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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 25-9: Signal integrity tests —
Test 25i: Alien crosstalk

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 provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

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.

International Standard IEC 60512-25-9 has been prepared by subcommittee 48B: Connectors,
of IEC technical committee 48: Electromechanical components and mechanical structures for
electronic equipment.

The text of this standard is based on the following documents:

FDIS Report on voting
48B/1915/FDIS 48B/1930/RVD

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

A list of all parts of IEC 60512 series, under the general title Connectors for electronic
equipment — Tests and measurements, can be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or

+ amended.
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CONNECTORS FOR ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

Part 25-9: Signal integrity tests —
Test 25i: Alien crosstalk

1 Scope and object

This part of IEC 60512 defines a test method which is intended to assess the near-end alien
crosstalk (ANEXT) and the far-end alien crosstalk (AFEXT) between connectors in close
proximity, when mounted in their mounting systems. Both discrete modular connectors and
multi-port panel connectors may be tested using this method. This method provides a means to
test the alien (exogenous) crosstalk between any two ports, as well as a means to assess the
overall alien crosstalk from all other ports. This test procedure is generally applicable to any
electrical connector, and is particularly suitable to connectors described in IEC 60603-7 series,
IEC 61076-3-104, and other types of connectors for data transmission.

2 Normative references

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

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

IEC 60512-26-100, Connectors for electronic equipment — Tests and measurement -
Part 26-100: Measurement setup, test and reference arrangements and measurements for
connectors according to IEC 60603-7 (tests 26a to 26g)

IEC 60603-7-4:2005, 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 (all parts), Connectors for electronic equipment — Part 7: Detail specifications for
8-way, (un)shielded, free and fixed connectors, for data transmissions

IEC 61076-3-104:2006, Connectors for electronic equipment — Part 3-104: Detail specification
for 8-way, shielded, free and fixed connectors, for data transmissions with frequencies up to
1000 MHz

IEC 61156, Multicore and symmetrical pair/quad cable for digital communications

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-581 apply as
well as the following.

3.1
alien (exogenous) crosstalk (AXT)
signal coupling from disturbing conductor pairs into a disturbed pair of another connBtor
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3.2

alien (exogenous) near-end crosstalk (ANEXT) loss

signal coupling from a near-end disturbing conductor pair into a disturbed pair of another
connector, measured at the near-end

3.3

alien (exogenous) far-end crosstalk (AFEXT) loss

signal coupling from a near-end disturbing conductor pair into a disturbed pair of another
connector, measured at the far-end

3.4

power sum alien (exogenous) near-end crosstalk (PSANEXT) loss

a computation of signal coupling from multiple near-end disturbing conductor pairs, in one or
more connectors, into a disturbed pair of another connector, measured at the near-end

3.5

power sum alien (exogenous) far-end crosstalk (PSAFEXT) loss

a computation of signal coupling from multiple near-end disturbing conductor pairs, in one or
more connectors, into a disturbed pair of another connector, measured at the far-end

4 Overview

4.1 Procedure

Alien crosstalk is a property that exists between connectors. It is affected by the properties of
the connectors themselves, as well as the arrangement of the connectors in their mounting
system, and the mounting systems themselves. Examples of mounting systems include
faceplates, mounting boxes, frame-mounted panels, frames containing multiple panels, etc.
Where necessary, connectors in other frame-mounted panels, etc., in close proximity shall be
included as disturbing connectors. Alien crosstalk of the connector should be tested for all
mounting systems in which the connector is intended to be mounted, or a sub-set thereof, as
defined by the detail specification. Manufacturers may define a worst case mounting system,
and test in either or both.

This procedure may also be applied to multi-port connector panels, in which case each port of
the panel shall be treated as a discrete connector.

The mounting systems shall be filled, at a minimum, with all connectors that are significant in
respect to the alien crosstalk of the disturbed connector. The number of connectors that need
to be tested is explained in 5.3 and Clause 7. As there are generally four conductor pairs in
each connector, and therefore 16 pair combinations for each port combination, consideration
should be given for a convenient method for testing those combinations, such as automatic
switching. Further, the interconnection method between the baluns and the CUT (connectors
under test) should provide sufficient flexibility to easily connect the baluns to different CUTs.
As the devices need to be terminated with cables, a minimum of two cables, each at least 40 m
long, shall be available, and for convenience consideration should be given to having a larger
number of termination cables available. These cables shall be separated as far as possible
during the test.

The procedure to perform this test shall be as follows. The mounting system for the connectors

shall be set up near the measurement system. The connectors shall be installed in the
mounting system. One connector shall be selected as the disturbed connector for a particular
instance of this test. Another connector shall be selected as the first disturbing connector. The

two connectors shall be terminated and connected to the measurement system as specified in
Clause 6. The ANEXT loss and AFEXT loss, as required, shall be measured, between these
connectors, as specified in Clause 6. The significance of the alien crosstalk, for each
frequency point of each pair combination, shall be checked, per Clause 7. A determination shall

be made, per Clause 7, whether additional disturbing connectors need to be tessmb)fér{
disturbed connector. Testing shall continue until all significant disturbing connector b .1ents
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tested, per 5.3 and Clause 7. Then, the power sum of all significant pair-to-pair measurements
shall be calculated, per Clause 9. Finally, a report shall be written per Clause 9. If required,
additional disturbed connectors, and additional mounting arrangements, may be tested.

