 AM IN THE FREQUENCY DOMAIN AND THE DIODE DETECTOR (AMPLITUDE DEMODULATION)

A Practical Exercise       
            

     Name:________________



I.  Purpose.
This lab will demonstrate an Amplitude Modulated (AM) signal in the frequency domain and you will build a circuit using a diode to demodulate an AM signal.  In this lab you will identify the different waveform parameters from the carrier signal and information signal that combine to produce the Amplitude Modulated waveform.  Then you will use the diode detector to demodulate and recover the information from the Amplitude Modulated waveform.  Additionally, you will discover the importance of the R and C values in the diode detector circuit.  
II.  Equipment.

1 
Resistance Box
1 
1N270 Diode
2 
0.01 µF Capacitor

Standard Lab Bench setup.
III.  Lab Procedure.
PART I

For this lab you will be using an Amplitude Modulated signal that you will set up on the function generator. Set up a sine wave with the following parameters:

fc = 100 kHz 
V = 2 V p-p
Set up the signal modulation. Push the MOD button. Set AM Depth to 70% and AM Freq to 5000 Hz. Use the defaults for the remaining settings. On the o-scope, push TRIG MENU  and select TYPE as VIDEO and SOURCE as CH1. Push CH1 MENU to leave TRIG MENU. Adjust the O-scope until you see the AM wave form.

What does AM Depth represent?

What does AM Freq represent?

Now, let’s look at the AM signal in the frequency domain. Push MATH MENU, select for OPERATION: FFT and SOURCE: CH1.  Set the SEC/DIV to 12.5 kHz/Div. Counting the divisions on the scope, measure the frequency of the carrier. Does it match the function generator settings?

 How far from the carrier are the sidebands in Hz?
Now set the AM FREQ on the function generator to 10 kHz. What happened to the sidebands? Now how far from the carrier are the sidebands in Hz?
Now set the AM FREQ to 20 kHz. What happened to the sidebands? Now how far from the carrier are the sidebands in Hz?

Conclusion: What controls the distance of the sidebands from the carrier?

Now push CH1 Menu to return to the time domain.

PART II
You will now use the diode detector to demodulate and recover the information from the Amplitude Modulated waveform.  The diode detector circuit you will build is shown in Figure 1. Note this circuit has the second 0.01 microF capacitor included. This capacitor removes the dc component produced by the detector circuit. Compare the difference between the pictures of the demodulated signal with and without the DC offset in your lecture and book.
  Selecting the appropriate time constant of R and C1 is critical for the diode detector to produce a close approximation to the original modulated signal.  Use Equation 1 and the parameters below to determine the value of R, given C1, for the envelope detector applied to the AM waveform of your lab.   This provides a geometric mean of the carrier and modulating signal’s periods. Record your answer in the blank below.
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	Figure 1:  A Diode Detector AM Demodulator

	

	

	fc = 100 kHz

V = 2 Vp-p
AM Depth = 70%

AM Freq = 1 kHz
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	Equation 1:  Diode Detector Time Constant
	



R = ________________
Set up an AM waveform using the above parameters on the function generator.
Adjust the O-Scope until you see the AM waveform. Assemble the envelope detector shown in Figure 2 on your Quad board.  Use the signal from the function generator as your input signal to the circuit.  Use the resistance box set to the resistance.  The Oscilloscope should display the Amplitude Modulated signal on Channel 1 and the Demodulated signal (i.e. the information signal) on Channel 2.  Set Ch2 to DC coupling. Center both signals to provide the same zero axis for both channels, and the same voltage scale. Raise CH2 above CH1 to see how the information rides on the amplitude of the carrier. Use the  Run/Stop button to freeze both waveforms. This display shows the demodulated signal with the DC component removed.
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	Figure 2.  Diode Detector Equipment Setup including removal of DC component
	


  On the circuit move the Ch2 lead to the top of C1, before the coupling capacitor, C2. Hit the Run/Stop  button to freeze the waveforms. Place the signals so that they overlap, and you can visualize the charging capacitor and its decay as it follows the positive portion signal on Ch1, (you should have increased your Ch2 waveform by about 300mV, this is the voltage drop across the non-ideal germanium diode). This should match the picture from your handout and lecture notes before the DC component is removed, indicating an average value associated with your signal.
Adjust your value of R on the resistor box to a lower value, decrease to 1kΩ in steps of 1kΩ, using Run/Stop after every change. What happens to the demodulated signal?  Describe your results in Critical Thinking section. 

Return the resistor box to the original 10kΩ setting. Then increment to 50kΩ in 10kΩ steps.  Describe your results in Critical Thinking section. 
Determine the best value of R to reproduce your message signal. Rbest = ____________
Turn everything off and clean up.



Critical Thinking.

 1. Describe how the demodulated output (Channel 2) changed when you set the resistor box, R, to 1kΩ.
2. Describe how the demodulated output (Channel 2) changed when you set the resistor box, R, to 50kΩ.
3. Will the same optimum RC combination work if either the carrier frequency or the modulation frequency is changed?  Why/why not?

4. Why is it important to have the correct resistance and capacitance in your envelope detector?
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