transmission by setting
the TXRDY status bit and asserting the TXRDY output. When the
CPU writes a character into the transmit data holding register, these
conditions are negated. Data is transferred from the holding register
to the transmit shift register when it is idle or has completed
transmission of the previous character. The TxRDY conditions are
then asserted again. Thus, one full character time of buffering is
provided.

In the asynchronous mode, the transmitter automatically sends a
start bit followed by the programmed number of data bits, the least
significant bit being sent first. It then appends an optional odd or
even parity bit and the programmed number of stop bits. If,
following transmission of the data bits, a new character is not
available in the transmit holding register, the TxD output remains in
the marking (high) condition and the TXEMT/DSCHG output and its
corresponding status bit are asserted. Transmission resumes when
the CPU loads a new character into the holding register. The
transmitter can be forced to output a continuous low (BREAK)
condition by setting the send break command bit high.

In the synchronous mode, when the SCN2651 is initially conditioned
to transmit, the TxD output remains high and the TxRDY condition is
asserted until the first character to be transmitted (usually a SYN
character) is loaded by the CPU. Subsequent to this, a continuous
stream of characters is transmitted. No extra bits (other than parity,
if commanded) are generated by the PCI unless the CPU fails to
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send a new character to the PCI by the time the transmitter has
completed sending the previous character.

Since synchronous communication does not allow gaps between
characters, the PCl asserts TXEMT and automatically “fills” the gap
by transmitting SYN1s, SYN1-SYN2 doublets, or DLE-SYN1
doublets, depending on the state of MR16 and MR17. Normal
transmission of the message resumes when a new character is
available in the transmit data holding register. If the send DLE bitin
the command register is true, the DLE character is automatically
transmitted prior to transmission of the message character in the
THR.

PCI PROGRAMMING

Prior to initiating data communications, the SCN2651 operational
mode must be programmed by performing write operations to the
mode and command registers. In addition, if synchronous operation
is programmed, the appropriate SYN/DLE registers must be loaded.
The PCI can be reconfigured at any time during program execution.
However, if the change has an effect on the reception of a character
the receiver should be disabled. Alternatively if the change is made
1 1/2 RxC periods after RxRDY goes active it will affect the next
character assembly. A flowchart of the initialization process appears
in Figure 1.

The internal registers of the PCI are accessed by applying specific
signals to the CE, R/W, A¢ and Ay inputs. The conditions necessary
to address each register are shown in Table 4.

The SYN1, SYN2, and DLE registers are accessed by performing
write operations with the conditions A; =0, Ag=1,and RW = 1.
The first operation loads the SYN1 register. The next loads the
SYN2 register, and the third loads the DLE register. Reading or
loading the mode registers is done in a similar manner. The first
write (or read) operation addresses mode register 1, and a
subsequent operation addresses mode register 2. If more than the
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required number of accesses are made, the internal sequencer
recycles to point at the first register. The pointers are reset to SYN1
register and mode register 1 by a RESET input or by performing a
“read command register” operation, but are unaffected by any other
read or write operation.

The SCN2651 register formats are summarized in Tables 5, 6, 7 and
8. Mode registers 1 and 2 define the general operational
characteristics of the PCI, while the command register controls the
operation within this basic framework. The PCl indicates its status
in the status register. These registers are cleared when a RESET
input is applied.

Mode Register 1 (MR1)

Table 5 illustrates mode register 1. Bits MR11 and MR10 select the
communication format and baud rate multiplier. 00 specifies
synchronous mode and 1X multiplier. 1X, 16X, and 64X multipliers
are programmable for asynchronous format. However, the multiplier
in asynchronous format applies only if the external clock input option
is selected by MR24 or MR25.

MR13 and MR12 select a character length of 5, 6, 7, or 8 bits. The
character length does not include the parity bit, if programmed, and
does not include the start and stop bits in asynchronous mode.

MR14 controls parity generation. If enabled, a parity bit is added to
the transmitted character and the receiver performs a parity check
on incoming data. MR15 selects odd or even parity when parity is
enabled by MR14.

In asynchronous mode, MR17 and MR16 select character framing of
1, 1.5, or 2 stop bits. (If 1X baud rate is programmed, 1.5 stop bits
default to 1 stop bit on transmit.) In synchronous mode, MR17
controls the number of SYN characters used to establish
synchronization and for character fill when the transmitter is idle.
SYN1 alone is used if MR17 = 1, and SYN1-SYN2 is used when
MR17 = 0. If the transparent mode is specified by MR16,
DLE-SYN1 is used for character fill and SYN detect, but he normal
synchronization sequence is used. Also DLE stripping and DLE
detect (with MR14 = 0) are enabled.

