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INTERNATIONAL ELECTROTECHNICAL COMMISSION

| CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 28-100: Signal integrity tests up to-1000-MHz
on1EC60603-7and lEC61076-3-series—connectors 2 000 MHz -
Tests 28a to 28¢g

FOREWORD

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

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

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

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

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

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

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

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

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

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:

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

e 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

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 ISO/IEC Directives, Part 2.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

A list of all parts of IEC 60512 series, under the general titte Connectors for electrical and
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 the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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| CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

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

1 Scope

This part of IEC 60512 specifies the test methods for signal integrity and transmission
performance for connectors specified in respective parts of IEC 60603-7, IEC 61076-1,
IEC 61076-2, and IEC 61076-3-series—connectors—up-to—1-000-MHz standards for connecting
hardware applications up to 2 000 MHz. It is also suitable for testing lower frequency
connectors, however, the test methodology specified in the detailed specification for any
given connector remains the reference conformance test for that connector. The above list of
connector series of standards does not preclude referencing this document in other connector
manufacturer’s specifications or published standards.

Fhe-test-methods Test procedures provided herein are:

— insertion loss, test 28a;

— return loss, test 28b;

— near-end crosstalk (NEXT) test 28c;

— far-end crosstalk (FEXT), test 28d;

— transverse conversion loss (TCL), test 28f;

— transverse conversion transfer loss (TCTL), test 28g.

Other test procedures referenced herein are:

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

2 Normative references

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

IEC 60050-581, International Electrotechnical Vocabulary (IEV) — Part 581: Electromechanical
components for electronic equipment

IEC 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:
General Generic specification

IEC 60512-26-100:2008, 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 Documents
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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 —
Part 29-100: Signal integrity tests up to 500 MHz on M12 style connectors — Tests 29a to 29g

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

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

IEC 60603-7-2, Connectors for electronic equipment — Part 7-2: Detail specification for 8-way,
unshielded, free and fixed connectors, for data transmissions with frequencies up to 100 MHz

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

IEC 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

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

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

IEC 60603-7-41, Connectors for electronic equipment — Part 7-41: Detail specification for
8-way, unshielded, free and fixed connectors, for data transmissions with frequencies up to
500 MHz

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

IEC 60603-7-71, Connectors for electronic equipment — Part 7-71: Detail specification for
8-way, shielded, free and fixed connectors, for data transmission with frequencies up to
1 000 MHz

IEC 60603-7-81, Connectors for electronic equipment — Part 7-81: Detail 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 ZnSegti
specification for circular connectors b%éﬁ?ﬁ/ents
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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
transmissions with frequencies up to-1-000 2 000 MHz

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

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

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

IEC 61156-10:2016, Multicore and symmetrical pair/quad cables for digital communications —
Part 10: Cables for cords with transmission characteristics up to 2 GHz - Sectional
specification

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

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

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

3 Terms, 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
S-matrices

3.2 Acronyms Abbreviated terms

ac coupling attenuation

CM common mode

DM differential mode

DUT device under test

FEXT far-end crosstalk loss

LCL longitudinal conversion loss |
LCTL longitudinal conversion transfer loss

NA network analyzer |

NEXT near-end crosstalk loss

TCL transverse conversion loss

TCTL transverse conversion transfer loss
SE single ended

Zt transfer impedance

4 Overall test arrangement

4.1 General

This document specifies test methods and procedures for connectors.

The test methods and procedures for signal integrity and transmission performance specified
herein are referenced by connector standards, specified in IEC 60603-7, |IEC 60603-7-1,
IEC 61076-2, 61076-3 and other standards for connecting hardware and their sectional
specifications, with signal integrity specifications up to 2 000 MHz; such connector standards
include |IEC 60603-7-81, |EC 60603-7-82, |IEC 61076-3-110, IEC 61076-3-104, and
IEC 61076-2-109, which are used with twisted-pair cables having 100 Q nominal differential
characteristic impedance.

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 th re%Jeanﬁ
range of 1 MHz to-4-000 2 000 MHz. ocuments
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| 4.2.2 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.

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
| anrd or responses, ensuring that intermodal parameters can be measured without
reconnection.

| A 16-port network analyzer-is—reguired shall be used to measure all combinations of a 4-pair
device without external switching, however the network analyzer shall have a minimum of
2-ports (including one bi-directional port) to enable the data to be collated and calculated.

