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1.1

SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL COMMUNICATIONS

WITH TRANSMISSION CHARACTERISTICS UP TO 600 MHz -
HORIZONTAL FLOOR WIRING - SECTIONAL SPECIFICATION

Scope

This sectional specification relates to IEC 61156-1: Multicore and symmetrical

pair/quad cables for digital communications - Part 1: Generic specification.

The

kLl <l Hbad b H H 1] ot Aol £ I H ol £l H
LAVIT O UTOUINTUTU TITITINT Al opTullivdlly TTICITIUTuU TUT TTUTIZUT T Al 1T'oun witll

class D, E and F channels, as defined in ISO/IEC 11801 (%

The designation "Category 5e
5 cable and is used in the g

the Category 5
Category 5 and ¢

Catego , Whi )
transmi iultaneous
Q Table 1

h.

gin
htion

mon
four
d at

ures

gory
801
from
both
d in
dto
Dairs

ble Designation Maximum reference Channel Designation
frequency [MHZ]

\‘ Ca\(\agory 5e 100" D
\\ngégory 6 250 E

> Category 7 600 F

NC\)fE 1 Some characteristics are measured up to 125 MHz in order to comply

with IEEE’s request to specify the electrical performances up to a frequency

25 % highpr than the referenced frpqllpnr‘y

These cables can be used for various communication systems that are under

development and which use as many as 4 pairs simultaneously. In this se

nse,

this specification provides the cable characteristics required by system

developers to evaluate new systems.
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Under static conditions, the cables should operate in the temperature range from
—40 °C to +60 °C. The temperature dependence of the cables is specified for
screened and unscreened cables, and should be taken into account for the

design of an actual cabling systems.

The cables covered by this sectional specification are intended to operate with
voltages and currents normally encountered in communication systems. These
cables are not intended to be used in conjunction with low impedance sources,

for example, the electric power supplies of public utility mains.

1.2

1.3

21

2.2

The recommended temperature range during installation sho
the detail specification.

Reference documents

IEC 60304:1982, Standard colours for i
wires

premises

Installa@
See 1.3 of §

Materials and cable construction

bd in

and

and

gital

mer

2.21

General remarks

The choice of materials and cable construction shall be suitable for the intended
application and installation of the cable. Particular care shall be taken to meet
any special requirements for fire performance (such as burning properties,

smoke generation, evolution of halogen gas etc.).
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2.2.2

223

Cable construction

The cable construction shall be in accordance with the details and dimensions

given in the relevant detail specification.
Conductor

The conductor shall be a solid annealed copper conductor in accordance
2.2.3 of IEC 61156-1.

with

224

2.2.6

2.2,y

The conductor shall have a nominal diameter between 0,5 a

Insulation

The conductor shall be insulated with a suita
Examples of suitable materials are:
- polyolefin

- fluoropolymer

The colou 3 fi but shall be indicated in the relevant detail
specific. ond
bly

reasona

ial.

The
the
s of

litate

Screening of cable element

2.2.8

When required, the screen for the cable element shall be in accordance
2.2.7 of IEC 61156-1.

Cable make-up

with

A cross web or any other spacer may be used to separate the cable elements.
The cable elements, including cross webs or spacers, shall be assembled to

form the cable core.

The core of the cable may be wrapped with a protective layer of non-hygroscopic

material.
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2.2.9 Screening of cable core

IEC

When required by the relevant detail specification, a screen for the cable core

shall be provided.

The screen shall be in accordance with 2.2.9 of IEC 61156-1.

2.2.10 Sheath

2.2,

2.2

The sheath material shall consist of a suitable thermoplastic erial.

Examples of suitable materials are:

polyolefin

PVC

fluoropolymer

low-smoke zero-halogen thermoplastic

aten

hygroscopic.

11 Colour of sheath

required, t

Additional markings, such as length marking etc., are permitted on the ¢

non-
non-

vant

Each lengt able be identified as to the manufacturer, and when

able

sheath. If used, such markings should be indicated in the relevant detail

specification.

