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ME1400 EMI and EMC
Lab 7
PCB Signal Integrity
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 mechanisms and effects of signal propagation on a conducting trace of a printed circuit board (PCB)
ii) To observe the phenomenon of signal reflection in an unterminated trace
Equipment Required

i) Agilent Technologies 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) 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) 2 x SMA(m)-to-SMA(m) coaxial cable, 1 m
vi) 1 x Straight SMA(M)-to-SMA(M) connector

​​​​​​​​​​​
1. Introduction
An electronic assembly is a collection of electronic components, connected by conductors, to form a system. The most common electronic assembly is the printed circuit board (PCB) assembly. PCB is a piece of thin dielectric, with layers of conductor (usually copper) laminated onto its surface. Patterns are formed on the conducting layers so that only certain pins of a component are connected to each other. The components are soldered to the PCB, while copper traces provide electrical contacts between the components. The top side of a typical PCB assembly is shown in Figure 1. 
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Figure 1 – Top View of a PCB Assembly
Take for example, the voltages and currents along the conductors on the PCB are sinusoidal and periodic. At low frequencies (below 30 MHz), we usually assume that the conducting traces are perfect electrical connections between electronic components, with no effect on the voltage and current in terms of power loss, propagation delay, and distortion. However, we know that this assumption is not true, as free electrons travel at a finite velocity along the traces on the PCB. This results in a delay between the time a voltage (or current) is applied at one end of the trace and the moment that voltage (or current) reaches the other end of the trace. The speed at which the electrons travel depends on the dielectric material and the shape of the conducting trace. Due to the delay, there is an instantaneous distribution of voltage and current along the trace; we discover that this instantaneous voltage and current observes a certain ratio, which we call the characteristic impedance, Zo, of the trace. In addition, there are losses (e.g., conversion of the electrical energy to other forms, such as heat) due to the conductor and dielectric material of the PCB. The cumulative effect of these phenomenon results in changes in the shape of the time-varying voltage (or current), which we call signals, from one component to another. Such unwanted changes in the signals are called distortion. Distortion reduces the quality of the electrical signal between components connected by traces on the PCB. The quality of the electrical signals is known as Signal Integrity (SI). Minimizing distortion due to PCB traces is one aspect of maintaining good PCB signal integrity. 

You have probably learned the concepts of transmission line when studying subjects such as electromagnetic theory or field theory. Transmission line theory can be used to explain the phenomenon observed above in terms of propagating electric and magnetic field waves guided by the conducting traces. The interconnection between two components on a PCB consists of two conductors, so that electric current can flow in a loop. This pair of conductors constitutes a transmission line when its AC electric and magnetic fields operating wavelength is comparable to the physical length of the trace. Transmission lines are found in many forms. On the Transmission Line Board of the ME1400, we can see examples of Microstrip and Co-Planar transmission lines (see Figure 2). In Section 2, you will observe the propagation effect of the trace, in the time domain and the frequency domain. In Section 3, we will study the phenomenon of characteristic impedance of the trace, and the concept of termination. Before we begin, review the procedure on probing high frequency signals with an oscilloscope.
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Figure 2 – Microstrip and Co-Planar Transmission Lines
A correct probe is needed to produce an accurate waveform of the voltage along the transmission line. Use a 10:1 probe with a bandwidth of 200 MHz (or above) and GND spring contact to probe the high frequency electrical signal (as shown in Figure 3).
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Figure 3 – The Correct Method of Probing High Frequency Signals Using a Scope Probe with GND Spring
2. Time-Domain Measurement – Propagation Delay
2.1 Basic Equipment Setup
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Figure 4 – Basic Setup for Time-Domain Measurement
1. Connect the 10 MHz pulse generator output (use the High-speed Output) to the single microstrip transmission line on the Transmission Line Module (TLM) as shown in Figure 4.  
2. Connect the other end of the transmission line with a 50 ( resistive load.
3. Power on the pulse generator and the digital storage oscilloscope (DSO).

4. Configure both Channel 1 and Channel 2 of the DSO to the following settings:
Time-base/Horizontal scale
:   20 ns (Change if necessary)

Vertical scale


:  1 volt/div

Probe attenuation

:  10:1

Trigger
 source


:  Channel 1 
5. Probe the measurement pads on the input end of the transmission line with Channel 1 and Channel 2 as shown in Figure 5. 

6. Adjust the trigger level on the DSO until you observe that the waveforms have stabilized.  

7. Adjust the vertical and horizontal position knobs on the DSO to position the waveforms in the center of the DSO display.

8. Perform any other necessary adjustments so that the waveforms resemble those shown in Figure 6.
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Figure 5 – Measuring the Inherent Propagation Delay Between DSO Channels
9. From the captured waveforms, record the inherent time delay between both channels of the DSO.
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Figure 6 – Time-Domain Calibration


10. Now probe the voltage at both ends of the single microstrip transmission line. Note that there are test pads on both ends of the transmission line near the SMA End Launcher to simplify probing (as shown in Figure 7).
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Figure 7 – Measuring the Propagation Delay in Microstrip Line

11. Observe the time domain waveforms of the pulses at the input and the output of the transmission line. Compare their shapes and measure the rise/fall time of the pulses using the DSO.


