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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

on1EC60603-7and lEC61076-3-series—connectors 2 000 MHz -
Tests 28a to 28¢g

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardijzation comprisi
all national electrotechnical committees (IEC National Committees). The object f\JEC is to promo
international co-operation on all questions concerning standardization in the electrical and electronic fields. ]
this end and in addition to other activities, IEC publishes International Standards,‘Technical Specification
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IH
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
in the subject dealt with may participate in this preparatory work. Intetnational, governmental and no
governmental organizations liaising with the IEC also participate in this-preparation. IEC collaborates closdg
with the International Organization for Standardization (ISO) in accordance with conditions determined
agreement between the two organizations.

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

IEC Publications have the form of recommendations forfinternational use and are accepted by IEC Nation
Committees in that sense. While all reasonable effort§&\are made to ensure that the technical content of IH
Publications is accurate, IEC cannot be held respaensible for the way in which they are used or for a
misinterpretation by any end user.

In order to promote international uniformity, |EQC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible in their national and regional publications. Any divergen
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated
the latter.

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

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

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

Attention isydtawn to the Normative references cited in this publication. Use of the referenced publications
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change

has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard 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.

This second edition cancels and replaces the first edition, issued in 2013, and constitutes a

technical revision.

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

edition:

The title is revised from 1 000 MHz to 2 000 MHz to reflect the range of frequencies whig
may be tested.

All tables and requirements have been revised up to 2 000 MHz.

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

FDIS Report on voting
48B/2756/FDIS 48B/2766/RVD

LIl information on the voting for the approval of this International Standard can be found
e report on voting indicated in the above table.

=

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

n

iture standards in this series will carry the new general title as cited above. Titles of existir
sfandards in this series will be updated at the time ‘of the next edition.

Al list of all parts of IEC 60512 series, undér-the general title Connectors for electrical an
electronic equipment — Tests and measurerients can be found on the IEC website.

The committee has decided that the @ontents of this document will remain unchanged until th
sfability date indicated on the IEC~-website under "http://webstore.iec.ch" in the data related
tHe specific document. At this date, the document will be

¢| reconfirmed,

e| withdrawn,

¢ | replaced by a revised edition, or

e| amended.

9
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INPORTANT - The 'colour inside’' logo on the cover page of this publication indicate
that</it contains colours which are considered to be useful for the correc

colour printer.

understanding of its contents. Users should therefore print this document using a
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CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 28-100: Signal integrity tests up to-1000-MHz
on IEC 60603-7 and IEC 61076-3 series connectors 2 000 MIHz -
Tests 28a to 28¢g

9

-—

Scope

nis part of IEC 60512 specifies the test methods for signal integrity and ¢ransmissid
prformance for connectors specified in respective parts of IEC 60603-7, IEC 61076~
C 61076-2, and IEC 61076-3-series—connectors—up-to—1-000-MHz standagds)for connectin
hrdware applications up to 2 000 MHz. It is also suitable for testing.lower frequend
bnnectors, however, the test methodology specified in the detailegd “Specification for arn
ven connector remains the reference conformance test for that copnector. The above list
bnnector series of standards does not preclude referencing this dociément in other connect
anufacturer’s specifications or published standards.

30Q 0 50 —

Fhe-testmethods 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 hetein are:

—| transfer impedance (Z), see IEC 60512-26-100, test 26e.
for coupling attenuation\(ac), see IEC 62153-4-12.

2| Normative references

content corstitutes requirements of this document. For dated references, only the editig
cited applies. For undated references, the latest edition of the referenced document (includin
any amendments) applies.

The following documents are referred to in the text in such a way that some or all of thei

|EC260050 RR’I’ International Electrotechnical \/nr\nhlllnr‘\,/ (IF\/) Part 581: Electromechanic

components for electronic equipment

IEC 60169-15, Radio-frequency connectors — Part 15: R.F. coaxial connectors with inner

diameter of outer conductor 4,13 mm (0.163 in) with screw coupling — Characterist
impedance 50 ohms (Type SMA)

IEC 60512-1, Connectors for electronic equipment — Tests and measurements — Part
General Generic specification

IEC 60512-26-100:2008, Connectors for electronic equipment — Tests and measurements

ic

1:

Part 26-100: Measurement setup, test and reference arrangement 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
279

IEC PAS 60512-27-200, Connecteurs 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 —
Pert29-166-Sigrat-integrity-testsupto-500-MHzonMi2-stteconnectors—tests29a+t029¢

BC 60603-7, Connectors for electronic equipment — Part 7: Detail specification fo:@\:ﬁ/ay,
unshielded, free and fixed connectors '\O.)

-

BC 60603-7-1, Connectors for electronic equipment — Part 7-1: Detail specifi@(t)an for 8-waly
shielded, free and fixed connectors

/7
C 60603-7-2, Connectors for electronic equipment — Part 7-2: Detailfégacification for 8-wa
hshielded, free and fixed connectors, for data transmissions with f@encies up to 100 MHZ%

m
N

~t

<

Tl

C 60603-7-3, Connectors for electronic equipment — Part 7- @etai! specification for 8-way,
pielded, free and fixed connectors, for data transmission W@) requencies up to 100 MHz

(%]

BC 60603-7-4, Connectors for electronic equipment —§a 7-4: Detail specification for 8-way,
upshielded, free and fixed connectors, for data tran%/ ions with frequencies up to 250 MH%

Tl

C 60603-7-5, Connectors for electronic equi%gnt — Part 7-5: Detail specification for 8-way,
hielded, free and fixed connectors, for datag{@ smissions with frequencies up to 250 MHz

%7
C 60603-7-7, Connectors for electron?&\%quipment — Part 7-7: Detail specification for 8-way,
pielded, free and fixed connectors foRdata transmission with frequencies up to 600 MHz

QN

C 60603-7-41, Connectors fofyelectronic equipment — Part 7-41: Detail specification fpr
8iway, unsh/elded free and\@x d connectors, for data transmissions with frequencies up {o

500 MHz C)\\

n

L m

imnl

IgC 60603-7-51, z:tors for electronic equipment — Part 7-51: Detail specification fpr
8iway, sh/elded and fixed connectors, for data transmissions with frequencies up fo
500 MHz

I§C 6060 %1, Connectors for electronic equipment — Part 7-71: Detail specification fpr
8iway, Ided, free and fixed connectors, for data transmission with frequencies up {o
1100 z

IEC©00603-7-81, Conmnectors for electronic equipment — fart 7-81. Detallspecification for
8-way, shielded, free and fixed connectors, for data transmissions with frequencies up to

2 000 MHz

IEC 60603-7-82, Connectors for electronic equipment — Part 7-82: Detail specification for
8-way, 12 contacts, shielded, free and fixed connectors, for data transmission with
frequencies up to 2 000 MHz

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

IEC 61076-2, Connectors for electronic equipment — Product requirements — Part 2: Sectional
specification for circular connectors
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IEC 61076-2-109, Connectors for electronic equipment — Product requirements — Part 2-109:
Circular connectors — Detail specification for connectors with M 12 x 1 screw-locking, for data
transmission frequencies up to 500 MHz

IEC 61076-3, Connectors for electronic equipment — Product requirements — Part 3:
Rectangular connectors — Sectional specification

IEC 61076-3-104, Connectors for electronic equipment - Product requirements -
Part 3-104: Detail specification for 8-way, shielded free and fixed connectors for data
trefrrsmisstons—with-frequereies—upto—+-H066-2000-MHz

IEC 61076-3-110, Connectors for electronic equipment — Product requirements — Part/3¥110:
Detail specification for—shielded; free and fixed connectors for data transmissSion with
frequencies up to-1-000 3 000 MHz

IBC 61156 (all
t \JUIIU\J\

IBC 61156-1, Multicore and symmetrical pair/quad cables for digital corpmunications — Part |:
Gleneric specification

IHC 61156-6 Aulticore—and-svymmetrical pair/auad-cables for-didgital communications Daort B
H oo+ 100~ MUHHeoreana-SyHRetHearpaH/ guaa-cante S o algiHat—comiHHHEIHOAS —aHtp
S\ymmetrical pair/aouad-cables with transmission-characteristics un-to-1-000 MH=z Work arda
SR tHeapaHAquaa—-eapre S WA HaASHHSSIOA—-CAaFracteASHES Hpto—1— G Go—WVHAZ Work—arga
wyring — Sectional specification

(mnl

C 61156-9, Multicore and symmetrical pair/quad egbles for digital communications — Part P:
Cpbles for channels with transmission characterisfics*up to 2 GHz — Sectional specification

IHC 61156-10:2016, Multicore and symmetrical*pair/quad cables for digital communications |-

Pprt 10: Cables for cords with transmigsion characteristics up to 2 GHz - Sectionpl
specification
IHC 61169-16, Radio-frequency conhnectors — Part 16: RF coaxial connectors with inner

dlameter of outer conductor 7 mm (0,276 in) with screw coupling — Characteristic impedandge
50 ohms (75 ohms) (Type N)

IBC 62153-4-12, Metallic_communication cable test methods — Part 4-12: Electromagnetffc
compatibility (EMC) —w Coupling attenuation or screening attenuation of connecting hardware |-
Absorbing clamp method

IO/IEC 11801-1:2017, Information technology — Generic cabling for customer premises |-
Pprt 1: Gene¥kal requirements

3| Aerms, definitions and-acronyms 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 and IEC 61076-3-110, and the
following apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1 Terms and definitions

3.11

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>
parameters or measurements containing differential mode, common mode, and intermodal

Stmatrices

3|12 Aecronyms Abbreviated terms

ag coupling attenuation

CM common mode

DM differential mode

DUT device under test

FEXT far-end crosstalk loss
IBC——International-Electrotechnical Commission
LCL longitudinal conversion loss

LCTL longitudinal conversion transfer loss
N network analyzer

NEXT near-end crosstalk loss

TCL transverse conversion loss

TLCTL transverse conversion transfer loss
SE single ended

Zr transfer impedance

4 Overall test arrangement

41 General

This document specifies-test methods and procedures for connectors.

The test methods and procedures for signal integrity and transmission performance specifigd
herein are referenced by connector standards, specified in IEC 60603-7, |IEC 60603-7-
IBC 610764~61076-3 and other standards for connecting hardware and their sectionp
specifications, with signal integrity specifications up to 2 000 MHz; such connector standarg
infclude \,IEC 60603-7-81, |EC 60603-7-82, |IEC 61076-3-110, IEC 61076-3-104, ar
IBC®B1076-2-109, which are used with twisted-pair cables having 100 Q nominal differentip
chardcteristic impedance

- Q n =

The test methods and procedures specified herein are referenced by connector standards for
connecting hardware typically used with twisted-pair cables having 100 Q nominal differential
characteristic impedance, which are specified in accordance with IEC 61156-1 cable
standards and its sectional specifications up to 2 000 MHz, e.g. IEC 61156-9 and
IEC 61156-10.

4.2 Test instrumentation
4.2.1 General

All test instrumentation shall be capable of performing measurements over the frequency
range of 1 MHz to-4-000 2 000 MHz.
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2.2 Vector network analyser

The test procedures hereby described require the use of a vector network analyzer. The
analyzer-should shall have the capability of full 2-port calibrations. The analyzer shall cover
the frequency range of 1 MHz to-4+666 2 000 MHz at least.

M

easurements are to be taken using a mixed mode test set-up, which is often referred to as

an unbalanced, modal decomposition or balun-less setup. This allows measurements of
balanced devices without use of an RF balun in the signal path.

© 5

m

th

tg
g

QO

uch a configuration also allows testing with either a common or differential mode stimulys
he or responses, ensuring that intermodal parameters can be measured witholt
connection.

16-port network analyzer-is—regquired shall be used to measure all combinations’of a 4-pgir
bvice without external switching, however the network analyzer shall haveya minimum of
ports (including one bi-directional port) to enable the data to be collated and calculated.

should be noted that the use of a 2-port analyzer will involve successive repositioning of the
easurement port in order to measure any given parameter.

4-port network analyzer is recommended as a practical minimum number of ports, as thjs
Il allow the measurement of the full 16 term mixed modesS-parameter matrix on a given pdir
bmbination without switching or reconnection in one direstion.

2.3 RF switching unit

order to minimise the reconnection of the BUT for each pair combination the use of a RF
vitching unit is also recommended.

ach conductor of the pair or pair combination under test shall be connected to a separate
brt of the network analyzer, and results are processed either by internal analysis within the
btwork analyzer or by an external application.

2.4 Reference loads and-termination loads

eference loads and through connections-are-needed shall be utilised for the calibration pf
e set-up. Requirements for the reference loads—are shall be as given in 4.9. Terminatign
ads-are-needed shall be utilised for termination of pairs, used and unused, which are n¢t
rminated by the network analyzer. Requirements for the termination loads-are shall be gs
ven in4-7and- 410 4.11.

bads used for calibration shall be paired as explained in Annex E to ensure good symmetfy
the €afibration plane.

4

3——Measurement-precautions

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

Consistent and stable resistor loads 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.

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

The relative spacing of conductors in the pairs shall be preserved throughout the tests to
the greatest extent possible.
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e The balance of the cables shall be maintained to the greatest extent possible by
consistent conductor lengths and pair twisting to the point of load.

e The sensitivity to set-up variations for these measurements at high frequencies demands
attention to details for both the measurement equipment and the procedures.

e The test setup has to be grounded appropriately.
4.4 Mixed mode S-parameter nomenclature

The ltest methods §pecified in this document are based on a lbalunlessl test setup in which all
tE} signals (RF voltages and currents)—are shall be defined relative to a common_ear h
dground). For a device with 4 terminals, a diagram is given in Figure 1.

—~~

Port 1 Port 3

Port 2 DUT ———— Port 4

L &

IEC

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

The 4-port device in Figure 1-is shall be characterised by the 16-term SE S-matrix given |n
Fprmula 1, in which the S-parameter S, expresses the relation between a single endgd
gsponse on port “b” resulting from a single ended stimulus on port “a”.

-

Sll S12 Sl3 S14
S: SZl S22 S23 S24 (1)
S31 S32 S33 SS4
S41 S4z S43 S44
Fpr a balanced devige,- each port—is shall be considered to consist of a pair of terminals
(¥ a balanced port)-as*opposed to the SE ports defined above, see Figure 2.
Port 1 Port 2
DUT
(balanced)

by a mixed mode S-matrix that includes all combinations of modes and ports, e.g. the mixed
mode S-parameter Spco4 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-can-be-presented-as are given in Table 1.
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Table 1 — Mixed mode S-parameter nomenclature
Differential mode Common mode
stimulus stimulus
Port 1 Port 2 Port 1 Port 2
Differential Port 1 Spp11 Spp12 Spe11 Spei2
mode

response Port 2 Spp21 Spp22 Speat Sbezz

Common mode Port 1 Scoi Scoiz Sceit Sceiz

o Port 2 Scp21 Scp22 Sceat Sceze
Al 4-terminal device can be represented both as a 4-port SE device as in -Bigure |1
characterised by a single ended S-matrix (Formula 1) and as a 2-port balanced(device as |n
Flgure 2 characterised by a mixed mode S-matrix (Table 1). As applying a SE.signal to a pgrt
is| mathematically equivalent to applying-superpesed superimposed differefitial and commgn
mode signals, the SE and the mixed mode characterisations of the device are interrelated.

conversion, the mixed mode S-parameters may be derived from the measured SE S-matrix.

4)5 Coaxial cables and interconnect for network analyzers

ssuming that the characteristic impedance of the network-analyzer is 50 Q, coaxial cablg
ted to interconnect the network analyzer, switching matrix and the test fixture shall be
D Q characteristic impedance and of low transfer impedance (double screen or more).

oc >

hese coaxial cables should be as short as pdssible.{}{-is—recommended-that-they don{
kceed1-000-mm-each-) Max 1 000 mm (on each port).

o -

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

b optimize dynamic range, the totallinterconnecting cable insertion loss should be less thg
dB-at4-000-MHz 7 dB at 2 000_MHz per metre.

T
=

46 Regquirements Characteristic for switching matrices

Switches (if used)-shalt\may be of a minimum of 2x4 configuration at all ports, although
syitch with a higher number of ports (e.g. 2x8, 1x16, 4x16) is recommended as this can allg
more complete orseven total measurement of the DUT without reconnection or moving tH
DUT. When such,-switching is used, it shall be constructed such that each port—be

configurable as<either input, output or 50 Q termination. All inactive ports of the switch sha
b

b terminatéd-with a 50 Q impedance load.

The conversion from SE to mixed mode S-parameters is given in AnnexA. Making use of thjs

Y

The santch shg
—He-—SWHre—-Shat

[op
()
o
D

o L)

The switch-shal may comply-te with the minimum switch performance recommendations given

by Table 2.
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Table 2 — Switch performance-recommendations requirements

Forommeter I'EMHZE‘HE"“ crecuirernentue e D00 S
Insertionloss (dB) 1 <£<1000) <0,5dB
B =68-20log(f) dB-
40-dB - max
24-dB-min
ETOSStatR (OB =505
Parameter Requirement Requirement
dB 1 MHz to 1 000 MHz 1 000 MHz to 2080 "MHz
[Insertion loss 0,5 dB max. 2,0 dB\max.
Return loss 68-20log(f) dB min. 18, dB min.
40 dB max.
24 dB min.
Crosstalk loss 105 dB min. 102 dB min.

Test fixture requirements
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r

NOTE-4
NOTT

vy

2,54

ah
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NOTE 2

IEC 340/13

ah

1,27
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NOTE 3
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Tt orcTarary opt
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£

£

Tbst fixtures shall meet thesreauirements of Table 3 when tested usina - apnropriate resistbr

tdrminations at the DUT inferface fixed connectors of the fixture after the network analvs

Qoo —atrt e ot
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4.7.1 Test fixture types

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

measurement of transmission parameters, with additional specifications, e.g. crossta
(NEXT) vector for crosstalk compensation parameters; e.g. IEC 60603-7 series (8-p0O
types), IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, IEC 60603-7-5, IEC 60603-7-4
IEC 60603-7-51, and IEC 60603-7-81.

b] Direct-probe test fixtures, for connector types utilizing single ended) direct-prol
measurement of transmission parameters, e.g. IEC 60603-7 series_ {(N2-pole types
IEC 60603-7-7, IEC 60603-7-71, IEC 60603-7-82, and IEC 61076-3-110:

c] Specialized test fixtures, for connector types utilizing a combinatier)of direct-probe ar
indirect-reference measurement of transmission parameters, eg.»/EC 61076-3-104, ar]
IEC 61076-2-109.

Fpr the test fixture types a), b), and c) detail specification§;ysee Annex C, Annex B, ar]
Ahnex C respectively.

4/8 Requirements for termination performance atccalibration plane

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

Table 3 — Requirements for {erminations at calibration plane

k
e
1 ’

~

Parameter Frequency Requirement-up-to-1-000-MHZ
MHz
$E Port (50 Q) return-loss (dB) 1< <1000 =74-20log(f}dB
-40-dB-max
B e e e e
-40-dB-max
e = e
94-dB max
Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
BE/APOr (50 Q) return loss (dB) 272-20log(f) dB 12 dB min.
4B
12 dB min.
DM port (100 Q) return loss (dB) 278-20log(f) dB 20 dB min.
40 dB max.
20 dB min.
DM Port to Port residual NEXT 2130-20log(f) dB 70 dB max.
94 dB max.
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4.9 Reference loads for calibration

To perform a 1-port or 2-port calibration of the test equipment, a short circuit, an open circuit
and a reference load are required. These devices shall be used to obtain a calibration.

The reference load shall be calibrated against a calibration reference, which shall be a 50 Q
load, traceable to an international reference standard. One 50 Q 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
C 60169-15, types—meant suitable for panel mounting, which-is are machined flat on the
back side, see Figure 3.

The option to use SMA-type connectors, according to IEC 60169-15 is preferred.

