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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CONNECTORS FOR ELECTRICAL AND ELECTRONIC EQUIPMENT -
TESTS AND MEASUREMENTS -

2 000 MHz on IEC 60603-7 series connectors — Tests 27a to 27g

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisigg
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 Specificationis,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest¢d
in the subject dealt with may participate in this preparatory work. International, governmental and noh-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closgly
with the International Organization for Standardization (ISO) in accordanee” with conditions determined by
agreement between the two organizations.

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

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

In order to promote international uniformity, IECiNational Committees undertake to apply IEC Publications
transparently to the maximum extent possiblesin ‘their national and regional publications. Any divergenge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated fin
the latter.

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 independentceertification bodies.

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

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

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.

Attentiop~iS, drawn to the possibility that some of the elements of this IEC Publication may be the subject pf
patentwights. IEC shall not be held responsible for identifying any or all such patent rights.

RPAS“is a technical specification not fulfilling the requirements for a standard, but made

a

yailable 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.
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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.

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

D

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

n T

his PAS shall remain valid for an initial maximum period of 3 years”starting from tHe
iblication date. The validity may be extended for a single period\up to a maximum of
years, at the end of which it shall be published as another type_ofihormative document, ¢r
nall be withdrawn.

N WT -

MPORTANT - The 'colour inside' logo on the coven page of this publication indicateg
hat it contains colours which are considered to be useful for the correc
inderstanding of its contents. Users should therefore print this document using 4
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 IEC 60603-7 series connectors — Tests 27a to 27g

Y

—

I

»n O

oo —

©

T

Qther test procedures referenced, here are:

c
cited applies. For undated references, the latest edition of the referenced document (including
a

Scope

his part of IEC 60512 covers additional, supplemental specifications for signal integrity arnd
pnsmission performance test methods of IEC 60512-27-100, for connectors \using de¢-
mbedded crosstalk measurements, which are specified in respective parts of, lEC 6060317
andards for connecting hardware applications up to 2 000 MHz.

hese additional specifications are also applicable for testing the related lower frequengy
bnnectors. However, the test methodology specified in the detail specification for any givgn
bnnector remains the reference conformance test for that connector.

bst procedures of IEC 60512-27-100 affected by these* supplemental methods ar|d
rocedures are:

insertion loss, test 27a;

return loss, test 27b;

near-end crosstalk (NEXT) test 27¢;
far-end crosstalk (FEXT), test 27d;
transverse conversion loss (TCL), test 27f;

transverse conversion transfer lossi{TCTL), test 27g.

transfer impedance (Z)see test procedures in IEC 62153-4-6 or IEC 62153-4-7.
for coupling attenuation (ac), see test procedures in IEC 62153-4-7 or IEC 62153-4-12.

Normative réferences

he followingiudocuments are referred to in the text in such a way that some or all of thdir
bntent constitutes requirements of this document. For dated references, only the editign

ny 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 IEC 60603-7 — 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 — Tests 27a to
279
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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 IEC 60603-7 and IEC 61076-3 series
connectors — Tests 28a to 28g

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

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

<

BC 60603-7-3, Connectors for electronic equipment — Part 7-3: Detail specification)for 8-way,
hielded, free and fixed connectors, for data transmission with frequencies up #0100 MHz

(%)

BC 60603-7-4, Connectors for electronic equipment — Part 7-4: Detail specification for 8-way,
nshielded, free and fixed connectors, for data transmissions with frequéncies up to 250 MHz

S

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

(%)

jmul

FC 60603-7-41, Connectors for electronic equipment <XPart 7-41: Detail specification fpr
way, unshielded, free and fixed connectors, for dataitransmissions with frequencies up o
D0 MHz

O Co

imul

C 60603-7-51, Connectors for electronic equipment — Part 7-51: Detail specification for
way, shielded, free and fixed connectors, for data transmissions with frequencies up {o
D0 MHz

(S0

BC 60603-7-81, Connectors for electronic equipment — Part 7-81: Detail specification for
way, shielded, free and fixed connhectors, for data transmissions with frequencies up {o
000 MHz

N Co

BC 61156-1, Multicore and.symmetrical pair/quad cables for digital communications — Part |I:
eneric specification

()

BC 61156-9, Multicore and symmetrical pair/quad cables for digital communications — Part D:
ables for chanhels with transmission characteristics up to 2 GHz — Sectional specification

®)

BC 61156-40; Multicore and symmetrical pair/quad cables for digital communications |-
art 10:.\.Cables for cords with transmission characteristics up to 2 GHz - Sectiongl
becification

»

C61169-16, Radfo-frequency connectors — Part 16: Sectional specificatiomn — 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

IEC 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 premises — Part 1:
General requirements
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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 IEC 60603-7 apply.

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

addresses:

IEC Electropedia: available at http://www.electropedia.org/

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

411 General

This document specifies test methods and procedures for connectors;

The test fixtures and reference connectors specified in thisodocument are referenced RQy
IEC 60512-28-100.

—

he test methods and procedures for signal integrity and, transmission performance, specifigd
n IEC 60512-28-100, covering the frequency range “up to 2 000 MHz, are referenced hy
cpnnector standards, specified in IEC 60603-7{and IEC 60603-7-1, with signal integrify
pecifications up to 2 000 MHz; e.g., IEC 60603+7-81.

n

his document extends the frequency range; up to 2 000 MHz, for IEC 60512-27-100, whigh
bs a frequency range up to 500 MHz.

> -

he test methods and procedures fo¥ signal integrity and transmission performance specifigd
brein are for connectors using . de-embedded crosstalk specifications and measurements Jp
q 2 000 MHz; e.g. IEC 60603-7-81.

> -

—

he test methods and prfocedures specified herein are referenced by connector standards for
bnnecting hardware ,normally used with twisted-pair cables having 100 Q nominal differentigl
naracteristic impedance, which are specified up to 2 000 MHz, in accordance with
C 61156-1 cable’/ standard and its sectional specifications; e.g. IEC 61156-9 and
C 61156-10.

O 0 -

innluul

412 Indirect-reference test fixtures

rldirecttreference test fixtures are for connector types utilizing indirect reference to re-
embedded crosstalk vectors for measurement of transmission parameters, e.g. IEC 60603T7
series (8-way types): IEC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, I|EC 60603-7-5,
IEC 60603-7-41, IEC 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 IEC 60603-7
series 8-way connector types are given in Annex A.

The indirect-reference test fixtures and associated test procedures used for measuring
IEC 60603-7 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.
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Annex A
(normative)

Indirect-reference test fixtures

A.1 General

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

e
s
IE

mbedded crosstalk vectors for measurement of transmission parameters, e.g. TEC 6060317
pries  (8-way types), |EC 60603-7-2, IEC 60603-7-3, IEC 60603-7-4, |EC 60603-7-p,
C 60603-7-41, IEC 60603-7-51, IEC 60603-7-81.

he indirect-reference test fixtures and associated test procedures used for--measurirg
C 60603-7 series 8-way connector types transmission parameters shall eonform to thgir
spective detail specification test procedures requirements and to the requirements in thjs
hnex.

oY
—

he |IEC 60603-7 series, 8-way connector types detail specifications(and respective detail te
rocedures standards for connector transmission parameters measurements are given |n
bble A.1.

Table A.1 — IEC 60603-7 series, 8-way connectortypes detail specifications
and respective detail connector test procedures standards

Connector specification Frequency Fest procedure Frequency

MHz MHz

IEC 60603-7-2 100 IEC 60512-25-x series 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

A.2 Requirements

i

(2]

direct refetence test fixtures for 2 000 MHz shall also meet the overall test fixtures minimum
gnal integrity requirements for 2 000 MHz listed in IEC 60512-28-100.
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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 an

8

d

capbling 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(hetwo
aphalyzer or equivalent, coaxial cables, baluns, UTP test leads, and impedance ‘matchir
tgrminations. Network analyzers provide capability to correct for source and-load pog
ifaccuracies and measurement errors due to output port gain errors and measurement po
sensitivity. In addition, signal leakage from the output port to measurement port can H
cpmpensated. Each component of the test setup shall be qualified over,the frequency rang
specified for the category to which the DUT is being evaluated. Equivalént'test setups may 4
uged. For the case of balunless measurements, the general requirements for wire terminatio
tgst setup, configurations, and performance are detailed in IEC 60512-28-100 from 1 MHz
2(000 MHz.

The transmission tests described in this annex may be performed using a network analyzer
efuivalent, coaxial cables, baluns, test leads, and impedance matching terminations. Ead
setup component shall be qualified to a measurement) bandwidth of at least 1 MHz to tH
h|ghest frequency of measurement for each categofy. Test equipment design, calibration an
fikturing should be such as to ensure a measurement floor of 20 dB below the require
neasurement limit.

This document discusses in detail:

o Network analyzer requirements

o| Test fixture requirements

¢| Impedance matching termination requirements
o| Calibration artefacts and:calibration procedures
o| Port identification and nomenclature

o| Other requirements

B.2 Termination of a cable DUT to test system

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

~Q x

® DO

=)

Bl.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 th

e

iMterconnections shall meet the requirements of Clause B.2. The insertion loss performance
the interconnections is assumed to be less than 0,1 dB over the frequency range from 4"MH
tq 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. TH
twisted-pairs should not exhibit gaps between the conductors insulation. The.maximum leng
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 th
tgst, 100 mm (4 in) lengths of twisted-pair shall be used. The \fest leads shall be D
tgrminated across each pair at the far end with a precision 0,1 %_0603 or similar chip resist
ap described in Clause B.4. The resistor shall be attached difectly to the conductors of th
pair in such a way as to minimize the disturbance of the twisted-pair. Potential disturbance
infclude gaps between the conductor insulation in the twisted-pair, melted insulation, an
ekcess solder. When tested, the test lead shall be attached to the balun or DM test port usin
tHe same fixtures as when testing the device. The test\leads are then trimmed for attachme
tq the DUT and the test fixtures. See AnnexE. for an appropriate test fixture. It
recommended to use the same load for both calibration and termination of the test lead durin
nmeasurement.

B.2.3 Test lead return loss requirements

M

br connecting hardware return loss® measurements, the interconnection shall meet th
g¢quirements in B.2.2 and Table B.1 relative to the specified calibration resistor terminatio
These requirements apply up tothe maximum frequency of the category of the DUT.

—

Df
z

e
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Table B.1 — Interconnection return loss

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

Strain relief Cable jacket

. $ IEC
A\Q)
Figure B.1 -\Qxample 360° shielded cable termination

S
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Mo T T

Strain relief Cable jacket

Conductive ferrule

Shield Adapter

IMesh ball
$H
Os\ IEC
Figure B 2 — Example |nd|V|duaIIy Ided pair cable termination

br ease of interfacing to test fixtures, the &\kjn or balunless test interface should present

a
n and socket interface with dlmen3|(g»<?~ s shown in Figure B.3. Sockets should be gold
ated contact material and should§e compatible with an example socket as shown |n

gure B.4. %)

4\
O Dimensions in millimetres (inchep)

\c‘}‘
C)\ 10,16 2,54

. (0,400) (0,100)

@ 6,98 1,27 Common

C) 43 (0,275) (0,050) | | )
@ (1,001) Common 8 pls Signal +
& : ' AT +
o ) | \ I

O 10,16 442
363 (0.400) (0,174)
\Q/ (0, 143) ,
(0 286) (0,275) DETAIL A (0,087)
Common

Cross slot optional

IEC

Figure B.3 — Test fixture interface pattern
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8

Dimensions in millimetres (inches)

0,76
(0,030)

0,79
5 178 (0,031)
0.070) _ —1 I
| i
o 135 ﬂ { DT
|

(0,053) (0,135)
@ 0,521 . 318
(0,020) (0,125)

IEC

ample socket description:
II-Max 1001-0-15-15-30-27-04-0

pterial: Brass alloy

bntact material: Beryllium copper
hell plating: 15 = 10 p" gold over nickel

E

M

M

Cpntact: 30 = Standard 4 finger contact

C

S

Cpntact plating: 27 = 30 p" gold over nickel
=)

ess fit in 1,45 mm (0,057 in) mounting hole

Figure B.4 — Example piniand socket dimension

B.2.4 Ground plane requirements

The balun or balunless test fixture common mode nodes shall be bonded to a ground plan
The common mode nodes of passivesterminations 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 or
upit and shall provide the-ability to measure amplitude and phase response over a specifig
frequency range for_cabling or cabling components under test. In addition, the performance
the network analyzershall be specified over the frequency range of interest and the netwo
apalyzer shall inClude functionality to perform two-port and one-port calibrations.

B.3 Measurement points and spacing

D

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



https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

IEC PAS 60512-27-200:2018 © IEC 2018 - 19 —

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

.4.1 General

b used for the termination of far-end ports of active pairs under test and~for'the terminatidn
inactive pair near-end and far-end ports. Resistor terminations are.‘recommended for
tgrmination unless the port is included in the current active meéasurement calibration.
Improving the return loss of port terminations will improve measurement accuracy. In 3ll
cases, the type of termination shall be consistent between_all pairs at each end and
cpnsistent with the common mode termination value of ¢he€ test system. (i.e. DMCM
tgrminations are not mixed with DM terminations for the near-end of the DUT or the far-end ¢f
the DUT). Annex C provides diagrams for terminationsfor balun systems and Annex D
pfovides diagrams of terminations for balunless systems;

B

Ejther balun terminations, direct network analyzer terminations, or resistive terminations may
b

o]

Bl.4.2 Resistor terminations
Rlesistors shall be 0603 or smaller wideband:chip resistors. 0,01 % tolerance chip resistols
should be used for calibration references and.also for all DUT resistor terminations.

esistor DM terminations shall exhibitiimpedance of 100 Q + 0,1 % (two times 50 Q + 0,1 %)
5 shown in Figure B.5. The resistors, used for common mode (CM) terminations shall include
He addition of a common mode 25 O + 1 % or better resistor as shown in Figure B.6. In thjs
hse, the common mode impedance formed by the 25 Q resistor in series with the two 50 R
gsistors in parallel provides-acommon mode impedance of 50 Q.

50 =0

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
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500+01% 50Q=%01%

Differential mode plus
common mode resistor termination

IEC

Figure B.6 — Balunless resistor termination network

.4.3 Termination return loss performance at the calibration plane

easuring the return loss of the termination at the calibration plane. For,this measurement,
ne port calibration is required using a traceable reference load per IEC 60603 series. Th
DM return loss of the load termination shall meet or exceed 20 — 207log (f /500). Calculatior
that result in DM return loss limit values greater than 40 dB shallrevert to a requirement
4p dB minimum. The CM return loss shall exceed 15 dB. The residual NEXT loss between ar
two impedance termination networks shall exceed the requirements of formula (B.1
Clalculations that result in residual NEXT loss limit values greater than 84 dB shall revert to
rgquirement of 84 dB minimum.

