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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 27-200: Additional specifications for signal integrity tests up to
2 000 MHz on |[EC 60603-7 series connectors — Tests 27a to 27g
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.

A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public.

IEC PAS 60512-27-200 has been processed by subcommittee 48B: Electrical connectors, of
IEC technical committee 48: Electrical connectors and mechanical structures for electrical and
electronic equipment.

Documents

Document Sharing Hub

Full document details: PD IEC PAS 60512-27-200:2018


https://doi.org/10.3403/00317451U
http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018
http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018

IEC PAS 60512-27-200:2018 © IEC 2018 -9 —

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
48B/2652/DPAS 48B/2673/RVDPAS

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standard.

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.

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.

This PAS shall remain valid for an initial maximum period of 3 years starting from the
publication date. The validity may be extended for a single period up to a maximum of
3 years, at the end of which it shall be published as another type of normative document, or
shall be withdrawn.

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 27-200: Additional specifications for signal integrity tests up to
2 000 MHz on |[EC 60603-7 series connectors — Tests 27a to 27g

1 Scope

This part of IEC 60512 covers additional, supplemental specifications for signal integrity and
transmission performance test methods of JEC 60512-27-100, for connectors using de-
embedded crosstalk measurements, which are specified in respective parts of |EC 60603-

standards for connecting hardware applications up to 2 000 MHz.

These additional specifications are also applicable for testing the related lower frequency
connectors. However, the test methodology specified in the detail specification for any given
connector remains the reference conformance test for that connector.

Test procedures of |EC 60512-27-100 affected by these supplemental methods and
procedures are:

e insertion loss, test 27a;

e return loss, test 27b;

e near-end crosstalk (NEXT) test 27c;

e far-end crosstalk (FEXT), test 27d;

e transverse conversion loss (TCL), test 27f;

e transverse conversion transfer loss (TCTL), test 27g.

Other test procedures referenced here are:

e transfer impedance (Zy), see test procedures in IEC 62153-4-6 or JEC 62153-4-17.
e for coupling attenuation (ac), see test procedures in [EC 62153-4-7 or 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 60512-1, Connectors for electronic equipment — Tests and measurements — Part 1:
General

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 JEC 60603-71 — Tests 26a to 26g

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 — T}
oo P6c(iriients
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IEC 60512-28-100, Connectors for electronic equipment — Tests and measurements — Part
28-100: Signal integrity tests up to 2 000 MHz on JEC 60603-7 and JEC 61076-3 series
connectors — Tests 28a to 28g

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

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

EC 60603-7-4, 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

EC 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

EC 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

EC 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 60603-7-41, 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 60603-7-81, 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 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, Multicore and symmetrical pair/quad cables for digital communications —
Part 10: Cables for cords with transmission characteristics up to 2 GHz - Sectional
specification

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

IEC 61935-1, Specification for the testing of balanced and coaxial information technology
cabling — Part 1: Installed balanced cabling as specified in ISO/IEC 11801 and related
standards

EC 61935-2, Specification for the testing of balanced and coaxial information technology
cabling — Part 2: Cords as specified in ISO/IEC 11801 and related standards

ISO/IEC 11801-1, Information technology — Generic cabling for customer premisesy—. Parf 1.
General requirements GBOCifments
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ITU-T Recommendation G.117, Transmission aspects of unbalance about earth

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-581,

IEC 60512-1 and [EC 60603-7 apply.

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

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

e |SO Online browsing platform: available at http://www.iso.org/obp
4 Overall test arrangement

4.1 General

This document specifies test methods and procedures for connectors.

The test fixtures and reference connectors specified in this document are referenced by

IEC 60512-28-100.

The test methods and procedures for signal integrity and transmission performance, specified
in |IEC 60512-28-100, covering the frequency range up to 2 000 MHz, are referenced by
connector standards, specified in and |EC 60603-7-1, with signal integrity
specifications up to 2 000 MHz; e.g., IEC 60603-7-81.

This document extends the frequency range, up to 2 000 MHz, for [EC 60512-27-100, which
has a frequency range up to 500 MHz.

The test methods and procedures for signal integrity and transmission performance specified
herein are for connectors using de-embedded crosstalk specifications and measurements up
to 2 000 MHz; e.g. IEC 60603-7-81.