The load shall be fixed to the flat side of the connector. A network analyzer shall Qe
calibrated, 1-port full calibration, with the calibration reference. Thereafter, the return loss of
tHe reference load for calibration shall be measured. The verified return Idss’shall be >46 dB
al frequencies up to 100 MHz and >40 dB at frequencies above 100 MHZz and up to the limit
fdr which the measurements are to be carried out.

Machined flat

Load for calibration

SMA type connector IEC
Figure 3 — Calibration of reference loads

4110 Calibration
4]10.1 General

Idolation measurements shall be used as part of the calibration if the requirements of Table|3
afe not met.

The calibration\shall be equivalent to a minimum of a full 2-port SE calibration fpr
measurements\where the response and stimulus ports are the same (S,,4 and S,,»,), and|a
minimum ,of{a full 4-port SE calibration for measurements where the response and stimulys
ports aredifferent (S,, 4> and Sy,51).

Annindividual calibration shall be performed for each signal path used for the measurements.

If a complete switching matrix and 4-port network analyzer 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 minimise the number of calibration
measurements required.
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The calibration may be performed at the test interface using appropriate calibration artefacts,
or at the ends of the coaxial test cable using coaxialterminations standards and de-
embedding data representing the test fixture.

4.10.2 Calibration test interface

Where calibration is performed at the test interface, open, short and load measurements shall
be taken on each SE port concerned, and through and isolation measurements shall 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, short_and logd
measurements shall be taken on each port concerned, and through and “isolatign
measurements shall be taken on every pair combination of those ports. In addition, the tept
fixture shall then be de-embedded from the measurements. The de-embedding techniques
shall incorporate a fully populated 16 port S-matrix. It is not acceptable’ to perform |(a
de-embedded calibration using only reflection terms (Sq4, Syy, S33, Sy4) or only near erd
tdrms (S411,521,S42, Syo).

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

4111 Termination loads for termination of conductor pairs

4111.1 General

) a tn t ad o a n a a bl
9 wWHetogroun R HOH H HSea—of aGCthep thaer—te e HH
ode to around terminations shall he used on gl ¥active nairs and on - the onnosite ends bf
ROGEetO0grounRGte HORAS—SHah—PeUsSec ohaphactihve palrsahcoRmMeopPpoSHeenaSpi
attive pairs for NEXT and EFEXT testin Ingactiva aires _for return loss tes a <chall He
aEthVe—pPaHsS—10 =/ G =7 teS acth/e HS—OH ettH 10SS—1eStHg—Sah—13€e

50 Q loads to earth (ground) shall be uséd on all active wires under test for termination. 50 2
Idads to earth (ground) shall be used;on all inactive wires and on the opposite ends of active
wjres for NEXT and FEXT testing far termination. Inactive wires for return loss testing shall Qe
tgrminated with 50 Q loads to eacth (ground). See Figure 4.

50Q+0,1% 50Q+0,1%

50 Q loads to earth (ground)
for termination

IEC

Figure 4 — Resistor termination networks

Skal-geemetry—ehipresistors—shal-be-used-for-the—construction—ofresistorterminations—FHe
two 50 Q-BM SE terminating resistors shall be matched to within 0,1 % at DC, and 2 %
at-4-000 2 000 MHz (corresponding to a 40 dB return loss requirement at-4+-00808 2 000 MHz).

4.11.2 Verification-of-terminationloads 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.
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For the return loss measurement, a 2-port SE calibration-is—regquired 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 Spp¢4 and Sgcq4 from which the
differential mode return loss RLp),, and the common mode return loss RLyy, are determined.
The return loss of the resistor termination network shall meet the requirements of Table 3.

A tha rocidiiol NEDOWT oo iiramaant dovort-SE oolibheo a-cHHEa-d Aftar ~olibheoti
pF—tRe—Testauar— =71 T SOT CTTIICTTG 84 POTT O uallulauull S |U\.1u||Uu AHter—earpfato

F

connect the resistor termination networks and perform a full 4-port SE S-matrix measuremen
The measured S-matrix shall be transformed into the associated mixed mode S-matrix
o
N

=)

o

ptain the S-parameter Spp,q from which the residual NEXT of the termination
EXT 1esidual term 1S determined. The residual NEXT shall meet the requirements of\T'able 3.

Uy

4112 Termination of screens

H[As the connector under test is normally screened, screened measurement cables shall e
applied. The screen or screens of these cables shall be fixed to the earth (ground) plane as
close as possible to the calibration plane.

13 Test specimen and reference planes

13.1 General

4

4

The test specimen is a mated pair of relevant connecters. The connector reference plane for
tHe test specimen is the point at which the cable sheath enters the connector (the back end of
t

e connector) or the point at which the internmal geometry of the cable is no long

wr
-

H

H

maintained, whichever is farther from the connector, see Figure 5. This definition applies

bpth ends of the test specimen. The-fixed-canhecter DUT shall be terminated in accordand
W
a

T ® O

th the manufacturer’s instructions and shall be compatible with the measurement test set |
nd fixtures.

I ¢ )\ T

Plug side Socket side

\ /

Connector reference planes
IEC

Figure 5—=Definitiomofreferenceptanes
4.13.2 Interconnections between device under test (DUT) and the calibration plane

4.13.2.1 General

Twisted-pair-interconnect, coax, printed circuits or other qualified interconnections-are shall
be used between the connector reference plane of the DUT and the calibration plane. It is
necessary required to control the characteristics of these interconnections to the best extent
possible as they are beyond the calibration plane. These interconnections-sheuld shall be as
short as practical and their CM and DM |mpedances shaII be managed to m|n|m|ze the|r
effects on measurement.

may be used to facilitate impedance management.
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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
0:4 0,2 dB over the frequency range from 1 MHz to-4-6066 2 000 MHz.

4.13.2.2 Twisted-pair interconnect

4{13.2.2.1 General

hen used, twisted-pair interconnect shall have 100 Q nominal differential characteristjc
pedance. The twisted pairs should not exhibit gaps between the conductor insulation. The
twisted-pair interconnect may be obtained as an individual twisted-pair interconngect, or it may
bé part of a cable.

Refer to Annex B for additional information about interconnections between device under tept
UT) and the -calibration plane, for connector types typically |dtilizing twisted-pdir
interconnect with indirect-reference test fixtures.

REfer to Annex B for additional information about interconnections between device under tept
UT) and the calibration plane, wherein it is recommended(that all DUTs, including referenge
tgdst free connectors, have fixed connectors with 2,54 mmJspacing applied to the ends of thdir
interconnect to facilitate a consistent interfacing with thgitest fixture.

Refer to Annex B for additional information abalt fest pins which may be used to facilitate
pedance management.

The interconnect shall comply with the return loss requirements of-4-42.14-2 Table 4.

to earth (ground) terminations—areregquired shall be used and the interconnect-should
shall be placed in an impedance managing system. The maximum length of the twisted-pdir
Idads at each end of the DUT _shall be 51 mm, however-it-is—recommended-te they shall Qe
pt as short as possible.

4/13.2.2.2 Individual twisted-pair interconnect

Individual twisted-pair interconnect may be obtained from discrete twisted-pair stock or
gmoved from sheathed cable.

—

Prior to attachment to the DUT, the return loss of the pair shall be tested. For this test, |a
100 mm.Jength of individual twisted-pair shall be used. The twisted-pair shall be terminatgd
wjth a~50"Q differential mode to earth (ground) resistor termination network as described |n
4111, The resistor termination network shall be attached directly to the conductors of the pdir
inLsuch a way as to minimize the disturhance of the pair Potential disturbances include gaps
between the conductor insulation in the pair, melting insulation, and excess solder.

Return loss shall be tested according to4-42-4-2 Table 4.
The twisted-pair leads are then trimmed for attachment to the DUT and the test fixture.

4.13.2.2.3 Interconnect as part of cables

Interconnect may also be obtained from a section of twisted-pair cables where the four
twisted-pair interconnects 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.
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Prior to attachment to the DUT, the return loss of each of the cable 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 interconnect in 4.11. For the inactive
pairs, i.e. pairs not under test, the termination shall be applied to both ends.

Return loss shall be tested according to4-42-4-2 Table 4.

The cable shall then be terminated to the DUT per manufacturer’s instructions and trimmed
for attachment to the test fixture.

T
4
T
d
s

T

hall be tested for differential mode~return loss only and shall meet the requirements |n

hen this method is used with free connectors cut from assembled cords, it shall be sufficiept
the return loss of the cord cable is compliant to the category—7, 8.1 and category” 8|2
quirements of tEC64156-6 |IEC 61156-10:2016, or if the return loss of the assembled cord
compliant to the balanced cord category-7, 8.2 requirements of ISO/IEC 11801#1:2017.

13.2.3 Direct probe single ended interconnect

o

hen used, direct probe single ended interconnect shall have 50 Q~nominal single endq
oaxial) characteristic impedance. Coaxial cables and printed circuittransmission lines with|n
e test fixture, connected to the DUT connector contacts, shouldMe sufficiently matched {o
bnform to the interconnection DM return loss requirements of 4¢4322.4.

efer to Annex C for additional information about Interconnections between device under tept
UT) and the calibration plane, for connectors utilizing Dixect-probe test fixtures.

he interconnect shall comply with the return loss Fegjuirements of Table 4.

13.2.4 Interconnection DM return loss requirements

he return loss of the interconnection shall be tested using the mixed mode approach gs
pscribed in 4.11.2 for the verification of resistor termination networks. The interconnectign

bble 4.

Table 4 — Interconnection DM return loss requirements

rocenons Dllbeetopn loos
MHz dB
1< /<80 40-dB
80-< <1000 78—20log{AdB
20-dB-min
Frequency DM return loss
MHz dB
1</<100 40
100 < < 2 000 80 — 20log(f) dB
20 dB min.

Twisted-pair interconnects shall be prepared for test as described in—4-424+4+4—and
442442 4.13.2.2. When testing other interconnections, equivalent differential mode to
earth (ground) terminations shall be applied.
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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 Frequency Requirement
-MHz
-up-to-1-000-MHz
R
10-dB min
e
DM-port{(100-Q) returnloss,{(dB) 40-dB ek
10-dB-min
=60 —20log(f)
0 dB mi
.EE(E.; Q:)SSHS POFt{pair-to-pair) 113 —20log(f)
75-dB max.
INEXT-and FEXT
75.(5; Q)Fgf to-porttwit . >74—20loglh)
EXT FEXT 75-dB max.
NEXT and FEXT 94 dB max
o olesrn
:_QI:! I:QI:
70-dB-max
R
:_Q I:! I:Q I:
50-dB max
Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
> 68 — 20log(f)
BE\pSrt (50 Q) return loss, (dB) 20 dB max. 12 dB min.
12 dB min.
> 68 — 20log(f)
DM port (100 Q) return loss, (dB) 20 dB max. 12 dB min.
12 dB min.
> 68 — 20log(f)
CM port (50 Q) return loss, (dB) ' 20 dB max. 12 dB min.
12 dB min.
_SE (5_0 Q) port-to-port (pair-to-pair) > 125 — 20l0g(f)
isolation: 65 dB min.

NEXT and FEXT

80 dB max.
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Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
SE (50 Q) port-to-port (within a
pair) isolation: > 100 - 20log(/) 40 dB min.
NEXT and FEXT 70 dB max.
DM (100 Q) port-to-port isolation: > 140 - 20log(/) 80 dB min
DM (100 Q) port-to-port isolation: > 140 — 20log(/) .
ear-end-to-far-end? 94 dB max. L
DM (100 Q) insertion loss <12 dB <12 dB
> 90 - 20log(f)
TCL, LCL 30 dB mian,
50 dB max.
> 90 — 20log(f)
TCTL, LCTL 30\dB min.
50 dB max.

DUT common mode impedance is usually specified as 50 Q, therefore for measuréinents, a transformation i
required as specified in Annex A. For the case of balunless measurements the/cOmmon mode impedancsg

measurement and thus return loss is derived as specified in Annex A.

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

The meascuramente made in thic eclaiica ara afh 3" matad froce connactor and fived conneactar
He—meastrements—MmaaeHh—tHS—eradSeare ot g MmateaHeecoRhector aRaHXxea—conRhector
Cbhbmbpliance—to-this standard for g narticularidnterface _does not-ensure_interonerabilitv_with
SpRpHaRceto0tHS—Stahaarator—apatHcutairhite Hace—GaoesShRot—enRsure—thteroperadhity—wWHR
olher_interfaces aualified to this standar ea EC B81076-3-104 is not -interoperable wi

ofrer—hterfaces—quaHe a1ttt HS—SanRaaliée-e-g—e o otvfo-o-1+o4—1S—hRotHhtefroperadie—wWHhA
ltlis assumed-that the nperformance\variation-of all free connectors-of 3 aiven-interface-can-He
HSasstmeathattReperornaRceyvaratton-ora+HHee-cohhectorsora—ghvenihterHace6cahn1ge
ign ohseguen j nece o—¢q ee—conn o ed—fo e

The measurements made-ih this clause are on a free connector mated with a fixed connector|.
5|2 Insertion loss, test 28a

5|21 Object

The object of this test is to measure the insertion loss of a connecting hardware pair. Insertig

Igss is~defined here as the additional attenuation that is caused by a connecting hardware p4gi
insefted in a communication cable.

5.2.2 Connecting hardware insertion loss

Connecting hardware shall be tested for insertion loss in one direction using at least one free
connector.

5.2.3 Test method

Insertion loss is evaluated from the mixed mode parameter Spp,4 for each conductor pair.
The mixed mode S-parameters are derived by transformation of the SE S-matrix.
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5.2.4 Test set-up

The test set-up consists of a network analyzer and two test fixtures as described in Clause 4.
An illustration of the test set-up, 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. Interconnects (if used) shall be prepared and controlled per 4.13.2.

5.2.5 Procedure
5.2.51 Calibration

Al full 4-port SE calibration shall be performed at the calibration planes in accordance with
4110. Reference loads used for calibration shall be in accordance with 4.9.

a

2.5.2 Measurement

N
-

The DUT shall be arranged in a test set-up according to 5.2.4 and Figure 6including prop
tgrmination of the active and inactive pairs. A full SE S-matrix measurement shall &
performed. The measured SE S-matrix shall be transformed into the associated mixed mod
Stmatrix to obtain the S-parameter Spp,4 from which insertion loss is\determined.

Test all conductor pairs and record the results.

I I DUT I I
NA Port 1 | | 1 | NA Port 3
NA Port 2| | NA Port 4
500 | | 50 ©

e

%

Calibration plane Reference plane Reference plane Calibration pIaneIEc

Screen

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.
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5.2.7 Accuracy

Mate the two interfaces of the test equipment at the calibration plane and perform an IL
measurement.

Fhe—accuracy—shallbe—within—+0,05-dB- The accuracy shall be better than +1 dB at the

specification limit.

5.3 Return loss, test 28b

5)3.1 Object

The object of this test is to measure the return loss of a connecting hardware pair at'the two
gference planes.

—

513.2 Connecting hardware return loss

Cpnnecting hardware shall be tested for return loss in both directions using at least one frge
connector.

3.3 Test method

hirs. The mixed mode S-parameters are derived by’ transformation of the measurgd

5

Return loss is evaluated from the mixed mode parameters Spp74 and Sppy, for all conductor
P

SE S-matrix.

34 Test set-up

3=

h illustration of the test set-up, which‘also shows the termination principles, is shown |n
gure 9. Resistor termination networks, in accordance with 4.11 shall be applied for all actije

N
5
The test set-up consists of a network analyzer and two test fixtures as described in Clause
.
and inactive pairs. Interconnects (if.dsed) shall be prepared and controlled per 4.13.2.

Return loss may be measured in a test set-up using only one fixture and a 2-port SE
alibration and measurement,'In this case, the return loss is measured in only one direction at
altime.

Q

3.5 Procedure
3.5.1 Calibration

5

5

Al full 4-pert. SE calibration shall be performed at the calibration planes in accordance with
4110. Reference loads used for calibration shall be in accordance with 4.11.

5(3.5:2 Measurement

The DUT shall be arranged in a test set-up according to 5.3.4 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-parameters Spp441 and Spp,, from which the return loss is
determined.

Test all conductor pairs in both adirections and record the results.

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
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specification. Results for all pairs shall be reported. It shall be explicitly noted if the test

results exceed the test limits.

5.3.7 Accuracy

The return loss of the load for calibration is 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 set-
up (effectively the directional bridge implemented by the test set-up) by 6 dB. The accuracy of
the return loss measurements is then equivalent to measurements performed by a directional

bfidge with a directivity of 40 dB and 34 dB.

4 Near-end crosstalk (NEXT), test 28c
4.1 Object

bupling between the near ends of a disturbing and disturbed pair of a_cohnecting hardwa

5
5
The object of this test procedure is to measure the magnitude of the electri¢’ and magnet
;air combination.

5/4.2 Connecting hardware NEXT

Cpnnecting hardware shall be tested for NEXT in both djre¢tions using at least one fre
connector.

5/4.3 Test method

NEXT is evaluated from the mixed mode parameter.Spp,4 for all conductor pair combination
The mixed mode S-parameters are derived by transformation of the measured SE S-matrix.

514.4 Test set-up

The test set-up consists of a network-analyzer and a test fixture as described in Clause 4. A
illustration of the test set-up, which also shows the termination principles, is shown
Flgure 7. Resistor termination snetworks in accordance with 4.11 shall be applied for §
inactive pairs and for the ends“of active pairs not being connected to the network analyz
ports. Interconnects (if used) shall be prepared and controlled per 4.13.2.

U7

=35
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: DUT
NA Port 1]

NA Port 2 I
NA Port 31

9

os 4 o A 1 O

O Nwg -

T

NA Port 4,
500

iSOQ

T

Calibratié)n plane Referenz:e plane ReferenE:e plape Calibrati'on plane

Screen

IEC

Figure 7 — NEXT measurement

4.5 Procedure
451 Calibration

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

4.5.2 Establishment of noise floor

ne noise floor of the set-up-shall be measured. The level of the noise floor is determined |
hite noise, which may-be reduced by increasing the test power and by reducing th
hndwidth of the networkanalyzer, and by residual crosstalk within the test fixture.

ne noise floor shall be measured by terminating the test ports of the test fixture with resist
rmination networks and performing a full SE S-matrix measurement. The measurg
F S-matrix.sis® transformed into the associated mixed mode S-matrix to obtain th
-parameter. Sppyq from which the noise floor is established. The noise floor shall _
stablished/for all possible conductor pair combinations.

nenoise floor shall be 20 dB lower than any specified limit for the crosstalk. If the measurs

value Is closer to the noise 1loor than 20 db, this shall be reporied.

For high crosstalk values, it may be necessary to screen the terminating resistors.

5.

4.5.3 Measurement

The DUT shall be arranged in a test set-up according to 5.4.4 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 Spp,4 from which NEXT is determined.

The test has to be performed from both ends of the connecting hardware. Test all conductor
pair combinations and record the results.


https://iecnorm.com/api/?name=13656ecef1b9c43b7aec044167c2f8b1

IEC 60512-28-100:2019 RLV © IEC 2019 -29 —

5.

4.5.4 Determining pass and fail

The NEXT of the connecting hardware shall satisfy the requirements of the relevant detail
specification for all pair combinations and in both directions.

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

rg

5
T

5
5
T
c
c

5
T
A
F

p

measurements up to 85 dB.

nactive pairs and\for the ends of active pairs not being connected to the network analyzer

sults exceed the test limits.

4.7 Accuracy

he accuracy shall be better than +1 dB at measurements up to 60 dB and +2 dB at

5 Far-end crosstalk (FEXT), test 28d
5.1 Object
ne object of this test procedure is to measure the magnitude of the electric and magnetjc

bupling between the near end of a disturbing pair and the‘far end of disturbed pair of |a
bnnecting hardware pair combination.

5.2 Connecting hardware FEXT

pnnecting hardware shall be tested for FEXT~in/ both directions using at least one frge
bnnector.

