
 

IEC 60512-28-100 
Edition 3.0 2024-08 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Connectors for electrical and electronic equipment – Tests and measurements –  
Part 28-100: Signal integrity tests up to 2 000 MHz – Tests 28a to 28g 
 
Connecteurs pour équipements électriques et électroniques – Essais  
et mesures –  
Partie 28-100: Essais d’intégrité des signaux jusqu’à 2 000 MHz – Essais 28a  
à 28g 

IE
C

 6
05

12
-2

8-
10

0:
20

24
-0

8(
en

-fr
) 

  
  

® 
 

 

colour
inside

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2024 IEC, Geneva, Switzerland  
 
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form 
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from 
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC 
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or 
your local IEC member National Committee for further information. 
 
Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut être reproduite ni 
utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie et 
les microfilms, sans l'accord écrit de l'IEC ou du Comité national de l'IEC du pays du demandeur. Si vous avez des 
questions sur le copyright de l'IEC ou si vous désirez obtenir des droits supplémentaires sur cette publication, utilisez 
les coordonnées ci-après ou contactez le Comité national de l'IEC de votre pays de résidence. 
 

IEC Secretariat Tel.: +41 22 919 02 11 
3, rue de Varembé info@iec.ch 
CH-1211 Geneva 20 www.iec.ch 
Switzerland 

 
About the IEC 
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies. 
 
About IEC publications  
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigendum or an amendment might have been published. 
 
IEC publications search - webstore.iec.ch/advsearchform 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee, …). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and once 
a month by email.  
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or need 
further assistance, please contact the Customer Service 
Centre: sales@iec.ch. 
 

IEC Products & Services Portal - products.iec.ch 
Discover our powerful search engine and read freely all the 
publications previews, graphical symbols and the glossary. 
With a subscription you will always have access to up to date 
content tailored to your needs. 
 
Electropedia - www.electropedia.org 
The world's leading online dictionary on electrotechnology, 
containing more than 22 500 terminological entries in English 
and French, with equivalent terms in 25 additional languages. 
Also known as the International Electrotechnical Vocabulary 
(IEV) online. 
 

 
A propos de l'IEC 
La Commission Electrotechnique Internationale (IEC) est la première organisation mondiale qui élabore et publie des 
Normes internationales pour tout ce qui a trait à l'électricité, à l'électronique et aux technologies apparentées. 
 
A propos des publications IEC  
Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez l’édition la 
plus récente, un corrigendum ou amendement peut avoir été publié. 
 
Recherche de publications IEC - 
webstore.iec.ch/advsearchform 
La recherche avancée permet de trouver des publications IEC 
en utilisant différents critères (numéro de référence, texte, 
comité d’études, …). Elle donne aussi des informations sur les 
projets et les publications remplacées ou retirées. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Restez informé sur les nouvelles publications IEC. Just 
Published détaille les nouvelles publications parues. 
Disponible en ligne et une fois par mois par email. 
 
Service Clients - webstore.iec.ch/csc 
Si vous désirez nous donner des commentaires sur cette 
publication ou si vous avez des questions contactez-nous: 
sales@iec.ch. 
IEC Products & Services Portal - products.iec.ch 

Découvrez notre puissant moteur de recherche et consultez 
gratuitement tous les aperçus des publications, symboles 
graphiques et le glossaire. Avec un abonnement, vous aurez 
toujours accès à un contenu à jour adapté à vos besoins. 
 
Electropedia - www.electropedia.org 
Le premier dictionnaire d'électrotechnologie en ligne au monde, 
avec plus de 22 500 articles terminologiques en anglais et en 
français, ainsi que les termes équivalents dans 25 langues 
additionnelles. Egalement appelé Vocabulaire 
Electrotechnique International (IEV) en ligne. 
 

 

 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC 60512-28-100 
 Edition 3.0 2024-08 
 

INTERNATIONAL 
STANDARD 
NORME 
INTERNATIONALE 

Connectors for electrical and electronic equipment – Tests and measurements –  
Part 28-100: Signal integrity tests up to 2 000 MHz – Tests 28a to 28g 
 
Connecteurs pour équipements électriques et électroniques – Essais  
et mesures –  
Partie 28-100: Essais d’intégrité des signaux jusqu’à 2 000 MHz – Essais 28a  
à 28g 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

COMMISSION 
ELECTROTECHNIQUE 
INTERNATIONALE  
ICS 31.220.10 

 

ISBN 978-2-8322-9504-5 

  
  

® Registered trademark of the International Electrotechnical Commission 
 Marque déposée de la Commission Electrotechnique Internationale 

® 
 

 Warning! Make sure that you obtained this publication from an authorized distributor. 
 Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé. 

 

colour
inside

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
 – 2 – IEC 60512-28-100:2024 © IEC 2024 

CONTENTS 

FOREWORD ........................................................................................................................... 6 
1 Scope .............................................................................................................................. 8 
2 Normative references ...................................................................................................... 8 
3 Terms, definitions and abbreviated terms ...................................................................... 10 

3.1 Terms and definitions............................................................................................ 10 
3.2 Abbreviated terms ................................................................................................. 10 

4 Overall test arrangement ............................................................................................... 11 
4.1 General ................................................................................................................. 11 
4.2 Test instrumentation ............................................................................................. 11 

4.2.1 General ......................................................................................................... 11 
4.2.2 Vector network analyser ................................................................................ 11 
4.2.3 RF switching unit ........................................................................................... 11 
4.2.4 Reference loads and termination loads .......................................................... 11 

4.3 Measurement precautions ..................................................................................... 12 
4.4 Mixed mode S-parameter nomenclature ................................................................ 12 
4.5 Coaxial cables and interconnections for network analysers ................................... 13 
4.6 Characteristic for switching matrices ..................................................................... 14 
4.7 Test fixture types .................................................................................................. 14 
4.8 Requirements for termination performance at calibration plane ............................. 14 
4.9 Reference loads for calibration ............................................................................. 14 
4.10 Calibration ............................................................................................................ 15 

4.10.1 General ......................................................................................................... 15 
4.10.2 Calibration test interface ................................................................................ 16 
4.10.3 Calibration at end of coaxial test cables ......................................................... 16 

4.11 Termination loads for termination of conductor pairs ............................................. 16 
4.11.1 General ......................................................................................................... 16 
4.11.2 Impedance matching resistor termination networks ........................................ 17 

4.12 Termination of screens ......................................................................................... 17 
4.13 Test specimen and reference planes ..................................................................... 17 

4.13.1 General ......................................................................................................... 17 
4.13.2 Interconnections between the device under test (DUT) and the 

calibration plane ............................................................................................ 18 
4.14 Overall test setup requirements ............................................................................ 19 

5 Connector measurements up to 2 000 MHz ................................................................... 20 
5.1 General ................................................................................................................. 20 

5.1.1 Determining pass and fail .............................................................................. 20 
5.2 Insertion loss, test 28a .......................................................................................... 20 

5.2.1 Object ............................................................................................................ 20 
5.2.2 Insertion loss ................................................................................................. 20 
5.2.3 Test method .................................................................................................. 20 
5.2.4 Test setup ..................................................................................................... 20 
5.2.5 Procedure ...................................................................................................... 20 
5.2.6 Test report ..................................................................................................... 21 
5.2.7 Accuracy ....................................................................................................... 21 

5.3 Return loss, test 28b ............................................................................................. 22 
5.3.1 Object ............................................................................................................ 22 
5.3.2 Return loss .................................................................................................... 22 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
IEC 60512-28-100:2024 © IEC 2024 – 3 –  

