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ME1400 EMI and EMC
Lab 3
Controlling Crosstalk: Frequency-Domain Perspective
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 crosstalk in the frequency domain 
ii) To investigate the factors affecting the crosstalk level
Equipment Required
i) Agilent Technologies N9912A FieldFox RF Analyzer, 4 GHz [with option 104, 110, 230, 303]
ii) ME1400 EMI Source Module
Accessories Required

i) ME1400 Transmission Line Module

ii) Termination Board

iii) 1 x 50 Ω Terminator, SMA(m)
iv) 2 x N(m)-to-SMA(f) adapter
v) 1 x SMA jack-to-jack adapter

vi) 2 x SMA(m)-to-SMA(m) coaxial cable
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1. Introduction
Electronic devices emit electromagnetic radiation when operating. This electromagnetic radiation can induce voltages and currents in nearby circuits. When the intensity of the electromagnetic field is sufficiently strong, the induced voltages and currents can potentially disrupt the operation of other electronic systems, resulting in interference. The electromagnetic fields generated by electronic devices can be classified as near field and radiating field. Considering sinusoidal currents with a frequency of fo flowing in an electronic device, the electric and magnetic fields due to the currents will also ‘fluctuate’ at a rate of fo. At a sufficient distance from the source, the alternating electric and magnetic fields become self-regenerating (by virtue of Maxwell’s Equations) and propagate away into free space, becoming an electromagnetic wave. The propagation velocity, v of the electromagnetic wave depends on the permittivity, ( and the permeability, ( of the space surrounding the electronic device. We can work out the wavelength, ( of this electromagnetic wave based on the frequency, fo and propagation velocity of the electromagnetic field. From the wavelength, (, we can classify the electromagnetic field generated by the electronic device as near field and radiating field. In the near-field zone, the electric and magnetic fields are reactive, while in the radiating field zone, the fields carry power and propagate away from the source (remember the Poynting Vector!). There are a few rules-of-thumb for distinguishing between the zones (some books also specify a transition zone), but generally we can use the half wavelength rule. At a distance less than (/2 from the electronic devices, the generated electromagnetic field is near field, and beyond that, it is considered radiating field.

In electronics, crosstalk refers to a phenomenon where an undesired signal (voltage or current) from a transmitting source creates an unwanted effect in another circuit. It is a term used to describe interference between conductors or circuits placed close to each other. Therefore, crosstalk is caused by near electric and magnetic field coupling between conductors in an electronic system. The electric field coupling between conductors can be thought of as mutual capacitance between the conductors, while the magnetic field coupling between circuit loops can be modeled as mutual inductance between the loops (Figure 1). Crosstalk is usually observed between parallel wires and copper traces on a printed circuit board (PCB).  
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Figure 1 – Near-Field Coupling Due to Electric and Magnetic Fields
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Figure 2 – Effect of Mutual Capacitance, Cm
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Figure 3 – Effect of Mutual Inductance, Lm
As shown in Figure 2 and Figure 3, unwanted voltages will be picked up at the near and far ends of the passive trace. These induced voltages are called Near-End Crosstalk (NEXT) and Far-End Crosstalk (FEXT) respectively. In this experiment, we are going to: 

· measure the level of crosstalk between parallel traces or transmission lines on a PCB.
Note:
The transmission line can be considered as a pair of conductors, consisting of the trace on the topside, and the ground plane underneath the PCB.
· investigate the physical factors that contribute to lower levels of crosstalk between PCB traces.

To measure crosstalk, we can proceed either in the frequency domain or the time domain. In the frequency domain, a sinusoidal voltage at known frequency is applied to a trace, called the active trace. Induced voltage levels at near and far ends of the adjacent trace are then measured. Usually this is expressed as a ratio between the induced voltage amplitude and the source amplitude. This is then repeated for a range of frequencies. This process indicates that we can characterize crosstalk in the frequency domain using a spectrum analyzer with a tracking generator, or using a vector network analyzer. The crosstalk ratio corresponds to the magnitude of the S21 parameter (recall the concepts of the S-parameters). In the time domain, the active trace is energized by a digital pulse of known amplitude and rise/fall time. The induced voltage waveforms on the near and far ends of the adjacent trace are then measured with an oscilloscope. Note that in both frequency and time-domain characterization, the traces have to be properly terminated with the correct impedance. Since the traces are actually transmission lines with a characteristic impedance of 50 (, both active and passive traces need to be terminated with an impedance of 50 ( at both ends. We will begin with the measurement in the frequency domain in Part 1. A simple calibration procedure to account for the effect of cables and connectors in the system setup will also be described in this part. The time-domain measurement will be continued in Part 2 (Lab 4).


