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ISO/IEC

Introduction

7480:1991(E)

The intent of this International Standard is to complemenf the eleclrical
characteristics specified in CCITT V-series recommiendptions, and to

provide a measurement for the transmission signal
teristics not covered in those documents.

The signal quality requirement that start-stopiransmiss
should meet is in part dependent on the application a

uality charac-

on equipment
nd in part de-

pendent on the mechanism for timing dérivation used by the equipment.

For early start-stop transmission equipment, timing w
controlled from a mechanical sougce but nowadays an elg
is commonplace.

s derived or
ctronic source

An additional factor is that; whiereas most stari-stop tra
ries the timing informatiominherently within the signallin

smission car-
belween the

transmitting equipment_and the receiving equipment, stari-stop equip-
ment may interface o a converier which encodes the infgrmation within
a synchronous transmission system in which case, the rpquired signal

quatity at the interface to the converter may need fo b

controlled.

To cover.both types of equipment in both types of applica
quality specification in this international Standard is given
four pesformance categories, two of which (P1 and P2) a1
DTEs using mechanical timing" and two for DTEs using

ing,) By having two mechanical categories, early start-sto
equipment with very limited signal quality capability is 3
{Category P1). For the two electronic categories, the f
(Category ll) is for equipment o be connected to sync
operating in asynchronous mode in accordance witl
ommendation V.14. For each of the four categories d
transmitting elements of DTEs (I, H, P1 and P2), four g
calegories are defined for the receiving elements of DTEs

Notwithstanding the obvious pairings implied by the ¢

more tightly

ion, the signal
separalely for
e intended for
blectronic tim-
b transmission
ccommodated
nore stringent
hronous DCEs

CCITT Rec-
efined for the
omplementary
(A, B. PA, PB).

omplementary

categories, the intention is that any receiving equipment may operate

with any transmitting equipment, the actual selection be

ng dependent

On SUCh 13ClOrs as channel characternstits and econormiT

considerations

of the data communication system. The importance of this Inlernational
Standard is particularly evident when the transmiiting and receiving
equipments are furnished by different organizations as it provides a
basis for agreement between the parties involved.

1) it is intended to delete the mechanical categories at the next revision (see
footnote 2 to table 1. At that time, consideration will be given to amending the
electronic timing definition by replacing “a signal” in the first line by "an
isochronous signal” and amending the other definitions accordingly.

iii
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INTERNATIONAL STANDARD

ISO/IEC 7480:1991(E)

Information technology — Telecommunications and

information exchange between systems — Start-stop

transmission signal quality at DTE/DCE interfaces

1 Scope 1.3 This International Standard does not describe

1.1 This International Standard specifies signal
quality requirements for serial data transmission at
the interfacq between start-stop transmission Data
Terminal Epuipment (DTE) and Data Circuit-
terminating Fquipment (DCE). The interface referred
to in this International Standard conforms to CCITT
Recommendiations V.24 {telephone networks) and
X.24 {data networks) as specified in DCEs of the fol-
lowing CCITT Recommendations:

— V.21, V.22, V.22 bis, V.23, V.26 ter, V.32, V.32\bis,

the signal quality of the 'DCE or the line associaled
with it. Neither doe$ it-describe any requirement for
an acceptable bit\error rate.

1.4 Thislnternational Standard dofs not specify
the sp€ed characteristics. The nominal value of the
modlation rate and the character ipterval are ap-

nnnnnnnnn

2 Normative references

The following standards contain prgvisions which,

X.20, X.20 bis

together with V.28 electrical

charactetistics;

— X.20 together with V.10 and/or V)31 electrical

characte

istics.

The signal Iquality requiremeni\Nis limited to start-
m

stop trans
nous DCEs,

ssion at the iftefface wilh asynchro-
or with synchronous DCEs operating in

through reference in this text, consti

ftute provisions

of this Inlernational Standard. At thq time of publi-

cation, the editions indicaled were
dards are subject
agreements based on this Internat

are encouraged to investigale the pq

plying the most recent editions of th

dicated below. Members of IEC ang

to revision, a

valid. All stan-
nd parties 1o
onal Standard
ssihility of ap-
b standards in-
ISO maintain

registers of currently valid internatiofal Standards.

asynchronoys mode inaccordance with CCHT Rec-
ommendations V.14 @r /.42, Signal quality pertaining
to DTEs working imsa“synchronous mode of operation
is not part of thisunternational Standard.