5.3 Test method

EXT is evaluated from the mixed mode parameter Spp,¢ for all conductor pair combinations.
he mixed mode S-parameters are derived by transformation of the measured SE S-matrix.

5.4 Test set-up

he test set-up consists (ofya network analyzer and two test fixtures as described in Clause {.
h illustration of the test set-up, which also shows the termination principles, is shown
gure 8. Resistor_‘termination networks in accordance with 4.11 shall be applied for 4

=35

prts. Interconneets (if used) shall be prepared and controlled per 4.13.2.
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I I I I
I DUT I

NA Port 1 | I50

150 Q
i NA Port 3

NA Port 2 |
50 Q -

| NA Port 4

150 Q

Screen

Calibration plane Reference plane Reference plane Calibration plane
IEC

Figure 8 — FEXT measurement

5.5 Procedure
5.5.1 Calibration

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

5.5.2 Establishment of noise floor

ne noise floor of the set-up(is established as outlined in 5.4.5.2.

5.5.3 Measurement

%
-

ne DUT shall be‘arranged in a test set-up according to 5.5.4 and Figure 8, including prop
rmination ofy thé active and inactive pairs. A full SE S-matrix measurement shall b
brformed. ,)he measured SE S-matrix shall be transformed into the associated mixed mod
tmatrix to\obtain the S-parameter Spp,4 from which FEXT is determined.

bst 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.

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.
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5-:6—TFransferimpedance{Z ) Fest28e
Referto-test 26e-of IEC60512-26-100-

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

T

Q0

34 O

fansverse conversion Loss, [CL.

6.2 Connecting hardware TCL

pnnecting hardware shall be tested for TCL from both directions using at least' one frg
bnnector.

6.3 Test method

CL is evaluated from the mixed mode parameter Scpq¢ for all conductor pairs. The mixg
ode S-parameters are derived by transformation of the measured 'SE S-matrix.

6.4 Test set-up

ne test set-up consists of a network analyzer and a testfiXture as described in Clause 4. A
ustration of the test set-up, which also shows the)y‘termination principles, is shown
gure 9. Resistor termination networks in accordance with 4.11 shall be applied for §
active pairs and for the ends of active pairs pot being connected to the network analyz
brts. Interconnects (if used) shall be preparediand controlled per 4.13.2.

| | DUT | |
NA Port 1 - . . -50Q

}CI X D{I ><i><I XX >ﬁ| lj
NA Port 2 | ' ' '
50Q |

g

Screen

g

Calibration plane Reference plane Reference plane Calibration plane
IEC

Figure 9 — Return loss and TCL measurement
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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 set-up shall be measured. The level of the noise floor is determined by
white noise, which may be reduced by Increasing the iest power and by reducing {fe
hndwidth of the network analyzer, and by residual intermodal crosstalk within the test fixture.

O

The noise floor, a,,ise, Shall be measured by terminating the test ports of the test fixture wi
rgsistor termination networks and performing a full SE S-matrix measurement. The measurg
F S-matrix is transformed into the associated mixed mode S-matrix--t0” obtain the
-parameter Scp14 from which the noise floor is calculated as:

QT

—~
T
~

anoise =—2010g|Scp14)|

The noise floor shall be established for all conductor pairs.

The noise floor shall be 20 dB lower than any specified. Yimit for balance. If the measurgd
value is closer to the noise floor than-40 20 dB, this shall*be reported.

A

6.5.3 Measurement

4
=

The DUT shall be arranged in a test set-up ¢according to 5.6.4 and Figure 9, including prop
tgrmination of the active and inactive pairs. A full SE S-matrix measurement shall he

brformed. The measured SE S-matrix 'shall be transformed into the associated mixed mode
rmatrix to obtain the S-parameter Sgpy4 from which TCL is calculated as:

no

TCL =-20log|Scp11] )

The test-has—te shall be-performed from-thefree—connector-end—of both directions on the
bnnecting hardware T est all conductor pairs and record the results.

o

6.6 Test report

5

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 det3i
specification. Results for all pairs shall be reported. It shall be explicitly noted if the te
rgsdlts-exceed the test limits.

U =
—_ —

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.
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5.7.2 Connecting hardware TCTL

Connecting hardware shall be tested for TCTL from both directions using at least one free

connector.

5.7.3 Test method

TCTL is evaluated from the mixed mode parameter Ssp,¢ for all conductor pairs. The mixed

mode S-parameters are derived by transformation of the measured SE S-matrix.

7.4 Test set-up

5

The test set-up consists of a network analyzer and two test fixtures as described in Clause

An illustration of the test set-up, which also shows the termination principles, is-shown

Flgure 6. Resistor termination networks in accordance with 4.11 shall be applied for §
inactive pairs. Interconnects (if used) shall be prepared and controlled per 4.13:2.

7.5 Procedure
7.5.1 Calibration

5
5
Al full 4-port SE calibration shall be performed at the calibration-planes in accordance wi
4/10. Reference loads used for calibration shall be in accordance with 4.11.

a

7.5.2 Noise floor

The noise floor of the test set-up shall be measured’using the same approach as outlined
5]7.5.2 adapted to the 4-port test set-up used for TCTL.

The noise floor a, s is calculated from Sips3-as:

Anoise = —2010g|SCD21| (4

The same requirements as des¢ribed in 5.6.5.2 adapted to TCTL as in the four--ort test set-u

used for TCL-measurements-apply.

7.5.3 Measurement

ne DUT shall belarranged in a test set-up according to 5.7.4 and Figure 6, including prop
rmination of the active and inactive pairs. A full SE S-matrix measurement shall 1
brformed. The' measured (4-port) SE S-matrix shall be transformed into the associatg
-port) mixed mode S-matrix to obtain the S-parameter Sgp,4 from which TCTL is calculate

p .

O =T F - [3)]

p

%
—

[o RN e RN )]

The test shall be performed from both directions on the connecting hardware. Test all
conductor pairs and record the results.

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
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9

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 (Z1), test 26e
581 Ohjnrt
The object of this test is to measure the shield transfer impedance of a common-mod @al
transferred through the shield of the DUT. This is specifically required for sé?ened
cpnnectors and not applicable for unshielded connectors. N
Q
Fpr further information on applicability, see IEC 60512-26-100, refer to test 2%(1/
5(8.2 Connecting hardware Ttansfer impedance (Zy) QD’
Cpnnecting hardware Transfer impedance (Z1) shall be tes\t@gf in accordance with
IHC 62153-4-12 up to 100 MHz.
COQ
5]8.3  Test method O
The transfer impedance (Z1) test method for connectoréq‘l\ttlizes the triaxial-tube-in-tube or the
lime injection apparatus. <<
518.4 Test set-up Q
D
The test set-up consists of a networ s@nalyzer and test fixtures as described |n
IBC 62153-4-12. Resistor termination n ks in accordance with 4.11 shall be applied for all
inactive pairs. Interconnects (if used)$ be prepared and controlled per 4.13.2.
)
Tfansfer impedance measuremenl\\}ata may be derived from a common measurement set-yp
described in IEC 62153-4-12. %O
Q)

5{8.5 Procedure C)\\
5/8.5.1  Calibratioh
Al full 4-port SEC(Qbration shall be performed at the calibration planes in accordance with
4110. Refere@ioads used for calibration shall be in accordance with 4.11.
5 8.5.2@oise floor
Th ise floor of the test set-up shall be measured using the same approach as outlined |n
56&§—W - -
The noise floor a, s is calculated from Scp,¢ as:

8noise = —20108|Scpa1| (6)

5.8.5.3 Measurement

The DUT shall be arranged in a test set-up according to the test fixtures as described in
IEC 62153-4-12.
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The test should be performed from the free connector end of the connecting hardware. Test
all conductor pairs and record the results.

5.8.6 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.

518.7 Accuracy A
The accuracy shall be better than £3 dB at the specification limit. O,)

N
5]9 Coupling attenuation (a¢) (19

5/9.1  Object O

The object of this test is to measure the mode converéq} ratio through the shield (common
mode to differential-mode) of a signal in the condugtor’pairs of the DUT. This is specifically
rgquired for screened connectors and optional for hielded connectors.

5]9.2 Connecting hardware coupling at;\@}t\lation (ac)

Cpnnecting hardware coupling attenuati %hall be tested in accordance with IEC 62153-4-12

oyer the frequency range of 30 MHz t&\g 00 MHz.
R\

O

The coupling attenuation ( \§~test method for connectors is based on coupling attenuatia

(g C) measurement methce‘)s\\ hich utilize triaxial-tube-in-tube or absorbing-clamp apparatus.

5/9.3 Test method

5

-

5]9.4 Test set-u
The test set-uﬁ)consists of a network analyzer and test fixtures as described

IgC 62153-4%\.’Resistor termination networks in accordance with 4.11 shall be applied for 4
inactive p ~Interconnects (if used) shall be prepared and controlled per 4.13.2.

Q%C)éProcedure

[ HN FH
muTativiil

= 35

5

5

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.

5.9.5.2 Noise floor

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

The noise floor a is calculated from S;p,q as:

noise
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Anoise = —20log |SCD21| (7)

5.9.5.3 Measurement

The DUT shall be arranged in a test set-up according to the test fixtures as described in

IEC 62153-4-12 including proper termination of the active and inactive pairs. A full S

E

S-matrix measurement shall be performed. The measured (three-port) SE S-matrix shall be
transformed into the associated (two-port) mixed mode S-matrix to obtain the S-parameter

Sgpo1 from which coupling attenuation is calculated as.

Q
Ac =—2010g|SCD21| qu(

N
The test should be performed from the free connector end of the connecting Qware. Te

-

all conductor pairs and record the results. Q-
NO

5/9.6 Test report Q

The test results shall be reported in graphical or table format 'fﬂ/’the specification limi

hhown on the graphs or in the table at the same frequencies as cified in the relevant detd
becification. Results for all pairs shall be reported. It shal explicitly noted if the te

rgsults exceed the test limits. C)
N
@)

The accuracy shall be better than +£3 dB at the sp@&ation limit.

S
S

519.7 Accuracy

‘\

il
5t
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Annex A
(informative)

Example Derivation of mixed mode parameters using
the modal decomposition technique

A.1 General

I:lis not a requirement of this document to require that a full derivation is produced, and any
ethod of extracting the required S-parameters is acceptable. This may be achieved by the
use of network analyzer hardware functions, specific mathematical software, or by eircyi
simulation tools.

—

This informative annex presents a summary of how to derive mixed mode pardameters from
41port measurements of S-parameters.

Ah impedance matrix (Z) of the DUT can be calculated based on Formula'A.1.
VZ ZZl ZZZ ZZ3 ZZ4

V3 Z31 Z32 Z33 Z34
V4- Z41 Z42 Z43 Z44

Vl le ZIZ Z13 Zl4 Il
(A1)

Where V' is the voltage and [ is the current, see Figure A.1:

Figure A.1 — Voltage and current on balanced DUT

A.2 Example of a calculation

The modal/domain impedance matrix [Z™M] is then calculated from Formula A.2 below, usirg
tHe conversion matrices given in Formula A.3 and Formula A.4.

™ = P;17Q, (A.2)
Pt o0

Pt =[ 0 P—l] (A.3)

e=[s q (A4)

In the case of a 1 pair DUT, the size of the conversion matrices becomes 4x4 with the values
given in Formula A.5 and Formula A.6
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(A.5)

(A.6)

The conversion matrices replace the balun transformers and are referred to as mathematical

e
i Figure A.2.
Vb1
Ve
Vb2
Vez
Ip1 I
&—> \
Vb1 T | V4
¢
UeP) I
c—>
Ve T % V2

Vl T

\Z
V3

m
11
L3
L3
11}
Z41

baluns, producing Formula A.7 and Formula A.8.

= Qe

L4}
45
13
A

[Ip1
Icq
Ip2
e,

m
13

m
Z23
m
Z33
m
Z43

m
14

m
L34
m
L3y
m
Z4-4

Substituting Formula A.7 and Formula A.8 into Formula A% Formula A.9 is obtained, which
huivalent to a set of hybrid transformers attached at each end of the cable pair as describg

Ipg
Icq
Ip2
Icz

(A.8)

[o RN}

)/ IEC

Figure A.2 — Voltage and current on unbalanced DUT

For the measurements concerned in this standard, S-parameters are measured and converted
into Z-Parameters. The Z-parameter matrix of a 2n-port circuits can be derived using

Formula A.10.

1
Where E is a 2n x 2n unit matrix and Rz is given by Formula A.11.

1 1
7 = Rz[E + S][E — S| 'Rz

(A.10)
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vii 0 .0
Ri=| 0 B/E 2 (A.11)
O e 0 Vr2n

Where r, is the impedance of the measurement port, typically 50 Q, giving Formula A.12

[0 o e 0

FaY =l

Re=| v VoY : (AR)
[ 0 - oJ
0 0 50

D

The S-parameters in the modal domain are then calculated using Formula A.13, givirlg
Fprmula A.14.

1 1
Sm = R_2[Z™ — R, ][Z™ + Ryy]IRZ, (A1)
1 Vrml 0 0
RE=| O B/@ 0 . (A.14)
0 e 0 VrmZn

o

By this method it is possible to convert unbalance aetwork analyzer measurements into mixs
mode S-matrices which contain both balanced and unbalanced parameters, as |n
Fprmula A.15.

Sll SlZ Sl3 814— SDDII SDCll SDDlZ SDC12

SZI SZZ SZ3 824- SCDll SCCll SCD12 SCClZ -
= A.1)

Ssi Ss2 535S |  |Sopz1 Soca Sopzz Soca: (A-19)

S41 S42 S43 544 SCD21 SCC21 SCD22 SCCZZ
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Annex B
(normative)

Indirect-reference test fixtures

B.1 General

Indirect-reference test fixtures are used for measurement of transmission parameters for
cfnnector types e.g. IEC 60603-7 series (8-pole types), TEC 60603-7-2, TEC 60603-(-B,
IBC 60603-7-4, IEC 60603-7-5, IEC 60603-7-41, IEC 60603-7-51, IEC 60603-7-81. o

The indirect-reference test fixtures and associated test procedures used for,\%asurirg
IHC 60603-7 series 8-pole connector types transmission parameters shall confoym to thdir
rgspective detail specification test procedures requirements and to the requirements in thjs

annex. In the case that a conflict arises between the requirements in th pective detgil
specification test procedures and this standard, the respective detail,'\epecification tept
procedures shall take precedence. (1/

4

U7
—

The IEC 60603-7 series, 8-pole connector types detail specifica@\and respective detail te
procedures standards for connector transmission parameter(%) easurements are given |n
Thble B.1.

Table B.1 — IEC 60603-7 series, 8-pole connecﬁqﬁ?pes detail specifications
and respective detail connector tth roedures standards
D\

Connector specification Frequency QV Test procedure Frequency
MHz ¢ :\\ MHz
S

IEC 60603-7-2 100 @ IEC 60512-26-100 100

[EC 60603-7-3

[EC 60603-7-4 é&ﬁ IEC 60512-26-100 250

[EC 60603-7-5 \\\

IEC 60603-7-41 @) 500 IEC 60512-27-100 500

IEC 60603-7-51 GLS

IEC 60603-7-81 ‘\\Cf 2 000 IEC PAS 60512-27-200 2 000

S

.
-

B.2 Require@@ts

Bl2.1 G@ral requirements

Irfdire t%g?arence test fixtures shall meet the overall test fixtures minimum signal integrity
rg qQ/éments listed in 4.14.
AN

NOTE The overall test fixtures minimum signal integrity requirements are additional requirements, applicable to
all test fixture types.

B.2.2 Specific requirements

Reference test fixtures shall conform to the test fixtures requirements given in the respective
connector standard test procedure standard, given in Table B.1.

The 2000 MHz reference connector crosstalk (NEXT) vector for testing crosstalk
compensation circuits shall conform to the limits or fall within the boundary value ranges
described in Table B.2.
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The reference test fixtures shall be modified for 2 000 MHz according to the requirements
the  supplemental
IEC PAS 60512-27-200.

given

2 000 MHz

connector standard test

Table B.2 — Reference connector crosstalk (NEXT) vector

procedure,

Case # Pair combination Limit Limit free connector NEXT loss |[Limit free connector NEXT loss
magnitude phase (degrees)?) 2
dB

Cphse 1 3,6-4,5 Cow 78, T-2010g(/) Measured TFC phase

Cpse 2 3,6-4,5 Central 78,6-20log(f) Measured TFC phase

Cpse 3 3,6-4,5 Central 79,0-20log(f) Measured TFC phase

Cpse 4 3,6-4,5 High 79,5-20log(f) Measured TFE phase

Cpse 5 1,2-3,6 Low 86,5-20log(f) Measured TFC phase

Cpse 6 1,2-3,6 High 89,5-20log(f) Measuxed TFC phase

Cpse 7 3,6-7,8 Low 86,5-20log(f) Measured TFC phase

Cpse 8 3,6-7,8 High 89,5-20log(f) Measured TFC phase

Cpse 9 1,2-4,5 Low 97-20log(Y) +90

Cpse 10 1,2-4,5 High 110-20log(f) -90

Cpse 11 4,5-7,8 Low 97-20log(Y) +90

Chse 12 4,5-7,8 High 110-20log(/) -90

Chse 13 1,2-7,8 Low 106-2016g(/) Measured TFC phase

Chse 14 1,2-7,8 High 106£20169(/) Measured TFC phase

minus 180°

-

N

| TFC NEXT loss phase is determined by following thé-procedure in IEC PAS 60512-27-200.

| The reference plane for measuring TFC NEXTde$$ phase and mated NEXT loss shall be the interface plane 4
described in IEC PAS 60512-27-200.

[
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Annex C
(normative)

Direct-probe test fixtures

C.1 General

Direct-probe test fixtures are for connector types utilizing single ended direct-probe

N\
Djrect-probe test fixtures shall meet the overall t fixtures minimum signal integri
rgquirements listed in 4.14. Q

NPTE The overall test fixtures minimum signal integriL& uirements are additional requirements, applicable

al| test fixture types. S\\}'
Cl2.2 Specific requirements \\g\@
Djrect-probe connector’s signal integeity test fixtures should meet the minimum signal integri
rgquirements listed in Table C.1. Q\
O
o~

&
o&
Q-
Q.

O
3

mleasuremeni of transmission parameters, e.g. IEC 60603-/ series (12-pole tygs
IBC 60603-7-7, IEC 60603-7-71, IEC 60603-7-82, and IEC 61076-3-110. o
The direct-probe test fixtures and associated test procedures used for measuring IE\@.)SOGOB-
s¢ries 12-pole connector types transmission parameters shall conform to t respectiy
detail specification test procedures requirements and to the requirements in this @nnex. In th
case that a conflict arises between the requirements in the respective detai ecification tept
procedures and this standard, the respective detail specification test 8{) dures shall tak
precedence. (1/
4
_ N
C.2 Requirements Q<O
©
Cl2.1 General requirements Q/C)

to

Yy

N
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Table C.1 — Direct-probe test fixture requirements

Parameter

Requirement

1 MHz to 1 000 MHz

Requirement

1 000 MHz to 2 000 MHz

> 78 — 20log(f)
SE port (50 Q) return loss, (dB) 30 dB max. 18 dB min.
18 dB min.
> 78 — 20log(f)
DM port (100 Q) return loss, (dB) 30 dB max. 18 dB min.
18 dB min.
> 78 — 20log(f)
CM port (50 Q) return loss, (dB) 30 dB max. 18 dB min®
18 dB min.
_>E (5_0 Q) port-to-port (pair-to-pair) > 135 — 20l0g(f)
isolation: 75 dB min.
\EXT and FEXT 85 dB max,
>E_ (5_0 Q) _por.t-to-port (within a > 110 — 20log(f)
air) isolation: 50 dB min.
\EXT and FEXT 80 dB max.
tn : P > 140 — 20log(f)
j'\EAX('|1'00 é)?zgg(r_f_ to-port isolation: 80 dB min.
an 94 dB max.
-to- i ion: > 140 — 20log(#)
DM (10(3j (t)) ?ort todport isolation: (% 80 dB min.
ear-end-to-rar-en 94 dB max
DM (100 Q) insertion loss < 6dB <6dB
>80 — 20log(f)
TCL, LCL 30 dB min.
50 dB max.
> 90 — 20log(f)
TCTL, LCTL 30 dB min.
50 dB max.