B
The performance of impedance matching resistor termination networks shall be verified g
m
0

S0 00 <

[V

NEXT rqsidualterm > T4 =20'log (//100) dB (B.1)

—

he DM return loss requirement above resulisyin better performance at frequencies below thHe
pper frequency limit for resistor terminations versus balun terminations. It is for this reasdn
Hat resistor terminations are recommended, even though the performance requirements (3s
pecified here) are essentially the same.

n £ Cc

o)

.4.4 Termination TCL performance at the calibration plane

The resistor terminations should be verified by testing TCL up to the highest frequency ¢f
gsting for each category orn2’ GHz and should meet the requirements of formula (B.2).

—

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

.4.5 Calibration methods

blibration and measurement methods, which include compensation for the balun responsg,
nall ‘be used for insertion loss, NEXT loss and FEXT loss measurements. See Annexes [C

B

One-portcand two-port calibrations are acceptable for return loss measurements. Two-port
c

s

aphd. 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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B

oth 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-

a

nd far-end measurement ports at the location of the reference plane with a known reference.

T
re
th

oo O M m

he reference may be a short piece of twisted-pair conductors. Isolation calibration is only
quired if there is significant crosstalk between the near- and far-end measurement perts” at
e location of the reference plane. If the level of uncompensated crosstalk at this location |s
par the noise floor of the network analyzer, then the isolation calibration may be(omitted. [If
sed, during isolation calibration, the near- and far-end measurement ports‘-should He
rminated into 100 Q at the location of the reference plane.

.4.6 Two-port calibration of the test system

two-port calibration utilizing load, open, and short and through calibration references sh4ll
b specified. Transmission through calibration requires interconnécting the near-end and far-
hd measurement ports at the location of the reference plane with~a known reference through
blibration artefact. Isolation calibration is required if there-is: significant crosstalk betweg
easurement ports. If the level of residual crosstalk is compliant to test system performange
quirements, then isolation calibration may be omitted.

=

.4.7 One-port calibration of the test system
a one-port calibration is used, then load, opeh, and short calibration references shall He
5ed.

.5 General calibration plane

.5.1 General

br all measurement configurations, the calibration plane represents the location whefe
blibration devices are connected to the test setup as shown in Figure B.7. The calibratign
ane is defined at the test interface and is the point of connection between the device undégr
st and the test fixture.

Calibration plane

| Test leads
Baluns |
Net\INork :. : Reom SuT
analyzer
y —l:” _____ -l Rcom

|
¥~ 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).

In

zasgoo

Convenience of connecting devices to be tested.

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

.5.2 Calibration references

ternal test calibration standards reference values within the network dnalyzer shall be
plected to reflect the characteristics of the actual standards used for calibration as specifigdd
y the instrument manufacturer. Typical parameters for a network analyzer using open-shont-
ad-through calibration standards are open circuit capacitance, short circuit inductance,
rough offset delay and offset impedance Z0. Test facilities should maintain appropriate
bcumentation detailing the calibration procedures and calibration-standard values used and
e expected accuracy.

.5.3 50 Q and 100 Q calibration reference load requirements

alibration reference load impedance terminations<gan be compared against a 50 Q coaxigl
ad, which is traceable to an international reference standard using the following procedure.
he calibration reference load shall be equal te the nominal differential impedance of twisted-
pir cabling defined in this document, which¢is)y100 Q. This may be achieved by using a sing|e
DO Q resistor or with the network shown in>Figure B.5.

he following procedure can be used:for reference load verification.

he reference load(s) for calibration are placed in an N-type connector according {o
C 60169-16 (i.e. designed\for panel mounting and machined flat on the back side). THe
ad(s) shall be fixed to the\flat side of the connector and distributed evenly around the centie
pnductor. One port full calibrations shall utilize the 50 Q coaxial calibration reference.

he reference load may be compared directly to the 50 Q calibration reference. In this casg,
n additional source of uncertainty is introduced by the network analyzer. Refer to the test
quipment manufacturer’s guidelines for additional information on calibration device arld
twork analyzer measurement uncertainty. Another method is to place two 100 Q referende
ads in+parallel. In this case, the uncertainty introduced by the network analyzer is negligible
nd thejaccuracy of the two 100 Q reference loads in parallel is determined by the accuragy

the 50 Q calibration reference. It may be assumed that either method will result |n

C

H I Y V- T 4 H 1 400 £ ! ol
MPTUARTITIALCTY 1T SdITIT UTieTiidirity TOT a SITyic, TUU 32 TTITTTITILT TUaU.

are 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
1</<1000 > 40
1000</<2000 > 40 - 20 log (/1 000)

.5.5 Typical test equipment performance parameters

(03]

ce |[EC 60512-28-100 for typical test equipment performance parameters.

(0]
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Annex C
(normative)

Cabling and component test procedures using baluns

C.1 Measurement test setup and apparatus

Cc.1.1 General

The measurement requirements in this Annex, apply to categories 3, 5e, 6, 6A, and 8 up
the upper frequencies of those categories. In some cases, there are specific requiremeénts f
specific categories, and those are so noted.

(@)

1.2 Balun terminations

(o8]

aluns used for termination shall comply with the requirements of C.1.3.(The common mod
grmination resistor applied to the common mode port of the balun shallhe*50 Q + 1 %.

—

1.3 Balun requirements

alun transformers are used to convert the unbalanced measurement capability of th

»w S5 W (@]

nielded and shall comply with the specifications listed/in Table C.1 up to the highe
g¢ferenced frequency for the category of component or €abling system under test.

—

etwork analyzer to the balanced terminals of the cablinglinterface. Baluns shall be RIf

8

NG

oy
— —
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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 2) 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 < <2000 15 dB minimum
Power rating 1<f<2000 0,1 wattmiinimum
L ongitudinal balance 2) 1<f<100 60,dB Mminimum
100 < < 500 50"dB minimum
500 << 1000 42 dB minimum
1000 < /<2000 40 dB minimum
Dutput 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.

) Measured per ITU-T (formerly CCITT) Recommendation G.117 with the network analyzer calibrated using 4
50 Q load.

N

gure C.1 depicts the propgntest configurations for qualifying test baluns to the requiremen
this standard.

o
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Insertion loss (2 Units back-to-back)

A A—A
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C B C B—B C
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C: 50 & Common-mode S0 0 Q @ S0 0
D: 50 O Unbalanced — -
Return loss (50:100 Q) Return loss (100:50 Q)
A AHA
I 50,0
D 1000 D I I
> > | — b
C B C BB C
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50 Q Q 50 Q Q : @ 50 Q
I
— L | 1

Common-mode return loss

500
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>—D

A

50 ©

— 779

50 Q
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50 &
50 O
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&=$D

&—D

L\=Calibration plane
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500

Common-mode rejection

|
50 ©Q

500

A

50 O

L I o K )

z%/
|
50

Figure C.1 — Measurement configurations for test balun qualification

IEC

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
tHeconnectton to the 50 X unbaranced port, and ports tapbetted ‘A and B Tepresent Ja
cpnnection to the 100 Q differential mode port of the DUT.

IEC

Figure C.2 — Balun schematic diagram
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Port1 Network analyzer Port 2
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( DUT termlnan9ns

D Test fixture l Test fixture o _l_ f
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N - o 250

|

|

1 Hg j ! ! | :
- '|| " v|7 |
/7 \_\ | | 50 Q |
W I | Active test interface Il /- —=-- = —

|
_ _ =502 _ _ _ | N S I _
| 500 | | 500 |
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R T IODOQRDI i
| le o ® |

|

| 50 Q| : 1500 |
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I | 25Q * “|L o 250 | |
| | |
| I~ o | vr |
| 50Q | | | | 500 |
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,T - . Shield of DUT - - o
Ingetive pair terminations Inactive pair terminations
IEC

Figure C.3 — Laboratory test configuration for return loss

C.2.2.2 Measurement of cable and channel return loss

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.

Port 1 Network analyzer Port 2
f_J DUT %
D Test fixture L Test fixture D
R Wttty S
J{ il
N 1l J
| |
1 i I
el |
W C lI Active test interfdce |
_ _=5%a _ _ | |
| ! | |
| 50Q | |
| 250 l- 3
| I [
| .
| 50Q| :
| 50 O : |
: 250 N .
|
| ) .
|
| 500 ! | |
| 500 | |
: 25.0 e |
|
I
:—‘_L le | :-
| 00, 7 —< ————— v,
T Shield of DUT
Inactive pair terminations ieao Inactive pair terminations

IEC

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.

.2.3.3 Measurement of cable and channel insertion loss

C

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

.2.4 NEXT loss of cables and channels

.2.4.1 Test configuration of cable and channel NEXT loss

‘e generally preferred for unused pairs at the far-end_because of better return logs
erformance. See Clause B.4 for information on resistop tefrminations. DMCM terminatiorls

C

C

Flgure C.5 depicts the typical schematic diagram for testing NEXT<loss. Resistor terminations
0

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.

IEC
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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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Port 1

©)

Network analyzer

Port 2

©)

J

\

W C | Active test interface
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|

Test fixture
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25Q

®

Inactive pair terminations

C.2.5.2

Shield of DUT

Inactive pair terminations

Figure C.6 — Laboratory test configuration for FEXT loss

Calibration of cable and channel FEXT loss

The calibration for cable and channel FEXT loss shall comply with Clause B.5.

IEC
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.2.5.3 Measurement of cable and channel FEXT loss

8

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

Cc
Cc

.2.6 Cable and channel propagation delay

.2.6.1 Test configuration of cable and channel propagation delay

The propagation delay measurement configuration shall comply with the requirements of

G

Cl

A

©

(@)

o Z

.2.5.1

2.6.2 Calibration of cable and channel propagation delay

one or two-port calibration, as described in Clause B.4, may be used~to calibra
ropagation delay.

.2.6.3 Measurement of cable and channel propagation delay

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

.2.7 TCL of cables and channels
.2.7.1 General

alunless techniques are recommended for measurement of TCL, however balun technique
ay be used.

.2.7.2 Test configuration of cable and-channel TCL

nd pairs shall be terminated with..\DMCM resistor terminations (see Clause B.4) or balur
nall be bonded together and connected to ground as shown in Figure C.7.

gure C.7 depicts the typical schemati¢, diagram for testing TCL. The cabling or DUT p4i
nder test shall be connected to the differential mode balun output terminals. All unused neaf-

e
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Port1

Network analyzer
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©)

Active pair far
end

terminations
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Active test interface

- l“Eo___

|
lo
|
|
|
|
|
|
|

50 Q'

Inactive“pair terminations

Shield of DUT

Inactive pair terminations

IEC

For cable TCL measurements, the far-end common mode termination should be connected to

ground.

C.2.7.3

Figure C./ — Laboratory test conftiguration tor ICL

Calibration of channel TCL

TCL calibration is performed in three steps.

STEP 1: The coaxial test leads attached to the network analyzer are calibrated out by
performing short, open, load, and through measurements at the point of termination to the

balun. An example of the test lead through connection is shown in Figure C.8.
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X S o, T
s s e

IEC
NV
Figure C.8 — Coaxial lead through calibratioQ%
TEP 2: The attenuation of the differential signals of the balun |s?%asured by connecting tw

0
entical baluns back-to-back with minimal lead length as sho Figure C.9. Notice that the
bluns are positioned so as to maintain polarity and the ar bonded (firmly attached, e.g.
5%3 e

d

S 5w

lamped) to a ground plane. The measured insertion lo divided by 2 to approximate th
risertion loss of one balun for a differential signal. Th Iculated insertion loss is recorde

5 IL a1 DM

m—'o

\U IEC

-

F@:.Q — Back-to-back balun insertion loss measurement

TEP 3: T@éertion loss of the common mode signals of the test balun is measured hy
mnectir@ e common mode port terminals to the differential output terminals of the balyn
5 sho Figure C.10. Notice that the output terminals of the balun are short-circuited arld
DN (& to the inner conductor of the coaxial test lead. The outer shield of the coaxial tept

hall be bonded to the ground plane. An example ground bonding is shown |n
gure CT - The measured MseTtion toss 1S Tecorded as 12, o

MFO®OW
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-__‘__'-'-,

"'\.__\“

Terminals ™= .

shorted

IEC ‘(.19

Figure C.10 — Output terminal connection

@ IEC
)
Figure C.11 ter shield grounding position

4\
12.7.4 Measurement of cable and channel TCL

C

Anh S21 measurement @@en the differential and common mode ports of the balun |s
performed. To maintain. sistency, port 1 of the network analyzer shall be connected to the
5D Q input of the balun, while port 2 of the network analyzer shall be connected to tHe
c @i

bmmon mode ter of the balun. The measured raw balance data is recorded as /L

meas*

TCL, correct o remove the insertion loss of the test setup and to allow for the impedande
ratio of thé n, is determined using formula (C.1).

Q/C) TCL = (ILmeas - ILbal,DM - ILbal,CM) dB c.mn
AN

NOTE The proximity of the cable under test to ground planes may have an impact upon cable balance
measurements.

TCL shall be tested in both directions.
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C.2.8 TCTL of cables and channels
C.2.8.1 General

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

C.2.8.2 Test configuration of channel TCTL

Figure C.12 depicts the typical schematic diagram for testing TCTL. Two ends of the same
c@bling or DUT pair shall be connected to the differential ouipufs of the test baluns. For
cpnsistency, the output port of the network analyzer will be referred to as port 1 and thejinppt
pprt will be designated as port 2. Port 1 shall be connected to the differential input\of the
balun connected to the input end of the pair under test, while port 2 shall be connected to tHe
c
u
F
b

bmmon mode terminal of the balun connected to the output end of the pair under test. All
hused pairs on both ends shall be terminated with DMCM resistor terminations las shown |n
gure B.5. There shall be a common ground at each end. The grounds of the two ends sh3ll
b connected securely to the same ground plane.
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Figure C.12 — Laboratory test configuration for TCTL

Cc.2.8.3

The calibration of the test hardware for TCTL measurements shall follow the procedure
outlined in C.6.5.8 for both baluns being used in the measurement and the calibration values

Calibration of cable and channel TCTL

should be recorded as IL,,; pas. 15 ILpas par.2s ILpar.cnr 1o @Nd Iy, cag.2-
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C.2.8.4 Measurement of cable and channel TCTL

The S12 measurement is performed and the result is recorded as 1/, .

