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International Standard IEC 61935-1 has been prepared by IEC technical committee 46:
Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive components and
accessories.

This fourth edition cancels and replaces the third edition, published in 2009, and constitutes a
technical revision.

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

a) the upper frequency goes up to 1 000 MHz;

b) test methods are now included for exogenous (alien) crosstalk;

c) anew Annex A has been added for uncertainty and variability of field test results.
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The text of this standard is based on the following documents:

FDIS Report on voting
46/574/FDIS 46/587/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

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

A list of all parts in the IEC 61935 series, published under the general title Specification for
the testing of balanced and coaxial information technology cabling, can pe fouqd on the IEC
website

2d until
he data

The cormmmittee has decided that the contents of this publication
the stability date indicated on the IEC web site under "http;
related {o the specific publication. At this date, the publicatio
e reconfirmed,

o withgdrawn,

e replaced by a revised edition, or

e amepded.

A bilinglial version of this publication maybe issi€

IMPORTANT - The 'cplou og () the over page of this publication indicates
that it| contains colo i orrect
understanding using a

colour printer.
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INTRODUCTION

Telecommunication cabling, once specified uniquely by each telecommunications application,
has evolved into a generic cabling system. Telecommunications applications now use the
ISO/IEC 11801 cabling standard to meet their cabling requirements. Formerly, connectivity
tests and visual inspection were deemed sufficient to verify a cabling installation. Now users
need more comprehensive testing in order to ensure that the link will support
telecommunications applications that are designed to operate on the generic cabling system.
This part of IEC 61935 addresses reference laboratory and field test methods and provides a
comparison of these methods.

Transmission performance depends on cable characteristics, connecting _hardware, patch
cords apd cross-connect cabling, the total number of connections and the care with which
they arg installed and maintained. This standard provides test methgds\for jnst cabling
and preffabricated cable assemblies. These test methods, where appropria bsed on
those uged for components of the cable assembly.

This Part 1 contains the test methods required for installed 8 dins [the test
methodg$ required for patch cords and work area cords.

&
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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

1 Scope

This paft of IEC 61935 specifies reference measurement procedures for cabling parameters
and the| requirements for field tester accuracy to measure cabling identified in
ISO/IEQ 11801. References in this standard to ISO/IEC 11801 A 801 or
equivalgnt cabling standards.

This Infernational Standard applies when the cable assembl cables
complyipng with the IEC 61156 family of standards, and c cified in
the IEC(60603-7 family of standards or IEC 61076-3-104 0,1EC 61076-2-101

and IEQ 61076-2-109. Where cables and/or connectd
then additional tests may be required.

these stgndards,

This stapdard is organized as follows:

o refefence laboratory measurement proc g topologies are spegified in
Clayse 4. In some cases, ¢ ¢ ay be wused in the fie|ld (see
IEC TR 61156-1-2:2009/AMD1:2014

e desq - in the field are specified in Clauseg 5;

e perf : [ s and procedures to verify performahce are
sped

NOTE 1 t are normally performed on the cables and cpnnectors
separately. : d i@ IEC61156-1 and IEC 60603-7 or IEC 61076-3-104,
IEC 6107 ; 54076-2-109, respectively.

NOTE 2 ed to consult with applications standards, equipment manufacturers and
system in bility of these requirements for specific networking applications.

It is as ; hatgcables and connectors used in cable assemblies, even if they|are not
describedNin [E » IEC 60603-7, IEC 61076-3-104, IEC 61076-3-110, IEC g1076-2-
101 and S 2 , are tested separately according to the tests given in the relevant
generic [specificatian.

This standard relates to performance with respect 10 100 (O cabling. For 120 Q or 150 Q
cabling, the same principles apply but the measurement system should correspond to the
nominal impedance level.

Field tester types include certification, qualification and verification. Certification testing is
performed for the rigorous needs of commercial/industrial buildings to this standard.
Qualification testing is described in IEC 61935-3. Qualification testing determines whether the
cabling will support certain network technologies (e.g. T000BASE-T, 100BASE-TX, 10G Base-
T). Qualification testers do not have traceable accuracy to national standards and provide
confidence that specific applications will work. Verification testers only verify connectivity.

Throughout this standard, 4-pair cabling is assumed. The test procedures described in this
standard may also be used to evaluate two pair balanced cabling. However, 2-pair cabling
links that share the same sheath with other links shall be tested as 4-pair cabling.
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2 Normative references

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

IEC 60169-15, Radio-frequency connectors — Part 15: R.F. coaxial connectors with inner
diameter of outer conductor 4.13 mm (0.163 in) with screw coupling — Characteristic
impedance 50 ohms (Type SMA)

IEC 601
connect

IEC 60912-25-9, Connectors for electronic equipment — Tests and
Signal ihtegrity tests — Test 25i: Alien crosstalk

ication for

IEC 60603-7 (all parts), Connectors for electronic equipmer
i gg features, with

connectors, 8-way, including fixed and free connectors
assessdd quality

r 8-way,

IEC 60603-7-7, Connectors for electronic equipme
Mg encies up to 600 MHz

shielded, free and fixed connectors for da

IEC 60603-7-71, Connectors for electronic eq art’ 7-71: Detail specificgtion for

8-way, 1 mission with frequencies up o 1 000
MHz
IEC 61076-3-104, Connectars i DAY — Product requirements — Parnt 3-104:

Detail specification for| 8 j 3 ;xed connectors for data transmissipns with
frequengies up to ;1 0 M
IEC TR61156-1-2>20
communications N\Pa
symmetri

symmetrical pair/quad cables for | digital
transmission characteristics and test methods of

IEC TR
IEC 611 y adio-freguency connectors — Sectional specification — RF coaxial copnectors
with inn ] er oNouter conductor 7 mm (0,276 in) with screw coupling — Charadteristics

impedangce 50 Q2 (75.42) type N

IEC 62153-4-11, Metallic communication cable test methods - Part 4-11: Electromagnetic
compatibility (EMC) - Coupling attenuation or screening attenuation of patch cords, coaxial
cable assemblies, pre-connectorized cables - Absorbing clamp method

ISO/IEC 11801, Information technology — Generic cabling for customer premises

ISO/IEC 14763-1, Information technology — Implementation and operation of customer
premises cabling — Part 1: Administration

ISO 14763-2, Information technology — Implementation and operation of customer premises
cabling — Part 2: Planning and installation

ITU-T Recommendation G.117:1996, Transmission aspects of unbalance about earth
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ITU-T Recommendation 0.9:1999, Measuring arrangements to assess the degree of
unbalance about earth

3 Terms, definitions and abbreviations

For the purposes of this document, the following terms, definitions and abbreviations apply, in
addition to those included in ISO/IEC 11801.

3.1 Terms and definitions

3.1.1

cable agssembly
combingtion of cable(s) and connector(s) with specified performance,
intended to be a part of a cabling link as defined in ISO/IEC 11801 (o

single unit

3.1.2
certification

measurements of installed cabling specified in ISO/IEC 1
Ea, Clags F, Class Fp)

F, Class

Note 1 tolentry: This requires field testers with traceable accura

3.1.3
comparnative test

test tha ference

3.1.4
DC resistance
measur¢ of the sum
resistanice)

3.1.5 Q

delay skew
worst cgse value o

bop DC

embly

3.1.6
electrica

equivale of the cable assembly

3.1.7
far-end|cross-talk
FEXT

decrease in magnitude of power of a signal that propagates between disturbing and disturbed
pairs contained within the same link measured at the far end

Note 1 to entry: When the power decrease is referenced to the near end of the disturbing pair, the characteristic
is named input output crosstalk (IO FEXT).

Note 2 to entry: When the power decrease is referenced to the far end of the disturbing pair, the characteristic is
named equal level far end crosstalk (ELFEXT).

Note 3 to entry: When the power decrease is referenced to the far end of the disturbed pair, the characteristic is
named attenuation-to-crosstalk ratio, far end (ACR-F).

Note 4 to entry: FEXT is expressed in dB.
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3.1.8

near-end cross-talk

NEXT

near end measurement of square root of signal power coupling from one circuit to another
within a cable assembly when a square root of signal power is fed and measured at the same
end

Note 1 to entry: It is expressed in dB relative to the incident square root of signal power.

3.1.9
nominal impedance
impedance for which the system is designed, the nominal impedance being purely resistive

3.1.10
output signal balance
OSB
ratio of |the output common mode voltage to the output differenti
source port

n a?dbya

3.1.11
power sum

NEXT, FEXT and ELFEXT

power gum cross-talk is the combined cross-tal
operating simultaneously

ef g\pairfrom all disturbing links

3.1.12
propagation delay
phase delay at each frequency in th
transvefse electromagnetic
assembly, expressed in n8

of interest for the propagation of a
the reference planes of the cable

e freguenc
S mek

3.1.13

qualification

measur¢gments o S i ecific network technologies

Note 1 to [entry: <xaN 5. 100BABE-T, IEEE802.3 1000BASE-T, 10 GBASE-T, IEEE 1394b.
3.1.14

referen

referen
perform

3.1.15
reflectipn coefficient
ratio of the complex square root of wave amplitude of the reflected wave to the complex
square root of wave amplitude of the incident wave at a port or transverse cross-section of a
cable assembly when the cable assembly is terminated with its application or nominal
impedances, Z,,,

c. :(MJ (1)

| ZintZnom |

3.1.16

return loss

ratio of the power delivered to a cable assembly terminated at the far end with its nominal
characteristic impedance, to the reflected power at the input port of the cable assembly
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. | Zin —Z |

RL=20 |og[iJ or RL=-201lg — oM _ 2)
Up | Zin+Znom |

i is the incident voltage;

r is the reflection voltage.

screening attenuation <of the cable assembly>

ratio of the-cemmon-mode-squareroot-of powerwave-inside-a-sereened ly to the

total sqliare root of power that radiates outside the cable assembly

3.1.18

unbalance attenuation

ratio of the common mode square root of signal power to the differe root of

signal ppwer in a pair due to unbalanced properties of the gin

3.1.19

verification

measur¢ments of installed cable or cabling for rmance

paramefers other than connectivity are megasured

3.2 Abbreviations

AACR-H

ACR

ACR-F

ACR-N

AFEXT

ANEXT Q

CP

DC

ELFEXT al level FEXT

El quipment interface

ELTCTLU Equal level TCTL

ELFEXT Equal level FEXT

EMC Electromagnetic compatibility

ELTCTL EquaHevelF6+HE

EQP Equipment

FEXT Far end crosstalk attenuation (loss)

LCL Longitudinal to differential conversion loss

LCTL Longitudinal to differential conversion transfer loss

LCL Longitudinal to differential conversion loss

NEXT Near end crosstalk attenuation (loss)

LCTL Longitudinal to differential conversion transfer loss

PS AACR-F Power sum attenuation to alien crosstalk ratio at the far-end

PS AACR-F, 4 Avgrage power sum attenuation to alien crosstalk ratio at the far-
en

PS AACR-F Power sum attenuation to alien crosstalk ratio at the far-end
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PS ACR
PS AACR-F, g

Power sum ACR

Average power sum attenuation to alien crosstalk ratio at the far-
end

PS ACR-F Power sum attenuation to crosstalk ratio at the far-end

PS ACR Power sum ACR

PS ACR-N Power sum attenuation to crosstalk ratio at the near-end

PS ACR-F Power sum attenuation to crosstalk ratio at the far-end

PS AFEXT Power sum alien far-end crosstalk (loss)

PS ACR-N Power sum attenuation to crosstalk ratio at the near-end

PS AFEXT ,nim Normalized power sum alien far-end crosstalk (loss)

PS AFEXT Power sum alien far-end crosstalk (loss)

PS ANBXT Power sum alien near-end crosstalk (los

PS AFEXT 1orm Normalized power sum alien far-end S

PS ANEXTan Average power sum alien near-en (Pess)

PS ANBXT Power sum alien near-end cKQ

PS ELFEXT Power sum ELFEXT

PS ANBXT,y4 Average power sum alj

PS FEXT

PS ELFEXT

PS NEXT

PS FEXT

RFI

PS NEXT

RFI

RL

4 Reflerence me

41 (@

Clause measurement procedures for electrical parametefs. The
measure are intended to be used in a laboratory environment using
laboratd ] gome cases a measurement procedure may also be applicable for
field testing. Ithis isthe case, the procedure shall be specifically identified as being |suitable
for field|testing anthappropriate precautions shall be described.

4.2 Balunless

4.21 Test equip

ment considerations

The reference measurement procedures that are described in this standard require the use of
a network analyser, twisted pair (TP) test leads and impedance matching terminations.
Separate generator/receiver test instrumentation may also be used for some of the
measurements. Other measurement procedures, which can be shown to yield equivalent
results, may be used.

Where balunless te

chniques are used for measurement, the requirements are provided by

IEC 61156-1-2:2009/AMD1:2014.
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4.2.2 Network analyser test requirements

Usually the input and output terminals of a network analyser are unbalanced. RF transformers
with balanced outputs (baluns) can be used with unbalanced signal connections to the
network analyser. For balunless test adapters, refer to IEC TR 61156-1-2:2009/AMD1:2014.
Balunless test adapters are particularly suitable for mixed mode measurements.

4.2.3 Test set-up

The test set-up shall be calibrated at the specified reference plane for the cabling under test
before testing. Full one-port calibrations shall be used when making one-port (e.g. return loss)
measurements. Full two-port calibration shall be used when making two-port measurements
(e_g_ insertion Inqc) measurements

4.2.4 Termination of conductor pairs
During measurement, all conductor pairs of the cabling under test S all\b ' at both
ends with impedance matching loads. For pairs under tes i he test
mstrumIntatlon at one or both ends. For pairs not und to test
instrumentation, resistor loads or terminated baluns shall bé apgll
Unless ptherwise specified, the nominal differential ipn shall
be 100 [ for 100 Q and 120 Q cabling, and 15Q ommon
mode impedance shall be 50 Q + 25 Q Lirement
procedure.
NOTE 1 y, a value
of 75 Q is|
Resistof loads shall use i it urn loss
of 46 dB up to 100 MHz and axi . i 8 balun,
common mode load i ing un. The
impedance of the load{is equs S mode impedance. For pairs connected [to other
kinds of balanci ) itters), common mode load is implemented by use
of an aftenuator a¥’eé balanced terminals of the balancing device. This method is
also used if the cen i ilabfe at the balun used. The attenuation provided by the
attenual ). The common mode impedance is approximately
one fouf i odeimpedance for this implementation. For pairs conngected to
resistor 3 d is implemented by the Y configuration shown in Figlre 1.
IEC
Figure 1 — Resistor load
where
R
Ry =—9- (3)

Ry =500+0,1%

and
R
dif
Ry = Room ~— — (4)
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Ry =250 +1%

where

Rdif is the differential mode resistance (Q);

Reom is the common mode resistance (Q).

For unscreened cabling the common mode termination points for all pairs are connected
together at either end of the cabling. For screened cabling the common mode termination

points are connected to the cable screen or screens at each end of the cabling.

NOTE 2 [Accuracy is dependent on the uses of equivalent calibration techniques.
4.2.5 Reference loads for calibration

To perfgrm a one or two-port calibration of the test equipment, a sh
and an {mpedance matching termination are required. These d€vice
calibration at the reference plane.

The impedance matching termination shall be calibrate
shall bel a 50 Q load, traceable to a national reference stand

load for| calibration is 100 Q, two loads in parallel s / ib against the ca
[ Q, three loads in
shall be callbrated against the calibration xeft . 3 rence Ioads for calibrati
be placed in an N type connector acs 06 69-16 or SMA type acco

referenge. If the value of the reference

IEC 601[69-15, meant for panel mountipg
shall be|fixed to the flat side of the connecto
A netwdrk analyzer shall bge

verified

4.2.6
The cablli

— Cha
user
The
horize
optidg
the
excs
incld

istibutedyevenly around the center co

di
encalibrated, onfuI akbration, with the calibration re
Thereafter, the return loSs of the referencexlgads for calibration shall be measur

ded in the channel definition. The end-user patch cord shall be used to test

circuit
bbtain a

2, which
ference
Jibration
parallel
on shall
rding to
e loads
hductor.
erence.
bd. The

ers and
hannel.
D0 m of
ctor, an
ttions in
hall not
are not
channel

perf brmance-

— Permanent link. The permanent link test configuration is intended to be used by installers
and users of data communication systems to verify the performance of permanently
installed cabling. The permanent link as defined in ISO/IEC 11801 (or equivalent) consists
of up to 90 m of horizontal cabling and one connection at each end. The permanent link
excludes both the cable portion of the test cord of the test equipment and the connection

to the test equipment, but may include the optional consolidation point.

— CP link. The CP link test configuration is intended to be used by installers and users of
data communication systems to verify the portion of a permanent link between the floor

distributor and consolidation point.
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Channel

!
i g
|
|
|
|
:
|

Permanent link

CP link

FD

|
|4
-
- i
EQP ' ,—HC'I {CHC; \ TE

v v cP
Equipment Patch cord/
cord jumper

= connection

Figure 2 — Reference planes for permane annel

The tes{ configuration reference planes of a perma gure2) are at the er]d of the
permangnt link test cords where the gakle ente plug attached to fthe test
cords af the local end, and where the & e|plug attached to the test cord
at the femote end, which each mate wi under test. Practically, the
referenge plane of measurement sho from the reference plane dI}finition
when magking measurements on a perman UL st configuration reference plane of a
channelf are at the end of Ak pat S e e cable enters the body of the plug
attached to the user patéh coxd(at the(lo d where the cable exits the body of the
plug attached to the e_remote end, which each mate with the ichannel
adapter| Practically, t : g casurement should be within 5 mn] of the
referenge plane @ 3 irg“measiirements on a channel.