CCITT Recommendation 1411:1988 ISDN
network interfaces — Reference configurations.

user-

CCITT Recommendation V.10 (= X|26):1988. Elec-

This International Standard is also applicable when
the interface as specified in the above CCITT Rec-
ommendations is provided at the ISDN Reference
point R as defined in CCITT Recommendation 1.411
and as specified in CCITT Recommendations V.110.
V.120 and X.30.

1.2 The signal qualily characteristics apply re-
gardless of whether or not muitiplexing equipment
is included. They do not apply where there is inter-
mediate equipment and no signal regeneration is
provided between interconnected sections.

tricat characleristics for unbalanced double-current
interchange circuits for general use wilh infegrated
circuit equipment in the field of data communi-
cations.

CCITT Recommendation V.11 (= X.27):1988. Elec-
{rical characteristics for balanced double-current
interchange circuits for general use with integrated
circuit equipment in the field of data communi-
calions.

CCITT Recommendation V.14:1988, Transmission of
start-stop characters over synchronous bearer chan-
nels.
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CCITT Recommendation V.21:1988, 300 bits per sec-
ond duplex modem standardized for use in the gen-
eral switched telephone network.

CCITT Recommendation V.22:1988, 7200 bils per
second duplex modem standardized for use in the
general switched telephone network and on point-
to-point 2-wire leased telephone-type circuits.

CCITT Recommendation V.22 bis: 1988, 2400 bits per
second duplex modem using the frequency division
technique standardized for use on the general
switched telephone network and on poini-to-point
2-wire leased telephone-type circuits.

circuit-terminating equipment (DCE) for start-slop
transmission services on public data networks.

CCITT Recommendation X.20 bis: 1988, Use on public
data networks of data terminal equipment (DTE)
which is designed for interfacing to asynchronous
duplex V-series modems.

CCITT Recommendation X.24:1388, List of definitions
for interchange circuits between data (erminal
equipment (DTE) and data circuit-terminating equip-
ment (DCE) on public data networks.

CCITT Recommendation X.30:1988. Supporf of X.21,

CCITT Recommgndation V.23:1988, 600/1 200 baud
modem standardized for use in the general switched
telephone netwofk.

CCITT Recommendation V.24:1988, List of definitions
for interchange| circuits between data ferminal
equipment and data circuit-terminating equipment.

CCITT Recommgéndation V.26 ter:1988, 2400 bits per
second duplex modem using the echo cancellation
lechnique slandardized for use on the general

switched teleph
2-wire leased te

CCITT Recom

brie network and on point-to-point
ephone-type circuits.
mendation

V.28:1988, Electrical

characteristics fpr unbalanced double-current inter-

change circuits.

CCITT Recom
2-wire, duplex
rates of up to
switched

telep

endation V.32:1988, A family of
odems operating at data signalling
0 600 bit/s for use on the general
frone  network and on “Nleased

telephone-type dircuits.

CCITT Recomm
modem operatir

14400 bit/s for
phone network

telephone-type @

CCITT Recomm
procedures fo
synchronous cof

endation V.32 bis:1890, A duplex
g al data signalling:rates of up to
use on the general swilched tele-
and on leased _point-to-point 2-wire
ircuits.

bndation,V.42:1888, Error-correcting
DCEs using asynchronous-to-
version.

X.21 bis and X.20 bis based data tegmfnal equip-
ments (DTEs) by an integrated servites figital nel-
work (ISDN).

3 Definitions

For the purposes of this International Standard, the
following definitions-apply.

3.1 electronic timing: An implementalion in which
a signal serves'to determine the duratign of signat
elements_and to achieve synchronizalign within a

transmission system, and is derived fro
tronig, circuit,

3:2 " mechanical timing: An implementali

m an elec-

bn in which

a signal serves to determine the duratign of signal
elements and o achieve synchronizalign within a
transmission system, and is generally de¢rived from

the angular velocity of an electric motor
quency used as timing source is also incl
category).

