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Abstract. Near-end Crosstalk (NEXT) and Far-end
Crosstalk (FEXT) of unshielded twisted pair (UTP) cable
are the main factors limiting the information capacity in
data transmission. Crosstalk depends mostly on the
frequency. Frequency dependent transfer functions and
crosstalk attenuation may be obtained by measurement, but
for the analytical description of the transmission channel's
parameters is useful to define functions modelling the
crosstalk. The paper describes the measuring facility,
presents the measured waveforms and the values of model
parameters.
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1. Introduction

Twisted pairs are used in access networks for Digital
Subscriber Line (xDSL) and local networks LAN. Standard
TIA/EIA-568-B is used for deployment of UTP cable for
high-speed LANs. This standard standardizes testing
methods for UTP cable. The crosstalk may be obtained by
measurement but for purpose of fundamental characteristics
model is useful to define functions that model the crosstalk
of UTP cable. Standard TIA/EIA-568-B describes the
permissible limit values which must not be exceeded at any
frequency. The specific model of transmission parameters
is necessary for realistic simulation of information capacity
because the model based on limiting values would give too
much pessimistic results.

2. Theory

The crosstalk is emerged from unbalanced capacitive
and inductive character of two conductors of each UTP
cable pair. The crosstalk is a major source of interference
(noise) and it reduces the achievable data rate. Limitations
of the crosstalk are achieved by varying degrees of twisting
in the cable pairs [4]. A higher categories UTP cable
requires a greater density of torsion to eliminate the
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crosstalk at higher frequencies. Electronic crosstalk
cancellation is used for system with high data rate (1 Gbps).

2.1 Near-end Crosstalk (NEXT)

Near-end Crosstalk (NEXT) occurs as a result of
transmission of signals from transmitter to other pairs of
UTP cable. The receiver is located at the same end line as
transmitter (fig. 1). NEXT is determined by share of
voltage amplitude of the test signal in disturbing pair and
voltage amplitude of the parasitic signal measured in
disturbed pair at the same end line. NEXT is given by [1],

[5]:
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where |Hyexr|® is power transfer function and Kyexr is
parameter (crosstalk) depending on the type of cable.

2.2 Far-end Crosstalk (FEXT)

Far-end Crosstalk (FEXT) occurs as a result of
transmission of signals from transmitter to other pairs of
UTP cable. The receiver is located at the other end of the
line than transmitter (fig. 1). FEXT is determined by share
of voltage amplitude of the test signal in disturbing pair and
voltage amplitude of the parasitic signal measured in
disturbed pair at the other end of the line. FEXT is given by

[1], [5]:
’HFEXT‘ZZKFEXT ’ fz I"H(f)|2 (2)

where |Heext]* is power transfer function, Keexr is
parameter depending on the type of cable and | is the length
of UTP cable in meters.
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Fig. 1 The crosstalk type NEXT and FEXT between pairs of
the same cable.
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2.3 Method of Crosstalk Measurement

The crosstalk measurement uses two North Hill
032BF baluns which acts as an internal measuring bridge
between asymmetrical 50 Q and symmetrical 100 Q.
Baluns work with frequencies from 0.1MHz to 100MHz.

Blocks diagrams are depicted in fig. 2 and fig. 3 for
measure NEXT and FEXT crosstalk, respectively. This
method is based on obtaining of the forward transmission
coefficient (S21 parameter) between disturbing pair and
disturbed pair in receiving direction at the North Hill
032BF balun in frequency range from IMHz to 100MHz.
Disturbing pair of UTP cable is terminated by adapted
impedance.

adapted
——— — — - 50/100 Q impedance
ZVRE | disturbing pair
. S Pl balun| A
' : g = NEXT
! : unbalance °32BH
I -
| IR le 0Q balun disturbed pair
X -
I P2 032BF
_____ - 50/100 Q
Fig. 2 Block diagram with measuring NEXT crosstalk.
adapted
——— — — - 50/100 Q impedance
ZVRE | disturbing pair
. S Pl Jbalun|
' : - > |>—FENT
! | unbalance °32BH
! 50Q disturbed pair
I | Rx le balun|
I P2 032BF
_____ - 50/100 Q

Fig. 3 Block diagram with measuring FEXT crosstalk.

2.4 Measuring Workplace

The measurement facility which allows automatic
measurement was designed and realized at the Department
of Telecommunications of Faculty of electrical engineering
of CTU in Prague. This facility is depicted in fig. 4.