4.2.7 Coaxial calf 3 3 for network analysers

Coaxial S e network analyzer and any test fixture shoulf be as
short af nended that they do not exceed 600 mm each). The| coaxial
cables $ aped. The baluns (when used) shall be attached to a ¢ommon
ground

4.2.8 |Balunless requirements balanced test leads

Balancegd\test leads and associated connecting hardware to connect between the test

equipment and the cable assembly under test shall be taken from componenis that meet or
exceed the requirements for the category of the cable assembly under test. Balanced test
leads shall be limited to a length of 50 mm between any test fixtures and the reference plane
of the cabling under test. Pairs shall remain twisted between any test fixtures to where
connections are made to the DUT to where connections are made, and unscreened balanced
test leads shall be separated by 5 mm from any ground plane.

For balunless test adapters, refer to IEC TR 61156-1-2:2009/AMD1:2014.

The S-parameters of a mixed mode measurement consist of 16 terms for a single
measurement path, providing the full matrix of common and differential parameters. The

nomenc

lature is given by Table 1.
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Table 1 - Mixed mode S-parameter nomenclature

DIFFERENTIAL MODE COMMON MODE
STIMULUS STIMULUS
PORT 1 PORT 2 PORT 1 PORT 2
II\DAI('):BERENTIAL PORT 1 SDD‘11 SDD12 SDC‘11 SDC‘12
RESPONSE PORT 2 Sppar S Spcat Spean
I\CA%I\D/IEAON PORT 1 SCD‘11 SCD12 SCC‘11 SCD‘12
RESPONSE PORT 2 Scoar Scpzo Sceat Scea

4.2.9 Balun requirements

Dependjng on the test set-up, baluns are an optional element that
measur¢ments. In case baluns are used, the following applies.

Two clgsses of baluns with different performance levels are defined

facilitat¢ measurements up to 1 GHz with commercially availa
balun transformers or 180° hybrids with attenuators to it

Figure 3).

TP

Key

Att

180° split
to NWA
TP

ay be\requ

180 °splitter

aunections at'test port

Figure 3 — 180° hybrid used as a balun

to N

WA

IEC

A balun is designated class A in the frequency range for which the class A requirements are
met. A balun is designated class B in the frequency range for which the class B requirements
are met. A balun may be class A in one frequency range and class B in another extended

frequency range.

Class A baluns are preferred for verification of performance characteristics of all classes of

cabling.

Class B baluns may be used to verify performance of all classes of cabling, provided that the

lower performance of the balun is taken into account in the measurement error calculation.

Baluns shall be EMI shielded and shall comply with the requirements given in Table 2.

ired for

brder to
may be
ed (see
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Table 2 — Test balun performance characteristics

Parameter ‘ Class A value Class B value
Impedance, primary?® 50 Q unbalanced 50 Q unbalanced
Impedance, secondary Matched balanced Matched balanced
Insertion loss 3 dB maximum 10 dB maximum
Return loss secondary 12 dB minimum, 1 MHz — 15 MHz 6 dB minimum

20 dB minimum, 15 MHz — 550 MHz
17,5 dB minimum, 550 MHz — 600 MHz
10 dB minimum, 600 MHz — 1 000 MHz

Z

Return Ipss, 15 dB minimum, 1 MHz — 15 MHz 10 dB mipiqum
Commof modeb 20 dB minimum, 15 MHz — 400 MHz

15 dB minimum, 400 MHz — 600 MHz
10 dB minimum, 600 MHz — 1 000 MHz

Power rating 0,1 W minimum /\ N menu}\
Longitudinal balance® 60 dB minimum, 15 MHz — 350 MHz S}EB W
50 dB minimum, 350 MHz — 600 z

40 dB minimum, 600 MHz — 1(6@\0

Output dignal balance® 60 dB minimum /15 MHz minimum
50 dB minimum, 3
40 dB minimum, 600 MHz —

Commorn mode rejection® 60 dB minimum, 35 dB minimum

5 MH 0 M
— 1000 MHz
Special gwdelmes foruse lof bafun
- For| best acc
conpectors).
- Cla

w“ed with connectors (for example with IEC §0169-22

ed foxaccura

Es A baluns 2

he e frequency range for which their specifications apply, proviged their

out etter than 50 dB below 100 MHz
- For|cla 3 i dde-off between insertion loss and return loss. Return loss can be improved
by Usi atteRtator, whjch then increases insertion loss. If return loss is less than 10 dB, inserfion loss

For 120

220 Q baluns will be used only in cases where it is requested by the user. Usually 104 Q
baluns will be used.

a  Primarywimpedance may differ, if necessary to accommodate analyser outputs other than 50 O

b Measured by connecting the balanced output terminals together and measuring the return loss.
The unbalanced balun input terminal shall be terminated by a 50 Q load.

¢ Measured per ITU-T Recommendations G.117 and O.9.

NOTE Proper test for configurations for qualifying tests baluns to the requirements are given in Annex D.
4.2.10 Network analyser measurement precautions

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

a) the reference plane of the calibration shall coincide with the measurement reference
plane; in case of differences the magnitude and phase of errors shall be determined;

b) consistent and stable baluns (when used) and resistor loads shall be used for each pair
throughout the test sequence (see 4.2.4);
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c)
d)

e)

f)

g)

h)

4.2.11 | Data reporting and accuracy

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

the relative spacing of conductor pairs shall be preserved throughout the tests to the
greatest extent possible;

unscreened balanced cable test leads and interconnects shall remain separated from
metallic surfaces, such as ground planes, and isolated from sources of electromagnetic
interference (EMI);

the balance of the cables is maintained to the greatest extent possible by consistent
conductor lengths and pair twisting to the point of load;

coaxial, balanced lead and printed line lengths shall be kept as short as possible so that
resonance and parasitic effects are minimised;

conr||ections to the baluns (when used) and IC socket interfaces shall be madetir such a
way|that conductor movement resulting from connection of differe i network
analyser or test fixture shall produce minimal variability for repea 3 5 on the
samie reference cable (£0,25 dB or less is acceptable). Where p ' igi t fixture

the pensitivity to set-up variations for these meas i egdencies demands
attention to detail for both the measurement/equipmen e procedures. Data
intefpretation and application of the requirements(i§ app e only if a satisfactory
measurement repeatability of £1 dB or better/is\aghie e(@

The me : cach test. This shall be calculated by
determi S sssed as the resulting spread in the
result. The values of the di , baged on instrumentation specifications,
calculated errors from i i overall
estimated measureme coming
from thd

(3)
where d
The ovd uivalent
to a 95 sides of
the spegified limit:

Test results that are outside the uncertainty band are reported as either 'pass’ or 'fail'. Test
results that are inside the uncertainty band are reported as either ""pass' or "fail' as
appropriate. To which extent ™' results shall determine approval or disapproval of the cabling
under test shall be defined in the relevant detail specification, or agreed on as a part of a
contractual specification.

4.3

DC loop resistance

4.3.1 Objective

The objective of this test is to ensure the DC and low frequency continuity of the conductors.

This test is applicable to laboratory and installed cabling testing.
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4.3.2 Test method

Measurement of loop resistance shall be carried out on each pair at the near end after
applying a short circuit between each wire of that pair at the far end.

4.3.3 Test equipment and set-up
A four terminal ohmmeter (see 4.3.4.2) suitable for low resistance measurements shall be

used. The pairs at the far end of the cabling under test shall be short-circuited at the
reference plane. The test set-up is shown in Figure 4.

4.3.4 Procedure

4.3.4.1 Calibration

The ohmmeter shall be calibrated for 0 Q at the ends of the test |gads ibrgtion the

The calipration shall be done for 0 mQ + 0,5 mQ to be able toune y.

4.3.4.2 Measurement

The loop resistance for all four pairs shall be

Figure 4 — DC loop resistance measurement

4.3.5 Test report
The measured value shall be reported for the pair with the highest resistance and this pair

shall be identified. The highest resistance shall be compared to the requirement specification
limits.

4.3.6 Uncertainty

The uncertainty of reference DC resistance measurements shall be less than 0,5 % + 0,05 Q
in the range from 0 Q to 50 Q.

4.3.7 DC loop resistance recalculation

Measured value of the loop resistance should be recalculated at 20 °C by the following
formula:
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s

RN =————
1+ag (t—20)

is the loop resistance at 20 °C;
is the loop resistance, measured at t, in °C;
is the temperature coefficient of resistance;

is the temperature, at which the measurement was carried out, in °C.

4.4 Directcurrent(BC)resistanceunbatance

4.41
The obj

NOTE T

4.4.2

The tes
Measuré¢ment of resistance unbalance shall be ca

Each wi

DC resi

where
AR is
4.4.3

A four {

used.

4.4.4

4.4.41

Objective

pctive of this test is to ensure the resistance unbalance meets ment
his test is applicable to laboratory cabling testing.

Test method

t method is shown in Figure 5. The te_ igutati one wire is

Procedure

Calibration

shown.

e of the
h wire.

(6)

shall be

The ohmmeter shall be calibrated for 0 Q at the ends of the test leads. After calibration the
test leads shall be connected to the cabling at the measurement reference plane.

The cali

4.4.4.2

bration shall be done for 0 mQ +1 mQ to be able to measure 0,1 Q accurately.

Measurement

Measure the DC resistance of each wire of a pair. Then calculate the DC resistance
unbalance per Formula (6).

The DC

resistance unbalance for all four pairs shall be measured.
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DC ohmmeter
L ]
D O D S D
D G G G
c
Key
CuT cabling under test
vV voltage applied to wire under test
1 current applied to wire under test

Figure 5 — DC resistance u t

4.4.5 Test report

The mepsured value shall be reported
this palr shall be identified. The
requirement specification lixits.

ighest resistance unbalapce and
unbalance shall be comppred to

4.4.6 Uncertainty

The undertainty of\QC
in the rgnge fro Q"

0,05 Q

4.5 Insertion

4.5.1

The obj s to measure the insertion loss of the cabling being tested.

The tes pplicable to cabling in a laboratory environment. If insertion los$ has to

be measured for ins{;
receiver is<tequired.

led cabling using laboratory equipment, then a separate genethor and

4.5.2 Test method

Insertion loss is measured by determining the signal loss of the cabling under test, referenced
to the signal loss of a short connection between the test ports of the measuring instrument.

4.5.3 Test equipment and set-up

The general instrumentation requirements apply (see 4.2). The test configuration is shown in
Figure 6 and the cabling under test shall be measured at the reference planes defined in
Figure 2.
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NV/VA Eﬁ Re',-\lcveviCer
Signal Sfel.
Gen > Vmeter
3
Screen
IEC
Key
CuT cabling under test
NWA/Sigl|Gen signal generator of network analyser or s{
NWA Reckiver/Sel. Vmeter receiver of network analyser or select
* matched resistors (in pairs)
Screen screen (if present)
Rcom common mode impedance (¢
Baluns baluns to intg

Figure 6 — Inse

4.5.4 Procedure
4.5.4.1 Calibration

.| This is
carrying

A trans
carried
out the

4.5.4.2
Calibrat] ments of the cabling shall be performed. Each pair ghall be
measurq ted with loads according to 4.2.4 when not under tgst. The
loads afg be applied at the test cable pairs. Measurements ghall be
performpd_in™t C|f|e frequency range. The frequency step size shall be according to
Table 1

4.5.4.3 Test report

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

4.5.5 Temperature correction

Insertion loss measurements should be conducted at the expected highest operating
temperature of the cabling, which may be affected by DC power that is supplied over the
cabling system.

If it is not possible to conduct the measured at the expected highest operating temperature of
the cabling, adjustments for insertion loss should be made based on the estimated difference
of the expected highest operating temperature of the installation and the actual temperature
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at the time of measurement. This may be a critical issue when link lengths are near the
maximum value.

As temperature coefficients for cabling the values given for cables according to the relevant
part of IEC 61156 series shall be applied.

4.5.6 Uncertainty

The uncertainty of reference insertion loss measurements for cabling shall be less than
0,5 dB.

4.6 Propagation delay and delay skew

4.6.1 Objective

The objective of this test is to measure propagation delay and delay

being
tested. 19

The test method is applicable to cabling in a laboratory e The Feference test

method |cannot be used for installed cabling.

4.6.2 Test method

Propagd
through

0 isfthe phasiﬁl
@  is|the phas 2

Delay s orst case difference of propagation delay for the paifs in the
cabling.

4.6.3

The settup s’ the e as for insertion loss measurements (see 4.5.3). Insertion Ipss and

delay cgn\bé measured in the same test with one sweep if the network analyser can measure
the complex scattering parameter, S,;.

4.6.4 Procedure
4.6.4.1 Calibration

See 4.5.4.1.

4.6.4.2 Measurement

See 4.5.4.2, but note that for this measurement a linear frequency sweep shall be applied.
The frequency steps shall be made small enough to ensure that the phase shift from one
measurement frequency to the next measurement frequency is less than 2nx. For compliant
cabling this is ensured by limiting frequency steps to 1,7 MHz or less. In order to ensure an
adequate margin the frequency steps shall be no greater than 1 MHz.
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4.6.4.3 Calculation

Some network analysers give a readout of the continuous phase trace of the tested item. This
readout can be directly inserted in Formula (8). It is usual for the network analyser to measure
the phase in an interval of tn. As the ratio of phase versus frequency is a continuously
decreasing function, 2n shall be subtracted from the measured phase every time there is a
positive step in the measured phase versus frequency trace, therefore:

P =Pm —2nm (8)

where

Qs is[the accumulated phase, in degrees;

®m is|the measured phase, in degrees;

n is|the number of times the measured phase has passed - easyrewment from

the lowest frequency to the actual frequency f .

The propagation delay is calculated by applying Formul

Delay skew is calculated as the difference betwee
individupl pairs.

agation delays of the

4.6.5 Test report
Propagation delay and delay skew is feported at
be repofted, if required in the relevant sect sp
4.6.6 Uncertainty

Uncertajnty of reference prop
range of 0 ns to ‘@.

Uncerta
0 ns to {

. Results at other frequencies shall
ion.
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4.7

4.7.1

The obj is test is to determine the coupling between a signal applied at the near
end of dnésair to the signal received at the near end of a different pair.

The test method is applicable to laboratory and installed cabling testing.

4.7.2 Test method

NEXT is measured by applying the signal at the near end of one pair and measuring the
coupled signal at the near end of a different pair.

4.7.3 Test equipment and set-up

The general instrumentation requirements apply (see 4.2). The test configuration is shown in
Figure 7 and the cabling under test shall be measured at the reference planes shown in
Figure 2.
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Baluns cut
7
NWA
»
1= o DO S e
[ * J
L S i Attt Gl @
creen
c
Key
CuT cabling under test
NWA network analyser

*

matched resistors (in pairs)

Screen screen (if present)

Reom common mode impedance

Baluns baluns to interface laboratory equipm

4.7.4 Procedure
4.7.41 Calibratio

A transmission (

Residud by measuring the insertion loss between the tegst ports

resistor loads according to 4.2.2. If the residual NEXT is

closer than 80 d A Y red NEXT, then isolation calibration shall be applied. The
noise floofs measured¥n the same way. If the noise floor is closer than 30 dB from the
measur¢ ‘ sslynamic range shall be increased by increasing the test power and
decreasfing easurenient bandwidth, as appropriate. For cabling with high NEXT this is

not always possikle, if which case the actual value of residual NEXT and noise floor shall be

4.7.4.2 Measurement

Calibrated NEXT measurements of the cabling shall be performed. Each pair combination
shall be measured from the near end and far end of the cabling under test. For four pair
cabling this is six measurements from each end, providing a total of twelve measurements.
Pairs shall be terminated with loads in accordance with 4.2.4 when not under test. The loads
shall comply with the requirements given in 4.2.4. The cabling under test shall be terminated
with a connector at the far end with loads at each pair. Pairs that are not used in the
measurement shall have terminations at the near end. Loads at both ends shall provide
differential and common mode terminations (see Figure 7). At each end, the screens shall be
connected to the common mode ground port. Measurements shall be performed in the
specified frequency range. If the test instrument measures at discrete frequencies the
frequency steps shall be no greater than 150 kHz up to 31,25 MHz, 250 kHz up to 100 MHz,
500 kHz up to 250 MHz and 2,5 MHz up to 1 000 MHz.
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4.7.4.3 Calculation

NEXT is calculated from:

NEXTZ. =-20log (9)

S21.
l,

k k

where

NEXTl. K is the NEXT between the disturbing pair i and the disturbed pair %, in dB;

Power sJum NEXT shall be calculated based on the measured NEXT valugs.

The poyer sum NEXT to disturbed pair & PSNEXTk shall be ca ed_ov e specified

frequengy range from:

(10)

PS NEXT; =-10log
i=1i#

where

PS NEXT is the power sum of neay“end cross-

k

n is the numbe

the disturbed pair %, in dB;

4.7.5 Test report

The mefasured results [ ble or graphical format with the spedification
limits shown on gr esults.from_alV’pair combinations shall be reported for rgference

measur¢ments. It s ents.

4.7.6

The ung fail limit
for the [ 1 dB at
100 MH for both
NEXT a

NOTE If| requirements for residual NEXT and noise floor cannot be achieved the actual uncertainty may be
calculated—amdreported<{see55)-

4.8 Attenuation to crosstalk ratio, near end (ACR-N) and power sum ACR-N
4.8.1 Objective

The objective of this test is to determine the contribution to the signal-to-noise ratio from
NEXT and insertion loss.

This test is applicable to laboratory and installed cabling testing.

4.8.2 Test method

NEXT and insertion loss are measured and the ACR-N is computed from the NEXT and
insertion loss measurements.
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4.8.3 Test equipment and set-up

Refer to 4.5 and 4.7.