3.3 start-stop system: Datla transmissio
which each signal representing a chara
ceded by a start signal which serves to §
receiving device for the reception of 3
signal and regisiration of a characler,
lowed by a stop signal which serves {0 {
receiving device for the reception of a
start signal.

power fre-
hded in this

system in
cter is pre-
repare the
character
and is fol-
repare lhe
subsequent

3.4 start-stop transmission: Asynchron

ous trans-

mission such that each group oOf sighals

represent-

CCITT Recommendation V.110:1888, Support of data
terminal equipments (DTEs) with V-series type inter-

faces by an integrated services digifal network
(ISDN).

CCITT Recommendation V.120:1988, Support by an
ISDN of data terminal equipment with V-series type
interfaces with provision for statistical muitiplexing.

CCITT Recommendation X.20:1988, Interface be-
tween data lerminal equipment (DTE) and data

ing a character is preceded by a start signal and is
followed by a stop signal.

3.5 continuous start-stop operation: Method of op-
eration in start-stop transmission in which the
signals representing a series of characters follow
one another contiguously.

3.6 signal element: Each of the parts constituling a
telegraph or data signal and distinguished from ihe
others by its nature, magnitude, duration and rela-
tive position (or by one or some of these features
only).
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3.7 unit interval: In a system using an equal length
code, or in a system using an isochronous modu-
lation, the interval of time such that the theoretical
durations of the significant intervals of a telegraph
modulation {or restitution) are whole multiples of
this interval.

3.8 modulation rate: Reciprocal of the unit interval
measured in seconds. This rate is expressed in
baud.

3.9 character interval: The duration of a character
expressed as the totai number of unit infervais (in-

ISO/IEC 7480:1991(E)

4 Distinction can be made between the degree of late (or
positive) distortion and the degree of eariy (or negative]j
distortion.

: o the mean
tual incoming modulation rate and not necessarily to the
nominal modulation rate.

3.14 degree of gross start-stop distortion: Degree
of distortion determined when the unit interval and
the theorelical intervais assumed are exactiy those
appropriate to the nominal modulation rate.

NOTE 6
:\lnloﬂ h\]: an-indication of the 'narinnlx usiial y limited, of the

The resull of the measurement should be com-

cluding information and parily check) plus the start
and stop sigrals.

observation.

For a prolonged modulation (or restitation) it wili be ap-

nal at tha hna

nninn nf a charartar that nranarece the

3.10 start sfnal: In start-stop transmission, a sig-

tial at 1 UT
receiving de
ements.

NOTE 1 A's
generally havi

311
a start-stop

HIHIY Wi a Liiai asiTi 1iial pJicpai vo s

ice for the reception of the code ei-

art signal is limited to one signal element
hg the duration of a unit interval.

start trgnsition: In a character transmitted in

ystem, the mark-to-space transition at

the beginning of the start signal.

3.12 stop signal: In start-stop transmission, a signal

at the end of

device for th

NOTE2 A's
element havin

a character that prepares the receiving
e reception of a subsequent character.

op signal is usually limited to one signal
g any duration equal to or greater_than a

specified minifpum value.

3.13 degree

(1) Ratio g
measured di

the actual a

significant in

of start-stop distortion

the wunit interval 'of the maximum
ference, irrespective of sign, between
d theoretical intervals separaling any
stant of madutation (or of restitution)

from the sigificant instant of the start element im-

mediately pr

{2) The hig

pceding it

hedt “absolute value of individual dis-

propriate to consider the probability thpt an assigned

value of the degree of distortion.will be e

In accordance with the CCITT definition o

ceeded.

f the theoretical

duration of a significant interval, in pragtical measure-

ments the unit interdal and the theoreti

al intervals as-

sumed are those appropriate to the actup! mean rate of

modulation (or ofirestitution).

3.15 degree of synchronous start-stop distortion:
Degree/of distortion determined when the unit in-

terval_and the theoretical intervals
those appropriate to the actual mean
lation (or of restitution).

NOTES

7 See note 6.

8 The degree of distortion is the time

assumed are
rate of modu-

Hisplacernent of

the transitions between signal states from their ideal in-

stanls.

3.16 margin: Maximum degree of distortion com-

patible with a correct transiation wh
are presented to a receiver under
favourable conditions where the com
signals and of the distortion is concet

The maximum degree of distorlion W
incorrect translation applies wilthout r
form of distortion affecting the sig

bn the signals
the most un-
position of the
ned.

hich results in
bference to the
hals. In other

tortion affectii ignifi instants of a start-

stop modulation.

