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INTERNATIONAL ELECTROTECHNICAL COMMISSION

GENERIC CABLING SYSTEMS -

SPECIFICATION FOR THE TESTING OF BALANCED COMMUNICATION

CABLING IN ACCORDANCE WITH ISO/IEC 11801 -

Part 2: Patch cords and work area cords
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The committee has decided that the contents of this publication will remain unchanged until

2004. At this date, the publication will be

* reconfirmed;

e withdrawn;

+ replaced by a revised edition, or
+ amended.

A bilingual edition of this standard may be issued at a later date.
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INTRODUCTION

Modular plug cords are constructed for connecting equipment using modular connecting
hardware. It is known that connecting hardware performance is subject to influence by the
properties of the modular plug termination and therefore modular plug cords should be tested
to determine the quality of the assembly. Moreover, the performance of modular plug cords
may differ due to the performances of the involved separate components depending upon
the efficiency of the manufacturing procedure. Manufacturing procedures also impact on the
reliability of these cords. Therefore, the object of this standard is to provide test methods to
ensure compatibility of modular plug cords to be used in cabling according to ISO/IEC 11801.
Also, it provides test methods and associated requirements to demonstrate the performance
and reliability of these cords during their operational lifetime.

@@

24
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GENERIC CABLING SYSTEMS -

2003(E)

SPECIFICATION FOR THE TESTING OF BALANCED COMMUNICATION

CABLING IN ACCORDANCE WITH ISO/IEC 11801 -

Part 2: Patch cords and work area cords

1 Scope

This pa
used in

requirements to demonstrate the performance and reliability of
operatignal lifetime.

2 Normative references

The foll

of the referenced document (including any amengd

IEC 60

Climatid sequence
IEC 60603-7, Connectors for frequenci

IEC 60603-7-4, Connector
unshielded, free and fiKe

(CAT 6,
IEC 611

IEC 619

ISO/IEQ

3 Deflinition

For the

cabling according to ISO/IEC 11801 and also provides test

D68-2-61:1991, Environmenta

unshielded)1

formatjgn technology — Generic cabling for customer premises

Is to be
sociated

ihg their

cument.
I edition

/ABDM:

I 8-way,
50 MHz

alanced

purposes of this document, the definitions in IEC 61935-1 apply

4 General requirements and test configuration

4.1 Cable and connector design

The design of the cables and connectors should conform to the applicable parts of IEC 61156
and IEC 60603 respectively as referred to into the ISO/IEC 11801.

1Tobep

ublished.
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4.2 Cable and connector tests

Cables and connectors used in cable assemblies should be tested separately in accordance with

IEC 61156-1 and 60603-7 respectively, even if they are not described in the IEC 61156-

1 or the

IEC 60603-7 series. These component tests do not need to be repeated on the cable assembly.

4.3 Test configuration and equipment

The reference measurement procedures that are described in this standard require the use of
a network analyzer, r.f. transformers (baluns), twisted pair (TP) test leads and impedance

matching terminations. Refer to IEC 61935-1 for requirements of test equipment. The

nominal

impedance for the test set-up and the terminations is 100 Q. The same tests may be used

for 120 @ and 150 Q patch cords, bui the measurement methods have not beér_evaldated for
these npminal impedance values.
The tes{ configuration includes terminating test heads at each end rd ishown
in Figure 1. The terminals on the test heads interface with the testequi to IEC
61935-1 for detailed connection diagrams. All wire pairs shalk’be terni ifferential
and common mode terminations per IEC 61935-1. Resistive preferred.
2a
2b
6 \
5
IEC 1248/03
Key
1 Test interface 5 Modular cord under test
2a Network analyzer - IN 6 Ground plane
2b Network analyzer - OUT 7 Far end test head
3 Near end test head
4 Balun

Figure 1 — Transmission performance test configuration for patch cords
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4.4 Modular plug cord tests requirements

The test methods described in this specification characterize modular plug cords. For
certification purposes the test schedule refers to these tests.

The patch cord test requirements include tests that can be performed on each patch cord or
representative samples produced and tests that are only performed on representative
samples of patch cords. The sampling only tests (known as periodic tests) include:

* tensile strength;

* flexure;

e« ben ing/fwicfing;

e crushing;
¢ dust|test;
e climatic sequence;

¢ coupling attenuation.

The perjodic tests are described in detail in Clause 6.

The tes{s that can be performed on each patch cord tests):

e visual inspection;
e wire|map;
e pair{to-pair NEXT;

¢ return loss.