Ahnex A.

UT common mode impedance is usually specified as 50 Q, therefore for measurements,
hnsformation is required as specified in Annex A. For the case of balunless measuremen
e common mode fmpedance measurement and thus return loss is derived as specified

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

)
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D.

Annex D
(normative)

Specialized test fixtures

1 General

Specialized test fixtures are for connector types utilizing a combination of direct-probe and

in
IH

T
in
tr
re
th
re

D

sfandard test procedure, exgIEC 60512-29-100.

direct-reference measurement of transmission parameiers, e.g. IEC b107b-d-‘|04,&r
C 61076-2-109. W

he specialized test fixtures, for connector types utilizing a combination of direct,@:be ar

st procedure
rises betwesd
is standard, tH

quirements and to the requirements in this annex. In the case that a confl
e requirements in the respective detail specification test procedures an
spective detail specification test procedures shall take precedence. (1/

4

bnsmission parameters, shall conform to their respective detail specificatic@

: N
.2 Requirements Q<O
©

2.1 General requirements Q/C)

N\
pecialized test fixtures shall meet the overall t%‘t fixtures minimum signal integri
quirements listed in 4.14. Q

DTE The overall test fixtures minimum signal integriL& uirements are additional requirements, applicable
test fixture types. S\\}'

becialized test fixtures should meekcg'e direct-probe test fixtures minimum isolatid
quirements listed in Table C.1. \$

2

2.2 Specific requirements 4\

<
becialized test fixturesgg}}conform to the requirements given in the respective connect

-
C)O
N

O
3

direct-reference test fixtures, and the associated test procedures used for n}?uring thei
€

d

to

N
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Annex E
(informative)

Symmetry verification of resistors used for calibration

9

To ensure correct evaluation of symmetry of test fixtures the resistors used as termination
have to be verified. This will avoid wrong calibration and wrong test results afterwards if a real
DUT is connected to the test interface. If we consider the TCL formula from above and add

the single ended S-parameters in the formula we find:

TCL =-20 10g|SCD1 1| =-20log S11+S13-S31-S33| Q%
N
We can expect that the crosstalk from wire ‘a’ to wire ‘b’ is the same as from Wl/ ‘b’ to wi
>
Cb,'\
S13 = S31 (1, (E.

Q

=

this case we have to compare the two return loss mea %ents S14 and Sji3. TH
bnclusion therefore is, that only if both measurements are ar high TCL values can &
Chieved for termination networks.

!DO

Ap a first step a reference termination has to be ch \n This will be used to find simil
tdrminations which can be achieved after to achieve/best TCL values on the calibration plan

This reference termination has to be used to do Il 1-port calibration using the referend
tgrmination as load. To see differences betwep\ oads it is recommended to use a polar pl
a$ shown in Figure E.1. \0

Ap the DUT reaches highest TCL valuexaq low frequencies this part of the frequency rang
has to be used to define which termlnguons have to be paired.

Ap shown in Figure E.1 also 5'h§ MA termination will differ one from another. TCL is mo
ctitical at low frequencies and efore only this range is given above.

Ohe has to choose two I@s which show the same deviations to the reference load.

-

Ap an example Fi E.2 shows the same cable tested, once using paired termination arj
once using termingtions with the same magnitude but opposite phases. As explained aboy
the effect c e seen at the lowest frequencies, for 100 m cables up to 10 MHz. If oth
DUTs are like mated connectors, this can cover the whole frequency range, as th
a tenuaé f the DUT is very low.

e

&S
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Figure E.1 — Example of 50 Q SMA termination coamparison (1 MHz — 100 MHz)

Comparison of TCL magnitude between selectéd and non-selected terminations

e L

)
l. TCL 12 with selected termination
-70 L ===== TCL 12 without selected termination | -
!.i TCL 36 with selected termination
'-l ===== TCL 36 without selected termination
~80 [ § TCL Level 1 T
TCL Level 2
o
3 _90 1 1 1 =
. 100 107 102 103
O * Frequency (MHz)
= IEC

Figure E.2 — Comparison of phase selected and only magnitude selected terminations

At these levels also the transmission and reflection measurement uncertainty of the VNA
cannot be neglected. This leads to a residual TCL level. By using paired termination at least
the influence of the termination can be reduced.
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Even though terminations’ return loss might be exactly the same (in practice they do not),
transmission uncertainty is not, and thus there will always be a finite residual symmetry value.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 28-100: Si Linteqrity test 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 (EC"is to promoje
international co-operation on all questions concerning standardization in the electrical and\efectronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heredfter referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest¢d
in the subject dealt with may participate in this preparatory work. International, governmental and nop-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closdly
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 IHC
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 possiblesin their national and regional publications. Any divergeng¢e
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated fin
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 apy
services carried out by independentccertification bodies.

All users should ensure that theylhave the latest edition of this publication.

No liability shall attach to JEC\or its directors, employees, servants or agents including individual experts apd
members of its technical cemmittees and IEC National Committees for any personal injury, property damage pr
other damage of any . nature whatsoever, whether direct or indirect, or for costs (including legal fees) apd
expenses arising out.of the publication, use of, or reliance upon, this IEC Publication or any other IHC
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) Attentiop~is,drawn to the possibility that some of the elements of this IEC Publication may be the subject [of
patentights. IEC shall not be held responsible for identifying any or all such patent rights.

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

This second edition cancels and replaces the first edition, issued in 2013, and constitutes a
technical revision.

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

e The title is revised from 1 000 MHz to 2 000 MHz to reflect the range of frequencies which
may be tested.

o All tables and requirements have been revised up to 2 000 MHz.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
48B/2756/FDIS 48B/2766/RVD

Full information on the voting for the approval of this International Standard can be found in

the report on voting indicated in the above table.

This-document has been drafted in accordance with the |ISQ/IEC Directives Part 2

Fbture standards in this series will carry the new general title as cited above. Titles of €xistin
sfandards in this series will be updated at the time of the next edition.

Al list of all parts of IEC 60512 series, under the general title Connectors for electrical an
electronic equipment — Tests and measurements can be found on the IEC website.

The committee has decided that the contents of this document will remain’unchanged until th
sfability date indicated on the IEC website under "http://webstore.iecch” in the data related
thHe specific document. At this date, the document will be

¢| reconfirmed,

e| withdrawn,

o | replaced by a revised edition, or

e| amended.

g

d

e

that it contains colours which _are considered to be useful for the correc
uhderstanding of its contents. Users should therefore print this document using
colour printer.

IMPORTANT - The 'colour inside' logo~on the cover page of this publication indicateE
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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

9

Y

Scope

This part of IEC 60512 specifies the test methods for signal integrity and trafismissig
performance for connectors specified in respective parts of |IEC 60603-7, EC 61076-
IBC 61076-2, and IEC 61076-3 standards for connecting hardware appli¢ations up
21000 MHz. It is also suitable for testing lower frequency connectors, however, the te
mlethodology specified in the detail specification for any given connector remains th
rgference conformance test for that connector. The above list of connector’series of standard
dpes not preclude referencing this document in other connector manufacturer’s specificatior
of 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 (NKCTL), test 28g.
Other test procedures referenced heregin are:

—| transfer impedance (Z7), see}EC 60512-26-100, test 26e.
for coupling attenuation (ag), see IEC 62153-4-12.

2| Normative references

content constitutes requirements of this document. For dated references, only the editig
cited applies) For undated references, the latest edition of the referenced document (includin
any amendments) applies.

(uul

C/60050-581, International Electrotechnical Vocabulary (IEV) — Part 581: Electromechanic

The following decuiments are referred to in the text in such a way that some or all of thdi

=

g

mponents for electronic equipment

o

IEC 60169-15, Radio-frequency connectors — Part 15: R.F. coaxial connectors with inner
diameter of outer conductor 4,13 mm (0.163 in) with screw coupling — Characteristic

impedance 50 ohms (Type SMA)

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 arrangement 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
279

IEC PAS 60512-27-200, Connecteurs 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 —
Pert29-166-Sighrat-integrity-testsupto-500-MHzonMiI2-styteconnectors—Tests29a+to29¢

BC 60603-7, Connectors for electronic equipment — Part 7: Detail specification for_ 8-way,
uhshielded, free and fixed connectors

IEC 60603-7-1, Connectors for electronic equipment — Part 7-1: Detail specification for 8-way,
shielded, free and fixed connectors

IBC 60603-7-2, Connectors for electronic equipment — Part 7-2: DetailSpecification for 8-way,
unshielded, free and fixed connectors, for data transmissions with fréquencies up to 100 MHz

IBC 60603-7-3, Connectors for electronic equipment — Part 7-3;-Petail specification for 8-way,
shielded, free and fixed connectors, for data transmission with,frequencies up to 100 MHz

IBC 60603-7-4, Connectors for electronic equipment — Part 7-4: Detail specification for 8-way,
unshielded, free and fixed connectors, for data transmisSions with frequencies up to 250 MHz

IHC 60603-7-5, Connectors for electronic equipment — Part 7-5: Detail specification for 8-way,
shielded, free and fixed connectors, for datactransmissions with frequencies up to 250 MHz

IHC 60603-7-7, Connectors for electronic;equipment — Part 7-7: Detail specification for 8-way,
shielded, free and fixed connectors foidata transmission with frequencies up to 600 MHz

IHC 60603-7-41, Connectors for)electronic equipment — Part 7-41: Detail specification fopr
8iway, unshielded, free and\fixéd connectors, for data transmissions with frequencies up to
500 MHz

IgC 60603-7-51, Connectors for electronic equipment — Part 7-51: Detail specification for
8iway, shielded, free and fixed connectors, for data transmissions with frequencies up fo
500 MHz

IgC 60603-7-71, Connectors for electronic equipment — Part 7-71: Detail specification for
8iway, _shielded, free and fixed connectors, for data transmission with frequencies up {o
1|1000(MHz

IEC60603-7-81, Connectors for electronic equipment — Part 7-81. Detalt—specification for
8-way, shielded, free and fixed connectors, for data transmissions with frequencies up to
2 000 MHz

IEC 60603-7-82, Connectors for electronic equipment — Part 7-82: Detail specification for
8-way, 12 contacts, shielded, free and fixed connectors, for data transmission with
frequencies up to 2 000 MHz

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

IEC 61076-2, Connectors for electronic equipment — Product requirements — Part 2: Sectional
specification for circular connectors
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IEC 61076-2-109, Connectors for electronic equipment — Product requirements — Part 2-109:
Circular connectors — Detail specification for connectors with M 12 x 1 screw-locking, for data
transmission frequencies up to 500 MHz

IEC 61076-3, Connectors for electronic equipment — Product requirements — Part 3:
Rectangular connectors — Sectional specification

IEC 61076-3-104, Connectors for electronic equipment — Product requirements -
Part 3-104: Detail specification for 8-way, shielded free and fixed connectors for data
trersmisstons—with-frequenetes—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 {o
3|000 MHz

IBC 61156-1, Multicore and symmetrical pair/quad cables for digital communications — Part [I:
Gleneric specification

IBEC 61156-9, Multicore and symmetrical pair/quad cables for digital communications — Part P:
Chables for channels with transmission characteristics up to 2 GHz = Sectional specification

IHC 61156-10:2016, Multicore and symmetrical pair/quad cables for digital communications |-
Pgrt 10: Cables for cords with transmission charactetistics up to 2 GHz — Sectiongl
specification

IHC 61169-16, Radio-frequency connectors — Part*16: RF coaxial connectors with inngr
dlameter of outer conductor 7 mm (0,276 in) with screw coupling — Characteristic impedandge
50 ohms (75 ohms) (Type N)

IHC 62153-4-12, Metallic communication.'cable test methods — Part 4-12: Electromagnetjc
compatibility (EMC) — Coupling attenuation or screening attenuation of connecting hardware|—
Apsorbing clamp method

ISO/IEC 11801-1:2017, Information technology — Generic cabling for customer premises |-
Ppart 1: General requirements

3| Terms, definitions and abbreviated terms

Fpr the purpaeses of this document, the terms and definitions given in IEC 60050-58{
IHC 61076-1,SIEC 60512-1, IEC 60603-7, IEC 61076-3-104 and IEC 61076-3-110, and the
fdllowing apply.

I30and IEC maintain terminological databases for use in standardization at the following
agldresses:

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

e |SO Online browsing platform: available at http://www.iso.org/obp
31 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
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3.1.2
mixed mode <parameter or measurement>

parameters or measurements containing differential mode, common mode, and intermodal

S-matrices

3.2 Abbreviated terms

ac coupling attenuation

CM common mode

D cifferentiat-mode

DlJT device under test

FEXT far-end crosstalk loss

LCL longitudinal conversion loss

LCTL longitudinal conversion transfer loss
NE network analyzer

NEXT near-end crosstalk loss

TLCL transverse conversion loss

TCTL transverse conversion transfer loss
SE single ended

Zr transfer impedance

4| Overall test arrangement

41 General

This document specifies test methods and procedures for connectors.

The test methods and procedures for-signal integrity and transmission performance specifie
herein are referenced by connector standards, specified in IEC 60603-7, IEC 60603-7-
IEC 61076-2, 61076-3 and other standards for connecting hardware and their section
specifications, with signal integrity specifications up to 2 000 MHz; such connector standarg
infclude IEC 60603-7-81,-.CIEC 60603-7-82, IEC 61076-3-110, IEC 61076-3-104, arn
IEC 61076-2-109, which(are used with twisted-pair cables having 100 Q nominal differenti
characteristic impedance.

The test methods and procedures specified herein are referenced by connector standards fi
connecting hafdware typically used with twisted-pair cables having 100 Q nominal differenti
C:I\aracteristic impedance, which are specified in accordance with |EC 61156-1 cab
sfandards” Yand its sectional specifications up to 2 000 MHz, e.g. IEC 61156-9 arn
IHC 61156-10.

DI
Al
e

412" Test instrumentation

4.2.1 General

All test instrumentation shall be capable of performing measurements over the frequency

range of 1 MHz to 2 000 MHz.

4.2.2 Vector network analyser

The test procedures hereby described require the use of a vector network analyzer. The
analyzer shall have the capability of full 2-port calibrations. The analyzer shall cover the

frequency range of 1 MHz to 2 000 MHz at least.
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Measurements are to be taken using a mixed mode test set-up, which is often referred to as
an unbalanced, modal decomposition or balun-less setup. This allows measurements of
balanced devices without use of an RF balun in the signal path.

Such a configuration also allows testing with either a common or differential mode stimulus or
responses, ensuring that intermodal parameters can be measured without reconnection.

A
w

16-port network analyzer shall be used to measure all combinations of a 4-pair device
ithout external switching, however the network analyzer shall have a minimum of 2-ports

+h datat 2N alatad na laglotad

t

(@}

5

(ip

mleasurement port in order to measure any given parameter.

aldinea n i dirantiangl ~ ot P2 PN alarls
rorodmTy oo oTUumm e o toTar puUT ) TU CTaoTe e Uata o o o UuTmatcU—armra oarcuratcus

should be noted that the use of a 2-port analyzer will involve successive repositioning-of the

4-port network analyzer is recommended as a practical minimum number of ports, as thjs
Il allow the measurement of the full 16 term mixed mode S-parameter matrix-on a given pdir
pmbination without switching or reconnection in one direction.

2.3 RF switching unit

order to minimise the reconnection of the DUT for each pair combination the use of a RF
vitching unit is also recommended.

ach conductor of the pair or pair combination under test shall be connected to a separate
brt of the network analyzer, and results are processeéd either by internal analysis within the
btwork analyzer or by an external application.

2.4 Reference loads and termination loads

eference loads and through connectionsdshall be utilised for the calibration of the set-up.
equirements for the reference loads, shall be as given in 4.9. Termination loads shall Qe
ilised for termination of pairs, usediand unused, which are not terminated by the network
nalyzer. Requirements for the termination loads shall be as given in 4.11.

bads used for calibration shall be paired as explained in Annex E to ensure good symmetfy
the calibration plane.

3 Measurement precautions

b ensure a high degree of reliability for transmission measurements, the following
ecautions arewrequired.

Consistent and stable resistor loads shall be used throughout the test sequence.

Cable and adapter discontinuities, as introduced by physical flexing, sharp bends arld

réstraints shall be avoided before, during and after the tests.

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

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

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

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

The test setup has to be grounded appropriately.
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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
For a device with 4 terminals, a diagram is given in Figure 1.

Port 1 Port 3

).

Db
rort s

—

/]

IEC

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

ne 4-port device in Figure 1 shall be characterised by the 16-term "SE S-matrix given
prmula 1, in which the S-parameter S,, expresses the relation“between a single ends
sponse on port “b” resulting from a single ended stimulus on port“a”.

-

9

Sy S S 8

g S Sn Sx Sy (
Sy Sy OSq Sy
Sy Sav S, S

14

43

N

M

br a balanced device, each port shall be considered to consist of a pair of termina
a balanced port) as opposed to the ;SE ports defined above, see Figure 2.

—~~

Port 2

—

= IEc

Port(1

I

Figure 2 — Diagram of a balanced 2-port device

DUT
(balanced)

[0 R ]

Is

The device 15 be characterised by a mixed mode S-matrix thatnctudes attcombinations

f

modes and ports, e.g. the mixed mode S-parameter Sp,4 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 are

given in Table 1.
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Table 1 — Mixed mode S-parameter nomenclature
Differential mode Common mode
stimulus stimulus
Port 1 Port 2 Port 1 Port 2
Differential Port 1 Spp11 Spp12 Spe11 Spei2
mode

response Port 2 Spp21 Spp22 Speat Sbezz

Common mode Port 1 Scoi Scoiz Sceit Sceiz

o Port 2 Scp21 Scp22 Sceat Sceze
Al 4-terminal device can be represented both as a 4-port SE device as in -Bigure |1
characterised by a single ended S-matrix (Formula 1) and as a 2-port balanced(device as |n
Flgure 2 characterised by a mixed mode S-matrix (Table 1). As applying a SE.signal to a pgrt
is| mathematically equivalent to applying superimposed differential and commen mode signalg,
tHe SE and the mixed mode characterisations of the device are interrelated. The conversign
from SE to mixed mode S-parameters is given in Annex A. Making use~0Dthis conversion, tHe

mixed mode S-parameters may be derived from the measured SE S-matfix.

4)5 Coaxial cables and interconnect for network analyzers

ssuming that the characteristic impedance of the network-analyzer is 50 Q, coaxial cablg

D Q characteristic impedance and of low transfer impedance (double screen or more).
These coaxial cables should be as short as possible. Max 1 000 mm (on each port).
The screens of each cable shall be electrically bonded to a common earth (ground) plane.

Tp optimize dynamic range, the total_interconnecting cable insertion loss should be less thg
7|dB at 2 000 MHz per metre.

6 Characteristic for switching matrices

4
Switches (if used) may be of a minimum of 2x4 configuration at all ports, although a switg
wjth a higher number of ‘ports (e.g. 2x8, 1x16, 4x16) is recommended as this can allow mo
complete or even total measurement of the DUT without reconnection or moving the DU]
When such switching is used, it shall be constructed such that each port is configurable &
input, output or(50°Q termination. All inactive ports of the switch shall be terminated with
50 Q impedangce load.