The degree of distortion of a start-stop modulation
(or restitution) is usually expressed as a percenlage.

NOTES
3 The result of the measurement should be completed

by an indication of the period, usually limited, of the ob-
servation.

words, it is the maximum value of| the most un-
i i S i pct transialion
which determines the value of the margin.

3.16.1 synchronous margin: Margin represented by
the degree of distortion for the margin indicated in
3.16 when the mean unit interval of the modulation
applied lo the apparalus is equal to that which would
result from a transmission from the apparatus under
examination, assuming it to include a transmitier as
well as a receiver.
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3.16.2 net margin: Margin represented by the de-
gree of distortion indicated in 3.16 when the rate of
modulation applied to the apparatus is exactly equal
to the standard theoretical rate.

3.16.3 practical margin: Net margin whereby no
signal element duration is less than a specified
value.

4 Signal quality from the transmitting DTE

Start-stop transmitting DTEs shall operate within one
of the four specifi j i i

conformance with this International Standard is
claimed. The alphabetical designations in the fol-
lowing clauses refer to the value specified in the
same table.

4.1 Distortion of the transmitting DTE

The signal provided by the transmitting DTE on
CCITT circuit 103 {see CCITT Recommendation
V.24), or circuit T (see CCITT Recommendation
X.24), shall have a degree of synchronous start-stop
distortion not greater than N % and a degree of
gross start-stop distortion not greater than P %,

i i I nt has a duration of

in table 1. The applicable category shall be stated if fess than @ % of the unit interval.
Table 1 — Signal quality characteristics
Signal quality category "
DTE Clause Designation Symbol Unit Electronic timing Mechapical timing
! n P12 P22
4 Synchronots start-stop distortion N< %o 53 1 8 12
4.1 Gross start-stop distortion P < s 7 3 16 20
4.1 Minimum signal element Q WU 90 a8 84 76
Transmitting 4.2 Character interval requirement
DTE 4.2.1 Average: nominal reduced by R < % Ul 8 4) 10 10
421 Averaged over S Char 2 4) 2 2
4.2.2 Minimum: nominal reduced by T< % Ul 16 A 20 20
4.3 Modulation rate accuracy M< Yo 0,2 0,2 0,75 0,75
Signal quality categony R
DTE Clause Designation Symbol Unit Electronic timing Mechahical timing
A B pA2) PR
5.1 Synchronous margin Uz % - - 38 33
5.1 Practicatmargin V> %o 40 40 30 25
51 Minimum sighal element 24 % Ui 30 30 30 34
Receiving 52 Gharacter interval requirement
DTE 521 Average: nominal reduced by X % Ul 20 20 25 25
524 Averaged over S Char 2 2 2 2
502 Minimum—nominal reduced "\\,I v o4 LIt AQ 40 50 50
53 Minimum duration start efement 7 % U1 60 60 50 50

conditions may be indicated for completeness.

1} When categorizing signai quality of DTEs using the table, modutation rate, characler interval, operating mode and environmental

2) At the next revision of this International Standard, it is intended to delete the categories P1, P2, PA and PB.
3) The first edition of this International Standard specified a value of 8 % together with a corresponding value of ' of 10 %.

4) The character interval requirement cannot be determined from present CCITT recommendations. This point is for further study.
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4.2 Character interval

In continuous start-stop operalion the signals on
CCITT circuit 103, or circuit T, may have a minimum
average character interval which is shorter than the
nominal character interval and an occasional
character having a still shorter duration called the
minimum character interval according to the foliow-
ing requirements.

4.21 WMinimum average character interval

The interval between successive start transitions on
CCITT circut103_ar circuit T_averaged over S con-

ISO/IEC 7480:1991(E)

mum average character interval which is shorter
than the nominal character interval and an oc-
casional character having a still shorter duration
called the minimum character interval, according to
the following requirements.

5.2.1 Minimum average character interval

The receiving DTE shall respond to successive start
transitions on CCITT circuit 104, or circuit R, which
follow their previous start transitions by a character
interval, averaged over S consecutive characters,
which is not less than the nominal character interval
reduced by X % of the unit interval.

seculive chiracters shall not be less than the nom-
inal characler interval reduced by R % of the unit
interval.

