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ME1400 EMI and EMC
Lab 6
Controlling Radiated Emission from Cable
and PCB
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 observe the frequency spectrum of the near-field electromagnetic (EM) radiation from cables and printed circuit board (PCB) traces using a near-field probe and spectrum analyzer
ii) To learn some simple methods to reduce unwanted radiation using ferrite beads, grounding, and differential signaling
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) 1 x SMA(m)-to-SMA(m) coaxial cable, 1 m 
ii) 1 x SMA(m)-to-SMA(m) jumper cable, 0.18 m 
iii) 1 x Twisted pair cable
iv) 1 x Straight cable

v) 1 x RF coaxial cable
vi) 1 x Near-field probe (for H-fields)
vii) 1 x N(m)-to-SMA(f) adapter
viii) 2 x Ferrite clamp 



1. Introduction
In this lab sheet, we will measure the electromagnetic (EM) radiation level from cables and printed circuit board (PCB) traces. Here, we focus on near-field EM radiation. The cables and traces form a complete circuit with the pulse source and the termination, hence electric current flows in a loop. This circuit loop will generate both electric and magnetic fields in the surrounding. It is important to note that we are only going to measure the magnetic field level using a near-field probe in the form of wire loops. Such probes are cheap and generally have a higher sensitivity at a very high frequency (VHF) range compared to an electric-field probe made from an exposed conductor. Thus, we do not need to use any pre-amplifier with the magnetic-field probe. 

We assume that if the circuit generates an intense magnetic field, then it would also generate a strong electric field in the surrounding. This is generally true, considering that the AC magnetic field will induce an electric field by virtue of Maxwell’s Equations. A circuit that generates a higher level of near magnetic field implies that the conductor pair is spaced rather far apart. Hence, the cancellation effect of the positive conductor and negative conductor is less, leading to a higher electric field level.
2. Measuring the Near-Field Radiation from Cables 
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Figure 1 – Twisted-Pair Cable Connected From a 50 MHz Pulse Source to an On-Board Termination
1. Connect the 50 MHz Square-Wave Oscillator to the on-board 100 ( Termination via a twisted-pair cable (see Figure 1).
2. Set up the Agilent N9912A FieldFox RF analyzer to the spectrum analyzer mode, with a frequency span from 10 MHz to 400 MHz.  
N9912A Setting:


Mode


: 
SA


Start Frequency

: 
10 MHz



Stop Frequency

: 
400 MHz

3. Connect the RF In terminal of the N9912A to the Near-Field Probe using a 1 m coaxial cable.
[image: image2.jpg]


  
Figure 2 – Near-Field Probe 

4. Power on the 50 MHz Square-Wave Oscillator. Measure the emission from the cable by placing the near-field probe approximately 2 cm away from the cable.
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Figure 3 – Probing Technique
5. Press the Run/Hold button on the N9912A to hold the signal. 
6. To save the result to the thumb drive, press Save/Recall, and the Num 9 button; then follow the instructions on the display to save the result.
7. Repeat step 4 to step 6 by putting a ferrite clamp onto the cable near the output of the 50 MHz Pulse Generator, and observe the spectrum again.
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Figure 4 – Ferrite Clamp
8. Repeat step 7 by putting another ferrite clamp near the on-board termination (i.e., a total of two ferrite clamps are used). Figure 5 shows the connection of the ferrite clamp.
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Figure 5 – Connection of Ferrite Clamp

IMPORTANT:
When performing this experiment, excessive radiation can be transmitted by the cables, which act as a loop antenna. Only perform this experiment in a laboratory environment without the presence of any sensitive instruments.

9. Repeat step 1 to step 8 with a straight cable and an RF coaxial cable.
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Figure 6 – Cables
10. Compare the saved results on the computer. 
Discussion
Compare the performance of the twisted-pair, parallel wire, and coaxial cable in terms of their ability to suppress unwanted radiation. Briefly explain why the coaxial cable is better in this aspect. Explain the purpose of the ferrite clamp and the principle behind its usage. Summarize the principle of controlling the electromagnetic emission levels from cables.
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. Measuring the Near-Field Radiation from PCB Traces 
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Figure 7 – Connection of a 10 MHz Pulse Source to a Digital Buffer
1. Connect the Medium-speed Output of the 10 MHz Digital Pulse Source to the Digital Buffer with Terminated Traces using a 0.18 m coaxial cable. First, use the trace with no direct GND plane underneath.
2. Set up the Agilent N9912A FieldFox RF analyzer to the Spectrum Analyzer (SA) mode, with a frequency span of 5 MHz to 400 MHz. Connect the RF In terminal of the N9912A to the near-field probe using a 1 m coaxial cable as shown in Figure 2.
N9912A Setting:



Mode


: 
SA


Start Frequency

: 
10 MHz



Stop Frequency

: 
400 MHz
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3. Power on the 10 MHz Digital Pulse Source and the Digital Buffer with Termination. Measure the emission from the cable by placing the near-field probe 1 cm away from the trace (see Figure 8). Use a ruler or other object to guide the placement of the near-field probe if necessary.
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Figure 8 – Near-Field Probe Position

4. Press the Run/Hold button of the N9912A to hold the signal. 

5. To save the result to the thumb drive, press Save/Recall, and the Num 9 button; then follow the instruction on the display to save the result.

6. Repeat step 1 to step 5 with the each of the following digital buffers:

· Trace with a direct GND plane, and 

· Differential Digital Buffer.

7. Use a computer to view the results. Make your comparison on the intensity of the radiation and the frequency spectrum observed.
Discussion
1. Compare the emission levels of the following three cases: 
a. Trace without a direct GND plane
b. Trace with a direct GND plane
c. Differential traces  
2. Explain why the differential traces are the best in this aspect.  
3. Summarize the principle of controlling the electromagnetic emission level from PCB traces.
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N9912A setting: “[ ]”: Hardkey; “{ }”: Softkey





Set to the SA Mode: [Mode] > {SA} 





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


Set the Stop Frequency to 400 MHz: [Freq/Dist] > {Stop} > [400] > {MHz} 


Set the Scale to 5 dBm/: [Scale/Amp] > {Scale} > [5] > {dB/}


Set the Reference Level to -30dBm: [Scale/Amp] > {Ref Level} > [-30] > {dBm}











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





Set to the SA Mode: [Mode] > {SA} 





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


Set the Stop Frequency to 400 MHz: [Freq/Dist] > {Stop} > [400] > {MHz} 


Set the Scale to 5 dBm/: [Scale/Amp] > {Scale} > [5] > {dB/}


Set the Reference Level to -30dBm: [Scale/Amp] > {Ref Level} > [-30] > {dBm}
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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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