Mode Register 2 (MR2)

Table 6 illustrates mode register 2. MR23, MR22, MR21, and MR20
control the frequency of the internal baud rate generator (BRG).
Sixteen rates are selectable. When driven by a 5.0688MHz input at
the BRCLK input (Pin 20), the BRG output has zero error except at
134.5 2000, and 19,200 baud, which have errors of +0.016%,
+0.235%, and +3.125% respectively.

Téble 4. SCN2651 Register Addressing

CE | A Ay | RW FUNCTION
1 X X X | 3-State data bus
0 0 0 0 | Read receive holding register
0 0 0 1 Write transmit holding register
0 0 1 0 | Read status register
0 0 1 1 Write SYN1/SYN2/DLE registers
0 1 0 0 | Read mode registers 1/2
(] 1 0 1 Write mode registers 1/2
0 1 1 0 Read command register
0 1 1 1 Write command register
NOTE: See AC Characteristics section for timing requirements.

MR25 and MR24 select either the BRG or the external inputs TxC
and RxC as the clock source for the transmitter and receiver,
respectively. If the BRG clock is selected, the baud rate factor in
asynchronous mode is 16X regardiess of the factor selected by
MR11 and MR10. In addition, the corresponding clock pin provides
an output at 1X the baud rate.

INITIAL RESET

LOAD
MODE REGISTER 1
LOAD
MODE REGISTER 2

NOTE:

Mode Register 1 must be written

before 2 can be written. Mode Register 2
need not be programmed if external
clocks are used.

NOTE:

SYN1 Register must be written
before SYN2 can be written, and
SYN2 before DLE can be written.

RANSPARENT
MODE?

DISABLE
RCVR AND XMTR

Figure 1. SCN2651 Initialization Flowchart
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Table 5. Mode Register 1 (MR1)
MR17 MR16 MR15 MR14 MR13 l MR12 MR11 MR10
Parity Type | Parity Control Character Length Mode and Baud Rate Factor
Async: Stop bit length 0=0dd 0 = Disabled 00 =5 Bits 00 = Synchronous 1X rate
00 = Invalid 1=Even 1 = Enabled 01 =6 Bits 01 = Asynchronous 1X rate
01 =1 Stop bit 10 =7 Bits 10 = Asynchronous 16X rate
10 = 1 1/2 Stop bits 11 =8 Bits 11 = Asynchronous 64X rate

11 = 2 Stop bits

Sync: Sync:

Number of SYN | Transparency

char control

0 = Double SYN | 0= Normal

1=Single SYN | 1= Transparent
NOTE:

Baud rate factor in asynchronous applies only if external clock is selected.
(MR11, MR10) in any case.

Factor is 16X if internal clock is selected. Mode must be selected

Table 6. Mode Register 2 (MR2)
MR27 MR26 MR25 MR24 MR23 MR22 MR21 | MR20
Transmitter Receiver Baud Rate Selection
Clock Clock
Not used 0 = External 0= External 0000 = 50 Baud 1000 = 1800 Baud
1 =Internal 1 = Internal 0001 =75 1001'=2000
0010 =110 1010 = 2400
0011 =134.5 1011 = 3600
0100 = 150 1100 = 4800
0101 = 300 1101 = 7200
0110 =600 1110 = 9600
0111 = 1200 1111 = 19,200
Table 7.  Command Register (CR)
CR7 CR6 CR5 CR4 CR3 CR2 CR1 CRO
Receive . Transmit
Operating Mode ?eguezt Reset Error Control Dat;TeLmlnal Control
0 Sen (RXEN) eady (TXEN)
00 = Normal operation 0= Force RTS | 0= Normal Async: 0 = Disable 0= Force DTR | 0= Disable
01 = Async: automatic output high | 1 = Reset Force Break 1 = Enable output high | 1 = Enable
echo mode 1= Force RTS error flag 0= Normal 1= Force DTR
Sync: SYN and/or DLE output low in status reg | 1 = Force output low
stripping mode (FE, OE, break
10 = Local Loopback PE/DLE
11 = Remote Loopback DETECT) Sync
Send DLE
0 = Normal ;
1= Send DLE |

Command Register (CR)

Table 7 illustrates the command register. Bits CRO (TXEN) and CR2
(RXEN) enable or disable the transmitter and receiver respectively.
A0 to 1 transition of CR2 forces start bit search (async mode) or
hunt mode (sync mode) on the second RxC rising edge. Disabling
the receiver causes RXRDY to go high (inactive). If the transmitter
is disabled, it will complete the transmission of the character in the
transmit shift register (if any) prior to terminating operation. The TxD
output will then remain in the marking state (high) while TXxRDY and
TXEMT will go high (inactive). If the receiver is disabled, it will
terminate operation immediately. Any character being assembled
will be neglected.
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Bits CR1 (DTR) and CR5 (RTS) control the DTR and RTS outputs.
Data at the outputs is the logical complement of the register data.