If the cpmponents us
following additional tes

e inseftion Iosn

EXT;

>fd are not certified to be complignt, the

Pass/fail for the test procedure in this document may be affected by the measured properties
of the test heads, as defined in Clause 7

5 Acceptance tests

5.1 Visual inspection

Visual inspection of cords and work area cords is performed by observing with normal or
corrected vision without any additional magnification:

« the condition, workmanship and finish are satisfactory;

* the marking, when specified in the relevant specification, is legible;

* mechanical damage is absent and there is no undesired movement or displacement of parts;
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o flaki

ng of materials or finishes is absent;

« the length as specified.

5.2 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:

« continuity to the remote end;

e shorts between any two or more conductors/screen(s);

e tran

¢ revefsed pairs;

e split

e any

A rever
See Fig

NOTE 1

for a dif
pairs.

NOTE 2

Split pa
See Fig

In English@
A transposed pairoce

Eposed pairs;

pairs;

pther connection errors.

sed pair occurs wt bk i e the link.

position
nsposed

i{s oscyr WRen pik to pin continuity is maintained but physical pairs are separated.

i, e S g, < L O |
2 2 g 2 2 2
3 >3 3 jbbc 3 3 3
6 6 6 6 6 6
5 5 5 M 5 5 5
4 DOC4 4 4 4 4
s X, DX, § DX ]
8 8 8 8 8 8
S —S S e—S S ——'S
1 2 3
IEC 1250/03 IEC 1251/03 IEC 1252/03
Figure 3a — Figure 3b — Figure 3c — Split
Reversed pair Transposed pairs pairs

Figure 3 - Incorrect pairing

Wire map tests shall report "Pass" if cabling is determined to be correct.
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Propagation delay is assumed to be met by design when using cables and connectors that
comply with IEC 61156 and IEC 60603-7 respectively. Propagation delay shall be measured in
accordance with clause 4.5 of IEC 61935-1.

5.4

Delay skew

Delay skew is assumed to be met by design when using cables and connectors that comply
with IEC 61156 and IEC 60603-7 respectively. Delay skew shall be measured in accordance
with clause 4.5 of IEC 61935-1.

5.5

Insertion loss is assumed to be met by design when using cables and<onn rs\taf
with [EG 61156 and IEC 60603-7 respectively. Insertion loss shall
with clapise 4.4 of IEC 61935-1.

5.6

5.6.1

The objfct of this test is to measure the return loss
attache

5.6.2

Return loss is derived from the measuned value ©

5.6.3

The test set-up consists

two refdrence jac
is intengled to
documeint, two optiop

necessgry to termin ' gt\nder test. The pair under test shall be terminate
precisio

Key

Ipsertiontosstoperationatattenuation

sured 1 ac

Return loss

Object

Test method

Test set-up

any cord when inserted in any channel

h resisto

comply
prdance

vith two

e cord.

, 4.2.6,

plug . The definition of reference jack and referengce plug

. In this
It is not
d with a

IEC 1253/03

1 4-baluns, common and 4 Reference jack
differential mode terminated

5 Patch cord under test

2 Differential mode, 100 ohm *1% (any length)
resistor terminations

3 Network analyzer

Figure 4 — Test arrangement for the return loss
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5.6.3.1

Reference plug

5.6.3.1.1 Option a

The reference plug that is used for calibration is built either using a short terminated cable
lead (i.e. shorter than 3,5 cm) having an impedance of 100 Q + 1,5 Q or a PCB designed in
such a way that it provides 100 Q well-matched lines.(equal or better than 100 Q + 1,5 Q).
The reference plug shall not contain any compensation and shall be designed to minimize the
length of any mismatch.

5.6.3.1.2 Option b

When the test head meets the requirements of Clause 7 there is no need-fqr any reference

plug.
5.6.3.2
5.6.3.2.
To matsg

of the 1|
over theg

Reference jack

| Option a

the cord to the balun, a reference jack shall be
eference jack, when mated to the loaded refe
whole frequency range.

impeda
rise tim

Further{\ore, the reference jack connegted to t

Key
1 Riset

5.6.3.2.

ce of 100 Q with irregulariti
smaller than 500 ps.

AN
05@ ““““
RO

p Op

Figure 5 — TDR response

domain)
h 34 dB

a mean
h with a

The tes

5.6.4
5.6.4.1

head meets the rnqnirnmontc of Clause 7.