4.2.2 Minithum character interval

The interval between successive start transitions on
CCITT circult 103, or circuit T, shall not be less than
the nominal| character interval reduced by 7' % of
the unit intgrval.

4.3 Modulation rate accuracy

The differemce between the actlual average rate of
modulation [of the signal and the nominal modulation
rate shall npt exceed M %.

5 Margin of the receiving DTE

Receiving DTEs shall operate within one of the*four
specified signal quality categories shown.in table 1.
The applic{ble category shall be stated[if conform-
ance with this International Standard.Jjs-¢laimed.

5.1 Margjin of the receiver

In start-stop transmission/the receiving DTE shali
have a synfhronous margin of I/ % when specified
and a practfcal margimol'l % and shall not respond
to any signhl elementhaving a duration of less than
W % of thg unit interval.

A suitable ket/of characters shall be taken for con-
tinuously repeated—testing—Also means shall be

5.2.2 Minimum character interval

When the above average issmet, the receiving DTE
shall respond to a start transition gn CCITT circuit
104, or circuit R, whicH\fallows the slart transition of
the preceding character by an interyal which is not
less than the nomiinal characier intefval reduced by
Y % of the unijt-interval.

5.3 Minimum duration start element

In asstari-stop transmission, the recgiving DTE shall
not)start reception of a character gn a space con-
dition on CCITT circuit 104, or circuif R, which has a
duration of less than 7 % of the uni{ interval.

6 Measurements at the interchange point

Measurements of the signal quality[shall meet one
out of three sets of requirements| depending on
whether the electrical interface charpcteristics com-
ply with CCITT Recommendation| V.28 or V.10
(= X.26) or V.11 (= X.27).

NOTE S  The signal quality requirements are defined for
the operating conditions stated for the measurement
method. In an actual application, the opprating conditions
may be different and this may result in changes in the
quality achieved, but such changes shoyld be small

6.1 Measurement of the V.28 generator
characteristics

provided to determine the point when the translation
of test characters becomes erroneous.

5.2 Character interval

In continuous start-stop operation the receiving DTE
shall respond to signals on CCITT circuit 104 (see
CCITT Recommendation V.24), or circuit R (see
CCITT Recommendation X.24), which have a mini-

6.1.1 Use of the standard test load

Distortion shall be measured on the particular
interchange circuit concerned at the generator side
while the circuit is terminated with the standard test
load. This standard test load may be the input im-
pedance of the device or may be an external device,
but in all cases the total load on the interchange
circuits shall meet the requirements of §.1.2.
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6.1.2 Specification of the standard test load

The standard test load shall consist of a 3 000 €2 re-
sistance shunted by a 2 500 pF capacitance and shall
be connected from the signal interchange circuit
under test to CCITT circuit 102 or circuit Ga or circuit

Gb as shown in the test arrangement of figure 1.

6.1.3 Distortion of the transmitting DTE

The distortion measurement shall be made using a

A mark-to-space transition shall be taken to occur
at the instant V5 crosses + 3,0V on a positive-
going transition.

A space-to-mark transition shall be taken to occur

at the instant Vg5 crosses — 3,0V on a negative-
going transition.

6.2 Measurement on the V.28 load side

6.2.1 Test arrangement

Measurements of margin on the load side of the

+30V and a +3,0 hreshold 1o determine the nterface sh be made ng-the test arrangement
occurrence of signal transitions. of figure 2.
Interchange circult under test
O 1 ] :
Y v | !
: i
! i
o H fl\ ]
g : ~ L
» ; 3000 Q i
£ ! } Equivalent gircult of
Generator undpr test 5 X . E sm?dg'rd ttesfflom: )
—
g i 2500 pF :(lncu ng test equipmen
o ‘ 1
= ' i
$ : A T !
i T !
! i
' 1
' i
T ! 1
\J o 1
1 | =
e e e e e e e '

CATT circult 102 {or Ga)

Figure 1 — Test-arrangement for V.28 generators

Interchange circult under test

$

{
TN

Test signal generator

Voltage af interface

Y

Y
D

Load under test

t

CCITT circuft 102 {or Gb)

Figure 2 — Test arrangement for V.28 loads
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6.2.2 Margin of receiving DTE

The measurement of the margin shall be made us-
ing a signal V, of + 50V when working into the
load under test. The transitions of the test signal
shall be deviated from their ideal instants in such a
way as to measure the margin (see 5.1). The devi-
ations of the transition in time shall be taken to oc-
cur when the signal crosses the + 3,0 V thresholds.