8

TCTL, corrected to remove the insertion loss of the test setup and corrected for the

transformer impedance ratio, is calculated using formula (C.2).

ICTL = (leeaSZ - ILbal,DM,I - ILbal,CM,2) dB (C2)

TCTL shall be tested in both directions.

DTE The proximity of a cable under test to ground planes may have an impact upon cable| balan
easurements.

3=z

Cl.2.9 Cable and channel measurement precautions
M

utual capacitance, capacitance unbalance, characteristic impedance, return loss, insertid
ss, SRL, NEXT loss, ACRF, TCL, and TCTL measurements and/calculations shall 4
erformed on cable samples of 100 m (328 ft) (or 30m for category 8)removed from the re
- packaging. The test sample shall be laid out along a non-conducting surface, loose
biled, or supported in aerial spans, and all pairs shall be terminated according to the specif
gquirements of this annex. Other test configurations are dgceptable if correlation to th
gference method has been verified. In case of conflict, the reference method (100 m or 30 n
off-reel, resistor terminated) shall be used to determine conformance to the minimu
g¢quirements of this standard.

S 00T F

—

—

—

30 m (98 ft) in order to improve measurement{accuracy at frequencies at or below 1 MH

T O

b less than 3 dB of insertion loss at the lowest frequency tested. More than one length me
b required to test a full range of frequencies. Cables tested for insertion loss at elevate
tgmperatures shall be placed inside an\air-circulating oven until the cable has stabilized at th
raference temperature. No more than“3 m (10 ft) of each cable end should exit the oven f
cpnnection to the measurement equipment.

[o2=]

.2.10 Screened or shielded cable and channel measurement configurations

nall be grounded _at both ends. Attention should be given to providing low impedang

C

Fpr all laboratory and field transmission measurements of screened cables, the cable shie
s

cpnnections from the'shield to ground and between grounding points of the two cable ends.

C.3 Permanent link test procedures

(@)

.3.1 General

may be desirable to perform measurements ondengths of cable greater than 100 m (328 ft)

br example, when measuring insertion loss, itis recommended that the sample length exhili

This.¢lause describes test and calibration procedures for permanent links.

C.3.2 Permanent link measurement configurations

The following requirements apply to the test configurations for permanent link measurements

and for other components, assemblies, and test parameters as indicated by reference.

For all laboratory and field transmission measurements of screened cables, the cable shield
shall be grounded at both ends. Attention should be given to providing low impedance

connections from the shield to ground and between grounding points of the two cable ends.
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Testing shall be carried out using a modular test plug compliant with clause C.6.6 inserted
between the test interface and the permanent link under test. The crosstalk, insertion loss and
return loss of the modular test plug shall not be calibrated out.

C.3.3 Calibration of permanent link test configurations.

The permanent link test configuration shall be calibrated by applying appropriate open, short,
load and through calibration artefacts to the test interface between the test system and the
modular test plug.

.3.4 Return loss of permanent links

he permanent link return loss measurement configuration shall comply with themequirements

C
Cl.3.4.1 Test configuration of permanent link return loss
T
of Figure C.13.

Network analyzer
Port 1 Port 2 Port 3 Port 4
-
Active pair far end
| Actlve test interface | | permanent link undef terminations
test |
fixture |V 7 ¢ ________ - Test fixture
S S Y

] DOOOOOOC » |
v SO vy

f = - - - - = Optional shieldof | — — — — — — = f
| Inactive p&ir tefminations | the DUT | Inactive pair terminations |

IEC

Figure C.13 — Laboratory test configuration for permanent
link-return loss and FCL measurements

C.3.4.2 Calibration of permanent link return loss

The calibration for permanent link return loss shall comply with Clause B.4.

C.3.4.3 Measurement of permanent link return loss

Measure the Sdd11 parameter with the network analyzer connected to each pair on each end;
permanent link return loss shall be tested in both directions.
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Insertion loss of permanent link

loss, ACRF, and propagation delay)

permanent

link

insertion
requirements of Figure C.14.

loss measurement configuration

shall

Test configuration for permanent link insertion loss, (also used for FEXT

(@)

Cl

.3.5.2

3.5.3

Netwark analyzer
Port 1 Port 2 Port 3 Port 4
4 N\

| Active test interface |

Permanent link under

50 a| Test fixture \ Test plug
c '~/ Y
— | Jack
= ,

b

]
P

v =

-
o TSI

b

SO

DS

DO 28X

-
|
|
|
|
|
' |
|

- — _¢_i

| Inactive pair terminations |

4 -

©ptional shield of
the DUT

=

| Inactive pair terminations |

Figure C.14.<Laboratory test configuration for permanent link
insertion loss and propagation delay measurements

Calibration of permanent link insertion loss

Measurement of permanent link insertion loss

The calibrationfer permanent link return loss shall comply with Clause B.4.

Measure the Sdd21 parameter with the pair under test connected to the network analyzer
both“the near-end and the far-end. Permanent link insertion loss shall be tested in bo

IEC
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comply with the

directions.

C.3.6
C.3.6.1

NEXT loss of permanent link

Test configuration for permanent link NEXT loss

The permanent link NEXT loss measurement configuration shall comply with the requirements
of Figure C.15.
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Network analyzer
Port1 Port 2 Port 3 Port 4
4 J
el | Active pair terminations |
Permanent link under -
| Active test | — test | Act‘lve test |
|__interface ! Test plug ¢ Test plug fmterface
C _| y
Jack Jack — AN
L; ] Gt \ |

o
T

PO OO GO ! |
= o =
J |
| PO OO CHE )
| . N — S\ A — o
— IlLl I shieldof l_ﬁ — — |
X Optional shieldwo! .
T Test fixture the BUT Test fixture r
| Inactive pair terminations | | Inactive pair terminations |

Figure C.15 — Laboratory test configuration for permanent
link NEXT loss measurements

.3.6.2 Calibration of permanent link NEXT loss

he calibration for permanent link NEXT loss shall comply with Clause B.4.

.3.6.3 Measurement of permanent link NEXT loss

easure the Sdd21 parameter with the network analyzer connected to each of the 6 pair
bmbinations_in_a four pair permanent link. Permanent link NEXT loss shall be tested in both
rections.

3.7 FEXT loss of permanent link

.3:7.1 Test configuration of permanent link FEXT loss

The permanent link FEXT loss measurement configuration shall comply with the requirements
of Figure C.16.

Cc

.3.7.2 Calibration of permanent link FEXT loss

The calibration of permanent link FEXT loss shall comply with B.4.5.
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C.3.7.3 Measurement of permanent link FEXT loss
Network analyzer
Port1 Port 2 Port 3 Port 4
4 .
[ o)
. [—Aetive-peir-terminations—|
Permanent link under -
interface Test plug interface
e Y r— &

o —

| Active pair terminations |

N

| XX

N L S8 S c—— i

| (o] | shield ‘6f | i T I
X ptional shield © .
T Test fixture thé\DUT Test fixture

| Inactive pair terminations | | Inactive pair terminations |

Figure C.16 — Laboratory tesf,configuration for permanent link FEXT loss (ACRF)

easure Sdd21 for all of the:12 pair combinations for permanent link FEXT loss, launching
rom one end only. It is pot\necessary to measure permanent link FEXT loss from both ends

dpe to reciprocity.

> Z

(@]

.3.8 TCL of permanent link

(@)

.3.8.1 Test'configuration of permanent link TCL

The permanent link TCL measurement configuration is shown in Figure C.17.
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Figure C.17 — Laboratory test configuration for permanent link TCL measurements

(@)

.3.8.2 Calibration of permanent’link TCL

The calibration of permanent linkKJ>TCL shall comply with C.2.7.3.

(@)

.3.8.3 Measurement'of permanent link TCL

=<

easure permanent link*TCL on each pair in both directions.

(@)

.3.9 TCTL of permanent link

(@]

.3.9.1 Test configuration of permanent link TCTL

The permanent link TCTL measurement configuration is shown in Figure C.18.
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Network analyzer
Port 1 Port 2 Port 3 Port 4
4 N
( Active test interface_' Permanent link under | Active test interface |
test b
50 a Test ﬁxture ¢ Test plug Test fixture
b, \|
'\

TSI

Y

X 2O

= — L == e
? - L _ | Optional shieldof | — — — (s = _ _ -
| Inactive pair terminations | the DUT | Inactive pair terminations |

IEQ

Figure C.18 — Laboratory test configuration for permanent link TCTL

(@]

.3.9.2 Calibration of permanent link TCTL

The calibration of permanent link TCTL shall comply with C.2.8.3.

(@]

.3.9.3 Measurement of permanent link TCTL

=

easure permanent link F€TL on each pair in both directions.

(@]

.3.10 Propagation‘delay of permanent link

(@)

.3.10.1  Test. configuration of permanent link propagation delay

The permanent link propagation delay measurement configuration shall comply with the
gquirements of Figure C.14.

—

Cl.3¢10.2 Calibration of permanent link propagation delay

The calibration of permanent link propagation delay shall comply with B.4.5.

C.3.10.3 Measurement of permanent link propagation delay

Measure all 4 pairs for permanent link propagation delay. It is not necessary to measure
permanent link propagation delay from both ends due to reciprocity.
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C.4 Direct attach measurement procedures

C.41 Direct attach test configurations

In Figures 19 to 24, the far end termination is shown combined with the test fixture. It is
acceptable to configure the far end terminations within the test fixture, or attached to the test
fixture. Switching may be used and that switching may configured within the test fixture. See
IEC 60512-28-100 for a more detailed discussion of wire termination test fixture
configurations. The test jacks shall be compliant to the category patch cord test head
quirements in Clause C.7

-

Network analyzer
Port 1 Port 2 Port 3 Port 4
4
Active pair far end
| Active test mterface Direct attach under terminations

test 1
50 a fixure | _/_ _ _ _ _ _ _ L ________ ﬂm
M

o
e
— 5 & —

? = — — XV — — ] Optional shieldof | — — — — — — — = ?
| Inactive pair terminations | the DUT | Inactive pair terminations |

IEC

Figure C.19 — Direct attach return loss test configuration
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Network analyzer
Port 1 Port 2 Port 3 Port 4
4 N~
. ; " | Active test interface |
| Active test interface | Direct attach under

5OQ|_Testﬁxture \ i i Test jack j Festfixture 50 Q
YA . B E—— =
LT Vo *_EIQWJ
D

4@«

L — _¢ —_[= A _t _¢ R
- o - - - = Optional shield of |— — — — ——N& — —
| Inactive pair terminations | the DUT | Inactive pair terminations

IEC
Figure C.20 — Direct attach cord insertion loss test configuration
NetworKanalyzer
Port 1 Port\2 Port 3 Port 4
S J
—
T Direct attach under | Active pair terminations |
test
¥ [ [z ]
& ]
J [ COTECTC
| == r =i -
T Test fixture OPHZEZISBITGM of Test fixture T
| Inactive pair terminations | | Inactive pair terminations |
IEC

Figure C.21 — Direct attach cord NEXT loss test configuration
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Network analyzer
Port 1 Port 2 Port 3 Port 4
4 N

~N

Direct attach under

| A_ctlve test | — test
interface | Test jack || Active pair terminations |
— — — _\

—— 500 L

A
Active test
interface ~

;l Plug Plug |\ ] [ — L 'I
|

—0 o— &

L T — - ﬁ
. Optional shield of .
T Test fixture the DUT Test fixture

| Inactive pair terminations |

| Inactive pair terminations |

IEC
Figure C.22 — Direct attach cord FEXT loss, (ACRF) test configuration
Network afalyzer
Port 1 Port 2 Port 3 Port 4
&
. . Active pair far end
| Active test interface | Direct attach under terminations
test
Test jack P
Yo »{F_ fffff | *-
— N
v i Ce by 7 v &
: |
I -
X X X X X XX - T AN _I
=
| |
‘ VVV '
B | XXX 1
\ ! |
| O !
= : = =
f = L _ - _ _ _ Optional shieldof |- — — — — — e = ?
| Inactive pair terminations the DUT Inactive pair terminations
IEC

Figure C.23 - Direct attach cord TCL test configuration


https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

-

—-50- |IEC PAS 60512-27-200:2018 © IEC 2018

Network analyzer
Port 1 Port 2 Port 3 Port 4
4 N\
( Active test interfaceJ Direct attach under | Active test interface |

X test
________________ =
= C I [rle Ny | 3
A
s3I T I T IO OO
— ! o __l
| XK ATV
B T
P OO O O®E by
= = |
|
|
|

| XX o o OC

-
I
I
|
|
I
|
|

f - v ___ 4 Optional shieldof | — — (£ — — — = ?
| Inactive pair terminations | the DUT | Inactive pair terminations |

IEC

Figure C.24 - Direct attach cord TCTL test configuration

.5 Modular cord test procedures

.5.1 Network analyzer test configuration

he network analyzer configuration for modular cord testing is depicted in Figure C.2
gure C.26, and Figure C.:2#7which show balun configurations for the three required tests.

OT
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Figure C.25 — Modular cord return loss test configuration

| Active pair terminations |

DO

f
— & &

XX

IEC

PO OO OO

Do OCOTCXC

Test fixture

T

Optional shield of
the DUT

| Inactive pair terminations ‘
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|
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—] s |

| Inactive pair terminations |

IEC

Figure C.26 — Modular cord NEXT loss test configuration
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Network analyzer

Port1 Port 2 Port 3 Port 4

clelele

| Active test | Cord under test

interface | Test jack " Active pair terminations |
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interface ~ ti
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L - =% 1|
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Figure C.27 — Modular cord FEXT loss, (ACRF) test configuration

.5.2 Test fixturing for modular cords

odular cord test head NEXT loss, FEXT loss, and return loss requirements are specified |n
lause C.7. For the purpose of testing modular cord NEXT loss, the modular cord test hedd
hall meet all of the requirements-of this clause. For the purpose of measuring modular cofd
gturn loss, it is sufficient for the) test head to meet only the requirements of C.7.4. The tept
bad used at each end of theltest configuration shall be of the same design.

2202 O

=

(@]

.5.3 Modular cord measurements.

Z

EXT loss and rettrn loss are required for modular cords.