Procedure

Calibration

S11 Port calibration shall be performed as described in the chart below using reference jacks
and plugs.
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Key
1 Balun

2 S11 1| - Port calibration

5.6.4.2

The corfl shall be connected to the baluns through th

5.6.4.2.

S11 mepsurement shall be carried out\for ®a
with a r{se time less than 500 ps, The mi
shall be|checked to validate the RL m

5.6.4.2.

Accordi

-12 - 61935-2 O IEC:2003(E)

g]: RIT :ﬁ} Open
@ o 1] Short
OouUT,

Load

IEC 1255/03

—o

Figure 6 — Calibration procedure

Measurement

& referencesa

| Option a

3irs. When measured in time
of each pair of the c(

e\p

p Option b

ng to 7.4.

y\jsmatch shall be less than 7 .

domain
nnector

cified in
cies as

5.6.5

The me etMn graphical or table format with the limits spe

the stamdard dis{inct| ‘ ¢ graphs or in the table at the same frequen
specified i pecification. Results for all pairs shall be reported. It [shall be
explicitl sults exceed the test limits.

5.6.6 etupn loss measurements

The retdrn lpss 0fkthe load used for calibration shall be greater than 40 dB. The uncertainty of

the con

return |

Eection betwéen the cord under test and the baluns is expected to deterio

rate the
t-up) by

6 dB. The accuracy of the return loss measurements is then equivalent to measurements
performed by a directional bridge with a directivity of 34 dB. See Table 1 for accuracy in the
uncertainty band.

Table 1 — Uncertainty band of return loss measurement

Measured RL 10 12 15 18 20 22 25 28 30
Lower uncertainty limit -0.5 -0.7 -0.9 -1.3 -1.6 -1.9 -2.6 -3.5 -4.2
Higher uncertainty limit +0.6 +0.7 +1.0 +1.3 +1.9 +2.5 +3.8 +6.0 +8.7
EXAMPLE Let the measured RL be 20 dB. The true RL then lies in the band of 18,4 dB

to 21,9

dB.



https://iecnorm.com/api/?name=f3ddc94ecb6d00d8ddc97a9e7e7b106e

61935-2 O |IEC:2003(E) -13 -

5.6.7 Requirements

The return loss through the whole bandwidth of interest shall be greater that 20 dB.

5.7 Near End Crosstalk Attenuation (NEXT)

NEXT shall be measured in accordance with 4.6 of IEC 61935-1. The cords for categories 5, 6 and 7
shall meet the requirements calculated according to equations (1) to (5).

~NEXTcaple, dB + 20l connector, dB

NEXT¢ord,gg = ~10Mog 10 +10 + RFEXT

L N

- NEX-I—connectors, dB

where

NEXT cdrd, a8 is the NEXT of the entire cord in dB;

NEXT cdnnectors, a8 1S the NEXT of the connectors in dB;

NEXT cdoie, aB is the NEXT of the cable itself in dB;

IL connectpr, a8 is the insertion loss of one connector in dR;

RFEXT

the reflected FEXT allowance is 0 dB/for ,5 dB for category|6 and 7

patch cords,

and
ote, dB +2Eé”‘cable, Bt II‘connector, dB
NEXRonnectors aB =~2P10¢ 10 20 @
The freg the anchor value at 100 MHz is known, is given by
: _ f 3
remote ,dB — NEXTconnector ,dB (1 00) - 20 Dbg m ( )
IL = IZ-IL— 4
cable,dB ~ %cable, 100m, dB %gg (4)
where
NEXT ocal, a8 is the NEXT of the connector at the local end of the cord in dB;
NEXT temote, dB is the NEXT of the connector at the remote end of the cord in dB;
ILcable, dB is the insertion loss of the cable in dB;
ILconnector, dB is the insertion loss of the connector in dB
NEXT connector, as(100)  is the NEXT of the connector in dB at 100 MHz;
Olcable, 100 m, dB is the insertion loss of 100 m of the cable used for the cord;
L is the length of the cable in the cord.

The length corrected near-end crosstalk of the cable of the plug cord is given by
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L 0(cable, 100m, dB

1-10100

NEXT =NEXT 10 bg

> (5)

cable, L, dB cable,100 m,dB ~

0(cable, 100m, dB

1-10

5

Calculations yielding NEXT limits in excess of 65 dB shall revert to a limit of 65 dB.

