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Standarder underldttar utvecklingen och héjer elscikerheten
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metoder som dstadkommer den elsékerhet som foreskrivs av svenska
myndigheter och av EU.

SEK dir Sveriges rost i standardiseringsarbetet inom elomrddet

Svenska Elektriska Kommissionen, SEK, svarar for standardiseringen inom
elomradet i Sverige och samordnar svensk medverkan i internationell
och europeisk standardisering. SEK ar en ideell organisation med frivilligt
deltagande fran svenska myndigheter, féretag och organisationer som
vill medverka till och paverka utformningen av tekniska regler inom
elektrotekniken.

SEK samordnar svenska intressenters medverkan i SEKs tekniska
kommittéer och stodjer svenska experters medverkan i internationella
och europeiska projekt.

Stora delar av arbetet sker internationellt

Utformningen av standarder sker i allt vésentligt i internationellt och
europeiskt samarbete. SEK ar svensk nationalkommitté av International
Electrotechnical Commission (IEC) och Comité Européen de Normalisation
Electrotechnique (CENELEC).

Standardiseringsarbetet inom SEK &r organiserat i referensgrupper
bestdende av ett antal tekniska kommittéer som speglar hur arbetet inom
IEC och CENELEC &r organiserat.
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arliga avgiften for deltagandet och intakter fran forsaljning finansierar SEKs
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Var med och paverka!
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paverka framtida standarder och far tidig tillgang till information och
dokumentation om utvecklingen inom sitt teknikomrade. Arbetet och
kontakterna med kollegor, kunder och konkurrenter kan gynnsamt
paverka enskilda foretags affarsutveckling och bidrar till deltagarnas egen
kompetensutveckling.
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Foreword

The text of document 46A/717/FDIS, future edition 2 of IEC 61935-1, prepared by SC 46A, Coaxial
cables, of IEC TC 46, Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive
components and accessories, was submitted to the IEC-CENELEC parallel vote and was approved by
CENELEC as EN 61935-1 on 2005-10-01.

This European Standard supersedes EN 61935-1:2000 + corrigendum February 2001 + A1:2002.

This new edition was written to describe Level IV testers in support of ISO/IEC 11801:2002 and the series
EN 50173.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2006-07-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2008-10-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61935-1:2005 was approved by CENELEC as a European
Standard with agreed common modifications as given below.

COMMON MODIFICATIONS
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE Where an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication Year
IEC 60169-16 ="
IEC 60169-22 ="
IEC 60603-7 1996

IEC 61076-3-104 R

ISO/IEC 14763-1¥ -1

ITU-T Rec. G.117 1996

ITU-T Rec. 0.9 1988

Title

Information technology - Generic cabling systems

Radio-frequency connectors

Part 16: R.F. coaxial connectors with inner
diameter of outer conductor 7 mm (0,276 in)
with screw coupling - Characteristic impedance
50 ohms (75 ohms) (Type N)

Part 22: R.F. two-pole bayonet coupled
connectors for use with shielded balanced cables
having twin inner conductors (Type BNO)

Connectors for frequencies below 3 MHz for use
with printed boards

Part 7: Detail specification for connectors, 8-way,
including fixed and free connectors with common
mating features, with assessed quality

Connectors for electronic equipment

Part 3-104: Rectangular connectors - Detail
specification for 8-way, shielded free and fixed
connectors for data transmissions with
frequencies up to 600 MHz minimum

Information technology — Implementation and
operation of customer premises cabling
Part 1: Administration

Transmission aspects of unbalance about earth

Measuring arrangements to assess the degree of
unbalance about earth

1) Undated reference.

2) valid edition at date of issue.

EN/HD
EN 50173

EN 60603-7

EN 61076-3-104

Year

Series

1997

2003 ?

3) EN 50174-1, Information technology - Cabling installation -- Part 1: Specification and quality assurance, which is related to, but
not directly equivalent with ISO/IEC 14763-1, applies instead.



61935-1 © IEC:2005 -3-

CONTENTS

S Yo oY o = P 13
2 NOIMAtIVE FEIEIENCES ..ot e e e e e e enns 13
3 Terms and definitions ... e 15
4 Reference measurement procedures for electrical properties ........c.ccooeviiiiiiiiiiicinineennn, 21
g N € =Y 1Y - | 21
4.2 Test equipment CONSIAErationS ... ..ot 21
4.3 DC I00P rESISTANCE .. et 33
4.4 Direct current (d.c.) resistance unbalance ............cooooiiiiiiii i 35
o T | == o o o T o 1= 39
4.6 Propagation delay and delay SKeW ..o 41
4.7 Near-end crosstalk (NEXT), pair to pair and power sum ...........coccoiiiiiiiiiiineeneannn.. 45
4.8 Attenuation to crosstalk ratio (ACR), pair to pair and power sum ...........c...cceeeunneen. 49
4.9 Far-end crosstalk (FEXT), pair to pair and power SUm ..........c..ccoooviiieiiiniiniiiennnn. 51
4.10 Equal level far-end crosstalk (ELFEXT) ...couiiiiii e 57
g I T Y 0 | T o 1= PP 57
4.12 Unbalance attenuation.... ..o 61
4.13 Coupling attenuation ... 61
5 Field test measurement requirements for electrical properties ...........ccooiiiiiiiiin, 61
Lo T T € 1= = - | PN 61
5.2 Cabling configurations tested ... 63
5.3  Field test parameters. .. ... 63
5.4 Data reporting and @CCUIACY .. ...iuiiuiiii e e 75
5.5 Field measurement proCedUIes .......ooiiiiiiiiiii e 87
6 Field tester measurement accuracy requIremMents ..........ocoviiiiiiiii i 89
B.1  GBNEIAl e e 89

