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ME1400 EMI and EMC
Lab 1
Probing Techniques 
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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 learn the basic operations of the ME1400 EMI Source Module
ii) To probe the digital outputs of the ME1400 EMI Source Module and explore the correct methods for probing high-frequency signals
Equipment Required

i) Agilent Technologies DSO1022A/DSO6032A/DSO7032A Oscilloscope
ii) ME1400 EMI Source Module
Accessories Required

i) 1 x 50 Ω terminator, SMA(m)

1. Introduction
This experiment introduces the operation of the ME1400 EMI Source Module. In this experiment, we will power on the ME1400 EMI Source Module and use the digital storage oscilloscope (DSO) to measure the output of the on-board digital pulse generators in the time domain. These periodic digital pulse sources can represent the clock signals in a typical digital or mixed-signal circuit. We will learn about the usage of correct oscilloscope probes, and the correct way to attach the probes to the circuit-under-test to minimize the distortion of the voltage signals attributed to the loading of the probe.
2. Setting Up the ME1400 EMI Source Module 
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Figure 1 – ME1400 EMI Source Module
1. Figure 1 shows the top view of the ME1400 EMI Source Module. The module consist of six sub-sections as follows:
i) 10 MHz Digital Pulse Source with three outputs
ii) Digital Buffer with Termination

· 2a = Digital Buffer Trace with no direct ground plane

· 2b = Digital Buffer Trace with direct ground plane

· 2c = Differential Digital Buffer

iii) 50 MHz Pulse Source

iv) Motor Circuit

v) 10 MHz Sine-Wave Oscillator

vi) On-board 100 ( Termination

2. Power on the module by supplying a 5 V input voltage. When the module is triggered on, the green indicator LED will be lit.
3. Each sub-module can be turned on by toggling the power switch of the sub-module. The power indicator (red LED) will be lit when the sub-module is turned on.

4. Set up the DSO with a 10:1 probe on Channel 1 (CH1).

5. Set the trigger source to CH1; use AC coupling.

6. Adjust the time-base, vertical scale, offset, and trigger level to get a stable and clear waveform on the oscilloscope display.  
7. As an exercise, turn on the 10 MHz Digital Pulse Source. Use the DSO with a 10:1 probe to probe the High-speed (TP1), Medium-speed (TP3), and Low-speed (TP5) outputs.
8. Now turn on the 10 MHz Sine-Wave Oscillator. Again, use a DSO to probe its output (TP11).

9. CAUTION: Always turn off the sub-section when it is not in use.
3. Probing Basics Using a Digital Storage Oscilloscope
We can view the probe as a device to siphon some energy off a circuit into the oscilloscope. The electric and magnetic fields on the circuit-under-probe cause a small amount of electric charge to flow into the probe. The oscilloscope internal circuitry amplifies the energy associated with the charge and uses this energy to drive the electronic display on the oscilloscope, either directly or indirectly. Thus, we can say that the probe will ‘load’ the circuit-under-test. Therefore, the quality and performance of the probe and of the oscilloscope will affect the shape of the waveform displayed on the oscilloscope. The loading effect of the probe will result in a slight distortion of the actual signal, and it is this distorted waveform that is displayed, not the actual waveform. In order to reduce the effects of loading, the probe must present a high impedance to the circuit-under-probe. Most oscilloscopes have a nominal input impedance of 1M (. When a probe is connected to the oscilloscope, the DC resistance of the probe adds to the oscilloscope nominal input impedance. The impedance at the probe tip (at DC) can be equal to the oscilloscope nominal input impedance or higher; the latter case corresponds to a probe with internal series resistance.  A probe, when connected to the oscilloscope that presents a DC impedance of 1M ( is called a 1:1 probe. Likewise, a probe that presents a DC impedance of 10M ( is called a 10:1 probe. We can imagine that the probe contains a series 9M ( resistance; this adds to the 1M ( input resistance to give a total of 10M (. With this arrangement, voltage between the probe tip and ground will be divided by 10 at the scope sampler.
The probe also has a small parasitic capacitance between its tip and body, and a parasitic series inductance due to the ground lead. Hence, the probe impedance deviates from 1M ( or 10M ( as the frequency increases. The variation of the probe impedance (when connected to an oscilloscope) limits its operation at high frequencies. Usually the 10:1 probe has smaller parasitic capacitance, and this together with the higher probe impedance, lessens the load on the circuit-under-probe. The 10:1 probe also has a higher bandwidth, and is often used for measurements involving high frequency signals. Most modern probes incorporate both 1:1 and 10:1 structures, with a switch to change the impedance of the probe.
It is important to make sure both the oscilloscope and the probe with the correct bandwidth are used for every measurement. An oscilloscope or a probe with a bandwidth lower than the frequency spectra of the signal being investigated will load the circuit, causing distortion to the signal shown on the display. Moreover, for high frequency measurements, a probe with a short ground is used to connect the probe body to the circuit-under-test ground reference. The probe actual frequency response is affected by the ground loop area, e.g., the area formed by the probe, ground lead, and the circuit-under-test. A smaller ground looping can be achieved by using the ground spring contact (as shown in Figure 3). This ensures a more accurate representation of the actual signal without extra ringing and degradation.
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Figure 2 – Probe with GND Wire/Lead Only
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Figure 3 – Probe with GND Wire/Lead and GND Spring Contact
1. Power on the ME1400 EMI Source Module with a 5 V voltage supply.
2. Switch on S1 to supply power to the 10 MHz Digital Pulse Source.

3. Connect the 50 ( SMA Terminator to the High-speed Output SMA connector (J1).
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Figure 4 – 50 ( SMA Terminator
4. Set up a DSO with a 200 MHz or higher bandwidth.
5. Connect a 1:10 probe with at least 200 MHz bandwidth to Channel 1 (CH1) of the oscilloscope. 
6. Probe the High-speed Output (TP1) using a GND lead by clipping the crocodile clip to the body of the SMA connector (as shown in Figure 5).
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Figure 5 – A Probe Without the GND Spring Contact
7. Set the trigger source to CH1; use AC coupling.

8. Adjust the time-base, vertical scale, offset, and trigger level to get a stable and clear waveform on the display.
9. At the DSO, press Quick Meas and select Rise time and Fall time modes to measure the rise time and the fall time of the signal.

10. Record the waveform and the result.

11. Repeat step 4 to step 10 but this time, use a GND spring contact on the probe instead (as shown in Figure 6).
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Figure 6 – Probe with GND Spring Contact
12. Repeat the probing procedures above on the test point of the Medium-speed Output (TP3), followed by the Low-speed Output (TP5) of the 10 MHz Digital Pulse Source.
13. Record the waveforms and make a comparison on the six waveforms.
High-speed Output of the 10 MHz Digital Pulse Source 
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Medium-speed Output of the 10 MHz Digital Pulse Source
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Low-speed Output of the 10 MHz Digital Pulse Source
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4. Discussions
1. Do a search on the term ‘ringing’ in the context of a digital waveform. Can you observe the ‘ringing’ in your waveform? Which combination of probing and speed produces the waveform with the highest level of ringing?  
2. Discuss the effect of a ground lead on the digital pulse waveform. Which probing technique will give waveforms that are nearer to the actual condition (e.g., the waveforms when the probe is not present)?
3. List out the precautions needed in order to get an accurate waveform from the circuit-under-probe. 
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Probe Without GND Spring Contact
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Probe With GND Spring Contact
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GND Lead Contact





GND Spring Contact





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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