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ME1400 EMI and EMC
Lab 5
Controlling Common Impedance 

Coupling
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 illustrate the effect of power supply noise on sensitive circuits
ii) To illustrate the usage of decoupling capacitors and printed circuit board (PCB) layout in reducing power supply noise
Equipment Required

i) Agilent Technologies DSO1022A/DSO6032A/DSO7032A Oscilloscope
ii) Agilent Technologies N9912A FieldFox RF Analyzer, 4 GHz [with option 104, 110, 230, 303]
iii) ME1400 EMI Source Module
Accessories Required

i) Some leaded multi-layer ceramic and electrolytic capacitors, 0.1 (F, 1 (F, 10 (F, and 100 (F 
(not included in courseware)
ii) 1 x 50Ω Terminator, SMA(m)
iii) 1 x N(m)-to-SMA(f) adapter
iv) 1 x SMA(m)-to-SMA(m) coaxial cable

[image: image10.jpg]



1. Introduction
Observe the layout on the ME1400 EMI Source Module printed circuit board (PCB). In particular, pay attention to the 50 MHz Pulse Source, the Motor Circuit, and the 10 MHz Sine-Wave Oscillator. The ME1400 EMI Source Module PCB has two layers, containing copper conductors on the top and bottom sides only. Study how the power supply (VCC) and ground return for the modules are routed. You would notice that these three modules share the same power supply trace, in a ‘bus’ manner (see Figure 1). All three modules share the same ground return to the power source in the form of a GND plane on the bottom side of the PCB.
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Figure 1 – Routing of the VCC Trace
The 50 MHz Pulse Source and Motor Circuit draw a fairly large amount of electric current when powered on (>300 mA), while the 10 MHz Sine-Wave Oscillator draws an average current of only 8 mA. Note that the current is transient as the loading by the pulse source and motor changes with time. Due to the impedance of the trace, there is voltage drop along the trace. Hence the potential difference between VCC and GND, or the effective supply voltage seen by the 10 MHz Sine-Wave Oscillator, fluctuates depending on the loading condition of the modules between it and the power source. The fluctuation of the effective supply voltage on the 10 MHz Sine-Wave Oscillator results in unwanted modulation of the output. This is a form of disturbance, or interference, and the cause can be attributed to the shared VCC trace (and GND plane to a limited extend) of these modules. This disturbance is usually called Common Impedance Coupling.
2. Measurement in the Frequency Domain: The Effect of Power Supply Noise on Sensitive Circuits
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Figure 2 – Equipment Setup
1. Set up the N9912A FieldFox RF analyzer in the spectrum analyzer (SA) mode, with the frequency span of 5 MHz to 15 MHz.  

N9912A FieldFox Settings:



Mode


: 
SA



Start Frequency

: 
5 MHz



Stop Frequency

: 
15 MHz



Detector

: 
Normal
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2. Power on the 10 MHz Sine-Wave Oscillator ONLY and connect its output to RF In of the N9912A FieldFox RF analyzer using a 1 m coaxial cable.

3. You should be able to see a stable spectra centered at 10 MHz with very low phase noise.
4. Now, power on the 50 MHz Pulse Source. Carefully observe the effect on the spectra in the N9912A FieldFox RF analyzer display. Turn on and off the 50 MHz Pulse Source to see the difference.  

5. Now power on the Motor Circuit; again observe the effect on the spectra. The Motor Circuit will generate a lot of noise on the power supply trace and you should clearly see the modulation on the output of the 10 MHz Sine-Wave Oscillator because of the noise. Turn on and off the Motor Circuit to the see the difference. Capture or sketch the spectra.
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3. Measurement in the Time Domain: The Effect of Power Supply Noise on Sensitive Circuits
1. Connect the 50 Ω SMA Termination to the output of the 10 MHz Sine-Wave Oscillator.

2. Power on the 10 MHz Sine-Wave Oscillator.
3. Power on the digital storage oscilloscope (DSO). Connect a 10:1 probe to Channel 1 of the DSO and use it to probe test point TP11 with the GND spring contact to TP12 as shown in Figure 3.
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Figure 3 – Probing the Output of the 10 MHz Sine-Wave Oscillator
4. Set the trigger source to CH1 (e.g., Probe 1); use AC coupling.
5. Adjust the time-base, vertical scale, offset, and trigger level to get a stable and clear waveform on the oscilloscope display.

