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ME1400 EMI and EMC
Lab 8
Transfer Impedance Measurement
This courseware product contains scholarly and technical information and is protected by copyright laws and international treaties. No part of this publication may be reproduced by any means, be it transmitted, transcribed, photocopied, stored in a retrieval system, or translated into any language in any form, without the prior written permission of Acehub Vista Sdn. Bhd.  

The use of the courseware product and all other products developed and/or distributed by Acehub Vista Sdn. Bhd. are subject to the applicable License Agreement. 

For further information, see the Courseware Product License Agreement.
Objectives
i) To measure the transfer impedance of a coaxial cable as a function of frequency
ii) To understand the importance of transfer impedance as a gauge of the shielding capability of a cable
Equipment Required

i) Agilent N9912A FieldFox RF Analyzer
ii) ME1400 EMI Source Module
iii) Agilent DSO1022A/DSO6032A/DSO7032A Oscilloscope.

iv) Function generator (Optional)
Accessories Required

i) ME1400 Transmission Line Module

ii) 1 x N(m)-to-SMA(f) adapter

iii) 1 x SMA(m)-to-SMA(m) coaxial cable, 1 m 
iv) 1 x SMA(m)-to-SMA(m) coaxial cable, 0.18 m
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1. Introduction
A cable shield is typically a piece of conductor that encloses the cable. The effectiveness of the shield in isolating the cable from external electromagnetic fields is related to a property known as the Transfer Impedance (ZT). In this lab, we will focus on the measurement of transfer impedance on a coaxial cable. The smaller the value of the transfer impedance, the more effective is the shield. Refer to the Appendix in this lab for further information on transfer impedance. A good shield usually has transfer impedance in the region of milliohms. The transfer impedance is measured by forcing a known AC electrical current to flow on the shield. The distribution of the current within the shield conductor will be dictated by the Skin Effect, in which the current density will be the highest at the outer surface of the shield conductor, with the current density generally decreasing exponentially into the conductor. If the shield conductor is not thick enough, an electric potential will be present in the longitudinal direction along the interior of the shield conductor. The transfer impedance is defined as the ratio of this potential difference over the current per unit length.
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Figure 1 – Definition of Transfer Impedance
We can consider the current on the shield to be induced by an external electromagnetic field, hence we call this current IEMI. Note that the value of ZT is actually a complex number and is dependent on frequency, since we are talking about AC voltage and current. A setup as shown in Figure 2 below can be used to measure the electric potential along the interior surface of the shield. This is the schematic of the Transfer Impedance Measurement setup on ME1400 Transmission Line Module. Note that this setup will only yield an approximate value for the transfer impedance, and is restricted to a frequency less than 
50 MHz. Beyond 50 MHz, the transmission line property of the cable will affect the accuracy of the result.  In a proper transfer impedance measurement setup, the GND plane is actually a cylinder sharing the same center axis as the cable conductor and shield. This will ensure uniform current distribution along the perimeter of the shield conductor. A proper and standardized method for measuring transfer impedance can be found in the IEC 62153-4 and EN 50289-1-6 publication.
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Figure 2 – Experimental Setup for Transfer Impedance Measurement
2. Measuring Transfer Impedance at 10 MHz
1. To measure transfer impedance, we need a sinusoidal signal source to induce current in the shield conductor of the cable. You can use a benchtop function generator, or you can also use the 10 MHz Sine Wave Oscillator on the ME1400 EMI Source Board. Assuming we are using the 10 MHz Sine Wave Oscillator on the EMI Source Board. The N9912A FieldFox RF Analyzer (RFA) will be used to measure the magnitude of the voltage induced in the interior of the shield.  
2. Set up the equipment as shown in Figure 3. Connect the output of the 10 MHz Sine Wave Oscillator to the transfer impedance measurement fixture via a coaxial cable. The other end of the test fixture is connected to the RF In port of the N9912A with a very short cable.

Figure 3 – Equipment Setup
IMPORTANT:

Excessive input power levels can damage the RF analyzer. The threshold for damage is different for various models. The INPUT setting can be as low as 20 dBm (0.1 W or 3.2 V* in a 50 Ω load). OBSERVE the caution notice on the front panel of the equipment. For the N9912A, the input power threshold is 
+27 dBm and 50 VDC.
*Note: We are referring to the time-averaged power,
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3. Power up the RFA and set it to the Spectrum Analyzer (SA) mode. Here, we are interested in the frequency range of 2 MHz to 50 MHz.
N9912A FieldFox Settings:

Mode

: SA

Start Frequency
: 2 MHz

Stop Frequency
: 50 MHz


[image: image3]
4. Turn on the 10 MHz Sine Wave Oscillator. Now, we need to measure the current magnitude flowing within the shield. Since we are dealing with AC current, the simplest way to estimate this current is to measure the voltage drop across feed resistor R9, 50Ω (resistor on the Transmission Line Module), then divide by the value of R9.  
5. Power up the DSO, measure the peak-to-peak voltage on two ends of R9 as shown inFigure 4  and Figure 5
.  Note that the voltage on the right of R9 is very small; if the DSO cannot register the peak-to-peak value, we can safely assume it to be zero.