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

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

4.2.3 RF switching unit

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

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

4.2.4 Reference loads and termination loads

Reference loads and through connections-are-needed shall be utilised for the calibration of
the set-up. Requirements for the reference loads—are shall be as given in 4.9. Termination
loads-are-—needed shall be utilised for termination of pairs, used and unused, which are not
terminated by the network analyzer. Requirements for the termination loads-are shall be as
given in4-7and-4-140 4.11.

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

4.3 Measurement precautions

To ensure a high degree of reliability for transmission measurements, the following
precautions are required.
e Consistent and stable resistor loads shall be used throughout the test sequence.

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

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

e The relative spacing of conductors in the pairs shall be preserved throughout the tests to

the greatest extent possible. Documents
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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 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)—are 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

Port 2

L 1

DUT ——— Port 4

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 in
Formula 1, in which the S-parameter S, expresses the relation between a single ended
response on port “b” resulting from a single ended stimulus on port “a”.

Sy S Sy Sy

g Sy Sn Sy Sy 1)
Sy Sn Sy Sy
Sq S, S S

N
—_

For a balanced device, 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)

—n

Figure 2 — Diagram of a balanced 2-port device

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.D°cuments|

Document Sharing Hub

Full document details: IEC 60512-28-100 2019 RLV


http://avadocuments2026.com/doc/iec-60512-28-100-2019-rlv
http://avadocuments2026.com/doc/iec-60512-28-100-2019-rlv

- 14 - |EC 60512-28-100:2019 RLV © IEC 2019

Table 1 — Mixed mode S-parameter nomenclature

Differential mode Common mode
stimulus stimulus
Port 1 Port 2 Port 1 Port 2
Differential Port 1 SDD11 SDD12 SDC11 Ssz
mode
response Port 2 Spp21 Spp22 Speat Sbezz
Common mode Port 1 Sco11 Sco12 Sccii Scci2
response
P Port 2 Sco2s Sco22 Sccat Scczz

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

4.5 Coaxial cables and interconnect for network analyzers

Assuming that the characteristic impedance of the network analyzer is 50 Q, coaxial cables
used to interconnect the network analyzer, switching matrix and the test fixture shall be of
50 Q characteristic impedance and of low transfer impedance (double screen or more).

These coaxial cables should be as short as possible.-{}t-is—recommended-thatthey-do-not
exceed1-000-mm-each-)y Max 1 000 mm (on each port).

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

To optimize dynamic range, the total interconnecting cable insertion loss should be less than
3-dBat4000-MHz 7 dB at 2 000 MHz per metre.

4.6 Regquirements Characteristic for switching matrices

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

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
P ¢ Freoenes .
MHz Requirement-up-to-4-000-MHz
Insertion loss (dB) 1 <f<1000) <0,5dB
Return-loss{dB) >68-20log{fH)-dB-
40-dB-max
24-dB-min
Crosstalk(dB) >95dB
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.

4.7 Test fixture requirements
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4.7.1 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,
IEC 60603-7-51, and IEC 60603-7-81.

b) Direct-probe test fixtures, for connector types utilizing single ended direct-probe
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.

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

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

4.8 Requirements for termination performance at calibration plane

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

Table 3 — Requirements for terminations at calibration plane

Forommater Frequency Requirement-up-to-1-000-MHz
MHz
SE Port (50 Q) return-loss (dB) 1< <1000 =74-20log(f}dB
-40-dB-max
B e e e e e
-40-dB-max
= e
94-dB-max
Parameter Requirement Requirement
1 MHz to 1 000 MHz 1 000 MHz to 2 000 MHz
SE 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) >78-20log(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.
Documents
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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
IEC 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 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

Load for calibration

SMA type connector IEC
Figure 3 — Calibration of reference loads

4.10 Calibration
4.10.1 General

Isolation measurements shall be used as part of the calibration if the requirements of Table 3
are not met.

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

An individual 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 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
de-embedded calibration using only reflection terms (Sq4, Sy, S33, Sy4) or only near end
terms (S41,521,S42, Sys).

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

4.11 Termination loads for termination of conductor pairs

4.11.1 General

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

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

50 Q loads to earth (ground)
for termination

IEC

Figure 4 — Resistor termination networks

Small geometry chip resistors shall be used for the construction of resistor terminations. The
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—+required 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.

For the residual NEXT measurement, a 4-port SE calibration is required. After calibration,
connect the resistor termination networks and perform a full 4-port SE S-matrix measurement.
The measured S-matrix shall be transformed into the associated mixed mode S-matrix to
obtain the S-parameter 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

H# 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.