5.3.3 Test method .................................................................................................. 22 
5.3.4 Test setup ..................................................................................................... 22 
5.3.5 Procedure ...................................................................................................... 23 
5.3.6 Test report ..................................................................................................... 23 
5.3.7 Accuracy ....................................................................................................... 23 

5.4 Near-end crosstalk (NEXT), test 28c ..................................................................... 23 
5.4.1 Object ............................................................................................................ 23 
5.4.2 NEXT............................................................................................................. 23 
5.4.3 Test method .................................................................................................. 23 
5.4.4 Test setup ..................................................................................................... 24 
5.4.5 Procedure ...................................................................................................... 24 
5.4.6 Test report ..................................................................................................... 25 
5.4.7 Accuracy ....................................................................................................... 25 

5.5 Far-end crosstalk (FEXT), test 28d ....................................................................... 25 
5.5.1 Object ............................................................................................................ 25 
5.5.2 FEXT ............................................................................................................. 25 
5.5.3 Test method .................................................................................................. 25 
5.5.4 Test setup ..................................................................................................... 25 
5.5.5 Procedure ...................................................................................................... 26 
5.5.6 Test report ..................................................................................................... 26 
5.5.7 Accuracy ....................................................................................................... 27 

5.6 Transverse conversion loss (TCL), test 28f ........................................................... 27 
5.6.1 Object ............................................................................................................ 27 
5.6.2 TCL ............................................................................................................... 27 
5.6.3 Test method .................................................................................................. 27 
5.6.4 Test setup ..................................................................................................... 27 
5.6.5 Procedure ...................................................................................................... 27 
5.6.6 Test report ..................................................................................................... 28 
5.6.7 Accuracy ....................................................................................................... 28 

5.7 Transverse conversion transfer loss (TCTL), test 28g ........................................... 28 
5.7.1 Object ............................................................................................................ 28 
5.7.2 TCTL ............................................................................................................. 28 
5.7.3 Test method .................................................................................................. 28 
5.7.4 Test setup ..................................................................................................... 28 
5.7.5 Procedure ...................................................................................................... 28 
5.7.6 Test report ..................................................................................................... 29 
5.7.7 Accuracy ....................................................................................................... 29 

5.8 Shield transfer impedance (ZT), test 26e .............................................................. 29 
5.8.1 Object ............................................................................................................ 29 
5.8.2 Transfer impedance (ZT) ............................................................................... 29 
5.8.3 Test method .................................................................................................. 29 
5.8.4 Test setup ..................................................................................................... 30 
5.8.5 Procedure ...................................................................................................... 30 
5.8.6 Test report ..................................................................................................... 30 
5.8.7 Accuracy ....................................................................................................... 30 

5.9 Coupling attenuation (aC) ..................................................................................... 30 
5.9.1 Object ............................................................................................................ 30 
5.9.2 Coupling attenuation (aC) .............................................................................. 30 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
 – 4 – IEC 60512-28-100:2024 © IEC 2024 

5.9.3 Test method .................................................................................................. 31 
5.9.4 Test setup ..................................................................................................... 31 
5.9.5 Procedure ...................................................................................................... 31 
5.9.6 Test report ..................................................................................................... 31 
5.9.7 Accuracy ....................................................................................................... 31 

5.10 Low frequency coupling attenuation aCLF ............................................................. 31 
5.10.1 Object ............................................................................................................ 31 
5.10.2 Low frequency coupling attenuation (aCLF) ................................................... 32 
5.10.3 Test method .................................................................................................. 32 
5.10.4 Test setup ..................................................................................................... 32 
5.10.5 Procedure ...................................................................................................... 32 
5.10.6 Test report ..................................................................................................... 32 
5.10.7 Accuracy ....................................................................................................... 33 

Annex A (informative)  Derivation of mixed mode parameters using the modal 
decomposition technique ...................................................................................................... 34 

A.1 General ................................................................................................................. 34 
A.2 Example of a calculation ....................................................................................... 34 

Annex B (normative)  Indirect-reference test fixtures ............................................................. 37 
B.1 General ................................................................................................................. 37 
B.2 Requirements ....................................................................................................... 37 

B.2.1 General requirements .................................................................................... 37 
B.2.2 Specific requirements .................................................................................... 37 

Annex C (normative)  Direct-probe test fixtures ..................................................................... 39 
C.1 General ................................................................................................................. 39 
C.2 Requirements ....................................................................................................... 39 

C.2.1 General requirements .................................................................................... 39 
C.2.2 Specific requirements .................................................................................... 39 

Annex D (normative)  Specialized test fixtures ...................................................................... 41 
D.1 General ................................................................................................................. 41 
D.2 Requirements ....................................................................................................... 41 

D.2.1 General requirements .................................................................................... 41 
D.2.2 Specific requirements .................................................................................... 41 

Annex E (informative)  Symmetry verification of resistors used for calibration ....................... 42 
E.1 General ................................................................................................................. 42 
E.2 Procedure ............................................................................................................. 42 
E.3 Example ............................................................................................................... 43 

Bibliography .......................................................................................................................... 45 
 
Figure 1 – Diagram of a single-ended 4-port device .............................................................. 12 
Figure 2 – Diagram of a balanced 2-port device .................................................................... 13 
Figure 3 – Calibration of reference loads .............................................................................. 15 
Figure 4 – Resistor termination networks .............................................................................. 16 
Figure 5 – Definition of reference planes............................................................................... 17 
Figure 6 – Insertion loss and TCTL measurement ................................................................. 21 
Figure 7 – Return loss and TCL measurement ...................................................................... 22 
Figure 8 – NEXT measurement ............................................................................................. 24 
Figure 9 – FEXT measurement ............................................................................................. 26 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
IEC 60512-28-100:2024 © IEC 2024 – 5 –  

Figure A.1 – Voltage and current on balanced DUT .............................................................. 34 
Figure A.2 – Voltage and current on unbalanced DUT ........................................................... 35 
Figure E.1 – Example of 50 Ω SMA termination comparison (1 MHz − 100 MHz)................... 43 
Figure E.2 – Comparison of phase selected and only magnitude selected terminations ......... 44 
 
Table 1 – Mixed mode S-parameter nomenclature ................................................................ 13 
Table 2 – Switch performance requirements ......................................................................... 14 
Table 3 – Requirements for terminations at calibration plane ................................................ 14 
Table 4 – Interconnection DM return loss and TCTL requirements ........................................ 19 
Table 5 – Overall test setup requirements ............................................................................. 19 
Table B.1 – [1] series 8-way connector types detail specifications and respective detail 
connector test procedures standards .................................................................................... 37 
Table B.2 – Reference connector crosstalk (NEXT) vector .................................................... 38 
Table C.1 – Direct-probe test fixture requirements ................................................................ 39 
 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
 – 6 – IEC 60512-28-100:2024 © IEC 2024 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 
 

Connectors for electrical and electronic equipment – 
Tests and measurements – 

Part 28-100: Signal integrity tests up to 2 000 MHz – Tests 28a to 28g 
 
 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

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

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

4) In order to promote international uniformity, IEC National Committees 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 corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications. 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. 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 represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 60512-28-100 has been prepared by subcommittee 48B: Electrical connectors, of IEC 
technical committee 48: Electrical connectors and mechanical structures for electrical and 
electronic equipment. It is an International Standard. 

This third edition cancels and replaces the second edition, published in 2019. This edition 
constitutes a technical revision. 

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

a) The frequency range has been modified to start at 0,1 MHz instead of 1 MHz, to include 
single-pair connectors. 
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b) All tables and requirements have been revised down to 0,1 MHz, and partially improved to 
reduce the impact of the test fixture. 

c) Formulae to calculate the S-parameters from single-ended parameters have been added. 
d) A note was added for those parameters which are not applicable to single-pair connectors. 