6. You should be able to see a clean 10 MHz sine wave.

7. Now, power on the 50 MHz Pulse Source. Carefully observe the effect on the sine wave in the DSO display. Turn on and off the 50 MHz Pulse Source to the see the difference.

8. Now, power on the Motor Circuit; again observe the effect on the sine wave. The Motor Circuit will generate a lot of noise on the power supply trace and you should clearly see the noise present on the 10 MHz sine wave because of this. Turn on and off the Motor Circuit to see the difference. Observe and discuss the result.
4. Using Decoupling Capacitors To Reduce Power Supply Noise

1. Power on the 10 MHz Sine-Wave Oscillator and connect its output to RF In of the N9912A FieldFox RF analyzer using a 1 m coaxial cable.
2. Set up the N9912A FieldFox RF analyzer in the spectrum analyzer (SA) mode as shown in step 1 of Section 2 to obtain the stable spectra centered at 10 MHz with a very low phase noise.
3. Switch off the 50 MHz Pulse Source, but continue to leave the Motor Circuit powered on.
4. Now. take a 0.1 (F multi-layer ceramic capacitor and connect it to the VCC and GND points on the Motor Circuit as shown in Figure 4. This capacitor is called the Decoupling Capacitor.
5. Observe the effect (if any) on the spectra of the 10 MHz Sine-Wave Oscillator with and without the decoupling capacitor (with the motor running).
6. Repeat step 4 with 1 (F, 10 (F, and other capacitors. Observe and compare the results.
7. You can also observe the effect of the capacitors on the VCC voltage level and the output in the time domain by probing test point TP11 on the 10 MHz Sine-Wave Oscillator as shown in Figure 3. Use a DSO with a 10:1 probe and GND spring contact.
[image: image7.jpg]



Figure 4 – Using a Decoupling Capacitor

5. Discussion

1. Explain the cause of the distortion to the 10 MHz Sine-Wave Oscillator when the Motor Circuit is powered on.
2. Which module affects the 10 MHz Sine-Wave Oscillator output fidelity: the 50 MHz Pulse Source or the Motor Circuit? Explain why. You can probe the VCC trace with an oscilloscope and then observe the VCC when the 50 MHz Pulse Source is active and when the Motor Circuit is active respectively. 
Note: The answer to the first part is clear. The 50 MHz Pulse Source actually has a very small impact. If you have a spectrum analyzer with a pre-amplifier option and a very low DANL (display average noise level), you can repeat Section 2, with the Stop Frequency of the spectrum analyzer set to 60 MHz instead of 15 MHz. By reducing the Reference Level (under the Amplitude menu), reducing resolution bandwidth (RBW), and activating the built-in pre-amplifier to increase the sensitivity of the spectrum analyzer, you can see a very low level 50 MHz spike in the spectra when the 50 MHz Pulse Source is active.  
3. What would you expect if we interchange the position of the 10 MHz Sine-Wave Oscillator and the Motor Circuit?
4. Summarize the effect and purpose of the decoupling capacitors, and explain how the decoupling capacitors work in reducing the VCC noise as observed on the 10 MHz Sine-Wave Oscillator.

5. Do a quick search on this topic on the Internet and suggest how to lay out the VCC trace and GND on the PCB to minimize common impedance coupling.











































































































































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.





Decoupling Capacitor
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Graph � SEQ Graph \* ARABIC �1� – Spectra Before the Motor is Turned On
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Graph 2 – Spectra when the Motor is Turned On





VCC trace is common to all Motor Circuit and 10 MHz Sine-Wave Oscillator





VCC trace is common to all three modules





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





Set to the SA Mode for spectrum measurement: [Mode] > {SA} 





Set the Start Frequency to 5 MHz: [Freq/Dist] > {Start} > [5] > {MHz}


Set the Stop Frequency to 15 MHz: [Freq/Dist] > {Stop} > [15] > {MHz} 


Set the Detector to Normal mode: [Trace 6] > {Detector} > {Normal}
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