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ABSTRACT



�Measurement of electrical performance of multi-wire shielded structure twisted pair (STP) and unshielded twisted pair (UTP) cables is more difficult than measurement of simple coaxial cable. Characteristic impedance of twisted - pair cable which is usually symmetrical, has values higher than 50 W, therefore impedance transformers were necessary. For accurate measurements using impedance matching transformers, deembeding technique is recommended. The transfer impedance of multi-wire shielded twisted pair (STP) cable was measured using IEC 96-1 triaxial method by a modified  test-setup.   



1. INTRODUCTION



The paper depicts some experiences gained in UTP and STP 4x2x0.6 cables characteristics measurements. The STP cable was intended for 100 Mbit/s data transmission rates. The measurements were based on the standards IEC 96-1 (1986) and IEC 1196-1-1 (1994-05) [1] referring to cable category 5 (for STP). Cable attenuation and near-end crosstalk attenuation  were measured in frequency range 10 to 100 MHz for STP and UTP samples. Discrete frequencies of 1; 5; 10; 16; 20 and 30 MHz were used for cable transfer resistance measurements.



2. MEASUREMENTS - GENERAL DESCRIPTION



The inspected  STP and UTP cables were of a symmetrical structure and characteristic impedance 100 W. Therefore a broadband transformer was needed for 1:2 impedance transformation and non-symmetrical to symmetrical system coupling. Two transformers were designed: for 10-50 MHz and for 50-100 MHz in order to minimize the return loss impact on the measurements results.  Fig.1 depicts the reflection at the transformers Tr.1 and  Tr.2  input port in the  10 - 50 MHz frequency range. Both transformers were symmetrically loaded with 2 X 50 W.

�� EMBED Word.Picture.6  ���Figure � SEQ Figure \* ARABIC �1�.  Reflection coefficient of transformers input port



3. CABLE TRANSFER IMPEDANCE MEASUREMENT



This report presents the triple coaxial  setup used for the cable transfer impedance measurement. The screen (shield) of the  STP cable  is made of two polyester - aluminium foil strips wrapped in the same direction over the conductor twisted pairs. The cable screen conductor (i.e. its outer part) formed the inner conductor of an energized coaxial system. The cable was put in a metal tube, a diameter of which depends on the cable outer diameter and the requirement to form the 50 W system with the cable screen as the inner conductor. Fig. 2 displays the respective measuring system in principle. 

�

�� EMBED Word.Picture.6  ���

Figure � SEQ Figure \* ARABIC �2�.  Arrangement for ZT measurement





�Two measuring methods generally applied, differ in the cable excitation mode.  In one of them the signal is fed through the interconnected resistance to the cable inner conductors which are short circuited (ZG1). The resistance should be equal to about 1.4 times the value of the outer system characteristic impedance [1]. In the other measuring method all the inner conductors are short circuited to the cable screen conductor. This method was found suitable when the measuring system is of low sensitivity and it was selected for the experiment. The transfer impedance can be calculated from the following equation: 



� EMBED Equation.2  ���



	ZT  transfer impedance [W],

	Z1  characteristic impedance of the outer system [W],

	l1  the electrical wavelength in the outer system [m],

	U1  the measured input voltage [V],

	U2  the voltage between the inner conductor and common ground (screen) [V], 

 F"  the factor depending on the cable length.



The cable, which is used as the inner conductor, is not to be longer than  0.35 l. If the cable is shorter than 0.05 l, no terminating resistance (ZL) is needed for measurements. The factor F" value equals unity no matter which type of the voltmeter is used for voltage measurements. In the measuring sample design the triple coaxial system dimensions, which ensure the outer 

system characteristic impedance of 50 W, had to be found. The coaxial line characteristic impedance is calculated from:



� EMBED Equation.2  ���





where d is the inner conductor diameter, b the outer conductor diameter, e  the permittivity and m  permeability. The cable under test must be centred to obtain the uniform characteristic impedance. Teflon (PTFE) rings were mounted every 60 mm for that purpose. The coaxial structure dimensions were corrected on the basis of the average dielectric constant that follows from:



� EMBED Equation.2  ���



where er’ denotes the average permittivity, er1 the dielectric rings permittivity, er0 air (vacuum) permittivity, l the length between rings, l1 the ring width. The average permittivity of the experimental model was er’=1,1833 and it was used for the electric wavelengths corrections. The characteristic impedance of 52.71 W was obtained by the test-setup dimensions b=13.0 mm and d=5mm (without outer PVC jacket). This impedance value produces the acceptable return loss of 31.57 dB (reflection coefficient: 0.026). The tested structure was made of brass rings of  0.64 m max. length (Fig.3). This test-setup can easily be adapted  to different lengths of the cable under test.

�

� EMBED Word.Picture.6  ���

Figure � SEQ Figure \* ARABIC �3�.  Testing arrangement

					



� EMBED Word.Picture.6  ���

Figure � SEQ Figure \* ARABIC �4�.  Transfer impedance setup blockdiagram





����� EMBED MSGraph  ��� Figure � SEQ Figure \* ARABIC �5�.  Measurement data







A vector voltmeter was used as measuring instrumentation (Fig.4). Transmission line input voltage 

was measured by the probe A. The sample under test represented the inductive transmission line with short circuit termination. To avoid the reactive load  (short circuit) impact on the generator, a 10 dB attenuator was interconnected between the generator and the probe A. The quality of the connections in the tested sample and the cable screen connection to the outer tube was tested by a network analyzer. When good enough the short circuit stub characteristics will be displayed on the network analyzer. The 0.64 m sample fulfilled the requirement of homogeneous field distribution in the constructed structure. Transfer impedance for each inner conductor (marked with different colour) of the cable is presented in the logarithmic scale (Fig.5). Note that the transfer impedance function slope changes above 30 MHz due to the measuring system resonant behaviour at 60 MHz caused by the probe B capacitance and  shorted stub inductance. 

4. CONCLUSIONS 



The accuracy of the symmetrical cable parameters measurements depends on the design of the coupling network used for impedance transformation. By accurate transformer scattering parameter determination, the factor for the corrections can be found using the error matrix method. At 30 MHz the tested sample was 0.069 l long. Although this dimension exceed the limits, the correction function value did not much differ from unity. Fig.5 depicts transfer impedance increase of approximately 10 dB/dec.  and the strong frequency dependence of ZT near the resonance frequency of 60 MHz  (approximately 20 dB/dec.). For transfer impedance measurements above 30 MHz a cable sample must be shortened to avoid resonance problems. The  sensitivity decreases at lower frequencies.
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