For the commonly available category 5e test head the anchor value at 100 MHz is

NEXT dB(100)=41,o

Be (3

(6)

COTrmTeCtoT;

For a category 6 test head, the nominal performance is 54,0 dB

adjusted based on the measured NEXT of test heads. Refer to Claus

For a fpategory 7 test head, the nominal performance o
requirements for a compliant category 7 connector.

5.71 Modular plug cord test procedure
5.71.1 Network analyzer test configuratio

The ne{lwork analyzer configuration,
baluns ghould be used to connect the
through
pairs sh

shall be

als the

g cord testing. Ideally, four

nalyzer

mode terminations for all rlear-end
baluns are not available, twg baluns

may beq on mode resistive terminatipns are
implemgnted for the unuse A addifion to the common mode termfinations
applied ; S s ground plane or other device to pfovide a
low imp )

The fre i o greater than 1 MHz up to 1000 MHz. Rass/fail
qualifica i SNeogrparing the resulting sweeps to the pass/fail I|mits for

the appli < 8. The Jpass/fail margin and the frequency at which i occurs

shall be
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Key

| o
&
&

o
c
=,
5

IH
100 Q
100 Q

5 00 2P0k I
\""\

SN

50 Q

IEC 1256/03

1,2,3and 4 Baluns used to onect i ar end test head

plug cprd under test to the ne
through the reference ja

5 Netwdrk analyzer

Near end test head

analyzer configuration

6.1 G

The ftr ance as specified in Clause 5 should be measured prior to
conduc ¢ anical and ageing tests. After conducting each test and after copcluding
all testq, the trans sion performance as specified in Clause 5 should be measurdgd again
and the|degradation™of transmission performance should be observed. In situations where the

perform

testing for patch cords should be adjusted by the observed degradation.

6.2

6.2.1

Tensile strength

Object

nce of each patch cord is verified the pass/fail limits for transmission performance

To determine the mechanical strength and, when required, electrical stability of the cable
assembly when subjected to an axial force.

6.2.2

Procedure

A tensile force as specified in the relevant detail specification shall be applied to the two
connectors along the common axis of the cable and connectors.
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6.2.3 Requirements
There shall be no visual evidence of the movement of the cable relative to the connector.

Inner contact and insulator positions shall be in accordance with interface dimensions. 'After
the test, insertion loss and return loss shall be as specified in the detail specification.

6.2.4 Detail specification
Requirements to be given in the detail specification

a) Value of the force (normally 50 N).

b) Duration and method of application of the force.

c) Insefrtion loss/operational attenuation.
d) Retdrn loss.

6.3 Flexure
6.3.1 Object

To detgrmine the ability of the cable assembly to witk
cable and connector.

e junctiop of the

6.3.2 Procedure

The tes

IEC 1257/03
Key

FFigure 8 — Fixture for cable assembly flexure test

The length L is adjusted so that the cable is on the vertical axis and the connector in the
horizontal position when force F is applied. A flexure is a rotation of the fixture of 180°. The
rate of flexure shall be 20 per minute or as specified in the relevant detail specification.

6.3.3 Requirements

After the test, the cable assembly interface dimensions shall be within the specified limits.
Electrical test requirements stated in the relevant detail specification shall be complied with.

6.3.4 Information to be given in the detail specification
a) Value of the force F.

b) Length L.

¢) Number of flexures, normally 500.

d) NEXT allowed deviation.
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e) Return loss allowed deviation.

f)  Whether or not electrical tests shall be applied with the cable assembly still on the fixture.
6.4 Bending/twisting

6.4.1 Object

To determine the change of RL and NEXT caused when the cable assembly is subjected
either to bending or twisting.

6.4.2 Procedures

6.4.2.1 Bending

A cable nalyzer
(Figure rel for
180° (F around
the marn i \ itial_pogition of the
mandre é i he test.
Unless

IEC 1258/03

Key 1 NWA test ports

Figure 9 — Bending test: assembly in U shape

6.4.2.2 Twisting

A cable assembly, which is in a "U" shape, has to be connected to a suitable network analyzer
(Figure 10a). During the recording of the RL and the NEXT the mandrel in the middle of the
cable is first twisted in a clockwise direction for 180° (Figure 10b) then released to the starting
position, twisted counter-clockwise for 180° (Figure 10c) and again released to its starting
position.

NOTE Depending on the torsional rigidity and the maximum permissible torque at the cable connector's interface
the maximum twist angle may have to be reduced.