4.8.4 Procedure and calculation

Refer to 4.5 and 4.7.

The ACR-N of disturbed pair k to disturbing pair i is calculated from Formula (11):

ACRN,, = NEXT,, ~IL, (11)

where

ACRN;,}, is the ACR-N for disturbing pair i and disturbed pair &;

NEXT, | is the ACR-N for disturbing pair i and disturbed paik
1L, is the insertion loss of disturbed pair .

Power sum ACR-N shall be calculated based on the NEXT value

o

4.8.5 Test report

The mefasured results shall be reporte ification
limits shown on the graphs. Results froma ference
measurq ents.
4.8.6

The ung nsertion
loss ang

49 F

4.9.1

The obj is\test i determine the coupling between a signal applied at the near
end of g i i

This tedt is appli o for cabling in a laboratory environment. If far end crosstalk has to be
measurq cabling using laboratory equipment then a separate genergtor and

receiver shatl be required.

4.9.2 Test method

FEXT is measured by applying the signal to the near end of one pair and measuring the
coupled signal at the far end of a different pair.

4.9.3 Test equipment and set-up

The general instrumentation requirements apply (see 4.2). The test configuration is shown in
Figure 8 and the cabling under test shall be measured at the reference planes shown in
Figure 2.
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NWA
/
Signal
Gen NWA
Receiver
/
Sel.
Vmeter
Key
CuT cabling under test
NWA / Signal Gen signal generator of network analyser or signal gen
NWA Recgiver / Sel Vmeter receiver of network analyser or sele
* matched resistors (in pairs)
Screen screen (if present)
Rcom common mode impedangee
Baluns
NOTE A e network
analyser

4.9.4 Procedure
49.4.1 Calibratio

The method of ca

4.9.4.2

shall be
er shall
Qther\end. It is not necessary to interchange generator and recgiver as

FEXT
measurs
be connf

S,y = 8 cabling a total of 12 measurements are needed. Pairs s$hall be
terminaf for NEXT measurements. Requirements for maximum frequercy step
size are| also.as forNEXT (see 4.7.4.2).

4.9.4.3 Calculation

The FEXT from disturbing pair i to disturbed pair k is calculated from:

FEXT, ;= —2010g‘521iy k‘ (12)

where
FEXTZ K is the far-end cross-talk loss between the disturbing pair i and the disturbed pair
k, in dB.

Power sum FEXT shall be calculated based on the measured FEXT values.

The power sum to disturbed pair k£ shall be calculated over the specified frequency range:
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n —0,1~FEXTl- k
PS FEXT; =-10 log >10 ’ (13)
i=1i+k
where
PS FEXTk is the power sum of far end crosstalk at the disturbed pair %, in dB;
n is the number of pairs.

4.9.5 Test report

The measured results shall be reported in table or graphical format with-the specification
limits shown on the graphs. Results from all pair combinations shall be (reported. 4t ghall be
explicitly noted if the measured results exceed the requirements.

4.9.6 Uncertainty of FEXT measurements

The ungertainty of FEXT measurements is assumed to bg ap € ame¢ as for

NEXT measurements.

4.10 Attenuation to crosstalk ratio, far end (ACR

4.10.1 | Objective

The objective of this test is to determinge galculation from the mpasured

insertiof loss and far-end cross-talk.

This tes

NOTE In] edition 3 of IEC 6193

4.10.2 | Calculatipn
ACR-F between@

(14)

where

ACR — puted ACR-F between disturbing pair i and disturbed pair %, |in dB.

FEXTZ. I is the measured far-end cross-talk loss between disturbing pait i and
disturbed pair %, in dB.
ILk is the measured insertion loss of disturbed pair %, in dB.

For four pair cabling there are 12 ELFEXT and 12 ACR-F results.

Power sum ACR-F to disturbed pair & is calculated from the expression:

PS ACR—Fk =PS FEXTk —ILk (15)

where

PS ACR—Fk is the calculated power sum ACR-F to pair k, in dB;
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PS FEXTk is power sum FEXT in dB from disturbed pair k& (measured and calculated),
in dB;
ILk is the measured insertion loss in dB of the disturbed pair %.

4.10.3 Test report
See 4.8.5.

4.10.4 Uncertainty

in A =, me emen e ne ed mmed ni_'_-.,

The unge insertion

loss and FEXT mesurements ad haII calut shn in..1

4.11 Return loss
4.11.1 | Objective

The objgctive of this test is to measure the return loss of th

This tes

4.11.2

Return hich is
terminat p.4.
4.11.3

The ger hown in
Figure 9 igure 2.

IEC
Key
CuT cabling under test
NWA network analyser with S-parameter test set
* matched resistors (in pairs)

screen screen (if present)
Rcom common mode impedance (optional in return loss tests)

Baluns baluns to interface laboratory equipment and balanced cabling

Figure 9 — Return loss test configuration
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4.11.4 Procedure
4.11.4.1 Calibration

A full one port (S11) calibration shall be performed at the reference plane.

4.11.4.2 Measurement

Each pair shall be measured. The far end of the cabling shall be terminated with loads
according to 4.2.4, which are integrated into a connector, which mates with the far end
connector of the cabling. The loads shall comply with the requirements given in 4.2.4.

be no

|f the t-\c-l- notritmant manciirae At Aicarata franiianning tha
Pot—Hotr oot eaour Co—atr— oo trete— e gqutc Co—me

greater than:

50 kHz up to 31,25 MHz

250 kHz from 31,25 MHz up to 100 MHz
500 kHz from 100 MHz up to 250 MHz

2,5 MHz from 250 MHz up to 1 000 MHz

Return |

4.11.5

aphical format with the spedification
be reported.

The me
limits sh

4.11.6

The ung i t rparice limit for a class Fp permanent link.

The ung ssNneasurements shall be better than 1 dB up to 250 MHz and
2 dB up

NOTE T 2 he rence’load used for calibration is the dominant error source.
412 P i \ ~ rosstalk (PS ANEXT - Exogenous crosstalk)
4.12.1 | Objective

The objective-of-thistestistodetermine-the PSANEXTof the—eabling—Thistestis—applicable
to cabling in a laboratory environment and for installed cabling. A sample laboratory reference
measurement assembly is described in Annex B.

4.12.2 Test method

ANEXT contributions to an overall PS ANEXT are measured by applying the signal at the near
end to one pair to a disturbing link and measuring the coupled signal at the near end of a pair
in a disturbed link. This process is repeated for every pair in a disturbing link and for all other
links in close proximity. The PS ANEXT for each pair in a disturbed link is obtained by power
summing the ANEXT results to that pair from all pairs in disturbing links in close proximity.

4.12.3 Test equipment and set-up

The test configuration for an alien near end crosstalk measurement is shown in Figure 10.
The cabling under test shall be measured at the reference planes shown in Figure 2.
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CUT - disturbing link

NWA

CUT — disturbed link

Key

CUT - dis

CUT - dis

NWA

* ed resistors (in pairs)

Screen screén (if present)

Rcom ommon mode impedance

Baluns balun to interface laboratory equipment and balanced cabling

Figure 10 — ANEXT measurement

4.12.4 Procedure
4.12.4.1 Calibration

A transmission (S,4) calibration shall be performed at the reference plane.

The noise floor of the measurement can affect the results substantially. If the noise floor is
closer than 30 dB from the measured ANEXT, then the dynamic range should be increased by
increasing the test power and decreasing the measurement bandwidth, as appropriate. For
cabling with high ANEXT this is not always possible, in which case the actual value of noise
floor shall be estimated in the calculation of a corrected results or measurement uncertainty
(see 5.4.7.4).
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4.12.4.2 Measurement

Calibrated ANEXT measurements of the cabling shall be performed. For each pair, the
ANEXT from every pair of a disturbing link in close proximity shall be measured. For each
disturbing to disturbed link there are 16 pair combinations (4 pairs of a disturbing link couple
to each 4 pairs of the disturbed link). Therefore the number of alien crosstalk measurements
to be made is 16x the number of disturbing links. Each pair combination shall be measured
from the near end and far end of the cabling under test.

For the reference laboratory test configuration described in Annex B, there are a minimum of
6 disturbing channels around a single disturbed channel. A full characterization therefore
consists of a minimum of 2 x 96 pair combination alien NEXT measurements. For sampling

test strategiesofinstalled cablingreferto 54-8-

Baluns provide the interface to the cabling under test. All pairs of the dj isturbing
link not [directly connected to the baluns shall be terminated with logds\a j p.4. The
loads shall comply with the requirements given in 4.2.4. Loads_at\both provide
differential and common mode terminations; see Figure 10. Af eack n mode
resistorg of the terminations and the screens, if applicable, shal\be copnx ommon
mode ground port. Measurements shall be performed in the spegi e e e. If the
test insfrument measures at discrete frequencies the fre RS & e no greater than
150 kHd up to 31,25 MHz, 250 kHz up to 100 MHz, z and 2,5 MiHz up to
1 000 MHz.

4.12.4.3 Calculation

The PS[ANEXT frequency response of pai
(16).

bed channel is computed per Formula

10 (16)

where

PS ANE ed PS ANEXT to pair k as a function of frequency f,in| dB;

S equency;

k e number of the disturbed pair (in a disturbed channel);

i is the number of a disturbing pair (in a disturbing channel);

j is the number of a disturbing channel;

N is the total number of disturbing channels;

n is the total number of disturbing pairs (4) in each of N disturbing channels;

ANEXTk ; (f] is the frequency response of the ANEXT coupled from pair i of disturbing
channel j into pair £ of the disturbed channel, in dB.

NOTE Pairs external to the disturbed channel are all those pairs surrounding the channel that belong to other
disturbing channels in close proximity that could disturb the disturbed channel.

The average PS ANEXT frequency response in dB of all pairs is computed by averaging the
values of each pair expressed in dB as in Formula (17).
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PS ANEXTgq (f)=

I Ma

PS ANEXT (f) (17)
1

1
4k
41244 Test report

The measured results shall be reported in table or graphical format with the specification

limits shown on the graphs. Results from all pair combinations shall be reported for reference
measurements. It shall be explicitly noted if the measured results exceed the requirements.

4.12.4.5 Uncertainty

The un atidat-thepass/fail
limit. The error equat e (random_ noise error
contribution degrades 3 dB for every doubling of the number of ANE Isurements that

are incllided in the overall power sum result.

4.13 P|S Attenuation to alien crosstalk ratio, far end cross
Exogenous crosstalk)

4.13.1 | Objective

The objective of this test is to measure the power sim i atio, far
end of the cable assembly. This test is applicab 2 ent and

installed cabling. If far end crosstalk boratory
A sample laboratory reference measurmenf ass

4.13.2 | Test method

Far end| alien crosstal PS AFEXT are measured by applying the

signal af the near~en 2 3 bing channel or link and measuring the |coupled
signal af the far '@a 4 pair { 3 hedheghannel or link. This process is repeated fpr every
pair in g disturbingin ink lose proximity.

A normalization, i S on the relative length of disturbing and disturbed| links is
applied 7 ) ) rement. Then the PS AFEXT for each pair in a djsturbed
channel ; er summing the normalized far end alien crosstalk results to
that pai \ irstin disturbing links in close proximity.

4.13.3

The test ¢anfiguration for an alien far end crosstalk measurement is shown in Figure|11. The

H (l N b Jo Mol (] Fan) £ 1 L H | (oY
cabling vndertestshattbemeasuredatthereferenceptanes—shownmimHigure—2-
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CUT - disturbing link

¢

CUT — disturbed IRk

. Bal Sel.
L N\ Vol
] e B AVAY, meter
e M‘\ 10N
1~ Py
1~ N ‘ . O
—{= mooo\\\\\"@!ﬁ =
* ** -

—{— i&\- O
"""""" N O T meen
turbing IinkQ abling/u rfest — disturbing link
turbed link cabling under test — disturbed link

gnal generator of network analyser or signal generator
éiver of network analyser or selective voltmeter
matched resistors (in pairs)
screen (if present)
common mode impedance

balun to interface laboratory equipment and balanced cabling

Figure 11 — Alien far end crosstalk measurement

A network analyser may be used after determining that a ground connection that exists inside
the network analyser between source and load does not affect the result.

4.13.4
4.13.41

Procedure

Calibratio

n

A transmission (S,1) calibration shall be performed at the reference plane.

The noise floor of the measurement can affect the results substantially. If the noise floor is
closer than 30 dB from the measured AFEXT, then the dynamic range should be increased by
increasing the test power and decreasing the measurement bandwidth, as appropriate. For
cabling with high AFEXT this is not always possible, in which case the actual value of noise
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floor shall be estimated in the calculation of a corrected results or measurement uncertainty;
see 5.4.7.4.

4.13.4.2 Measurement

Calibrated AFEXT measurements of the cabling shall be performed and each pair combination
shall be measured. The generator shall be connected to one end of the cabling while the
receiver shall be connected to the other end. It is not necessary to interchange generator and
receiver as S,¢ = Sy,. For four pair cabling a total of 12 measurements are needed. Pairs shall
be terminated as defined for NEXT measurements. Requirements for maximum frequency
step size are also as for NEXT (see 4.7.4.2).

For eadhnpalr, the AFEX oM every pair of a disturbing ik 0Sg proximity shall be
measured. For each disturbing to disturbed link there are 16 pair combipations\(4 ‘pairs of a
disturbimg link couple to each 4 pairs of the disturbed link). Thereféte the mber [of alien

crosstalk measurements to be made is 16x the number of diStuxbigg hoks, E gh pair
combination shall be measured from the near end and far end of the ¢abling.under te

For the [reference laboratory test configuration described i ex B re\are a minjmum of
6 distunbing channels around a single disturbed channeih\A T h CRe actenization therefore
consisty of a minimum of 2 x 96 pair combination AF S or sampling test
strategig¢s of installed cabling, refer to 5.4.8.

st. Al p@ of tire disturbed and di
inated with/l6ads according to 4.

Baluns
link not

sturbing
P.4. The

loads s provide
differenti n mode
resistors ommon
mode g C e. If the
test ins a » Refrequency steps shall be no greater than
150 kH’\% - 30 kF Hz up to
1000

4.13.4.3 ts

The me ink j shall
be norm e insertion losses of disturbing and disturbed links and a
length s as (18) and (19).

It 1L, (1

(7,00
Otherwise
AFEXToom, , (f)= AFEXT} ; ;(f) (19)
where
f is the frequency;
k is the number of the disturbed pair in a disturbed link;

i is the number of a disturbing pair in a disturbing link;
j is the number of a disturbing link;
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AFEXT ; (f) is frequency response of the measured AFEXT in dB to pair k& of the

ki,
disturbed link from pair i in disturbing link j;

ILk(f) is the measured frequency response of the insertion loss in dB of pair k£ of
the disturbed link. Practically, the average response in dB of all pairs may
be used. In the ratio to ILi J(f) the average insertion loss at 250 MHz may
be used;

ILi j(f) is the measured frequency response of the insertion loss in dB of pair i of
disturbing link j. Practically, the average response in dB.ef all pairs may be
used. In the ratio relative to ILk(f), the average insedi 50 MHz
may be used.

For scrgened cabling meeting coupling attenuation requiremen e result

of Formpla (23) shall be used in all cases.

The freguency response of the power sum alien E EXTk(f) of a

disturbeld channel is computed per Formula (20).

(20)
where

n is the numbex o

N is the total@z

The PS|AACR-F d link is

computed per Fo

(21)
where

PS AA( k(f) he computed PS AACR-F to pair k in dB;

f is the frequency;

k is the number of the disturbed pair;

ILavg (f) is the frequency response of the average insertion loss of all pairs

expressed in dB.

When required, it shall be measured according to 4.5.

The frequency response of the average insertion loss is computed per Formula (22).

1 4
Iayg(f)=7 ¥ 11L,,(f) (22)
n=

NOTE Pairs external to the disturbed channel are all those pairs surrounding the channel that belong to other
disturbing channels in close proximity that could disturb the disturbed channel.
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The frequency response of the average PS AFEXT of all pairs is computed by averaging the
values of each pair expressed in dB as in Formula (23).

PS AFEXTgq (f)=

M

PS AFEXT; (f) (23)
1

1
4k
The frequency response of the average PS AACR-F in dB is computed per Formula (24):

PS AACRFp4(f)=PS AFEXT gyg(f)~ ILayg(/) (24)

where

PS AACRFgq (1) is the computed average PS AACR-F in dB.

4.13.4.4 Test report

The mefasured results shall be reported in table or graphica oM i ification
limits shown on the graphs. Results from all pair com ) ference
measur¢ments. It shall be explicitly noted if the meagure i ents.

4.13.4. Uncertainty

The undertainty of reference PS AACR- pass/fail
limit. The error equations, as in 6.10. 8 S 5e error
contribution degrades 3 dB for every ({dou ' rements
that arefincluded in the ove

4.14 Unbalance attefi

4.14.1 Objecti<>
The objective of thig’ te

assemb
convers

e cable

This tesit i

4.14.2

Unbalarce- attenuation, near end or TCL is measured by calculating the ratio of differential
mode ppwer to common mode power on a pair within a cabling system, which is exifed with
differential mode power only.

The differential mode voltage V4 and common mode voltage V,,, are shown in Figure 12.

om

4.14.3 Test equipment and set-up

The test configuration using baluns in the measurement is described in detail. Multi-port
network analysers can provide measurements of node voltages that are all referenced to the
measurement ground. This avoids the use of baluns and may provide higher unbalance
attenuation measurement accuracies at high frequencies.

The general instrumentation requirements apply; see 4.2. The test configuration is shown in
Figure 12. The cabling under test shall be measured at the reference planes shown in 4.2.6.
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CcuT

Balun *

\ JAWA Vaif *

@ PURVAY .

