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Lab Project 4

Envelope Detector & System Integration

Purpose

To design, construct, and test an envelope detector circuit.

To verify the operation of the complete infrared communication system.

Equipment
Agilent 33320A Function Generator

Agilent E3631A Power Supply

Agilent 54625 Oscilloscope

TL072 Op Amp

2 1N914 or 1N4148 Switching Diodes

Resistors

Capacitors
Transmitter & Receiver Breadboards

Background
Fig. 1 below shows an envelope detector circuit built around an op-amp.  This circuit uses the gain of the op-amp to overcome the turn-on voltage of the diodes.  Thus this envelope detector will function effectively even for input signals having peaks below 0.7 volts.  An additional advantage is that the op-amp produces gain. 


Figure 1.  Envelope Detector

The envelope detector of Fig. 1 consists of three stages.  The first stage, including the op-amp and the diodes, functions as a half-wave rectifier.  The second stage, including the resistor R1 and the capacitor C1, is a simple low-pass filter.  The bandwidth of the low-pass filter must be much less than the carrier frequency of the envelope detector input signal, and must also be large enough to pass the modulation.  An additional requirement is that the low-pass filter not unreasonably load the op-amp.  The third stage, including the resistor R2 and the capacitor C2, is also a low-pass filter.  This filter allows only the DC (average) value of the envelope to pass.  The output of this filter should settle at a value approximately half way between the voltage corresponding to a “1” and the voltage corresponding to a “0”.  This average value is used as the threshold value for the comparator.
Prelab
1.
In your notebook sketch the waveforms that would ideally be observed at the envelope detector input, at the half-wave rectifier output, and at each low-pass filter output.  Assume that the envelope detector is driven by the on-off keyed carrier that your transmitter produces.

2.
Select an appropriate value for the capacitor in the envelope low-pass filter.

3.
Select an appropriate value for the capacitor in the threshold low-pass filter.

Procedure
1.
Wire up the envelope detector on your receiver breadboard.  Place this circuit between the dual-amplifier bandpass filter and the threshold comparator. Verify the operation of the half-wave rectifier circuit by applying a sinusoidal input and observing the rectified output.
2.   Hook up the envelope detector to the rest of the receiver.  Provide the envelope detector input from the bandpass filter output.  Supply the envelope detector outputs to the threshold comparator. Place the transmitter LED and the receiver phototransistor about two feet apart.  Power up the transmitter and the receiver.  Verify that the modulated signal appears at the envelope detector input.  Verify that a rectified signal appears at the half-wave rectifier output.  Verify that the envelope appears at the envelope detector output.  You may need to adjust the values of one or both low-pass filter capacitors.  You may also need to adjust the gain of the current-to-voltage converter at the receiver input to avoid overdriving the op-amps.  (It is also possible to adjust the gain of the half-wave rectifier.  Just make sure that you use equal resistors in series with each of the two diodes.)

3.
Verify that the proper pattern of bits appears at the comparator output.
4.
The D flip-flop is still being clocked by the transmitter’s bit clock.  Compare the output of the D flip-flop with the output of the pseudorandom sequence generator.  Prepare a plot of the PSG signal, the DFF output, and the clock signal.  One signal should be a delayed replica of the other.  Record the amount of delay.

5.
Move the transmitter and receiver apart slowly.  What is the maximum range over which you can achieve reliable communication?

6.  Record an update schematic of your system in your lab notebook.  

Report

Your lab notebook is to be handed in at the end of the laboratory session.  Be sure that your notebook includes a complete schematic, with symbols, U-numbers, and pin numbers, of the envelope detector and any other system components that you modified in today’s lab.


In your notebook, be sure to record the results you saw whenever the lab instructions ask you to “verify,” “adjust,” or “record” something.
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