In asynchronous mode, setting CR3 will force and hold the TxD
output low (spacing condition) at the end of the current transmitted
character. Normal operation resumes when CR3 is cleared. The
TxD line will go high for at least one bit time before beginning
transmission of the next character in the transmit data holding
register. In synchronous mode, setting CR3 causes the
transmission of the DLE register contents prior to sending the
character in the transmit data holding register. CR3 should be reset
in response to the next TxRDY.
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Table 8.  Status Register (SR)
SR7 SR6 SR5 SR4 SR3 SR2 SR1 SRO
Data Set Data Carrier FE/SYN PE/DLE TxXEMT/
Ready Detect Detect Overrun Detect DSCHG RxRDY TxRDY
0 = DSR input 0= DCD input Async: 0 = Normal Async: 0 = Normal 0 = Receive 0 = Transmit
is high is high 0= Normal 1= Overrun 0 = Normal 1= Change in holding holding
1= input 1= input 1 = Framing error 1 = Parity error D3R or register register
is low is low ERROR DCD, or empty busy
Sync: Sync: transmit 1 = Receive 1 = Transmit
0 = Normal 0 = Normal shift holding holding
1= SYN char 1 = Parity register is register register
detected error or empty has data empty
DLE char
received

Setting CR4 causes the error flags in the status register (SR3, SR4,
and SR5) to be cleared. This is a one time command. Thereis no
internal latch for this bit.

The PCI can operate in one of four submodes within each major
mode (synchronous or asynchronous). The operational submode is
determined by CR7 and CR6. CR7 — CR6 = 00 is the normal mode,
with the transmitter and receiver operating independently in
accordance with the mode and status register instructions.

In asynchronous mode, CR7 — CR6 = 01 places the PCl in the
automatic echo mode. Clocked,

regenerated received data are automatically directed to the TxD line
while normal receiver operation continues. The receiver must be
enabled (CR2 = 1), but the transmitter need not be enabled. CPU to
receiver communications continues normally, but the CPU to
transmitter link is disabled. Only the first character of a break
condition is echoed. The TxD output will go high until the next valid
start is detected.

The following conditions are true while in automatic echo mode:

1. Data assembled by the receiver are automatically placed in the
transmit holding register and retransmitted by the transmitter on
the TxD output.

2. The transmitter is clocked by the receive clock.
3. TxRDY output = 1.

4. The TXEMT/DSCHG pin will reflect only the data set change
condition.

5. The TxEN command (CRO) is ignored.

In synchronous mode, CR7 — CR6 = 01 places the PCl in the

automatic SYN/DLE stripping mode. The exact action taken

depends on the setting of bits MR17 and MR16:

1. In the non-transparent, single SYN mode (MR17 — MR16 = 10),
characters in the data stream matching SYN1 are not transferred
to the receive data holding register (RHR).

2. In the non-transparent, double SYN mode (MR17 — MR16 = 00),
characters in the data stream matching SYN1, or SYN2 if
immediately preceded by SYN1, are not transferred the RHR.
However, only the first SYN1 of an SYN1 — SYN1 pair is
stripped.

3. In transparent mode (MR16 = 1), character in the data stream
matching DLE, or SYN1 if inmediately preceded by DLE, are not
transferred to the RHR. However, only the first DLE of a DLE-
DLE pair is stripped.
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Note that automatic stripping mode does not affect the setting of the
DLE detect and SYN detect status bits (SR3 and SR5).

Two diagnostic submodes can also be configured. In local loopback
mode (CR7 — CR6 = 10), the following loops are connected
internally:

1. The transmitter output is connected to the receiver input.

2. DTR is connected to DCD and RTS is connected to CTS.
3. The receiver is clocked by the transmit clock.

4. The DTR, RTS and TxD outputs are held high.

5. The CTS, DCD, DSR and RxD inputs are ignored.

Additional requirements to operate in the local loopback mode are
that CRO (TXEN), CR1 (DTR), and CR5 (RTS) must be set to 1.
CR2 (RxEN) is ignored by the PCI.