2.2.13 Finished cable

The finished cable shall be adequately protected for storage and shipment.
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3 Characteristics and requirements
3.1  General remarks

This clause lists the characteristics and minimum requirements of a cable
complying with this specification. Test methods shall be in accordance with
clause 3 of IEC 61156-1. A detail specification may be prepared to identify a
specific product and its performance capabilities (see clause 4).

3.2 —FElectrical-characteristics

The tests shall be carried out on a cable length of not les 0Q-m) ur|less
otherwise specified.

3.2.1 Conductor resistance

When measured in accordance with 5.1 of IE
resistance shall not exceed 19,0 Q/100

aximum Joop

3.2.2 Resistance unbalance

3.2.3 Dielectric strength

/conductor and, where screen(s) are

present, condustor/s ' kY d.c. for one minute or, alternately, |with
2,5kV d,ex\fo L anC. Veltage rmay be used. The a.c. voltage levels in tihhese
cases s a.c foroné minute or, alternately, 1,7 kV a.c. for 2 5.

unction with power cables, local regulations may refjuire

3.2.4

The test shall be performed both on: - conductor/conductor
- conductor/screen (when present)

3.2.5 Mutual capacitance

The mutual capacitance is not specified but may be indicated in the relevant
detail specification.
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3.2.6 Capacitance unbalance pair to ground
The maximum capacitance unbalance pair to ground shall not exceed
1 600 pF/km at a frequency of 1 kHz.
3.2.7 Transfer impedance
For cables containing a screen or screens, two grades of performance are
recognised for transfer impedance. The transfer impedance shall not exceed the
vattes-shown-nTable2-at-the-diserete-frequenciesindicatedforeach-grade.
“ S
Table 2
Frequency Max. surface transfer impedan;e\Q{\mQ 9\%\1\
[MHZ] Grade 1 ‘Gratle2 |
1 10 ¢ N8B0\
10 10 NN
30 30 V808 )
100 60 / 1000
3.2.8 Resistance of the screen \) 6
The d.c. resistance of the individua s’or erall screen is not spegified
but may be indicated in the eIernt detail specification.
3.3 | Transmission ¢
All the tests g ise
specifie@
3.3.1 Velocity o
3.3.1.1 Veloci
pcity of propagation for any pair within the cable is equal to or
greats ;6 ¢ for all frequencies between 4 MHz and the maximum
referenced_frequency. Values below 4 MHz are given only for information
purposes (see 3.3.2).

NOTE

The velocity of propagation, group velocity and phase velocity are approximately equal

for frequencies greater than 4 MHz when measured on symmetric cables, i.e. when the cables

are operated in a balanced mode.

3.3.1.2 Delay and differential delay (delay skew)

The delay for a specified length of cable is understood as the inverse of the

velocity of propagation. The delay shall be less than or equal to:

Delay = 534 + %

[ns/100m]

(1)
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Where f is the frequency in MHz.

Differential delay (delay skew) is the difference in delay between any two pairs.

3.3.1.3 Differential delay (delay skew)

When the delay is measured at —40 £ 2 °C, 20 + 3 °C and 60 + 1 °C,

the

maximum differential delay (delay skew) between any two pairs at a given

toaran ot chall nat ba-arcatarthan 465 /100 - farall cablacin-thae - fracu

3.3.

3.3.]

1.4 Environmental effects

Bno
LUIIIHUIGLUIU OIIGII MUt ve yroaioct uidimr =y 11o7 TUU TTT TUT Al LAUTC O TTT TS TTTyU

range from 4 MHz to the maximum referenced frequency.