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

4.2 Indirect-reference test fixtures

Indirect-reference test fixtures are for connector types utilizing indirect reference to re-
embedded crosstalk vectors for measurement of transmission parameters, e.qg. IEC 60603-ﬂ

series (8-way types): |EC 60603-7-4, |EC 60603-7-3, |EC 60603-7-4, |EC 60603-7-5,
|IEC 60603-7-41, JEC 60603-7-51, and IEC 60603-7-81.

The detail tests and measurement specifications for the measurement of the respective
transmission parameters required by the detail product specifications of the |EC 60603-

series 8-way connector types are given in Annex A.

The indirect-reference test fixtures and associated test procedures used for measuring
series 8-way connector types transmission parameters, up to 2 000 MHz, shall
conform to their respective detail tests and measurements specifications requirements, given
in Annex A, and to the additional requirements in this standard, which are given in Annex B,

Annex C, Annex D, and Annex E.
Documents

Document Sharing Hub

Full document details: PD IEC PAS 60512-27-200:2018


https://doi.org/10.3403/00317451U
https://doi.org/10.3403/30216377U
https://doi.org/10.3403/30216377U
https://doi.org/10.3403/00317451U
https://doi.org/10.3403/02611162U
https://doi.org/10.3403/30158568U
https://doi.org/10.3403/00317451U
https://doi.org/10.3403/30088899U
https://doi.org/10.3403/30172805U
https://doi.org/10.3403/03262441U
https://doi.org/10.3403/30075076U
https://doi.org/10.3403/30151634U
https://doi.org/10.3403/30151638U
https://doi.org/10.3403/00317451U
https://doi.org/10.3403/00317451U
http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018
http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018

IEC PAS 60512-27-200:2018 © IEC 2018 - 13 —

Annex A
(normative)

Indirect-reference test fixtures

A.1 General

Indirect-reference test fixtures are for connector types utilizing indirect reference to re-

embedded crosstalk vectors for measurement of transmission parameters, e.g. |[EC 60603-
series (8-way types), |EC 60603-7-2, |EC 60603-7-3, |EC 60603-7-4, |EC 60603-7-§,
|IEC 60603-7-41], [EC 60603-7-51, IEC 60603-7-81.

The indirect-reference test fixtures and associated test procedures used for measuring
EC 60603-7 series 8-way connector types transmission parameters shall conform to their
respective detail specification test procedures requirements and to the requirements in this
annex.

The |EC 60603-1 series, 8-way connector types detail specifications and respective detail test
procedures standards for connector transmission parameters measurements are given in
Table A.1.

Table A.1 — J[EC 60603-7 series, 8-way connector types detail specifications
and respective detail connector test procedures standards

Connector specification Frequency Test procedure Frequency
MHz MHz
100 IEC 60512-25-x series 100
250 250
500 500
IEC 60603-7-81 2 000 IEC PAS 60512-27-200 2 000

A.2 Requirements

Indirect reference test fixtures for 2 000 MHz shall also meet the overall test fixtures minimum
signal integrity requirements for 2 000 MHz listed in [EC 60512-28-10(.
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Annex B
(normative)

Measurement requirements (general)

B.1 General test configuration

This annex describes general measurement requirements for 4-pair 100 Q components and
cabling systems from 1 MHz to the highest referenced frequency using laboratory equipment.

The transmission tests described in this document typically require the use of a network
analyzer or equivalent, coaxial cables, baluns, UTP test leads, and impedance matching
terminations. Network analyzers provide capability to correct for source and load port
inaccuracies and measurement errors due to output port gain errors and measurement port
sensitivity. In addition, signal leakage from the output port to measurement port can be
compensated. Each component of the test setup shall be qualified over the frequency range
specified for the category to which the DUT is being evaluated. Equivalent test setups may be
used. For the case of balunless measurements, the general requirements for wire termination,
test setup, configurations, and performance are detailed in |JEC 60512-28-10( from 1 MHz to
2 000 MHz.

The transmission tests described in this annex may be performed using a network analyzer or
equivalent, coaxial cables, baluns, test leads, and impedance matching terminations. Each
setup component shall be qualified to a measurement bandwidth of at least 1 MHz to the
highest frequency of measurement for each category. Test equipment design, calibration and
fixturing should be such as to ensure a measurement floor of 20 dB below the required
measurement limit.

