[image: image10.jpg]









      
  
 http://dreamcatcher.asia/cw 




ME1400 EMI and EMC
Lab 2
Digital Pulse Spectra and Rise Time 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.
Objective

i) To investigate the relationship between the rise/fall time of a digital signal and its frequency spectrum
Equipment Required

i) Agilent Technologies N9912A FieldFox RF Analyzer, 4 GHz [with option 104, 110, 230, 303]
ii) Agilent Technologies DSO1022A / DSO6032A / DSO7032A Oscilloscope 

iii) ME1400 EMI Source Module
Accessories Required

i) Termination Board

ii) 2 x 50 Ω Terminator, SMA(m)
iii) 1 x N(m)-to-SMA(f) adapter
iv) 1 x SMA(m)-to-SMA(m) coaxial cable

1. Introduction
In this experiment, we will measure the rise time, fall time, and the frequency spectrum of periodic digital pulses (see Figure 1). These periodic digital pulse sources can represent clock signals in a typical digital or mixed-signal circuit. The objective of this experiment is to illustrate the relationship between the rise/fall time of a digital pulse and its frequency spectrum. This experiment also introduces the basic operating procedures of the spectrum analyzer.


Figure 1 – Standard Definition of the Rise and Fall Time of a Digital Pulse
2. Observing 10 MHz Digital Pulse Outputs in the Time Domain
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Figure 2 – Termination of a 10 MHz Digital Pulse with a 50 Ω Load

1. Terminate the Low-speed Output of the 10 MHz Digital Pulse Source with a 50 Ω load, as shown in Figure 2.

2. Power on the 10 MHz Digital Pulse Source.

3. Power on the digital storage oscilloscope (DSO) and use the oscilloscope probe (with the GND spring contact) to probe the Low-speed Output at test point TP5 and connect the GND spring contact to TP6 (as shown in Figure 3). 
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Figure 3 – Probing Technique

4. Press the Single button of the oscilloscope to hold the signal. Plot your observations in the space provided in the next page.
5. Press the Quick Meas button and select the respective Rise Time and Fall Time modes to measure the rise time and fall time of the signal. Record the results in the space provided below.
6. Repeat steps 1 to 5 by probing the Medium-speed (TP3 with respect to TP4) and High-speed Output (TP1 with respect to TP2) of the 10 MHz Digital Pulse Source.
Note: 
The results can be saved to a USB thumb drive. Press the Save/Recall button of the oscilloscope and follow the steps indicated on the oscilloscope to save the results.

Low-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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High-speed Output of the 10 MHz Digital Pulse Source
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3. Observing 10 MHz Digital Pulse Outputs in the Frequency Domain
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Figure 4 – Measuring the Spectrum of the 10 MHz Digital Pulse with a Spectrum Analyzer 
1. Set the Agilent N9912A FieldFox RF analyzer to the spectrum analyzer (SA) mode, with a frequency span from 10 MHz to 400 MHz.  



Mode


: SA



Start Frequency
: 10 MHz



Stop Frequency
: 400 MHz
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2. Connect the Low-speed Output (J3) of the 10 MHz Digital Pulse Source to a 7 dB attenuator.  

3. Next, connect the other end of the 7 dB attenuator to the RF In terminal of the N9912A FieldFox RF analyzer with a 1 m RF coaxial cable, as shown in Figure 4.

4. Power on the 10 MHz Digital Pulse Source. 

5. Capture the signal for comparison. Use Trace 1 for the signal capturing.
Trace: Trace 1
State: View
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6. Repeat steps 1 to 5 with the Medium-speed Output and the High-speed Output of the 10 MHz Digital Pulse Source.

7. Set the trace of the Medium-speed Output (J2) to Trace 2 and the High-speed Output (J1) to Trace 3.

8. Observe and compare the result. 
Note: 
The results can be saved to a USB thumb drive. Press the Save/Recall button of the oscilloscope and follow the steps indicated on the scope to save the results.

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 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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, where R = 50 Ω.

4. Discussions
1. Summarize the relationship between the frequency spectrum and rise/fall time of a digital pulse.
2. Refer to textbooks on signal processing, and write down the exact Fourier series expansion of a digital pulse. Compare this with your findings from Section 3.




































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.





























Probe With GND Spring Contact











 














Rise time = _____________ ns
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Probe With GND Spring Contact
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Probe With GND Spring Contact
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7 dB Attenuator





Magnitude





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} 








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





Trace Capture: #6 [Trace] > {Trace 1} > {State} > {View}











50 Ω SMA Terminator
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