[image: image4.jpg]


      [image: image5.jpg]



Figure 4 – Left of R9



Figure 5 – Right of R9
6. Figure 6 and Figure 7 show the measurement results for the left and right of R9.
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Figure 6 – Measurement at Left of R9
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Figure 7 – Measurement at Right of R9

7. Read the instantaneous power captured on the RFA. The reading should be in dBm, so we need to convert this into voltage magnitude. Note that: 
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 is the instantaneous power captured by the RFA.
8. Finally, estimate the MAGNITUDE of transfer impedance ZT from:
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where I is the current across resistor R9 and L is the length of the transmission line.

[image: image11]
Optional
9. If you have a function generator that can produce a sine wave of up to 50 MHz, repeat steps 4 to 7 for frequency = 15 MHz, 20 MHz, 25 MHz, …, 50 MHz.
10. Plot the magnitude of the transfer impedance vs. frequency.
3. Discussions
1. What is the value of the measured transfer impedance ZT?
2. Theoretically, does the transfer impedance increase or decrease with frequency?
3. What is the expected value of ZT at DC?
4. Can we use an oscilloscope to measure the voltage at the far end instead of a spectrum analyzer? Explain why this is usually not possible.
Appendix – Transfer Impedance and Shielding Effectiveness
A general transmit and receive system connected by a cable is shown in Figure A 1. Assuming the voltage source in the transmitter is an AC source, thus the electric current that flow in the signal conductor and shield is also AC. The current does not flow uniformly across the signal and shield conductors, but rather concentrated on the inner surface on the shield conductor. This is due to Skin Effect, and also the need for the energy (the energy stored in the electric and magnetic fields) of the system to be minimized. Generally, the higher the frequency, the more concentrated is the current density on the conductor surface.  Let us call this current the Signal Loop.
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Figure A 1 – General Transmit and Receive System Connected by a Coaxial Cable
If an external interference source is present, another electrical current (IEMI) can be induced on the shield (for instance, due to the potential difference between the GND on the TX and RX). Again, by virtue of Skin Effect, this current will concentrate on the outer surface of the shield conductor. If the shield is not thick enough, a substantial portion of IEMI will be coupled to the Signal Loop (Figure A 2). This coupling is quite similar to a common-impedance coupling mechanism, in that there is an additional voltage drop across the inner surface of the shield. This can be modeled as shown in Figure A 3.
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Figure A 2 – Coupling Between the Signal Current And Noise Current
This noise voltage VN magnitude is proportional to the magnitude of IEMI and the length of the shield conductor. The proportional coefficient is known as the Transfer Impedance ZT. Thus we see that larger value of ZT results in larger noise voltage VN (for the same external induced current), causing larger noise to be picked up at the receiver RX. For the shield to be effective, ZT should be as small as possible.  Finally, take note that ZT is frequency-dependent, and theoretically, ZT decreases with frequency because the Skin Depth becomes smaller as frequency increases. However in a practical cable, the shield is not a solid conductor, but rather consists of many fine copper wires weaved together forming a braid. Usually for a practical cable, transfer impedance ZT will increase after the initial drop with frequency. The subsequent increase is due to electromagnetic field distortion by the holes and weave of the braid.
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Figure A 3 – Equivalent Electrical Circuit Model when the Noise Current Flows on the Shield Conductor
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DATA RECORDING:





Power shown in RFA, PdBm = _______ dBm





In voltage magnitude, V = _______ V





Transfer Impedance, ZT = _______ Ω/m

















DATA RECORDING:





Voltage magnitude at the left of R9 = VL = _______ V





Voltage magnitude at the right of R9 = VR = _______ V





Voltage drop at R9 = VL – VR = _______ V





Current, I9 = _______ mA
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N9912A Setting: “[ ]”: Hardkey (The keypad on the instrument)


		  “{}: Softkey (The keys underneath the display)





Preset to default settings: [Preset] > {Preset}





Set to NA mode: [Mode] > {SA} 





Set Start frequency to 2 MHz: [Freq/Dist] > {Start} > [2] > {MHz}





Set Stop frequency to 50 MHz: [Freq/Dist] > {Stop} > [50] > {MHZ}











Note the vertical scale and the automatic measure function
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WARNING:





When probing an active PCB such as this hardware kit with an oscilloscope, excessive radiation can result due to the probe and cables, which act as antennas. Only perform this experiment in a laboratory environment without the presence of any sensitive instruments. If this hardware kit does cause harmful interference to radio or television reception, which can be determined by turning the hardware kit off and on, try correcting the interference by performing one or more of the following actions:





Reorient or relocate the receiver unit


Increase the separation between the hardware kit and the receiver unit


Connect the hardware kit into an outlet on a different electrical circuit from the receiver unit





If none of the above works, turn off the hardware kit and consult the dealer or/and an experienced radio/TV technician for assistance.
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