NEXT loss and\return loss requirements are given in respective modular cords specifications

NPTE FEor category 6A and category 8 modular cord pair combination 3,6 — 4,5 NEXT measurements, the
%spective determined modular cord limits are calculated using the connector contributions in Table C.4 to accoupt

=

fof nfodular plug pair combination 3,6 — 4,5 NEXT range and measurement repeatability.

C.6 Connecting hardware testing

C.6.1 General

This clause describes test and calibration procedures for connecting hardware.

C.6.2 Connecting hardware measurement configurations

The following requirements apply to the test configurations for connecting hardware
measurements and for other components, assemblies, and test parameters as indicated by
reference. The test methods and setup requirements described herein apply to one (1) or
more pairs of twisted-pair conductors. The nature of these tests is such that, when conducted
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properly, worst case transmission performance may be determined for a specific connector,
regardless of the number of pairs that it is capable of terminating. Connecting hardware
transmission testing shall be conducted upon products terminated per manufacturer's
guidelines and recommended installation methods unless otherwise specified. For connecting
hardware with modular interface components (i.e. plug and jack connectors), transmission
tests shall be performed in a mated state. Test plug requirements are specified in C.6.6.

DM only and DMCM resistor terminations are shown in Figure B.5 and Figure B.6. DMCM
terminations shall be used on all active pairs under test except when measuring return loss,
where DM only resistor terminations are recommended. DMCM resistor terminations shall he
ugsed on all inactive pairs and on the opposite ends of active pairs for NEXT loss and FEXT
Igss testing. DMCM terminations shall be used on inactive pairs for insertion loss testing.
Inactive pairs for return loss testing may be terminated with DM or DMCM (resistor
tgrminations, or left unterminated. Balun terminations may be used on the far-end.of) all paifs
ahd the near-end of all inactive pairs provided that their differential mode and common mode
return loss performance characteristics meet the minimum performance of the specifiqd
gsistor networks.

—

nterconnection (including test lead) requirements are specified in Clause’B.2.

Fpr the purpose of testing connecting hardware mated performance, the test plug phage
g¢ference plane and calibration planes shall be as defined in<0.6.6.14. Connecting hardware
nall be defined as a mated plug and jack, with cable terminated to both. The connector |s
bnsidered to begin at the point where the sheath of thetcable is cut or the point inside tHe
e
e
e

—

neath where the cable conductor geometry is no longer_maintained. The portion of the cab
ypically 12 mm (0,5 in) or less] that is disturbed by/the’termination shall be considered to 4
brt of the connector under test. Unless otherwise specified for a specific test, th
erformance of the entire mated connector shallbe*assessed.

T "= O ®n

br testing screened connecting hardware, abalun ground plane shall be provided as part of
e test setup and apparatus, and the shield of the connecting hardware shall be bonded {o
the ground plane during the testing of fransmission characteristics.

= 7

(@]

.6.3 Return loss measurements

@)

onnecting hardware shall be-tested in both directions for return loss. Connecting hardware
gturn loss is determined\by measuring connecting hardware when mated to a test plyg
halified per C.6.6. When“possible, it is recommended to use the same resistor terminatior|s
the far-end as weré.used for instrument calibration.

QO 3

.6.4 Insertion loss measurements

onnecting\hardware insertion loss shall be measured in accordance with the requirements ¢f
.6.4. Measure connecting hardware insertion loss with interconnections prepared and
bntrotled in accordance with Clause B.2. Connecting hardware shall be measured with at
astrone test plug in at least one direction. There are no insertion loss requirements for tept
ugs. and the insertion loss contribution of the interconnections at each end of the matdd
connection is assumed to be negligible. For improved accuracy, the insertion loss of the
interconnections at each end of the mated connection may be subtracted from the
measurement of the DUT.

T o200 O

Balanced attenuation pads, meeting the requirements of Clause B.4 with the exception of
insertion loss, may be used in line with the DUT on both ends provided that they are
calibrated out of the measurement. The insertion loss of the balanced attenuation pads should
be 2 dB to 10 dB over the applicable frequency range.
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C.6.5 NEXT loss measurements
C.6.5.1 General

The measurement set up shall comply with Clause B.1 and with C.2.10. A two-port calibration
is required per Clause B.4. For category 3 testing, any plug may be used. For categories 5e,
6, and 6A, qualified test plugs are required and a “re-embedding” process is used to assure
compliance with a range of plugs, as described below.

Connecting hardware shall be tested in both directions for NEXT loss using at least one test
plug. In addition, connecting hardware NEXT loss on all pair combinations shall be qualifiqd
with the full set of 14 test plug limit vectors specified in Table C.2 for category 6 or_6A-¢r
Thble C.3 for category 5e when mated to a qualified test plug specified in C.6.6.4.

Cl.6.5.2 Connecting hardware NEXT loss measurement and calculation @f-plug limjit
vector responses in the forward direction

a) Measure the NEXT loss vector (magnitude and phase) for the jack mated 'to the test plug,
in the forward direction (launch signal into the test plug).

b) Correct the phase to the test plug phase reference plane using;the delay procedures |n
C.6.6.14.

c} Subtract the corrected test plug NEXT loss forward vectarsobtained using C.6.6.6 from
the corrected mated NEXT loss vectors obtained in~steps 1 and 2. This will yie|d
de-embedded jack vectors.

d) Add the plug NEXT loss limit vectors in Table C{2 to the de-embedded jack vectofs
obtained in step 3. This yields 14 “re-embedded”. mated connecting hardware NEXT logs
responses.

e) Pass-fail qualification is determined by\ comparing the results in step 4 to the
corresponding mated connecting hardwate requirements.

C.6.5.3 Connecting hardware NEXT foss measurement and calculation of plug limiit
vector responses in the reverse direction

a) Determine the delay of the jack\by measuring the test plug delay, mating the test plug fo
the jack, and measuring thesdelay of the assembly. Subtract the test plug delay from the
delay of the assembly to get‘the jack delay.

b) Measure the NEXT loss\vector (magnitude and phase) for the jack mated to the test plug,
in the reverse direction’/(launch signal into the jack).

c) Correct the phase“to the test plug phase reference plane using the results obtained |n
step 1.

d) Subtract the corrected test plug NEXT loss reverse vectors obtained using Table C.2 from
the corrected mated NEXT loss vectors obtained in steps 2 and 3. This will yield
de-embedded jack vectors.

e) Add)the plug NEXT loss limit vectors in Table C.2 to the de-embedded jack vectofs
oObtained in step 4. This yields 14 “re-embedded” mated connecting hardware NEXT logs

rnepnnepc

f) Pass-fail qualification is determined by comparing the results in step 5 to the
corresponding mated connecting hardware requirements.

C.6.5.4 Determining the plug NEXT loss limit vectors

The plug NEXT loss limit vectors for each case are determined by combining the magnitude
values and phase values as shown in Table C.2 for categories 6, 6A, and 8, and Table C.3 for
category 5e.
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Table C.2 — Category 6, 6A and 8 test plug NEXT loss limit vectors

Case # Pair Limit Plug NEXT loss limit magnitude Plug NEXT loss limit phase
combination dB degrees’): )

Case 1 3,6 -4,5 Low 38,1 — 20 log (f/100) Test plug NEXT loss phase
Case 2 3,6 -4,5 Central 38,6 — 20 log (f/100) Test plug NEXT loss phase
Case 3 3,6 -4,5 Central 39,0 — 20 log (f/100) Test plug NEXT loss phase
Case 4 3,6 -4,5 High 39,5 - 20 log (f/100) Test plug NEXT loss phase
Case 5 1,2-3,6 Low 46,5 — 20 log (1 /100) Test plug NEXT loss phase
Clase 6 1,2-3,6 High 49,5 — 20 log (1 /100) Test plug NEXT loss phase
Case 7 3,6-7,8 Low 46,5 — 20 log (1 /100) Test plug NEXT loss phase
Clase 8 3,6-7,8 High 49,5 — 20 log (/100) Test plug NEXT loss|phase
Case 9 1,2-4,5 Low 57 — 20 log (£ /100) +90

Clase 10 1,2-4,5 High 70 — 20 log (£/100) -90

Case 11 4,5-7,8 Low 57 — 20 log (£/100) +90

Clase 12 4,5-7,8 High 70 — 20 log (£/100) -90

Clase 13 1,2-7,8 Low 66 — 20 log (f/100) Test plug NEXT loss phase
Case 14 1,2-7,8 High 66 — 20 log (£ /100) Test plug NEXT loss phase minus

180°

Test plug NEXT loss phase is determined by following the procedure in C.6.5.2.

The reference plane for measuring test plug NEXT loss phase and mated NEXT loss shall be the test plug
phase reference plane as described in C.6.6.14.

Table C.3 — Category 5e test plug NEXT loss limit vectors

Case # Pair Limit Plug NEXT loss limit magnitude Plug NEXT loss limit phase
combination dB degrees’): )

Clase 1 3,6 -4,5 Low 35,8 — 20 log (f/100) Test plug NEXT loss phase
Case 2 3,6 -4,5 Central n/a n/a
Clase 3 3,6-4,5 Central n/a n/a
Case 4 3,6 -4,5 High 39,5 - 20 log (f/100) Test plug NEXT loss phase
Case 5 1,2-36 Low 42 — 20 log (f/100) Test plug NEXT loss phase
Case 6 1,20< 3,6 High 50 — 20 log (£ /100) Test plug NEXT loss phase
Clase 7 36-7,8 Low 42 — 20 log (f/100) Test plug NEXT loss phase
Clase 8 3,6-7,8 High 50 — 20 log (f/100) Test plug NEXT loss phase
Clase 9 1,2-4,5 Low 50 — 20 log (£ /100) 90° or —90°

ase—+0 +2—=45 High e e
Case 11 45-7,8 Low 50 — 20 log (£ /100) 90° or —-90°
Case 12 45-7,8 High n/a n/a
Case 13 1,2-7,8 Low 60 — 20 log (f/100) 90° or —90°
Case 14 1,2-7,8 High n/a n/a

1)

Test plug NEXT loss phase is determined by following the procedure in C.6.5.2.

2) The reference plane for measuring test plug NEXT loss phase and mated NEXT loss shall be the test plug
phase reference plane as described in C.6.6.14.



https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

C.6.5.5 Connecting hardware NEXT loss requirements

— 56 —

IEC PAS 60512-27-200:2018 © |IEC 2018

The re-embedded response for case 2, case 3, and cases 5 — 14, as specified in Table C.3,
shall meet the respective connecting hardware NEXT loss requirements. For categories 6, 6A,
and 8, the re-embedded response for pair combination 3,6 — 4,5 case 1 and case 4, as
specified in Table C.2, shall meet the requirements of Table C.4.

Table C.4 — Category 6, 6A and 8 connecting hardware NEXT

loss requirements for case 1 and case 4

Frequency NEXT loss
MHz dB
Category 6 and 6A 1< /<250 52,5 - 20 log (/100)
250 < f< 500 44,54 — 40 log (f /250)
Category 8 1< /<250 52,5 - 20 log (f¢100)
250 < f< 500 44,54 — 30 |og (f/250)
500 < f< 2 000 35,51 (40-log (f /500)

.6.5.6 FEXT loss measurements

C

Test leads shall be connected to both ends of the test sample. The measurement set up shg
cpmply with Clause B.1 and with C.2.3. A two-port calibration is required per Clause B.
Connecting hardware FEXT loss is determined by, measuring connecting hardware whe
nmated to a test plug qualified per C.6.6.4. Test™all 12 pair combinations in at least on
dfrection.

(@)

.6.5.7 TCL measurements

—

bst set up, calibration, and measurement shall be done per C.2.7 except for difference
pecified in this clause.

n

Test plugs used in connecting”hardware TCL testing should comply with the test ply
gquirements given in C.6.6,

—

br connecting hardware TCL measurements, the near end and far-end common mog
round terminationssshould ensure a low impedance connection over the frequency range
st.

aTQ M

(@)

.6.5.8 TCTL measurements

—

st set\'up, calibration, and measurement shall be done per Clause B.1. In addition, te
ugs~used in connecting hardware TCTL testing should comply with the test plu
gquirements given in C.6.6.

e

5 = =

S

2
—

C.6.6 Test plug characterization

C.6.6.1 General

This subclause describes the construction, qualification, and requirements for test plugs for

verifying category 5e, 6, 6A and 8 connecting hardware performance.
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C.6.6.2 Test plug measurement

Due to variations that are inherent in terminating cables to modular plugs, the test plug used
to qualify connecting hardware performance shall be carefully controlled. To measure
connecting hardware NEXT loss, test plugs need only be qualified in the near-end test
direction, with the cable end of the plug designated as the near-end. Test plugs thus qualified
are used to characterize mated connecting hardware performance for both the near-end and
far-end measurement orientations.

6.6.3 Test plug construction

C.

Testing low loss devices to RF frequencies requires the use of stable and predictab
cpnnectors and interconnecting leads between the device under test, the test fixtures an
efijuipment. A reasonably stable interface is a printed circuit board designed to mate~to”deviq
cpnnections and fixture connections. The characteristic impedance, both differential an
cpmmon mode, of the circuit board traces can be controlled, and multipleqcopies can b
produced which will have similar performance. Figure C.28 and Figure),C.29 describ
d|mensions for a connector interface to mate a circuit board test artefact t6)a test fixture. Th
cpnnector design has excellent crosstalk and outstanding return loss- performance and

ygged enough for repeated mating cycles without loss of performance.

nw n O®dadad

—

gure C.28 shows the female connector interface, including.pin-pair number designatior]s
hich are based upon standard modular connector pin-pair designations. This is an exampl|e
n-out, and other pin-outs are also allowed. Figure C.30 desctribes the mating dimensions ¢f
PCB layout (paddle card) that mates to the connector.\I'he dimensions shown are nomingl
mensions that are suggested for the interface and‘suitable mating tolerances are tHe
gsponsibility of the user to determine. These tolerances will necessarily depend on tHe
anufacturing capabilities of the PCB suppliernand the connector vendor selected. THe
bnnector is based upon a specific connectar “interface however it is assumed there afe
ultiple suppliers of similar products.

oMo =T

3033

Clonnector total number of contacts: 20 in\two rows of 10.
Clonnector nominal contact spacing:"0,8 mm.
Clonnector nominal PCB mating board thickness: 1,6 mm.

round connections are placed between active circuit connections for guarding purposes. The
ating PCB also includes ground planes between the two rows of connections for impedande
bntrol and guarding purposes.

23

—

his connector interface is useful especially for modular test plug artefacts and for padd|e
brd interfaces to IDC connecting points on modular connecting hardware.