Unless otherwise specified, the radius of mandrel shall be 120 mm
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/ 100 mm

Key 1 Radius 2 Cable under test

6.5.3 Requirements

During @gnd after the test, the RL shall be
detail specification.

i{ing values specified in the felevant

@n the

a) Value of thef<:§ :
b) Distance from gion.to-spe of the connectors (1 m maximum).
c) Tesflfixture (Fig

6.5.4 Information tp

6.6 Dust
6.6.1

To dete]
the cable assemb

the effects of exposure to dust impair the operational performance of
d in particular the function of the coupling mechanism.

NOTE Thisutést is normally performed on the connector before assembly. Where the connector was notjtested for
dust, the cable assembly shall be tested.

6.6.2 Procedure

Details of a typical test cabinet for carrying out this test are given in 6.6.5. The dust medium
shall be fine powdered silica as detailed in 6.6.5. The dry specimen(s) with connectors mated
and with back-of-panel portion of fixed connectors and free ends of cable protected, where
required against ingress of dust, shall be placed in the cabinet simulating the normal
operational altitude.

No relevant part of any specimen shall be closer than 150 mm to the sides, top or bottom of
the cabinet or part of another specimen during the test.

Each test cycle shall be of 15 min duration of which the air blast shall be operated for the first
2 s only.
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The number of test cycles to which the specimens will be exposed will be depende

nt upon

the severity of exposure to dust likely to be met in service. The following are the preferred

test severities:

¢ severe dust conditions 20 cycles;
* moderate dust conditions 10 cycles;

¢ slight dust conditions 2 cycles.

6.6.3 Requirements

At the conclusion of the last cycle, the specimen(s) shall be carefully removed from the

chambefrsara—ary—surotts—dd emoved-byeatghtshakirgorblowinre- ling the

connectors any measurements required by the detail specification to ghieck fondetefioration

in perfofmance shall be made.

6.6.4 Information to be given in the detail specification

a) Duration of test cycle if other than 15 min.

b) Thelequivalent altitude if other than that covered b pheric cgnditions
for testing.

c) Nunlber of test cycles.

d) Detdils of visual, mechanical and nclusion
of tHe conditioning including whet coupling
of mfated connector.

6.6.5 Test chamber

The cabinet used shall bs S i features

are:

a) a dee diffu@

b) a glass obserwvati perated
wipHg

C) mea nents of
this

d) therg¢ air pressure within the cabinet during the test and egpecially
duri ach cycle;

e) The 2fl be capable of being raised to and maintained at a tempenature of
35°C = relative humidity not exceeding 60 %. It shall be adjustable $o as to
proctuce a dust>oncentration sufficient to deposit 25 g + 5 g in the measuring device
(FigureM2) over a period of 5 min;

f) materials used for the construction of the cabinet shall be such that there shall be no

contamination of the dust by foreign matter;

g) details of the powdered medium to be as follows: dry silica with grains of 2,5 pto 50 pu and

grains of 50 p to 150 p (fifty/fifty).
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1 Five inlets
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6.7

Under cpnsideration.

6.8
6.8.1

To dete

NOTE

and/or thg

6.8.2

() 13
G Cj A 13
230

ND

Coupling attenuation

Qlimatic seque

Object

'mine the

Thi

connector

The climatic-eategery-is4070/{21-

The low air pressure is not required.

6.8.3

Requirements

The insertion loss shall meet the specified requirement.

6.8.4

Information to be given in the detail specification

Any deviation from the test method.
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7 Test head requirements

71 General

The measured NEXT and return loss of the patch cord assembly is dependent on the
properties of the test heads used in the test set-up. In case of NEXT, the pass/fail limits shall
be adjusted based on the measured properties of the test heads.

7.2 Compliance with category 6 requirements

Test heads shall comply with NEXT loss, FEXT loss and return loss requirements of IEC
60603-7-4 when mated with all test plugs as specified in IEC 60603-7-4.

7.3 dditional FEXT requirements
When measured from 10 MHz to 250 MHz, the category 6 test h FEXT
value when mated with any applicable test plugs determined by th

FEXT ooy = 48.1-20l0g (/00
7.4 jdditional return loss requirements
When measured from 10 MHz to 250 MHz, the e return
loss valpe when mated with any applicak ation.
7.5 NEXT loss centring requirements
The tes} heads shall be &va : 5 ate ith i Ange as
specified in IEC 60603z7-4"
For each of the t i se from
10 MHz|to 250 S Dr every
wire pair combinatiop 503-7-4.
For eaag i K shall be
determi idns shall
be detef g4 margin
shall be¢ in the
computgt
NOTE Thi
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