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Purpose

To observe time-domain and frequency-domain representations of amplitude modulated and double-sideband suppressed-carrier signals.

Equipment
Agilent 33250A Function Generator

Agilent 33220A Function Generator

Agilent 54624A Oscilloscope

Agilent E4402A Spectrum Analyzer

MiniCircuits ZAD-3 Ring Modulator

50 ( feedthrough termination

BNC T-connector

Background
1.
If m(t) is a baseband “message” signal with peak value mp, and Acos(2(fct) is a “carrier” signal at carrier frequency fc, then we can write the amplitude modulated (AM, or, more precisely, DSB-LC) signal g(t) as
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where the parameter ( is called the “modulation index” and takes values no greater than one (100% modulation) in normal operation.  In lab we will look at the special case in which m(t) is given by m(t) = mpcos(2(fmt), where fm is called the “message frequency.”  In this case we can write
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In the above expression the first term is the carrier, and the second and third terms are called the lower and upper sidebands, respectively.  Figure 1 is a Matlab plot of a 20 kHz carrier modulated by a 1 kHz sinusoid with 100% and 50% modulation.

2.
Sometimes it is desirable to suppress transmission of the carrier.  A double-sideband, suppressed-carrier (DSB-SC) signal z(t) is given by
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For the special case in which m(t) is a sinusoid, we have
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In the above expression the upper and lower sidebands are present, but there is no carrier.  Figure 2 shows a DSB-SC signal.






Figure 1.  Amplitude Modulated Signals




Figure 2.  A Double-Sideband Suppressed-Carrier Signal

Prelab
1.
Read the “Hints on Spectrum Analyzer Measurements” included at the end of these instructions.

2.
Suppose we have an AM signal for which A = 0.5 V, fc = 500 kHz, and fm = 10 kHz, where both the carrier and the message are cosine waves.  Find the carrier level in dBmV.  Find the level of the upper sideband in dB relative to the carrier (dBc) if the modulation index ( = 1 (100%) and if ( = 0.5 (50%).  Recall that dBc is simply the difference in levels between the carrier and the term of interest, measured in dB.  An rms voltage level Vrms is expressed in dBmV using the following conversion:
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3.
Find the analytic spectrum G(f) ( i.e. the Fourier transform) of the AM signal g(t) with the above parameters and ( = 0.5.  Plot the spectrum by hand in your lab notebook.

4.
Suppose we have a DSB-SC signal z(t) for which D = 1, mp = 0.25 V, fc = 500 kHz, and fm = 10 kHz.  Find the analytic spectrum Z(f) of z(t).  Plot the spectrum by hand in your lab notebook. Find the spectral levels in dBmV and include on your plot.
5.
Nonlinearity in an electronic system can distort sinusoidal signals.  Small nonlinearities are most easily detected in the frequency domain, as they create unwanted harmonics.  Suppose the message 
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.  Find the spectrum 
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.  Plot the spectrum in your lab notebook.  Identify the message and the unwanted harmonic components of the spectrum.

Procedure
1.
Turn on the Agilent E4402A Spectrum Analyzer (SA).  The SA will go through a self-start and self-calibration cycle, and should be ready for measurements after about 5 minutes.  Read the “Hints on Spectrum Analyzer Measurements” available on the lab web page.
2.   Carrier Signal.  Set up the AG33250A Function Generator (FGc) to produce a sinusoid having a frequency of 500 kHz and a 0-peak value of 0.5 V.  (Measure the peak value using the oscilloscope.  Remember that the function generator panel readout gives peak-to-peak voltage into a 50 ( load by default.)  This is the carrier signal. 


Observe the carrier signal on the spectrum analyzer (use a BNC T-connector so that you can use the oscilloscope and the spectrum analyzer at the same time).  Measure the carrier frequency and amplitude (in dBmV) using the spectrum analyzer and compare with the function generator settings and prelab calculations.  
3.
Message Signal.  Set the AG33220A Function Generator (FGm) to produce a sinusoid having a frequency of 10 kHz and a peak of 5 V.  Be sure that there is no DC offset.

4.
Amplitude Modulation.  For safety, temporarily remove the output of FGc from the spectrum analyzer.  Change the (unmodulated) carrier amplitude to a measured value of 1 V 0-peak.  Push the MOD button on the front panel of FGc.  Set the “type” to AM, the “source” to EXT, and the “AM depth” to 100% (aka ).  (Note:  The carrier amplitude will drop to 0.5 V when the modulation feature is turned on.)   Now connect the message signal from FGm to the “Modulation” input on the rear panel of FGc.  You should see a 100%-modulated AM signal on the oscilloscope. (Hint: think about the proper time scale for displaying this signal.)  You will need to use the “Sync” signal from the AG33120A to synchronize the oscilloscope.  Include an annotated copy of the DSB-LC waveform in your lab notebook, verifying its parameters.