The facility consists of:

e Vector Network Analyser ZVRE firm RHODE
& SCHWARZ.

e Agilent 3499B 2-Slot Switch/Control Mainframe.

o 2x Agilent 44478A Dual 1x4 RF Multiplexer
Module (1,3GHz, 50 Ohm). Dual 1-to-4
multiplexers provide bi-directional switching of
signals from DC to 1,3GHz.

e Baluns 032BF firm North Hill with the frequency
bandwidth from 100kHz to 100MHz.

e 50 Q connecting coaxial lines.

© 2010 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING

e Measured UTP CATS5e cable (in our experiment

length 290 meters).
ZVRE
RHODE & SCHWARZ
Pl P2
500 500 | 3499B
I " |44478A" — T T T T T 444T8A
| io Soool |
I 000 000 |
I o 3 0 3
S — T S N R —
50Q 500
unbalance baluns unbalance
A J A A,
AL 0 A
100 Q 100 Q2
balance ;E) UTP CATS5e _E balance

Fig. 4 Block diagram of measuring facility of the Department
of Telecommunications.

The goal of the measuring facility is a faster and more
accurate measurement of the secondary parameters, input
impedance, Near-end Crosstalk (NEXT) and Far-end
Crosstalk (FEXT). Switching of RF switches and
processing of values is controlled by a computer. Switching
matrix also performs termination of unused pairs.

2.5 Crosstalk Modelling

Crosstalk modelling is based on obtaining of the crosstalk
(parameter K) from equations (1) and (2). This is a
generally random variable which depends on the type of
cable and the frequency [2]. NEXT and FEXT crosstalk
may be modelled directly by interleaved function of
measured values of power transfer function NEXT (1) and
FEXT (2) of the UTP cable. Model parameters are given by
the equations:

( Avexr (F)+15logf j
Koo =10 10 3
( Aceyr ()+20logf +10logl — A( f )j
10
Keexr =10
)

where Anext and Arexr are measured crosstalk attenuation
and A is the attenuation of the measured section of the line
(the attenuation of transmission channel).
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3. Measurement Results

Measured waveforms of NEXT crosstalk pairs 1-2, 1-
3 and 1-4 for both forward and backward direction
measurements are depicted in fig. 5. Fig. 5 depicts the
waveform of the NEXT crosstalk modelled for the above
pairs. Kyexr parameter values were identified by Matlab
from waveforms of fig. 5. Tab. 1 contains these identified
parameter values. The identified Kyexr parameters for
forward and backward direction measurements between
pairs 1 and 2 are slightly different. The differences between
Knext parameters of other pairs are much larger. The
resulting parameter of model was identified as the
arithmetic average of the partial results.

Tab.1 The values of the identified Kygxr parameters.

Pair 1-2 1-3 1-4 Average
Forward direction | 3.56E-18 | 4.03E-18 | 4.56E-18 3 38E-18
Backward direction | 3.57E-18 2.86E-18 1.67E-18 )
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Fig.5. Waveforms of the NEXT crosstalk for forward and
backward direction measurements.

The measured and modelled waveforms of FEXT
crosstalk for the above pairs of forward and backward
direction measurements are depicted in fig. 6. Kgexr
parameter values were identified by Matlab from
waveforms of fig. 6. Tab. 2 contains these identified
parameter values. The identified Krgxr parameters for
forward and backward direction measurements are
different.

Tab. 2 The values of the identified Kggxt parameters.

Pair 1-2 1-3 1-4 Average
Forward direction | 2.67E-22 | 9.34E-23 5.90E-22 3.03E-22
Backward direction | 2.42E-22 1.19E-22 5.04E-22 )
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Fig.6 Waveforms of the FEXT crosstalk for forward and
backward direction measurements.

4. Conclusion

This article describes methods for measuring of the
Near-end Crosstalk (NEXT) and Far-end Crosstalk (FEXT)
with using automatic measurement facility controlled by a
computer. Such measuring facility can provide a measured
waveforms and subsequent mathematical analysis. The
measured values of NEXT and FEXT crosstalk of UTP
cable and modelled crosstalk parameters will be used for
update the existing parameters in the xDSL Simulator on
Matlab Web Server, which is used to evaluate the
fundamental characteristics and information capacity of
metallic cables.
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