PD IECTS 61156-1-2:2023

Multicore and symmetrical pair/auad
cables for digital communications

Part 1-2: Electrical transmission characteristics and test

methods of symmetrical pair/quad sauvles

bsi.


https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

PUBLISHED DOCUMENT

National foreword

This British Standard is the UK implementation of IEC TS 61156-1-2:2023.
[t supersedes PD IEC/TR 61156-1-2:2009+A1:2014, which is withdrawn.

The UK participation in its preparation was entrusted to Technical
Committee EPL/46, Cables, wires and waveguides, radio frequency
connectors and accessories for communication and signalling.

Alist of organizations represented on this committee can be obtained or.
request to its committee manager.

Contractual and legal considerations

This publication has been prepared in good faith, however i o
representation, warranty, assurance or undertaking (exp.ess i
implied) is or will be made, and no responsibility or liability is or will be
accepted by BSI in relation to the adequacy, accuracy, completeness or
reasonableness of this publication. All and any surh rec honsibility and
liability is expressly disclaimed to the full extext pe smi‘ted by the law.

This publication is provided as is, and is to he used at the
recipient’s own risk.

The recipient is advised to consider sc :kiig professional guidance with
respect to its use of this publicat on.

This publication is not intend=d .» constitute a contract. Users are
responsible for its correc ¢ appi.cation.

© The British Standards Institution 2023
Published by BSI Standards Limited 2023

ISBN 978 0 5352793 0
ICS 21.220;73.7.20.20

Comnli. nce with a British Standard cannot confer immunity from
lego! obiigations.

This British Standard was published under the authority of the
~tandards Policy and Strategy Committee on 31 December 2023.

Amendments/corrigenda issued since publication

Date Text affected



https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

IEC TS 61156-1-2

Edition 1.0 2023-11

TECHNICAL
SPECIFICATION

colour
inside

Multicore and symmetrical pair/quad cables for riigita' communications —
Part 1-2: Electrical transmission characteristics anr. test methods of
symmetrical pair/quad cables

NTENATIONAL
ELZCTROTECHNICAL
COMMISSION

ICS 21.220 ISBN 978-2-8322-7881-9

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

-2- IEC TS 61156-1-2:2023 © IEC 2023
CONTENTS
O T T 1 I PP 5
1 S T oo o 1S 7
2 NOrMative referENCES .. o 7
3  Terms, definitions, symbols, units and abbreviated terms ... 7
3.1 Terms and definifioNS .. ..o 7
3.2 Symbols, units and abbreviated terms.............. 8
4 Basic transmission [ine fOrmulae..... ..o S
4.1 L@ N T .10
4.2 Complex characteristic impedance and propagation coefficient formulae .......... R
4.21 LY o= = P 11
4.2.2 Propagation coefficient..........ccoiiiiiii e, 11
4.2.3 Complex characteristic impedance...........c..oouiiiiiiiiiiii e e 12
4.2.4 Phase and group VEIOCIHY ... .cuuiiuiii e e e 14
4.3 High frequency representation of secondary parameters............. ..o evieenennn. 15
4.4 Frequency dependence of the primary and secondary parametcrs.............cooeeeenee. 17
4.41 RESISTANCE .oeiiei e e 17
4.4.2 INAUCTANCE . e e 17
4.4.3 Complex characteristic impedance................... Tttt e e et e e e e e e eaan 17
4.4.4 Attenuation coeffiCient .. ..o 18
4.4.5 Phase delay and group delay...........i i i 18
5 Measurement of the complex characteristic imradcnCe .......oooviiiiiii i, 19
5.1 GBNEIAl . e 19
5.2 Open/short circuit single-ended impedance measurement made with a balun
(reference Method) ... e 20
5.2.1 PN G P e e 20
5.2.2 T et EQUIPM BNt . e 21
5.2.3 PrOC AU .. e 21
5.2.4 EXPression Of reSU S i 22
5.3 Function fitting thc impedance magnitude and angle...........ccoooiiiiiiiiieieeen 22
5.3.1 LT o T=T = | P 22
5.3.2 ImMpedance Magnitude ..o 22
5.3.3 Func ion jitting the angle of the complex characteristic impedance ................ 24
5.4 Comnlex chcracteristic impedance determined from measured phase
conficiant and capacitanCe ... ..o 25
5.4.1 =Y 1T Y PP 25
542 Formulae for all frequencies case and for high frequencies............................ 25
R Procedure for the measurement of the phase coefficient.....................c..ollL 26
J4.4 PRase delay ... ..couniiiiii e 27
5.4.5 PRase VEIOCIHY ..ouuiiiii e 28
5.4.6 Procedure for the measurement of the capacitance ................cocooiiiiininnl, 28
5.5 Determination of the complex characteristic impedance using the terminated
measurement method ... 28
5.6 Extended open/short circuit method using a balun but excluding the balun
[X=T (o141 1= T g o3 - PPN 29
5.6.1 Test equipment and cable-end preparation ... 29
5.6.2 BasiC fOrmuUl@e ... ... 29