2. RF Analyzer Calibration

2.1 The Need for Scalar Offset Calibration

A typical setup for a frequency-domain measurement of a device is shown in Figure 4.
 We refer to this device as the Device-Under-Test (DUT). When measuring the frequency response of a DUT, you will collect power transferred from the RF Analyzer (RFA) built-in signal generator to the RFA internal receiver via the device. To ensure that the collected data represents only the response of the DUT, and not the cables, connectors, or the losses within the sampling circuits of the measurement equipment, it is necessary to measure the total path loss of the interconnection from the equipment to the input and output terminals of the DUT. In principle, the actual effect of the DUT is the measured value minus the losses due to the interconnections on both ends of the DUT. The process of accounting for the effect of the interconnection during measurement is called “Calibration”. Since we are only interested in power measurement, the calibration process described here is known as “Scalar Offset Calibration”, and is usually performed at various frequencies of interest.


Figure 4 – Setup for Scalar Offset Calibration of Cables, Connectors, and Any PCB Trace Losses
2.2 Scalar Calibration of Interconnection Loss 
Perform the following steps to account for path loss due to interconnects (cables and connectors). 

                                                



Figure 5 – Setup for RF Analyzer and SMA Coaxial Cable Loss Calibration
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 50 Ω load), OBSERVE the notice on the front panel of the instrument. For the N9912A, the input power threshold is +27 dBm and 50 VDC.
*Note:
V refers to the time-averaged power,
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1. Connect the RF analyzer (RFA) to the SMA jack-to-jack adapter as shown in Figure 5.
2. Power up the RFA, set it to NA (Network Analyzer) mode, and select the S21 measurement. The RFA display should be as shown in Figure 6. For this exercise, the frequency range of interest is  2 MHz to 3 GHz.

Note: 
Setting the output power level of the RF OUT port to ‘high’ will saturate active circuits such as the amplifier circuit or mixer circuit. The low power setting should suffice for most measurements.
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Figure 6 – The RFA Uncalibrated S21 Magnitude Vs. Frequency
3. There are two approaches to account for the path loss. The first method is to manually use the waveform math functions to perform a simple scalar calibration. First, store the uncalibrated data in the RFA internal memory, then employ the waveform math functions to account for cable and connector loss. The calibrated S21 magnitude measurement is shown in Figure 7. This approach is useful if your equipment does not have a built-in calibration function.
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Figure 7 – The RFA Calibrated S21 Magnitude Vs. Frequency (Manual Calibration Using the Waveform Math Functions)
Note: 
You can remove the waveform math functions using the following sequence: 
[Trace 6] > {Data Math} > {Math Off}

4. The second method to account for path loss is by invoking the Normalize function in the Calibration Menu. The mechanism is similar to those in the first method (step 3), except the procedure is automated by the instrument. The calibrated S21 magnitude is shown in Figure 8. Note the ‘Cal ON’ icon in the screenshot.
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Figure 8 – The RFA Calibrated S21 Magnitude Vs. Frequency (Using the Normalize Function)
Note: 
Use the marker (the [Marker] hardkey) to record your readings. The marker is used to obtain a reading at a particular frequency or amplitude. You may want to use the Marker function or the Marker Search option to look for maximum and minimum points.

3. Measurement in the Frequency Domain
1. Use the RFA to perform an S21 parameter measurement.
2. Set the Start frequency to 10 MHz and Stop frequency to 1 GHz.


NA Measurement Mode:
S21


Start Frequency:

10 MHz



Stop Frequency: 

300 MHz


Marker:



160 MHz

[image: image8]
3. From the ME1400 EMI Transmission Line Module, choose the coupled microstrip line with 0.56 mm edge-to-edge separation, 100 mm coupled length (Coupled Line 1).

4. Set up the connection as shown in Figure 9.

5. Connect the N9912A FieldFox RF analyzer and 50 ( terminators for near-end crosstalk (NEXT) measurements.
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Figure 9 – Connections for Near-End Crosstalk (NEXT)
6. Measure and mark the frequency values according to the frequencies shown in Table 1 of the Appendix. Record the results in Table 1.