This document discusses in detail:

o Network analyzer requirements

o Test fixture requirements

e Impedance matching termination requirements
e Calibration artefacts and calibration procedures
e Port identification and nomenclature

o Other requirements

All of the requirements of this annex apply up to the maximum frequency of the DUT category.

B.2 Termination of a cable DUT to test system

B.2.1 General

The DUT connection point is to a cable pair. To minimize length of the termination and
disturbance of the cable pairs, the cable pair should be connected to the reference plane with
less than 5 mm (0,2”) of wire or pair unjacketed or untwisted. Shield terminations including
individual pair shield terminations should be within 5 mm (0,2”) of the reference plane. Pair
twist and spacing should be maintained to the reference plane as much as possible. Shield
terminations should provide a 360° contact with the overall cable shield as close to the end of
the screen as is possible. Example cable and shield terminations are shown in Figure B.1 and
Figure B 2.
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B.2.2 Interconnections between the device under test (DUT) and the calibration plane

When testing DUT’s that do not present naturally a cable pair to the test interface, test leads
may be constructed to provide that connection.

Twisted-pair test leads, printed circuits or other interconnections may be used between the
DUT and the calibration plane. It is necessary to control the characteristics of these
interconnections to the best extent possible as they are beyond the calibration plane. These
interconnections should be as short as practical and their CM and DM impedances shall be
managed to minimize their effects on measurements. The return loss performance of the
interconnections shall meet the requirements of Clause B.2. The insertion loss performance of
the interconnections is assumed to be less than 0,1 dB over the frequency range from 1 MHz
to 500 MHz and less than 0,2 dB for the frequency range from 500 MHz to 2,0 GHz.

When used, twisted-pair test leads shall have 100 Q nominal characteristic impedance. The
twisted-pairs should not exhibit gaps between the conductors insulation. The maximum length
of the test leads extending from each end of the device shall be 51 mm (2 in).

Prior to attachment to the DUT, the return loss of each twisted-pair shall be tested. For this
test, 100 mm (4 in) lengths of twisted-pair shall be used. The test leads shall be DM
terminated across each pair at the far end with a precision 0,1 % 0603 or similar chip resistor
as described in Clause B.4. The resistor shall be attached directly to the conductors of the
pair in such a way as to minimize the disturbance of the twisted-pair. Potential disturbances
include gaps between the conductor insulation in the twisted-pair, melted insulation, and
excess solder. When tested, the test lead shall be attached to the balun or DM test port using
the same fixtures as when testing the device. The test leads are then trimmed for attachment
to the DUT and the test fixtures. See Annex E for an appropriate test fixture. It is
recommended to use the same load for both calibration and termination of the test lead during
measurement.

B.2.3 Test lead return loss requirements

For connecting hardware return loss measurements, the interconnection shall meet the
requirements in B.2.2 and Table B.1 relative to the specified calibration resistor termination.
These requirements apply up to the maximum frequency of the category of the DUT.
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Table B.1 — Interconnection return loss

Frequency Return loss
MHz dB
1<£<80 40
80 < £< 2 000 38 — 20 log (£ /100)

Strain relief Cable jacket

Conductive ferrule

Adapter

IEC

Figure B.1 — Example 360° shielded cable termination
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Strain relief Cable jacket

Conductive ferrule

Shield Adapter

Mesh ball

IEC

Figure B 2 — Example individually shielded pair cable termination

For ease of interfacing to test fixtures, the balun or balunless test interface should present a
pin and socket interface with dimensions as shown in Figure B.3. Sockets should be gold
plated contact material and should be compatible with an example socket as shown in
Figure B.4.