The switch/ may comply with the minimum switch performance recommendations given &
Thable2,

A
uged to interconnect the network analyzer, switching matrix and the test fixture shall be of
5

Table 2= Switch performance requirements

Parameter Requirement Requirement
dB 1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
Insertion loss 0,5 dB max. 2,0 dB max.
Return loss 68-20log(f) dB min. 18 dB min.
40 dB max.
24 dB min.
Crosstalk loss 105 dB min. 102 dB min.
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4.7
4.7

Test fixture requirements

A1 Test fixture types

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

a)

Indirect-reference test fixtures, for connector types utilizing a reference connector for
measurement of transmission parameters, with additional specifications, e.g. crosstalk
(NEXT) vector for crosstalk compensation parameters; e.g. IEC 60603-7 series (8-pole
types), IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, |IEC 60603-7-5, |IEC 60603-7-41,

ICoe cnen2 7 64 ond 0 oncnN2 7 04

418

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

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

N UUuUvUVU ' Tr"vrT, diuiTi-o UUUUUTT 7O T.

Direct-probe test fixtures, for connector types utilizing single ended direct-prohe
measurement of transmission parameters, e.g. IEC 60603-7 series (12-pole<types
IEC 60603-7-7, IEC 60603-7-71, IEC 60603-7-82, and IEC 61076-3-110.

Specialized test fixtures, for connector types utilizing a combination of direct-probe arld
indirect-reference measurement of transmission parameters, e.g. IEC 64076-3-104, and
IEC 61076-2-109.

~

Requirements for termination performance at calibration plane

Table 3 — Requirements for termination's at calibration plane

Parameter Requirement Requirement
1 MHzto 1 000 MHz 1 000 MHz to 2 000 MHz
BE Port (50 Q) return loss (dB) 272-20log(f) dB 12 dB min.
40 dB max.
12 dB min.
DM port (100 Q) return loss (dB) 278-20log(f) dB 20 dB min.
40 dB max.
20 dB min.
DM Port to Port residual NEXT 2130-20log(f) dB 70 dB max.
94 dB max.

419

Tp perferm a 1-port or 2-port calibration of the test equipment, a short circuit, an open circyi
and a\reference load are required. These devices shall be used to obtain a calibration.

Reference loads for calibration

=3

The reference load shall be calibrated against a calibration reference, which shall be a 50 O
load, traceable to an international reference standard. One 50 Q 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 60169-15, 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 60169-15 is preferred.
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The load shall be fixed to the flat side of the connector. A network analyzer shall be
calibrated, 1-port full calibration, with 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.

Machined flat
1/
iri

N\

Load for calibration

SMA type connector IEC
Figure 3 — Calibration of reference loads

410 Calibration

4110.1 General

7

olation measurements shall be used as part of the calibration if the requirements of Table|3
afe 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 (S,,11 and S,,5,), and|a

inimum of a full 4-port SE calibration for measurements where the response and stimulys
ports are different (Sy, 4o and Sy,51).

Ah individual calibration shall be performed for each signal path used for the measurements.

fla complete switching matrix and 4-port network analyzer 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-part
calibrations, although many of-the measurements within each calibration are in common with
other calibrations.

A| software or hardware package may be used to minimise the number of calibratign
measurements redquired.

The calibration*may be performed at the test interface using appropriate calibration artefactg
or at thesends of the coaxial test cable using coaxial standards and de-embedding data
gpresenting the test fixture.

—

4110.,2 Calibration test interface

Where calibration is performed at the test interface, open, short and load measurements shall
be taken on each SE port concerned, and through and isolation measurements shall 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, short and load
measurements shall be taken on each port concerned, and through and isolation
measurements shall 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 port S-matrix. It is not acceptable to perform a
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de-embedded calibration using only reflection terms (Sq4, Sy, S33, Sy4) or only near end
terms (S44,551,512, Sy5).

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

500 loads to earth (grmmd) shall he used on all active wires under test for termination. 50 Q
dads to earth (ground) shall be used on all inactive wires and on the opposite ends of actiye
wjres for NEXT and FEXT testing for termination. Inactive wires for return loss testing shall e
tgrminated with 50 Q loads to earth (ground). See Figure 4.

500+£0,1% 50Q+0,1%

50 Q loads to earth (ground)
for termination
IEG

Figure 4 — Resistor termination'networks

Small geometry chip resistors shall be used for the )construction of resistor terminations. The
two 50 Q SE terminating resistors shall be matched to within 0,1 % at DC, and 2 % at
21000 MHz (corresponding to a 40 dB return/Joss requirement at 2 000 MHz.

4111.2 Impedance matching resistoritermination 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
tgrmination networks at the calibration plane.

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

After calibration; ~eonnect the resistor termination network and perform a full 2-pdrt
SE S-matrix measurement. The measured SE S-matrix shall be transformed into the
agsociated /mixed mode S-matrix to obtain the S-parameters Spp44 and Sggq4 from which the
differential™mode return loss RLp),, and the common mode return loss RLy), are determineg.
The return loss of the resistor termination network shall meet the requirements of Table 3.

Fprithe 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 Spp,q from which the residual NEXT of the terminations,
NEXT esiqual term: IS determined. The residual NEXT shall meet the requirements of Table 3.

4.12 Termination of screens

As the connector under test is normally screened, screened measurement cables shall be
applied. The screen or screens of these cables shall be fixed to the earth (ground) plane as
close as possible to the calibration plane.
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4.13 Test specimen and reference planes
4.13.1 General

The test specimen is a mated pair of relevant connectors. The connector reference plane for
the test specimen is the point at which the cable sheath enters the connector (the back end of
the connector) or the point at which the internal geometry of the cable is no longer
maintained, whichever is farther from the connector, 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:

I I S~

Plug side Socket side

\ /

Connector reference planes
IEC

Figure 5 — Definition of reference planes

4]13.2 Interconnections between 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 betwegn
tHe connector reference plane of thesDUT and the calibration plane. It is required to contrpl
tHe characteristics of these intercannections to the best extent possible as they are beyord
the calibration plane. These interconnections shall be as short as practical and their CM ar|d
DM impedances shall be managed to minimize their effects on measurement.

The DM return loss performance of the interconnections shall meet the requirements of
Thable 4. The insertion less performance of the interconnections is assumed to be less thgn
0J2 dB over the frequency range from 1 MHz to 2 000 MHz.

4/13.2.2 Twisted-pair interconnect
4{13.2.2.1 General

When\dsed, twisted-pair interconnect shall have 100 Q nominal differential characteristjc
inpedance. The twisted pairs should not exhibit gaps between the conductor insulation. The
twisted-pair interconnect may be obtained as an individual twisted-pair interconnect, or it may
be part of a cable.

Refer to Annex B for additional information about interconnections between device under test
(DUT) and the calibration plane, for connector types typically utilizing twisted-pair
interconnect with indirect-reference test fixtures.

Refer to Annex B for additional information about interconnections between device under test
(DUT) and the calibration plane, wherein it is recommended that all DUTs, including reference
test free connectors, have fixed connectors with 2,54 mm spacing applied to the ends of their
interconnect to facilitate a consistent interfacing with the test fixture.
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Refer to Annex B for additional information about test pins which may be used to facilitate
impedance management.

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

DM to earth (ground) terminations shall be used and the interconnect 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 shall be kept as short as possible.

413.2.2.2 Individual twisted-pair interconnect

Individual twisted-pair interconnect may 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. Far this test, |a
100 mm length of individual twisted-pair shall be used. The twisted-pair shalb be terminatgd
wjth a 50 Q differential mode to earth (ground) resistor termination network as described |n
4111. The resistor termination network shall be attached directly to the-conductors of the pdir
i such a way as to minimize the disturbance of the pair. Potential disturbances include gaps
between the conductor insulation in the pair, melting insulation, and\eXcess solder.

Return loss shall be tested according to Table 4.
The twisted-pair leads are then trimmed for attachment to the DUT and the test fixture.

4]13.2.2.3 Interconnect as part of cables

Ifterconnect may also be obtained from a section of twisted-pair cables where the folr
twisted-pair interconnects are maintained in‘the cable sheath. This method will most often he
used with free connectors cut from the .efds of assembled balanced cords, but can also Qe
used with fixed connectors.

Prior to attachment to the DUT, the\return loss of each of the cable pairs within the cable shall
be tested. For this test, a 100 mim length of cable shall be used. Each pair of the cable shall
bé terminated as described for-the individual twisted-pair interconnect in 4.11. For the inactiye
pairs, i.e. pairs not under.test, the termination shall be applied to both ends.

Return loss shall bedested according to Table 4.

The cable shall then be terminated to the DUT per manufacturer’s instructions and trimmegd
fdr 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 the category 8.1 and category 8|2
rgquirements of IEC 61156-10:2016, or if the return loss of the assembled cord is compliant {o
the balanced cord category 8.2 requirements of ISO/IEC 11801-1:2017.

4.13.2.3 Direct probe single ended interconnect

When used, direct probe single ended interconnect shall have 50 Q 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 interconnect shall comply with the return loss requirements of Table 4.
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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 requirements

applied.

Frequency DM return loss
MHz dB
1<f<100 40
100 < /<2000 80 — 20log(f) dB
20 dB min.

4|14 Overall test setup requirements

Twisted-pair interconnects shall be prepared for test as described in 4(13.2.2. When testin
other interconnections, equivalent differential mode to earth (ground)iterminations shall b

The requirements of the overall test setup shall meet the «€quirements of Table 5 when testq
using terminations according to 4.11.

Table 5 — Overall test setup requirements

d

Parameter

1 MHz)to 1 000 MHz

Requirement

Requirement

1000 MHz to 2 000 MHz

50 dB max.

S 68 — 20log()
BE port (50 Q) return loss, (dB) 20 dB max. 12 dB min.
12 dB min.
> 68 — 20log(/)
DM port (100 Q) return loss, (dB) 20 dB max. 12 dB min.
12 dB min.
> 68 — 20log(/)
CM port (50 Q) return loss, (dB) * 20 dB max. 12 dB min.
12 dB min.
BE (50 Q)(port-to-port (pair-to-pair
i;olétion') : port (7 pei) > 125 - 20log(/) ;
\ 65 dB min.
UEXT ahd FEXT 80 dB max.
\.;E (SC Q) 'J\Jlt tU 'J\Jlt (Vv;th;ll [=) _
pair) isolation: > 100 — 20log(/) 40 dB min.
NEXT and FEXT 70 dB max.
DM (100 Q) port-to-port isolation: > 140 - 20log(/) 80 dB min
NEXT and FEXT 94 dB max. :
DM (100 Q) port-to-port isolation: > 140 - 20log(/) 80 dB min
near-end-to-far-end? 94 dB max. :
DM (100 Q) insertion loss <12 dB <12 dB
> 90 - 20log(/)
TCL, LCL 30 dB min.
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Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
> 90 - 20log(f)
TCTL, LCTL 30 dB min.
50 dB max.

1 DUT common mode impedance is usually specified as 50 Q, 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.

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

5| Connector measurements up to 2 000 MHz

A

1 General

The measurements made in this clause are on a free connector mated with,a fixed connector.

52 Insertion loss, test 28a
5]2.1 Object

The object of this test is to measure the insertion loss of a cennecting hardware pair. Insertign
Igss is defined here as the additional attenuation that is catsed by a connecting hardware p4gir
inserted in a communication cable.

5/2.2 Connecting hardware insertion loss

pnnecting hardware shall be tested for insertion’loss in one direction using at least one frge
bnnector.

Q0

5/2.3 Test method

-1

sertion loss is evaluated from the mixed mode parameter Spp,4 for each conductor pa
The mixed mode S-parameters_are derived by transformation of the SE S-matrix.

=

2.4 Test set-up

5

The test set-up consists-of a network analyzer and two test fixtures as described in Clause .
An illustration of thertest set-up, which also shows the termination principles, is shown |n
Flgure 6. Resistor-termination networks in accordance with 4.11 shall be applied for §
inactive pairs. dnterconnects (if used) shall be prepared and controlled per 4.13.2.

2.5 Procedure

2.5.1 Calibration

5

5

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.

5.2.5.2 Measurement

The DUT shall be arranged in a test set-up 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
performed. The measured SE S-matrix shall be transformed into the associated mixed mode
S-matrix to obtain the S-parameter Spp,4 from which insertion loss is determined.

Test all conductor pairs and record the results.


https://iecnorm.com/api/?name=13656ecef1b9c43b7aec044167c2f8b1

- 22 - IEC 60512-28-100:2019 © IEC 2019

I I DUT I I

NA Port 1 | i i | NA Port 3
NA Port 2| | NA Port 4
500 | I 50 0

e

i

Calibration plane Reference plane Reference plane Calibration planeIEc

Screen

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 limi
s
s

pecification. Results for all pairs shall{bé reported. It shall be explicitly noted if the te
rgsults exceed the test limits.

5]2.7 Accuracy

Mate the two interfaces of the test equipment at the calibration plane and perform an
measurement.

The accuracy shall.beibetter than +1 dB at the specification limit.

(2]

3 Return loss, test 28b

a

3.1 Object

The object of this test is to measure the return loss of a connecting hardware pair at the tw
gference planes.

—

hown on the graphs or in the table at the same frequencies as specified in the relevant detai

U =
—_ —

5.3.2 Connecting hardware return loss

Connecting hardware shall be tested for return loss in both directions using at least one free

connector.

5.3.3 Test method

Return loss is evaluated from the mixed mode parameters Spp414 and Spp,, for all conductor
pairs. The mixed mode S-parameters are derived by transformation of the measured

SE S-matrix.
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5.3.4 Test set-up

The test set-up consists of a network analyzer and two test fixtures as described in Clause 4.
An illustration of the test set-up, which also shows the termination principles, is shown in
Figure 9. Resistor termination networks in accordance with 4.11 shall be applied for all active
and inactive pairs. Interconnects (if used) shall be prepared and controlled per 4.13.2.

Return loss may be measured in a test set-up using only one fixture and a 2-port SE
calibration and measurement. In this case, the return loss is measured in only one direction at
a time.

3.5 Procedure
3.5.1 Calibration

5

5

Al full 4-port SE calibration shall be performed at the calibration planes in accerdance with
4110. Reference loads used for calibration shall be in accordance with 4.11.

3.5.2 Measurement

U
—

5

The DUT shall be arranged in a test set-up according to 5.3.4 and Figure 9, including prop
tgrmination of the active and inactive pairs. A full SE S-matrix measurement shall he
performed. The measured SE S-matrix shall be transformed.into the associated mixed mode
Stmatrix to obtain the S-parameters Spp44 and Spps,from which the return loss |s
determined.

Test all conductor pairs in both directions and record the results.

3.6 Test report

5

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

T =
—_~

3.7 Accuracy

5

The return loss of the load for calibration is verified to be greater than 46 dB up to 100 MRz
and greater than 40 dB at higher frequencies. The uncertainty of the connection between the
cpnnector under testiand the test fixture is expected to deteriorate the return loss of the seft-
up (effectively the directional bridge implemented by the test set-up) by 6 dB. The accuracy of
thHe return losssmeasurements is then equivalent to measurements performed by a directiongl
bridge with a directivity of 40 dB and 34 dB.

5l4 Near-end crosstalk (NEXT), test 28c

541 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 connecting hardware
pair combination.

5.4.2 Connecting hardware NEXT

Connecting hardware shall be tested for NEXT in both directions using at least one free
connector.
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5.4.3 Test method

NEXT is evaluated from the mixed mode parameter Spp,4 for all conductor pair combinations.
The mixed mode S-parameters are derived by transformation of the measured SE S-matrix.

5.4.4 Test set-up

The test set-up consists of a network analyzer and a test fixture as described in Clause 4. An
illustration of the test set-up, 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 network analyzér
ports. Interconnects (if used) shall be prepared and controlled per 4.13.2.

I I I I
: DUT :
NA Port 1]

NA Port 2 I
NA Port 3!

NA Port4i
50Qi

-

Screen

T

Calibration plane Reference plane Reference plane Calibration plane”:_C

Figure 7 — NEXT measurement

4.5 Procedure
4.5.1 Calibration

5

5

Al full 4-paort SE calibration shall be performed at the calibration planes in accordance with
4110. Reference loads used for calibration shall be in accordance with 4.11.

5.4.5:2—Establishmentof noise floor

The noise floor of the set-up shall be measured. The level of the noise floor is determined by
white noise, which may be reduced by increasing the test power and by reducing the
bandwidth of the network analyzer, 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 is transformed into the associated mixed mode S-matrix to obtain the
S-parameter Spp,q from which the noise floor is established. The noise floor shall be
established for all possible conductor pair combinations.
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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.
For high crosstalk values, it may be necessary to screen the terminating resistors.

5.4.5.3 Measurement

The DUT shall be arranged in a test set-up according to 5.4.4 and Figure 7, including proper
termination of the active and inactive pairs. A full SE S-matrix measurement shall be

p rformed The measured SE S_matrix shall be transformed into the associated mixed mod

Stmatrix to obtain the S-parameter Spp,4 from which NEXT is determined.

The test has to be performed from both ends of the connecting hardware. Test all conduct
pair combinations and record the results.

A

4.5.4 Determining pass and fail

specification for all pair combinations and in both directions.

4.6 Test report

hown on the graphs or in the table at the same frequencigs’as specified in the relevant deta
pecification. Results for all pairs shall be reported. At shall be explicitly noted if the te
rgsults exceed the test limits.

5
The test results shall be reported in graphical or table format with the specification limi
S
s

514.7 Accuracy

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

5 Far-end crosstalk (FEXT), test 28d
5.1 Object

bupling between the near end of a disturbing pair and the far end of disturbed pair of

5
5
The object of this test procedure is to measure the magnitude of the electric and magnet
g)nnecting hardware pair combination.

5]5.2 Conngecting hardware FEXT

Cpnnecting\drardware shall be tested for FEXT in both directions using at least one frg
connectorn

5/5.3 Test method

The NEXT of the connecting hardware shall satisfy the requirements ©f the relevant detai

e

U =
—_ —

FEXT is evaluated from the mixed mode parameter Spp,4 for all conductor pair combinations.

The mixed mode S-parameters are derived by transformation of the measured SE S-matrix.

5.5.4 Test set-up

The test set-up consists of a network analyzer and two test fixtures as described in Clause 4.
An illustration of the test set-up, 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 network analyzer

ports. Interconnects (if used) shall be prepared and controlled per 4.13.2.
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I I I I
I DUT I

NA Port 1 | I50

150 Q
i NA Port 3

NA Port 2 |
50 Q -

| NA Port 4

150 Q

Screen

Calibration plane Reference plane Reference plane Calibration plane
IEC

Figure 8 — FEXT measurement

5.5 Procedure
5.5.1 Calibration

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

5.5.2 Establishment of noise floor

ne noise floor of the set-up(is established as outlined in 5.4.5.2.

5.5.3 Measurement

%
-

ne DUT shall be‘arranged in a test set-up according to 5.5.4 and Figure 8, including prop
rmination ofy, thé active and inactive pairs. A full SE S-matrix measurement shall b
brformed. J)he measured SE S-matrix shall be transformed into the associated mixed mod
tmatrix to\obtain the S-parameter Spp,4 from which FEXT is determined.

bst 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.

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.
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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 Connecting hardware TCL

Cpnnecting hardware shall be tested for TCL from both directions using at least one 1re
cponnector.

a

6.3 Test method

TEL is evaluated from the mixed mode parameter Scpq4 for all conductor pairs. The mixg
mode S-parameters are derived by transformation of the measured SE S-matrix.