[

The,connector shown is for vertical surface mounting to a printed circuit board that interfacgs
tq atest fixture. Locating pins are included on the connector housing for physical stability ard
orientation. Other types of connector PCB mounting are possible, such as a horizontal
orientation or an edge card orientation. See also Figure C.31.
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Dimensions in millimetres (inches)
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Fig&&.% — Female test connector interface mating dimensions (1)
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Dimensions in millimetres (inches)
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Fig r€L‘.29 — Female test connector interface mating dimensions (2)
Refer to <é%‘ector specifications for pin numbers in this diagram.
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Dimensions in millimetres (inches)
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Figure C.30 — Balun fixture PCB paddle card interface'mating dimensions

Dimensions in millimetres (inchep)
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Figure C.31 — Balunless fixture PCB paddle card interface mating dimensions

NOTE The design goal for printed circuit board signal conductors is 50 Q nominal impedance (single-ended), and
100 Q (differential) impedance.

Hard gold plating of paddle card contact pads is recommended for durability.

Other methods of interface between the PWB of the test-plug and the PWB interface between
DUT and the test equipment are also allowed.

NOTE 2 The direct plug measurement fixture, as specified in C.6.6.12, is compatible with plugs having a contact
area 2 2,60 mm (0,102 in) as defined by dimension H2 of IEC 60603-7.

The reproducibility of connecting hardware NEXT loss measurements can be optimized by:

a) Use of modular plugs with centred NEXT loss and FEXT loss performance.
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b) Use of a PCB based modular test plug.

c) Use of test fixtures having terminations that provide improved isolation and return loss.

d) Minimizing the electrical length of the test plug interconnections as described in Clause

C.6.

e) Improvement of the wire management in the test fixture of any test leads used as part of

plug construction and mounting.

PCB fixtures shall conform to the requirements of Annex D (overall test setup performance

a

ter calibration).

W
d

S5 M

N

— O

Z
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(@]

—
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here a cable is used to terminate a plug, test fixtures described in IEC 60512-28-100"afe
bsigned to provide suitable interface and termination.

xample test fixtures and devices described in Annex E are designed to provide suitable
terface and termination.

.6.6.4 Test plug qualification

st plugs shall be qualified for all requirements of C.6.6.5 (NEXT. loss), C.6.6.7 (FEXT los$
nd C.6.6.9 (return loss) up to the maximum specified frequencyforthe category.

~

EXT loss and FEXT loss, of test plugs shall be measured using the direct fixture ¢r
uivalent described in C.6.6.12.

.6.6.5 Test plug NEXT loss requirements

he corrected NEXT loss vectors (magnitude_and phase) of the test plug in the forwaid
rection shall be within the test plug NEXT.loss ranges of Table C.5. Test plug NEXT logs
quirements apply in the forward direction,only. Test plug NEXT loss in the reverse directign
hall also be measured so that the data  can be used in the reverse direction connectirlg
ardware NEXT loss qualification procedure as described in C.6.5.5. See also Table C.6.
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Table C.5 — Category 5e, 6, and 6A test plug NEXT loss ranges

Pair
combination

NEXT loss magnitude range

NEXT loss phase range

dg " degrees?)

3,6 -4,5 10 — 300 MHz: 50 — 100 MHz:

38,1 — 20 log (f/100) < NEXT loss < 39,5 — 20 log (f/100) ® (=90 + 1,5. £/100) £ 1

300 — 500 MHz: 100 — 500 MHz:

38,1 — 20 log (f/100) < NEXT loss < 39,5 — 20 log (//100) + 0,5 |(=90 + 1,5. £/100) £ £ /100

7= 300)7200
112 -3,6 46,5 — 20 log (£ /100) < NEXT loss < 49,5 — 20 log (f/100) (=90 +1,5 £/100) + 3. /100
3|6 -7,8 46,5 — 20 log (£ /100) < NEXT loss < 49,5 — 20 log (f/100) (=90 +1,5. £/100) £.3- £4100
112 - 4,5 NEXT loss > 57 — 20 log (£ /100) 4 90 + (30- £/100))
4|5-7,8 NEXT loss > 57 — 20 log (f/100) ¥ 90 + (30- £4100)
112-7,8 NEXT loss > 66 — 20 log (£ /100) 4 Any phdsge

70 dB.

Magnitude limits apply over the frequency range from 10 MHz to 500 MHz.
Phase limits apply over the frequency range from 50 MHz to 500 MHz.

31 When the measured test plug NEXT loss magnitude is greater than 70 —20+6g (f /100) or 70 dB, the phag
limit does not apply.

When the NEXT loss magnitude limit calculation results in a value greater than 70 dB, the limit shall revert

When the fixture described in C.6.6.12 or an equivalent is used; the magnitude high limit for pair combinatid
36 — 45, 39,5 - 20 log (f /100), shall be 39,5 — 20 log (f/100) +70,5(f— 300)/200 for the frequency range fro
300 MHz to 500 MHz.

[

[¢]

ElE]

—

h alternative procedure for qualification of ‘test plug NEXT loss may be used if equivalent
gsults and equivalent or better accuracy{an be demonstrated.
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Table C.6 — Category 8 test plug NEXT loss ranges

Pair NEXT loss magnitude range NEXT loss phase range
combination 4B degrees?)
3,6-4,5 10 — 300 MHz: 50 — 100 MHz:
38,1 - 20 log (f/100) < NEXT loss < 39,5 — 20 log (f/100) (=90 + 1,5- /100) £ 1
300 — 2 000 MHz: 100 — 500 MHz:
38,1 - 20 log (f/100) < NEXT loss < 39,5 — 20 log (f/100) + (=90 + 1,5- /100) £ //100
057 = 300)7200
112 - 3,6 10 — 300 MHz: (=90 +1,5 /100) £ 3- 1 /100
46,5 — 20 log (f/100) < NEXT loss < 49,5 — 20 log (f/100)
300 — 2 000 MHz:
46,5 — 20 log (f/100) < NEXT loss < 49,5 — 20 log (f/100) +
0,5(f— 300)/200
36-7.8 10 — 300 MHz: (=90 +1,57/100) + 3- £/100
46,5 — 20 log (f/100) < NEXT loss < 49,5 — 20 log (f/100)
300 — 2 000 MHz:
46,5 — 20 log (f/100) < NEXT loss < 49,5 — 20 log (f/100) +
0,5(— 300)/200
112 -4,5 NEXT loss > 57 — 20 log (£/100) 4 90 + (30- £/100) 3
4]5-7,8 NEXT loss > 57 — 20 log (£/100) 4 90 + (30- £/100) ¥
112-7,8 NEXT loss > 66 — 20 log (//100) %) Any phase

70 dB.

Magnitude limits apply over the frequency range from 10/MHz to 2 000 MHz.
2] Phase limits apply over the frequency range from 50"WiHz to 2 000 MHz.

3] When the measured test plug NEXT loss magnitude is greater than 70 — 20 log (f /100) or 70 dB, the phag
limit does not apply.

4l When the NEXT loss magnitude limit calcitation results in a value greater than 70 dB, the limit shall revert

[

[¢)

.6.6.6

Test plug NEXT.Joss measurement

C

Measure the test plug NEXT loss vectors for all pair combinations in both directions. Use th
dlrect fixture specified in C.6.6.12 or equivalent. Correct the phase of all NEXT log
neasurements to'the test plug phase reference plane, as shown in Figure C.39, using th
procedures in C:6/6.14. An example of a measurement setup for test plug NEXT loss is show
in Figure C.32:
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IEC

Figure C.32 — Example of a measurer@g setup for test plug NEXT loss
A\
.6.6.7 Test plug FEXT loss requireméh s

gst plug shall be within the test plu XT loss ranges of Table C.7. Test plug requiremen

apply over the frequency ranges fronm 10 MHz to the upper frequency of the category.
xO
T C.7 — Test plug FEXT loss ranges
~\\
Pair Freque[léy) FEXT loss magnitude range Phase
combination ra .
dB degrees
z
,6-4,5 10.L 2 000 46 — 20 log (f/100) < FEXT loss < —-90 + (30- £/100) 1 2)
= § 56 — 20 log (£/100) ¥
2-3,6 O‘< 10 — 2 000 46 — 20 log (£ /100) < FEXT loss < —-90 + (30- £/100) 1) 2
é 56 — 20 log (/100) 3
=N
,sQﬁub 10 — 2 000 46 — 20 log (f/100) < FEXT loss < —-90 + (30- £/100) 1) 2)
A\ 56 — 20 log (f/100) 3
1,2-4,5 10 — 2 000 FEXT loss > 55 — 20 log (f/100) 4 any phase
45-17,8 10 — 2 000 FEXT loss > 55 — 20 log (f/100) 4 any phase
1,2-7,8 10 — 2 000 FEXT loss > 55 — 20 log (f/100) %) any phase

") When the measured test plug FEXT loss is greater than 70 dB, the phase requirement does not apply.

2} Phase limits apply over the frequency range from 100 MHz to 2 000 MHz.

3 When upper limit FEXT loss calculations result in values greater than 70 dB, there shall be no upper limit for
FEXT loss.

4} When lower limit FEXT loss calculations result in values greater than 70 dB, the lower limit FEXT shall revert
to a limit of 70 dB.
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C.6.6.8 Test plug FEXT loss measurement

Measure the test plug FEXT loss vectors for all pair combinations. Use the direct fixture
specified in C.6.6.12 or equivalent. Correct the phase of all FEXT loss measurements to the
test plug phase reference plane, as shown in Figure C.39, using the procedures specified in
C.6.6.14. An example of a measurement setup for test plug FEXT loss is shown in Figure
C.33.

IEC

Figure C& Example of a measurement setup for test plug FEXT loss

Cl.6.6.9 T%&flug return loss requirements
The retu@?%ﬁs, magnitude and phase, of the test plug shall meet the values specified |n
Thble r Table C.9.

O

Te lug return loss requirements apply over the frequency ranges from 10 MHz to the uppér
frequency of the category.
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Table C.8 — Category 5e, 6 and 6A test plug return loss requirements

IEC PAS 60512-27-200:2018 © |IEC 2018

Pair Frequency Return loss Return loss
range magnitude Phase
MHz dB 2 degrees ")
1,2 10 - 500 > 33,5 - 20 log (f/100) negative phase
3,6 10 - 500 > 33,5 — 20 log (£/100) positive phase
4,5 10 - 500 > 33,5 - 20 log (f/100) negative phase
[,8 10 - 500 > 33,5 - 20 log (f/100) negative phase

minimum.

) The phase requirement does not apply when the measured magnitude is greater than 35 — 20 log (//100).

) Calculations that result in return loss requirements greater than 40 dB shall revert to a requirement 0f 40 df

) For category 5e test plugs, the return loss magnitude shall be > 30 — 20 log (f/100).

Table C.9 — Category 8 test plug return loss requirements

Pair Frequency range Return loss magnitude
MHz (dB) ")
,2 10 - 2 000 > 35 - 20 log (f/100) min 14
,6 10 — 2 000 > 35 - 20 log (f/100) min 14
.5 10 - 2 000 > 35 - 20 log (f/100) min 14
[,8 10 — 2 000 > 35 - 20 log (f/100) min 14

) Calculations that result in return loss requirements greater than 40 dB shall revert to a requirement of 40 df
minimum.

tr]

Cl.6.6.10 Test plug returnloss measurement

This clause describes _procedures for test plug return loss testing. At least one test plug sh3ll
be qualified for cennecting hardware return loss testing. Test plug return loss shall he
qualified in the reverse direction

Cl.6.6.11 <(Test plug return loss interconnections and termination

The interconnections used to construct the test plug shall be qualified, in the reverde
dlrection, using the procedure in Clause B.2. The direct fixture shall be connected to the

is impractical to verify return loss properties of plugs while they are attached to cords. THe
ansmission properties of modulaircords are included in the requirements of IEC 6193542
bscribing cord and jumper cordrreturn loss.

m

easUrement equipment. The test plug shall be mounted in the direct fixture. The far-end of

the plug should be terminated with the calibration reference load resistor terminations. The
impedance effects of the direct plug measurement fixture shall be removed.

The impedance effects of the direct plug measurement fixture shall be removed by calibration.
For balunless measurements, a minimum of a full 2-port calibration shall be performed for
each pair under test. For measurements using baluns, a minimum of a 1-port calibration shall
be performed for each pair under test. Clause B.4 describes calibration methods.

The extensions of the coaxial probes shall be controlled during calibration, to match their
positions during the measurement of a plug. To achieve this, the calibration standards should
be constructed in such a way so that once the calibration has been completed; the calibration
reference plane is at the tips of the probes when extended to 0,66 mm (0,026 in) as shown in
Figure C.39.
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The direct fixture is used during test plug NEXT loss and FEXT loss measurements and may
also be used for test plug return loss measurements. Refer to Annex D for additional
information about the direct fixture and other test fixtures used to facilitate impedance control
of interconnections for measurement of connecting hardware performance parameters.
Impedance controlled measurement fixtures may be used when the use of unjacketed pair
leads is necessary between the connecting hardware under test and the calibration plane.

C.6.6.12 Direct fixture

A _direct fixture is specified for measurement of test plug performance. The direct fixture
provides for electrical connection of the test plug to measurement equipment with minimal
residual effect on the measurement properties of the test plug. The direct fixture is a precisign
device with properties controlled by design and manufacture. The direct fixture shall@onforpn
tq the dimensional requirements of Figure C.34, Figure C.35, and Figure €36. It |s
recommended to use the direct fixture as shown in Figure C.36, Figure C.37, andyFigure C.38.
The direct fixture residual NEXT loss, FEXT loss, and return loss shall comply with the
requirements of Table C.10.

Dimensions in millimetres (inchep)

. 184
0,84 (0,466)
(0,033) A 10,16
2,36 (0,400)
o)
) (6040)
(0,0692)
108 7 places
(0,078)
i
_- 7,77
| Qr (0,306)
Y aae !
— g b e Ly
! ‘*‘i"
Q ©

IEC

Figure C.34 — Direct fixture mating dimensions, top view
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Dimensions in millimetres (inches)

255, 630 =
©0248) ()
] 3'18 J '-. : ‘—' : !
660 (0125 | R L -
(0,260) | o026
L4 OIS ( ate“'/
2,79 .
(0,110) -
112 JL
(0,044) e
4,06
(0,160)

IEC

Figure C.35 — Direct fixture mating dimensions{front view

Dimensions in millimetres (inchep)

i

Figure C.36 — Direct fixture mating dimensions, side view

IEC

imension )tolerances for Figure C.34, Figure C.35, and Figure C.36 are * 0,025 m
(,001-in):

=90

Table C.10 - Direct fixture performance

Value

dB

Direct fixture performance parameter

Pair-to-pair residual NEXT loss and FEXT loss > 74 — 20 log (f/100), 75 dB max.

