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Lab Project 1

An Infrared Communication Channel

Purpose

To investigate the properties of an infrared LED and phototransistor.

To design an electrical interface for the phototransistor.

Equipment
Infrared LED (Jameco 112150)

Infrared Phototransistor


(Jameco 112176)

TL072 op-amp

Resistors

Agilent E3631A Power Supply

Agilent 34401A Digital Multimeter

Background

In this lab, we will build a communication channel using an infrared (IR) emitter and detector (a light-emitting diode (LED) and phototransistor). This emitter/detector pair is essentially identical to those used in the infrared remote controls used for televisions and other AV gear. During the course of this term, you will build modulator and demodulator systems, so that the infrared channel can be used as a digital data link.

The key to understanding the operation of the infrared transducers is to understand what type of devices they are and how they interact with the infrared light.  The LED is just a diode, like the other diodes you have studied in your electronics classes.  However, a byproduct of forward current flow through the LED is that light is emitted, and the intensity of the light is proportional to the amount of device current.  The device is optimized to produce as much light as possible for a given diode current.  Note that the device is not made from silicon, so its forward operating voltage is not 0.7 V.
The phototransistor is just a BJT transistor, with a special base configuration.  In this device there is no base lead – rather, the case is transparent so that light can shine on the base region of the phototransistor.  Light shining on the base produces hole-electron pairs, effectively creating a base current.  The amount of “base current” is proportional to the light intensity.  This base current is amplified to produce a collector current as in conventional BJT transistors, provided the device is operated in the forward active region.

Considering the two devices together, we see that the current input to the LED is converted to infrared light, the light propagates to the phototransistor, and the phototransistor converts the light to a current.  This creates the basic communication channel you will be constructing.
Prelab
1.
Transmitter.  The driver circuit for an LED is shown in Fig. 1 below.  Specifications for the LED are at the end of these lab instructions.  Choose a value for the resistor Rd in the driver circuit.  Try to “drive” the LED with about 70 mA, without exceeding the resistor’s 1/4 W power dissipation capacity.


2.
Receiver.  Fig. 2 below shows some typical characteristic curves for a phototransistor.  The two curves represent different amounts of infrared light shining on the phototransistor base.  To make the measurements an LED was pointed at the phototransistor, and the LED and phototransistor were separated by two different distances.


From the measured curves we observe that in its active or “current source” region the phototransistor can be modeled as a nonideal current source.  Such a nonideal source is shown in Fig. 3.


For each of the two curves shown in Fig. 2, find the values of source current Is and source resistance Rs in the model of Fig. 3.

3.
The bandpass filter that follows the phototransistor in your data receiver will require a voltage source input.  Design a current-to-voltage converter circuit using an op-amp.  (Problem 3-38 in your ES203 text suggests a possible circuit.)  Provide five volts of VCE bias to insure that the phototransistor stays in its active region.  Your circuit should produce an output change of about a volt as the source current changes between the two curves of Fig. 2.  (You will adjust the design of your current-to-voltage converter in lab, after measuring how much current your phototransistor actually produces.)
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Procedure
1.
LED Transmitter.


Wire up the circuit as shown in Fig. 1.  Important – use the diagrams to correctly identify the leads of your device! Place the circuit on the right end of a breadboard, with the LED pointing off the breadboard to the right.  Measure the diode voltage and current.  Explain in your notebook how you know that the LED is on.  (There are at least two ways – remember, you can’t see the infrared light!)
2.
Phototransistor Characteristics.


The circuit of Fig. 4 can be used to measure a set of characteristic curves for your phototransistor, similar to those in Fig. 2. The resistor RC may be omitted.  This resistor does however provide a convenient means of measuring the current IC.

Step the power supply from zero to 10 V, starting with 0.05 V steps until 0.5 V, then in 0.5 V steps.  At each step, record the transistor collector-emitter voltage and the collector current.  Plot IC vs. VCE for the following cases (all on the same graph):
· LED and phototransistor separated by six, twelve and twenty-four inches.  You might have to scale back your distances to 4, 6 and 12 inches given the strength of your LED.
· LED off.  (Does it matter whether the phototransistor is pointing toward or away from the windows?)

· LED off and phototransistor covered by your hand.  (By comparing the last two cases you can judge the effect of ambient light.  Indicate this effect on your graph.)
Print out your plot, if necessary, and tape it in your lab notebook.  Identify the transition between the saturation region and the active region on your plot.



Figure 4.  Measurement of Phototransistor Characteristics


If we bias the phototransistor in its active region, the transistor can be modeled as a current source whose current is proportional to the received light intensity.  Using your measured characteristic curves, answer the following questions.  Record the answers in your notebook.

1.
If we model the phototransistor as a current source, what is the source resistance?

2.
How much current does the phototransistor produce at VCE = 5 V when the LED is off?  That is, what is the response to ambient light?

3.
How much current does the phototransistor produce at VCE = 5 V when the LED is on and separated from the phototransistor by six inches?

4.
Draw a line on the characteristic curve plot in your lab notebook indicating VCE = 5 V and mark the answers to (2) and (3) above on it.

5.   Identify the change in current expected between the LED on and off conditions at VCE = 5 V.

3.
A Phototransistor Interface.





Wire up the phototransistor and current-to-voltage converter circuit that you proposed in the pre-lab.  Place the circuit at the left end of a second breadboard.  It will be easiest to omit the resistor RC from your phototransistor circuit at this point in the system development. Alter the resistor values as necessary to customize the circuit to your phototransistor and LED.  Select component values compatible with good op-amp practice (1 k( to 100 k( resistors).  You want to be able to detect a change in the output voltage when the LED is turned on, but too large an output voltage change (more than about 5 V) will cause problems with slew-rate limiting of the op-amp when the LED is modulated at 40 kHz in a later step.  When your circuit is operating in a satisfactory manner, record in your notebook the value of output voltage for the following conditions (at VCE = 5 V):

· LED and phototransistor separated by 6, 12, and 24 inches (or what was used previously).

· LED off.

· LED off and phototransistor covered by your hand.

Keep in mind that it may be necessary to modify the current-to-voltage conversion ratio in subsequent weeks when you add additional receiver stages.  Verify that your system is operating properly.
Report
Your lab notebook is to be handed in at the end of the laboratory session.

Device Specifications

LED (long leads)


Light is emitted out of top of device

Electrical & Optical Characteristics
Lens color:  Transparent

Wavelength:  940 nm

Maximum forward current:  100 mA

Typical

Vd = 1.15 V @ 20 mA

Radiant output power:  1.2 mW

Measured

Vd = 1.24 V @ 18.8 mA

Vd = 1.4 V @ 70.6 mA

Flat Side (looking down) Indicates Cathode
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Infrared Phototransistor (short leads)

Light input through top of device

Electrical & Optical Characteristics
Lens color:  Transparent

Breakdown voltage: BVCEO = 30 V

Breakdown voltage: BVECO = 5 V

Peak response wavelength = 940 nm

Imax = 100 mA

Flat Side (looking down) Indicates Collector
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Figure 1.  LED Transmitter





Figure 2.  Typical Phototransistor Characteristic Curves
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Figure 3.  Current Source Model
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