[image: image10]
7. Plot the results of the NEXT measurements on a graph paper.
8. Modify the setup for far-end crosstalk (FEXT) measurements as shown in Figure 10.
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Figure 10 – Connections for Far-End Crosstalk (FEXT)
9. Measure and mark the frequency values according to the frequencies shown in Table 2 of the Appendix. Record the results in Table 2.
10. Plot the results for the FEXT measurements on a graph paper.

4. Frequency-Domain Measurement on Other Coupled Transmission Lines
1. Repeat steps 1 to 10 from Section 3 for the following coupled lines:

· Coupled microstrip line with 1.2 mm edge-to-edge separation, 100 mm coupled length (Coupled Line 2).
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· Coupled microstrip line with 0.56 mm edge-to-edge separation, 50 mm coupled length (Coupled Line 3).
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· Coupled co-planar line with 100 mm coupled length (Coupled Line 4).
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2. Plot the NEXT and FEXT measurements on the respective graph papers from Section 3.

5. Discussions
1. Which coupled line has the lowest crosstalk level in NEXT?
2. Which coupled line has the lowest crosstalk level in FEXT?

3. Summarize the physical characteristics of parallel traces that will minimize crosstalk level.
4. Will the unwanted noise still be present if the crosstalk problem is solved?
5. Compare the cross talk level between Coupled Line 2 and Couple Line 1. Is the cross talk level for Coupled Line 2 higher than Coupled Line 1 in FEXT? Why?

6. Try to increase the STOP frequency to 3GHz (if your instrument allows).  Observe the NEXT and FEXT of the various coupled traces. 
Appendix

Table 1 – NEXT Measured Results

	
	10 MHz
	100 MHz
	200 MHz
	300 MHz
	400 MHz
	500 MHz
	600 MHz
	700 MHz
	800 MHz
	900 MHz

	Coupled Line 1
	
	
	
	
	
	
	
	
	
	

	Coupled Line 2
	
	
	
	
	
	
	
	
	
	

	Coupled Line 3
	
	
	
	
	
	
	
	
	
	

	Coupled Line 4
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	


Table 2 – FEXT Measured Results

	
	10 MHz
	100 MHz
	200 MHz
	300 MHz
	400 MHz
	500 MHz
	600 MHz
	700 MHz
	800 MHz
	900 MHz

	Coupled Line 1
	
	
	
	
	
	
	
	
	
	

	Coupled Line 2
	
	
	
	
	
	
	
	
	
	

	Coupled Line 3
	
	
	
	
	
	
	
	
	
	

	Coupled Line 4
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	



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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The DUT can represent devices like amplifiers, filters, attenuators, etc.
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RF Analyzer





RF OUT
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SMA jack-to-jack adapter





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] > {NA} > {S21}





Set the Start Frequency to 2 MHz: [Freq/Dist] > {Start} > [2] > {MHZ}





Set the Stop Frequency to 3 GHz: [Freq/Dist] > {Stop} > [3] > {GHZ}





Set the output power level to Low: [Meas Setup 4] > {Output Power} > {LOW}








Set output power level to Low: [Meas Setup 4] > {Output Power} > {LOW}





Loss due to cables, connectors, and internal sampling circuitry of the RFA





0 dB





N9912A setting: “[ ]”: Hardkey, “{}”: Softkey 





Store the initial data in memory: [Trace 6] > {Data -> Mem} 





Normalize the waveform: {Data Math} > {Data / Mem}





Normalized |S21|





Marker





Marker readings





N9912A setting: “[ ]”: Hardkey, “{}”: Softkey 





Engage calibration: [Cal 5] > {Calibration Type} > {Normalize}





Start calibration: {Start Cal} > {Thru} > {Measure} > {Finish}





Note the ‘Cal ON’ icon





N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey





Set to the NA Mode: [Mode] > {NA} > {S21} 





Set the Start Frequency to 10 MHz: [Freq/Dist] > {Start} > [10] > {MHz}


Set the Stop Frequency to 300 MHz: [Freq/Dist] > {Stop} > [300] > {MHz} 


Set the Marker to 160 MHz: [Marker] > [160] > {MHz}
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N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey





Set the frequency to mark: [Marker] > [Key in the value to mark} > {Parameter}
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