A mark-to-space transition shall be taken to occur
at the instant IV, crosses + 3,0 V on a positive-going
transition.

t ¥, crosses —3,0V on a negative-
going transifion.

6.3 Measyrement of the V.10 generator
characterigtics

6.3.1 Use of the standard test load

Distortion dhall be measured on the patticular
interchange|circuit concerned at the generator side

Interchange circult under test

ISO/IEC 7480:1991(E)

while the circuit is terminated with a standard test
load. This standard test load may be the input im-
pedance of the test device or may be an exlernal
device but in all cases the totail load on the inter-
change circuil shali meet the requirements of 6.3.2.

6.3.2 Specification of the standard test load

The standard test load shall consist of a 450 Q re-
sistance shunted by a capacitance C and shall be
connected from the signal interchange circuit under
test to signal common return as shown in the test
arrangement of figure 3. The value of (, depends

i i Il be the value
given in the table annexed to figurg3 but reduced
by the value of any capacitapce ipcluded in the
generator for wave shaping.

6.3.3 Distortion of the transmitting OTE

The distortion measurement shall Be made using
thresholds in the\range 4 0,3 V to|determine the
occurrence pf\signal transitions. 4 threshold at
nominal 0 VNspreferred.

Signal common return

=T !

| A : .
1
e ! . !
ﬁ/ ; JJ\ |
) t
! ]
' i
g ! 0, ]
N T :
& ! 450 Q 1

+ ! ! Equivglent circull of
Generatgr under test 5 s T oy { standard test Load

o i 1 Inclugling test equipment)
& : |
pir] ' !
(=] t :
> : ) 1
! ;
' i
' ]
A l :
: ;
b« : ,

Cw Data signalling rate

uF) {kbit/s)

1,000 0to25

0,470 25t050
0,220 50t0 10,0
0,100 10,0 to 25,0
0,047 25,0 to 50,0
0,022 50,0 to 100,0

Figure 3 — Test arrangement for V.10 generators and values of Cy
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6.4 Measurement on the V.10 load side

6.4.1 Test arrangement

Measurements of margin on the load side of the
interface shali be made using the test arrangement
of figure 4.

6.4.2 Margin of receiving DTE

The measurement of the margin shall be made us-
ing a signal V,; of + 40V when working into the
load under test._The transitions of the {est signal

6.5.2 Specification of the standard test load

The standard test load shall consist of a 100 £ re-
sistance and shall be connected between the output
points A and B of the generator under test as shown
in the test arrangement of figure 5.

6.5.3 Distortion of the transmitting DTE

The distortion measurement shall be made using
thresholds in the range + 0,3V to determine the
occurrence of signal transitions. A threshold at
nominal 0 V is preferred.

shall be deviate(jl from their ideal instants in such a
way as to measyre the margin (see 5.1). The devi-
ations of the trarsition in time shall be taken to oc-
cur when the signal crosses the thresholds (see
6.3.3).

6.5 Measurement of the V.11 generator
characteristics

6.5.1 Use of the| standard test load

Distortion shall| be measured on the particular
interchange circtiit concerned at the generator side
while the circuit|is terminated with a standard test
load. This standard test load may be the input im-
pedance of the {est device or may be an external
device but in all cases the total load on the inter-
change circuit shall meet the requirements of 6.5.2.

6.6 Measurement on the V.11 load side

6.6.1 Test arrangement

de of the
angemenl

Measurements of margin on the load s
interface shall be made using the test ar
of figure 6.

6.6.2 Margin of receiving DTE

See 6.4.2 and figure 8.

6.7 Accuracy of measuring equipmept

Unless. specified otherwise, standard test joads shall
havea tolerance not exceeding 1 %,| distortion
measuring equipment shall have an acguracy nol
worse than 1 % of the unit interval and f{est gener-
ators shall have an accuracy of at least 1|%.
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Figure 4 — Test arrangement for V.10 loads
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