Y

NWA * **
[
Al

Key

CuT cabling under test

NWA network analyser with S-parameter test set
* matched resistors (in pairs)

Screen screen (if present)
Balun balun to interface laboratory equipmer
Vdif differential mode voltage

Veom common mode voltage

Figure 12
4.14.4 | Procedure

Cali

4.14.41

TCL cal

forming

through

Step 2.

The insertion loss of the differential signals of the balun is measured by connecting two
identical baluns back-to-back with minimal lead length as shown in Figure 13. Notice that the
baluns are positioned so as to maintain polarity and they are bonded (firmly attached, e.g.
clamped) to a ground plane. The coaxial sockets for the common mode signals are terminated
with 50 Q. The measured insertion loss between the coaxial sockets for the differential signals
is divided by 2 to approximate the insertion loss of one balun for a differential mode signal.
The calculated differential mode insertion loss is recorded as [LbaI,DM'
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(Di=> v

Balun Balun

AN
VAV X

50 Q 50 Q

Figure 13 — Back-to-back balun differential mode insertio

Step 3.

The ins
Figure

measur(
to appr
commof

Step 4.

pximate the insertion loss of one balun
mode insertion loss is record

-back balun common mode insertion loss measurementt

nt

hown in
Q. The
ed by 2

A TCL measurement performance step shall be performed on the measurement balun by itself
by terminating the differential port of the balun with a 100 Q RF chip resistor. See Figure 15.
If the internal unbalance attenuation is within 6 dB of the pass/fail limit of the unbalance test,
then the TCL measurement performance is inadequate and higher performing measurement
equipment shall be used. The method to compute the TCL is shown in 4.14.4.2.
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(£ XD -

Vaif

NWA
Vecom
IEC
Key
NWA network analyser with S-parameter test set
Balun  Balun to interface laboratory equipment and balanced cabling
Vqif differential mode voltage
Veom ¢ommon mode voltage
Figure 15 — Unbalance performance te nent balun

4.14.4.2 Measurement
Each pair shall be measured from eat 3 ar end of the cabling ghall be
terminaled with loads according to 4.2. c ed”into a connector, which mates
with the far end connector of the cabling. TheN\near end pairs not under test ghall be
terminaled either with resistor loads\ acfordingtoN\4.222 or with balun terminatigns (the
unbalanced and common Mox i on the balun shall be terminated with 50 ) coaxial
loads). huhder test\provides return path for the commqgn mode
signal fgr unscreened stems the screen provides this path ag well.
Unbalar calculated using Formula (25):

ohs, 7CL ~ Lbal,DM ~ Lpal,CM (25)
where
TCL \ted unbalance attenuation near end, in dB;
ILmeaslTcrL neasured loss (Sz1), in dB;
L2 DM is the insertion loss of balun for differential mode signals, in dB;
ILpa oM is the insertion loss of balun for common mode signals, in dB.
4.14.5 Test report

The measured results shall be reported in tabular or graphical format with the specification
limits shown on the graphs. Results from all pairs shall be reported.

4.14.6

Uncertainty

The uncertainty is dependent upon the difference of the measured result and the internal
unbalance attenuation of the balun (other contributions to the uncertainty are disregarded).
See Table 3.


https://iecnorm.com/api/?name=f2e840992fd9ac9719e330317e6fe3e5

IEC 61935-1:2015 © IEC 2015 - 47 -

Table 3 — Estimated uncertainty of unbalance, near end measurement

Difference between measured unbalance attenuation Estimated uncertainty

and unbalance attenuation of balun by itself

30 dB 0,3 dB
20 dB 0,8 dB
10 dB 2,4 dB
6 dB 3,5dB

4.15 Unbalance-attenuation, farend

4.15.1 | Objective

The objective of this test is to measure the unbalance attenuation,

assemb
transfer
loss of {

This testt i

4.15.2

Unbalan
mode p
mode plower only. This value is the
insertiop loss of the CUT from TCTL.
differential and common mode

4.15.3 | Test equipme
If both ¢nds of t’@ll
measuré¢ment. If the ef
cabling,|a signal geie

The test conf
network
measuregr

The general instrowaerntation requirements apply; see 4.2. The test configuration is s
Figure 16:Ihe cabling under test shall be measured at the reference planes shown in

cable
version

insertion

S.

ifferential
ifferential

ting the
between

e TCTL
installed

ulti-port
d to the
balance

hown in
1.2.6.
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CUT
Balun NWA/
( ) ( ) . Selective
@ SE voltmeter
Vais AWATA
| SR U @
NWA/ ‘D{S::
Signal
generator
Vcom
L 2
IEC
Key
CuT
NWA/Signal generator , Sign {>or a signal generdtor

NWA/Selgctive voltmeter ctive RF

Screen
Baluns
Vit
V.

com

4.15.4 | Procedure

4.15.4.1 Calil@
The caljbration fo (

4.1 for
both bajuns being ecorded
as [Lbal
4.15.4.2
Each pai \ y UT pair
shall bel connestied to\the differential terminals of the test baluns as shown in Figure [16. The

test sigmal,shall be~applied to the unbalanced input of the balun connected to the input end of
the pair[under test. The common mode port of the balanced output terminals at the input end
shall be terminated with 50 Q coaxial load. The signal to be measured is at the common mode
terminal of the balun which is connected to the output end of the pair under test. The
unbalanced output terminal of the balun at the far end shall be terminated with a 50 Q coaxial
load resistor. All unused pairs on both ends of the CUT shall be terminated with 100 Q
differential and 50 Q common mode resistor terminations according to 4.2.4. There shall be a
common ground at each end. If a network analyser is used, the grounds of the two ends of the
CUT shall be connected securely to the same ground plane. The termination of the pairs not
under test provides return path for the common mode signal for unscreened systems. For
screened systems the screen provides this path as well.

Unbalance attenuation far end (or TCTL) is calculated using Formula (26).

TCTL = Ilmeas, rcTL ~ bal, DM1 ~ Lbal, M2 (26)
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where
TCTL is the computed TCTL, in dB;

]Lmeas,TCTL is the measured loss (S,4), in dB;
]l’baI,DM1 is the insertion loss of the input balun for differential mode signals, in dB;

]LbaI,CMZ is the insertion loss of the output balun for common mode signals, in dB.

The EL TCTL is computed as in Formula (27).

=157 (27)

where

ELTCIL is the computed EL TCTL, in dB;

ILcut is the measured insertion loss of the cabling under te

4.15.5 | Test report

The mepsured results shall be reported in tabular or ¢ i 9 i ification
limits sHown on the graphs. Results from all pairg 3

4.15.6 | Uncertainty

The ung¢ertainty is dependent upon tiie difference internal

unbalanice attenuation of the baluns (the@ri tl

see Table 4.
Difference between measured unbalance attenuation Estimated uncertainty
and unbalance attenuaticn of balun

AN
\MB 0,8 dB

\TQ dB ) 2.4 dB

A\
CONAD 608 3,5dB

e
4.16 Cloupling attefiuation

Coupling attenuation measurements shall be conducted as per IEC 62153-4-11.

Table 4 -

5 Field test measurement requirements for electrical properties

5.1 Introductory remark

Clause 5 applies to field test specifications for post-installation performance measurements of
installed cabling designed in accordance with ISO/IEC 11801 (or equivalent).

The information contained in this clause uses the links defined in ISO/IEC 11801 (or
equivalent), and specifies parameters for field testers, test methods and interpretations of test
results, leading to a practical solution to the issues related to field testing. Classes of twisted
pair cabling links referred to herein correspond with those described in ISO/IEC 11801 (or
equivalent).
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Field test equipment is classified by performance level. Currently levels I, II, lIE, IlI, IIE IV
and V are used in the industry. This clause specifies requirements for field test equipment
used to certify class D, E, Ep, F and F, cabling as defined in ISO/IEC 11801.

— Level IIE test equipment or better is required to test class D cabling;

— Level Ill test equipment or better is required to test class E cabling;

— Level llIE test equipment or better is required to test class E, cabling;

— Level IV test equipment or better is required to test class F cabling;

— Level V test equipment or better is required to test class F, cabling.

Clause 5 specifies in detail the electrical characteristics of field test equipment and test
method$: cld—te equipmer aracte ceded 1o Wept/Stepped frgquency
measuréments are described to ensure consistent and accurate mgasuremgnts| Other
method$ using frequency domain or time domain measurement techiigues(that.dempnstrate
equivalence to the requirements in this clause are acceptable. Méthyds tocompareg, results

reported by field test equipment with those obtained using ethods _4dre also
described.

5.2 Cabling configurations tested

The cablling test configurations are described in 4.2.6

5.3 Fjeld test parameters
5.3.1 General

The follpwing field test measurement (par
this standard:

lated requirements are spegified in

— inspg
— propagation delay;
— delaly skew;

— length (not a pds
— inseftion loss;
— nearend ¢
- NEX

- equd crosstalk (ELFEXT) or attenuation-to-crosstalk ratio, far end (ACR-F);
— ELFEXIL power sum (DQ El FFYT) or attenuation-to-crosstalk ratio, far end (DQ ACR-F)1
power sum;

— return loss;
— DC loop resistance;
— power sum alien NEXT (PS ANEXT);

— power sum attenuation-to-alien crosstalk ratio, far end (PS AACR-F).
5.3.2 Inspection of workmanship and connectivity testing

5.3.2.1 Visual inspection

Visual inspection of installed cabling is performed by observing that:

— the condition, workmanship and finish are satisfactory,
— the marking is legible,
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— mechanical damage is absent and there is no undesired movement or displacement of
parts,

— flaking of materials or finishes is absent.

Examination may generally be carried out without any magnification.

5.3.2.2 Wire map

A conductor map test is intended to verify correct pin termination at each end and to check for
installation connectivity errors. For each of the conductors in the cable, and the screen(s), if
any, the conductor map indicates.

b N Ao ' -l
— contmtity-totheremote—end;

— shorfts between any two or more conductors/screen(s),

— trangposed pairs,
— revefsed pairs,

— split|pairs,

— any pther connection errors.

Correct ed in ISO/IEG 11801

(or equi

re 17 — Correct pairing

A reversg 3 e polarity of one pair is reversed at one end of the lipk (also
called a| N feversal).ySee Figure 18a, for an illustration of a reversed pair.

A transy rs when the two conductors in a pair are connected to the position for
a differelznt pair at the remote connection. See Figure 18b, for an illustration of travpsposed
pairs.

NOTE Transposed pairs are sometimes referred to as crossed pairs.

Split pairs occur when pin to pin continuity is maintained but physical pairs are separated.
See Figure 18c, for an illustration of split pairs.
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IEC IEC IEC

Figure 18 — Incorrect pairing

Wire mgp tests shall report "Pass" if cabling is determined to be €

5.3.3 Propagation delay and delay skew

Propagation delay and delay skew may be determing - easuremgnts and
is frequency dependent. For field testing purposes, the p pa iot ay at 10 MHz shall be
reported. The field test equipment shall be capable elay on
each pair. Test limits for the chanpe f i hall be as spegified in
ISO/IE] 11801 (or equivalent). Witk 1 each end, this additional
propagdtion delay is 22 ns at 10 MHz.

5.3.4 Length

The len

The physical leng gl length
of the cpbling b ermined
by measuring the pf cable

segmen

The len nated from an electrical length measurement. The €llectrical
length i ! ) elix and
dielectri

Calibrat| : f length
measurq astimating Iength from either frequency or time domain methodgs. NVP
refers t d as a
fraction is the

most common cause of maccurate Iength measurements when using field test equrpment The
NVP for any given cable is a function of its design.

The NVP can vary widely between different cable designs and is also frequency dependent, at
1 MHz the NVP can be up to 5 % less than the NVP at 100 MHz.

It is the responsibility of the user to ensure the NVP of the cable matches the setting of the
field testers. Field test equipment shall provide functional capability for “NVP calibration”. The
NVP in a cable sample is determined as follows:

a) physically measure the length of the cable sample, using a sample of at least 15 m.
Greater accuracy in NVP determination will be obtained using longer lengths. For
example, if the resolution of the measurement is 1 m, the best NVP accuracy that can be
expected for a 25 m cable is 1/25 or 4 %;
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b) set the field test equipment to its “NVP calibration” mode. Enter the measured distance
into the tester. NVP as a fraction of the speed of light is calculated as follows using

appropriate length units:

NVP = Physical Length

Measured PropagationDelay - Velocityof lightinvacuum

where the velocity of light in vacuum = 3 x 10 & mis.

(28)

Use this NVP when making subsequent length measurements on cable from the same spool.

The NVP is calibrated to the pair with the longest twist length. Thi
shortes{ electrical delay. There can be up to 5 % variation in the
different pairs in the same sheath. This, together with varying
different pairs in the same sheath appear to have different lengths.

For lendth evaluation, the field tester shall use the measured\eng
the NVH was calibrated.

The maxi

5.3.5 Insertion loss

Insertio
balance
differenti

Insertio
ISO/IEQ 11801 (or equjiivale

The mepsurem
the effe¢t of the ¢

5.3.6

NEXT c
signal ig
signal o

Power s
NEXT of the, 1,2 pair’is given by:

is the\pair

with the
petween
ns why

br which

ialent).

lents. A
hile the

tified in

so that
on.

ed input

ifferential

ver sum

~NEXT15 36
10 10 +
~NEXT35 45
PS NEXTy5 gg = ~10* log| 10 10 +
~NEXT1p 78

10 10

where all NEXT quantities are assumed to be expressed in positive units of dB.

(29)

NEXT and power sum NEXT test limits are as specified in ISO/IEC 11801 (or equivalent).
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5.3.7 ACR-N and power sum ACR-N
5.3.7.1 ACR-N

The ACR-N of each pair combination of a channel shall meet the difference of the NEXT
requirement and the insertion loss (IL) requirement. The ACR-N requirements shall be met at
both ends of the cabling.

The ACR-N from disturbing pair i to disturbed pair k is computed as follows:

ACR =N, | = NEXT; | — L (30)
where
ACR — Nl. K is the computed ACR-N from disturbing pair i to disturbe
i is the number of the disturbing pair;
k is the number of the disturbed pair;
NEXTZ. " is the near end crosstalk loss coupled fre
ILk is the insertion loss of pair k& .

5.3.7.2 ACR-N, power sum

The PS|ACR-N requirements shall be of the cabling.

The PS|ACR-N of disturbe

PS NEXT. , —IL
S N, ik k (31)
where
PS ACH . o \ & ACR-N from disturbing pair i to disturbed pair 4, in dB;
k
PS NE] ower sum near end crosstalk loss of pair &, in dB;
ILk e insertion loss of pair k.

5.3.8 ELFEXT, power sum ELFEXT, ACR-F, power sum ACR-F

ELFEXT and ACR-F are computed from far-end cross-talk (FEXT) (see 4.2.4) and insertion
loss measurements.

FEXT can be derived from swept/stepped frequency voltage measurements. A balanced input
signal is applied to a disturbing pair at the near end of the link while the induced differential
signal on the disturbed pair is measured at the far end.

For example, the ELFEXT for a disturbed pair 1,2 pair by a disturbing 3,6 pair is given by:

ELFEXTyo _ag = FEXTj9 _3g —IL3g (32)
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where

ELFEXTyo 3¢ is the ELFEXT between disturbing pair 3,6 and disturbed pair 1,2, in dB;

FEXTo _3g is the FEXT between disturbing pair 3,6 and disturbed pair 1,2, in dB;

IL3g is the insertion loss of disturbing pair 3,6, in dB.

The ACR-F for a disturbed pair 1,2 pair by a disturbing 3,6 pair is given by:

ACR - F1p _36,dB = F'EXT12 _36,dB ~ /L12",dB (33)
where
ACR-Fio _36 is the ACR-F between disturbing pair 3,6 and distupbed paix 132,-in\dB;
IL1o is the insertion loss of disturbed pair 12, in dB
Power qum ELFEXT is computed from the ELFEXT to a xample, the power
sum ELFEXT of the disturbed 1,2 pair is given by:
, , (34)
PS ELFEX{5={-10*log 1 0 +
Q ~ERLKGAT 78
\)\) 10
where
PS ELF] d pair 12, in dB.
All ELFE itie's S 1 o be expressed in positive units of dB.
Power § edAfrom the ACR-F to a certain pair. For example, the poyer sum
ACR-F {
7ACR]‘{2_3,6
16 10 -
—ACRR> 45 (35)
PS ACR-Fy5=-10log 10 10 +
10 10

where
PS ACR-Fy9 is the computed PS ACR-F to disturbed pair 12, in dB.

All ACR-F quantities are assumed to be expressed in positive units of dB.
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ACR-F and power sum ACR-F test limits are as specified in ISO/IEC 11801 (or equivalent).
ELFEXT and PS ELFEXT limits are assumed to be identical to those for ACR-F and
PS ACR-F respectively.

5.3.9 Return loss
Return loss (see 3.1.16) is a measure of the reflected energy caused by impedance

mismatches in the cabling system. Return loss is especially important for applications that use
simultaneous bi-directional transmission.

Return loss test limits are specified in ISO/IEC 11801 (or equivalent).

5.3.10 | Direct current (DC) loop resistance
The sum total of all DC resistances in the loop of a pair, including . Direct
current (DC) loop resistance test limits are as specified in ISO/IEC ¢ ).
5.4 Ppower sum alien crosstalk
5.4.1 Objective
Here affer are described the field measurement procg

ANEXT,

AFEXT,
and calqulations for:

PS ANEXT,

PS AFEXT,

PS AACR-F.
Furthern
Note that the numpe i 1 result is
often c i erefore,
addition ent the
accumu
Alien cr basis. It
is theref : to carry out an initial investigation and conclusion of worst case port
positiong in(orde at the limiting alien crosstalk performance of the installation|can be
identified.“Reported in-field alien crosstalk measurements should have an additional margin to
the limitreflecting—thatthe—selectioneoftesttnks—maynetbe—abselute—worstease—The port

selection procedure and test requirements specified in 5.4.8 shall be followed when in-field
alien crosstalk measurements are carried out. Interactive alien crosstalk measurements and
mitigation operations are often the best way to secure compliance of the installation with the
alien crosstalk requirements.