The second diagnostic mode is the remote loopback mode (CR7 -

CR6 = 11). In this mode:

1. Data assembled by the receiver are automatically placed in the
transmit holding register and retransmitted by the transmitter on
the TxD output.

2. The transmitter is clocked by the receive clock.

3. No data is sent to the local CPU, but he error status conditions
(PE, OE, FE) are set.

4. The RxRDY, TXRDY, and TXEMT/DSCHG outputs are held high.
5. CRO (TxEN) is ignored.
6. All other signals operate normally.

Status Register

The data contained in the status register (as shown in Table 8)
indicate receiver and transmitter conditions and modem/data set
status.

SRO is the transmitter ready (TxRDY) status bit. It, and its
corresponding output, are valid only when the transmitter is enabled.
If equal to 0, it indicates that the transmit data holding register has
been loaded by the CPU and the data has not been transferred to
the transmit shift register. .If set equal to 1, it indicates that the
Holding Register is ready to accept data from the CPU. This bitis
initially set when the transmitter is enabled by CRO, unless a
character has previously been loaded into the holding register. Itis
not set when the automatic echo or remote loopback modes are
programmed. When this bit is set, the TXRDY output pin is low. In
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the automatic echo and remote loopback modes, the output is held
high.

SR1, the receiver ready (RxRDY) status bit, indicates the condition
of the receive data holding register. If set, it indicates that a
character has been loaded into the holding register from the receive
shift register and is ready to be read by the CPU. If equal to zero,
there is no new character in the holding register. This bit is cleared
when the CPU reads the receive data holding register or when the
receiver is disabled by CR2. When set, the RxRDY output is low.

The TXEMT/DSCHG bit, SR2, when set, indicates either a change of
state of the DSR or DCD inputs or that the transmit shift register has
completed transmission of a character and no new character has
been loaded into the transmit data holding register. Note that in
synchronous mode this bit will be set even though the appropriate
“fill” character is transmitted. TXEMT will not go active until at least
one character has been transmitted. It is cleared by loading the
transmit data holding register. The DSCHG condition is enabled
when TXEN = 1 or RXEN = 1. If the status register is read twice and
SR2 = 1 while SR6 and SR7 remain unchanged, then a TXEMT
condition exists. Itis cleared when the status register is read by the
CPU. When SR2 is set, the TXEMT/DSCHG output is low.

SR3, when set, indicates a received parity error when parity is
enabled by MR14. In synchronous transparent mode (MR16 = 1),
with parity disabled, it indicates that a character matching the DLE
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register has been received. However, only the first DLE of two
successive DLEs will set SR3. This bit is cleared when the receiver
is disabled and by the reset error command, CR4.

The overrun error status bit, SR4, indicates that the previous
character loaded into the receive holding register was not read by
the CPU at the time a new received character was transferred into it.
This bit is cleared when the receiver is disabled and by the reset
error command, CR4

In asynchronous mode, bit SR5 signifies that the received character
was not framed by the programmed number of stop bits. (If 1.5 stop
bits are programmed, only the first stop bit is checked.) If RHR =0
when SR5 = 1, a break condition is present. In synchronous
non-transparent mode (MR16 = 0), it indicates receipt of the SYN1
character in single SYN mode or the SYN1 — SYN2 pair in double
SYN mode. In synchronous transparent mode (MR16 = 1), this bit is
set upon detection of the initial synchronizing characters (SYN1 or
SYN1 - SYN2) and, after synchronization has been achieved, when
a DLE-SYNT1 pair is received. The bit is reset when the receiver is
disabled, when the reset error command is given in asynchronous
mode, and when the status register is read by the CPU in the
synchronous mode.

SR6 and SR7 reflec: the conditions of the DCD and DSR inputs
respectively. Alow input sets its corresponding status bit and a high
input clears it.
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TIMING DIAGRAMS

CLOCK

RESET l«— tBRH—>{«— tBRL —>|
e— tR/TH—>te— tm—.‘

e s S S
RES [e——— 1MBRG————>|

HRT

TRANSMIT

1 BIT TIME
(1, 16, OR 64 CLOCK PERIODSL" RECEIVE

SE— e

READ AND WRITE

RE—
e e G-

il
= ¢ X
L—'os——’ l‘— tDH

D BUS NOT BUS
(,,g;‘,’,} FLOATING X VALID X DATA VALID X FLOATING

“— tpp ™| tDF
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TIMING DIAGRAMS (Continued)

TxC (1X)

TxRDY, TXEMT (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode})

(11213 4 51234 ;512345123 4,511,223 4,5

f TxD

DATA 1

DATA 2

DATA 3

SYN 1

DATA 4

TXEN

—_——

SYNCHRONOUS MODE
g

CEFOR

WRITE
\ oF THR

DATA1 DATA 2

DATA 3

DATA 4

<~— D —>™ A|112(3 4 5/B C Aj1,2,3 4,5, B CAj1,23 4,5 B C*<—D—» A1 2

TxD

DATA 1

|

DATA 2

DATA3

l
T

I | DATA 4 5

TxEN I

|
|
r
|
!