Dimensions in millimetres (inches)

10,16 2,54
(0,400) (0,100)
6,98 1,27 Common
2543 (0,275) (0,050) | | _
(1,00) A Common 8 pls Signal +
/ ) 10,16 / \ 442
y (0,400) [ & L a4
| NG
6,98 2,21
(0,275) DETAIL A (0,087)
Cross slot optional Common
IEC
Figure B.3 — Test fixture interface pattern
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Dimensions in millimetres (inches)
0,76
(0,030)
0,79
178 (0,031)

|
1,35 3,43
(0,053) i (0,135)
@ 0,521 3,18
(0,020) (0,125)

IEC

Example socket description:

Mill-Max 1001-0-15-15-30-27-04-0

Material: Brass alloy

Contact: 30 = Standard 4 finger contact
Contact material: Beryllium copper

Shell plating: 15 = 10 p" gold over nickel
Contact plating: 27 = 30 p" gold over nickel
Press fit in 1,45 mm (0,057 in) mounting hole

Figure B.4 — Example pin and socket dimension

B.2.4 Ground plane requirements

The balun or balunless test fixture common mode nodes shall be bonded to a ground plane.
The common mode nodes of passive terminations shall also be bonded to the ground plane.

B.2.5 Network analyzer requirements

The network analyzer shall provide a sinusoidal reference signal source and receiver in one
unit and shall provide the ability to measure amplitude and phase response over a specified
frequency range for cabling or cabling components under test. In addition, the performance of
the network analyzer shall be specified over the frequency range of interest and the network
analyzer shall include functionality to perform two-port and one-port calibrations.

B.3 Measurement points and spacing

Unless otherwise specified, the minimum number of measurement points within a specified
frequency range shall meet the requirements of Table B.2.
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Table B.2 — Minimum number of measurement points

DUT length (L) Minimum number of measurement
points per decade of specified
m frequency range
L<10 100
10<L=<20 200
L>20 300

B.4 Impedance matching terminations

B.4.1 General

Either balun terminations, direct network analyzer terminations, or resistive terminations may
be used for the termination of far-end ports of active pairs under test and for the termination
of inactive pair near-end and far-end ports. Resistor terminations are recommended for
termination unless the port is included in the current active measurement calibration.
Improving the return loss of port terminations will improve measurement accuracy. In all
cases, the type of termination shall be consistent between all pairs at each end and
consistent with the common mode termination value of the test system. (i.e. DMCM
terminations are not mixed with DM terminations for the near-end of the DUT or the far-end of
the DUT). Annex C provides diagrams for terminations for balun systems and Annex D
provides diagrams of terminations for balunless systems.

B.4.2 Resistor terminations

Resistors shall be 0603 or smaller wideband chip resistors. 0,01 % tolerance chip resistors
should be used for calibration references and also for all DUT resistor terminations.

Resistor DM terminations shall exhibit impedance of 100 Q + 0,1 % (two times 50 Q + 0,1 %)
as shown in Figure B.5. The resistors used for common mode (CM) terminations shall include
the addition of a common mode 25 Q + 1 % or better resistor as shown in Figure B.6. In this
case, the common mode impedance formed by the 25 Q resistor in series with the two 50 Q
resistors in parallel provides a common mode impedance of 50 Q.

50Q+01% 50Q+0,1%

[ 1 [ 100Q£0, 1%
| T — — ’
L |
25Q0+1%

=

Differential mode plus
common mode resistor termination

Differential mode only
resistor termination

IEC

Figure B.5 — Resistor termination networks for balun testing

Documents

Document Sharing Hub

Full document details: PD IEC PAS 60512-27-200:2018


http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018
http://www.avadocuments.com/doc/pd-iec-pas-60512-27-200-2018

- 20 - |IEC PAS 60512-27-200:2018 © IEC 2018

500+01% 50Q=%01%

Differential mode plus
common mode resistor termination

IEC

Figure B.6 — Balunless resistor termination network

B.4.3 Termination return loss performance at the calibration plane

The performance of impedance matching resistor termination networks shall be verified by
measuring the return loss of the termination at the calibration plane. For this measurement, a
one port calibration is required using a traceable reference load per IEC 60603 series. The
DM return loss of the load termination shall meet or exceed 20 — 20 log (f /500). Calculations
that result in DM return loss limit values greater than 40 dB shall revert to a requirement of
40 dB minimum. The CM return loss shall exceed 15 dB. The residual NEXT loss between any
two impedance termination networks shall exceed the requirements of formula (B.1).
Calculations that result in residual NEXT loss limit values greater than 84 dB shall revert to a
requirement of 84 dB minimum.

NEXTresidual_term 2

74 — 20 log (£/100) dB (B.1)

The DM return loss requirement above results in better performance at frequencies below the
upper frequency limit for resistor terminations versus balun terminations. It is for this reason
that resistor terminations are recommended, even though the performance requirements (as
specified here) are essentially the same.