413 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-fixed-cennector DUT shall be terminated in accordance
with the manufacturer’s instructions and shall be compatible with the measurement test set up
and fixtures.

I —— T

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-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 shall be managed to m|n|m|ze the|r
effects on measurement. A

may be used to facilitate impedance management.

Documents

Document Sharing Hub

Full document details: IEC 60512-28-100 2019 RLV


http://avadocuments2026.com/doc/iec-60512-28-100-2019-rlv
http://avadocuments2026.com/doc/iec-60512-28-100-2019-rlv

IEC 60512-28-100:2019 RLV © IEC 2019 -21 —

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

When used, twisted-pair interconnect shall have 100 Q nominal differential characteristic
impedance. 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.

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-4-42.14-2 Table 4.

DM to earth (ground) terminations—are—required shall be used and the interconnect-sheuld
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-it-is—recommended-te they shall be
kept 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
removed from sheathed cable.

Prior to attachment to the DUT, the return loss of the pair shall be tested. For this test, a

100 mm length of individual twisted-pair shall be used. The twisted-pair shall be terminated

with a 50 Q differential mode to earth (ground) resistor termination network as described in |
4.11. The resistor termination network shall be attached directly to the conductors of the pair

in such a way as to minimize the disturbance of the pair. Potential disturbances include gaps
between the conductor insulation in the pair, melting 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. Documents
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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.

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
requirements of tEC-6141456-6 |[EC 61156-10:2016, or if the return loss of the assembled cord
is compliant to the balanced cord category-7, 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.

4.13.2.4 Interconnection DM return loss requirements

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

Table 4 — Interconnection DM return loss requirements

rocenons Dllbeetopn loos
M-z a8
4 <£<80 40dB
80-<#< 1000 7#8—20log(f)-dB
20-dB-min
Frequency DM return loss
MHz dB
1<f<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
e
SE port (560 Q) return-loss, (dB) 1<f<1-000 A e s
10-dB-min
e
DM-port{100-Q)-returnloss;(dB) 40-dB-max
10-dB-min
>60—20log(f)
CM-port{100-Q)returnloss{dB) 35-dB-max
10-dB-min
. .
.SE(E.; Q:);;H; POFt{pair-to-pair) 113 —20log(f)
NEXT FEXT 75-dB max.
o
SE. (5.2 ) .Fg:t to-portfwithin-g > 74— 20log(f)
NEXT FEXT 75-dB max.
NEXT-and FEXT 94-dB-max
DM-(100-Q)-insertionloss <1dB
100 —20log(f)
R
70-dB-max
e
50-dB max
Parameter Requirement Requirement

1 MHz to 1 000 MHz

1000 MHz to 2 000 MHz

> 68 — 20log(f)
SE port (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.
-to- i ion: > 140 — 20log(f)
BI\E/IX(_:_OO é)?zgg(r_}_ to-port isolation: (f 80 dB min.
an 94 dB max.
tn : P > 140 — 20log(f)
DM (10(3j Q) ?ort todé)ort isolation: 80 dB min.
near-end-to-far-en 94 dB max.
DM (100 Q) insertion loss <12 dB <12 dB
> 90 — 20log(f)
TCL, LCL 30 dB min.
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 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 to4-000 2 000 MHz

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

5.2 Insertion loss, test 28a
5.2.1 Object

The object of this test is to measure the insertion loss of a connecting hardware pair. Insertion
loss is defined here as the additional attenuation that is caused by a connecting hardware pair
inserted 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

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.

I I DUT I I
NA Port 1 | | | NA Port 3

| NA Port 4
| 50 ©

NA Port 2|
500 |

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
reference planes.

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 Spp14 and Sppy, for all conductor
pairs. The mixed mode S-parameters are derived by transformation of the measured
SE S-matrix.

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.

5.3.5 Procedure
5.3.5.1 Calibration

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

5.3.5.2 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 relDoCcuments
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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
bridge with a directivity of 40 dB and 34 dB.

5.4 Near-end crosstalk (NEXT), test 28c
5.4.1 Object
The object of this test procedure is to measure the magnitude of the electric and magnetic

coupling between the near ends of a disturbing and disturbed pair of a 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.

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 analyzer
ports. Interconnects (if used) shall be prepared and controlled per 4.13.2.
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: DUT
NA Port 1]

NA Port 2 I
NA Port 31

NA Port4i
50Qi

Screen

Calibratién plane Referenz:e plane ReferenE:e plane Calibrati'on plane”:_C

Figure 7 — NEXT measurement

5.4.5 Procedure
5.4.51 Calibration

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

5.4.5.2 Establishment of 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,¢ from which the noise floor is established. The noise floor shall be
established for all possible conductor pair combinations.