The preceding paragraph provides the procedure by which all the necessary information shall
be obtained. The steps may be performed in any order.

Annex A illustrates the above.

4.2 Resources

The measurements shall be performed using a network analyzer, or with a signal generator
and receiver.

The required equipment includes:

a) A network analyzer with a minimum frequency range of 1 MHz to 1 GHz shall preferably be
used. A signal generator and a receiver may also be used.

b) If baluns are used, a minimum of 2 baluns meeting the requirements of
IEC 60603-7-4, Annex D, extrapolated to the highest frequency of interest (8 baluns are
recommended).

¢) A minimum of 2 cables, minimum 40 m long, suitable for terminating all pairs of the far
ends of the connectors under test. These shall be minimum category 6, IEC 61156 cables.
For category 7 or better connectors, the terminating cables shall be the same or higher
category as the connectors. Their return loss and balance should be as good as possible,
to provide the best possible connector termination. Consideration should be given to the
use of a larger number of cables. Cables are needed for both the cable termination (fixed)
end, and the free (plug) end, of the connector;

NOTE It should be recognized that each time the cable is used to terminate one connector, it will shorten by
approximately 50 mm.

d) Two short "plugs”, or cables, or "wiring harnesses", to connect from the baluns to the near
ends of the devices under test.

e) A means to provide 100 Q differential, and 50 Q common, mode terminations, on all unused
pairs of both ends of the connectors under test; discrete precision surface-mount resistors
are recommended.

f) At least one sample of each connector mounting system in which the connectors are to be
tested.

g) A sufficient number of samples of the connector to be tested. It is recommended to have
enough to completely fill the mounting system.

h) Coaxial cables to interconnect between the network analyzer and the baluns. It is
recommended to use high quality phase-stable cables.

i) Itis recommended to have a convenient mounting system, to arrange the recommended 8
baluns into two groups of four.

j) It is recommended to have an automatic switching system to change among the 16 pair
combinations.

5 Overall test arrangement

5.1 General

It is recommended to use eight baluns, arranged in two clusters of four, and to minimize the
separation of the baluns within each balun cluster. In this case, it is advantageous to use a
multi-port (minimum 8 ports) coaxial switch, to automate testing. The schematic for the use of
such a switch is shown in Annex B. Figure 1 shows a schematic for testing without a switch.
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40 m cable
termination

Balun

NA - =
40 m cable
termination
] | I [
Balun

IEC 1457/08

Key

NA Network analyzer

Figure 1 — Schematic for testing without a switch

5.2 Terminations

For measurement (noise) floor measurements, and for all ANEXT and AFEXT measurements,
both ends of all pairs of both connectors under test shall be terminated with common and
differential mode terminations per IEC 60603-7-4, Clause D.6 or per 3.4 of IEC 60512-26-100.
The pair ends under test shall be terminated through the baluns, with a 50 Q coaxial cable on
the differential input, and a 50 Q termination resistor on the centre tap. Unused pairs on these
ends may be terminated either with baluns and terminating resistors, or with precision resistor
networks. Screens and/or shields, if present, shall also be connected to this same node. The
termination cables shall be separated as far as possible during the test.

Termination schematic
for
AXT measurements

To shield To shield
I IR A BV A
AN — A
AAES VO I S a v
A e T A g B

IEC 1458/08

Figure 2 — Schematic for terminations

5.3 Pairs of connectors to test

At a minimum, all connectors adjacent to the disturbed connector, in all directions including
diagonal directions, shall be tested in combination with that connector. Figure 3 illustrates an
array. If any disturbing connector is deemed "significant" per Clause 7, then the next further
away connector in the same direction from the disturbed connector shall also[D@esiements
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Testing of disturbing connectors in this direction from the disturbed connector shall continue,
until a connector is tested which is not "significant". At this point, no further connectors in this
direction away from the disturbed connector need to be tested.

[ ]
[ ] I N e [ ]

[ee] [+ ] [cc| [ ] [FF
L 1 [p] [e] [ec] [F] [&] |
L] [aa] [a] [x] [B8] [BB] [ ]
L J [o] [e] [o] [n] [t ] |
(66| [N ] [oD] [m | [HH]

[ ] -

Figure 3 — Connector array

Notes to Figure 3

NOTE 1 If the mounting hardware is smaller than this array, those positions which are not present are ignored.
However, the influences of other mounting systems in close proximity of the system under test shall
be taken into account.