5.6.3 Measurement PriNCIPIE. ... ..o i 29


https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

IEC TS 61156-1-2:2023 © IEC 2023 -3-

5.7 Extended open/short circuit method without using a balun ..........................l 32
5.7.1 Basic formulae and circuit diagrams ..........ooooiiiiiiiiii 32
5.7.2 Measurement PrinCiple. ... .. ..o 34

5.8 Open/short impedance measurements at low frequencies with a balun ................. 35

5.9 Complex characteristic impedance and propagation coefficient obtained from

modal decomposition t€ChNIQUE ... ..o e 37
5.9.1 GBNEIAL . 37
5.9.2 PO C AU .. 37
5.9.3 Measurement PrinCiple. ... .. ..o 38
5.9.4 Scattering matrix to impedance matriX .........coooiiiiiiiiiiii 40
5.9.5 EXpression of reSults ... 42
6 Measurement of return loss and structural return 10SS.........coccoviiiiiiiiiiiiii ISR ¥
6.1 GENEIAl. e 42
6.2 T T3 oY= e 42

7  Propagation coefficient effects due to periodic structural variation related (o the
effects appearing in the structural return 10Ss ... e 43

7.1 GENETAL. . i e 43

7.2 Formula for the forward echoes caused by periodic structura.

INNOMOGENEITIES ...t e e 43
8 Unbalance attenuation ... 45

8.1 LT =Y o =T ¥ S 45

8.2 Unbalance attenuation near end and far enc..... ... oo, 46

8.3 Theoretical backgroUNnd..........cooiiuiiii e 48

9  Balunless test Method ... 51

9.1 Overall test arrangement. ... ..o 51
9.1.1 Test instrumentation ... ...l 51
9.1.2 Measurement preCautionS.. o o 52
9.1.3 Mixed mode S-parame*c:neraenclature ..o 52
9.1.4 Coaxial cables and.inv rccnnect for network analysers ............cooeiiiiiiinnnn 54
9.1.5 Reference loads 1 r calibration ... 54
9.1.6 Calibration ... e 55
9.1.7 Termination |zac's for termination of conductor pairs.............c.coooiiin. 56
9.1.8 Terminati YN OT SCIEEMNS ..cuuitii ettt ettt e ea e 57
9.1.9 Cali A N e 57
9.1.10 Establ iiment of N0iSe floor........oiiiii 57

9.2 Caltiling and cable MeasuremMents ... ..o 57
9.2.1 0Sertion 10SS @NA EL TCOTL ..eneeeeeeeee e 57
9.22 A= PP 59
2.2 A C R -F e 61
n.2.4 RetUrN 10SS @Nd TCL ... e 63
9.2.5 PS alien near-end crosstalk (PS ANEXT-Exogenous crosstalk) ....................... 64
9.2.6 PS attenuation to alien crosstalk ratio, far-end crosstalk (PS AACR-F-

EX0genous Crosstalk. ... ..o 67

Annex A (informative) Example derivation of mixed mode parameters using the modal
decompoSitioN tECHNIQUE ....e i e 70
BB O G AP Y . e 74
Figure 1 — Secondary parameters extending from 1 kHzto 1 GHz...............c.ooiiiill 19

