                      PHTN 1531 – OPTOELECTRONIC DEVICES

                                             LAB 2


An optical link will be designed, constructed and tested in this lab exercise. An operational amplifier driving an LED will form the transmitting stage while a photodiode or phototransistor will serve as a detector input for an op amp gain circuit to serve as the receiver stage. Measurements related to gain, bandwidth and bias voltages will be taken with references to component specifications such as power capability, quantum efficiencies and responsivity.

Information, provided by a function generator, will intensity modulate the LED of the transmitter stage while an oscilloscope observes the signal at the output of the receiver. The intensity modulated signal will be detected through the non linear operating region of the photodetection device (photodiode or phototransistor). The bias voltage  requirements of the LED and the photodetection component are critical. A forward bias is required for the LED while the photodiode must operate in a reverse bias mode in order to develop a space charge layer. Both bias arrangements will provide the respective photon emissions required.

Prelab: Observe the circuit of the LED transmitter. Determine the value of Rf to achieve a gain of 5. Assuming a LED RD of 30 ohms calculate the minimum capacitance that will allow a signal of 100 Hz to be coupled by a capacitor. Assuming a supply voltage of 5 volts and a diode current of 40 mA compute the  minimum value for  a LED bias resistor.. Observe the circuit of the receiver stage. Calculate the value of Rf for a gain of 5. Include your calculations in the lab submission.


EQUIPMENT: 1 PNZ334-ND photodiode (Panasonic)

                           1 PNA1801L-ND phototransistor(Panasonic)

                           1 LN66 LED (Panasonic)

                           1 Agilent 33120A arbitrary function generator or equivalent

                           1 Agilent 54600 series oscilloscope or equivalent

                           1 DMM

                           1 analog/digital trainer or breadboard with dual power supply

                           2 741 op amps or equivalent

                           2 10 kohm resistors

                           2 potentiometers for Rf (to be calculated)

                           1 1 kohm resistor

                           1 1 uf capacitor

Procedure:

1. Construct the circuits illustrated, on a breadboard or trainer kit. The kit has a built in +/- 12 volt power supply. If you use a separate breadboard you will need two single output power supplies ( or a single dual power supply). It is important to arrange your circuit components in order that the LED and photodetector are placed several inches apart and facing one another on as common an axis as possible.

2. Apply a signal of 100 mv p-p from the signal source at 1 KHz to Rin of the transmitter stage. Apply power to the system.

3. Observe the signal at the input of the output coupling capacitor (CHA to pin 6) to verify that you can adjust Rf for a gain of 5. Set output for 400 mv p-p. You may choose to adjust as required through the experiment.

4. Connect CHB of the Oscilloscope to the output of the receiver stage. ? You    should see a replication of the signal modulating the LED. 

       Is the frequency of the signal the same as the source? __________

       What is the magnitude of the receiver output signal? ___________

        Explain?

5. Measure and record the value of D.C. voltage at pin 3 of the receiver stage 

op amp. Explain your result.

6. Measure the D.C. voltage at the anode of the LED in the transmitter stage. 

Apply your probe to the 1 kohm resistor lead as this will be less likely to short the diode leads together. Record your value. _____________

7. Determine the bandwidth of the system. This is accomplished by adjusting 

the signal source to a known range of the midband (5 KHz) and observing the midband magnitude of the signal. As you reduce the frequency you will eventually see the signal begin to reduce in value. When you have arrived at a reading on your oscilloscope that is approximately 0.707 (3 dB down) of the midband value you are at the lower cutoff point of your frequency response for the system. Repeat the same process to determine the upper cutoff frequency. The difference between the two frequencies represents the bandwidth of the system.  Provide a plot of the spectral response for the system in the frequency domain. Take enough samples to generate a plot using excel in log format.
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