The text of this International Standard is based on the following documents: 

FDIS Report on voting 

48B/3109/FDIS 48B/3112/RVD 

Full information on the voting for the approval can be found in the report on voting indicated in 
the above table. 

The language used for the development of this International Standard is English. 

A list of all parts in the IEC 60512 series, published under the general title Connectors for 
electrical and electronic equipment, can be found on the IEC website. 

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in 
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available 
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are 
described in greater detail at www.iec.ch/publications. 

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

• reconfirmed, 

• withdrawn, or 

• revised. 
 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its contents. Users should therefore print this document using a colour printer. 
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Connectors for electrical and electronic equipment – 
Tests and measurements – 

Part 28-100: Signal integrity tests up to 2 000 MHz – Tests 28a to 28g 
 
 
 

1 Scope 

This part of IEC 60512 specifies the test methods for signal integrity and transmission 
performance for connectors specified in respective parts of IEC 60603-7 [1], IEC 61076-1 [2], 
IEC 61076-2 [3], IEC 61076-3 [4] and IEC 63171 [5] series of standards for connecting hardware 
applications from 0,1 MHz up to 2 000 MHz, with reference to this document. 

NOTE This document is also suitable for testing signal integrity and transmission performance of connectors up to 
a lower value of maximum frequency; however, the test methodology specified in the detail specification for any given 
connector remains the reference conformance test for that connector. 

The list of connector series of standards does not preclude referencing this document in other 
connector manufacturer’s specifications or published standards. 

Test procedures provided herein are: 

– insertion loss, test 28a; 
– return loss, test 28b; 
– near-end crosstalk (NEXT) test 28c; 
– far-end crosstalk (FEXT), test 28d; 
– transverse conversion loss (TCL), test 28f; 
– transverse conversion transfer loss (TCTL), test 28g. 

Other test procedures referenced herein are: 

– shield transfer impedance (ZT), see IEC 60512-26-100, test 26e. 

– coupling attenuation (aC), see IEC 62153-4-7 and IEC 62153-4-12. 

– low frequency coupling attenuation (aCLF) see IEC 62153-4-7 and IEC 62153-4-15. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements 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 60050-581, International Electrotechnical Vocabulary (IEV) – Part 581: Electromechanical 
components for electronic equipment 

IEC 60512-1, Connectors for electronic equipment – Tests and measurements – Part 1: Generic 
specification 

IEC 60512-26-100, Connectors for electronic equipment – Tests and measurements – Part 
26-100: Measurement setup, test and reference arrangements and measurements for 
connectors according to IEC 60603-7 – Tests 26a to 26g 
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IEC 60512-27-100, Connectors for electronic equipment – Tests and measurements – 
Part 27-100: Signal integrity tests up to 500 MHz on 60603-7 series connectors – Tests 27a to 
27g 

IEC 60512-27-200, Connectors for electrical and electronic equipment – Tests and 
measurements – Part 27-200: Additional specifications for signal integrity tests up to 2 000 MHz 
on IEC 60603-7 series connectors – Tests 27a to 27g 

IEC 60512-29-100, Connectors for electronic equipment – Tests and measurements – 
Part 29-100: Signal integrity tests up to 500 MHz on M12 style connectors – Tests 29a to 29g 

IEC 60603-7, Connectors for electronic equipment – Part 7: Detail specification for 8-way, 
unshielded, free and fixed connectors 

IEC 61076-1, Connectors for electronic equipment – Product requirements – Part 1: Generic 
specification 

IEC 61076-3-104, Connectors for electrical and electronic equipment – Product requirements – 
Part 3-104: Detail specification for 8-way, shielded free and fixed connectors for data 
transmissions with frequencies up to 2 000 MHz 

IEC 61076-3-110, Connectors for electronic equipment – Product requirements – Part 3-110: 
Detail specification for free and fixed connectors for data transmission with frequencies up to 
3 000 MHz 

IEC 61156-1, Multicore and symmetrical pair/quad cables for digital communications – Part 1: 
Generic specification 

IEC 61169-15, Radio-frequency connectors – Part 15: Sectional specification – RF coaxial 
connectors with inner diameter of outer conductor 4,13 mm (0,163 in) with threaded coupling – 
Characteristic impedance 50 Ω (type SMA) 

IEC 61169-16, Radio-frequency connectors – Part 16: RF coaxial connectors with inner 
diameter of outer conductor 7 mm (0,276 in) with screw coupling – Characteristic impedance 
50 ohms (75 ohms) (Type N) 

IEC 62153-4-6, Metallic cables and other passive components test methods – Part 4-6: 
Electromagnetic compatibility (EMC) – Surface transfer impedance – Line injection method 

IEC 62153-4-7, Metallic cables and other passive components test methods – Part 4-7: 
Electromagnetic compatibility (EMC) – Test method for measuring of transfer impedance ZT 
and screening attenuation aS or coupling attenuation aC of connectors and assemblies – Triaxial 
tube in tube method 

IEC 62153-4-12, Metallic communication cable test methods – Part 4-12: Electromagnetic 
compatibility (EMC) – Coupling attenuation or screening attenuation of connecting hardware – 
Absorbing clamp method 

IEC 62153-4-15, Metallic cables and other passive components test methods – Part 4-15: 
Electromagnetic compatibility (EMC) – Test method for measuring transfer impedance and 
screening attenuation – or coupling attenuation with triaxial cell 

IEC 63171, Connectors for electrical and electronic equipment – Shielded or unshielded free 
and fixed connectors for balanced single-pair data transmission with current-carrying capacity 
– General requirements and tests 
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ISO/IEC 11801-1, Information technology – Generic cabling for customer premises – Part 1: 
General requirements 

3 Terms, definitions and abbreviated terms 

For the purposes of this document, the terms and definitions given in IEC 60050-581, 
IEC 61076-1, IEC 60512-1, IEC 60603-7, IEC 61076-3-104, IEC 61076-3-110, IEC 61156-1 and 
IEC 63171, and the following apply. 

ISO and IEC maintain terminological databases for use in standardization at the following 
addresses: 

• IEC Electropedia: available at https://www.electropedia.org/ 

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

3.1 Terms and definitions 

3.1.1  
intermodal 
<parameter or measurement> parameter or measurement that either sources on the common 
mode and measures on the differential mode, or sources on the differential mode and measures 
on the common mode 

3.1.2  
mixed mode 
<parameter or measurement> parameter or measurement containing differential mode, 
common mode, and intermodal S-matrices 

3.1.3  
interconnection 
cable assembly made of a cable terminated by two connectors 

EXAMPLE: A connection between a VNA, switching matrix or test fixture 

3.2 Abbreviated terms 
aC coupling attenuation 

aCLF Low frequency coupling attenuation 

CM common mode 
DM differential mode 
DUT device under test 
FEXT far-end crosstalk loss 
LCL longitudinal conversion loss 
LCTL longitudinal conversion transfer loss 
NEXT near-end crosstalk loss 
RF radio frequency 
RLCM return loss, common mode 

RLDM return loss, differential mode 

SE single-ended 
TCL transverse conversion loss 
TCTL transverse conversion transfer loss 
VNA vector network analyser 

Full document details: IEC 60512-28-100-2024

http://www.avadocuments.com/doc/iec-60512-28-100-2024
http://www.avadocuments.com/doc/iec-60512-28-100-2024


 
IEC 60512-28-100:2024 © IEC 2024 – 11 –  

ZT transfer impedance 

4 Overall test arrangement 

4.1 General 

This document specifies test methods and procedures for connectors. 