The differential delay (delay skew) between any ty
shall not vary by more than £ 10 ns/100 m ovg
-40 °C to +60 °C within the differential delay (

Attenuation

Table 3 shall be less than or eq
the corresponding values of t

—ax\/_+bW

Cablg Fre e VA Constants
designa \/\ a b C

Category/'ag\ —\1/25\ 1,967 0,023 0,100

Cate/goh@ \ 4>250/ 1,820 0,017 0,250

Ca«t\/egar)\?\ 4> 600 1,800 0,010 0,200
N

NOJE 1 The constants for Category 5e in Table 3 are based on the use of patch cables h

Hency

ture
From

din
sing

o to

aving
ation

a/20 % higher attenuation than the horizontal cable. When patch cables having an attend

P - VA R 4l 4l 1 : P 1l il 4 4 1 T 4 Od4-DQ
Up 0 JU 7o THYTICT Ulall U1c TTOTNZUTdl LaDIT alc UsCU, 1T LUTTSLATNS STTIOUIU Ue 1,9 TUO, U,0222,

and 0,200 for a, b, and c respectively.

NOTE 2 See Annex B for a discussion of ILD.


https://iecnorm.com/api/?name=81746249a9baa956d37731201a4f82c2

-8- Copyright © 2001, IEC

The values in Table 4 are for information only. Because the measurement of
attenuation at 1 MHz on a length of 100 m is prone to error, the 1 MHz values
are given in brackets for reference purposes only.

Table 4
Attenuation at 20 °C (dB /100 m )
Cable designation
Frequency (MHz ) Category 5e Category 6 Category 7

1 [2,1] 12,1] 12,0]

4 4,1 3,8 3,7

LY 0,0 o,U 9,9

16 8,3 7,6 YN

20 9,3 8,5 [ 8
31,25 11,7 10,8 L (04
62,5 17,0 15,5 NN
100 22,0 19,9 \ 190
125 [24,9] 225 < No2h S
200 29,2 N\ [\ VU \27,5
250 33,0 N\ /= 34,0
300 MO\ NB4,2
600 N 50,1

3.3.2.1 Environmental effects

The increase in attenuation dux [ erature shall not be greater

than 0,4 % / °C, in the frequ 4, MHz to 250 MHz and 0,6 %]/ °C
for frequencies at L for
screened cables
The method nder
conside n.
3.3.3
S Or
) for
Unbatance-attenuation near-end (TCL):
TCL =400 -10 xlog., (f) [dB] (3)
Table 5
Cable Category Frequency range for TCL [ MHz ]
Category 5e 1- 100
Category 6 1- 200
Category 7 1 -200

NOTE Unbalance attenuation near-end (TCL) for Category 7 at frequencies greater than
200 MHz is for further study.
The minimum equal level unbalance attenuation far end (Equal level transverse
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conversion transfer loss or EL TCTL) for all categories shall be equal t

0o or

greater than the value obtained from equation (4) for all frequencies in the range

from 1 to 30 MHz. The formula for the EL TCTL is:

EL TCTL =35, - 20 x log,, (f) [dB]

@)

3.3.4 Near-end cross-talk
When measured in accordance with IEC 61156-1, the worst pair power sum
near-end cross-talk, PS NEXT, of any pair in the frequency range indicated in
Table 6 shall be equal to or greater than the value obtained ion (5)
using the corresponding value of PS NEXT(1) given in Tab
PS NEXT(f) =PS NEXT(1) - 15xlog,, (f) ®)
Where:
Table 6 NN\ XE
Cable designation Frequency rar}ge,@rH{] \ \\ES)\IEXTU) [dB]
Category 5e 4 —/’1’25 \ 62,3
Category 6 }\—\QSQ/ N 72,3
Category 7 A4 —>660( ( ) r 99,4
For Category 5e cables, the frequ range has been extended by 25 % to
125 MHz. Values above 100 a r information only and are givgn in
brackets.
The values g information only. For those frequericies
where the.calculate luengRS NEXT is greater than 75 dB, the requirement
shall be@jB
N\ \_ ) Table 7
'\ N PS NEXT [dB]
Fre ue\w Cable Designation
(r&\m Sategory 5e Category 6 Category|7
NEERNS 62 72 75
>N X0 [\ 53 63 75
N ) 47 57 75
16\ 44 54 75
20~ ) 43 53 75
31,25 40 50 75
62,5 35 45 72
100 32 42 69
25 BT T 68
200 38 65
250 36 63
300 62
600 58
The minimum pair-to-pair NEXT for any pair combination shall be at least 3 dB
better than the PS NEXT for any pair.
3.3.5 Far-end cross-talk