!
|
l
4

ASYNCHRONOUS MODE
g

LR
\

CE FOR
\ WRITE —l}/
OF THR
DATA 1

NOTES:
A = Start bit
B = Stop bit 1
C = Stop bit 2

D = TxD marking condition

Ny

DATA 2

DATA 3

TXEMT goes low at the beginning of the last data bit, or, if parity is enabled, at the beginning of the parity bit.

DATA 4
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TIMING DIAGRAMS (Continued)

RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode])
r RxC
41123 1451 ,2)8 4,5 1,23 145 1,123 4 5123 4,511,123 4,5, |
w RxD SYN1 DATA 1 DATA 2 DATA 3 I DATA 4 DATA 5 I
o
o T<
= : | | | = IGNORED
3] mxen l | [ | |
z
&t | ! !
£ SYNDET
§ | smamwsar | | |
H I [ f
\ CEFOR 1T
=] N W i
u
READ READ READ RHR READ RHR READ RHR READ RHR
STATUS STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3)
( D
<—>» A 11,23 ,4,5,B,C A;1,2,3,4,5,B;C/-—D;~-A;1,2,3,4,;5/B;CA1 ;2,3
RxD l I DATA 1 J l [ DATA 2 I I ' DATA 3 ' I ’ DATA 4
8 [ | !
1
21 ren I r ! |
3 | | |
z
g{ RXRDY |
X
[
H
< } OVERRUN
STATUS BIT
CE FOR A /
37 ~
\
READ RHR READ RHR
(DATA 1) (DATA 3)
NOTES:
A = Start bit
B = Stop bit 1
C = Stop bit 2
D = TxD marking condition
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TYPICAL APPLICATIONS
ASYNCHRONOUS INTERFACE TO CRT TERMINAL
C ADDRESS BUS )
\‘| CONTROL BUS )
C DATA BUS )
t r————/1
RxDf¢—————| EIATOTIL
* CONVERT
mwofl—— - ©m L 5
SCN2651 —_—d /
W
5.
BRCLK OSCILLATOR TENIINAL
ASYNCHRONOUS INTERFACE TO TELEPHONE LINES
( ADDRESS BUS )
<_’ CONTROL BUS )
( DATA BUS )
SCN2651 RxD
TxD
TSR pe—| PHONE
ASYNC LINE
DR b—— > MODEM INTERFACE
TS pe—x|
RTS p——»
DCD pe———
BRCLK 5.
OSCILLATOR
TELEPHONE
LINE
73

April 27, 1994



Philips Semiconductors Data Communications Products

Product specification

Programmable communications interface (PCI)

SCN2651

TYPICAL APPLICATIONS (Continued)

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

( ADDRESS BUS ] )
(_’ CONTROL BUS )
( DATA BUS )

RxD [«

SCN2651
TxD
SYNCHRONOUS
RxC < TERMINAL OR
< PERIPHERAL
TXC [« DEVICE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

( ADDRESS BUS )

1]
Ul

RxD

CONTROL BUS )

DATA BUS )

SCN2651

TxD

PHONE

RxC
LINE
INTERFACE

SYNC
MODEM

THHTHT

TELEPHONE
INE
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DESCRIPTION

The SCN2652/68652 Multi-Protocol Communications Controller
(MPCC) is a monolithic n-channel MOS LS| circuit that formats,
transmits and receives synchronous serial data while supporting
bit-oriented or byte control protocols. The chip is TTL compatible,
operates from a single +5V supply, and can interface to a processor
with an 8 or 16-bit bidirectional data bus.