>34 — 20 log (£/100), 40 dB max.

Return loss

C.6.6.13 Procedure for mating a test plug to the direct fixture
a) Place the test plug into the plug clamp as shown in Figure C.37.
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Figure C.37 — Modular plug placed into the plug clamp

NOTE Photos are for illustrative purposes only and do not constitute an endorsement by(lEC.
b) Holding the test plug in place, slide the plug clamp onto the clamp,block guide pins gs
shown in Figure C.38.

NOTE 1 The spring-loaded pin in the clamp block pushes against the test plug ‘and holds it in position against
the plug clamp.

IEC

Figure C.38 — Guiding the plug into position

NOTE 2 Photos are forillustrative purposes only and do not constitute an endorsement by IEC.

—

c) Guide the testplug into position against the coaxial probes making certain that the te
plug does not rock in the plug clamp and that it slides vertically onto the coaxial probe
Avoid any side loading on the coaxial probes as they may break if pushed sideways.

Lv7ammvry

d) Securefthe plug clamp and the clamp block together using suitable spring clips as shown
in Figure C.37.

C.66.144 Test plug phase reference plane and calibration planes

For categories 5e, 6, 6A and 8 connecting hardware measurements of return loss, insertion
loss, NEXT loss, and FEXT loss are conducted by mating connecting hardware with a test
plug that complies with Clause C.6. Certain plug parameters include phase requirements, and
certain connecting hardware requirements are based on calculations that involve both test
plug and connecting hardware phase data. There are no test plug requirements for category 3
connecting hardware. To maintain a consistent phase reference, a “test plug phase reference
plane” shall be used, as explained below.

The test plug phase reference plane shall be at the tip of the plug where it connects to the
jack contacts. This is accomplished with a calibration at the calibration plane plus port
extension. The calibration planes should be as close as possible to the test plug phase
reference plane as shown in Figure C.39. Refer to Clause B.2 for requirements of the
interconnections between each appropriate calibration plane and the DUT. Alternatively, the
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direct fixture (see C.6.6.12) can be calibrated at the tips of the coaxial probes
(see Figure C.34, Figure C.35, and Figure C.36) using suitable calibration artefacts. Examples
are shown in Figure C.40.

Through delay

A\ 4

&
D)

< > I
N\Porte)ﬂiension I
:\ !
1 ]

%%
l_l-

)

| < >
| Port extension
' |
Calibration plane Test plug phase Calibration plane,
plug side reference plane direct fixture

or jack side

IEQ

Figure C.39 — Calibration planes, test plug-phase reference plane, and port extensiong

(@]

.6.6.15 Device delay measurements

C

se these measurement procedures;for all test plug measurements, and for jack and dire¢t
ikture measurements to be used in'de-embedding calculations.

—h

he port extension values calculated according to formula (C.4) are applied to each port (for
bch pair) to align measurement reference planes to the location where contact is made with
e jack contacts.

S0 o

n

br all measureménts subsequently used in vector or matrix calculations and/or where phade
gquirements are_specified, the appropriate port extensions shall be applied after calibratign
q adjust the.measurement to the test plug phase reference plane. This may be done hy
bplying the~calculated port extensions directly to the network analyzer or by adjusting the
nase after’measurement using formula (C.3).

[~

©

DHASC,,iitnhase  cof  nlane) (A€Q) = DRASE . fippsinn  olue (d€Q)...
A} T Y o p— a— A} p— g

...+ 360 - fiequency (Hz) -delay (sec) (C.3)

C.6.6.16 Network analyzer settings for delay measurement

The settings of the network analyzer shall be sufficient to achieve a maximum of +/-5 ps of
random variation. Recommended settings are as follows:

a) Measurement function is S11 delay

b) Averaging 4x or higher

c) Intermediate frequency bandwidth (IFBW) 300 Hz or less
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d)

Output power level in the range of =5 dBm to 0 dBm for phase critical measurements

C.6.6.17 Test plug delay and port extension

The procedure for measuring the delay of the test plug is as follows:

a)

b)

With the test plug connected to the test baluns, measure the S11 delay for each pair
determined with an open circuit at the test plug phase reference plane.

Place a short on the test plug. This short shall connect the contacts of the pair under test
at the test plug phase reference plane and be no further than 3 mm (0,12 in) from the

fq
tH

(@)

f)

Cl.6.6.18 Calculation of port extension

The one-way measured delays (open and short) shall be used to calculate the port extensig
r each pair as determined by formula (C.4). It is recognized that there)is an inherent error |n
e delay measurements due to the finite length of the short. To cerrect this error, a correctign
gctor Td,4ingjack described in formula (C.5) shall be applied forieach port extension.

.6.6.19  Plug delay correction

recommended procedure for establishing a'suitable short delay correction is as follows:

point of contact with the jack. Measure the S11 delay for each pair shorted in this mannel|.

The delay value for each pair is calculated by averaging the open and short~delgy
measurements over the frequency range of 100 MHz to 500 MHz using linear spacing and
a minimum of 100 frequency points. These delay measurements representiround-tr|p
delays. The one-way delay is half of the round-trip S11 delay.

=)

D +TD

open short

4

" TDshorting]'ack ) (C‘l-)

PortExtension = average(

Select a plug that can be used forthis procedure and is then discarded. Three or mofe
plugs are recommended.

Mount the plug rigidly onto a pyramid or other suitable impedance management fixture.

Measure the S11 round-trip delay of the plug mated to the shorting jack (sde
IEC 60512-27-100 for a~-description of the shorting jack) on all pairs and record thede
value as Delay round-trip plug jack.

Without removing, the plug from the pyramid, trim the plastic ribs separating the contact
and solder a wire:across all 8 contacts where they make contact with a mating jack.

o7

Measure the( S11 round-trip delay of the plug on each pair and record these values gs
Delay round-trip plug .

Subtract(14 ps for pair 3,6 and 5 ps for the other three pairs (1,2 and 4,5 and 7,8) from
Delay~round-trip plug to account for the delay of the short spanning the plug contact
Record these values as Delay adjusted round-trip plug.

o7

Determine the difference in round-trip delay for each pair of the shorting jack as follows:

TDshortingjack = Delayroundtripplugjack - Delayadjustedroundtripplug (C.5)
The delay measurements are dependent on the proximity to ground planes. The
positioning of the interconnections (e.g. twisted-pairs) should remain fixed during all
measurements.

NOTE The measurement accuracy of this method is approximately 20 ps in a round-trip measurement,
corresponding to a one-way distance of approximately 2 mm (0,08 in).

C.6.6.20 Direct fixture delay and port extension

The procedure for measuring the delay of the direct fixture is as follows:
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a) Insert a short artefact into the direct fixture and measure the S11 delay for each pair of the

direct fixture.

b) Subtract 14 ps for pair 3,6 and 5 ps for the other three pairs (1,2 and 4,5 and 7,8) from the

measured short delay to account for the delay of the short spanning the coaxial probes.

c) Remove the short artefact, insert an open artefact into the direct fixture and measure the

S11 delay for each pair of the direct fixture.

d) The delay value for each pair is calculated by averaging the open and short delay

measurements over the frequency range of 100 MHz to 500 MHz using linear spacing and

QO M

® O3 oY

n

reg

Z

N
C

F
fi

a minimum of 100 frequency points. These delay measurements represent round-trip
delays. The one-way delay is half of the round-trip S11 delay.

hsure that the extended length of the coaxial probes during the measurement using the’opgn
nd short artefacts is consistent with the extended length when mated to a test plugq

hort and open artefacts shall be compatible with the dimensional requiremegnts of the diregt
ture as shown in Figure C.34, Figure C.35 and Figure C.36. The mating, surface of thege
tefacts to the coaxial probes of the direct fixture shall be the same las the terminatdd
odular plug contact height specified in IEC 60603-7 series (i.e. 5,89-%6,17 mm). Examplgs
these are shown in Figure C.40. Artefacts can also be created from~modular plugs as lorg
5 they meet these requirements.

br calculating port extension, only the open and the short “artefacts are necessary. THe
maining artefacts can be used for other calibrations.

IEC

Figure C.40 — Examples of direct fixture short, open, load, and through artefacts
DTE 1 The directfixture artefacts shown in Figure C.40 may be obtained from industry sources.
DTE 2 Photos.are for illustrative purposes only and do not constitute an endorsement by IEC.
.6.6.21 (_ )Alternative delay procedure for a test plug

br ,each pair, the delay of the test plug may also be determined by measuring the dire¢t

xture delay, mating the test plug to the direct fixture, and then measuring the delay of tHe

assembly (test plug plus direct fixture). Subtract the direct fixture delay from the delay of the
assembly to get the test plug delay.

Cc
o
T

.6.7 Category 6A measurement reproducibility
.6.7.1 General

he content of this subclause is provided for information only. Measurement reproducibility is

provided for test plugs and mated connecting hardware. Measurement reproducibility for
mated connecting hardware is dependent on the performance of test plugs.
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C.6.7.2 NEXT loss measurement reproducibility between laboratories

The measurement reproducibility of category 6A connecting hardware NEXT loss is primarily
limited by the measurement reproducibility and variability of the test plugs. Controlled
experiments have demonstrated that the test plug measurement process is reproducible
within the noise floor levels indicated in informative Table C 11. The variability of test plugs is
controlled by the test plug requirements of Table C.6, Table C.7, and Table C.9.

Table C 11 — Category 6A NEXT loss measurement reproducibility between laboratories

Pair Frequency |Measurement noise Maximum error at the limit
g¢ombination range floor
Test plug Test plug Reproducibility fqr
MHz dB requirement at Reproducibility | mated NEXT losg
100 MHz at the test limit
dB dB dB
3|6 - 4,5 10 — 500 66 — 20 log (£ /100) ((38,77) nominal 0,2 3,0
112 -3,6 10 — 500 66 — 20 log (f/100) [(47,87) nominal 0,5 1,5
36-7.8 10 — 500 66 — 20 log (£ /100) [(47,87) nominal 0,5 1,5
112 -4,5 10 — 500 68 — 20 log (f/100) ((57,00) minimum 2,0 1,5
415-7,8 10 — 500 68 — 20 log (f/100) [(57,00) minimum 2,0 1,5
12-7,8 10 — 500 72 — 20 log (£/100) [(66,00) minimum 3,0 1,5
Cl.6.7.3 FEXT loss test plug measurement reproducibility between laboratories

The measurement reproducibility of category 6A<connecting hardware FEXT loss is primarily
imited by the measurement reproducibilityNand variability of the test plugs. Controllgd
Kperiments have demonstrated that the,test plug measurement process is reproducible
wiithin the noise floor levels indicated in Jable C.12.

o =

Table C.12 — Category 6A FEXT loss measurement reproducibility between laboratories

Pair Frequency | Measurement noise Maximum error at the limit
¢ombination range floor )
Test plug requirement Test plug
MHz dB at 100 MHz Reproducibility
dB dB
3|6 -4,5 10 — 500 66 — 20 log (1/100) (49,6) nominal 1,0
112 - 3,6 10.— 500 66 — 20 log (£/100) (49,6) nominal 1,0
36-7.8 10 — 500 66 — 20 log (£/100) (49,6) nominal 1,0
112 -4,5 10 — 500 68 — 20 log (1 /100) n/a -
415 » A8 10 — 500 68 — 20 log (£/100) n/a -
Me>73 10 — 500 72— 20 log (£/100) nla -
C.6.7.4 Return loss measurement reproducibility between laboratories

Laboratory-to-laboratory measurement accuracy is highly affected by the accuracy of the
reference load. The variability as a function of frequency that may be expected in the results
at the pass/fail limit for category 6A connecting hardware return loss is in shown in
Figure C.41.
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Figure C.41 — Inter-laboratory return loss variability
for testing category 6A connecting hardware

C.7 Modular cord test head requirements

(@]

7.1 General

Py

efer to Clause C.5 for modular cord test procedures.

7.2 Modular cord test head NEXT.\loss

ated modular cord test head NEXT loss shall be measured for all pair combinations |n
ccordance with C.6.5 for all frequéncies from 10 MHz to the upper frequency of the category.
odular test head NEXT loss.performance shall meet the connecting hardware NEXT logs
quirements specified for categories 6, 6A and 8 and shall exceed 47 — 20 log (f/100) from
e
d

D

D to 100 MHz for category’ 5e. In addition, the best case NEXT loss performance of th
ated modular cord test\head shall be centred for pair combinations 3,6 — 4,5, 1,2 — 3,6, an
6 — 7,8 as verified by the following procedure.

WIS 23209 =Z O

[V

Measure the~mated NEXT loss throughout the frequency range from 10 to the uppér
frequency of-the category for the low and high limit-value virtual test plugs per the
proceduresin clause C.6.

b) Determine the minimum margin (dB) to the category 6, 6A or 8 connecting hardware NEXT

loss\requirements as specified in Table C.4 for pair combination 3,6 — 4,5 and clause C|6
for-pair combinations 1,2 - 3,6 and 3,6 — 7,8 from 10 MHz to the upper frequency of tHe
category for both the low and high test plug limit vectors. Use the correct table for
category 6, 6A, 8, or category 5e.

c) The difference between these minimum margins for the high and low limit-value test plugs
shall be less than 2 dB for the pair combination terminated on pins 3,6 4,5 and 4 dB for
the pair combinations terminated on pins 1,2 — 3,6 and 3,6 — 7,8.

There are no centring requirements for pair combinations 1,2 - 4,5, 4,5-7,8, 0or 1,2 -7,8.

C.7.3 Modular cord test head FEXT loss

Mated modular cord test head FEXT loss shall be measured for all pair combinations in
accordance with C.6.5.6. For all frequencies from 10 MHz to the upper frequency of the
category, modular test head FEXT loss performance shall exceed the values determined
using formula (C.6).
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FEXTy, o0y = 48.1-20log(/ /100)

C.74 Modular cord test head return loss

Mated modular cord test head return loss shall be measured for all pair combinations i
accordance with C.6.3. For all frequencies from 10 MHz to the upper frequency of th
category, modular test head return loss performance shall meet the values determined usin
Table C.13. See also Table C.14.