516.4 Test set-up

The test set-up consists of a network analyzer and a test fixture as“déscribed in Clause 4. A
lustration of the test set-up, which also shows the terminatien principles, is shown
gure 9. Resistor termination networks in accordance with<4.11 shall be applied for §
active pairs and for the ends of active pairs not being conhected to the network analyz
brts. Interconnects (if used) shall be prepared and controlfed per 4.13.2.

| | DUT | |
NA Port 1 - . . -50Q

NA Port 2 |
50Q |

g

50-0 |

Screen

I
g
I I
Calibration plane Reference plane Reference plane Calibration plane
IEC

Figure 9 — Return loss and TCL measurement
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6.5 Procedure
6.5.1 Calibration

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

6.5.2 Noise floor

The noise floor of the set-up shall be measured. The level of the noise floor is determined by

W

O

T

T

a

no

(¢

5
T

rgsulis-exceed the test limits.

value is closer to the noise floor than 20 dB, this shall be‘reported.

shown on(the graphs or in the table at the same frequencies as specified in the relevant det3i
s

ite noise, which may be reduced by increasing ihe test power and by reducing fe
hndwidth of the network analyzer, and by residual intermodal crosstalk within the test fixture.

ne noise floor, a,,ise, Shall be measured by terminating the test ports of the test fixture wi
sistor termination networks and performing a full SE S-matrix measurement. The measurs
F S-matrix is transformed into the associated mixed mode S-matrix--t0” obtain the
-parameter Scp14 from which the noise floor is calculated as:

[oXRg=y

—~
T
~

anoise =—201log|Scp1|

he noise floor shall be established for all conductor pairs.

ne noise floor shall be 20 dB lower than any specified¥imit for balance. If the measurgd

6.5.3 Measurement

%
—

ne DUT shall be arranged in a test set-up@cecording to 5.6.4 and Figure 9, including prop
rmination of the active and inactive pairs. A full SE S-matrix measurement shall b
brformed. The measured SE S-matrix shall be transformed into the associated mixed modg
-matrix to obtain the S-parameter Sgpy4 from which TCL is calculated as:

@ @

TCL=-20 ]Og|SCD1 1| ( 3)

he test shall be performed from both directions on the connecting hardware. Test 3l
bnductor pairs and record the results.

6.6 Test report

he test reSults shall be reported in graphical or table format with the specification limits

U =
—_ —

pecification. Results for all pairs shall be reported. It shall be explicitly noted if the te

5.

T

6.7 Accuracy

he accuracy shall be better than +1 dB at the specification limit.

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

5
T

71 Object

he 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.
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5.7.2 Connecting hardware TCTL

Connecting hardware shall be tested for TCTL from both directions using at least one free
connector.

5.7.3 Test method

TCTL is evaluated from the mixed mode parameter S;p,¢ for all conductor pairs. The mixed
mode S-parameters are derived by transformation of the measured SE S-matrix.

7.4 Test set-up

3=

5

The test set-up consists of a network analyzer and two test fixtures as described in Clause

An illustration of the test set-up, which also shows the termination principles, is*shown

Flgure 6. Resistor termination networks in accordance with 4.11 shall be applied for §
inactive pairs. Interconnects (if used) shall be prepared and controlled per 4.13:2.

=35

7.5 Procedure
7.5.1 Calibration

5

5

Al full 4-port SE calibration shall be performed at the calibration-planes in accordance with
4110. Reference loads used for calibration shall be in accordance with 4.11.

(2]

7.5.2 Noise floor

The noise floor of the test set-up shall be measure@/using the same approach as outlined |n
5]7.5.2 adapted to the 4-port test set-up used for TCTL.

The noise floor a, ;s is calculated from Scps3-as:

ansise =—20log|Scpo| )

The same requirements as described in 5.6.5.2 adapted to TCTL as in the four--ort test set-yp
sed for TCL.

C

7.5.3 Measurement

ne DUT shall be(arranged in a test set-up according to 5.7.4 and Figure 6, including prop
rmination of the active and inactive pairs. A full SE S-matrix measurement shall he
brformed. The ‘'measured (4-port) SE S-matrix shall be transformed into the associatgd
-port) mixed mode S-matrix to obtain the S-parameter Scp,4 from which TCTL is calculatgd

p .

O N0 & - N
%
=

TCTL =-20lagls

ono
A\ =4

4
T

1~
O
~

The test shall be performed from both directions on the connecting hardware. Test all
conductor pairs and record the results.

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.
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5.7.7 Accuracy

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

5.8 Shield transfer impedance (Z1), 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 screened

cpnnectors and not applicable tor unshielded connectors.
Fpr further information on applicability, see IEC 60512-26-100, refer to test 26e.

5]8.2 Connecting hardware Ttansfer impedance (Zy)

Cpnnecting hardware Transfer impedance (Z;) shall be tested in, ‘accordance wi
IHC 62153-4-12 up to 100 MHz.

5/8.3 Test method

The transfer impedance (Z1) test method for connectors utilizes the triaxial-tube-in-tube or th
lime injection apparatus.

518.4 Test set-up

The test set-up consists of a network analyzér and test fixtures as described
IEC 62153-4-12. Resistor termination networks ifi)accordance with 4.11 shall be applied for §
inactive pairs. Interconnects (if used) shall be prepared and controlled per 4.13.2.

Transfer impedance measurement data may be derived from a common measurement set-u
described in IEC 62153-4-12.

8.5 Procedure
8.5.1 Calibration

5
5
Al full 4-port SE calibration shall be performed at the calibration planes in accordance wi
4

e

=35

10. Reference loads.used for calibration shall be in accordance with 4.11. "
5/8.5.2 Noise floor
The noise floor of the test set-up shall be measured using the same approach as outlined |n
5]6.5.2 adapted to the 4-port test set-up used for TCTL.
Thelnoise floor a ;s is calculated from S, as:
anoise =—2010g|Scpa1| (6)

5.8.5.3 Measurement

The DUT shall be arranged in a test set-up according to the test fixtures as described in

IEC 62153-4-12.

The test should be performed from the free connector end of the connecting hardware. Test

all conductor pairs and record the results.
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5.8.6 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.

5.8.7 Accuracy

The accuracy shall be better than £3 dB at the specification limit.

5]9 Coupling attenuation (a¢)

5]9.1 Object

The object of this test is to measure the mode conversion ratio through the shield (commo
m

ode to differential-mode) of a signal in the conductor pairs of the DUT. This is specifical
rgquired for screened connectors and optional for unshielded connectors.

5]9.2 Connecting hardware coupling attenuation (a¢)

Cpnnecting hardware coupling attenuation shall be tested in ac€ordance with IEC 62153-4-1
oyer the frequency range of 30 MHz to 2 000 MHz.

5/9.3 Test method

The coupling attenuation (ac) test method for conngctors is based on coupling attenuatig
(g C) measurement methods, which utilize triaxial-tube-in-tube or absorbing-clamp apparatus.

5]9.4 Test set-up

The test set-up consists of a network analyzer and test fixtures as described
IHEC 62153-4-12. Resistor termination-networks in accordance with 4.11 shall be applied for 3
inactive pairs. Interconnects (if used)-shall be prepared and controlled per 4.13.2.

9.5 Procedure
9.5.1 Calibration

5
5
Al full 4-port SE calibration shall be performed at the calibration planes in accordance wi
4

]_
y

5

=35

10. Reference Joads used for calibration shall be in accordance with 4.11. "
5/9.5.2 Noise floor
The noise-floor of the test set-up shall be measured using the same approach as outlined |n
5]6.5/2 adapted to the 4-port test set-up used for TCTL.
The noise floor a ;s is calculated from Scp,¢ as:
anoise =—2010g|Scpa1| (7)

5.9.5.3 Measurement

The DUT shall be arranged in a test set-up according to the test fixtures as described in
IEC 62153-4-12 including proper termination of the active and inactive pairs. A full SE
S-matrix measurement shall be performed. The measured (three-port) SE S-matrix shall be
transformed into the associated (two-port) mixed mode S-matrix to obtain the S-parameter

Sgpo1 from which coupling attenuation is calculated as.
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AcC =—2010g|SCD21| (8)

The test should be performed from the free connector end of the connecting hardware. Test
all conductor pairs and record the results.

5.9.6 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

S

rgsults exceed the test limits.

9.7 Accuracy

The accuracy shall be better than £3 dB at the specification limit.

pecification. Results for all pairs shall be reported. It shall be explicitly noted if the tept
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Annex A
(informative)

Derivation of mixed mode parameters using
the modal decomposition technique

A.1 General

I:lis not a requirement of this document to require that a full derivation is produced, and any
ethod of extracting the required S-parameters is acceptable. This may be achieved by the
use of network analyzer hardware functions, specific mathematical software, or by eircyi
simulation tools.

—

This informative annex presents a summary of how to derive mixed mode pardameters from
4iport measurements of S-parameters.

Ah impedance matrix (Z) of the DUT can be calculated based on FormulaA.1.
V2 ZZl ZZZ ZZ3 ZZ4

V3 Z31 Z32 Z33 Z34
V4- Z41 Z42 Z43 Z44

Vl le ZIZ Z13 Zl4 Il
(A1)

Where V' is the voltage and I is the current, see Figure A.1:

Figure A.1 — Voltage and current on balanced DUT

A.2 Example of a calculation

The modal’/domain impedance matrix [Z™M] is then calculated from Formula A.2 below, using
tHe conversion matrices given in Formula A.3 and Formula A.4.

™ = P;17Q, (A.2)
Pt o0

Pt =[ 0 P—l] (A.3)

e=[s q (A4)

In the case of a 1 pair DUT, the size of the conversion matrices becomes 4x4 with the values
given in Formula A.5 and Formula A.6
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(A.5)

(A.6)

The conversion matrices replace the balun transformers and are referred to as mathematical

Vl T

\Z
V3

i Figure A.2.
Vb1 11
Ver | _ |22
Vb2 73
Vez Za
Ip1 I
&—> \
Vb1 T | V4
¢
UeP) I
c—>
Ve T % V2

baluns, producing Formula A.7 and Formula A.8.

= Qe

L4}
45
13
A

[Ip1
Icq
Ip2
e,

m
13

m
Z23
m
Z33
m
Z43

m
14

m
L34
m
L3y
m
Z4-4

Substituting Formula A.7 and Formula A.8 into Formula A Formula A.9 is obtained, which
equivalent to a set of hybrid transformers attached at each end of the cable pair as describe

Ipg
Icq
Ip2
Icz

(A.8)

[o RN}

)/ IEC

Figure A.2 — Voltage and current on unbalanced DUT

For the measurements concerned in this standard, S-parameters are measured and converted
into Z-Parameters. The Z-parameter matrix of a 2n-port circuit can be derived using

Formula A.10.

1
Where E is a 2n x 2n unit matrix and Rz is given by Formula A.11.

1 1
7 = Rz[E + S][E — S| 'Rz

(A.10)
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vii 0 .0
Ri=| 0 B/E 2 (A.11)
O e 0 Vr2n

Where r, is the impedance of the measurement port, typically 50 Q, giving Formula A.12

[0 o e 0

FaY =l

Re=| v VoY : (AR)
[ 0 - oJ
0 0 50

D

The S-parameters in the modal domain are then calculated using Formula A.13, givirlg
Fprmula A.14.

1 1
Sm = R_2[Z™ — R, ][Z™ + Ryy]IRZ, (A1)
1 Vrml 0 0
RE=| O B/@ 0 . (A.14)
0 e 0 VrmZn

o

By this method it is possible to convert unbalance aetwork analyzer measurements into mixs
mode S-matrices which contain both balanced and unbalanced parameters, as |n
Fprmula A.15.

Sll SlZ Sl3 814— SDDII SDCll SDDlZ SDC12

SZI SZZ SZ3 824- SCDll SCCll SCD12 SCClZ -
= A.1)

Ssi Ss2 535S |  |Sopz1 Soca Sopzz Soca: (A-19)

S41 S42 S43 544 SCD21 SCC21 SCD22 SCCZZ
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Annex B
(normative)

Indirect-reference test fixtures

B.1 General

Indirect-reference test fixtures are used for measurement of transmission parameters for
cfnnector types e.g. IEC 60603-7 series (8-pole types), IEC 60603-7-2, TEC 60603-7-B,
IEC 60603-7-4, IEC 60603-7-5, IEC 60603-7-41, IEC 60603-7-51, IEC 60603-7-81.

The indirect-reference test fixtures and associated test procedures used for,measurirlg
IBC 60603-7 series 8-pole connector types transmission parameters shall conform to thdir
rgspective detail specification test procedures requirements and to the requirements in thjs
annex. In the case that a conflict arises between the requirements in therespective detail
specification test procedures and this standard, the respective detail “specification tept
procedures shall take precedence.

U7
—

The IEC 60603-7 series, 8-pole connector types detail specificatians*and respective detail te
procedures standards for connector transmission parameters\measurements are given |n
Table B.1.

Table B.1 — IEC 60603-7 series, 8-pole connector'types detail specifications
and respective detail connector test procedures standards

Connector specification Frequency Test procedure Frequency

MHz MHz

IEC 60603-7-2 100 IEC 60512-26-100 100

|IEC 60603-7-3

IIEC 60603-7-4 250 IEC 60512-26-100 250

|IEC 60603-7-5

IEC 60603-7-41 500 IEC 60512-27-100 500

IEC 60603-7-51

IEC 60603-7-81 2 000 IEC PAS 60512-27-200 2 000

B.2 Requirements

B|2.1 General requirements

Indirect=reference test fixtures shall meet the overall test fixtures minimum signal integrity
rgquirements listed in 4.14.

NOTE The overall test fixtures minimum signal integrity requirements are additional requirements, applicable to
all test fixture types.

B.2.2 Specific requirements

Reference test fixtures shall conform to the test fixtures requirements given in the respective
connector standard test procedure standard, given in Table B.1.

The 2000 MHz reference connector crosstalk (NEXT) vector for testing crosstalk
compensation circuits shall conform to the limits or fall within the boundary value ranges
described in Table B.2.
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The reference test fixtures shall be modified for 2 000 MHz according to the requirements
the supplemental
IEC PAS 60512-27-200.

given

2 000 MHz

connector standard test

Table B.2 — Reference connector crosstalk (NEXT) vector

procedure,

Case # Pair combination Limit Limit free connector NEXT loss |Limit free connector NEXT loss
magnitude phase (degrees)’): 2
dB

Chse 1 3,6-4.5 Cow 78,T-2010g(/) Measured TFC phase

Cpse 2 3,6-4,5 Central 78,6-20log(f) Measured TFC phase

Chse 3 3,6-4,5 Central 79,0-20log(f) Measured TFC phase

Cpse 4 3,6-4,5 High 79,5-20log(f) Measured TFC phase

Chse 5 1,2-3,6 Low 86,5-20log(f) Measured TFC phase

Cpse 6 1,2-3,6 High 89,5-20log(f) Measured TFC phase

Chse 7 3,6-7,8 Low 86,5-20log(f) Measured TFC phase

Chse 8 3,6-7,8 High 89,5-20log(f) Measured TFC phase

Chse 9 1,2-4,5 Low 97-20log(f) +90

Cpse 10 1,2-4,5 High 110-20log(f) -90

Cpse 11 4,5-7,8 Low 97-20log(Y) +90

Cpse 12 4,5-7,8 High 110-20log(f) -90

Chse 13 1,2-7,8 Low 106-20lag(f) Measured TFC phase

Cpse 14 1,2-7,8 High 106<20l0g(f) Measured TFC phase

minus 180°

-

N

| TFC NEXT loss phase is determined by following the-procedure in IEC PAS 60512-27-200.

| The reference plane for measuring TFC NEXT40s$ phase and mated NEXT loss shall be the interface plane 4
described in IEC PAS 60512-27-200.

[
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Annex C
(normative)

Direct-probe test fixtures

C.1 General

Direct-probe test fixtures are for connector types utilizing single ended direct-probe
mfeasurement of fransmission paramefers, e.g. IEC 60603-7 series (1Z2-pole types),
IBC 60603-7-7, IEC 60603-7-71, IEC 60603-7-82, and IEC 61076-3-110.

The direct-probe test fixtures and associated test procedures used for measuring IEC.6060317
s¢ries 12-pole connector types transmission parameters shall conform to theiryrespectiye
detail specification test procedures requirements and to the requirements in this @nnex. In tHe
case that a conflict arises between the requirements in the respective detail"specification tept
procedures and this standard, the respective detail specification test procedures shall take
precedence.

C.2 Requirements

Cl2.1 General requirements

Djrect-probe test fixtures shall meet the overall test fixtures minimum signal integrity
rgquirements listed in 4.14.

NPTE The overall test fixtures minimum signal integrity, requirements are additional requirements, applicable [to
al| test fixture types.

Cl2.2 Specific requirements

Djrect-probe connector’s signal integrity test fixtures should meet the minimum signal integrity
rgquirements listed in Table C.1.

Table C:;1-— Direct-probe test fixture requirements

Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
> 78 — 20log()
BE port (50 Q). return loss, (dB) 30 dB max. 18 dB min.
18 dB min.
> 78 — 20log(/)
DM/port' (100 Q) return loss, (dB) 30 dB max. 18 dB min.
18-dB-min-
> 78 — 20log(/)
CM port (50 Q) return loss, (dB) 30 dB max. 18 dB min.
18 dB min.
_SE (5_0 Q) port-to-port (pair-to-pair) > 135 — 20l0g(f)
isolation: 75 dB min.
NEXT and FEXT 85 dB max.
SE_ (5_0 Q) _por_t-to-port (within a > 110 — 20log(f)
pair) isolation: 50 dB min.
NEXT and FEXT 80 dB max.
DM (100 Q) port-to-port isolation: > 140 — 20l0g(f) 80 dB min.

NEXT and FEXT
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Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
94 dB max.
; ian- > 140 - 20lo
DM (100 Q) port-to-port isolation: a(/) 80 dB min.
near-end-to-far-end 94 dB max.
DM (100 Q) insertion loss <6dB <6dB
> 90 - 20lo
TCL, LCL o 8l 30 dB min.
> 90 - 20log(f)
TCTL, LCTL 30 dB min.
50 dB max.

DUT common mode impedance is usually specified as 50 Q, 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 |n
Ahnex A.

The requirement can be met either though separation or shieldingvapplied between fixtures.
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Annex D
(normative)

Specialized test fixtures

1 General

9

Specialized test fixtures are for connector types utilizing a combination of direct-probe and

in
IH

T
in
tr
re
th
6

—

S

direct-reference measurement of transmission parameiers, e.g. [EC 61076-3-T04, an
C 61076-2-109.

ne specialized test fixtures, for connector types utilizing a combination of direct-probe ar

hnsmission parameters, shall conform to their respective detail specification-test procedurg
quirements and to the requirements in this annex. In the case that a conflict-arises betwesg
e requirements in the respective detail specification test procedures and“this standard, tH
spective detail specification test procedures shall take precedence.

.2 Requirements

2.1 General requirements

pecialized test fixtures shall meet the overall test fixtures minimum signal integri
quirements listed in 4.14.

DTE The overall test fixtures minimum signal integrity, requirements are additional requirements, applicable
test fixture types.

pecialized test fixtures should meet~the direct-probe test fixtures minimum isolatidg
quirements listed in Table C.1.

2.2 Specific requirements

pecialized test fixtures shall-conform to the requirements given in the respective connect

sfandard test procedure, e.g;”IEC 60512-29-100.

direct-reference test fixtures, and the associated test procedures used for measuring thei

d

to



https://iecnorm.com/api/?name=13656ecef1b9c43b7aec044167c2f8b1

IEC 60512-28-100:2019 © |IEC 2019 - 41 -

Annex E
(informative)

Symmetry verification of resistors used for calibration

To ensure correct evaluation of symmetry of test fixtures the resistors used as termination
have to be verified. This will avoid wrong calibration and wrong test results afterwards if a real
DUT is connected to the test interface. If we consider the TCL formula from above and add

the single ended S-parameters in the formula we find:

TCL =-20 10g|SCD1 1| =-20 lOg|S1 1+S13-S31-S33 (E.

We can expect that the crosstalk from wire ‘a’ to wire ‘b’ is the same as from wire ‘b’ to wi

Q

S13 = S31 (E.

5

this case we have to compare the two return loss measurements S;; and Sj;. Th
pbnclusion therefore is, that only if both measurements are similar high TCL values can 4
Chieved for termination networks.