5.4.2 Test method

PS ANEXT, PS AFEXT and PS AACR-F are calculated from ANEXT, AFEXT and insertion
loss measurements.

54.3 Test equipment and set-up

Depending on the test configuration, the test interface shall consist of a channel or link
adapter, with the reference plane of measurement located at the location defined for the test
configuration.
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Before alien crosstalk measurements are performed, all links involved in the alien crosstalk
testing shall be tested for their applicable internal transmission parameter performance.

In case of testing the channel configuration, all user cords shall be kept as much as possible
in their normal use position during the tests.

5.4.4 Measuring ANEXT loss

Measuring ANEXT loss requires that test instrument A is connected to the disturbed channel
and test instrument B is connected to a disturbing channel. See Figure 19. Test Instrument A
operates as a receiver and test instrument B operates as a signal source.

Test indtrument A and test instrument B communicate as shown with th dott ine [labelled
“synchronisation”. A physical field tester control link is an option . Other
implementations of this measurement are acceptable if equivalence is .[In case
a link topology is tested, the channel adapters are replaced with lin

+1%

Test IE
Instrument A E
Inst

common mode
terminations

IEC

The reni nd a disturbing channel are terminated with jacks
that include a 100 (X diffe 04, & common mode termination as shown in Fi%ure 19.
User p4 i ing the
test. Th ated using a terminated plug rather than a user patch cord
and a t EXT contribution from the remote end user patch|cord is
expecte ighificant levels as a result of the round trip insertion logs of the
cabling

5.4.5

Measuring*AFEXT loss requires that test instrument A is connected to the disturbed [channel
and test instrument B Is connected to a disturbing channel. See Figure 20. Test Instrument A
operates as a receiver and test instrument B operates as a signal source.

Test instrument A and test instrument B communicate as shown with the dotted line labelled
“synchronization”. A physical field tester control link is an option of this standard. If a physical
control link is present, it is often possible to use an unused channel in the same cable bundle
to connect the control port on test instrument A at the near end with the control port of test
instrument B at the remote end. Other implementations of this measurement are acceptable if
equivalence is demonstrated. In case a link topology is tested, the channel adapters are
replaced with link adapters. In case laboratory equipment is used, the source and load ports
are in the same location, and no synchronization link is present. However, in this case the
measurement can only be made on cabling that originate and terminate in close proximity.
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Disturbed channel Jack with 100 Q differential and 50 Q
common mode terminations

Test

Instrument A IEj} \Q\ Eg.l {Ej[;

Test

{E—‘Ej} \Q\ {E%—@ Instrument B

Jack with 100 Q differential and Disturbing channel
50 Q common mode terminations |

P —————

IEC

Figure 20 — AFEXT loss measurement test configutatio
User pdtch cords shall remain as much as possible in their ng i ring the
test. The remote ends of the disturbed channel and the local isturbi nel may
be term|nated with plugs that include a 100 Q differential apd G \ :Inination
as shown in Figure 20 if the AFEXT contribution from the rated to
be insigpificant relative to other AFEXT contributions w
5.4.6 Procedure
5.4.6.1 Calibration
The tes channel
or link.
5.4.7
5.4.71
The dis shall be
based o MHz. If
the ave e entire
ANEXT casured
conditio onse is
included i dB.
5.4.7.2
To supqg 3 bed and
disturbirrg channel may be identical. In that case the length normalization will be zero.

When used, length normalization is based on the difference of the insertion losses of
disturbing and disturbed pairs and is specified in ISO/IEC 11801. Refer to 5.4.7.3 for a
detailed description of computations.

NOTE Applications standards may specify power back-off algorithms that are based on the insertion losses at
250 MHz of disturbed and disturbing pairs. Tests may affect both PS ANEXT and PS AACR-F results. Refer to
these application standards for specific requirements.

5.4.7.3 Computing the PS ANEXT or PS AFEXT results between a disturbed and
disturbing links

Each disturbed to disturbing channel or link measurement, PS ANEXT or PS AFEXT contains
16 ANEXT loss or AFEXT loss measurements; for each pair in the disturbed channel or link by
the pairs in disturbing link #1. The PS ANEXT loss is calculated by Formula (36).
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10— 0,1ANEXTX’171 .

o~ OMNEXTy 59

PS ANEXT y 4 = ~101 36
X1 8 OANEXT, 44 (%0)
0 4

0~ O,1ANEXTX’4]1

where
X is a pair in the disturbed channel or link;
PS ANEXT s 4 is the PS ANEXT loss to pair X of the disturbed link from-the first disturbing

channel or link;
ANEXT y y 4 is the ANEXT loss from pair X in the disturbed char

the disturbing channel or link #1.

bair Y of

NEXT is

’ J (37)

dtion applied are used before

When the alien NEXT loss of another disturbing link #2 is
computed by

PS ANEXTX,totaZ = —10log| 10

For PS|AFEXT loss, AFEXT measure
computing the power sum.

In case(the insertion los
pair Y of disturbing link #1.

Q Tx
Ly - ILY;] —10log 7 (38)

ink is greater than the insertion loss of

otherwige

where
IL isthe insertion loss in dB of disturbed pair X;

ILy 4 is the insertion loss in dB of pair Y of disturber link #1.

NOTE 1 To determine the use of Formula (41) or (42), the average of all pairs of the disturbed link at 250 MHz
and the average of all pairs of the disturbing link at 250 MHz may be used.

NOTE 2 For the determination of the normalization, the average of all pairs of the disturbed link may be used for
]LX and the average of all pairs of the disturbing link may be used for /Ly 4. The difference of ILX and [Ly 4

is frequency-dependent.

NOTE 3 For the ratio only portion of Formula (41), for IL _, and ILY1, the values at 250 MHz may be used,

X

since this ratio does not vary significantly as a function of frequency.

NOTE 4 The overall normalization, if used, is frequency-dependent and different for each disturbed and disturbing
link combination.
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NOTE 5 For screened cabling meeting coupling attenuation requirements in ISO/IEC 11801, the result of Formula
(42) is used in all cases.

The normalized AFEXT value is given by:
AFEXTnOrmX’ Y,1 = AFEXTX’ Y,1 + NORMX, Y,1 (40)
The PS AFEXT loss in dB is calculated by Formula (41):

— 01A4AFEXTnorm
10 XA

—O,1AFEXTnorm y 5 4 /\(
10 4
PS AFEXT y 4 = —10log (41)
; - 0,1AFEXTn0rmX 3
10 ™~
where
X
PSAFEXNT y 4 is the PS AFEXT loss in dB f i i the first
disturbing chanpel
AFEXTnormX’YA is the AFEXT loss\i i r link to
the pair Y of the/disturbing.ch i on the
o
When tH Wrbing” link 4 FEXT in
dB is cq
—01PS AFEXT 01PS AFEXT
X1 110 X’zJ (42)
To obta Y in dB, the insertion loss of the pair of the disturbed [channel
or link id i ’AFEXT loss result as shown in Formula (43):
= PS AFEXT —IL 43
X, total X, total X (43)

5.4.7.4

+ £1
mmrciITn 1rnmouvli

The frequency response for a large number of PS alien crosstalk floor measurements (Nps)
may be used to correct the measured PS ANEXT and PS AFEXT results. Refer to 6.8 for
information on how to measure the alien crosstalk floor. If the number of alien crosstalk
measurements in a power sum alien crosstalk result is Npp and the number of alien crosstalk
measurements in the PS alien crosstalk floor measurements is 4xNps, then the estimated
measurement floor contribution to the overall PS alien crosstalk is 10 x log(4 x Nps/Npp). The
measurement floor contribution to the overall PS alien crosstalk result is given in
Formula (44):

4 Nps
PS AXtalkﬂoor, Npp (f) =PS AXmlkﬂoorANps (f)+ 10log( Nop J (44)

The corrected PS alien crosstalk is computed as in Formula (45):
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~01PS AXtalk
PS AXtalk 0 () = —1010g(10_ 01PS AXtalk _ 4 Jloor, Npp (f)J (45)

The corrected PS AXtalk results shall be used to test against pass/fail limits.

5.4.8 Selection of test ports
5.4.8.1 Selection of disturbed links

The following port selection procedure shall be applied as a minimum.

The number of disturbed links to be tested for ISO/IEC 11801 compliance/shalMNye specified in
a quality plan as defined in ISO 14763-2.

The disfurbed links shall be approximately divided equally between

— linkg within the group having the highest insertion loss in th
— linkg within the group having the lowest insertion loss id_theN

— linkg within the group having the median insertion }&
5.4.8.2 Selection of disturbing links
Disturbipg links shall include both of tie follow

— all gf the links that are in the sam L hé most consistently positioned

relaj:ve to the disturbed link as distfrbing links;
— the disturbing links tho ¢ Qsitions to the left, right, above and below
connections on the dis yatchhpa or multiple outlets.

5.4.8.3 Procedure

A flow chart of t ; oceddre is shown in Figure 21.
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Measure the internal parameters of all disturbed and disturbing links

'

Select disturbed links

Select specified number
with
highest insertion loss

Select specified number
with
median insertion loss

Select specified number

lowest insertion loss

with

A 4

Select disturbing links

\ 4

Select disturbing links

\ 4

Select disturbirMnks

Same dable bundle and
adjadent connector
positions

v

Measurg PS ANEXT and
PS AA(CQR-F of another
disturbef link

I

Al selected

disturbed
nks tested?

Pass
by m

o

Same cable bundle and
adjacent connector
positions

v

Measure PS ANEXT and
PS AACR-F of another
disturbed link

I

All selected

disturbed
s\tes

More than 3
disturbed links
tested?

Same cable pundlesand
adjacen nnecto
sition

AN

[N N

Yes

disturbed
links tested?

Passes requirements
by more than 5 dB?

No

More than 3
disturbed links
tested?

Evaluate results and determine overall pass/fail

IEC

Figure 21 — Flow chart of the alien crosstalk test procedure

Measure the ANEXT and AFEXT as described in 5.4.2 through 5.4.6 and process the data as
described in 5.4.7 for the links with the highest insertion loss. When the margin of PS ANEXT
and PS AACR-F has reached 5 dB for the links with the highest insertion loss, further alien
crosstalk testing of links with the highest insertion loss can be discontinued when the number
of measured disturbed links is at least 3.

Measure the ANEXT and AFEXT as described in 5.4.2 through 5.4.6 and process the data as
described in 5.4.7 for the links with the lowest insertion loss. When the margin of PS ANEXT
and PS AACR-F has reached 5 dB for the links with the lowest insertion loss, further alien


https://iecnorm.com/api/?name=f2e840992fd9ac9719e330317e6fe3e5

IEC 61935-1:2015 © IEC 2015 - 63 -

crosstalk testing of links with the lowest insertion loss can be discontinued when the number
of measured disturbed links is at least 3.

Measure the ANEXT and AFEXT as described in 5.4.2 through 5.4.6 and process the data as
described in 5.4.7 for the links with median insertion loss. When the margin of PS ANEXT and
PS AACR-F has reached 5 dB for the links with median insertion loss, further alien crosstalk
testing of links with median insertion loss can be discontinued when the number of measured
disturbed links is at least 3.

In case different cable types and/or connecting hardware are present in the installation, this
selection process and measurement procedure that involve both cable and connecting
hardware types should be repeated.

Any align crosstalk testing in addition to the minimum specified bute to
increasgd confidence of the worst case alien crosstalk result. The rosstalk
value of all selected disturbed links measured is reported as D of the
installatjon.

549 Test report

The mepsured results shall be reported in tabular ¢ P ith the spedification
limits shown on the graphs. Results from all pairs off all disturb f els measured [shall be
reported.

5.4.10 | Uncertainty of PS alien crosstalk

The error equation that is applicablg 5. also applicable to PS ANEXT and
PS AFEXT, except that the random i des 3 dB for every doubling of the
number|of ANEXT results that is gontai )

5.5 Datareporting g

5.5.1

A pass for that
parame e result
is closef lause 6
for deta

Annex eld test
measuréme
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Key

1 test [limit line

2 conditional pass limit line (star pass)
3 conditional fail limit line (star fail)

4 test

5 test

6 mea|

NOTE F
The dottg ts are offset from the test limit by the value in dB eqyal to the
measuren € 2 Is within the region above the limit, the measurement is marked with
a FAIL*. | asure ithin theregion below the test limit, the measurement is marked with a|PASS*.

test limit.

The fiel Joian gufacturer shall provide documentation as an aid to interpret
results n itR S

An over qr faily condition shall be determined by the results of the required individual
tests. Apy FAIL or FXIL* shall result in an overall FAIL. Unless specified otherwise in @ quality
assuranfce.dgreement, in order to achieve an overall pass condition, all individual results shall
be PASS or PASS*.

Any measurement reported by the test equipment shall have a specified accuracy. For
accuracy requirements, see Clause 6. The field test equipment shall be capable of recording
data at all measured points and uploading the data to a PC as described in 5.5.2 and provide
summary results as described in 5.5.3.

5.5.2 Detailed results

The field test equipment shall be capable of recording all connectivity information, as well as
the measured values of every parameter at every frequency data point.

In addition, the detailed results shall include a PASS/FAIL result for each of the following, as
applicable for the selected performance level:
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— wire map, including screen connection if present;
— insertion loss;

— NEXT, measured from local end;

— NEXT, measured from remote end;

— NEXT, power sum, at local end;

— NEXT, power sum, at remote end;

— ACR-N, at local end;

— ACR-N, at remote end;

— ACR-N, power sum, at local end;

— ACR-N, power sum, at remote end;

— ELFEXT or ACR-F at local end;

— ELFEXT or ACR-F, at remote end power sum;
— retufn loss, measured from local end;

— retufn loss, measured from remote end;

— propjagation delay;
— delaly skew;

— DC lpop resistance;
— PS ANEXT;

— PS AACR-F.

5.5.3 Summary results

Detailed information may
performpance informatiqn i
the minimum summary

9,

ummary
bporting
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Table 5 — Summary of reporting requirements for field test equipment (7 of 3)

Function

Measured from local end or remote end
(if measurements from both directions
are not required)

Measured from remote end (if measurement
from remote end is required)

Wire map

All connectivity, including shields (if present)

PASS/FAIL

Insertion loss

Worst case insertion loss
(1 of 4 possible)

Test limit at worst case insertion loss

Frequency at worst case insertion loss

Pair with worst case insertion loss

PASS/FAIL
NEXT Worst case NEXT
(1 of 6 possible)
Test limit at worst case NEXT
Frequency at worst case NEXT
Pair combination at worst case NEXT
PASS/FAIL /\ /Q
Worst case NEXT margin (1 of ssipl WOWNEXT margin (1 of 6 possiple)
Test limit at worst case NEXT/margin st limit at worst case NEXT margin
% quency at worst case NEXT margin
X gi Pair combination at worst case NEXT margin
PASS/FAIL
NEXT Worst case power sum NEXT
power s (1 of 4 possible)

Test limit at worst case power sum NEXT
margin

Test limit at worst case power sum NEXT
Frequency at worst case power sum NEXT
Pair at worst case power sum NEXT
PASS/FAIL

Worst case power sum NEXT margin (|| of 4

possible)

Test limit at worst case power sum NEXT
margin

Frequency at worst case power sum NEXT
margin

Pair at worst case power sum NEXT margin

PASS/FAIL

Frequency at worst case power sum NEXT
margin

Pair at worst case power sum NEXT margin

PASS/FAIL
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Table 5 (2 of 3)

Measured from local end or remote end

Function

Measured from remote end (if measurement

(if measurements from both directions are
not required)

from remote end is required)

ACR-N

Worst case ACR-N (1 of 6)
Test limit at worst case ACR-N

For each pair combination, ACR-N should be
computed using the pair with the highest
insertion loss for each frequency data point.

Frequency at worst case ACR-N

Dot b 41 + + ACD N
e tomot et o et WorSTEaSt—rroroery

Worst case ACR-N (1 of 6)
Test limit at worst case ACR-N

For each pair combination, ACR-N should be
computed using the pair with the highest
insertion loss for each frequency data point.