When measured in accordance with IEC 61156-1, the worst pair power sum equal
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level far-end cross-talk, PS EL FEXT, of any pair in the frequency range indicated
in Table 8 shall be equal to or greater than the value obtained from equation (6)
using the corresponding value of the PS EL FEXT(1) given in Table 8.

PS EL FEXT(f) =PS EL FEXT(1) — 20%log,, (f) [dB for100m] ©)
Where:
Table 8
Cable designation Frequency range [MHZz] PS EL FEXT(1) [dB for 100 m]
Category 5e =125 6T1,0
Category 6 4 - 250 [ \65\,0
Category 7 4 -600 ( N 8@}Q(f.‘f\s\.)
For Category 5e cables, the frequency range has been extended by.25 %o to
125 MHz. Values above 100 MHz are for informati given in
brackets
The values given in Table 9 are for infofmati Fox those frequericies
where the calculated value of PS [ r than 75 dB,| the
requirement shall be 75 dB. <<E%
<\ Jab
P\/S_\EL\R@(\ \s@ for400Mm |
Frequency G@ble designation
(MHz) Cat\e\gor\@e\\ Category 6 Category 7
1 N ( N 65 75
N N 4‘9\\/ 53 68
PN ST % G
16> < IS 41 56
20 O\ 3B 39 54
3125 731 35 50
62,5\ 25 29 44
AR > 21 25 40
N\ BN\ 19 23 38
\\20Q ) 19 34
250 \ 17 32
300, 30
600 24

The minimum pair-to-pair EL FEXT for any pair combination shall be at least
3 dB better than the PS EL FEXT for any pair.
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3.3.6 Characteristic impedance

3.3.6.1 Open/short circuit impedance (Input impedance)

The magnitude of the input impedance, when measured in a swept frequency
mode (open- short-circuit method per 3.3.6.2.2 of IEC 61156-1) over the
frequency range from 4 MHz to the maximum referenced frequency shall meet

the requirements given in Table 10.

Table 10
Inn it mnnrlnnnn O]
L SACATLLLLY SASACASLILACA I ML |
Frequency Range Cable designation
[MHZ] Category 5e Category 6 ( Category 7

4-100 N+t 15 N+15 . { | (O N+15
100 - 250 N+22 \ N % 22
200 - 600 N#25

N = Nominal impedance

Xquired

Measurement of input impedance is not rg
impedance of 3.3.8.2 is measured.

3.3.6.2 Function fitted impedance : mpedance

\
2O\

when theumeé&an characte

ristic

When measured in 3.3.6.3, 3.3.6.3/3.3.6.2.3| or
3.3.6.3/3.3.6.2.3-5 of IEC 6115¢ shall
be within £ 5% ¢
3.3.7 Return loss
When rr@ J turn
loss of an fo or
greater
Table 11
Q \Qa‘EQe\atebgry Frequency range [ MHz | Return loss [ dB|]
N\ \@\/ 4-10 20,0 + 5,0 xlogyo [f)
A 10 - 20 25,0
Category 5e 20-125 25,0 — 7,0xlogqo (f{20)
Category 6 and Category 7 20 - 250 25,0 — 7,0xlogyq ({20)
Category 7 250 - 600 (f.f.s) 25,0 — 7,0xlogqo (f/20) (f.f.s)

For Category 5e cables, the frequency range has been extended by 25 % to

125 MHz. Values above 100 MHz are for information only.

3.3.8 Screening attenuation

Two grades of performance are recognised for screening attenuation. Screening
attenuation is a part of the coupling attenuation. When measured separately,
using the absorbing clamp method, the screening attenuation for cables
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containing a screen in the frequency range from 30,0 MHz to the maximum
referenced frequency shall be equal to or greater than the values indicated

below:

For Grade 1 cables: = 60 dB
For Grade 2 cables: = 40 dB

There are no requirements for unscreened cables.

cable.