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

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. ocuments
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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
results exceed the test limits.

5.4.7 Accuracy

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

5.5 Far-end crosstalk (FEXT), test 28d
5.5.1 Object
The object of this test procedure is to measure the magnitude of the electric and magnetic

coupling between the near end of a disturbing pair and the far end of disturbed pair of a
connecting hardware pair combination.

5.5.2 Connecting hardware FEXT

Connecting hardware shall be tested for FEXT in both directions using at least one free
connector.

5.5.3 Test method

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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Figure 8 — FEXT measurement

5.5.5 Procedure
5.5.5.1 Calibration

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

5.5.5.2 Establishment of noise floor

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

5.5.5.3 Measurement

The DUT shall be arranged in a test set-up according to 5.5.4 and Figure 8, including proper
termination of the active and inactive pairs. A full SE S-matrix measurement shall be
performed. The measured SE S-matrix shall be transformed into the associated mixed mode
S-matrix to obtain the S-parameter Spp,4 from which FEXT is determined.

Test all conductor pair combinations and record the results.

5.5.6 Test report

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

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
Transverse Conversion Loss, TCL.

5.6.2 Connecting hardware TCL

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

5.6.3 Test method

TCL is evaluated from the mixed mode parameter S;pq4 for all conductor pairs. The mixed
mode S-parameters are derived by transformation of the measured SE S-matrix.

5.6.4 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 9. Resistor termination networks in accordance with 4.11 shall be applied for all
inactive pairs and for the ends of active pairs not being connected to the network analyzer
ports. Interconnects (if used) shall be prepared and controlled per 4.13.2.

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

}<I X D{I ><P<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 test power and by reducing the
bandwidth of the network analyzer, and by residual intermodal crosstalk within the test fixture.

The noise floor, a,,ise, 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 Sypq4 from which the noise floor is calculated as:

anoise =—2010g|Scp14)| (2)

The noise floor shall be established for all conductor pairs.

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

5.6.5.3 Measurement

The DUT shall be arranged in a test set-up according to 5.6.4 and Figure 9, including proper
termination of the active and inactive pairs. A full SE S-matrix measurement shall be
performed. The measured SE S-matrix shall be transformed into the associated mixed mode
S-matrix to obtain the S-parameter Syp¢4 from which TCL is calculated as:

TCL =-20log|Scp11] (3)

The test-has—te shall be performed from-thefree—connectorend—of both directions on the
connecting hardware. Test all conductor pairs and record the results.

5.6.6 Test report

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

5.6.7 Accuracy

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

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

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

5.7.4 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.

5.7.5 Procedure
5.7.5.1 Calibration

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

5.7.5.2 Noise floor

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

The noise floor a, ;s is calculated from S¢pyq as:

Anoise = —2010g|SCD21| (4)

The same requirements as described in 5.6.5.2 adapted to TCTL as in the four--ort test set-up

used for TCL-measurements-apply.

5.7.5.3 Measurement

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

TCTL = —2010g|SCD21| (5)

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 relﬁg&ﬁﬁqents
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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.

5.7.7 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
connectors and not applicable for unshielded connectors.

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

5.8.2 Connecting hardware Ttansfer impedance (Zy)

Connecting hardware Transfer impedance (Z;) shall be tested in accordance with
IEC 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 the
line injection apparatus.

5.8.4 Test set-up

The test set-up consists of a network analyzer and test fixtures as described in
IEC 62153-4-12. 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.

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

5.8.5 Procedure
5.8.5.1 Calibration

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

5.8.5.2 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

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.
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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.

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 (common-

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

5.9.2 Connecting hardware coupling attenuation (a¢)

Connecting hardware coupling attenuation shall be tested in accordance with I[EC 62153-4-12
over the frequency range of 30 MHz to 2 000 MHz.

5.9.3 Test method

The coupling attenuation (ag) test method for connectors is based on coupling attenuation
(aC) 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 in
IEC 62153-4-12. 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.

5.9.5 Procedure
5.9.5.1 Calibration

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

5.9.5.2 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 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.

AC =-20log|Scpzi| (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

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

5.9.7 Accuracy

The accuracy shall be better than £3 dB at the specification limit.
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Annex A
(informative)

Example Derivation of mixed mode parameters using |
the modal decomposition technique

A.1 General

It is not a requirement of this document to require that a full derivation is produced, and any
method 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 circuit
simulation tools.