APPLICATIONS

® |ntelligent terminals

® Line controllers

® Network processors

® Front end communications

©® Remote data concentrators

® Communication test equipment

©® Computer to computer links

FEATURES
® DC to 2Mbps data rate

® Bit-oriented protocols (BOP): SDLC, ADCCP, HDLC
® Byte-control protocols (BCP): DDCMP, BISYNC (external CRC)

® Programmable operation
— 8 or 16-bit tri-state data bus
— Error control — CRC or VRC or none
— Character length — 1 to 8 bits for BOP or 5 to 8 bits for BCP
— SYNC or secondary station address comparison for BCP-BOP
— Idle transmission of SYNC/FLAG or MARK for BCP-BOP

® Automatic detection and generation of special BOP control
sequences, i.e., FLAG, ABORT, GA

® Zero insertion and deletion for BOP

® Short character detection for last BOP data character
® SYNC generation, detection, and stripping for BCP

® Maintenance mode for self-testing

® TTL compatible

® Single +5V supply

PIN CONFIGURATION
ce [T} MM
RxC @ 139] TxC
Rxsi [3] 38 Txsa
SiF [a] TXE
RxA E 36] Txu
RxDA [§] [35] TxBE
RxSA (7} 34 TxA
Rx [8] 33 RESET TOP VIEW
GND 3] Vee Pin Function Pin Function
naos@ oip DB0O 1 NG 23 NG
2 CE 24 A0
D809 [i] DBo1 3 RxC 25 BYTE
osto 12 so8  mpm
6 RxA 28 DB06
DB11 [13} DB03 7 RxDA 29 DBO5
8 RxSA 30 DBO4
DB12 14 DB04 9 RxE 31 DB03
10 GND 32 DBO2
DB13 [15} DBO5 11 DBO8 33 DBO1
12 NC 34 NC
DB14 [16] DBO06 13 DB09 35 DBOO
14 DB10 36 Ve
DB15 DbBo7 15 DB11 37 RESET
16 DB12 38 TxA
AW [18] DBEN 17 DB13 39 TxBE
18 DB14 40 TxU
A2 BYTE 19 DB15 41 TxE
20 42 TxSQ
A1 [20] A0 21 A2 43 TxC
22 A1 44 MM
TOP VIEW
NOTE: DBOO is least significant bit, highest number
(that is, DB15, A2) is most significant bit.
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ORDERING CODE
Voo = 5V £5%
PACKAGES Commercial Automotive DWG #
0°C to +70°C —40°C to +85°C

40-Pin Ceramic Dual In-Line Package (DIP) SCN2652AC2F40 / SCN68652AC2F40 0590B

40-Pin Plastic Dual In-Line Package (DIP) SCN2652AC2N40 / SCN68652AC2N40 Contact Factory 0415C

44-Pin Square Plastic Lead Chip Carrier (PLCC) SCN2652AC2A44 / SCN68652AC2A44 Contact Factory 0403G

ABSOLUTE MAXIMUM RATINGS!

SYMBOL PARAMETER RATING UNIT
Ta Operating ambient temperature? Note 4 °C
Tsta Storage temperature —65 to +150 °C
Vee All inputs with respect to GND3 -0.310 +7 \
NOTES:

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or at any other condition above those indicated in the operation sections of this specification
is not implied. ’

2. For operating at elevated temperatures the device must be derated based on +150°C maximum junction temperature.

3. This product includes circuitry specifically designed for the protection of its internal devices from the damaging effects of excessive static
charge. Nonetheless, it is suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima.

4. Parameters are valid over operating temperature range unless otherwise specified. See ordering code table for applicable temperature
range and operating supply range.

BLOCK DIAGRAM
™ ~——— 16 BITS ——> ~— 8 BITS —>
-« Vce
DATA PARAMETER CONTROL PARAMETER
DB15- gus p+——m— SYNC/ADDRESS PCSAR CONTROL | PCR ~—— GND
DBO0O BUFFER [\ REGISTER REGISTER
i Il
i Il i
RECEIVER TRANSMITTER
DATA/STATUS RDSR DATA/STATUS TDSR
RESET REGISTER REGISTER
MM
INTERNAL
~——
A2-A0 ——»| BUS Ap 16 L 16
BYTE ]
w READ/
—»| WRITE b
LOGIC
CE AND
™| conTRoL RECEIVER TRANSMITTER
DBEN ] LOGIC AND LOGIC AND
CONTROL CONTROL
L~
SIF
RxE + ]
RxA -
RxDA <
RxSA <€ RxC RxSI TXC TXSO
TxE
TxA <2
XBE <—
U
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PIN DESCRIPTION
MNEMONIC | PIN NO. | TYPE | NAME AND FUNCTION
17-10 Data Bus: DB07-DB00 contain bidirectional data while DB15-DB08 contain control and status

DB15-DB00 24-31 /0 {information to or from the processor. Corresponding bits of the high and low order bytes can be wire
OR’ed onto an 8-bit bus. The data bus is floating if either CE or DBEN are low.