3.3.10.1 Cross-talk in hybrid bundled cables

CUUP“IIH attclluat;un
Three types of performance are recognised for couplin hen
measured using the absorbing clamp method, the coupling attenuatian in the
frequency range from f=30,0 MHz to the maximum re shall
be equal to or greater than the values indicated in
Table 12 X2
Coupling attenuation Frequency ra e éou\sgﬁg/attenuation [dB]

Type [MHz]

Type | 30 - > 85,0
%\o\s{& :ﬁ k )\2/85,0 — 20 x logyo (f1100)
referen frequen

Type I 30 1 > 55,0

t(g;)rﬁs\y > 55,0 — 20 x logso (f[100)
7\ "re{ frequency
Type Ul N > 40,0
x{\ toth \e~m/aX|mum > 40,0 — 20 x logyo ( f1100 )
AN erenced frequency
10 Cross-talk bundledc
also referred to as speed-wrap, whip or loomed cables.
hles arean assembly of several individual cables. Crossttalk
| cables comprising a bundled cable is only a consideratiop for
cable designs
Forthese cables the power sum cross-talk (both PS NEXT and PS EL FEX]I) of
any pair in one cable due to all disturbing pairs in the surrounding cables shall
' = ' imdividual

Hybrid bundled cables are defined as bundled cables containing several

individual cables of different categories.

In this case the power sum cross-talk

(PS NEXT and PS EL FEXT) of any pair in a cable of a specified category shall
be 5 dB better than the power sum cross-talk for the specified category of the
cable. The power sum cross-talk is defined as the total power coupled from all
disturbing pairs in the surrounding and/or adjacent cables into the pair under



https://iecnorm.com/api/?name=81746249a9baa956d37731201a4f82c2

Copyright © 2001, IEC -13-

consideration.

3.3.11 Alien cross-talk

Alien cross-talk is only a consideration for unscreened cables. Alien cross-talk
is the combined capacitive and inductive cross-talk coupling from neighboring
cables into the cable under consideration. The neighboring cables may be used
for data communication under the same protocol or for entirely different
protocols. The alien cross-talk is, therefore, statistical in nature, and cannot be

compensated-for—Fhe-installation-ef these-cables-in-opentrays-oer-dusctsreqiires

i il A ~ Ll d i e dd el hd hab Ad b ]
an additional cross-talk margin in order to guarantee s ient cressttalk
isolation. As the cables in the tray or duct are not as systg laid up as
in bundled cables, the required cross-talk margin is lowekthan the-power sum
cross-talk margin for bundled cables.
For any application where the cables are installeg itional
power sum cross-talk margin (for PS NEXT and lired
to compensate for alien cross-talk.

3.4 | Mechanical and dimensional charg

3.4.1 Dimensional requirement
The maximum cable diameter s er of
insulation, the i [ erall
diameter of the vant

Ng:

3.4.2

3.4.3

3.4.4 Elongation.at break of the sheath
The minimum value of the elongation at break of the sheath shall be 100 %.

3.4.5 Tensile strength of the sheath
The minimum tensile strength of the sheath shall be 9 MPa.

3.4.6 Crush test of the cable

The crush test of the cable is not specified but may be indicated in the relevant

detail specification. If specified, the minimum force shall be 1000 N.
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Impact test of the cable

IEC

The impact test of the cable is not specified but may be indicated in the relevant

detail specification.