Figure 2 — Diagram of cable pair measurement CirCuit..............coociiiiiiiiiiiii i, 21


https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

-4 - IEC TS 61156-1-2:2023 © IEC 2023
Figure 3 — Determining the multiplier of 21 radians to add to the phase measurement.......... 27
Figure 4 — Measurement configurations ...........ccoooiiiiiii i 30
Figure 5 — Measurement principle with four terminal network theory ... 30
Figure 6 — Admittance measurement configurations ..............cccooiiiiiiiii i, 34
Figure 7 — Admittance measurement prinCiple.... ... 34
Figure 8 — Transmission lIN€ SYSTEM . ... i 38
Figure 9 — Differential-mode transmission in a symmetric pair............cooccoiiiiiiiiiiiiiii s 46
Figure 10 — Common-mode transmission in @ symmetric pair............coooveiiiiiiiiieie e, 46
Figure 11 — Circuit of an infinitesimal element of a symmetric pair .............ccoooeiiii L 48
Figure 12 — Calculated coupling transfer function for a capacitive coupling of 0,4 pF/m
and random 0,4 pF/m (£=100 mM; €1 = &r2 = 2,3)..uiiiiiiiiiiieee e ....51
Figure 13 — Measured coupling transfer function of 100 m Twinax 105 Q.............. ..o, 51
Figure 14 — Diagram of a single-ended 4-port deViCe .........cooeviiiiiiiiiiiiiie e, 53
Figure 15 — Diagram of a balanced 2-port device ...........coovviiiiiiiiiiii e e, 53
Figure 16 — Solution for calibration of reference loads ........................o S 55
Figure 17 — Resistor termination Networks ..........coooiiiiiiii 0 56
Figure 18 — Insertion 10SS @nNd EL TCTL .......cuueuiuieeiie e ee et e e e 59
FIQUIE 19 — NEXT ..o Ry e 60
Lo LU I el 2 0 N S PP 62
Figure 21 — ReturnN [0SS @Nnd TCL.......ouiniiieee e et e e e 64
Lo LU e N 1= o AT 66
FIQUIe 23 — ALIEN FEXT ..ot ettt et e e e r et e e e aaenns 68
Figure A.1 — Voltage and current on balanced DUT ..o 70
Figure A.2 — Voltage and current on unbalarncod DUT .. 72
Table 1 — Unbalance attenuation @' Necmend . .......cooiiiiiiii e 47
Table 2 — Unbalance attenuatian t far end..........oooiiiiiii 47
Table 3 — MeaSUIrEMENT S -U/s . . ot e e 47
Table 4 — Mixed mode S oaranieter nomenclature ....... ..o 54

Table 5 — Requirem¢nte for terminations at calibration plane ..., 57


https://www.stdhive.com/standards/bs-pd-iec-ts-61156-1-22023-pdf/

PDIECTS 61156-1-2:2023

IEC TS 61156-1-2:2023 © IEC 2023 -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1-2: Electrical transmission characteristics and
test methods of symmetrical pair/quad cables

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardiz. t'on >omprising
all national electrotechnical committees (IEC National Committees). The object of IEC 1. to promote
international co-operation on all questions concerning standardization in the electrical and =lectron.: fields. To
this end and in addition to other activities, IEC publishes International Standards, Techn cal Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter .~ferred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natior.~| Con. nittee interested
in the subject dealt with may participate in this preparatory work. Internationc' gc ernriental and non-
governmental organizations liaising with the IEC also participate in this preoar=‘on. 'EC collaborates closely
with the International Organization for Standardization (ISO) in accordanc. with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expre s, s nearly as possible, an international
consensus of opinion on the relevant subjects since each technical <...>ttee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatio. al ©.se and are accepted by IEC National
Committees in that sense. While all reasonable efforts are .2adc to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible fo. the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC Nationa. Zommittees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the correspondin natianal or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestatior 2t ¢~ formity. Independent certification bodies provide conformity
assessment services and, in some Aarea:, 7ccess to IEC marks of conformity. IEC is not responsible for any
services carried out by independent cetific atic. bodies.