B.4.4 Termination TCL performance at the calibration plane

The resistor terminations should be verified by testing TCL up to the highest frequency of
testing for each category or 2 GHz and should meet the requirements of formula (B.2).

TCLgterm > = 56 — 20%log (f/100) or 50 dB min (B.2)

B.4.5 Calibration methods

One-port and two-port calibrations are acceptable for return loss measurements. Two-port
calibration and measurement methods, which include compensation for the balun response,
shall be used for insertion loss, NEXT loss and FEXT loss measurements. See Annexes C
and D for more information on calibration methods and types.

There are two commonly used calibration methods:
a) Two-port calibration used for through measurements that involve an output port and a
measurement port (insertion loss, NEXT loss, and FEXT loss).

b) One-port calibration used when making one-port (return loss) measurements. In this case,
the remote end of the device under test is terminated using a resistive circuit. It is possible
to use a two-port calibration for one-port measurements. In this case, one port provides
the balun termination at the remote end and its return losses are calibrated out of the
measurement.
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Both one-port and two-port calibrations require reflection calibration that corrects for imperfect
source and load impedance of the measurement system, including the near- and far-end
measurement ports of the network analyzer, baluns and interconnections up to the location of
the reference plane. Reflection calibration typically involves connecting open, short, and load
calibration devices at the location of the reference plane. Absolute measurement accuracy is
determined by the accuracy of the calibration load.

In addition to the reflection calibration, transmission and isolation calibrations are also
required for two-port calibrations. Transmission calibration requires interconnecting the near-
and far-end measurement ports at the location of the reference plane with a known reference.
The reference may be a short piece of twisted-pair conductors. Isolation calibration is only
required if there is significant crosstalk between the near- and far-end measurement ports at
the location of the reference plane. If the level of uncompensated crosstalk at this location is
near the noise floor of the network analyzer, then the isolation calibration may be omitted. If
used, during isolation calibration, the near- and far-end measurement ports should be
terminated into 100 Q at the location of the reference plane.

B.4.6 Two-port calibration of the test system

A two-port calibration utilizing load, open, and short and through calibration references shall
be specified. Transmission through calibration requires interconnecting the near-end and far-
end measurement ports at the location of the reference plane with a known reference through
calibration artefact. Isolation calibration is required if there is significant crosstalk between
measurement ports. If the level of residual crosstalk is compliant to test system performance
requirements, then isolation calibration may be omitted.

B.4.7 One-port calibration of the test system

If a one-port calibration is used, then load, open, and short calibration references shall be
used.

B.5 General calibration plane

B.5.1 General

For all measurement configurations, the calibration plane represents the location where
calibration devices are connected to the test setup as shown in Figure B.7. The calibration
plane is defined at the test interface and is the point of connection between the device under
test and the test fixture.

Calibration plane
P | Test leads

Baluns :I \

Network

analyzer DUT

|
¥~ Test interface

IEC

Figure B.7 — Calibration plane
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The calibration plane location can be established based on:

Formal definitions of calibration planes for cabling (e.g., reference plane for the channel or
permanent link).

These measurement considerations should be taken into account:

a) Proximity to the cabling or cabling component under test to avoid introduction of
measurement errors (i.e. from the network analyzer, baluns and interconnect wiring).

b) Convenience of connecting devices to be tested.

¢) Minimizing disruption of the transmission performance at the location where devices are
connected, particularly to avoid reflections and parasitic crosstalk effects.

B.5.2 Calibration references

Internal test calibration standards reference values within the network analyzer shall be
selected to reflect the characteristics of the actual standards used for calibration as specified
by the instrument manufacturer. Typical parameters for a network analyzer using open-short-
load-through calibration standards are open circuit capacitance, short circuit inductance,
through offset delay and offset impedance Z0. Test facilities should maintain appropriate
documentation detailing the calibration procedures and calibration standard values used and
the expected accuracy.

B.5.3 50 Q and 100 Q calibration reference load requirements

Calibration reference load impedance terminations can be compared against a 50 Q coaxial
load, which is traceable to an international reference standard using the following procedure.
The calibration reference load shall be equal to the nominal differential impedance of twisted-
pair cabling defined in this document, which is 100 Q. This may be achieved by using a single
100 Q resistor or with the network shown in Figure B.5.