Bending under tension

The bending under tension test of the cable is not specified but may be indicated

in the relevant detail specification (Under consideration).

3.4/9

3.5

3.5.1

Tensile performance of the cable

The tensile strength of the cable is not specified but ma ' ed in the

relevant detail specification.
During installation, the value of the pulling force sha XCO per
Environmental characteristics

Shrinkage of insulation

pair.

he'sh age of the insulation shdll be

Om both ends.

e sample shall be 150 mm, and the

Ne insulated conductor shall be carried out at -20 °C + 2 °C.
hall be 6 mm. There shall be no cracks in the insulation.

The-ageingfegime shall be 7 days at 100 °C + 2 °C. The elongation shal
be‘less than 50 % of the unaged value.

| not
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3.5.5 Tensile strength of the sheath after ageing

The ageing regime shall be 7 days at 100 °C £ 2 °C. The tensile strength shall

not be less than 70 % of the unaged value.

3.5.6 Sheath pressure test at high temperature

Not applicable.

3.5.F€otdbend-testof-th bi
aJa L VI UIIT LAdVIT

3.5.

3.5.4

3.5.

3.5.

3.5.

The bending test shall be carried out at -20 °C £ 2 °C. The
shall be eight times the overall diameter of the cable. The
in the sheath.

Heat shock test

Not applicable

If required b
the test shall be performed in accordance with the generic specification.

local regulations and indicated in the relevant detail specificalt

eter
hcks

on,

on,

on,

on,

3.5.13 Toxic gas emission

Under consideration

3.5.14 Combined flame and smoke test

4

Under consideration

Introduction to the blank detail specification
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The blank detail specification for cables described in this standard is published
as IEC 61156-5-1 and should be used to identify a specific product.

When completing the detail specification, the following information shall be
supplied:

Conductor size;
Number of elements;
Cable construction details;

Cataacorns (BEa 6B 7\ to daceriba hacic narformanca raatiiramaente:
0-GeSGHPDe-BaSIcPeHoHRaRGeTFegUHe e ts;

oot goTry(OCTo 1t

Nominal impedance of the cable;
Flammability requirements.

@%

2 el

a
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Annex A
(Informative)

Cable performance at temperatures higher than 20 °C

In order to ensure compliance of the horizontal cable with the requirements of this
specification at temperatures greater than 20 °C, either a cable with a lower
attenuation should be used or the maximum channel length should be decreased.
The channel performance is outlined in ISO/IEC 11801 (2001) for a temperature of

considered.

(2001).

Here attenuation improve
attenuation improvement of
temperature.

calculati
at 20 °C. Ed

or the Figures A-1 and A-2.

Qcableatzooc — @ X \/fRef. +b X foo + %/— [dB/100m]
fRef.

20—~CHere only the Tequiredattenuation improverment of the forizontat table is

imits.
d for

b the
801

vhich indicate the required
in order to compensatg for

The required attepdation impro\ ave been calculated based uponp the
channel model of ISO/I& the temperatures indicated and for four
temperatures o : e~ alculations are based upon the attenugtion
at the maximum referencedNrequency for the different categories (see 1.1). [The

chafnel length according to ISO/IEC 11801 (2001)
8 equation (A1-7) may be used in conjunction with the

of the cable at the reference temperature of 20 °C we have:

(A1)

We have for the insertion loss of the channel:

A channetatzocc. = (1+ 01X D) X O ppeazooc 4 X Agonn, X \/f Ref. [dB/100m]

o =(1401xD w/fe+bfe+°/—H
O channelatzoc = ( X )x%x Ref. XT Ret. /f Ref.H
+4XaConn.x‘\/f Ref.

