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Experiment No. 4.

Diodes Small-Signal Measurements, Amplitude Modulation, Envelope and Square-Law Diode Detectors

By:  Prof. Gabriel M. Rebeiz


The University of Michigan

EECS Dept.

Ann Arbor, Michigan

Purpose

To measure the small-signal characteristics of a diode. To learn about AM signals and to build an AM demodulator using a square-law diode detector.


Read this experiment and answer the pre-lab questions.

1.0
Silicon and Germanium Diodes:
As discussed in class, germanium (Ge) diodes have a much lower turn-on voltage than silicon diodes and therefore are very useful for small-signal AM detection. 

1.
Set the Agilent E3631A to give a maximum current of 100 mA for the +6 V supply. 

2.
Connect the 1N34A Ge diode as shown below to measure the I-V curve.
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
Measure the diode current for V= 0.0 - 0.32 V in 0.04 V steps and at 0.4 – 0.8 in 0.1 V steps.

3.
Connect now the 1N4148 silicon diode.



Measure the diode current for V = 0.3–1.4 V in 0.1 V steps.

2.0
Diodes and Small-Signal Performance:
Connect the Ge 1N34A diode to a +5V supply with a 4.7 KΩ resistor and to the signal generator using a 4.7 µF DC-block capacitor and a 560 Ω series resistance. 
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1.
a.

Draw the diode circuit, together with the equivalent DC, AC/circuits of the 1N34A diode in your notebook.


b.

Measure the DC voltage across the diode (VoDC) and calculate the dc diode current (ID). 


c.

Calculate the diode ac resistance (rd) for n = 1.3.

2.
Set the Agilent 33120A function generator to deliver a 4 KHz sinewave with Vppk = 400 mV. Connect it to the 1N34A diode circuit using a 560 Ω series resistor and a 4.7 µF series capacitor. The 4.7 µF capacitor is a simple DC-block.  The 610 Ω (560 + 50 Ω) forms a voltage divider at the input with the small-signal resistance of the diode.

3.
a. 
Connect Vo to the scope and plot the ac voltage across the diode (label Voppk and Vo(av)).  This is the ac voltage across the total diode resistance (rd + Rs).


b.
Plot the output voltage (Vo) in the frequency domain and write the level of the fundamental and second/third harmonic components?  Is the diode operating in the linear region?  (In this case, linear region means that the harmonics are -20 dB or less compared to the fundamental.)


c.
Set now Vs = 1Vppk and plot again the voltage across the diode (time and frequency domain).  Is the diode still operating in the linear region? 

 3.0    AM Modulation:
1.
Connect the Agilent 33120A signal generator to the Agilent scope. Connect the sync. signal of the signal generator to the external trigger input. Set the scope trigger to External.

2.
To enter into AM mode, press [image: image3.wmf]  [image: image4.wmf].


(To leave the AM mode, press again [image: image5.wmf]  [image: image6.wmf] at any time).

3.
To set the carrier frequency:


This is simple. Just set the frequency (sinewave) at 100 KHz with Vppk = 2V.

(IMPORTANT NOTE:  To measure Vpp properly, remember to set the output termination impedance of the Agilent 33120A to HI-Z, to match the high input impedance of the scope. (MENU/SYS/OUT TERM/HI Z)

4.
To set the Modulation Frequency:


Press [image: image7.wmf] [image: image8.wmf], and enter the carrier frequency using the knob or the [image: image9.wmf] COMMAND. Enter 5 KHz.

5.
To set the Modulation Level:


Press [image: image10.wmf] [image: image11.wmf] and using the knob, set the modulation level (from 0% to 120% in 10% steps). Enter 40%.

6.
a.

Choose a long enough timebase to see the AM waveform on the screen through several cycles. Draw the envelope on your lab notebook. Label the peak and minimum amplitudes of the envelope.


b.

Go into the FFT mode and choose a center frequency of 122 KHz, and a frequency span of 244 KHz. Measure the frequency of the carrier and the sidebands, and their amplitude levels in dB.

7.
Set the modulation level (m) to 80% and 120%. In each case, plot approx. (do not take data) the envelope in time domain, and the frequency spectrum in FFT domain.  What do you notice when m > 100%?


(The reason I chose 122 KHz for the carrier frequency and 5 KHz for the modulation frequency is that the spectrum analyzer (FFT mode of the scope) does not have a 1% resolution. This means that it would be very hard to see the sidebands with a 500 KHz or a 1 MHz carrier frequency).

4.0    AM Demodulation (Envelope Detector):  
1.
Set the AM signal to have the following specs:


a.
Carrier Frequency: 1 MHz and 1 Vppk on the scope. Remember: This is AM mode and you should enter 2 Vppk for the carrier.


b.
Modulation Frequency/Level:   1 KHz and m = 40%.


c.
Look at the AM signal on the scope and make sure that everything is OK.




Measure the peak and minimum amplitudes of the waveform envelope. They should be around 0.7 V and 0.3 V, respectively.

2.
Connect the AM signal to the series diode as shown below.  


a.

Draw the series rectifier circuit in your notebook.


b.