The following procedure can be used for reference load verification.

The reference load(s) for calibration are placed in an N-type connector according to
IEC 60169-16 (i.e. designed for panel mounting and machined flat on the back side). The
load(s) shall be fixed to the flat side of the connector and distributed evenly around the centre
conductor. One port full calibrations shall utilize the 50 Q coaxial calibration reference.

The reference load may be compared directly to the 50 Q calibration reference. In this case,
an additional source of uncertainty is introduced by the network analyzer. Refer to the test
equipment manufacturer’s guidelines for additional information on calibration device and
network analyzer measurement uncertainty. Another method is to place two 100 Q reference
loads in parallel. In this case, the uncertainty introduced by the network analyzer is negligible
and the accuracy of the two 100 Q reference loads in parallel is determined by the accuracy
of the 50 Q calibration reference. It may be assumed that either method will result in
approximately the same uncertainty for a single, 100 Q reference load.

Care shall be used to maintain symmetrical calibration load positioning with reference to the
ground connection.
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B.5.4 Calibration reference load return loss requirement

The verified return loss of the calibration reference load shall meet the requirements of
Table B.3 from 1 MHz to the highest referenced frequency of measurement for the cabling

category.

Table B.3 — Calibration reference load return loss requirement

Frequency Return loss
MHz dB
1<f<1000 > 40
1000 </<2000 > 40 - 20 log (f/1 000)

B.5.5 Typical test equipment performance parameters

See |EC 60512-28-10( for typical test equipment performance parameters.
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Annex C
(normative)

Cabling and component test procedures using baluns

C.1 Measurement test setup and apparatus

Cc.11 General
The measurement requirements in this Annex, apply to categories 3, 5e, 6, 6A, and 8 up to

the upper frequencies of those categories. In some cases, there are specific requirements for
specific categories, and those are so noted.

C.1.2 Balun terminations

Baluns used for termination shall comply with the requirements of C.1.3. The common mode
termination resistor applied to the common mode port of the balun shall be 50 Q + 1 %.

C.1.3 Balun requirements

Balun transformers are used to convert the unbalanced measurement capability of the
network analyzer to the balanced terminals of the cabling interface. Baluns shall be RFI
shielded and shall comply with the specifications listed in Table C.1 up to the highest
referenced frequency for the category of component or cabling system under test.
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Table C.1 — Test balun performance characteristics

Parameter Frequency Value
MHz

Impedance, primary " 1<f<2000 50 Q unbalanced
Impedance, secondary 1<f<2000 100 Q balanced
Insertion loss 1<f<1000 2,0 dB maximum

1000 < /<2000 3,0 dB maximum
Return loss, bi-directional ) 1<f<15 12 dB minimum

15 < <1000 20 dB minimum

15 < <2000 15 dB minimum
Return loss, common mode 2 1<f<15 15 dB minimum

15 < f< 400 20 dB minimum

400 < f<2 000 15 dB minimum
Power rating 1<f<2000 0,1 watt minimum
Longitudinal balance 2 1<f<100 60 dB minimum

100 < < 500 50 dB minimum

500 << 1000 42 dB minimum

1000 < /<2000 40 dB minimum
Output signal balance 2) 1</<1000 50 dB minimum

1000s <f<2000 40 dB minimum
Common mode rejection 2) 1<f<1000 50 dB minimum

1000 < /<2000 40 dB minimum
") Primary impedance may differ, if necessary, to accommodate analyzer outputs other than 50 Q.
2) Measured per ITU-T (formerly CCITT) Recommendation G.117 with the network analyzer calibrated using a

50 Q load.

Figure C.1 depicts the proper test configurations for qualifying test baluns to the requirements
of this standard.
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Figure C.1 — Measurement configurations for test balun qualification

C.2

c.21

Testing of cabling

Cabling DC resistance

DC resistance shall be measured in accordance with IEC 61935-1.
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C.2.2 Return loss testing of cables and channels
C.2.21 Test configuration of cable and channel return loss

Figure C.3 depicts the typical schematic diagram for testing return loss. Resistor terminations
are generally preferred for unused pairs at the far-end because of better return loss
performance. See Clause B.4 for information on resistor terminations. DMCM terminations are
recommended for return loss measurements although DM terminations are acceptable. The
detailed schematic diagram of the balun is shown in Figure C.2 The connection labelled “C”
represents the connection to the common mode port, the connection labelled “D” represents
the connection to the 50 Q unbalanced port, and ports labelled “A and B” represent a
connection to the 100 Q differential mode port of the DUT.