Table C.13 — Category 5e, 6, and 6 A modular cord test head return loss

Frequency Return loss
MHz dB

10 < f< 50 > 35

50 < f< 500 > 29 - 20 log (£/100)

Table C.14 — Category 8 modular cord test head return loss

Frequency Return loss
MHz dB
10< /<70 > 35
70 <f< 1000 > 32 - 20 log (£/100)
1000 </<2000 >12

(C.6)

n
e

g

C.8 Alien crosstalk measurements

(@)

.8.1 Cabling ANEXT loss and AFEXT loss laboratory measurement procedures

(@]

.8.1.1 General

(@)

abling test configuratiop-for’ANEXT and AFEXT loss.

.8.1.2 Termination of pairs

o

nd disturbers of the channels under test, shall be terminated with DMCM terminations at

C

During all testing,)the unused pairs, and the opposite end of the used pairs, of the disturbsg
a

bpth ends.

C.8.1(3 Calibration of cabling ANEXT loss or AFEXT loss
Lbhrata aceanrdina 0 tha mAath Ao ~Avitlin A 1 Ol o R 4
muTate (AUUVIUIII& IAARIBA AR ERAAIRAVAVEC RAVAV RS AR R AVAV RN L R AN A L@ LAV Fu ) oy = ey o
c.8.1.4 Calculation of cabling PSANEXT loss or PSAFEXT loss
Cc.8.1.4.1 General

For each port, the power sum alien crosstalk shall be calculated using the 6 worst disturber
channels.

C.8.1.4.2 PSANEXT calculation procedure

Using measured ANEXT data from disturber channels to disturbed channel:
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a) Calculate single disturbing channel PSANEXT from each disturbing channel to the

disturbed channel at each frequency.

b) At each frequency point, identify the 6 channels with highest PSANEXT to the disturbed

channel.

c) For each frequency point, power sum the PSANEXT from the worst 6 channels identified

in step 2 into the disturber and calculate the margin.

d) Identify the frequency point with the lowest PSANEXT margin. When the lowest margin

occurs at more than one frequency, select the highest frequency point.

n

—_

Utitize—the—six—Tcanmets—ctorresponding—to—thrat—frequency poit—and—catcutate 6107
PSANEXT into the disturbed channel at all frequency points. Report these PSANEXT
values as the PSANEXT performance of that disturbed port.

.8.1.4.3 PSAACREF calculation procedure

FEXT loss is the coupling of crosstalk at the far-end from external DUT pairs/into a disturbgd
bir of the 4-pair DUT under test. PSAACRF is the calculated power sum_from all externgl
pirs into the disturbed pair. PSAACRF for a DUT is determined using.formula C.7 for tHe
hse of a 4-pair DUT.

PSAACRF, = PSAFEXT, — IL, dB .1

br channels and permanent links, the calculations in formulas C.8 through C.10 shall Qe

used to determine PSAFEXT loss when the disturbed pairhas greater insertion loss than the
d|sturbing pair.
Ifl/L; > IL,;, then:
1L,
AFEXTnorm, . .=AFEXT +(IL,*<{L. .)—10log dB (C.8)
k,i,j ki k i,J IL,
Iff/L; < IL;, then:
AFEXTnorm, . .= AFEXT, . . dB (C.9)
ki, J ki, J
where:
n 7AFEXTn0rm,(_,-v_/-
BSAFEXT), =—1010g(z 10 J dB (C.10)
j=1 i=1
PSAACRE, 1s The PSAACTRF of disturbed pair k.

AFEXTnorm is AFEXT loss, in dB, normalized to the coupled length (the minimum length of
the disturbed and disturbing pair) relative to the length of the disturbed pair.

IL, is the insertion loss of disturbed pair k.

IL, , is the insertion loss of pair i of disturbing DUT .

N

is the total number of disturbing devices under test (DUT).
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n is the number of pairs in disturbing devices under test j (usually 4).

AFEXT, , ; is the measured AFEXT loss, in dB, to pair k of the disturbed DUT from pair i i
disturbing DUT .

k is the number of the disturbed pair in a disturbed DUT.

i is the number of a disturbing pair in a disturbing DUT.

n

j |s the number of a disturbing DUT.

ACRF shall be measured for all DUT pair combinations and PSAACRF shall be calculated f
al|l DUT pairs. ACRF shall be measured in accordance with Clause B.1.

C

sing AFEXT data from disturber channels to disturbed channel and measured-IL:

Using formulas 1-11 from IEC 60512-27-100, normalize the AFEXT _for insertion loss.

Using the normalized AFEXT, calculate single disturbing channel’ PSAFEXT from ead
disturbing channel to the disturbed channel at each frequency.

c) Convert this to PSAACRF from the single disturbing channel, using formula 9 fro
IEC 60512-27-100, to subtract the IL.

d) At each frequency point, identify the 6 channels with the worst PSAACRF to the disturbg
channel.

e) ldentify the frequency point with the lowest RSAACRF margin. When the lowest marg
occurs at more than one frequency, select the/highest frequency point.

f)| Utilize the 6 channels with the worst PSAACRF that were identified in step 4 at th
frequency point to calculate 6-to-1 PSAACRF into the disturbed channel at all frequeng
points. Use the channel PSAACRF . values from step 3 which were calculated using th
normalized AFEXT values from step 1. Report these PSAACRF values as the PSAACR
performance of that disturbed poft:

.8.2 ANEXT loss and AFEXT loss of cable
.8.2.1 General

his subclause describes requirements for measuring ANEXT loss and AFEXT loss betwee
birs of adjacent cables in a 7-cable assembly consisting of cables of the same design. Th
equency rangeqis~¥ MHz to the upper frequency of the category.

>To4 O O

The cable ANEXT loss and AFEXT loss measurement configuration shall comply with th
g¢quireménis of this clause. Prepare the cables to be tested in the form of an assemb
bnsisting of seven cables. The seven cables shall be maintained in a 6-around-1 parall
bnfiguration throughout the length to be tested as shown in Figure C.42. Non-metall

O =

=

e
y
]

Cc

o 0O

ndings shall be longitudinally spaced no more than 200 mm (8 in) apart for the entire leng

h

of cable except for the last 1,0 m (3,3 ft) from each end of the cable bundle. The 6 cables
shall not be deformed by the non-metallic bindings. The assembly shall be arranged such that
a minimum separation of 100 mm (3,9 in) is maintained between sections of the assembly.
The pairs at each end of the assembly shall be terminated with DMCM resistors as described

in Clause B.4.
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Disturbed
cable

IEC

Figure C.42 — 6-around-1 cable test configuration

.8.2.2 Test configuration for cable ANEXT loss and AFEXT loss

hd disturber cables, of the channels under test, shall be terminatedwith DMCM terminatior

C
During all testing, the unused pairs, and the opposite end of the usedpairs, of the disturbsg
a
at both ends.

C.8.2.3 Calibration of cable ANEXT and AFEXT loss

he calibration for ANEXT and AFEXT loss shall comply with B.4.5. A calibration is requirg
btween all ports under test.

o -

.8.2.4 Measurement of cable ANEXT and<AFEXT loss

easure the Sdd21 parameter with the néetwork analyzer connected to each pair of th
sturbed cable and each pair of every disturbing cable. This will result in 96 measuremen
bch for ANEXT loss and AFEXT loss.

[V < (@)

.8.2.5 Cable PSAFEXT loss.and PSAACRF calculation

b calculate PSAFEXT loss from the measured data, power sum the appropriate 2
easurements for each disturbed pair. PSAACRF is calculated in accordance with formu
.11,

034 O

PSAACRF, = PSAFEXT, — IL, dB (C.1
where £ is thexdisturbed pair.

Cl.8.2,6 Optional category 8 cable alien crosstalk testing method using two cables

This subclause describes an optional category 8 cable alien crosstalk test method using tw

8

o

d

a

(o]

cables. Controlled experiments have demonstrated that these cables provides an alien

crosstalk performance that is free of statistical contribution and near the measurement floo

r.

Therefore, the power sum of a 6-around-1 bundle can be accurately predicted using two

cables bundled together.

The two cables shall be attached together at every 200 mm (8 in) and one cable shall be
designated to act as the disturbed cable. The ANEXT and AFEXT loss shall be determined
per C.8.2.3 and will result in 16 measurements per direction for each ANEXT and AFEXT loss.
The cable PSANEXT and PSAACREF shall then be calculated using four combinations for each

disturbed pair and then adjusted by an offset of 10 log (6) to predict the 6-around-

performance.

PSANEXTprepicrep, = PSANEXTicapie, — 10 log(6) dB

1
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Where: PSANEXT capLE, is the PSANEXT loss of a pair calculated in accordance with formula (6)
And: PSAFEXTpggpicrep, = PSAFEXTicapLp, — 10 log(6) dB

And: PSAFEXT;cap, is the PSAFEXT loss of a pair calculated in accordance with formula (8)

If the margin of PSANEXT(predicted(k)) to formula (PSANEXT Limit) obtained with this
method is less than 10 dB, then the cable PSANEXT and PSAACRF performance shall be

determined lleing the complete 8-around-1 test r‘nnfigllrafinn

This optional method only applies to Category 8 cables and does not apply to Category
channels or permanent links to take into account connector contributions and installatid
fgctors.

Cl.8.3 Connecting Hardware ANEXT loss and AFEXT loss measurements
Cl.8.3.1 General

This subclause describes the reference test procedure for measuring(ANEXT loss and AFEX
dss between pairs of separate connecting hardware, or different ‘ports of the same multi-pg
bnnector assembly.

o =

Cl.8.3.2 Measurement outline

a) Network analyzer setup and calibration
b) Measurement floor (including fixturing) determination and measurement
c) Terminate DUTs

d) Measure ANEXT loss

e) Calculate PSANEXT loss

f)) Measure AFEXT loss

g) Calculate PSAFEXT loss

Cl.8.3.3 Network analyzer settings
Maximum IF bandwidth should be 100 Hz.
Cl.8.3.4 Measurement floor

The measurement floor includes the effects of the fixturing that is used and the random noig
bor of the network analyzer. The measurement floor for the test fixture should be measure
wjith the tertminating cables and resistor terminations in place. The fixture/measurement setu
ricludingsnetwork analyzer settings, should be designed and positioned such that the desirg
easurement floor is achieved. Due to the improved alien crosstalk requirement of category
bnnecting hardware the recommended measurement floor is 20 dB better than th

—h

o33

®O oA~ oo

(@]

nnecting hardware FoOANEAT 10SS or FOAFEAXT I0SS requirement, as appropriate.

C.8.3.5 DUT setup for ANEXT loss and AFEXT loss measurement

The ANEXT loss measurement is performed between two DUTs as shown in Figure C.43. The
AFEXT loss measurement is performed between two DUTs as shown in Figure C.44. Each
DUT consists of a mated modular plug and socket combination and shall be mounted in its

specified mounting arrangement (e.g. patch panel, TO) according to the manufacturer

's

instructions. Each modular test plug should be of a design known to meet the test plug
requirements detailed in C.6.6. Cables between the baluns and the DUT should be less than
300 mm (12 in). If interconnecting cables need to be longer than 300 mm (12 in) (e.g. testing

large multi-port panels), their insertion loss shall be accounted for.
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For ANEXT loss measurements, it is recommended that the far-end of each modular plug and
socket mated combination be terminated with a minimum of 40 m (131 ft) of cable. For AFEXT
loss measurement, it is recommended that the far-end of the disturbing modular plug and
socket and near-end of the disturbed modular plug and socket are terminated with a minimum
of 40 m (131 ft) of cable. The use of minimum category 6A-rated S/FTP cable (as defined by
ISO/IEC 11801-1) is recommended.

However, it is possible to use F/UTP, UTP or other cable types if the recommended
measurement floor can be demonstrated.

The other end of each of the terminating cables should be DMCM terminated, with the“CM
tgrminations of the four pairs in each cable connected to ground.

Network analyzer
Port 1 Port 2 Port 3 Port 4
A,

( Connecting hardware
- ) under test
Test fixture | Active pair terminations I
interface ¥

K Plu lack
Test interface Long cable |Test fixture | l
| —

00000 0IRITN000000¢

|
T _ =]

Wl
| shield | |/Longcable |

. A . |
NOOSOCOUNNG 000004 1
OO T T OO |

< res Sl VAVAVAS _L_J
e it
shield [ connecting hardware
| Inactive pair terminations || Test fixture under test | Test fixture || Inactive pair terminations l

IEC

Figure C.43 — Connecting hardware ANEXT loss measurement setup
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2000000
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| Inactive pair terminations ” Test fixture |

Connecting hardware

under test

e

Test fixture

Inactive pair terminations |

IE
Figure/C.44 — Connecting hardware AFEXT loss measurement setup
8.3.6 Disturbing connectors included
port is'included if it is one of the adjacent connectors, either above, below, left, or right,

neof four diagonally adjacent connectors, if present, as shown in Figure C.45 or a port th

DI
ht

is partof the—same mutti-port conmector assenbty:
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.8.3.7

rom the ANEXT or AFEXT loss contribution of all disturbing\pairs, calculate the respectiye
SANEXT or PSAFEXT loss of the disturbed port (DUT).

Disturbed
connector
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Disturbed
connector

Disturbed
connector

Figure C.45 — Example connector configurations for alien-crosstalk

PSANEXT loss and PSAFEXT loss calculation

‘/

IEC



https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

IEC PAS 60512-27-200:2018 © |IEC 2018 - 83 —

Annex D
(normative)

Cabling and component balunless test procedures

D.1 Balunless measurement requirements

When performing measurements using balunless methods, the procedures and wire

tgrmination fixturing shall be in accordance with [EC 60512-28-100.

The measurement requirements in this annex, can be applied to any category of(cablin
Refer to Annex B as well as IEC 60512-28-100 for wire termination fixturing, and -gener
setup requirements. The requirements of this clause focus on specific test interfaces uniqJ
tq this test method.

It|is acceptable to configure the far end terminations within the test fixture,lor attached to tH
tgst fixture. Switching may be used and that switching may configured within the test fixtur
See IEC 60512-28-100 for a more detailed discussion of wire(ctermination test fixtur
bnfigurations.

(@]

Elch setup component shall be qualified to a measurement pandwidth of at least 1 MHz to th
upper frequency of the category.

Measurements of cabling performance parameters t6. 2000 MHz for category 8 are facilitats
by use of four port network analyzers. In addition,) four port network analyzers can direct
mleasure balance (TCL, TCTL), common mode, and cross-modal coupling parameter
General measurement methods using four\‘port network analyzers are described
IEC 60512-28-100.