[N e]

Ap a first step a reference termination has to be chosen. This will be used to find simil
tgrminations which can be achieved after to achieves/best TCL values on the calibration plan
This reference termination has to be used to do.@ full 1-port calibration using the refereng
tgrmination as load. To see differences betweendoads it is recommended to use a polar pl
as shown in Figure E.1.

Ap the DUT reaches highest TCL values.at low frequencies this part of the frequency rang
has to be used to define which terminations have to be paired.

Ap shown in Figure E.1 also 50-Q SMA termination will differ one from another. TCL is mo
critical at low frequencies and, therefore only this range is given above.

Olne has to choose two leads which show the same deviations to the reference load.

Ap an example Figure E.2 shows the same cable tested, once using paired termination ar
once using terminations with the same magnitude but opposite phases. As explained aboy
the effect can‘be seen at the lowest frequencies, for 100 m cables up to 10 MHz. If oth
DUTs are dsed like mated connectors, this can cover the whole frequency range, as th
aftenuation)of the DUT is very low.

Ar

1%

e

U7
—
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Figure E.1 — Example of 50 Q SMA termination comparison (1 MHz - 100 MHz)

Comparison of TCL magnitude between selectéd and non-selected terminations

-10

N
l. TCL 12 with selected termination
-70 L TCL 12 without selected termination | |
$ !.i TCL 36 with selected termination
'-l ===== TCL 36 without selected termination
~80 [ § TCL Level 1 T
TCL Level 2
% _90 1 1 1 -
. 100 107 102 103
O + Frequency (MHz)
= IEC

Figure E.2 — Comparison of phase selected and only magnitude selected terminations

At these levels also the transmission and reflection measurement uncertainty of the VNA
cannot be neglected. This leads to a residual TCL level. By using paired termination at least

the influence of the termination can be reduced.
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Even though terminations’ return loss might be exactly the same (in practice they do not),
transmission uncertainty is not, and thus there will always be a finite residual symmetry value.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONNECTEURS POUR EQUIPEMENTS ELECTRIQUES
ET ELECTRONIQUES - ESSAIS ET MESURES -

Essais 28a a 28¢g

AVANT-PROPOS

La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de*~normalisati
composée de I'’ensemble des comités électrotechniques nationaux (Comités nationaux dedEC). L'IEC a po
objet de favoriser la coopération internationale pour toutes les questions de normalisation,dans les domain

de I'électricité et de [I'électronique. A cet effet, 'I[EC — entre autres activités ‘= publie des Norme

internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a d
comités d’études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. L
organisations internationales, gouvernementales et non gouvernementales, en. liaison avec I'lEC, participe|
également aux travaux. L'IEC collabore étroitement avec I’'Organisation Internationale de Normalisation (1SQ
selon des conditions fixées par accord entre les deux organisations.

Les décisions ou accords officiels de I'lEC concernant les questions te¢hniques représentent, dans la mesu
du possible, un accord international sur les sujets étudiés, étant’donné que les Comités nationaux de I'lH
intéressés sont représentés dans chaque comité d’études.

Les Publications de I'lEC se présentent sous la forme desecommandations internationales et sont agréé
comme telles par les Comités nationaux de I'lEC. Tous Jes‘efforts raisonnables sont entrepris afin que I'lH
s’assure de I'exactitude du contenu technique de ses publieations; I'lEC ne peut pas étre tenue responsable
I’éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Dans le but d’encourager I'uniformité internationaleyJes Comités nationaux de I'lEC s’engagent, dans toute

mesure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications nationalg¢

et régionales. Toutes divergences entre toutés”Publications de I'lEC et toutes publications nationales
régionales correspondantes doivent étre indiquees en termes clairs dans ces derniéres.

L’IEC elle-méme ne fournit aucune atteStation de conformité. Des organismes de certification indépendan
fournissent des services d’évaluation.\de conformité et, dans certains secteurs, accedent aux marques
conformité de I'lEC. L’IEC n’est respansable d’aucun des services effectués par les organismes de certificati
indépendants.

Tous les utilisateurs doivent.slassurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne_doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires
mandataires, y compris ses experts particuliers et les membres de ses comités d’études et des Comit
nationaux de I'lEC, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout aut
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frg
de justice) et les§ dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L’attention__est attirée sur les références normatives citées dans cette publication. L’utilisation de publicatio
référenceées’ est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent fai
'’objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dro
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de.brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 60512-28-100 a été établie par le sous-comité 48B: Connecteurs
électriques, du comité d’études 48 de [I'I[EC: Connecteurs électriques et structures
mécaniques pour les équipements électriques et électroniques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2013 et constitue une
révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente:

Le titre a été modifié, 1 000 MHz a été remplacé par 2 000 MHz afin de refléter la plage

des fréquences qui peuvent étre soumises a des essais.
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e Tous les tableaux et toutes les exigences ont été révisés jusqu’a 2 000 MHz.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
48B/2756/FDIS 48B/2766/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouti a I'approbation de cette norme.

Ce document a été rédigé selon les Directives ISO/IEC, Partie 2.

ps futures normes de cette série porteront dorénavant le nouveau titre général’ cité d
bssus. Le titre des normes existant déja dans cette série sera mis a jour lors de‘fa prochain
édition.

Q

Upe liste de toutes les parties de la série IEC 60512, sous le titre général Connecteurs po
équipements électriques et électroniques — Essais et mesures peut étre’ consultée sur le si
web de 'lEC.

Le comité a décidé que le contenu de ce document ne seralpas modifié avant la date ¢
sfabilité indiquée sur le site web de I'l[EC sous “http://webstore.iec.ch” dans les donnée
latives au document recherché. A cette date, le document/sera

—
Far}

¢| reconduit,
e| supprimé,
e | remplacé par une édition révisée, ou

o amendé.

publication indique qu’ellescontient des couleurs qui sont considérées comme utiles
uhe bonne compréhension.de son contenu. Les utilisateurs devraient, par conséquent
mprimer cette publication en utilisant une imprimante couleur.

INNPORTANT - Le logo "colour’inside" qui se trouve sur la page de couverture de cetti
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CONNECTEURS POUR EQUIPEMENTS ELECTRIQUES
ET ELECTRONIQUES - ESSAIS ET MESURES -

Partie 28-100: Essais d’intégrité des signaux jusqu’a 2 000 MHz -
Essais 28a a 28¢g

Y

Domaine d’application

La présente partie de I'lEC 60512 spécifie les méthodes d’essai d’intégrité des sigmaux et g
gualité de transmission pour des connecteurs spécifiés dans les parties respectives de
nprmes IEC 60603-7, IEC 61076-1, IEC 61076-2 et IEC 61076-3 pour des applications ¢
matériel de connexion jusqu'a 2 000 MHz. Elle s’applique également-‘aux essais (
connecteurs de fréquences inférieures, mais la méthodologie d’essai\stipulée dans
spécification particuliére pour tout connecteur donné reste I'essai de conformité de référeng
pour le connecteur en question. La liste ci-dessus de séries de_normes concernant lg
connecteurs n’exclut pas le fait de faire référence au présent document dans d’autres norme
plibliées ou spécifications des fabricants de connecteurs.

Lés procédures spécifiées ici sont:

—| perte d’insertion, essai 28a;

—| affaiblissement de réflexion, essai 28b;

—| paradiaphonie (NEXT), essai 28c;

—| télédiaphonie (FEXT), essai 28d;

—| perte de conversion transverse (TCL),.€Ssai 28f;

—| perte de transfert de conversion transverse (TCTL), essai 28g.
Les autres procédures citées ici en\référence sont:

—| impédance de transfert (Z+), voir I'lEC 60512-26-100, essai 26e;
—| pour I'affaiblissement-de-couplage (ac), voir 'lEC 62153-4-12.

2| Références normatives

Les documents, stivants cités dans le texte constituent, pour tout ou partie de leur conten
des exigences' du présent document. Pour les références datées, seule [I'édition cité
slapplique.yPour les références non datées, la derniére édition du document de référeng
s'appligue (y compris les éventuels amendements).

C\80050-581, Vocabulaire Electrotechnique International (IEV) — Partie 581: Composan

électromécaniques pour équipements électroniques

9
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IEC 60169-15, Connecteurs pour fréquences radioélectriques — Partie 15: Connecteurs
coaxiaux pour fréquences radioélectriques avec diametre intérieur du conducteur extérieur de

4,13 mm (0,163 in) a verrouillage a vis — Impédance caractéristique 50 ohms (type SMA)

IEC 60512-1, Connecteurs pour équipements électriques et électroniques — Essais et

mesures — Partie 1: Spécification générique

IEC 60512-26-100, Connecteurs pour équipements électroniques — Essais et mesures —
Partie 26-100: Montage de mesure, dispositifs d’essai et de référence et mesures pour les

connecteurs conformes a I'lEC 60603-7 — Essais 26a a 26g
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IEC 60512-27-100, Connecteurs pour équipements électroniques — Essais et mesures —
Partie 27-100: Essais d’intégrité des signaux jusqu’a 500 MHz sur les connecteurs de la série
IEC 60603-7 — Essais 27a a 279

IEC PAS 60512-27-200, Connecteurs 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 279 (disponible en anglais seulement)

IEC 60512-29-100, Connecteurs pour equ1pements électroniques — Essais et mesures —

P i 20 400 L oooia At A it Ao Qe —BE00 AMld = orip | oI ia. o e
T C—Z I~ 1T 00— ovars G 1mmtCyrite aeS oly”auA ]uoqu 8oV TZ—StH—TeS—CofeectetHS—6a¢e l.y,..

M12 — Essais 29a a 29g

(mnl

C 60603-7, Connecteurs pour équipements électroniques — Partie 7: Spé€gificatign
particuliere pour les fiches et les embases non écrantées a 8 voies

IHC 60603-7-1, Connecteurs pour équipements électroniques — Partie 7-1: Spécificatign
particuliere pour les fiches et les embases écrantées a 8 voies

IHC 60603-7-2, Connecteurs pour équipements électroniques — (Rartie 7-2: Spécificatiqn
particuliere pour les fiches et les embases non blindées a 8 vaies pour la transmission de
données a des fréquences jusqu’a 100 MHz

IHC 60603-7-3, Connecteurs pour équipements électrohiqlies — Partie 7-3: Spécificatiqn
particuliere pour les fiches et les embases blindéeska* 8 voies pour la transmission de
données a des fréquences jusqu’a 100 MHz

IHC 60603-7-4, Connecteurs pour équipements, electroniques — Partie 7-4: Spécificatiqn
particuliere pour les fiches et les embases, non blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a 250 MHz

IHC 60603-7-5, Connecteurs pour équipements électroniques — Partie 7-5: Spécificatiqn
particuliere pour les fiches et lescembases blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a250 MHz

IEC 60603-7-7, Connecteurs, pour équipements électroniques — Partie 7-7: Spécificatiqn
particuliere pour les fiches et les embases blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a 600 MHz

IBC 60603-7-41 ,~Cennecteurs pour équipements électroniques — Partie 7-41: Spécificatign
particuliere pour.les fiches et les embases non blindées a 8 voies pour la transmission de
données a desfréquences jusqu’a 500 MHz

IHC 60603-7-51, Connecteurs pour équipements électroniques — Partie 7-51: Spécificatiqn
particuliere pour les fiches et les embases blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a 500 MHz

IEC 60603-7-71, Connecteurs pour équipements électroniques — Partie 7-71: Spécification
particuliere pour les fiches et les embases blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a 1 000 MHz

IEC 60603-7-81, Connecteurs pour équipements électroniques — Partie 7-81: Spécification
particuliere pour les fiches et les embases blindées a 8 voies pour la transmission de
données a des fréquences jusqu’a 2 000 MHz

IEC 60603-7-82, Connecteurs pour équipements électroniques — Partie 7-82: Spécification
particuliere pour les fiches et les embases écrantées a 8 voies et 12 contacts pour la
transmission de données a des fréquences jusqu’a 2 000 MHz
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IEC 61076-1, Connecteurs pour équipements électroniques — Exigences de produit — Partie 1:
Spécification générique

IEC 61076-2, Connecteurs pour équipements électroniques — Exigences de produit — Partie 2:
Spécification intermédiaire pour les connecteurs circulaires

IEC 61076-2-109, Connecteurs pour équipements électroniques — Exigences de produit —
Partie 2-109: Connecteurs circulaires — Spécification particuliere relative aux connecteurs
avec verrouillage a vis M 12 x 1, pour les transmissions de données a des fréquences jusqu’a

5 aYal v INPY
pOU—TVITTZ

(mnl

C 61076-3, Connecteurs pour équipements électroniques — Exigences de produit — Partie B:
Cpnnecteurs rectangulaires — Spécification intermédiaire

IHC 61076-3-104, Connectors for 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 (disponible en anglais seulement)

IHC 61076-3-110, Connecteurs pour équipements électroniques —Exigences de produit |-
Pprtie 3-110: Spécification particuliere pour les fiches et les embases pour la transmission de
données a des fréquences jusqu'a 3 000 MHz

IHC 61156-1, Cables multiconducteurs a paires symétriques et quartes pour transmissiorns
nymériques — Partie 1: Spécification générique

IEC 61156-9, Multicore and symmetrical pair/quad.cables for digital communications — Part 9:
Cpbles for channels with transmission characteristics up to 2 GHz — Sectional specificatign
(disponible en anglais seulement)

IHC 61156-10:2016, Multicore and symmietrical pair/quad cables for digital communications
Pprt 10: Cables for cords with transmission characteristics up to 2 GHz — Sectionpl
specification (disponible en anglais.séulement)

IHC 61169-16, Connecteurs_,pour fréquences radioélectriques — Partie 16: Spécificatign
intermédiaire — Connecteurs coaxiaux pour fréquences radioélectriques avec diametfe
intérieur du conducteur(extérieur de 7 mm (0,276 in) a verrouillage a vis — Impédange
caractéristique 50 ohms (75 ohms) (type N)

IEC 62153-4-12,~Metallic communication cable test methods — Part 4-12: Electromagnetfc
bmpatibility (EMC) — Coupling attenuation or screening attenuation of connecting hardware|—
bsorbing cfamp method (disponible en anglais seulement)

)

JO/IEC;11801-1:2017, Information technology — Generic cabling for customer premises |—
Pprt’ 1+-General requirements(disponible en anglais seulement)

3 Termes, définitions et termes abrégés

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60050-
581, I'lEC 61076-1, I'lEC 60512-1, I'lEC 60603-7, I'lEC 61076-3-104 et I''EC 61076-3-110,
ainsi que les suivants, s’appliquent.

L'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I’adresse http://www.iso.org/obp
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3.1 Termes et définitions

3.11

intermodal <paramétre ou mesure>

parameétre ou mesure dont la source est sur le mode commun et la mesure se fait sur le mode
différentiel ou dont la source est sur le mode différentiel et la mesure se fait sur le mode
commun

3.1.2

mode mixte <paramétre ou mesure>
parameétres ou mesures contenant un mode différentiel, un mode commun et des matrices |S
intermodales

3]2 Termes abrégés

ag affaiblissement de Couplage

CM Common Mode (mode commun)

DM Differential Mode (mode différentiel)

DUT Device Under Test (dispositif en essai)

FEXT far-end crosstalk loss (télédiaphonie)

LCL Longitudinal Conversion Loss (perte de conversion lgngitudinale)

LCTL Longitudinal Conversion Transfer Loss (pefite” de transfert de conversign
longitudinale)

NE Network Analyzer (analyseur de réseau)

NEXT near-end crosstalk loss (paradiaphonie)

TLCL Transversal Conversion Loss (perte;de conversion transverse)

TCTL Transversal Conversion Transfer.Loss (perte de transfert de conversion transversg)

SE Single Ended (asymétrique)

Zr transfer impedance (impédance de transfert)

4| Dispositif d’essai global

41  Généralités

Le présent document.spécifie des méthodes et des procédures d’essai pour des connecteurs.

Les méthodestettes procédures d’essai d’'intégrité des signaux et de qualité de transmissign

spécifiées dans le présent document sont référencées par normes de connecteurs, spécifiégs

dans [I'IEC,60603-7, I'IlEC 60603-7-1, I'I[EC 61076-2, I'lEC 61076-3 et d’autres normegs

rglatives-~au matériel de connexion et leurs spécifications intermédiaires, avec dgs

spécifications d’intégrité des signaux jusqu’a 2 000 MHz; de telles normes de connecteufs

inclient I'IEC 60603-7-81, [I'IEC 60603-7-82, [I'IEC 61076-3-110, [I'IEC 61076-3-104 et

I''ECBT076-2-T09, qui sont UtllliISEES avec des cables a paire torsadee ayant une impedance
caractéristique différentielle nominale de 100 Q.

Les méthodes et les procédures d’essai spécifiées dans le présent document sont
réeférencées par normes de connecteurs pour le matériel de connexion typiquement utilisé
avec des cables a paire torsadée ayant une impédance caractéristique différentielle nominale
de 100 Q, qui sont spécifiés conformément a la norme de céables IEC 61156-1 et ses
spécifications intermédiaires jusqu’a 2 000 MHz, par exemple [I'IEC 61156-9 et
I'IEC 61156-10.
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4.2 Instrumentation d’essai
4.21 Généralités

Tous les instruments d’essai doivent étre capables d’effectuer les mesures sur la plage de
fréquences comprises entre 1 MHz et 2 000 MHz.

4.2.2 Analyseur vectoriel de réseau

Les procédures d’essais décrites exigent l'utilisation d’'un analyseur vectoriel de réseau.
hlanalyseur doit presenter une capaciieé d efalonnage complet sur 2 acces. L'analySeur doit du
inimum couvrir la plage de fréquences comprises entre 1 MHz et 2 000 MHz.

Leés mesures doivent étre effectuées a I'aide d’'un montage d’essai en mode mixte;)souvept
appelé montage sans symétriseur, a décomposition modale ou déséquilibré. Ceciypermet de
mesurer des dispositifs équilibrés sans placer de symétriseur RF sur le chemin du signal.

Uphe telle configuration permet également d’effectuer les essais avec-un' stimulus ou dgs
rdponses en mode commun ou différentiel, garantissant ainsi que les paramétres intermodayx
peuvent étre mesurés sans reconnexion.

Uh analyseur de réseau a 16 accées doit étre utilisé pour mesurer toutes les combinaisorns
dlun dispositif a 4 paires sans commutation externe. Toutéfois, I'analyseur de réseau dqi
a
d

=5

oir au minimum 2 accés (y compris un accés bidirectionnel) pour permettre aux donnégs
étre assemblées et calculées.

I{[convient de noter que l'utilisation d’'un analyseunr'a 2 accés implique le repositionnemept
sticcessif de I'accés de mesure afin de mesurer nlimporte quel parametre donné.

est recommandé d’utiliser un analyseur de réseau a 4 accés car il offre un nombre minimal
pratique d’accés. Ce nombre permet en. effet de mesurer les 16 termes de la matrice dgs
paraméetres S en mode mixte sur unelcombinaison de paires donnée, sans commutation hi
gconnexion dans une direction.

—

4)2.3 Unité de commutation-RF

Afin de réduire le plus possible la reconnexion du DUT pour chaque combinaison de paires,|i
est également recommandeé d’utiliser une unité de commutation RF.

Chaque conducteur.de la paire ou de la combinaison de paires en essai doit étre connecté|a
un acceés distinct'de 'analyseur de réseau, et les résultats sont traités par une analyse interne
dans l'analyseur de réseau ou par une application externe.

4/2.4 Charges de référence et charges de sortie

Des.Connexions traversantes et des charges de référence doivent étre utilisées poyr
I’etalonnage du montage d’essai. Les exigences concernant les charges de référence doivent
étre celles indiquées en 4.9. Des charges de sortie doivent étre utilisées pour la terminaison
des paires, utilisées et non utilisées, qui ne sont pas raccordées a I'analyseur de réseau. Les
exigences concernant les charges de sortie doivent étre celles indiquées en 4.11.