IEC

Figure C.2 — Balun schematic diagram
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Figure C.3 — Laboratory test configuration for return loss

C.2.2.2

Measurement of cable and channel return loss

IEC PAS 60512-27-200:2018 © |IEC 2018

IEC

Calibrate in accordance with B.4.5. Measure the S11 parameter with the network analyzer
connected to each pair on the near-end. Return loss shall be tested in both directions.
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C.2.3 Insertion loss of cables and channels
C.2.31 Test configuration of cable and channel insertion loss

Figure C.4 depicts the typical schematic diagram for testing insertion loss, FEXT loss, ACRF,
and propagation delay.
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Figure C.4 — Laboratory test configuration for insertion loss
and propagation delay measurements
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Shields and screens, if any, should be bonded (low inductance connections) to the
measurement ground.

The test interfaces shall provide a high quality interface to the calibration reference devices
used during two-port and one-port calibration of the network analyzer, as well as provide a
convenient connection to the cabling or cabling component under test.

C.2.3.2 Calibration of cable and channel insertion loss

The calibration for cable and channel insertion loss shall comply with B.4.5.

C.2.3.3 Measurement of cable and channel insertion loss

Measure the S21 parameter with the pair under test connected to the network analyzer at
both the near-end and the far-end. It is not necessary to measure cable insertion loss from
both ends due to reciprocity.

c.24 NEXT loss of cables and channels
C.2.41 Test configuration of cable and channel NEXT loss

Figure C.5 depicts the typical schematic diagram for testing NEXT loss. Resistor terminations
are generally preferred for unused pairs at the far-end because of better return loss
performance. See Clause B.4 for information on resistor terminations. DMCM terminations
shall be used for NEXT loss measurements.
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Figure C.5 — Laboratory test configuration for cable and channel NEXT loss

C.2.4.2 Calibration of cable and channel NEXT loss

The calibration for cable and channel NEXT loss shall comply with Clause B.5.
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C.2.4.3 Measurement of cable and channel NEXT loss

Measure the S21 parameter with the network analyzer connected to each of the 6 pair
combinations of the four pairs. NEXT loss shall be tested in both directions.

C.2.5 FEXT loss of cables and channels
C.2.51 Test configuration of cable and channel FEXT loss

Figure C.6 shows the test configuration of cable and channel FEXT loss. DMCM terminations
shall be used for all inactive pairs and active pairs.
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Figure C.6 — Laboratory test configuration for FEXT loss

C.2.5.2 Calibration of cable and channel FEXT loss

The calibration for cable and channel FEXT loss shall comply with Clause B.5.
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C.2.5.3 Measurement of cable and channel FEXT loss

Measure the S21 parameter with the network analyzer connected to each of the 12 pair
combinations of the four pairs in one direction.

C.2.6 Cable and channel propagation delay
C.2.6.1 Test configuration of cable and channel propagation delay

The propagation delay measurement configuration shall comply with the requirements of
C.2.3.1

C.2.6.2 Calibration of cable and channel propagation delay

A one or two-port calibration, as described in Clause B.4, may be used to calibrate
propagation delay.

C.2.6.3 Measurement of cable and channel propagation delay

Measure all 4 pairs for cable propagation delay. It is not necessary to measure cable
propagation delay from both ends due to reciprocity.

C.2.7 TCL of cables and channels
C.2.71 General

Balunless techniques are recommended for measurement of TCL, however balun techniques
may be used.

C.2.7.2 Test configuration of cable and channel TCL

Figure C.7 depicts the typical schematic diagram for testing TCL. The cabling or DUT pair
under test shall be connected to the differential mode balun output terminals. All unused near-
end pairs shall be terminated with DMCM resistor terminations (see Clause B.4) or baluns
shall be bonded together and connected to ground as shown in Figure C.7.
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