A2-AO 19-21 | Address Bus: A2-A0 select internal registers. The four 16-bit registers can be addressed on a word or
byte basis. See Register Address section.

BYTE 22 \ Byte: Single byte (8-bit) data bus transfers are specified when this input is high. A low level specifies
16-bit data bus transfers.

CE 1 | Chip Enable: A high input permits a data bus operation when DBEN is activated.
Read/Write: R/W controls the direction of data bus transfer. When high, the data is to be loaded into the

RW 18 | addressed register. A low input causes the contents of the addressed register to be presented on the
data bus.
Data Bus Enable: After A2—A0, CE, BYTE and R/W are set up, DBEN may be strobed. During a read,

DBEN 23 | the 3-state data bus (DB) is enabled with information for the processor. During a write, the stable data is
loaded into the addressed register and TxBE will be reset if TDSR was addressed.

RESET 33 | Reset: A high level initializes all internal registers (to zero) and timing.

MM 40 | Maintenance Mode: MM internally gates TxSO back to RxS!l and TxC to RxC for off line diagnostic
purposes. The RxC and RxSlI inputs are disabled and TxSO is high when MM is asserted.

RxE 8 | Receiver Enable: A high level input permits the processing of RxS| data. A low level disables the
receiver logic and initializes all receiver registers and timing.
Receiver Active: RxA is asserted when the first data character of a message is ready for the processor.
In the BOP mode this character is the address. The received address must match the secondary station

RXA 5 o address if the MPCC is a secondary station. In BCP mode, if strip-SYNC (PCSAR;3) is set, the first
non-SYNC character is the first data character; if strip-SYNC is zero, the character following the second
SYNC is the first data character. In the BOP mode, the closing FLAG resets RxA. In the BCP mode, RxA
is reset by a low level at RxE.

RxDA* 6 o Receiver Data Available: RxDA is asserted when an assembled character is in RDSR|_ and is ready to
be presented to the processor. This output is reset when RDSR ‘is read.
Receiver Clock: RxC (1X) provides timing for the receiver logic. The positive going edge shifts serial

RxC 2 |
data into the RxSR from RxSI.

S/F 4 (o] SYNC/FLAG: S/F is asserted for one RxC clock time when a SYNC or FLAG character is detected.

RxSA* 7 o Receiver Status Available: RxSA is asserted when there is a zero to one transition of any bit in RDSRy
except for RSOM. ltis cleared when RDSRy is read.

RxS! 3 ! Receiver Serial Input: RxS! is the received serial data. Mark = ‘1°, space = ‘0.
Transmitter Enable: A high level input enables the transmitter data path between TDSR; and TxSO. At

TxE 37 | the end of a message, a low level input causes TxSO = 1(mark) and TxA = 0 after the closing FLAG
(BOP) or last character (BCP) is output on TxSO.

TXA a4 o Transmitter Active: TxA is asserted after TSOM (TDSRg) is set and TxE is raised. This output will reset
when TxE is low and the closing FLAG (BOP) or last character (BCP) has been output on TxSO.

TxBE* 35 o Transmitter Buffer Empty: TxBE is asserted when theTDSR is ready to be loaded with new control
information or data. The processor should respond by loading theTDSR which resets TxBE.
Transmitter Underrun: TxU is asserted during a transmit sequence when the service of TXBE has been

TxU* 36 o delayed for one character time. This indicates the processor is not keeping up with the transmitter. Line
fill depends on PCSARy4. TxU is reset by RESET or setting of TSOM (TDSRg), synchronized by the
falling edge of TxC.
Transmitter Clock: TxC (1X) provides timing for the transmitter logic. The positive going edge shifts

TxC 39 |
data out of the TxSR to TxSO.

TxSO 38 (o) Transmitter Serial Output: TxSO is the transmitted serial data. Mark = ‘1°, space = ‘0’.

Vee 32 | +5V: Power supply.