[dB/100m]
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Where:

OCable at 20°C = is the attenuation of the cable at 20 °C and at
the maximum referenced frequency

O Channel at 20°C = is the insertion loss of the channel at 20 °C and at
the maximum referenced frequency

O conn. - is the insertion loss of the connectors in the
channel (see 6.5.5 of ISO/IEC 11801 (2001); equals
0,04 for class D and 0,02 fo S d F
channels)

fref. - is the maximum referenced see

1.1 of IEC 61156-5)

ar for patch cg

able

bles

3, (either 20 or 5D %.

e horizontal cable with

A3
pect
 the

o Channel Temp. = 0’9 xa Cableat20°C X (1 + AThoriz,cable X 6horiz,cable)
[ \
T U7| x ( I+ U) xa Cableat20°C X \I REA Ipatch cable X 'Upatch cable) (A_S)
+ 4 XaConn. X \[fRef.
Where:
OChannel Temp. - is the insertion loss of the channel at an elevated

temperature of the cables and at the maxim
referenced frequency

um
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Temperature coefficient of attenuation increase of
the horizontal cable in [ % /°C ]

Temperature coefficient of attenuation increase of
the patch cable in [ % /°C ]

6horiz. cable -

19patch cable -

For the required attenuation improvement factor, which is required if the
horizontal cable and the patch cable are exposed to higher temperatures than

20 °C, we obtain then:

_ 0’9 xa Cableat20°C X (G Channel Temp. - a Channelat20°C ) x 100

K= (A6)
0’9 xa Cableat20°C
Hence we get for the required attenuation of the horiz it elevated
temperatures of both the horizontal and the patch’ Cs [ s ation
improvement factor of equation (A-6):
_ Kxd Cableat20°C (fRef. )
a Cable Temp. (fRef. ) - 100 (’6‘_7)

Where:

Ocable Temp.(fRef.) ehuation of the cable required

vated temperature of the caples
at the maximum referenced frequency
specified attenuation of the cable at 20 °C

due to humidity is also to be considered, then the eqyation

lation can also take a temperature coefficient for the insgrtion
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Table A-1: Attenuation improvement factors, if the specified cables are used
at temperatures higher than 20 °C

Required Attenuation Improvement Factor [ % ]
Cat. 5e UTP Cat. 5e FTP/STP
Cat. 6 UTP Cat. 6 FTP/STP
Cat. 7 STP
Horizontal Patch Cable Attenuation De-rating
cable 20% | 50%
temp. Temperature of Patch Cord in °C
°C 20 25 30 35 20 25 30 35
20 100,0 99,6 99,2 96,8 100,0 99,7 D9,0
22 99,2 98,8 98,4 98,0 99,6 D8,6
24 98,4 98,0 97,6 97,2 99,2 D8,2
26 97,6 97,2 96,8 96,4 98,8 D7,8
28 96,8 96,4 96,0 95,6 98,4 D7,4
30 96,0 95,6 95,2 94,8 98, 7,0
32 95,2 94,8 94,4 94,0 D6,6
34 94,4 94,0 93,6 93,2 7,2 D6,2
36 93,6 93,2 92,8 92,4 6, D5,8
38 92,8 92,4 92,0 91(6 96 D5,4
40 92,0 91,6 91,2 7 ,0 D5,0
42 91,2 90,8 0,4 % D4,6
44 90,4 90,0 95,2 D4,2
46 89,6 89,2 D3,8
48 88,8 88,4 94,4 D3,4
50 88,0 87,6 94,0 D3,0
52 87,2 86, 93,6 D2,6
54 86,4 0 93,2 D2,2
56 85, 85,2 ( 92,8 D1,8
58 84,8 4 92,4 D1,4
60 /\84, 3, 92,0 D1,0
represent the data of Table A-1 in a graphical form
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Figure A-1 — Attenuation improvement factor for/Cate Md Category 6 UTP

with 20 % increase of attenuatioh e at@cab s relative
todhe™horizontalcables
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Figure A-2 — Attenuation improvement factor for Category 5e, Category 6 and
Category 7 FTP/STP with 50 % Increase of attenuation of the patch cables
relative to the horizontal cables
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Annex B
(Informative)