6) All users should ensure that they hav 3 the latest edition of this publication.

7) No liability shall attach to IEC.~r its '~ rectors, employees, servants or agents including individual experts and
members of its technical com mit.ees and IEC National Committees for any personal injury, property damage or
other damage of any natire vhe.soever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of e publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to ‘he lormative references cited in this publication. Use of the referenced publications is
indispensable for the co.rect application of this publication.

9) IEC draws citenti>n to the possibility that the implementation of this document may involve the use of (a)
patent(s).'"EC 'akes no position concerning the evidence, validity or applicability of any claimed patent rights in
respect thei~of. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
which may be required to implement this document. However, implementers are cautioned that this may not
renres. nt the latest information, which may be obtained from the patent database available at
~ttps..'r atents.iec.ch. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TS 61156-1-2 has been prepared by subcommittee 46C: Wires and symmetric cables, of
1-C technical committee 46: Cables, wires, waveguides, RF connectors, RF and microwave
passive components and accessories. It is a Technical Specification.

This first edition cancels and replaces the first edition of IEC TR 61156-1-2 published in 2009
and Amendment 1:2014. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition (TR):

a) typos and editorial corrections;
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b) the scope was updated;
c) Figure 14: ports swapped between port 2 and port 3;
d) new figures for balunless testing.

The text of this Technical Report is based on the following documents:

Draft Report on voting

46C/1247DTS 46C/1259e/RVDTS

Full information on the voting for its approval can be found in the report on voting indica*ed in
the above table.

The language used for the development of this Technical Specification is English

This document was drafted in accordance with ISO/IEC Directives, Part 2, and devz2loped in
accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IE> Supplement,
available at www.iec.ch/members_experts/refdocs. The main document “vpe. developed by
IEC are described in greater detail at www.iec.ch/publications.

A list of all parts of the IEC 61156 series, under the general title: .. ult core and symmetrical
pair/quad cables for digital communications, can be found on thz IEC website.

The committee has decided that the contents of this docurient will remain unchanged until the
stability date indicated on the IEC website under webkstca.izc.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The “colour.n: ide " logo on the cover page of this publication indicates that it
contains colours which-ai - crnsidered to be useful for the correct understanding of its
contents. Users should 1 >eretore print this document using a colour printer.
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MULTICORE AND SYMMETRICAL PAIR/QUAD
CABLES FOR DIGITAL COMMUNICATIONS -

Part 1-2: Electrical transmission characteristics and
test methods of symmetrical pair/quad cables

1 Scope

This part of IEC 61156 specifies symmetrical pair/quad electrical transmission characte.istics
and test methods present in IEC 61156-1:2002 (Edition 2) and not -carried ato
IEC 61156-1:2007 (Edition 3). It details characteristic impedance test methods and funztion
fitting procedures, the open/short-circuit method and the background of unbalance atteiuation
measurement.

It is extended by a description of the balunless measurements tech.ique, which is an
amendment to the former technical report and is improved and incorore.ed into this new
edition. The complete document is transferred into a technical spe-ification.

2 Normative references

The following documents are referred to in the text in. stch a way that some or all of their
content constitutes requirements of this document. Fo. dated references, only the edition
cited applies. For undated references, the latest edilion »f the referenced document (including
any amendments) applies.

IEC 60050-726, International Electrotechnical Yocabulary (IEV) — Part 726: Transmission
lines and waveguides

IEC 61156-1:2007, Multicore and sy metrical pair/quad cables for digital communications —
Part 1: Generic specification

IEC TR 62152, Transmissicn .roperties of cascaded two-ports or quadripols — Background of
terms and definitions

3 Terms, definiv'on:,, symbols, units and abbreviated terms

3.1 Terms ina -definitions

For the purprses of this document, the terms and definitions given in IEC 60050-726,
IEC 61136-1, IEC TR 62152 and the following apply.

ic0O and 'c2C maintain terminological databases for use in standardization at the following
ada. csses:

» |ISO Online browsing platform: available at https://www.iso.org/obp

e |EC Electropedia: available at http://www.electropedia.org/

3.11

single-ended
measurement with respect to a fixed potential, usually ground
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