GND 9 | Ground: OV reference ground.
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Table 1.  Register Access
REGISTERS NO. OF BITS J DESCRIPTION*
Addressable
PCSARy and PCR contain parameters common to the
PCSAR Pg;ameter ciO{'"ol sync/ 16 receiver and transmitter. PCSAR|_ contains a programmable
address reglster SYNC character (BCP) or secondary station address (BOP).
PCR Parameter control register 8 RDSRy contains receiver status information.
RDSR Receive data/status register 16 RDSR| = RxDB contains the received assembled character.
TDSRy contains transmitter command and status
TDSR Transmit data/status register 16 information. TDSRL = TxDB contains the character to be
transmitted
Non-Addressable
CCSR Control character shift register 8
HSR Holding shift register 16
Rocel - -
RxSR ecelv§r shift reglstfar These registers are used for character assembly (CSSR,
TxSR Transmitter shift register 8 HSR, RxSR), disassembly (TxSR), and CRC
Receiver CRC accumulation accumulation/generation (RXCRC, TxCRC).
RxCRC - 16
register
Transmitter CRC generation
TXCRC register 16
NOTES:
*H = High byte — bits 15-8
L = Low byte — bits 7-0
Table 2.  Error Control Table 3.  Special Characters
CHARACTER DESCRIFTION OPERATIONJ BIT PATTERN | FUNCTION
FCS Frame check sequence is transmitted/received BOP '
as 16 bits following the last data character of a FLAG 01111110 Frame message
BOP message. The divisor is usually — - —
CRC-CCITT (X6 + X12 4 X5 + 1) with dividend ABORT 11111111 generation .| Terminate communication
preset to 1’s but can be other wise determined 01111111 detection
by ECM. The inverted remainder is transmitter as Torminate loop mode
566 :3hle ici P T——— TR T—— GA ottt repeater function
lock check character is transmitted/received as T -
two successive characters following the last data Address (PCSARL) Secondary station address
character of a BCP message. The polynomial is BCP
CRC-16 (X16 + X5 + X2 + 1) or CRC-CCITT (PCSARL) or .
with dividend preset to 0’s (as specified by SYNC J (TxDB)? generation [Character synchronization
ECM). The true remainder is transmitted as the
BCC. NOTES:

1. () = contents of.
2. For IDLE =0 or 1 respectively.

15 1413 12 11109 8 76543210
PCSAR [ APA lpaoro I SS/GA [SAM! IDLE I ECM | SIAR
15 14 1312 11109 8
Ty~ |Rx I |
PCR | TxCL I °L§| cLg| Rt
15 1413121 10 9 8
RDSR l nsna] ABC 1 ROR I %‘}\5’ Fzzomlnsonﬂ RxDB J
15 1413 12 11 10 9 8
TDSR I TERR | NOT DEFINED I TGA—lTABORT |reomlrs0MJ TXDB J

NOTE:

Refer to Register Formats for mnemonics and description.

Figure 1. Short Form Register Bit Formats
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NOTES:

t 11

FLAG ABORT GA

1. TXCRC selected if TEOM = 1 and the last data character has been shifted out ofTXSR.
2. In BCP parity selected will be generated after each character is shifted out of TxSR.

Figure 3. MPCC Transmitter Data Path

BCP * TRT TO
RDSR|_
BOP * TRC
BCP * CRC
|
8 >t 8 )
RxSI M
5"’:';‘: |—o—>1 CCSR (8) HSR (16) _th——ﬂ RxSR (8)
seL LB y BOP * CRC
ZERO (BOP) ZERO
FROM SYNC/FLAG! |>] 'DELETION |—» DELETION
XMITTER COMPARATOR LOGIC CONTROL
MM PARITY (BCP)
LoGIC
BOP
SIF = M CRC-16 (BCP) OR CRC-16=0 [—> RERR
BCP u RxCRC ACC CCRC-CCITT  [—»{ _COMPARATOR
X (BOP) CRC-CCIT = FOB8
RESET —
RXE ——»] RECEIVER
RxA <«——{ CONTROL
RxDA <«——|  LOGIC
RxSA <]
RxC
- NOTES:
1. Detected in SYNC FF and 7 MS bits of CCSR.
2. In BOP mode, a minimum of two data characters must be received to turn the receiver active.
Figure 2. MPCC Receiver Data Path
FROM
Tosp, OR PCSARL (SYNC)
RESET —————»
TE — 5] SYNCL = TxSO
TRANS- TxSR (8) FF
TXA «—————— ] MITTER
CONTROL 1BIT
TXxBE «——————] LOGIC DELAY
U ————————
BOP
M ZERO
g INSERTION frg‘z%n on
TXCRC ACC (16) LoGIC |—
CRC-16 OR CRC-CCITT CONTROL
BCP
sett.2 Lyl  pARMY
GENERATION
TxC
CONTROL
CHARACTER
GENERATOR
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FUNCTIONAL DESCRIPTION

The MPCC can be functionally partitioned into receiver logic,
transmitter logic, registers that can be read o