The test methods and procedures for signal integrity and transmission performance specified 
herein are referenced by connector standards, specified in IEC 60603-7 [1], IEC 61076-1 [2], 
IEC 61076-2 [3], IEC 61076-3 [4], IEC 63171 [5] series of standards and other standards for 
connecting hardware and their sectional specifications, with signal integrity specifications from 
0,1 MHz up to 2 000 MHz; such connector standards include IEC 60603-7-81 [6], IEC 60603-7-
82 [7], IEC 61076-3-110 [8], IEC 61076-3-104 [9], and IEC 61076-2-109 [10]. They are used 
with twisted-pair or quad cables having 100 Ω nominal differential characteristic impedance, 
which are specified in accordance with IEC 61156 (all parts) [11] and its sectional specifications 
covering at least the frequency range supported by the connecting hardware. 

4.2 Test instrumentation 

4.2.1 General 

All test instrumentation shall be capable of performing measurements over the frequency range 
of 0,1 MHz to 2 000 MHz or at least the frequency range of the connector under test. 

4.2.2 Vector network analyser 

The VNA shall have a minimum of two ports (including one bi-directional port) to enable the 
data to be collated and calculated. 

A 4-port VNA is recommended as a practical minimum number of ports, as this will allow the 
measurement of the full 16-term mixed mode S-parameter matrix on a given pair or pair 
combination without switching or reconnection, as shown in Figure 6, Figure 7, Figure 8 and 
Figure 9. 

The use of a 2-port VNA will involve successive repositioning of the measurement port in order 
to measure any given parameter. For single-pair connectors a 4-port VNA is recommended to 
be used to measure all S-parameter combinations to avoid external switching. For 4-pair 
devices, a 16-port VNA is recommended to be used to measure all S-parameter combinations 
to avoid external switching. 

4.2.3 RF switching unit 

In order to minimize the reconnection of the DUT for each pair combination the use of a RF 
switching unit is also recommended. 

Each conductor of the pair or pair combination under test shall be connected to a separate port 
of the VNA, and results are processed either by internal analysis within the VNA or by an 
external application. 

4.2.4 Reference loads and termination loads 

Reference loads and through connections shall be utilised for the calibration of the setup. 
Requirements for the reference loads shall be as given in 4.9. Termination loads shall be utilised 
for termination of pairs, used and unused, which are not terminated by the VNA. Requirements 
for the termination loads shall be as given in 4.11. 

Loads used for calibration shall be paired as explained in Annex E to ensure good symmetry at 
the calibration plane. 
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4.3 Measurement precautions 

To ensure a high degree of reliability for transmission measurements, the following precautions 
are required. 

• Resistors with a tolerance of ±0,1 % shall be used throughout the test sequence. 

• Cable and adapter discontinuities, as introduced by physical flexing, sharp bends and 
restraints shall be avoided before, during and after the tests. 

• Standardised test methodology and termination resistors shall be used at all stages of 
transmission performance qualifications. 

• The balance of the cables shall be maintained to the greatest extent possible by ensuring 
same conductor lengths and pair twisting to the point of load. 

• The relative spacing of conductors in the pairs shall be preserved throughout the tests to 
the greatest extent possible. 

• The sensitivity to setup variations for these measurements at high frequencies demands 
attention to details for both the measurement equipment and the procedures. 

• The test setup shall be appropriately earthed (bonded). 

4.4 Mixed mode S-parameter nomenclature 

The test methods specified in this document are based on a balunless test setup in which all 
terminals of a device under test are measured and characterised as single-ended (SE) ports, 
i.e. signals (RF voltages and currents) shall be defined relative to a common earth (ground) 
plane. For a device with four terminals, a diagram is given in Figure 1. 

 

 

Figure 1 – Diagram of a single-ended 4-port device 

The 4-port device in Figure 1 shall be characterised by the 16-term SE S-matrix given in 
Formula (1), in which the S-parameter Sba expresses the relation between a single-ended 
response on port “b” resulting from a single-ended stimulus on port “a”. 

 𝑆𝑆 = �

𝑆𝑆11 𝑆𝑆12 𝑆𝑆13 𝑆𝑆14
𝑆𝑆21 𝑆𝑆22 𝑆𝑆23 𝑆𝑆24
𝑆𝑆31 𝑆𝑆32 𝑆𝑆33 𝑆𝑆34
𝑆𝑆41 𝑆𝑆42 𝑆𝑆43 𝑆𝑆44

� (1) 

For a balanced device, each port shall be considered to consist of a pair of terminals (= a 
balanced port) as opposed to the SE ports defined above, see Figure 2. 
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a balanced 

Figure 2 – Diagram of a balanced 2-port device 

The device is characterised by a mixed mode S-matrix that includes all combinations of modes 
and ports, for example the mixed mode S-parameter SDC21 that expresses the relation between 
a differential mode response on port 2 resulting from a common mode stimulus on port 1. Using 
this nomenclature, the full set of mixed mode S-parameters for a 2-port device are given in 
Table 1. 

Table 1 – Mixed mode S-parameter nomenclature 

 Differential mode stimulus Common mode stimulus 

Port 1 Port 2 Port 1 Port 2 

Differential mode response Port 1 SDD11 SDD12 SDC11 SDC12 

Port 2 SDD21 SDD22 SDC21 SDC22 

Common mode response Port 1 SCD11 SCD12 SCC11 SCC12 

Port 2 SCD21 SCD22 SCC21 SCC22 

A 4-terminal device can be represented both as a 4-port SE device as in Figure 1 characterised 
by a single-ended S-matrix (Formula (1)) and as a 2-port balanced device as in Figure 2 
characterised by a mixed mode S-matrix (Table 1). As applying a SE signal to a port is 
mathematically equivalent to applying superimposed differential and common mode signals, the 
SE and the mixed mode characterisations of the device are interrelated. The conversion from 
SE to mixed mode S-parameters is given in Annex A. Making use of this conversion, the mixed 
mode S-parameters may be derived from the measured SE S-matrix. 

4.5 Coaxial cables and interconnections for network analysers 

Assuming that the characteristic impedance of the VNA is 50 Ω, coaxial cables used to 
interconnect the VNA, switching matrix and the test fixture shall be of 50 Ω characteristic 
impedance, and coaxial cable assemblies shall have a transfer impedance of maximum 50 mΩ 
below 1 MHz. 

These coaxial cables should be as short as possible. Max. length: 1 000 mm (on each port). 

The screens of each cable shall be electrically bonded to a common earth (ground) plane. 

To optimize dynamic range, the total interconnecting cable insertion loss at 2 000 MHz should 
be less than 7 dB per metre. 
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4.6 Characteristic for switching matrices 

Switches (if used) shall be of a minimum of 2×4 configuration at all ports, although a switch 
with a higher number of ports (for example 2×8, 1×16, 4×16) is recommended as this can allow 
more complete or even total measurement of the DUT without reconnection or moving the DUT. 
When such switching is used, it shall be constructed such that each port is configurable as 
input, output or 50 Ω termination. All inactive ports of the switch shall be terminated with a 50 Ω 
impedance load. 

The switch shall comply with the minimum switch performance recommendations given by Table 2. 

Table 2 – Switch performance requirements 

Parameter Requirement 

0,1 MHz to 1 000 MHz 

dB 

Requirement 

>1 000 MHz to 2 000 MHz 

dB 

Insertion loss 1,0 max. 2,0 max. 

Return loss 68 - 20 log(f) min.40 max.18 min. 18 min. 

Crosstalk loss 100 min. 97 min. 