2.2 Observations and Conclusions

Determine the propagation delay due to the Microstrip Line, and discuss the results obtained in the space below:
                        

3. Frequency-Domain Measurement – Insertion Loss
IMPORTANT:
The RF-Out port of the RF analyzer (RFA) generates a sinusoidal wave. The wave interacts with the Device-Under-Test (DUT) and the result is captured by the RF-In port of the RFA. Thus, the RF-Out port should always be connected to the input of the DUT and the RF-In port should be connected to the output of the DUT.

For this laboratory exercise, you have to set the RFA to the Network Analyzer (NA) mode. When performing a transmission or S21 measurement, carry out the calibration procedures from Lab 3 with the SMA cables on both the RF-Out and RF-In ports of the RFA before you proceed. Assuming that you do not purchase Option 111 with the RFA, you will not be able to perform external calibration (‘QuickCal’) on the RF-Out port for reflection or S11 measurement. Thus, the cable and connectors on the RF-Out port of the RFA should be as short as possible, and of high quality. If your RFA has the ‘QuickCal’ option, then perform the calibration before embarking on the S11 measurement. The procedure for this is clearly explained in the RFA User’s Guide.

When viewing signals, the [Freq/Dist], [Scale/Amptd], and [Marker] hardkeys are the most helpful. When the [Scale/Amptd] hardkey is pressed, the {Autoscale} option can be quite handy, but you will likely use it less and less as you get more comfortable with manipulating the display. 
Note: 
Use the marker ([Marker] hardkey) to record your readings. The marker is used to obtain a reading at a particular frequency or amplitude. For simplicity, you may wish to use the Marker function or Marker Search option to look for the maximum and minimum points.

3.1 Basic Equipment Setup
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Figure 8 – Basic Setup for Frequency-Domain Measurement
1. Set the RFA to the Network Analyzer (NA) mode for the S21 measurement.

2. Perform the ‘Normalization’ Calibration in Lab 3 from 50 MHz to 1 GHz with the LOW output power setting.
3. Use the following settings to determine the insertion loss of the filter:

Format 
:  Log magnitude

Measurement
:  S21

Scale

:  Autoscale


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

Set to NA mode for S21 measurement: [Mode] > {NA} > {S21}

Set Start Frequency to 50 MHz: [Freq/Dist] > {Start} > [50] > {MHz} 

Set Stop Frequency to 1 GHz: [Freq/Dist] > {Stop} > [1] > {GHz} 
Set output power level to LOW: [Meas Setup 4] > {Output Power} > {Low}
Scale: [Scale/Amptd] > {Autoscale}
Perform Calibration: Normalization

4. Connect the single microstrip transmission line on the Transmission Line Module (TLM) to the N9912A FieldFox RF analyzer as shown in Figure 8.
5. Adjust the vertical scale (use Autoscale if necessary) to view the complete S21 magnitude trace from 50 MHz to 1 GHz.
6. Substitute the single microstrip transmission line for the single co-planar transmission line and repeat steps 4 and 5.

OBSERVATION/DATA RECORDING:
a) Plot the S21 magnitude of the single microstrip trace and single co-planar trace from 50 MHz to 1000 MHz in the following graph.

3.2 Observation and Conclusion
Discuss the results obtained in the space below:

4. Time-Domain Measurement – Reflection and Termination
4.1 Basic Equipment Setup
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Figure 9 – Basic Setup for Time-Domain Reflection Measurement
1. Connect the pulse generator output (use the Medium-speed Output) to the single microstrip transmission line on the Transmission Line Module (TLM). Leave the other end of the transmission line open circuit as shown in Figure 9.
2. Power on the pulse generator and the digital storage oscilloscope (DSO).
3. Configure both Channel 1 and Channel 2 of the DSO to the following settings:
Time base/Horizontal Scale
:   20 ns (Edit if necessary)

Vertical scale


:  1 volts/div

Probe attenuation

:  10:1

Trigger
 Source

:  Channel 1 
4. Probe the measurement pads on the input end of the transmission line with Channel 1.

5. Adjust the trigger level on the DSO until you observe that the waveforms have stabilized.  

6. Adjust the vertical and horizontal position knobs on the DSO to position the waveforms in the center of the DSO display.

7. Perform any other necessary scale and time-base adjustments and you will obtain the waveforms resembling those in Figure 10.
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Figure 10 – Pulse Waveform on an Open Circuit Transmission Line
8. Connect a broadband resistor termination onto the output end of the single microstrip line. Start with 200 (, followed by 100 (, and finally 50 ( (as shown in Figure 11). For each termination value, note the voltage waveforms on the transmission line.
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Figure 11 – Termination Board

9. Remove the broadband resistor termination from the transmission line.  
10. Use the Low-speed and High-speed Output from the digital pulse generator on the ME1400 EMI Source Module to excite the transmission line. Note the voltage waveforms on the transmission line again, and compare this with the voltage waveforms from step 8 and discuss your observation.
11. You may also repeat the steps above, and probe the output end of the transmission line instead. You should obtain the same results.


DATA RECORDING:
a) Sketch the voltage waveforms at the input of the single transmission line for all cases.

4.2 Observation and Conclusion
Discuss the results obtained in the space below:






























































































































































































DATA RECORDING





a)	The rise time of the pulses at the input = _______ ns





b) 	The rise time of the pulses at the output = _______ ns





c)  The observed delay between the input and output = ________ ps





DATA RECORDING





a)	What is the inherent time delay between Channel 1 and Channel 2?





	Inherent time delay = __________ ps
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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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