Insertion loss deviation as a result of cascading components with
differing impedance

IEC 61156-1 specifies the measurement of attenuation as an insertion loss
measurement. A concise definition of insertion loss is given for modeling
purposes. It is derived under the assumption of short transmission lines with low

and links, and- in fact for the channel itself, e

between a generator Zg and a load Z,.
following circuit diagram:

]
]
g
/'
\_Z

>

N

Figure B -1
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We have then the complex insertion loss of the transmission line, which consists
of the image attenuation, the image phase and several complex reflection loss
terms:

IL:S+O(XK+InE‘1—E+ InE‘lE— InE‘lE+ InE‘lES [Np]
U 1 2 3 4 L]

+jx(+pxr-arg(t,) -arg(t,) +arg(t,) -arg(t,)) [rad]

B1)

Corresponding to:

0 1 1
IL=ax/¢+20xlog + 20 x log
O 1 2
1 1
- 20 % Iog%—%+ 20 x Iog%—% d (B-2)
3 4

+jx(+Bxr-arg(t,) -arg(t,) +a

[dB]
|ptch

atch

J the load, if no transmission line would be
loss is inherent to generator and load,|and
thimg to do with the insertion loss of the line or the
nent, hence is has to be subtracted ?
resulting interaction loss coefficient for short
nsmission lines
is the length of transmission line in [ m ]
> image and operational attenuation in [Np / m] or [dB /|m]
phase angle, phase constant or image phase shift in [ rgd ]

NOTE 1 For junction reflections and losses the following terms and definitions are psed

faor o ninction hatwean tha imnadanca 7. and 7. -
HoaHHRGHO R 8tWe B8R+ HRPB8aa R84 +ahRa—LXo—
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Where:
P
T - reflection loss coefficient =/ 1- p* = \/_‘
P
- P
p - reflection coefficient = Zy ~ 24 _ \/_r
z,+z, P
A, - reflection loss = 20xlog,, 1| [dB]
T
A. - returnloss =RL = 20xlog,, 1‘ [dB]
p
P. - incident power
P. - reflected power
P, - through power

y forthe generator and

Z., and close to unity if |

N (X
L X e—2xy><(
Zo + ZL
complex insertion loss of the entire line:
i + In| Lot 20 |
JZoxZ, | |2x\Z,xZ_|
(B-4)

[Np]

- is the complex propagation constant

- generator impedance, generally complex

- characteristic impedance of the transmission line, generally
complex

- load impedance, generally complex
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For the complex propagation constant we have:

y=ax [[Nplor [dB]] +jxBx¢ [rad] (B-5)
Only when the following equation is satisfied:

Z.=2,=2, (B-6)

is the attenuation really measured. If the last term in equation (B-4) is neglected,
then the equation is valid only for relatively long lines, i.e. if the round trip|loss

bver,
1 the
ded

the
and

nain
the
elds

POUS
components,
transmi@
components
matrices jR

following

ded
sion
the

length of the i-th component.

Length of cascaded line:

L=3¢ m &7)
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Impedance Function :

i a +be XFm(fk)

(o s ixp)s (@ ixb) (@ +ixb,) (a +ixb) o
= (ao +t]x bo) + + +
ND fi foxfc
Where:
am - is the real part of the m-th impedance coefficient
Pm - IS the Imaginary part of the m-th impedance coefficient
F - are the consecutive frequency function e i ance
f - frequency [ Hz ]
i - current number of components in gasg
j - imaginary denominator
k - is the number of computed pa
m - number of the coefficient for the.i ction
n - total number of compone
the
from
eadily available to curve fit complex
inary
bugh
been

r all components in the chains. This function allows to estimate
inary part of the impedance based on its magnitude.

a x ff +b xf + oo
i
a, = Np/m
ik 368.839 [Np/m] B9
Where:
ai;bi;c - are the attenuation coefficients of the cable (see also

3.3.3 of IEC 61156-5 or -6)
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