4.7 Test fixture types 

Test fixtures are covered in three types, corresponding to three groups of connectors: 

– Indirect-reference test fixtures, for connector types utilizing a reference connector for 
measurement of transmission parameters, with additional specifications, such as crosstalk 
(NEXT) vector for crosstalk compensation parameters; for example IEC 60603-7 [1] series 
(8-way types), IEC 60603-7-2 [12], IEC 60603-7-3 [13], IEC 60603-7-4 [14], IEC 60603-7-5 
[15], IEC 60603-7-41 [16], IEC 60603-7-51 [17], IEC 60603-7-81 [6], and IEC 63171 [5]. 

– Direct-probe test fixtures, for connector types utilizing single-ended direct-probe 
measurement of transmission parameters, for example IEC 60603-7 [1] series (12-way 
types), IEC 60603-7-7 [18], IEC 60603-7-71 [19], IEC 60603-7-82 [7], and IEC 61076-3-110 
[8]. 

– Specialized test fixtures, for connector types utilizing a combination of direct-probe and 
indirect-reference measurement of transmission parameters, for example IEC 61076-3-104 
[9], and IEC 61076-2-109 [10]. 

For the test fixture types a), b), and c) detail specifications, see Annex B, Annex C, and Annex D 
respectively. 

4.8 Requirements for termination performance at calibration plane 

Termination performance at the calibration plane shall meet the requirements of Table 3. 

Table 3 – Requirements for terminations at calibration plane 

Parameter Requirement 

0,1 MHz to 1 000 MHz 

dB 

Requirement 

>1 000 MHz to 2 000 MHz 

dB 

SE port (50 Ω) return loss ≥ 72 - 20 log(f)40 max. 12 min. 

DM port (100 Ω) return loss ≥ 80 - 20 log(f)40 max.20 min. 20 min. 

DM port-to-port residual NEXT ≥ 130 - 20 log(f)94 max. 70 min. 

4.9 Reference loads for calibration 

To perform calibration of the test equipment, the following devices shall be used: 
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– full 1-port calibration: a short circuit, an open circuit and a reference load; 
– full 2-port calibration: as above, plus a through artefact (coaxial adapter). 

The reference load, which might be part of a calibration kit or of an electronic calibration unit, 
shall be calibrated against a calibration reference, which shall be a 50 Ω load, traceable to an 
international reference standard. One 50 Ω reference load shall be calibrated against the 
calibration reference. The reference load for calibration shall be placed in an N-type connector 
according to IEC 61169–16, or in an SMA-type connector according to IEC 61169-15, types 
suitable for panel mounting, which are machined flat on the back side, see Figure 3. 

The option to use SMA-type connectors, according to IEC 61169-15 is preferred. 

The load shall be fixed to the flat side of the connector. A VNA shall be calibrated with a 1-port 
full calibration by using the calibration reference. Thereafter, the return loss of the reference 
load for calibration shall be measured. The verified return loss shall be > 46 dB at frequencies 
up to 100 MHz and > 40 dB at frequencies above 100 MHz and up to the limit for which the 
measurements are to be carried out. 

 

 

a Machined flat 

b Load for calibration 

c SMA-type connector 

Figure 3 – Calibration of reference loads 

4.10 Calibration 

4.10.1 General 

Isolation measurements shall be used as part of the calibration if the requirements of DM port-
to-port residual NEXT in Table 3 are not met. 

The calibration shall be equivalent to a minimum of a full 2-port SE calibration for measurements 
where the response and stimulus ports are the same (Sxx11 and Sxx22) and a minimum of a full 
4-port SE calibration for measurements where the response and stimulus ports are different 
(Sxx12 and Sxx21). 

An individual calibration shall be performed for each signal path used for the measurements. 
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If a complete switching matrix and a 4-port VNA test setup is used, a full set of measurements 
for a 4-pair device (i.e. 16 single-ended ports), will require 28 separate 4-port calibrations, 
although many of the measurements within each calibration are in common with other 
calibrations. 

A software or hardware package may be used to minimize the number of calibration 
measurements required. 

The calibration may be performed at the test interface using appropriate calibration artefacts or 
at the ends of the coaxial test cable using calibration kit and de-embedding data representing 
the test fixture. 

4.10.2 Calibration test interface 

Where calibration is performed at the test interface, open circuit, short circuit, and reference 
load measurements shall be taken on each SE port concerned. Through measurements shall 
be taken on every pair combination of those ports. Isolation measurements should be taken on 
every pair combination of those ports. 

4.10.3 Calibration at end of coaxial test cables 

Where calibration is performed at the end of the coaxial test cables, open circuit, short circuit 
and reference load measurements shall be taken on each port concerned. Through 
measurements shall be taken on every pair combination of those ports. Isolation measurements 
should be taken on every pair combination of those ports. In addition, the test fixture shall then 
be de-embedded from the measurements. The de-embedding techniques shall incorporate a 
fully populated 16-term S-matrix. It is not acceptable to perform a de-embedded calibration 
using only reflection terms (S11, S22, S33, S44) or only near end terms (S12,S21,S34, S43). 

De-embedding using reduced term S-matrices may be used for post-processing of results. 

4.11 Termination loads for termination of conductor pairs 

4.11.1 General 

50 Ω loads to earth (ground plane) shall be used on all active wires under test, all inactive wires, 
on the opposite ends of active wires for NEXT and FEXT testing and inactive wires for return 
loss testing shall be terminated, see Figure 4. 

 

 

a 50 Ω loads to earth (ground plane) for termination 

b Device under test 

Figure 4 – Resistor termination networks 

Small geometry chip resistors shall be used for the construction of resistor terminations. The 
two 50 Ω SE terminating resistors shall be matched to within 0,1 % at DC, and 2 % at 2 000 MHz 
(corresponding to a 40 dB return loss requirement at 2 000 MHz). 
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4.11.2 Impedance matching resistor termination networks 

The performance of impedance matching resistor termination networks shall be verified by 
measuring the return loss of the termination and the residual NEXT between any two resistor 
termination networks at the calibration plane if applicable. 

For the return loss measurement, a 2-port SE calibration shall be done using a reference load 
verified according to 4.9. 

After calibration, connect the resistor termination network and perform a full 2-port SE S-matrix 
measurement. The measured SE S-matrix shall be transformed into the associated mixed mode 
S-matrix to obtain the S-parameters SDD11 and SCC11 from which the differential mode return 
loss RLDM and the common mode return loss RLCM are determined. The return loss of the 
resistor termination network shall meet the requirements of Table 3. 

For the residual NEXT measurement, a 4-port SE calibration is required. After calibration, 
connect the resistor termination networks and perform a full 4-port SE S-matrix measurement. 
The measured S-matrix shall be transformed into the associated mixed mode S-matrix to obtain 
the S-parameter SDD21 from which the residual NEXT of the terminations, NEXTresidual_term, is 
determined. The residual NEXT shall meet the requirements of Table 3. 

4.12 Termination of screens 

When the connector under test is shielded, screened measurement cables shall be applied. The 
screen or screens of these cables should be fixed to the earth (ground) plane as close as 
possible to the calibration plane. In the unlikely event of an unshielded connector under test, 
screened measurement cables shall be applied. The screen or screens of these cables however 
shall be connected to the earth (ground) plane of the measurement device only. 

4.13 Test specimen and reference planes 

4.13.1 General 

A test specimen is a mated pair of relevant connectors. The connector reference planes for the 
test specimen are the points at which the cable sheaths enter the back end of the connectors 
or the points at which the internal geometry of the cables are no longer maintained, whichever 
is farther from the connectors, see Figure 5. This definition applies to both ends of the test 
specimen. The DUT shall be terminated in accordance with the manufacturer’s instructions and 
shall be compatible with the measurement test set up and fixtures. 