Plot Vs and Vo on your notebook (you will see rectification). Determine the diode voltage drop.
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3. Connect the AM signal to the envelope detector or AM demodulator (add the 4.7 nF capacitor) as shown below:
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a.

Draw the AM demodulation circuit in your notebook.


b. 

Plot the demodulation signal  Vo in time domain and determine its frequency (1 KHz), DC level and Vppk. 


c.

From the DC voltage level, calculate the DC rectified current in the diode knowing that Vodc = IdcR. If you wish, you may remove the DC level from the scope by choosing an AC input option in channel 1.


d.

Plot the spectrum of Vo (FFT) with a frequency span of 9.6 KHz and determine the value of the fundamental (1 KHz) and distortion component (2 KHz, 3 KHz, ...).  The distortion components should be very low and may be not measurable  (make sure that you are not clipping the signal on the scope).


e.

Return to time domain: Using the knob, vary quickly the modulation frequency (fm) from 300 Hz to 30 KHz and determine the 3-dB bandwidth of the demodulator (that is, when Voppk drops by 0.707).  Do not measure the frequency response!  Return to fm= 1 KHz.


f.

Using the knob, change the carrier frequency from 450 KHz to 1650 KHz (this is the AM band on your radio) and look at the demodulated 1 KHz signal. What do you notice ? Is the demodulated signal constant vs. carrier frequency? Return to fc = 1 MHz.

4.

Repeat 3(b), and 3(d) for a modulation level of m = 80% and m = 120% (if you have time). (Measure the third harmonic distortion component if possible).

Experiment No. 4.

Amplitude Modulation, Envelope and Square-Law Diode Detectors
Pre-Lab Assignment  
1.
A silicon diode with n = 1.2, Rs=10 Ω is biased from a 9 V supply using a 4.7 KΩ bias resistor. The DC voltage across the diode is 0.7 V.
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As mentioned in class, the battery looks like a large capacitor and therefore acts as a short circuit in the ac model (+9 V battery  ground).


a.
Calculate the diode ac resistance (rd=nVT/ID), where ID diode DC current.  Calculate the total diode resistance (Rs + rd). Note that the ac circuit is superimposed on the DC circuit and Vo=0.7 V + vo, and Id=Id+id, where vo, id are the ac voltages and currents of the diode.
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b.
The diode is fed by a 200 Ω ac source with Vpk=100 mV. Calculate the ac voltage across the diode (across Rs + rd), the ac current in the diode (id) and the voltage across the diode junction (across rd). 



As mentioned in class, the peak ac voltage across the diode junction should be less than 10mV so that the diode operates in the "linear" region.  Is the diode above operating in the linear region?


c.
A 20 KΩ bias resistor is now used instead of the 4.7 KΩ resistor.  Repeat a-b. Will the diode be still operating in the linear region? Explain.

2.
For an AM signal, calculate the power in each sideband frequency relative to the carrier for m = 40%, 80% and 120%.

3.
An AM signal (fc = 800 KHz, f1= 3 KHz, m =80%) with A=1 Vpk is fed to a square-law diode detector (envelope detector) with Is= 40 nA , VT = 26 mV and n = 1.5. 


a.
Calculate the peak and minimum amplitudes of the AM waveform (envelope).


b.
Calculate all the frequencies which are available in the current spectrum. 


c.
Calculate the values of the output voltage frequency components (DC, baseband and distortion) for a load R = 10 KΩ, C = 4.7 nF.

4.
In the AM demodulator circuit, what will happen if the diode orientation is reversed? Consider both the DC and ac (at f1) components of the output waveform.

Optional:

You are welcome to review the Agilent AM Fundamental Computer-Based Training package. Talk to your TA about it. 

Experiment No. 4.

Amplitude Modulation, Envelope and Square-Law Diode Detectors

 Lab Report Assignment

1.
Plot the 1N4148 and 1N34A diode I,V curve on the same (log I, V) graph. Calculate n and Rs for both diodes using the handout given in class for the silicon and Ge diodes. 

2.
a.
Summarize in a table your results for the Ge 1N34A diode small-signal experiment (section 20) such as n, Rs, rd, Vo(DC), Voppk, Vfo and V2fo, V3fo, etc. for Vs=400 mVppk and Vs=1 Vppk.


b.
What is the ac current and ac voltage in the diode across the junction (across rd) in each case?   Confirm that the diode operates in the linear region (nearly) for Vs=400 mVppk and in the non-linear region (definitely) for Vs=1 Vppk.


c.
Calculate the high-pass corner frequency of the 4.7 µF capacitor.  (Use the ac circuit and determine the equivalent resistance seen by the 4.7 µF capacitor).

3.
a.
Summarize in a table your results on the AM envelope detector for m = 40%, m = 80% and m = 120% (VODC, Voppk, rectified current IDC, fundamental voltage and distortion component, corner frequency for m = 40%).  State the value of A, and your carrier and modulation frequencies.

4. Calculate the expected corner frequency of the AM detector for m = 40% knowing IDC and therefore the ac resistance of the diode.  Compare to your measurements.  Comment.  (To calculate the corner-frequency, use the ac circuit and determine the equivalent resistance seen by the 4.7 nF capacitor.  You can find the equivalent resistance of the diode by knowing the DC output voltage and hence the DC current in the diode).
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