Frequency at worst case ACR-N

(disturbing, disturbed)

PASS/FAIL

Worst case ACR-N margin

Test limit at worst case ACR-N margin
Frequency at worst case ACR-N margin

Pair combination at worst case ACR-N margin
(disturbing, disturbed)

PASS/FAIL

in

margin

ACR-N

power sfim

Worst case power sum ACR-N (1 of 4)

Pair combination at woy
ACR-N (disturbing, o

uld be
st
boint.

st limit at worst case power sum ACR-N
Frequency at worst case power sum ACR-N

Pair combination at worst case power $um
ACR-N (disturbing, disturbed)

PASS/FAIL-N
Worst case power sum ACR-N margin

Test limit at worst case power sum ACR-N
margin

Frequency at worst case power sum ACR-N
margin

Pair combination at worst case power $um
ACR-N margin (disturbing, disturbed)

PASS/FAIL
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Table 5 (3 of 3)

Function Measured from local end or remote end Measured from remote end (if
(if measurements from both directions are not measurement from remote end
required) is required)
ELFEXT Worst case ELFEXT or ACR-F (1 of 24 possible)
or Test limit at worst case ELFEXT/ACR-F
ACR-F Frequency at worst case ELFEXT/ACR-F

Pair combination at worst case ELFEXT/ACR-F
(disturbing, disturbed)

PASS/FAIL

Worst case ELFEXT/ACR-F margin

Test limit at worst case ELFEXT/ACR-F margin
Frequency at worst case ELFEXT/ACR-F margin

Pair combination at worst case ELFEXT/ACR-F margin
(disturbing, disturbed)

PASS/FAIL
ELFEXT] Worst case power sum ELFEXT or ACR-F (1 of 8 N
power slim possible) Q&
or Test limit at worst case power sum ELFEXT/AC
ACR-F Frequency at worst case power sum ELFEXT/ACR-
power sym Pairs at worst case power sum
ELFEXT/ACR-F (disturbing, 6
PASS/FAIL

Worst case power sum ELFEX
(1 of 8 possible)

Return lpss

Q

Propagaittion Worst case propagation delay

Worst case return loss maigin
(1 of 4 possible)

Test limit at worst case retrn loss
margin
Return loss at worst case return
loss margin

Frequency at which worst ¢ase
margin occurs

PASS/FAIL

ety (1 of 4 possible)
Test limit at worst case propagation delay.
PASS/FAIL

Delay skew Worst case delay skew (1 of 1 possible)
Test limit of delay skew
PASS/FAIL

DC loop Worst case DC loop resistance

resistance

(1 of 4 possible)
Test limit of DC loop resistance
PASS/FAIL
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5.5.4 Reporting requirements for power sum alien crosstalk

The minimum requirements are given in Table 6.

Table 6 — Minimum reporting requirement for PS ANEXT and PS AACR-F

Parameter Reporting requirement

Link information Listing of all the disturbed links that have been tested

The direction that the disturbed link has been tested

A listing of all disturbing links that is contained in a power sum result for
PS ANEXT and/or PS AACR-F

PS ANEKT margin PS ANEXT Worst case margin over the applicable frequency gedfan every
disturbed link tested

PS ANEKT margin magnitude PS ANEXT Magnitude at which the worst case oventhe pp&
frequency range occurs for every disturbed link est

PS ANEKXT margin frequency PS ANEXT Frequency at which the worstCas inQver licgble
frequency range occurs for every dISt}LKe I|nk tes

PS ANEXT margin limit PS ANEXT limit at which the worst case M the applicable frgquency
range occurs for every disturbedTink\{ested

Result AS ANEXT PS ANEXT PASS or FAIL r sultﬂeve distorbed link tested

PS AACR-F margin PS AACR-F Worst case(m M vthexapplieable frequency range fgr every
disturbed | sted

PS AACR-F margin magnitude PS AACR-F Magni at whichth worst ase margin over the applicpble
frequency rang® occixs for ev dlst d link tested

PS AACR-F margin frequency PS AACR-F|\Fre cy akwhich thg worst case margin over the applicgble
frequency r gem foreve isturbed link tested

PS AACR-F margin limit F}S{ACR ach ;Qy&/orst case margin over the applicable

[\ freqiency ran curs for every disturbed link tested
L \K ACKF SShar FAIL result for every disturbed link tested

(=2

le

Result IS AACR-F

5.5.5 General

All appr

5.5.6
5.5.6.1

The fiel t manufacturer shall make available to the user a simple procejdure for

verifying, feporting and recording the repeatabmty of the field test in the fleld The fpllowing
prOCed F ahall ba fallowaad nloca ctatad Atha al st speci H1Po.

oc o
€S5-SAatpB e torowea eSS State e otrerwisetHh—afretrevaht puullluuuull

5.5.6.2 Repeatability of tests on a reference link

The end-user of the field test equipment shall construct a reference link. Repeated
measurements on this link shall result in the same results within the magnitude of the
accuracy specifications. Comparisons shall be made between the worst results across the
frequency band.

5.5.6.3 Repeatability of tests by testing the same link in opposite directions

Any link can be measured at first by connecting the main field test unit to one end of the
cabling and the remote field test unit to the other end of the cabling. After performing a test,
the locations of the main field test unit and the remote field test unit are exchanged.
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5.5.7 Evaluation of consistency tests

All worst case magnitudes shall remain the same within twice the accuracy specification of the
parameter under test, except for NEXT and return loss measurements. For NEXT and return
loss, the local NEXT and return loss results obtained during the first test shall be compared to
the remote NEXT and return loss results obtained during the second test. Similarly, the
remote NEXT and return loss results obtained during the first test shall be compared to the
local NEXT and return loss results during the second test.

5.5.8 Administration system applicability

In addition to PASS/FAIL indications, measured values of the test parameter shall be
recorded i ini i = i i cabling
components after testing may change the performance and thereby invalidateNpreyvipus test
results. [Such cabling shall require retesting to confirm conformance.

5.5.9 Test equipment adapter cords for link testing

shall be
ements.
spected

Adapter|{ cords used to attach the field test equipment to th
as spegified by the test equipment manufacturer to b
Flexible| cable and connecting hardware has a limite
periodically for conformance to specifications (see 5.

The recommended minimum periodicity is 250 ink

Furthermore it is recommended to follow e of the

tester agapter (e.g.: after 5 000).

5.5.10 | User cords and ¢

t of the
a channel. A user cord may be verified by
. If the channel conforms to the trangmission
use in that channel only. The patch cgrd shall

User cords are equip
channell User cords
insertin’% the cord N

requirements, th e
remain in place and j

6 Fie 3 2 t accuracy requirements
6.1
Accuragy is nce between the measured value reported by the field test equipment

and the|actualhvalue. Accuracy is a function of the characteristics of the field test equipment
as well gsthe transmission characteristics of the cabling.

Minimum performance levels have been identified for levels IIE, IlI, lIIE, IV and V field test
equipment. Each accuracy level has it own set of performance requirements which are
described hereinafter.

Error models for each of the measurements provide estimates for the measurement accuracy
for each parameter to be measured. The error models use the most important performance
parameters that are expected to influence measurement accuracy. However, there may be
additional sources of measurement error that are not reflected in this error model, depending
on the incorporation of the measurement circuitry in the field tester. Furthermore, there are
numerous assumptions that may not always be achieved.

In addition to performance requirements for the properties of field testers, methods to
compare the results obtained by field test equipment with those using laboratory methods are
specified. Laboratory methods are described in 6.11. The deviation of the two results shall be
no more than the total sum of the estimated measurement accuracy of the field test
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equipment and estimated measurement accuracy of the laboratory measurement system.
Since the observed measurement accuracy also depends on the properties of the links that
are used in the comparison, the computed measurement accuracy per the error models in
6.10 shall be in harmony with the observed measurement accuracy as described in 6.11.

The following estimated measurement accuracy indicators are applicable to:

— permanent link pass fail limit for baseline and link,
— channel pass/fail limit for the channel,

— at the highest test frequency applicable to class D for level IIE, class E for level lll, class
E, for level IIE, class F for level IV and class F for level V.

r retprn loss
pass/fail limits

In case$ where measured insertion loss is less than 3 dB, the pass/fail (limits
shall not apply. In cases where measured insertion loss is less than

for insertion loss and NEXT shall not apply.

NOTE 1 [The measurement accuracy for all parameters except return los ibi cy at the
highest t¢st frequency. In case of return loss, the worst case occurs at lo ies , aff very low
frequencigs, the 3 dB rule discards low frequency results.

NOTE 2 |The measurement accuracy for all parameters except seturn i r channel
pass/fail limit. In case of return loss, the return loss measurems anent link
pass/fail ljmit rather than the channel limit is degraded by approkximatel

NOTE 3 [Practically, performance parameter ald te (@d ably improved over those|minimally
required. [The field tester manufacturer may ify_improved measurement accuracy, and use this |improved
measurement accuracy to reduce the uncertainty ba

The act sturérs is called “nominal accurgcy” and
equals approximately half6 a as reported in Table 7 through Table 11.

Tal

Tesit parameter Baseline accuracy at Link accuracy at Channel accuracy at
Level IIE, HII, IV,V permaneint iink {imit permanent link limit channel limit

Delay sew < 310 ns 10 ns 10 ns

Length /\\ \\ \ 4,6 m 4,6 m 5m
DC resista%e\\ \ \/ 1,2Q 1,20 1,3Q
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Table 8 — Worst case insertion loss, NEXT, ACR-N, ELFEXT/ACR-F
and return loss measurement accuracy for Level IIE test instruments

Test parameter Baseline accuracy at Link accuracy at Channel accuracy at
Level IIE permanent link limit permanent link limit channel limit
Frequency 100 MHz 100 MHz 100 MHz
dB dB dB
Insertion loss 1,3 1,7 1,9
NEXT 1,8 2,4 3,6
Power sum NEXT 1,9 2,3 3,8
ACR-N 2,3 3,0 ( 4,2
Power s|im ACR-N 2,3 2,9 RSN
ELFEXT] 2,3 3,0 { D4
Power slim 2,4 3,1 <\ \ \>8
ELFEXT/ACR-F
Return lpss 1,9 \

Table 9 — Worst case insertion los
and return loss measureml t accuracy
|

Test parameter Baseline accuracy at Link accuracy at Channel accuracy at
Level Il permanent link {imit ‘ permanent link limit channel limit

100 MHz 250 MHz 100 MHz

(\{B /] \18 ) }/B dB dB dB
Insertion loss 1,2N A \1\\9\ ) 1,3 2,3 1,4 2,5
NEXT L 18 28\ 2.3 3,6 2,9 42

Frequen|

Power slim NEXT Q > ﬁg 20 26 3.8 3,2 45
ACR-N /\< V\g,o\/\ 2 25 41 3,1 47
Power s|im ACR-N < \ 20 3.0 26 3.9 37 46
ELFEXT ACR(\ \ 1 3,1 2.2 41 3.4 5,0
Power s I*\XTA&)}\F N 3,2 2.1 3,8 3,6 49

Return 1pss \ \ ) 2,8 2,5 3,5 4,3 2,9 3,9
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Table 10 — Worst case insertion loss, NEXT, ACR-N, ELFEXT/ACR-F and
return loss measurement accuracy for level IlIIE test instruments

Test parameter Baseline accuracy at Link accuracy at Channel accuracy at
Level llle permanent link limit permanent link limit channel limit
Frequency 100 250 500 100 250 500 100 250 500
MHz MHz MHz MHz MHz MHz MHz MHz MHz
dB dB dB dB dB dB dB dB dB
Insertion loss 1,2 1,9 2,7 1,3 2,3 2,8 1,4 2,5 3,1
NEXT 1,8 2,8 3,9 2,3 3,6 4,6 2,9 42 5,2
Power sum 1.9 29 4.0 2.6 3.8 4.7 32 45 5,4
NEXT (
ACR-N 2,0 3,2 45 2,5 4,1 52 | G 47 5,9

Power shm 2,0 3,0 41 26 3,9 48 , 2 55
ACR-N
ELFEXTJACR-F 18 2,9 4,2 o0 3,9 é\z N4\ 4;9 6,0

Power s|im 1,8 2.9 4,2 2.1 36 4 » 35 47 5,6
ELFEXTJACR-F

/4,% \Qs 3>) 3,8 41
U

X AQ- , ELFEXT/ACR-F
test instruments

Return Ipss 2,8 2,5 2,2

Test parameter Baseline accuracy at Link accuracy at Channel accuracy at
Level IV permanent lini limit permanent link limit channel limit

Frequen|
MHz MHz MHz MHz MHz

dB\ dé\ dB\ dB dB dB dB dB dB
Insertior loss \/ 1,2 N M 1,3 2,3 2,5 1,4 2,5 2.8

NEXT /\\ 2, \ﬁ\ 3,7 2,5 3,6 4,7 3,8 4,8 5,4
Power slim NEXT \ \ 23 Nao/ | 38 27 3.8 4,9 4,3 5.1 5.7

ACR-N < \Z\é 3,5 4,4 2,9 4,4 5,56 4,3 5,5 6,2

Power sprfl AGRW Yoot [ \27 | 36 | 45 3,1 45 56 | 47 59 | 65
ELFEXTIACRE N\ N 2.3 3,6 45 2,9 45 5,6 4.3 5,6 6.3

Powersim N\ > [ 24 | 37 | a8 | a1 [ 48 | 62 | 45 | 61 [ 6o
ELFEXT/ACR-F

2,4

N

5 2 o 4 o 4 a5 a0 5 2
Return |6ss Z 71 Z5F Z5F ro v a Z,0 Z7

N
N
[¢)]
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Table 12 — Worst case insertion loss, NEXT, ACR-N, ACR-F
and return loss measurement accuracy for level V

Test Baseline accuracy at Link accuracy at Channel accuracy

parameter permanent link limit permanent link limit at channel limit
Level V

Frequency 100 250 600 1000 100 250 600 1000 100 250 600 1000
MHz MHz MHz MHz MHz MHz MHz MHZ MHz MHz MHz MHz

dB dB dB dB dB dB dB dB dB dB dB dB

Insertion loss 1,2 1,9 21 2,9 1,3 2,3 2,5 3,5 1,4 2,5 2,9 4,2

NEXT 2 2,9 3,7 4,3 2,3 3,7 4,7 5,4 2,6 3,9 5 6,1
=

Power spm 2,2 3 3,8 4,3 2,4 3,9 4,9 5,5 2,8 4,1 541 6,4

NEXT

ACR-N 24 [ 35 | aa [ 51 | 27 [ a4 | 55 [ 63 AN] dei58]] 72
Powersim | 26 | 36 | 44 | 52 | 29 | 46 | 56 6(4\ 3.3\ Do Bof] 7.4

ACR-N
ACR-F 23 | 35 | 43 | 51 | 20 | 43 | 5416 \4,1\ 4 Y 62|l 7.2
Power shim 24 | 36 | 44 | 52 | 31 | 45 , 6.5 5 % | 65| 7.4
ACR-F N b )\\

Return Ipss 27 | 24 | 24 | 24 | 32 ;\8& §77 2 25 | 24| 26

6.2 Measurement accuracy specifi level IIE, level I, level lIIE,
level IV and level V field testers

The mepsurement accuracy agation delay, delay skew, and lepgth for
level I, level llI, , field testers are identical and shown

in Tablg 13.

AN

Performance Propagation delay Delay skew DC resistance
parameter

Range 0 ns —100 ns 0Q-1000Q 0m-305m
at 10 MHz
Resolutipn \ V ns 1ns 10 0,1m
Accurac >¢(5 ns + 4 %) +10 ns +(1Q+1%) (1 m+§4 %)
a I':ﬁ/anth Ii_shncz_t a pass/fail measurement parameter per ISO/IEC 11801. The length accuracy is relatiye to the

6.3 Accuracy performance requirements for Level IIE field testers

Level IIE field test equipment intended to test up to class D cabling shall conform to all
individual requirements for each of the measurement functions at the reference plane of
measurement for the test configuration. The baseline accuracy requirements apply at the
measurement ports of the field tester; the link accuracy requirements apply at the reference
planes for the permanent link or CP link and includes the impact on accuracy of the link
adapter; the channel accuracy requirements apply at the reference planes for the channel and
includes the impact on the accuracy of the channel adapter. A depiction of uncertainty bands
applicable to NEXT measurements is shown in Figure 22. Table 14 summarises the accuracy
performance requirements for this level.
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Table 14 — Level IIE field tester accuracy performance parameters per IEC guidelines

Parameter Baseline field tester Field tester with Level Field tester with Level
IIE link adapter IIE channel adapter
AT (EGE 3 dB over test limit (see conditions 1 and 2 below) dB
y 9 PP NEXT and FEXT 60 dB, PS NEXT and FEXT 57 dB
Amplitude resolution 0,1 dB
Insertion loss: 1 MHz — 100 MHz; 1 MHz
Frequency range and NEXT, ELFEXT, ACR-F and return loss: 1 MHz — 100 MHz; MHz
resolution 1 MHz - 31,25 MHz: 150 kHz
31,25 MHz — 100 MHz: 250 kHz

Dynamiqaccuracy T0,75 (See condftfon 3 befow) dB
NEXT (

EKEaET(EIE :(c:%{rl:acy +1,0 (see condition 4 below) (\\ x dB

Source/lpad return AR =e WAk e el 5 dB dB
loss 5 MHz - 100 MHz: 20 dB

Random| noise floor 65 — 15 log(f/100), %@w \ B dB

Residual NEXT 60 — 20 log(f1100) 60 — 20 J6g (/1100 20 Tog(f /100) B
(see condition 5 below) (see condjtion F‘t}elow \Se\ dition 5 below)
. 55 — 20 log(f'/100) 55 2 35,1 — 20 log(f/100)
eS| AT (see condition 5 beI?ﬁ)\ |on be ow ee condition 5 below) ez
Output :Jignal 37— 20 log(f'/100)
balance[and common (see condition 6 below) 34— 20heg(f /1 see condition 6 below) dB
mode rejection

Tracking — |§ndee " Q W(see condition 8 below) dB

Directivity 25 dB (see condition 8 below) dB

Source fatch 18—20Iog(1£0j20 dB max (see condition 8 below) dB

@%

MHx -5 z: 23 dB 1 MHz — 5 MHz: 22 dB
5 MHz - 100 MHz:
Return 1p \\ M:I:sz / g\/'\fer f 5
i LY 15— 20log| ——— |25 dB max
terminat e cgndition 7 below) 9 100

(see condition 8 below)

Condition 1#,“TFhe dynarmic range for NEXT and FEXT is 60 dB minimum.

Conditior2—Fhe—+ i £ NEXT—apd EEMNT i E7 AP roini
-2 —Fhe-dyramicrangeforpowerstmNEXTeandpowerstmHEXTis-5FdB-mintmum-

Condition 3: Dynamic accuracy requirements shall be tested up to the specified dynamic range for NEXT and
FEXT.