6.2 Measurement accuracy specifications common to level IIE, level Il and
level [V field 1eSters .. e 93
6.3 Accuracy performance requirements for level IIE field testers......................L. 93
6.4 Accuracy performance requirements for level 1l field testers..........cccccoeeiviiiniennin, 97
6.5 Accuracy performance requirements for level |V field testers..................cooon. 101
6.6 Procedures for determining field tester parameters ...........coooiiiiiiiiii . 105
6.7 Measurement error MOAEIS ... ...cuu i 121
6.8 Network analyser measurement COMPariSONS ........c.oviiiiiiiiii i 133

2710 [ Yo =T o V2P 147



61935-1 © IEC:2005 -5-

Figure 1 — ReSISIOr 10ad .. .. i i e e et 23
Figure 2 — Reference planes for permanent link and channel ..., 25
Figure 3 — 180° hybrid used as a balun ... 27
Figure 4 — Loop resistance measurement ... ... 35
Figure 5 — DC resistance unbalance measurement (test configuration for one wire)............. 37
Figure 6 — Insertion loss test configuration............coooiii i 39
Figure 7 — NEXT test configuration ... 47
Figure 8 — FEXT test configuration ..o 53
Figure 9 — Return loss test configuration............ccooiiiiiii s 59
Figure 10 — CorreCt Pailing ... e e e e e 65
Figure 11 — INCOITECTt Pailing .. .cu i et en e 65
Figure 12 — Example of equipment tolerance region (NEXT) ......cooiiiiiiiiiiiiiiieee 75
Figure 13 — Block diagram for measuring output signal balance.................cooooiviiinnnn. 107
Figure 14 — Block diagram to measure common mode rejection...........cccoceveiiiiiiininineniennns 109
Figure 15 — Block diagram for measuring residual NEXT........ccoooiiiiiiiii e, 111
Figure 16 — Block diagram for measuring dynamic aCCUracy ..........ccccoeeviiieineiniiniineeieaneennns 111
Figure 17 — Principle of measurement of residual NEXT .........coooiiiiiiiiiiiii e 115
Figure 18 — Principle of alternate measurement of residual FEXT ..., 115
Figure 19 — Construction details of special patch cord adapter..............cocoiiiin, 135
Figure 20 — Interfaces to channel by field test and laboratory equipment to compare

LESTT A 0TS | £ 137
Figure 21 — Interfaces to link test configuration by field test and laboratory equipment

10 COMPAre teSt rESUITS ..o e 139
Figure 22 — Sample scatter Plot ... 143
Table 1 — Test balun performance characteristics ..........ccoiiiiiiii i, 29
Table 2 — Summary of reporting requirements for field test equipment ... 79
Table 3 — Worst case propagation delay, delay skew, d.c. resistance and length

measurement accuracy for level lIE, level Ill and level IV test instruments............................ 91
Table 4 — Worst case insertion loss, NEXT, ACR, ELFEXT and return loss

measurement accuracy for level IIE field test instruments ..., 91
Table 5 — Worst case measurement insertion loss, NEXT, ACR, ELFEXT and return

loss for level H test INSTrUMENTS ... e e e 91
Table 6 — Worst case insertion loss, NEXT, ACR, ELFEXT and return loss

measurement for level 1V test instruments ... 93
Table 7 — Propagation delay, delay skew, DC resistance and length accuracy

performance SPeCIfiCatIONS ... ... e 93
Table 8 — Level IIE field tester accuracy performance parameters per IEC guidelines............ 95
Table 9 — Level lll field tester accuracy performance parameters per IEC guidelines ............ 99

Table 10 — Level IV field tester accuracy performance parameters per IEC guidelines......... 103



61935-1 © IEC:2005 -13 -

TESTING OF BALANCED COMMUNICATION
CABLING IN ACCORDANCE WITH ISO/IEC 11801 -

Part 1: Installed cabling

1 Scope

This part of IEC 61935 specifies reference measurement procedures for cabling parameters
and the requirements for field tester accuracy to measure cabling parameters identified in
ISO/IEC 11801. References in this standard to ISO/IEC 11801 mean ISO/IEC 11801 or
equivalent cabling standards.

This standard applies when the cable assemblies are constructed of cables complying with
IEC 61156 -1, IEC 61156-2, IEC 61156-3 IEC 61156-4, IEC 61156-5 or IEC 61156-6, and
connecting hardware as specified in IEC 60603-7 or |IEC 61076-3-104. In the case where
cables and/or connectors do not comply with these standards then additional tests may be
required.

This standard is organized as follows:

o reference laboratory measurement procedures are specified in Clause 4. In some cases,
these procedures may be used in the field;

e descriptions and requirements for measurements in the field are specified in Clause 5;

e performance requirements for field testers and procedures to verify performance are
specified in Clause 6.

NOTE 1 This standard does not include tests that are normally performed on the cables and connectors
separately. These tests are described in IEC 61156-1 and IEC 60603-7 or IEC 61076-3-104 respectively.

NOTE 2 Wherever possible, cables and connectors used in cable assemblies, even if they are not described in
IEC 61156 or IEC 60603-7/IEC 61076-3-104 shall be tested separately according to the tests given in the relevant
generic specification. In this case, most of the environmental and mechanical tests described in this standard may
be omitted.

NOTE 3 Users of this standard are advised to consult with applications standards, equipment manufacturers and
system integrators to determine the suitability of these requirements for specific networking applications

This standard relates to performance with respect to 100 Q cabling. For 120 Q or 150 Q
cabling, the same principles apply but the measurement system should correspond to the
nominal impedance level.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60169-16, Radio-frequency connectors — Part 16: R.F. coaxial connectors with inner
diameter of outer conductor 7 mm (0.276 in) with screw coupling — Characteristic impedance
50 ohms (75 ohms) (Type N)