 

 

a calibration plane 

b reference plane 

c plug side 

d socket side 

e coaxial test cables 

Figure 5 – Definition of reference planes 
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4.13.2 Interconnections between the device under test (DUT) and the calibration plane 

4.13.2.1 General 

Twisted-pair, coax, printed circuits or other qualified interconnections shall be used between 
the connector reference plane of the DUT and the calibration plane. Ensure the characteristics 
of these interconnections are controlled, as they are beyond the calibration plane. These 
interconnections should be as short as practical and their CM and DM impedances should be 
managed to minimize their effects on measurement. 

The DM return loss performance of the interconnections shall meet the requirements of Table 4. 
The insertion loss performance of the interconnections is assumed to be less than 0,2 dB over 
the frequency range from 0,1 MHz to 2 000 MHz. 

4.13.2.2 Twisted-pair interconnection 

4.13.2.3 General 

When used, a twisted-pair interconnection shall have 100 Ω nominal differential characteristic 
impedance. The twisted pair should not exhibit gaps between the conductor insulation. The 
twisted-pair interconnection can be obtained as an individual twisted-pair interconnection, or it 
can be part of a cable. 

The interconnection shall comply with the return loss requirements of Table 4. 

DM to earth (ground) terminations shall be used and the interconnection shall be placed in an 
impedance managing system. The maximum length of the twisted-pair leads at each end of the 
DUT shall be 51 mm, however they should be kept as short as possible. 

4.13.2.4 Individual twisted-pair interconnection 

An individual twisted-pair interconnection can be obtained from discrete twisted-pair stock or 
removed from sheathed cable. 

Prior to attachment to the DUT, the return loss of the pair shall be tested. For this test, a 100 mm 
length of individual twisted-pair shall be used. The twisted-pair shall be terminated with a 50 Ω 
differential mode to earth (ground) resistor termination network as described in 4.11. The 
resistor termination network shall be attached directly to the conductors of the pair in such a 
way as to minimize the disturbance of the pair. Potential disturbances include gaps between 
the conductor insulation in the pair, melting of the insulation, and excess solder. 

Return loss shall be tested according to Table 4. 

NOTE The twisted-pair leads are then trimmed for attachment to the DUT and the test fixture. 

4.13.2.5 Interconnections as part of cables 

An interconnection can also be obtained from a section of twisted-pair cable where the four 
twisted-pair interconnections are maintained in the cable sheath. This method will most often 
be used with free connectors cut from the ends of assembled balanced cords but can also be 
used with fixed connectors. 

Prior to attachment to the DUT, the return loss of each of the pairs within the cable shall be 
tested. For this test, a 100 mm length of cable shall be used. Each pair of the cable shall be 
terminated as described for the individual twisted-pair interconnection in 4.11. For the inactive 
pairs, namely the pairs not under test, the termination shall be applied to both ends. 

The return loss shall be tested according to the requirements of Table 4. 
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The cable shall then be terminated to the DUT per manufacturer’s instructions and trimmed for 
attachment to the test fixture. 

When this method is used with free connectors cut from assembled cords, it shall be sufficient 
if the return loss of the cord cable is compliant to at least the category of the connector or if the 
return loss of the assembled cord is compliant to at least the balanced cord category of at least 
the category of the connector according the requirements of ISO/IEC 11801-1. 

4.13.2.6 Direct probe single-ended interconnection  

When used, direct probe single-ended interconnection shall have 50 Ω nominal single-ended 
(coaxial) characteristic impedance. Coaxial cables and printed circuit transmission lines within 
the test fixture, connected to the DUT connector contacts, should be sufficiently matched to 
conform to the interconnection DM return loss requirements of 4.13.2.4. 

Refer to Annex C for additional information about interconnections between device under test 
(DUT) and the calibration plane, for connectors utilizing direct-probe test fixtures. 

The interconnection shall comply with the return loss requirements of Table 4. 

4.13.2.7 Interconnection DM return loss and TCTL requirements 

The return loss of the interconnection shall be tested using the mixed mode approach as 
described in 4.11.2 for the verification of resistor termination networks. The interconnection 
shall be tested for differential mode return loss only and shall meet the requirements  
in Table 4. 

Table 4 – Interconnection DM return loss and TCTL requirements 

Parameter Requirement 

0,1 MHz to 100 MHz 

dB 

Requirement 

100 MHz to 2 000 MHz 

dB 

DM return loss 40 80 - 20 log(f), 20 min. 

TCTL 80 - 20 log(f), 50 max. 80 - 20 log(f) 

Twisted-pair interconnections shall be prepared for test as described in 4.13.2.2. When testing 
other interconnections, equivalent differential mode to earth (ground) plane terminations shall 
be applied. 

4.14 Overall test setup requirements 

The requirements of the overall test setup shall meet the requirements of Table 5 when tested 
using terminations according to 4.11. 

Table 5 – Overall test setup requirements 

Parameter Requirement 

0,1 MHz to 1 000 MHz 

dB 

Requirement 

>1 000 MHz to 
2000 MHz 

dB 

SE port (50 Ω) return loss > 68 - 20 log(f)20 max.12 
min. 

12 min. 

DM port (100 Ω) return loss > 80 - 20 log(f)40 max. > 80 - 20 log(f)18 min. 

CM port (50 Ω) return loss a > 68 - 20 log(f)20 max.12 
min. 

12 min. 
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SE (50 Ω) port-to-port (pair-to-pair) isolation:NEXT and 
FEXT 

> 125 - 20 log(f)80 max. 65 min. 

SE (50 Ω) port-to-port (within a pair) isolation:NEXT and 
FEXT 

> 100 - 20 log(f)70 max. 40 min. 

DM (100 Ω) port-to-port isolation: NEXT and FEXT > 140 - 20 log(f)94 max. 80 min. 

DM (100 Ω) port-to-port isolation: near-end-to-far-endb > 140 - 20 log(f)94 max. 80 min. 

DM (100 Ω) insertion loss < 12 < 12 

TCL, LCL > 90 - 20 log(f)60 max. 30 min. 

TCTL, LCTL > 90 - 20 log(f)60 max. 30 min. 

a DUT common mode impedance is usually specified as 50 Ω, therefore for measurements, a transformation is 
required as specified in Annex A. For the case of balunless measurements, the common mode impedance 
measurement and thus return loss is derived as specified in Annex A. 

b The requirement can be met either though separation or shielding applied between fixtures. 

5 Connector measurements up to 2 000 MHz 

5.1 General 

The measurements made in Clause 5 are on mated connectors. The figures show typical mated 
connectors with four pairs. For single-pair connectors the applicable parameters are given in 
the relevant detail specification. If applicable, the figures apply for one pair only. 

5.1.1 Determining pass and fail 

The measurements of the mated connector shall satisfy the requirements of the relevant detail 
specification for all pair combinations and in both directions as applicable. 

5.2 Insertion loss, test 28a 

5.2.1 Object 

The object of this test is to measure the insertion loss of a mated connector pair. Insertion loss 
is defined here as the additional attenuation that is caused by a mated connector pair inserted 
in a communication cable. 

5.2.2 Insertion loss 

Mated connectors shall be evaluated for insertion loss in only one transmission direction. 

5.2.3 Test method 

Insertion loss is evaluated from the mixed mode parameter SDD21 for each conductor pair. The 
mixed mode S-parameters are derived by transformation of the SE S-matrix. 

5.2.4 Test setup 

The test setup shall consist of a VNA and two test fixtures as described in Clause 4. An 
illustration of the test setup, which also shows the termination principles, is shown in Figure 6. 
Resistor termination networks in accordance with 4.11 shall be applied for all inactive pairs. 
Interconnections (if used) shall be prepared and controlled per 4.13.2. 