Les charges utilisées pour I'étalonnage doivent étre accouplées suivant les explications de
I’Annexe E afin de garantir une bonne symétrie au niveau du plan d’étalonnage.

4.3 Précautions de mesure

Pour assurer un haut degré de fiabilité pour les mesures de transmission, les précautions
suivantes sont exigées.
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L
a
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I'acces “a”.

Des charges résistives stables et cohérentes doivent étre utilisées tout au long de la série
d’essais.

Avant, pendant et aprés les essais, les discontinuités dans les cébles et les adaptateurs,
qui peuvent étre causées par des flexions physiques, des coudes en équerre et des forces
de contrainte, doivent étre évitées.

Une méthodologie d’essai et des résistances de sortie cohérentes doivent étre utilisées a
toutes les étapes des qualifications de la qualité de transmission.

L’espacement relatif entre conducteurs dans les paires doit étre préservé tout au long des

La symétrie des cables doit étre maintenue autant que possible par des longueurs—de
conducteurs cohérentes et un torsadage des paires jusqu’au point de charge.

La sensibilité aux variations de montage pour ces mesures a hautes fréquences.nécessite
de préter attention aux détails tant en ce qui concerne I’équipement de mesure que lgs
procédures.

Le montage d’essai doit étre correctement mis a la terre.
4 Nomenclature des parameétres S en mode mixte

s méthodes d’essai spécifiées dans le présent document sont ‘basées sur un montage
essai sans symétriseur dans lequel toutes les bornes d’un dispositif en essai sont mesuréas
caractérisées comme des acces asymétriques (SE), c’est=a-dire que les signaux (tensions
courants RF) doivent étre définis par rapport a une terré/(masse) commune. Le schéma de
Figure 1 représente un dispositif équipé de 4 bornes.

Acces +——— ———Accés 3

Acces 2—— pDUT —— Acces 4

I L

IEC
Figure 1 =.Schéma d’un dispositif a 4 accés asymétriques

b dispositif a 4 accés_de la Figure 1 doit étre caractérisé par les 16 termes de la matrice [S
symetrique donnge~dans la Formule 1, dans laquelle le paramétre S, S,,, représente (a
lation entre uneé réponse asymeétrique sur I'acceés “b” résultant d’'un stimulus asymétrique str

60

|7S11 SlZ S13 S14—|

S21 S22 S23 S24

s, S, S, S, @
S41 S42 S43 S44

Pour un dispositif équilibré, chaque accés doit étre considéré comme étant constitué d’'une
paire de bornes (= un accés équilibré) par opposition aux accés asymétriques définis ci-
dessus (voir Figure 2).
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Acces 1 Acceés 2
DUT

(équilibre)

1 L

IEC

Figure 2 — Schéma d’un dispositif a 2 accés équilibrés

pmbinaisons de modes et d’accés, par exemple le paramétre S, Spcy¢, €n mode mixte g

fimulus en mode commun sur 'accés 1. En utilisant cette nomenclature, I'ensemble compl
bs parameétres S en mode mixte pour 2 acces est indiqué dans le Tableau, 1.

Tableau 1 — Nomenclature des paramétres S en mode. mixte

Stimulus en mode Stimulus en mode
différentiel commun

Acceés 1 Acceés 2 Acces 1 Acces 2

Réponse en Acceés 1 Sop11 Sppa2 Spe11 Spe12
mode
différentiel Acces 2 Sppa21 Spb22 Spcat Spc2z
Réponse en Acces 1 Scoi Scoiz Sceit Sceiz
mode commun :

Acces 2 Sco2d Scp22 Scezt Scezz

Uh dispositif a 4 bornes peut étre représenté a la fois comme un dispositif asymétrique a
cces comme sur la Figure 1, caractérisé par une matrice S asymétrique (Formule 1),

bmme un dispositif équilibré a 2 acces comme sur la Figure 2, caractérisé par une matrice
h mode mixte (Tableau 1). Comme l'application d’'un signal asymétrique a un accés revie
mathématiquement a appliquer des signaux en mode différentiel et en mode commy
Wperposés, les caractérisations en modes mixte et asymétrique du dispositif sont liées. L
conversion des paramétres S asymétriques en parametres S en mode mixte est présentée ¢
Ahnexe A. En utilisant -cette conversion, les paramétres S en mode mixte peuvent ét
obtenus a partir de-larmatrice S asymeétrique mesurée.

a
Cc
e
S

5 Cables coaxiaux et interconnexion pour analyseurs de réseau

baxiauX-utilisés pour interconnecter 'analyseur de réseau, la matrice de commutation et
spositif d’essai doivent présenter une impédance caractéristique de 50 Q et une bass
innpédance de transfert (double écrantage ou plus).

4
Eh supposant que I'impédance caractéristique de I'analyseur de réseau soit 50 Q, les cablg
c
d

b dispositif doit étre caractérisé par une matrice S en mode mixte qui inclut toutes lgs

L
c
exprime la relation entre une réponse en mode différentiel sur l'accés 2 resultant d’yn
s
d

Ui

bt

Il convient que ces cables coaxiaux soient les plus courts possible. 1 000 mm max. (sur

chaque accés).

Les écrans de chaque cable doivent étre reliés électriquement a un plan de terre (masse)

commun.

Pour optimiser la dynamique, il convient que la perte d’insertion totale des céables

d’interconnexion soit inférieure a 7 dB a 2 000 MHz par métre.
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4.6 Caractéristiques pour les matrices de commutation

Les commutateurs (le cas échéant) peuvent présenter une configuration minimale de 2x4 au
niveau tous les accés, bien qu’un commutateur présentant un plus grand nombre d’accés (par
exemple 2x8, 1x16, 4x16) soit recommandé pour permettre une mesure plus compléte, voire
totale, du DUT sans reconnexion ni déplacement du DUT. Lorsqu’une telle commutation est
utilisée, elle doit étre construite de telle sorte que chaque accés puisse étre configuré en
entrée, en sortie ou en charge de 50 Q. Tous les acceés inactifs du commutateur doivent étre
raccordés a une charge de 50 Q.

—

b commutateur peut satisfaire aux recommandations de performances minimales \de
bmmutation données dans le Tableau 2.

o

Tableau 2 — Exigences de performances de commutation

Parametre Exigence Exigence
dB 1 MHz a 1 000 MHz 1 000 MHz"a 2 000 MHz
Perte d’insertion 0,5 dB max. 2,0 dB max.
\ffaiblissement de réflexion 68-20log(f) dB min. 18 dB min.
40 dB max.
24 dB min.
Diaphonie 105 dB min. 102 dB min.

7 Exigences du dispositif d’essai

bs dispositifs d’essai sont classés enltrois types, correspondant a trois groupes de

4
4171 Types de dispositifs d’essai
L
connecteurs:

a) Les dispositifs d’essai a référence indirecte, pour les types de connecteurs utilisant yn
connecteur de référence pour la mesure des parameétres de transmission, avec dgs
spécifications supplémentaires, par exemple un vecteur de diaphonie (NEXT) pour lgs
paramétres de compensation de diaphonie; par exemple de la série IEC 60603-7 (types|a
8 voies), IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, IEC 60603-7-5, IEC 60603-7-4{,
IEC 60603-7-51 et IEC 60603-7-81.

b) Les dispositifs d'eéssai a sonde directe, pour les types de connecteurs utilisant la mesure
a sonde directe’asymétrique des parameétres de transmission, par exemple de la sér|e
IEC 6060347 .(types a 12 voies), IEC 60603-7-7, IEC 60603-7-71, IEC 60603-7-8
IEC 61076-3-110.

c] Les dispositifs d’essai spéciaux, pour les types de connecteurs utilisant une combinaisgn
de~mesure a sonde directe et a référence indirecte des paramétres de transmission, par
éxemple I'IEC 61076-3-104 et I'lEC 61076-2-109.

NJ

Pour la spécification particuliere des dispositifs d'essai de types a), b) et c¢), voir
respectivement I’Annexe C, ’Annexe B et I’Annexe C.

4.8 Exigences relatives aux performances des terminaisons sur le plan d’étalonnage

Les performances des terminaisons sur le plan d’étalonnage doivent satisfaire aux exigences
du Tableau 3.
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Tableau 3 — Exigences relatives aux terminaisons sur le plan d’étalonnage

Paramétre Exigence Exigence
1 MHz a 1 000 MHz 1 000 MHz a 2 000 MHz

Affaiblissement de réflexion de 'accés SE (50 Q), (dB) = 72-20log(f) dB 12 dB min.
40 dB max.
12 dB min.

Affaiblissement de réflexion de 'accés DM (100 Q), (dB) = 78-20log(f) dB 20 dB min.
40 dB max.
20 dB min.

NEXT résiduelle entre accés DM = 130-20log(f) dB 70 dB max.
94 dB max.

4]9 Charges de référence pour I’étalonnage

Ppur réaliser un étalonnage sur 1 ou 2 acces de I'équipement d’essai, un court-circuit, |
circuit ouvert et une charge de référence sont exigés. Ces dispositifs. doivent étre utilisés po
obtenir un étalonnage.

é{re une charge de 50 Q, pouvant étre raccordée a une ‘Norme internationale de référenc
Uphe charge de référence de 50 Q doit étre étalonnée par rapport a la référence d’étalonnag
La charge de référence pour I’étalonnage doit étr&. placée dans un connecteur de type
copnforme a I'lEC 61169-16, ou dans un connectéur’de type SMA conforme a I'lEC 60169-1
lds types étant adaptés au montage sur panneau, qui est usiné plat sur son cbté arrié
(Moir Figure 3).

—

option concernant l'utilisation de conneeteurs de type SMA, conformes a I'lEC 60169-15, e
ivilégiée.

©

La charge doit étre fixée sur le-c6té plat du connecteur. Un analyseur de réseau doit ét
élalonné par étalonnage complet sur un accés avec la référence d’étalonnage. Ensuit
r;:]:ffaiblissement de réflexion de la charge de référence destinée a I'étalonnage doit ét

esuré. L’affaiblissement’de réflexion ainsi vérifié doit étre > 46 dB pour les fréquencs
inférieures ou égalesta 100 MHz et > 40 dB pour les fréquences supérieures a 100 MHz,
jusqu’a la limite paurlaquelle les mesures doivent étre réalisées.

Usiné plat

La charge de référence doit étre étalonnée par rapport a une‘référence d’étalonnage, qui dqi

]
Charge pour
/ - I’étalonnage

Connecteur de type SMA IEC

Figure 3 — Etalonnage des charges de référence

4.10 Etalonnage

4.10.1 Généralités

Des mesures d’isolation doivent étre utilisées dans le cadre de I’étalonnage si les exigences

du Tableau 3 ne sont pas satisfaites.


https://iecnorm.com/api/?name=13656ecef1b9c43b7aec044167c2f8b1

IEC 60512-28-100:2019 © |IEC 2019 - 61—

L’étalonnage doit étre équivalent & un minimum d’un étalonnage asymétrique complet a 2
accés pour des mesures ou les accés de réponse et de stimulus sont identiques
(Syx11 €t Syxoo), €t @ un minimum d’un étalonnage asymétrique complet a 4 accés pour des
mesures ou les acces de réponse et de stimulus sont différents (S,, 4, et Sy,54).

Un étalonnage individuel doit étre effectué pour chaque chemin de signal utilisé pour les
mesures.

Si un montage dessa| a matrice de commutation compléte et a analyseur de réseau a

4 nnnnnnn CEERT T P - T~ PN ~W-W- mbla camanlat Ao oo iirac e n dicoaat H 3 4-Bairea (oot S At
ao T TS CST ULIIIOU, tH—efRSehote COTToTCTUtT fResufes POCT O UTSposSTt a4 pamTcS (L CSsta-ut e

—_

b accés asymeétriques), nécessite 28 étalonnages distincts a 4 accés, bien que plusieurs-dgs
mesures dans chaque étalonnage soient communes a d’autres étalonnages.

Un outil logiciel ou matériel peut étre utilisé pour réduire le plus possible le~nombre de
mesures d’étalonnage exigées.

Liétalonnage peut étre effectué au niveau de linterface d’essai en utilisant des artefacis
dlétalonnage appropriés, ou aux extrémités du cable d’essai coaxial entCutilisant des étalons
cpaxiaux et les données de découplage.

10.2 Interface d’essai pour I’étalonnage

—

4

Lorsque I'étalonnage est effectué au niveau de l'interface.d’essai, des mesures de circyi
ouvert, de court-circuit et de charge doivent étre réalis€es sur chaque accés asymétriqye
cpncerné. Des mesures d’isolation traversantes doivent étre effectuées sur chaqye
cpmbinaison de paires de ces acces.

4)10.3 Etalonnage a I’extrémité des cables.d’essai coaxiaux

Lorsque I'étalonnage est effectué au niveau de I'extrémité des cables d’essai coaxiaux, dg
mesures de circuit ouvert, de court-circuit et de charge doivent étre réalisées sur chaqy
agcés concerné. Des mesures d’isolation traversantes doivent étre effectuées sur chaqy
cpmbinaison de paires de ces acces! En outre, le dispositif d’essai doit alors étre découp
des mesures. Les techniques de“découplage doivent intégrer une matrice S a 16 accé
e
s
p

w OO0 O »

—

ntierement peuplée. Il n’est pas acceptable d’effectuer un étalonnage découplé en utilisah
eulement des termes de réflexion (Sq4, Syo, S33, S44) Ou seulement des termes d’extrémi
OChe (811,821,812, 822)

-

Uh découplage utilisant des matrices S a termes réduits peut étre utilisé pour le post-
traitement des résultats.

11 Charges de sortie pour la terminaison des paires de conducteurs

4
4{11.1 - Généralités
D

escharges de 50 Q mises a la terre (masse) doivent étre utilisées sur tous les fils actifs gn
essarl de terminaison. Des charges de b0 (J miSes a la terre (masse) doivent eire uillisees sur
tous les fils inactifs et sur les extrémités opposées des fils actifs pour les essais NEXT et
FEXT de terminaison. Les fils inactifs pour I'essai d’affaiblissement de réflexion doivent étre
connectés a des charges de 50 Q mises a la terre (masse). Voir la Figure 4.
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500+0,1% 50Q+0,1%

Charges de 50 Q mises a la
terre (masse) pour la
terminaison IEC

Figure 4 — Réseaux de charges résistives

w)

Es résistances pastilles de petite géométrie doivent étre utilisées pour la construction deg

0,1% prés et a 2% prés a 2000 MHz (correspondant au 40 dB de) I'exigend
affaiblissement de réflexion a 2 000 MHz).

o 0

4]11.2 Réseaux de charges résistives d’adaptation d’impédance

Les performances des réseaux de charges résistives d’adaptation ‘dimpédance doivent ét
verifiées en mesurant I'affaiblissement de réflexion de la charge de sortie et la paradiaphon
rgsiduelle entre deux réseaux quelconques de charges résistives au niveau du pl3
dlétalonnage.

é{re effectué en utilisant une charge de référence vérifiée selon 4.9.

brés I’étalonnage, connecter le réseau de charges résistives et effectuer une mesure de
atrice S asymétrique compléte a 2 acces.\La matrice S asymétrique mesurée doit ét
ansformée en la matrice S en mode mixte, associée pour obtenir les paramétres S, Spp4
c11, @ partir desquels l'affaiblissement de réflexion en mode différentiel RLpy

affaiblissement de réflexion en modeycommun RLg), sont déterminés. L’affaiblissement g
réflexion du réseau de charges résistives doit satisfaire aux exigences du Tableau 3.

w3 >

Ppur la mesure de la paradiaphonie résiduelle, un étalonnage asymétrique a 4 acces e
exigé. Aprés l'étalonnage, (connecter les réseaux de charges résistives et effectuer ur
mesure de la matrice Sasymétrique compléte a 4 accés. La matrice S mesurée doit ét
transformée en la matrice”S en mode mixte associée pour obtenir le paramétre S, Sppyq,
partir duquel la paradiaphonie résiduelle des terminaisons, NEXT ..ciqual term: €8t déterminé
L@ paradiaphonie_ tésiduelle doit satisfaire aux exigences du Tableau 3. ~

12 Sortie 'des écrans

bivent,étre utilisés. L’écran (ou les écrans) de ces cables doit (doivent) étre fixé(s) au plg

4
Lorsque™le“/connecteur en essai est écranté normalement, des cables de mesure écrantg
d

defefre (masse), aussi prés que possible du plan d’étalonnage.

arges résistives. Les deux résistances de charge SE de 50 Q doivent étre adaptées sur DIC

Ppur la mesure de I'affaiblissement de réflexion, un étalonnage asymétrique a 2 accés dqi

9

=)

4.13 Eprouvette et plans de référence

4.13.1 Généralités

L’éprouvette est une paire accouplée de connecteurs adaptés. Le plan de référence d’un
connecteur pour I’éprouvette est soit le point auquel la gaine de cable entre dans le
connecteur (extrémité arriere du connecteur), soit le point a partir duquel la géométrie interne
du cable n’est plus maintenue, selon ce qui est le plus éloigné du connecteur (voir Figure 5).
Cette définition s’applique aux deux extrémités de I’éprouvette. Le DUT doit étre terminé
selon les instructions du fabricant et doit étre compatible avec les dispositifs et les montages

d’essai de mesure.
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Coté fiche Coté support

V\ /V

Plans de référence du
connecteur IEC

Figure 5 — Définition des plans de référence

13.2 Interconnexions entre le dispositif en essai (DUT) et le plan d’étalonnage
13.2.1 Généralités

4

4

Des interconnexions torsadées, coaxiales, de circuits imprimés ou' d’autres interconnexion
qlalifiées doivent étre utilisées entre le plan de référence du connecteur du DUT et le plg
dlétalonnage. Il est exigé de contrbler les caractéristiques de-ces interconnexions le miet
ppssible car elles dépassent le plan d’étalonnage. Ces interconnexions doivent étre aus
courtes que possible et leurs impédances CM et DM doivent étre gérées pour réduire le plu
possible leurs effets sur la mesure.

Leés performances de 'affaiblissement DM de réfléxion des interconnexions doivent satisfai
ayux exigences du Tableau 4. Par hypothése, leserformances en ce qui concerne les perte
dlinsertion des interconnexions sont considérees comme étant inférieures a 0,2 dB sur
plage de fréquences comprises entre 1 MHzet'2 000 MHz.

13.2.2 Interconnexion torsadée
13.2.2.1 Généralités

Lprsque des interconnexions.torsadées sont utilisées, elles doivent présenter une impédand
caractéristique différentielle;nfominale de 100 Q. Il convient qu’il n’y ait pas d’espace entre le
paires torsadées et I’enveloppe isolante. L’interconnexion torsadée peut étre obtenue comm
une interconnexion torsadée individuelle, ou elle peut faire partie d’'un cable.

Sk référer a ’Annexe B pour plus d’informations sur les interconnexions entre le dispositif g
essai (DUT) etile plan d’étalonnage, pour les types de connecteurs utilisant typiquement ur
interconnexion torsadée avec des dispositifs d’essai a référence indirecte.

Se référer a ’Annexe B pour plus d’informations sur les interconnexions entre le dispositif €
e$sai (DUT) et le plan d’étalonnage, pour lesquelles il est recommandé que tous les DUT,

n
y

H ] £ial a2 =i P4 H 4+ A H 4 .’ [N F
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e

2,54 mm appliqué aux extrémités de leur interconnexion afin de faciliter un raccordement

cohérent au dispositif d’essai.

Se référer a I’Annexe B pour plus informations sur les broches d’essai qui peuvent étre

utilisées pour faciliter la gestion de I'impédance.

L’interconnexion doit satisfaire aux exigences d’affaiblissement de réflexion du Tableau 4.

Des charges entre terre (masse) et DM doivent étre utilisées et l'interconnexion doit étre

placée dans un systéme de gestion de I'impédance. La longueur maximale des fils torsadés

a

chaque extrémité du DUT doit étre 51 mm. Elle doit toutefois étre maintenue aussi petite que

possible.
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