NOTE 2 In this example, when the disturbed connector "X" is tested, alien crosstalk into it from connectors A,
B, C, D, E, F, G, and H, shall be tested. In the event that connector B contributes significant alien
crosstalk, the alien crosstalk from connector BB into connector X shall also be tested. In the event
that connector BB also contributes significant alien crosstalk, the alien crosstalk from connector BBB
(not labelled) into connector X shall also be tested, etc.

NOTE 3 In this example, if either connector F or connector CC contributes significant alien crosstalk into
connector X, the alien crosstalk from connector J into connector X shall also be tested.

NOTE 4 Although rectangular connectors are illustrated in this example, the same principle can be applied to
connectors which are round, square, trapezoidal, or otherwise shaped.

NOTE 5 This is an example for illustration purposes; mounting hardware used is not required to conform to
this illustration.

If required, other connectors in the mounting system may also be tested as the disturbed
connector. It is suggested that, at a minimum, at least one connector in the most vulnerable
position, such as the middle, be tested.

When the connector to be tested is a ganged connector, such as a multi-port patch panel,
special considerations apply. The cable (rear) side of the panel should be inspected, and
connector ports which may not be near the disturbed connector on the front side, but are near
on the back, should be tested. Consideration should be given to testing at least two ports on
each side of the disturbed port. Consideration should be given to testing all port combinations
in the gang, as there may be internal circuit paths in close proximity.
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6 Procedure to test alien crosstalk from one connector to another connector

6.1 Calibration

A minimum of 100 frequency points per decade shall be tested, and a linear frequency sweep
shall be used.

For each of the 16 pair combinations between connectors, perform a 2-port calibration. It is
recommended to use a zero-length through calibration, with the baluns back-to-back, however
it is acceptable to use a short twisted-pair jumper as the through. It is recommended to omit
the isolation calibration step. Short, load, and open calibration artefacts shall be placed at the
balun output. Other calibration requirements of E.4.1 of IEC 60603-7-4 shall be followed.

6.2 Measurement (noise) floor

Two termination cables shall be connected directly to the two baluns or balun clusters. The
cables shall be separated by at least 25 mm throughout their length. The far ends of the cables
shall be terminated according to Clause 5 above. The ANEXT between them shall be
measured. It is recommended that the noise floor be at least 100 dB throughout the frequency
range.

6.3 Alien crosstalk measurement

Unless otherwise specified in the detail specification, the alien crosstalk shall be measured in
both directions. To measure ANEXT in the "forward" direction 2 four-pair test cables, or "plugs”
shall be used. These are to be, preferably, a short length, approximately 80 mm, and shall not
be longer than 300 mm. The "front" end of these plugs shall be connected to the baluns. The
four pairs shall be fanned out orthogonally, over as short a distance as possible, to connect to
the baluns. This distance should be minimized, to avoid common mode return loss effects. It is
recommended to manage the common mode impedance of the pairs by placing them in the
vicinity of a ground plane, or by some other method. The far ends of the two connectors shall
be terminated to four-pair terminating cables which are at least 40 m long. The far ends of
those cables shall be terminated according to Clause 5 above. Adequate separation between
the two terminating cables shall be maintained, also between the two test-cables, as cable-to-
cable alien crosstalk will affect the test result.
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Test directions diagram
for
AXT measurements

Forward ANEXT Reverse ANEXT

Socket Socket

— [Plug 1 Transmit Transmit —s___| [Plug [
Socket Socket

— [Plug [ Receive Receive e—{ | [Plug [

Forward AFEXT Reverse AFEXT
Socket
_ Transmit Transmit | _
Socket
Receive €— | [ Plug] ] ] [Plug [} Receive

IEC 1460/08

Figure 4 — Test directions

To measure ANEXT in the "reverse" direction, the non-plug end of the connector shall be
connected to the baluns using a short (approximately 80 mm) test cable, balun interface as
described above. A plug shall be mounted on the near end of the termination cable, its far end
shall be terminated as in Clause 5 above; the plug and connector shall be mated.

To measure AFEXT in the "forward" direction, the disturbing connector shall be terminated as
for ANEXT in the forward direction above, and the disturbed connector as in the reverse
direction above. The disturbing signal shall be launched into the free end (plug end) of the
disturbing connector, and the alien crosstalk shall be monitored at the cable end of the
disturbed connector.

To measure AFEXT in the "reverse" direction, the disturbed connector shall be terminated as
for ANEXT in the forward direction above, and the disturbing as in the reverse direction above.
The disturbing signal shall be launched into the cable end of the disturbing connector, and the
alien crosstalk will be monitored at the free end of the disturbed connector.

7 Procedure for determining significance

The pair-to-pair alien crosstalk trace shall be plotted and compared with the significance limit.
The significance limit, unless otherwise specified in the detail specification, shall be 20 dB
better than the requirement, or 90 dB, whichever is less.

If at any frequency point on any pair combination, the pair-to-pair alien crosstalk exceeds the
significance limit, this disturbing connector shall be deemed "significant" to the disturbed
connector.

If this disturbing connector is deemed significant, then all data at frequency points and pair
combinations that exceed the limit shall be included in the power sum calculations ri '
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