5.2.5 Procedure 

5.2.5.1 Calibration 

A full 4-port SE calibration shall be performed at the calibration planes in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.9. 
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5.2.5.2 Noise floor 

This subclause remains void and is kept only for structural reasons. 

5.2.5.3 Measurement 

The DUT shall be tested in a test setup according to 5.2.4 and Figure 6, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be recorded. 
The measured SE S-matrix shall be transformed into the associated mixed mode S-matrix to 
obtain the S-parameter SDD21 from which insertion loss is determined as shown in Formula (2). 

 𝐼𝐼𝐼𝐼(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐷𝐷𝐷𝐷21|) = −20 · log10 ��
1
2

(𝑆𝑆31 − 𝑆𝑆41 − 𝑆𝑆32 + 𝑆𝑆42)�� (2) 

Test all conductor pairs and record the results. 

 

 

Figure 6 – Insertion loss and TCTL measurement 

5.2.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pairs shall be reported. It shall be explicitly noted if the test results 
exceed the test limits. In this case the test report shall contain the sentence: “The test is failed”. 

5.2.7 Accuracy 

The two interfaces of the test equipment shall be mated at the calibration plane and an IL 
measurement shall be performed. 

The accuracy shall be better than ±1 dB at the specification limit. 
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5.3 Return loss, test 28b 

5.3.1 Object 

The object of this test is to measure the return loss of a mated connector pair at the two 
reference planes. 

5.3.2 Return loss 

Mated connectors shall be tested for return loss in both transmission directions using at least 
one free connector. 

5.3.3 Test method 

Return loss shall be evaluated from the mixed mode parameters SDD11 and SDD22 for all 
conductor pairs. The mixed mode S-parameters shall be derived by transformation of the 
measured SE S-matrix. 

5.3.4 Test setup 

The test setup shall consist of a VNA and two test fixtures as described in Clause 4. An 
illustration of the test setup, which also shows the termination principles, is shown in Figure 7. 
Resistor termination networks in accordance with 4.11 shall be applied for all active and inactive 
pairs. Interconnections (if used) shall be prepared and controlled per 4.13.2. 

 

 

Figure 7 – Return loss and TCL measurement 

Return loss can be measured in a test setup using only one fixture, a 2-port SE calibration and 
measurement. In this case, the return loss shall be measured in only one direction at a time. 
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5.3.5 Procedure 

5.3.5.1 Calibration 

A full 4-port SE calibration shall be performed at the calibration planes in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.11. 

5.3.5.2 Noise floor 

This subclause remains void and is kept only for structural reasons. 

5.3.5.3 Measurement 

The DUT shall be tested in a test setup according to 5.3.4 and Figure 7, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be recorded. 
The measured SE S-matrix shall be transformed into the associated mixed mode S-matrix to 
obtain the S-parameter SDD21 from which insertion loss is determined as shown in Formula (3). 

 𝑅𝑅𝑅𝑅(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐷𝐷𝐷𝐷11|) = −20 · log10 ��
1
2

(𝑆𝑆11 − 𝑆𝑆21 − 𝑆𝑆12 + 𝑆𝑆22)�� (3) 

All conductor pairs shall be tested and the results shall be recorded. 

5.3.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pairs shall be reported. It shall be explicitly noted if the test results 
exceed the test limits. In this case, the test report shall contain the sentence: “The test is failed”. 

5.3.7 Accuracy 

The return loss of the load for calibration shall be verified to be greater than 46 dB up to 
100 MHz and greater than 40 dB at higher frequencies. The uncertainty of the connection 
between the connector under test and the test fixture is expected to deteriorate the return loss 
of the setup (actually the directional bridge implemented by the test setup) by 6 dB. The 
accuracy of the return loss measurements is then equivalent to measurements performed by a 
directional bridge with a directivity of 40 dB and 34 dB. 

5.4 Near-end crosstalk (NEXT), test 28c 

5.4.1 Object 

The object of this test procedure is to measure the magnitude of the electric and magnetic 
coupling between the near ends of a disturbing and disturbed pair of a mated connector pair 
combination. 

NOTE NEXT is not applicable to single-pair connectors. 

5.4.2 NEXT 

Mated connectors shall be tested for NEXT in both transmission directions using at least one 
free connector. 

5.4.3 Test method 

NEXT shall be evaluated from the mixed mode parameter SDD21 for all conductor pair 
combinations. The mixed mode S-parameters shall be derived by transformation of the 
measured SE S-matrix. 
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5.4.4 Test setup 

The test setup shall consist of a VNA and a test fixture as described in Clause 4. An illustration 
of the test setup, which also shows the termination principles, is shown in Figure 8. Resistor 
termination networks in accordance with 4.11 shall be applied for all inactive pairs and for the 
ends of active pairs not being connected to the VNA ports. Interconnects (if used) shall be 
prepared and controlled per 4.13.2. 

 

 

Figure 8 – NEXT measurement 

5.4.5 Procedure 

5.4.5.1 Calibration 

A full 4-port SE calibration shall be performed at the calibration planes in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.11. 

5.4.5.2 Noise floor 

The noise floor of the setup shall be measured. The level of the noise floor shall be determined 
by white noise, which may be reduced by increasing the test power and by reducing the 
bandwidth of the VNA, and by residual crosstalk within the test fixture. 

The noise floor shall be measured by terminating the test ports of the test fixture with resistor 
termination networks and performing a full SE S-matrix measurement. The measured SE S-
matrix shall be transformed into the associated mixed mode S-matrix to obtain the S-parameter 
SDD21 from which the noise floor is established. The noise floor shall be established for all 
possible conductor pair combinations. 

The noise floor shall be 20 dB lower than any specified limit for the crosstalk. If the measured 
value is closer to the noise floor than 20 dB, this shall be reported. 

NOTE For high crosstalk values, it can be necessary to screen the terminating resistors. 
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5.4.5.3 Measurement 

The DUT shall be arranged in a test setup according to 5.4.4 and Figure 8, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be performed. 
The measured SE S-matrix shall be transformed into the associated mixed mode S-matrix to 
obtain the S-parameter SDD21 from which NEXT is determined. 

 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐷𝐷𝐷𝐷21|) = −20 · log10 ��
1
2

(𝑆𝑆31 − 𝑆𝑆41 − 𝑆𝑆32 + 𝑆𝑆42)�� (4) 

The test shall be performed from both ends of the mated connector. Test all conductor pair 
combinations and record the results. 

5.4.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pairs shall be reported. It shall be explicitly noted if the test results 
exceed the test limits. 

5.4.7 Accuracy 

The accuracy shall be better than ±1 dB at measurements up to 60 dB and ±2 dB at 
measurements up to 85 dB. 

5.5 Far-end crosstalk (FEXT), test 28d 

5.5.1 Object 

The object of this test procedure is to measure the magnitude of the electric and magnetic 
coupling between the near end of a disturbing pair and the far end of a disturbed pair of a mated 
connector pair combination. 

NOTE FEXT is not applicable for single-pair connectors. 

5.5.2 FEXT 

Mated connectors shall be tested for FEXT in both transmission directions using at least one 
free connector. 

5.5.3 Test method 

FEXT shall be evaluated from the mixed mode parameter SDD21 for all conductor pair 
combinations. The mixed mode S-parameters shall be derived by transformation of the 
measured SE S-matrix. 