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

An 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)

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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E T
P=[21 l (A.5)

(A.6)

o
Il
—
[S=Y
NIRN]|R

The conversion matrices replace the balun transformers and are referred to as mathematical
baluns, producing Formula A.7 and Formula A.8.

V1] [Vb1

Vol _ Ver

R AN (A.7)
\'A [ Ve

[ [Ip1

I I

1 =Q. ;¢ (A.8)
I3 Ip,

" ¢,

Substituting Formula A.7 and Formula A.8 into Formula A.1 Formula A.9 is obtained, which is
equivalent to a set of hybrid transformers attached at each end of the cable pair as described
in Figure A.2.

Vb1 11 L1z Zi3 Zi4][lIp,
Voo | _|Z21 Z32 Z3z Zzi||la (A.9)
Vpo| |z oz oz Zn||Ipe '
\& VAV AR A A R T
Ip1 Iy I3 Ipz
&—> A A —3
VD1T Vi V3 TVoz

e |
UeP) P
c—> <«
Ve T V2 Va Tch
B —a
)/ 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.

7 = RI[E + S][E — S]"'R: (A.10)

1
Where E is a 2n x 2n unit matrix and Rz is given by Formula A.11.
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vii 0 .0
Ri=| 0 B/E 2 (A.11)
0 e 0 Vr2n

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

V50 0 .. 0
R=| 0 V50 O (A.12)
P00 w0
0 .. 0 +50
The S-parameters in the modal domain are then calculated using Formula A.13, giving
Formula A.14.
L 1
S™ = R 2[Z™ — Ryu][Z™ + Ry, ] 7'RE, (A.13)
1 Vrml 0 0
R =| 0 Vime o (A.14)
0 .. 0 VIm2n

By this method it is possible to convert unbalance network analyzer measurements into mixed
mode S-matrices which contain both balanced and unbalanced parameters, as in

Formula A.15.
Sll SlZ 813 Sl4 SDDII SDCll SDDlZ SDC12
SZI SZZ SZ3 SZ4- SCDll SCCll SCD12 SCClZ
= A.15
Sei Sz Sss Sss|  |Sopz1 Soca Sopzs Soca: (A-15)
S41 S42 S4-3 S4-4- SCDZl SCCZl SCDZZ 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
connector types 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, IEC 60603-7-51, IEC 60603-7-81.

The indirect-reference test fixtures and associated test procedures used for measuring
IEC 60603-7 series 8-pole connector types transmission parameters shall conform to their
respective detail specification test procedures requirements and to the requirements in this
annex. In the case that a conflict arises between the requirements in the respective detail
specification test procedures and this standard, the respective detail specification test
procedures shall take precedence.

The IEC 60603-7 series, 8-pole connector types detail specifications and respective detail test
procedures standards for connector transmission parameters measurements are given in
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

IEC 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
requirements 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
given the supplemental 2 000 MHz connector standard test procedure,
IEC PAS 60512-27-200.
Table B.2 — Reference connector crosstalk (NEXT) vector
Case # Pair combination Limit Limit free connector NEXT loss |[Limit free connector NEXT loss
magnitude phase (degrees)’) 2
dB
Case 1 3,6-4,5 Low 78,1-20log(f) Measured TFC phase
Case 2 3,6-4,5 Central 78,6-20log(f) Measured TFC phase
Case 3 3,6-4,5 Central 79,0-20log(f) Measured TFC phase
Case 4 3,6-4,5 High 79,5-20log(f) Measured TFC phase
Case 5 1,2-3,6 Low 86,5-20log(f) Measured TFC phase
Case 6 1,2-3,6 High 89,5-20log(f) Measured TFC phase
Case 7 3,6-7,8 Low 86,5-20log(f) Measured TFC phase
Case 8 3,6-7,8 High 89,5-20log(f) Measured TFC phase
Case 9 1,2-4,5 Low 97-20log(Y) +90
Case 10 1,2-4,5 High 110-20log(f) -90
Case 11 4,5-7,8 Low 97-20log(Y) +90
Case 12 4,5-7,8 High 110-20log(f) -90
Case 13 1,2-7,8 Low 106-20log(y) Measured TFC phase
Case 14 1,2-7,8 High 106-20log(f) Measured TFC phase
minus 180°
) TFC NEXT loss phase is determined by following the procedure in IEC PAS 60512-27-200.
2)  The reference plane for measuring TFC NEXT loss phase and mated NEXT loss shall be the interface plane as
described in IEC PAS 60512-27-200.
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