Condition 4: Dynamic accuracy ELFEXT or ACR-F assumes a dynamic accuracy requirement of 0,75 dB for
FEXT, which shall be tested, and that the dynamic accuracy performance for insertion loss and FEXT add to the
ELFEXT or ACR-F dynamic accuracy shown. It is assumed that the dynamic accuracy performance for ACR-F
equals the dynamic accuracy for ELFEXT.

Condition 5: The verification of residual NEXT and FEXT is up to 75 dB maximum. It is assumed that the
frequency response changes 20 dB/decade.

Condition 6: Performance verification of output signal balance and common mode rejection is up to 60 dB
maximum. It is assumed that the frequency response changes at a rate of 20 dB/decade.

Condition 7: Between 1 MHz and 5 MHz, the overall computed accuracy shall be better than 3,8 dB. This value
may be achieved by any combination of tracking, directivity, source match and return loss of termination.

Condition 8: Between 1 MHz and 5 MHz, the overall computed accuracy shall be better than 4,8 dB. This value
may be achieved by any combination of tracking, directivity, source match and return loss of termination.
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6.4 Accuracy performance requirements for level lll field testers

Level Il field test equipment intended to test up to class E cabling shall conform to all
individual requirements for each of the measurement functions at the reference plane of
measurement for the test configuration. The baseline accuracy requirements apply at the
measurement ports of the field tester. The link accuracy requirements apply at the reference
planes for the permanent link or CP link and includes the impact on accuracy of the link plug
adapter; the channel accuracy requirements apply at the reference planes for the channel and
includes the impact on the accuracy of the channel adapter. A depiction of uncertainty bands
applicable to NEXT measurements is shown in Figure 22. Table 15 summarises the accuracy
performance requirements for this level.

@C@
8
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Table 15 — Level lll field tester accuracy performance parameters per IEC guidelines

Parameter Baseline field Field tester with level Field tester with level
tester Il link adapter (see Il channel adapter
conditions 7 and 8
below)
; 3 dB over test limit (see conditions 1 and 2 below) dB
DTS G PP NEXT and FEXT 65 dB, PS NEXT and FEXT 62 dB
Amplitude resolution 0,1 dB
Insertion loss: 1 MHz — 100 MHz: 1 MHz MHz

NEXT, ELFEXT, ACR-F and return loss: 1 MHz — 100 MHz;

Frequency range and 1 MHz - 31,25 MHz: 150 kHz

resolution 31,25 MHz — 100 MHz: 250 kHz

Dynamig accuracy dB

NEXT + 0,75 (see condition 3 below) <\\ (\

EKE%“;EF Aagc}:_\y_?cy + 1,0 (see condition 4 below) ez

Source/lbad return loss | 20 = 12:5 1og(/100), 18 — 12,5 log (£ K1 00) N \) dB
20 dB max.

Random| noise floor 75 — 15 log(f'/100), 8‘&(@ r%x\ \ dB

65 — 20 log(f/100) 60 — 20 log(f'/100) 54 -\20 Iog(f/100) dB
Residual NEXT (see condition 5 (see conditjon ib?mw) (See condition 5 below)

below)

65 — 20 log(f /100 20 g(f /700 ,1—20 log(f/100) dB
Residual FEXT (see condition s condition 5,belo ee condition 5 below)
below)

40 20 log(f'/100) dB
Output dignal balance (see condition 6 37>20\log(/100) (see condition 6 below)
below) (\
—2

Commomn mode /e \) ez

rejection 'tion 6 37 —2%1og(f'/100) (see condition 6 below)

elow) (\
Tracking N\, £0,50B dB
Directivily \/ %{dB O;N' 25 —20 log(f/100), 25 dB max. €l
Source hatch \ 248 20 —20 log(f/100), 20 dB max. dB
el s S18%g (r400), 16 —15 log(f /100), 25 dB max. €l
terminatjon /\ 5d ax.

Conditiop . The dynamidrange foRNEXT and FEXT is 65 dB minimum.

Conditioﬁx{TNyneﬁ\c{ang%for power sum NEXT and power sum FEXT is 62 dB minimum.

Condition 3: Wa&gra y requirements shall be tested up to the specified dynamic range for NEXT| and
FEXT.

Condition.4#Dynamic accuracy ELFEXT or ACR-F assumes a dynamic accuracy requirement of +0,75 dB for
FEXT, which shall be tested,and that the dynamic accuracy performance for insertion loss and FEXT adH to the

ELFEXT or ACR-F dynamic accuracy shown. It is assumed that the dynamic accuracy performance for ACR-F
equals the dynamic accuracy for ELFEXT.

Condition 5: The verification of residual NEXT and FEXT is up to 85 dB maximum. It is assumed that the
frequency response changes 20 dB/decade.

Condition 6: Performance verification of output signal balance and common mode rejection is up to 60 dB
maximum. It is assumed that the frequency response changes at a rate of 20 dB/decade.

Condition 7: Link plug adapter NEXT shall be between the lower and upper ranges of test plugs as specified for
category 6 in IEC 60603-7. Compliance with this requirement can also be demonstrated by performing a
comparison test as in 6.11.3. In this case, a reference plug qualified per IEC 60603-7 shall be used to obtain the
reference laboratory measurement.

Condition 8: Link plug adapter FEXT shall be between the lower and upper ranges of test plugs as specified for
category 6 in IEC 60603-7. Compliance with this requirement can also be demonstrated by performing a
comparison test as in 6.11.3. In this case, a reference plug qualified per IEC 60603-7 shall be used to obtain
the reference laboratory measurement.
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6.5 Accuracy performance requirements for level IlIE field testers

Level IlIE field test equipment intended to test up to class E, cabling shall conform to all
individual requirements for each of the measurement functions at the reference plane of
measurement for the test configuration. The baseline accuracy requirements apply at the
measurement ports of the field tester. The link accuracy requirements apply at the reference
planes for the permanent link or CP link and include the impact on accuracy of the link plug
adapter. The channel accuracy requirements apply at the reference planes for the channel
and include the impact on the accuracy of the channel adapter. A depiction of uncertainty
bands applicable to NEXT measurements is shown in Figure 22. Table 16 summarises the
accuracy performance requirements for this level.

Table 46 VP ield-tester-accuracy performance-paramete D8 C—guidelines

Parameter Baseline field tester Field tester with level Field tester with
IIIE link adapter level IIIE channel
adapter

Dynamid

Amplitug
resolutid

Frequenky range 31,25 MHz —
and resqlution 100 MHz

/\&0
z)ér;(aTmK accuracy & %‘%@an dB
Dynamig accuracy \>
ELFEXT/ACR-F Ki 1%N on4 below) dB
Source/lpad return gU/10 N
| 18 +2,5 log(f/100), 20 dB max., 12 dB min dB
0ss ?d\ mi
Random| noise rooX g%}g’\ 2 %515(“'30?“(2)/(100) dB

60 — 20 log(f'/100) _ .
Residua| NEXT 0o W o GoeTionn 5 54 — 20 log(/ /100) dB
’\ (see ondition 5 belo and 7 below) (see condition 5 below)

65 — 20 log(f /100)
. 20 tg(f'/100) o 43,1 — 20 log(f/100)
Residua FEXCX(SWn 5 below) (523 GomEens 3 (see condition 5 below) el

and 8 below)

(]

dB

=}

MHz

A1
Output i |\ \:} 20 log(y'/100) _ .
P éﬂx (dee’condition 6 below) 37 — 20 log(f/100) (see condition 6) below) dB
Commof) mode \) 40 — 20 log(f /100) j N
rejectio] (see condition 6 below) 37 — 20 log(f/100) (see condition 6) below) dB

TMHz = 250 MHz. £ 0,5 dB
Tracking +0,5dB 250 MHz — 500 MHz: dB
+{0,5 + 0,000667( f-250)} dB

(applicable when IL > 3 dB)

. . 1 MHz — 300 MHz: 25 — 20log(f'/100),
DIFEEETY 27 — 7 log(f/100), 30 dB max. 25 dB max, 15 dB min e
300 MHz — 500 MHz: 23,7 dB
Source match 20 dB 20 - 20 log(f'/100), 20 dB max, 12 dB min dB

(applicable when IL > 3 dB)
20 — 15 log(f'/100), 16 — 15 log(f'/100), 25 dB max, 12 dB min dB
25 dB max., 12,5 dB min

Return loss of
termination

Condition 1: The dynamic range for NEXT and FEXT is 65 dB minimum.

Condition 2: The dynamic range for power sum NEXT and power sum FEXT is 62 dB minimum.

Condition 3: Dynamic accuracy requirements shall be tested up to the specified dynamic range for NEXT and
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FEXT.

Condition 4: Dynamic accuracy ELFEXT or ACR-F assumes a dynamic accuracy requirement of +0,75 dB for
FEXT, which shall be tested, and that the dynamic accuracy performance for insertion loss and FEXT add to the
ELFEXT or ACR-F dynamic accuracy shown. It is assumed that the dynamic accuracy performance for ACR-F
equals the dynamic accuracy for ELFEXT of ACR-F.

Condition 5: The verification of residual NEXT and FEXT is up to 85 dB maximum. It is assumed that the
frequency response changes at a 20 dB/decade rate.

Condition 6: Performance verification of output signal balance and common mode rejection is up to 50 dB
maximum. It is assumed that the frequency response changes at a 20 dB/decade rate.

Condition 7: Link adapter plug NEXT loss shall between the lower and upper ranges of test plugs as specified
for category 6 in IEC 60603-7. Compliance with this requirement can also be demonstrated by performing a
comparison test as in 6.11.3. In this case, a reference plug qualified per IEC 60603-7 shall be used to obtain the

referenge-teberatery-meastrerment: 7

Conditiogn 8: Link adapter plug FEXT loss shall be between the lower and upper range test plugstas-gdpecified
for category 6 in IEC 60603-7. Compliance with this requirement can also be demo ated Ry performing a
comparigon test as in 6.11.3. In this case, a reference plug qualified per IEC 606 shall be\uséed to oftain the
referenge laboratory measurement.

6.6 Accuracy performance requirements for level IV

Level
individu
measurq
measurq
planes

adapter
include

applicah
perform

These 1
utilizing
IEC 610
requiren

e

category ACON
76-3-10
hents shal

bment for the test configuration. g\ equirements apply

equirements app feld gquipment intended to test class F
f ar meeting the requirements of IEC 6060
peasurement mode, the Level Il perfg

reference [

field test equipment intended to test up /o i shall conform to all

lane of

at the
ference
the link
nel and
y bands
ccuracy

cabling
3-7-7 or
rmance
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Table 17 — Level IV field tester accuracy performance parameters per IEC guidelines

Parameter Baseline field tester Field tester with Field tester with
level IV link adapter level IV channel adapter
Dvnamic range 3 dB over test limit (see conditions 1 and 2 below) dB
y 9 PP NEXT and FEXT loss 65 dB, PS NEXT and FEXT loss 62 dB
Amplitude resolution 0,1 dB
1 MHz — 31,25 MHz: 150 kHz
Frequency range and 31,25 MHz — 100 MHz: 250 kHz MHz
resolution 100 MHz — 250 MHz: 500 kHz
250 MHz — 600 MHz: 1 MHz
Dynamic accuracy + 0,75 (see condition 1 below) dB
NEXT 7
Dynamic accyiracy + 1,0 (see condition 2 below) <\\ dB
ELFEXT/ACR-F A M\
1 MHz - 300 MHz: 1 MHz - 300 MHz:
20 - 12,5 log(f7100), 18 — 12,5 log(f7100),
Source/load return loss 20 dB max 20 dB max dB
300 MHz - 600 MHz: 300 MHz - 600 MHz 12
14 dB

Random noisp floor VBRI Loty 5 . f/1 w dB
90 dB max
. 90 - 20 log(f /100) log \/ 724 -151log(f /100
Residual NEXT (see condition 3 below) (see@\M%W) Note 3 dB

. 80— 20 log(f /100) /1 60 -15log(/ /100
Residual FEXT (see condition 4 below) \gecongtlog&\below) (see condition 4 bglow) dB

=g

. 40-20log(f/100) 20 0 f/1 37-201og(/ /100
Output signal balance (see condition 5 below) /\Lsee ition"§ below) (see condition 5 bglow) dB
Common mode 100 lo 100 37-20 Iog(f/100 dB
rejection (see co d|t|o 5 elow co‘ndl n5 beIow) (see condition 5 bglow)
Tracking \(k‘s (se condition 6 below) dB
1 MHz - 300 MHz 1 MHz - 300 MHz
25-7log(f/100). 25— 7log(f/100)
Directivity 30 dB max (see condition 6 30 d‘B‘ max (see dB
below) condition 6 beloy)
300 MHz — 600 MHz: 300 MHz — 600 MHz:
21,7 dB 21,7 dB
20 dB (see condition 6 below)
Source matclh dB
\ 1 MHZ\- 250 MHz: 1 MHz — 250 MHz: 1 MHz — 250 MHz:
~18log(f/100), 18 -151log(//100), 18 -151log(//100))
Return loss of 5 dB max (see 25 dB max (see condition 6 25 dB max (sep dB
termination ndition 6 below) below) condition 6 beloy)
0 MHz - 600 MHz: 250 MHz -600 MHz: 12 dB 250 MHz - 600 MHz: 12
14 dB dB

Condition 1: Verification of dynamic accuracy is required up to the specified range for NEXT and FEXT.

Condition 2: The dynamic accuracy is based on dynamic accuracy performance for insertion loss (attenuation) and NEXT,
and is assumed to combine the dynamic accuracy for ELFEXT or ACR-F as specified. The FEXT dynamic accuracy is
tested to + 0,75 dB. The highest FEXT value to be measured is 70 dB.

Condition 3: Performance verification of residual NEXT is up to 85 dB maximum. It is assumed that the frequency
response changes at a rate that is specified for category 7 connecting hardware. The impact of reflected FEXT effects of
the adapter to residual NEXT are to be accommodated within this residual NEXT requirement.

Condition 4: Performance verification of residual FEXT is up to 85 dB maximum. It is assumed that the frequency
response changes at a rate that is specified for category 7 connecting hardware.

Condition 5: Performance verification of output signal balance and common mode rejection is up to 50 dB maximum. It is
assumed that the frequency response changes at a rate of 20 dB/decade.

Condition 6: The performance requirements for tracking, directivity, source match and return loss of termination are
applicable when the insertion loss exceeds 3 dB. It assumed that the performance of link and channel adapters are
verified after calibration with the baseline instrument.
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6.7 Accuracy performance requirements for level V field testers

Level V field test equipment intended to test up to class F, cabling shall conform to all
individual requirements for each of the measurement functions at the reference plane of
measurement for the test configuration. The baseline accuracy requirements apply at the
measurement ports of the field tester. The link accuracy requirements apply at the reference
planes for the permanent link or CP link and include the impact on accuracy of the link
adapter; the channel accuracy requirements apply at the reference planes for the channel and
include the impact on the accuracy of the channel adapter. A depiction of uncertainty bands
applicable to NEXT measurements is shown in Figure 22. Table 18 summarises the accuracy
performance requirements for this level.

These regquirements—apphrtolevel \ field test equipmentintendedtotest=¢l F cabling
utilizing| category 7 connecting hardware either meeting the requirements of | 03-7-71

or IEC 61076-3-104. In the modular 8-pin measurement mode, th
requirements shall apply.

rmance

3
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Table 18 — Level V field tester accuracy performance parameters per IEC guidelines

Parameter Baseline field tester Field tester with Field tester with Level

level V link adapter V channel adapter

3 dB over test limit (see conditions 1 and 2 below)

Dynamic range dB
PP NEXT and FEXT loss 65 dB, PS NEXT and FEXT loss 62 dB
Amplitgde 0,1 dB
resolution
1 MHz — 31,25 MHz: 150 kHz
Frequency rande 31,25 MHz —-100 MHz: 250 kHz
and roaoriiatd 100 MHz — 250 MHz: 500 kHz MHz
250 MHz — 600 MHz: 1 MHz
600 MHz —1 000 MHz: 2 MHz —
Dynamig accuracy +0,75 (see condition 1below) dB
NEXT
Dynamig accuracy +1 (see condition 2 below) dB
ELFEXTLACR-F
1 MHz - 300 MHz: 1 MHz - 300 MHz:
20 - 12,5 log(f'/100), 18 - 12,5 log(f/100
20 dB max 20 dB
Source/lpad dB
return lolss 300 MHz - 600 MHz: 14 300 MHz - 600 MHz:
dB d

600 MHz — 1 000 MHz: 600 MHz ~\1\0 00 MHz — 1 000 MHz:
21 — 9*log(f7100) —9*| ] 19-9*log(f7100)

Random| noise 95 dB 90 90 dB

floor > BK ez

90 — 20 log(//100) 85 - 20 10g(/1109) 1 MHz — 600 MHz:
(see congifiqn 3 b ( dition_3\elow) dB

82,3 — 20 log(f/100)
600 MHz — 1 000 MHz:

97,9 — 40 log(f7100)
(see condition 3 below)
—20.log (7AL00 75 - 20 log(f7100 63,9 -20 log(f7100
Residua| FEXT 9 ) > 9 ) 907 ) dB
condition4-belo (see condition 4 below) (see condition 4 below)

Residual NEXT dB

2= O\MI:IE/ 1 MHz — 600 MHz 1 MHz - 600 MHz
40 og 00) 37 — 20 log (f/100) 37 — 20 log (f7100)
Sa“ltapn“ct:'g a 6 - 1900 MHz 600 MHz — 1 000 MHz 600 MHz — 1 000 MHz dB
24,4 dB 21,4 dB 21,4 dB
N
(sek condition 5 below) (see condition 5 below) (see condition 5 below)
MHz — 600 MHz 1 MHz — 600 MHz 1 MHz - 600 MHz
40 — 20 log (71100) 37 — 20 log (f1100) 37 — 20 log (f1100)
COTITeR MEEE 600 MHz — 1 000 MHz 600 MHz — 1 000 MHz 600 MHz — 1 000 MHz dB
rejection ratio
24,4 dB 21,4 dB 21,4 dB
(see condition 5 below) (see condition 5 below) (see condition 5 below)
Tracking + 0,5 (see condition 5 below) dB
1 MHz — 300 MHz 1 MHz — 300 MHz 1 MHz — 300 MHz
27,7 log(f1100) 25, 7 1og(f7100) 25,7 log(f1100)
30 dB max 30 dB max 30 dB max
. L 300 MHz — 600 MHz: 300 MHz — 600 MHz: 300 MHz — 600 MHz:
Directivity dB
23,7 dB 21,7 dB 21,7 dB
600 MHz — 1 000 MHz: 600 MHz — 1 000 MHz: 600 MHz — 1 000 MHz:
30,7 — 9*log(f7100) 28,7 — 9*log(f7100) 28,7 — 9*log(f7100)

(see condition 6 below) (see condition 6 below) (see condition 6 below)
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Parameter Baseline field tester Field tester with Field tester with Level
level V link adapter V channel adapter
Source match 20 dB (see condition 5 below) dB
1 MHz — 250 MHz: 1 MHz — 250 MHz: 1 MHz — 250 MHz:
20-15 log(f/100) 18-15 log(f/100) 18-15 log(f/100)
25 dB max 25 dB max 25 dB max
Return loss of 250 MHz - 600 MHz: 14 250 MHz — 600 MHz: 12 250 MHz — 600 MHz: 12
A dB
termination dB dB dB
600 MHz — 1 000 MHz: 600 MHz — 1 000 MHz: 600 MHz — 1 000 MHz:
21 -9 log(f7100) 19 -9 log(f/100) 19 -9 log(f7100)
(see condition 6 below) (see condition 6 below) (see conditjon 6 below)

Condition 1: Verification of dynamic accuracy is required up to the specified range for N\E(XT and\tQEXT.
N

Condition 2: The dynamic accuracy is based on dynamic accuracy performance for j
and NEXT, and is assumed to combine the dynamic accuracy for ELFEXT or AC
dynamicjaccuracy is tested to £ 0,75 dB. The highest FEXT value to be measured\s 708, d

Condition 3: Performance verification of residual NEXT is up to 85 dB maxi um\% me that

uption)
XT

frequengy response changes at a rate that is specified for category 7A cqnnecting h pact
reflected FEXT effects of the adapter to residual NEXT are to be accopfmo invthis eS|dua| NEX
requirenjent.