These standards include test fixturelperformance requirements, calibration methods, po
npmenclature, and general procedures and precautions.

Other measurements methods that are demonstrated to show equivalence to the methods
this annex are allowed.

Bplunless measurement results shall be converted to a termination impedance of 100
dffferential mode,~50 Q common mode. The terminations given below for balunleg
nmeasurements (fesult in a 25 Q common mode impedance. Instructions are given
C 60512-28-100.

jmul

D.2 _Resistor terminations used with balunless measurement systems

<

e

esiStors used for terminations shall exhibit impedance of 50 O + 0,1 % or better as shown

n

Figure D.1. Each single wire, 50 Q port is terminated to ground. The differential impedance
between two single wire, 50 Q ports is 100 Q. SMA terminations shall meet the requirements

of IEC 60512-28-100.

Terminations of inactive conductors and far end ports of active conductors shall provide the
equivalent of 50 Q at the interface to the cable under test. See IEC 60512-28-100 for

performance requirements of test fixtures and systems.
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50Q0+x01% 50Q+0,1%
[ | [ |
| | 1

Differential mode plus
common mode resistor termination
IEC

Figure D.1 — Balunless resistor termination network

o Q

dditionally,

Small geometry chip resistors shall be used for the construction of resistor terminations.
The two 50 Q DM terminating resistors shall be matched to within 0,1 % at DC)

The length of connections to impedance terminating resistors shall be minimized.
.3 Calibration methods

hen using balunless measurement methods, a two-port or four port calibration is tHe
inimum requirement. For insertion loss, NEXT loss, and FEX]T(loss measurements, a fouf-
brt calibration is the minimum requirement when using balunless test methods. Multi-port p-
prt calibration is considered an extension of two-port calibration. See IEC 60512-28-100 for
ore information on balunless measurement calibration¢methods.

.4 Testing of cables and cabling

.4.1 Cabling and cable measurement procedures

utual capacitance, capacitance unbalance, return loss, insertion loss, NEXT loss, ACR
CL, and TCTL measurements and.ealculations shall be performed on cable samples

DO m (328 ft) for Categories up throtigh 6A, or 30 m (98,4 ft) for category 8 removed from th
el or packaging. The test sample shall be laid out along a non-conducting surface, loose
biled, supported in aerial spans, or wound around a non-conducting drum with 13 m
inimum separation between-cables. All pairs shall be terminated according to the specif
quirements of this annex. Other test configurations are acceptable if correlation to th
ference method has been verified. In case of conflict, the reference method (30 m, off-req
sistor termination «oftinactive ports) shall be used to determine conformance to the minimum
quirements of this)document.

DO 3S< ® -

may be deSirable to perform measurements on lengths of cable greater than 100 m (328 fit)
r Categories up through 6A, or 30 m (98,4 ft) for category 8 in order to improye
easurement accuracy at lower frequencies. For example, when measuring insertion loss, |it
recommended that the sample length exhibit no less than 1 dB of insertion loss at tHe
west frequency tested. More than one length may be required to test a full range ¢f

guerncies. Cabtestestedforimsertiomtoss—at etevatedtemperatures—shattbepraced-inside

an air-circulating oven until the cable has stabilized at the reference temperature. No more
than 3 m (9 ft) of each cable end should exit the oven for connection to the measurement
equipment.

S

hields and screens should be bonded (low inductance connections) to the measurement

grounds at both ends.

The test interfaces shall provide a high quality interface to the calibration reference devices
used during calibration of the network analyzer, as well as provide a convenient connection to
the cabling or cabling component under test.
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The measurement result shall be mathematically transformed to convert the measured values
in the native common mode impedance of 25 Q to the resultant values which are referenced
to the common mode impedance of 50 Q which are required by this standard. Instructions are
given in IEC 60512-28-100.

The figures in this clause illustrate a single wire test method using a 4-port network analyzer.

D.4.2 Cabling and cable DC resistance

o4
JU T

H Y baoll kL P~ <l He O o409
rCorodiive olldiT VO TITTCAoutT TU 1T aLvuuTudlive wWiltltT Ti-'U U TJUJV

(w]

.4.3 Cabling and cable return loss

(w)

.4.3.1 Test configuration of cabling and cable return loss

The test configuration is as shown in Figure D.2.

m

ach wire shall be terminated with 50 Q to ground per IEC 60512-28-100."Maximum length of
hble jacket removal shall be 13 mm (0,5”), unless the un-jacketed-cable pair impedance |s
aintained by other means such as fixturing. The length of pair untwist shall be minimized.

30

Network analyzer
Port 1 Port 2 Port 3 Port 4
@ @ Active pair far end
—/ j terminations
Cable or channel under test -
Active test interface +
_| r o

—_ — = = 4 _ e = =

' |
! |
! |
| 500 500 |
= 50 Q | 500 — |
|_C YWV
| = 500 500 =
= spouy | 500 =
| WA Ve

} T e
l Inactive pair terminations | Shield of DUT | Inactive pair terminations |

Figure D.2 — Laboratory test configuration for cabling
and cable return loss and TCL measurements

IEC

D.4.3.2 Calibration of cabling and cable return loss

The calibration for cabling and cable return loss shall comply with Clause D.3.
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D.4.3.3 Measurement of cabling and cable return loss

Terminate cable ends in accordance with B.2. Measure the Sdd11 parameter with the network
analyzer connected to each pair on the near-end. Return loss shall be tested in both
directions. Transform the measurement result common mode impedance from the native 25 O
to 50 Q. Instructions are given in IEC 60512-28-100.

D.4.4 Insertion loss of cables and channels

D.4.4.1 Test configuration of cabling and cable insertion loss

Flgure D.3 depicts the typical schematic diagram of a balunless test interface for testing
nsertion loss, TCTL, and propagation delay.

Network analyzer
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r 500 | I 1 Teo ~— 7
| o
= 500 | | 50 O —|
| | - | |
| = 50 Q | | | 500 = |
| = s00 [ | I 500 =
= | Y | Ve
- 50 Q 50 Q —
| e AAN J 1
| = 50 O | | 50 Q — |
_1:'—’\/\/\ | |
'| e
| — |
L_ i I T S e o,
? Testﬁxture Shleld of DUT Test ﬁxture T
| Inactive pair terminations | Inactive pair terminations |

IEC

Figure D.3 — Laboratory test configuration for cabling
and cable insertion loss, TCTL, and propagation delay measurements —
Alternate test configuration for return loss and TCL.

D4-4-

The calibration for cabling and cable insertion loss shall comply with Clause D.3.

D.4.4.3 Measurement of cabling and cable insertion loss

Terminate cable ends in accordance with Clause B.2. Measure the Sdd21 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.
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D.4.5 NEXT loss of cables and channels
D.4.5.1 Test configuration of cabling and cable NEXT loss

Figure D.4 depicts the typical schematic diagram for testing NEXT loss. Resistor terminations
are preferred for unused pairs at the far-end.
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12 I 500 :
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Il 50 0 =
L J3 | | |
\ 4 | s =
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N | | 50 I
I ="V N
| — 50 Q l | | 50 Q — |
YW | NN~
| =  sa | | | I 500 = |
T + |
| = 50 O | 50 QO =
| L e : | 2|
|

— — i:l | — =
T - oo I

Inactive pair terminations |

| Inactive pair terminations |

IEC

Figure D.4 — Laboratory test configuration for cabling and cable NEXT loss

(w)

.4.5.2 Calibration of cabling and cable NEXT loss

The calibration for.cabling and cable NEXT loss shall comply with Clause D.3.

(w)

.4.5.3 Measurement of cabling and cable NEXT loss

=

easurenthe Sdd21 parameter with the network analyzer connected to each of the 6 pgir
bmbinations of the four pairs. NEXT loss shall be tested in both directions.

(2]

D.4.6 FEXT loss of cables and channels
D.4.6.1 Test configuration of cabling and cable FEXT loss

Figure D.5 depicts the typical schematic diagram for testing FEXT loss of cables and
channels.


https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

- 88 - |IEC PAS 60512-27-200:2018 © IEC 201

Network analyzer

Port1 Port 2 Port 3 Port4

PPYQ

J > ~N

8

}4—' Active|pair far end terminations |

( | Active test | | Cable or channel under test | | Active tes | Active p.air far end \
| int; - T interface terminations
— ~ I
50 Q |
| 50 Q =
| —_ = — — =
VW -
|= 14 J
= % 7
_="V\" VNV —e— |
— 50 50 Q —
| ="\ ) Ml
= e
|= V|
— ~ — ., 1
Test fixture T
| Inactive pair terminations | | Inactive pair terminations |

IEC]

Figure D.5 — Laboratory test configuration-for cabling and cable FEXT loss (ACRF)

D.4.6.2 Calibration of cabling and cable FEXT loss

The calibration for cabling and cable FEXT loss shall comply with Clause D.3.

D(4.6.3 Measurement of cabling and cable FEXT loss

Measure Sdd21 for all of\the 12 pair combinations for FEXT loss, launching from one en

[}

nly. It is not necessary te/measure FEXT loss from both ends due to reciprocity.

(w)

.4.7 TCL of cabling and cables

(w)

.4.7.1 Test configuration of cabling and cable TCL

n

gure D(2)depicts the typical schematic diagram for measurement of TCL. The near-en
grminating resistor networks shall be bonded and connected to the measurement groun
ane~The far-end resistor networks shall be bonded together. Alternatively, the te

—

[eRN N

oY
—

O T

pnfiquration of Figure D.2 may be used for TCL measurements.

D.4.7.2 Calibration for measurement of cabling and cable TCL

The calibration for cabling and cable TCL shall comply with Clause D.3.

D.4.8 TCTL of cabling and cables
D.4.8.1 Test configuration of cabling and cable TCTL

Figure D.3 depicts the typical schematic diagram for testing TCTL.
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D.4.8.2 Calibration of cabling and cable TCTL

The calibration of the test hardware for TCTL measurements shall follow the procedures

outlined in Clause D.3.

D.4.8.3 Measurement of cabling and cable TCTL

TCTL shall be tested in both directions.

D.49 _ Praopagation delay of cabling and cable
D.4.9.1 Test configuration of cabling and cable propagation delay

The cabling and cable propagation delay measurement configuration shall comply, with th
requirements of D.4.4.

(w)

.4.9.2 Calibration of cabling and cable propagation delay

The calibration of cabling and cable propagation delay shall comply with-€lause D.3.

(w)

.4.9.3 Measurement of cabling and cable propagation delay

=

easure all 4 pairs for cabling and cable propagation delay. 1t is not necessary to measu
hbling and cable propagation delay from both ends due torreciprocity.

(¢

D.5 Permanent link test procedures

(w)

.5.1 General

This clause describes test and calibration procedures for permanent links.

(w)

.5.2 Permanent link measurement configurations

The following requirements apply to the test configurations for permanent link measuremen
ahd for other components, asseémblies, and test parameters as indicated by reference.

n

br all laboratory and field transmission measurements of screened permanent links, th
nield shall be grounded at both ends. Attention should be given to providing low impedang
cpnnections from thésshield to ground and between grounding points of the two cable ends.

n

Testing shall_be -carried out using a modular test plug compliant with C.6.6 inserted betweg
the test interface and the permanent link under test. The crosstalk, insertion loss and retu
Idss of the modular test plug shall not be calibrated out.

D.53 Calibration of permanent link test configurations.

=}

The permanent link test configuration shall be calibrated by applying appropriate open, short,
load and through calibration artefacts to the test interface between the test system and the

modular test plug.

D.5.4 Return loss of permanent links

D.5.4.1 Test configuration of permanent link return loss

The permanent link return loss measurement configuration shall comply with the requirements

of Clause D.3.
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Figure D.6 — Laboratory test' configuration for permanent
link return loss:and TCL measurements

D.5.4.2 Calibration of permanent’link return loss

The calibration for permanent link return loss shall comply with Clause D.3.

D.5.4.3 Measurement of permanent link return loss

Measure the Sdd11 _parameter with the network analyzer connected to each pair on each en
permanent link retarn-loss shall be tested in both directions.

D[.5.5 Insertion loss of permanent link

D.5.5.1 Test configuration for permanent link insertion loss, (also used for FEX
loss, ACRF, and propagation delay)

8

T

Thebermanent link insertion loss measurement configuration shall comply with Figure D.7.



https://iecnorm.com/api/?name=41ef93d4a77368d0fe612bd568b6d5bb

IEC PAS 60512-27-200:2018 © |IEC 2018 —-91 —

Network analyzer

Port1 Port 2 Port 3 Port 4

Permanent link under \
| — 'I-Qc'l-
Active test Test plug Active test
interface J _________ interface
EnN
. J1 | 13
\__2 ! 14 W,
|~ 7 00 |_5o_g__ﬁ|
" 1
N XK ey
| = | e
|~ 50 Q | 500 - |
£ XK =
S | =+
I 50 Q | 500 =
| == ' l =
= 30.Q 50 Q =
|—L—‘ /\/\/\ *- . /\/\/\ ‘—L—
|~ —L—I L * L — = |
- A - —=— - - - - -~ Shield of the DUT [N — = — — i el
Test fixture Test fixture
| Inactive pair terminations I Inactive pair terminations |

IEC

Qropagation delay measurements — Alternate test configuration for return loss and TC

D.5.5.2 Calibration of permanent link insertion loss

The calibration for permanentiink return loss shall comply with Clause D.3.

.5.5.3 Measurement’of permanent link insertion loss

easure the Sdd2T\parameter with the pair under test connected to the network analyzer
pth the near-end and the far-end. Permanent link insertion loss shall be tested in bo
rections.

D|.5.6 NEXT loss of permanent link

D|.5(6.1 Test configuration for permanent link NEXT loss

Figure D.7 — Laboratory test configuration for permanent link insertion loss, TCTL, and

The permanent link NEXT loss measurement configuration shall comply with Figure D.8.
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Calibration of permanent link NEXT loss

The calibration for permanént link NEXT loss shall comply with Clause D.3.

Measurement of permanent link NEXT loss

igure D.8 — Laboratory test configuration for permanent link NEXT loss measurements

D

Measure the_Sdd21 parameter with the network analyzer connected to each of the 6 pagir
cpmbinations-in a four pair permanent link. Permanent link NEXT loss shall be tested in bo
d

D.5.7.1

Test configuration of permanent link FEXT loss

The permanent link FEXT loss measurement configuration shall comply with Figure D.9.

D.5.7.2

Calibration of permanent link FEXT loss

The calibration of permanent link FEXT loss shall comply with Clause D.3.

h
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