5.5.4 Test setup 

The test setup shall consists of a VNA and two test fixtures as described in Clause 4. An 
illustration of the test setup, which also shows the termination principles, is shown in Figure 9. 
Resistor termination networks in accordance with 4.11 shall be applied for all inactive pairs and 
for the ends of active pairs not being connected to the VNA ports. Interconnections (if used) 
shall be prepared and controlled per 4.13.2. 
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Figure 9 – FEXT measurement 

5.5.5 Procedure 

5.5.5.1 Calibration 

A full 4-port SE calibration shall be performed at the calibration planes in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.11. 

5.5.5.2 Noise floor 

The noise floor of the setup shall be established as outlined in 5.4.5.2. 

5.5.5.3 Measurement 

The DUT shall be arranged in a test setup according to 5.5.4 and Figure 9, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be performed. 
The measured SE S-matrix shall be transformed into the associated mixed mode S-matrix to 
obtain the S-parameter SDD21 from which FEXT shall be determined. 

 𝐹𝐹𝐹𝐹𝐹𝐹𝑇𝑇𝑖𝑖𝑖𝑖(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐷𝐷𝐷𝐷21|) = −20 · log10 ��
1
2

(𝑆𝑆31 − 𝑆𝑆41 − 𝑆𝑆32 + 𝑆𝑆42 )�� (5) 

Test all conductor pair combinations and record the results. 

5.5.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pair combinations shall be reported. It shall be explicitly noted if 
the test results exceed the test limits. 
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5.5.7 Accuracy 

The accuracy shall be better than ±1 dB at measurements up to 60 dB and ±2 dB at 
measurements up to 85 dB. 

5.6 Transverse conversion loss (TCL), test 28f 

5.6.1 Object 

The object of this test is to measure the mode conversion (differential to common mode) of a 
signal in the conductor pairs of the DUT. This is also called unbalance attenuation or transverse 
conversion loss, TCL. 

5.6.2 TCL 

Mated connectors shall be tested for TCL from both transmission directions using at least one 
free connector. 

5.6.3 Test method 

TCL shall be evaluated from the mixed mode parameter SCD11 for all conductor pairs. The 
mixed mode S-parameters shall be derived by transformation of the measured SE S-matrix. 

5.6.4 Test setup 

The test setup shall consists of a VNA and a test fixture as described in Clause 4. An illustration 
of the test setup, which also shows the termination principles, is shown in Figure 7. Resistor 
termination networks in accordance with 4.11 shall be applied for all inactive pairs and for the 
ends of active pairs not being connected to the VNA ports. Interconnections (if used) shall be 
prepared and controlled per 4.13.2. 

5.6.5 Procedure 

5.6.5.1 Calibration 

A full 2-port SE calibration shall be performed at the calibration plane in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.11. 

5.6.5.2 Noise floor 

The noise floor of the setup shall be measured. The level of the noise floor shall be determined 
by white noise, which can be reduced by increasing the test power and by reducing the 
bandwidth of the VNA, and by residual intermodal crosstalk within the test fixture. 

The noise floor, anoise, shall be measured by terminating the test ports of the test fixture with 
resistor termination networks and performing a full SE S-matrix measurement. The measured 
SE S-matrix shall be transformed into the associated mixed mode S-matrix to obtain the S-
parameter SCD11 from which the noise floor shall be calculated as: 

 𝑎𝑎noise = −20log|𝑆𝑆CD11| (6) 

The noise floor shall be established for all conductor pairs. 

The noise floor shall be 20 dB lower than any specified limit for balance. If the measured value 
is closer to the noise floor than 20 dB, this shall be reported. 
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5.6.5.3 Measurement 

The DUT shall be arranged in a test setup according to 5.6.4 and Figure 7, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be performed. 
The measured SE S-matrix shall be transformed into the associated mixed mode S-matrix to 
obtain the S-parameter SCD11 from which TCL shall be calculated as: 

 𝑇𝑇𝑇𝑇𝑇𝑇(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐶𝐶𝐶𝐶11|) = −20 · log10 ��
1
2

(𝑆𝑆11 + 𝑆𝑆21 − 𝑆𝑆12 − 𝑆𝑆22)�� (7) 

The test shall be performed from both transmission directions on the mated connector. Test all 
conductor pairs and record the results. 

5.6.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pairs shall be reported. It shall be explicitly noted if the test results 
exceed the test limits. 

5.6.7 Accuracy 

The accuracy shall be better than ±1 dB at the specification limit. 

5.7 Transverse conversion transfer loss (TCTL), test 28g 

5.7.1 Object 

The object of this test is to measure the mode conversion (differential to common mode) of a 
signal in the conductor pairs of the DUT at the far end. This is also called far end unbalance 
attenuation or transverse conversion transfer loss, TCTL. 

5.7.2 TCTL 

Mated connectors shall be tested for TCTL from both transmission directions using at least one 
free connector. 

5.7.3 Test method 

TCTL shall be evaluated from the mixed mode parameter SCD21 for all conductor pairs. The 
mixed mode S-parameters shall be derived by transformation of the measured SE S-matrix. 

5.7.4 Test setup 

The test setup shall consists of a VNA and two test fixtures as described in Clause 4. An 
illustration of the test setup, which also shows the termination principles, is shown in Figure 6. 
Resistor termination networks in accordance with 4.11 shall be applied for all inactive pairs. 
Interconnections (if used) shall be prepared and controlled per 4.13.2. 

5.7.5 Procedure 

5.7.5.1 Calibration 

A full 4-port SE calibration shall be performed at the calibration planes in accordance with 4.10. 
Reference loads used for calibration shall be in accordance with 4.11. 
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5.7.5.2 Noise floor 

The noise floor of the test setup shall be measured using the same approach as outlined in 
5.6.5.2 adapted to the 4-port test setup used for TCTL. 

The noise floor anoise shall be calculated from SCD21 as: 

  anoise = −20log|𝑆𝑆CD21| (8) 

The same requirements as described in 5.6.5.2 adapted to TCTL as in the 4-port test setup 
used for TCL shall apply. 

5.7.5.3 Measurement 

The DUT shall be arranged in a test setup according to 5.7.4 and Figure 6, including proper 
termination of the active and inactive pairs. A full SE S-matrix measurement shall be performed. 
The measured (4-port) SE S-matrix shall be transformed into the associated (2-port) mixed 
mode S-matrix to obtain the S-parameter SCD21 from which TCTL shall be calculated as: 

 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝑓𝑓) = −20 · log10(|𝑆𝑆𝐶𝐶𝐶𝐶21|) = −20 · log10 ��
1
2

(𝑆𝑆31 + 𝑆𝑆41 − 𝑆𝑆32 − 𝑆𝑆42)�� (9) 

The test shall be performed from both transmission directions on the mated connector. All 
conductor pairs shall be tested and the results shall be recorded. 

5.7.6 Test report 

The test results shall be reported in graphical or table format with the specification limits shown 
on the graphs or in the table at the same frequencies as specified in the relevant detail 
specification. Results for all pairs shall be reported. It shall be explicitly noted if the test results 
exceed the test limits. 

5.7.7 Accuracy 

The accuracy shall be better than ±1 dB at the specification limit. 

5.8 Shield transfer impedance (ZT), test 26e 

5.8.1 Object 

The object of this test is to measure the shield transfer impedance of a common-mode signal 
transferred through the shield of the DUT. This is specifically required for shielded connectors 
and not applicable for unshielded connectors. 

For further information on applicability, see IEC 60512-26-100, refer to test 26e. 

5.8.2 Transfer impedance (ZT) 

Mated connectors transfer impedance (ZT) shall be tested in accordance with IEC 62153-4-7 or 
IEC 62153-4-6 up to 100 MHz. 

5.8.3 Test method 

The transfer impedance (ZT) test for connectors shall use the triaxial-tube-in-tube method or 
the line injection method. 
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