Condition 4: Performance verification of residual FEXT is up to im It is a sumed that the
frequengy response changes at a rate that is specified for cate orym con ct|n ard are.

Condition 5: Performance verification of output signal bal mosde rejection is up to 50 d
maximum. It is assumed that the frequency re/svﬁ@{tse @ es t a rate 0 dB/ cade.

Conditiop 6: The performance requirements fox trackin urce match and return loss of termjination
erformance of link and channg

—o
O3

==

are appljcable when the insertion loss exceeds 3\dB.
adapterg are verified after calibration with the

6.8 Fjeld tester requirgme

The field tester shall lar link
measur¢ments as tn 6
(46)

oor of the test device using an estimated maximum nymber of
rements shall be determined. The actual power sum correction as
dmber of disturbing pairs is computed from the worst cas¢ power

6.9 Procedures for determining field tester parameters

6.9.1 General

Field test equipment is designed with two units that are attached to opposite ends of the
cabling to be tested. Internal to these units are source and load ports that are used for
measurements. The following measurements shall be used to determine compliance with the
specified requirements, and shall apply to the entire frequency range specified in these
tables.

The field test equipment parameters shall be verifiable by independent parties. The field test
equipment shall include functionality to make independent verification possible. The field
tester manufacturers shall make them available to independent parties for measurement
purposes. Elaborate laboratory instrumentation may be required to perform these tests.
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6.9.2 Output signal balance (OSB)
This performance requirement is applicable to:

— NEXT and power sum NEXT measurements,
— FEXT and power sum FEXT measurements.

The field test instrument shall be connected to ground for the measurement as near as
possible to the port to be measured. This shall provide a low impedance path to instrument
ground of the field test instrument over the specified frequency range. The OSB compliance
test shall be conducted without and with a polarity reversal. If there is a pass condition with
one polarity and a failure with the other polarity, the average value shall be used to determine
compliapce with the requirements See Figure 23

Tester Zat 50 Q
Source 2
port
Zy2 50 Q
v

Tester field tester
Source pgrt  output port connected to the cablipg

0SB output signal balance

Z
Z 290 Q+15 d
Z, termination te

6.9.3 ade rejection (CMR)

This peffotmance requirement is applicable to:

— NEXT and power sum NEXT measurements,
— FEXT and power sum FEXT measurements.

Common mode rejection is defined as the ratio of the measured differential voltage to a
common mode voltage applied to the load port. (V./V,, is used to make the value positive per
convention.) The field test equipment shall be connected to ground for the measurement as
near as possible to the port to be measured. This connection shall provide a low impedance
path to the signal ground of the field tester over the specified frequency range. The CMR
compliance test shall be conducted without and with a polarity reversal. If there is a pass
condition with one polarity and a failure with the other polarity, the average value shall be
used to determine compliance with the requirements. See figure 24.
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CMR = 20 Ig|Ve/ Vi

Tester Zg1 50 0
Load c
port ~ Z
Zaz | |50 Q 50 O
A4

—
- IEC

Key
Tester field tester
Load portf measurement port connected to the cabling
CMR common mode rejection
Ve differential mode signal measured by the field tester
Ve common mode voltage applied to the field tester measurement po lions
Zyyr Zyo differential termination (1/2 of nominal impedance each)
Zy1=Zyh F 50 Q +1 %; Zy4 and Zy, are matched to £ 0,1 %
Z, common mode source impedance; Z, =50 Q +1 %

ode rejection

6.9.4
This per
- NEX

Residugl NEXT is the
V. with| the field tegt instrume
the specified freq

3 the load port due to the source port poltage,
NEXT, Z; = 100 Q, with return loss < 20 dB over
dltage is the voltage determined by the fleld test

equipment. A procg tector is
accepta

(47)
The ter that a
through of test

leads).

Vo is applied to each resistor Z;, one at a time, while I, is the measured voltage across
another Z; when the test equipment is measuring NEXT. An appropriate allowance shall be
made for FEXT coupling in the adapter, which in combination with reflections of the test
configuration will contribute to residual NEXT. This is expected to be significant for a channel
test adapter. See Figure 25.
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Tester ﬁzd
2
0
2
IEC
Key
Tester fjeld tester
Zy fermination load equal to the nominal impedance (100 Q)
Figure 25 — Block diagram for measuring r T

6.9.5 Dynamic accuracy

This pefformance requirement is applicable to:

o NEXT and power sum NEXT measugements
o FEX|T and power sum FEXT meastieme
e inseftion loss measurements.
Dynami¢ accuracy is the accuracy of \the asured
voltage [input shall providg”aMninj ource balanc

loss of 20 dB. See Figure

Te N
Loa
ori

IEC

e to an external voltage iny
d input of 40 dB with a minimumn return

Key

Tester

Load port b port connected to the cabling

Ve differential mode signal measured by the field tester
Vi fAput voltage applied to the field tester

Figure 26 — Block diagram for measuring dynamic accuracy

ut. The

V, could be sourced by the field instrument under test and injected into the receiver through a
resistive attenuator when the residual crosstalk is 30 dB below the injected signal level.

6.9.6 Source/load return loss
This performance requirement is applicable to:

— NEXT and power sum NEXT measurements,
— ELFEXT or ACR-F and power sum ELFEXT or ACR-F measurements,
— insertion loss measurements.
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The source and load return loss of the insertion loss, NEXT and ELFEXT measurement
functions shall be measured with a network analyzer calibrated to a 100 Q resistor with return
loss of better than 40 dB over the frequency range of interest.

When the calibration includes an impedance matching transformer/balun then a better than 40
dB longitudinal conversion loss shall be required.

6.9.7

Return loss = 20 IOg(Vreercted /Vincident)

Random noise floor

(48)

This pef

¢ NEX
e ELF

The ran
is zero,

A proce

acceptaple if it demonstrates equivale

formance requirement I1s applicable 10:

T and power sum NEXT measurements,
EXT or ACR-F and power sum ELFEXT or ACR-F measure

Return loss = —20 logd

dure measuring voltage with

voltage

(49)

6.9.8 Residual FEXT
This pefformance requirepie
e FEX|T and power sum_F
The FEXT of theAdosa o 9 an be determined by measuring the FEXT using
an extefnal receie e remote instrument connector can be detprmined
using ah external r(seg” Figure 27). The responses can be normalized by
connectjng the recelv e stimulu3 pair and the signal generator to the measurement pair
of the Idcal instrument andsrevoted
[I:_ZD Remote
Loca i unit
unit
—]
gy w— T
Generator [E,l:::E]
IEC
Key
Local unit local field tester unit
Remote unit remote field tester unit
Receiver external receiver measuring signal from local unit

Generator external generator applying signal to remote unit

Figure 27 — Principle of measurement of residual FEXT

Alternately, the residual FEXT may be measured by interconnecting the local and remote field
tester units using individual pairs in multiple cables. In the first measurement configuration the


https://iecnorm.com/api/?name=f2e840992fd9ac9719e330317e6fe3e5

- 88 — IEC 61935-1:2015 © IEC 2015

wires are as short as possible and of equal length. In the second measurement configuration,
the length difference between pairs is selected so that a phase delay of approximately 180° at
100 MHz results. This may also be accomplished by a tip/ring reversal in one of the pairs. The
worst case residual FEXT of both measurement configurations shall be used, and one half of
this amount shall be assigned to the connection at each end. See Figure 28.

Q,
Leea] / Remote
unit unit
il |
A(\( N
IEC

Key
Local unif local field tester unit
Remote upit remote field tester unit

Figure 28 — Principle of alternate me3 0 ofresidual FEXT
6.9.9 Directivity
This pefformance requirement is applicable tq:
— retufn loss measurements.
Directiv adds to
the refld irement
when te| have a
return Ig
6.9.10
This per
— retu
Tracking al. It is
determi
— meapurement eturn loss with all wire-pairs short-circuited (the actual reflection

coechient is —1) as a function of frequency;

— measurement of return loss with all wire-pairs open-circuit as a function of frequency (the
actual reflection coefficient is +1).

The average value of the two measurements is the tracking error in decibels (dB). If the
measured results are expressed in positive decibel values, the tracking error is given by the
following Formula:

—RLghort,dB _RLopen,dB

10 20 +10 20 (50)
2

Trackingyg = —201g
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6.9.11 Source match
This performance requirement is applicable to:
— return loss measurements.

Source match is a measurement of the reflected signal that is not absorbed by the return loss
measurement circuitry. It is determined from the measurements of directivity, return loss with
shorted wire-pairs and return loss with open wire-pairs. With results of all measurements
expressed in positive decibel values, the source match error is given by the following
Formula:

B RLshort,dB N RLopen,dB
-10 20 +10 20

2

Source_Matchyg =-201g (51)

In case to/include felevant

phase egfffects.
6.9.12 | Return loss of remote termination
This per

— retufn loss measurements.

The requirements for retu i rce/load
return Igss of the insertio 3 X perform
this measurement a ne ar wit bne-port
calibration, shall be ug S i t of the

air shall

insertion loss, N
be separately de

6.9.13

The pat term Ec
and a t¢

The cor through
a shortg

For determining proportional error term FE . First. the propagation delay Tr{100 of
approximately 100 m long cable, is measured using the reference measurement method.

Second, the propagation delay of the same cable is measured using the field tester (Tft,100).

Egy is determined as:

Eq=|Tr,100 -Tft,100| / Tr,100 (52)

6.9.14 Error constant term proportional to propagation delay of the propagation delay
measurement function

The propagation delay of cabling with a total length of approximately 100 m shall be
measured using the reference measurement procedure. The propagation delay at 10 MHz is
the reference value.
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The same cabling shall be connected to the field tester and the propagation delay measured.
The reported value by the field tester minus the reported value measured when a very short
connection was made to the same field tester shall deviate less from the error constant which
is proportional to the propagation delay of the propagation delay measurement function.

6.9.15 Constant error term of the delay skew measurement function

To verify the accuracy of the delay skew measurement, a 100 m £ 5 m link with special patch
cords as described in the reference measurement procedure for propagation delay shall be
used. The length of the pair with the highest propagation delay shall be extended so that the
delay skew of these pairs is approximately 50 ns as measured using the phase delay
measurement function of the network analyzer and determined at a frequency of 10 MHz.

When the link is measured with the field tester, the reported delay skeyof the two. pajirs shall
be withjin 10 ns of the value at a frequency of 10 MHz measupéd usipng\the\reference
procedure.

6.9.16 | Constant error term of the length measurement function

The corfstant error term of the length measurement functior_is i ting the
main unit to the remote unit through a short test ¢ Sery that is
reported. The reported length shall be less tha length
measurement function.

6.9.17 ming

A length j a tape
measure¢ and the NVP cali i S . i ngth of
approximately 50 m shall then\he i

The repprted lengths g fevi ctual values by less than half the amount of the

error copstant ptio

6.9.18 | Constant ¢

This prq
reported
resistan

necting a connector with shorts across each ppir. The
case shall be less than the constant error term of|the DC

6.9.19 3 érm proportional to DC resistance of the DC resistance
measurement function

The DC| resistance of cabling with a total length of approximately 100 m shall be mgasured
using a four-terminal ohmmeter with a specified accuracy of at least 0,25 %. The reference
DC resistance measurement procedure shall be used.

The DC resistance of the same cabling, measured by the field tester, less the observed DC
resistance value with the pairs shorted, shall be less than the error constant which is
proportional to the DC resistance.

6.9.20 Measurement floor for alien crosstalk testing during field testing
6.9.20.1 General

The power sum measurement floor of the test device using a maximum number of power sum
crosstalk measurements shall be determined. This measurement floor shall be used to
compute the baseline power sum correction for the actual number of alien crosstalk results
that are included in the overall PS ANEXT or PS AFEXT results, if used. It is suggested that
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the power sum measurement floor consists of 100 x 4 measurements. Refer to 5.4.7.4 for
more information.

6.9.20.2 Measurement floor of the test device for the channel test configuration

The measurement floor of the test device shall be established in the channel test
configuration by terminating the channel with plugs that have both differential and common
mode terminations as shown in Figure 29. Test instrument A operates as a receiver and test
instrument B operates as a signal source. Test instrument A and test instrument B
communicate as shown with the dotted line labelled “synchronization”. A physical field tester
control link is an option of this standard. Other implementations of this measurement are
acceptable if equivalence is demonstrated. In case a link topology is tested, the channel

adapterg-are+replaced-with-tinlkadapters:

- Test Plug with 100 Q differential and 50 Q
instrument A E common mode terminations
1
1
|
1
' Plug with 100 Q differential
] Test E ' mode terminations
instrument B )
1
1
1 S 1
1

Figure 29 — Alien crosstalk measu m% ration

Conduc T loss measurement. The power sum
measur¢ment floor of “a i he specified measurement floor |in 6.8:
Formulg

6.9.20.3 { S e device with link adapter test cords

A PS A made by terminating the test cords with differential and
commor inating*jacks as shown in Figure 30. Test instrument A operatpes as a

receiverf i operates as a signal source. Test instrument A 3gnd test
instrument te ds shown with the dotted line labelled “synchronization”. A
physical fi €S antrgl link is an option of this standard. Other implementations of this
measurémentare’acceptable if equivalence is demonstrated.

Jack schematic diagram. JdU {22 U, T 7%

Test Jack with 100 Q differential and
instrument A 50 Q common mode terminations

1
i Jack with 100 Q differential and
Test —o—|§j|§ 50 Q common mode terminations
instrument B '

. Synchronisation

250+1%

i k)

IEC

Figure 30 — Alien crosstalk measurement floor test for the link test configurations
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The power sum measurement floor of any pair shall exceed the specified measurement floor
in 6.8: Formula (46) — 6 dB.

6.10 Measurement error models
6.10.1 General

The measurement accuracy for the link and channel is computed from a baseline accuracy
and errors caused by test cables and adapters.

The error models used to estimate the baseline measurement accuracy of the field test
equipment are based on the twelve parameter error model defined for network analyzer
measurenre Wi odificatio and—simmptifications: ere—i O—Ogtrs at these
simplifidations and modifications are appropriate in every circumstansg and e error
model i$ complete. Nevertheless, the computed estimated measure ies f
error mlodels shown in this subclause are a reasonable indica
performpnce that may be expected from a compliant field tester. gtimated
measurement accuracy shall be in harmony with the 1 ;
comparisons.

6.10.2 | Error model for the insertion loss measur

<

N 10
Accuracy i = E; ;1 +20lg 1348 (53)

where
dB;

=

Accura

Eq oL

ERL,tes
ERL,IinP etuin loss of the link, in dB.

Assumpftions:

— the dynamic accuracy adds up to all other error terms;

— the error from the source/load return loss of the tester plus the impact of the source/load
interaction with the return loss of the link is added,;

— the impact of the test cable for the measurement of the link and connector used for the
channel interface are expected to have a significant effect on the source/load return loss
of the field tester.

6.10.3 Error model for the NEXT measurement function

—ER[, tester - (ERL, testert £rL, Iink)
1410 10 +210 20 (54)

AccuracNEXT: Ed, NEXT+20|9

AvgxT— ERN ANexT— EnF Sc-Ep Sp—£¢
+110 10 +10 10 +10 10 410 10
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