When you see the modulated signal, reconnect the spectrum analyzer. Identify the carrier and the sidebands on the spectrum analyzer display.  Measure the carrier and the sideband levels and compare with your prelab calculations.  Include an annotated copy of the spectrum in your lab notebook.

Vary the frequency of the message signal between 5 kHz and 20 kHz by adjusting FGm.  What happens to the sidebands?  Reset the message frequency to 10 kHz.  Measure the bandwidth of the AM signal.


Reduce the amplitude of the message signal until 50% modulation is achieved.  (You can use the “AM depth” setting on FGc.)  Verify that you have 50% modulation by recording the level of either sideband shown on the spectrum analyzer, and comparing it to the value you calculated in the prelab.  Using the oscilloscope, measure the maximum and minimum value of the waveform envelope.  Record your measurements and verify that they too are consistent with 50% modulation.  Include both time domain and frequency domain displays of the waveforms to accompany your measurements.
5.
Suppressed Carrier.  To generate a suppressed-carrier signal we will use a Mini Circuits ZAD-3 ring modulator (also called a mixer).  A schematic of the ring modulator is shown in Fig. 3.



Two points should be noted:  First, the L and R signals are applied directly across the diodes.  To avoid melting the diodes, input signals must be kept small.  Second, the “R” and “L” ports are transformer coupled, while the “I” port is DC coupled.  The transformer-coupled ports have a passband from 25 kHz to 200 MHz, while the DC-coupled port has a passband from DC to 200 MHz.  In this lab we will apply the message to port “I”, the carrier to port “L”, and the modulated signal will be available from port “R”.

The ring modulator is designed with the intention that all three of its ports be terminated in 50 (.  The two inputs will be fed from 50 ( function generators, and these will provide the correct terminating impedance.  To properly terminate the output, use the 50 ( feedthrough termination.


The AG33250A should already be set to a carrier frequency of 500 kHz.  Turn the modulation off for this part of the lab.  Set the amplitude to 1.4 V peak, measured open-circuit.  (This will provide 0.7 V peak into a 50 ( load.)  During the experiment you may vary the frequency of this carrier, but do not alter the amplitude.  Connect the carrier to the “L” input of the mixer.


Set up the AG33120A to provide a 1 kHz sinusoid having any amplitude up to 0.7 V peak, measured open-circuit.  During the experiment you may vary the frequency of the sinusoid and the amplitude, provided you do not exceed the 0.7 V peak.  Connect the sinusoid to the “I” input of the mixer.


Connect the “R” port of the mixer (terminated in 50 ( as described above) to the oscilloscope and also to the spectrum analyzer.  Adjust the spectrum analyzer display until you can see the sidebands clearly.  As you adjust the amplitude of the message signal, you will see harmonics of the message appear in the spectrum.  Set the amplitude of the message signal so that the largest harmonics are 30 dB below the fundamental.  Record the spectral level of the fundamental component of either sideband.


Ideally there should be no carrier component present in the mixer output at all, but things are rarely ideal and that is why we do labs.  Measure and record the carrier level in dB with respect to the fundamental component of the upper (or lower) sideband.  This measurement is called the carrier suppression.  Observe the waveform on the oscilloscope and compare with the one shown in Fig. 2.

6.
Square-Wave Carrier.  The mixer causes a certain amount of distortion of the carrier signal.  This should be observable on the oscilloscope.  Observe the result on the spectrum analyzer by looking for harmonics of the carrier.  Note particularly what happens at odd harmonics of the carrier frequency (1.5 MHz, 2.5 MHz, etc.).  Draw the spectrum analyzer display in your notebook.  Measure the level of the largest harmonic component in dB relative to the level of the upper sideband.  Record the frequency at which the measurement is made.

7.
Phase-Shift Keying.  When a carrier is modulated using DSB-SC by a binary message signal, the result is called binary phase-shift keying.  Push the appropriate button on the AG33120A to generate a square-wave message signal.  Observe the resulting PSK signal on the oscilloscope and the spectrum analyzer.  Draw the waveforms.  Measure the bandwidth of the PSK signal using the spectrum analyzer and record the result.  For this measurement define “bandwidth” to include any spectral components that are within 30 DB of the largest spectral components.

Report

Your lab notebook is to be handed in at the end of the laboratory session.
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Figure 3:  A Ring Modulator (Mixer)
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Amplitude Modulation (50%)
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Double-Sideband Suppressed-Carrier
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Amplitude Modulation (100%)
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