Project 2


Optical Communications Link





For this project, each group will build a transmitter circuit and a receiver circuit. There should be 3 or 4 students per group.  It is suggested that 1 or 2 students build and test the individual components of the transmitter and 1 or 2 students build and test the individual components of the receiver.  However, all students should work together in developing design improvements and testing the overall system.  The fundamental goal of this project is to figure out how this combination of circuits works.





Grading


Introduction (2 pts)							________





Design (3 pts)								________





Analysis (3 pts)							________





Basic System Performance (2 pts) Must be completed by 8 March	________


     


Implementation (2 pts)						________





Performance Verification and Discussion (3 pts)			________


     


Final System Performance (2 pts) Must be completed by 10 March	________





Personal Responsibility (2 pts)					________





Creativity (0-5 pts extra credit)					________





Appendix  (1 pt)							________





Total (20 pts)								________





Names:





1. ____________________________





2. ____________________________





3. ____________________________





4. ____________________________





Grade: ___________ (Out of 20)





�
Background





The basic system design comes from The Laser Cookbook by Gordon McComb.  The transmitter circuit is based on a 555 timer chip.


�


The only power source necessary is 6 volts from either a DC power supply or from four 1.5 volt batteries.  The sample circuit in the studio uses four AA cells.  The audio source usually used is the earphone output from a portable tape or CD player.  The sample circuit in the studio uses an old AIWA tape player.  The tape used is by a group named Boys Night Out, which is mostly a bunch of engineers and scientists from Oak Ridge National Laboratory.  The signal from the audio source modulates the width of the pulses output by the 555 timer astable multivibrator circuit which drives the LED.  The optical signal from the LED is aimed toward the phototransistor in the receiver circuit.  The receiver circuit is a slight modification of a very standard audio amplifier circuit built around a 386 amplifier chip.  The pre-amp for this circuit is a simple inverting 741 op-amp configuration.  





The power for this circuit is (9 volts from either a DC power supply or two 9 volt batteries.  Again, the sample circuit in the studio uses batteries, primarily so that it can operate anywhere.  Please note the bypass capacitors included in both circuits. The capacitor found across the DC power leads is an open-circuit at DC but a short circuit at high frequencies.  Thus, it helps to reduce high frequency noise found on the leads from the power supplies.  From the second practical quiz, you should know that there is quite a bit of electrical noise in the studio. Once you get your circuit working, you should remove the capacitors and see what happens.


�





Besides getting these circuits to work, the key goal of this project is to reverse engineer the basic design to understand how it works.  The receiver detects the pulse width modulated signal from the transmitter LED, amplifies it back to the level the audio amplifier needs to see, sends it through an audio amplifier to a speaker where it can be heard.  To demodulate a pulse width modulated signal, it is only necessary to average the signal.  The basic circuit design provides this functionality more-or-less by accident.  To better understand how the circuit works, the circuit is to be fully tested and modified to separate the averaging functionality from amplification.  Crudely, a signal proportional to a time average can be obtained using a passive integrator.  Thus, you are to insert a passive integrator into the receiver before the inverting op-amp to isolate this function.  To isolate the circuit functions further, you can replace the inverting op-amp with a non-inverting op-amp.  This is somewhat difficult to implement, so this task is non part of the requirements for this project.  However, groups that accomplish it will get some extra credit points, depending on how well things work. The modified circuit is to be tested to be sure that it still does about as well as the original circuit.  Note that the circuit can drive either a speaker or a set of headphones. Since a source of audio is necessary for testing, one member of each group should bring a personal stereo and a set of headphones to class at least on Wednesday and Friday.





�
Project Report (25 points)


Due Date: 20 March


Although the project due date is the day after spring break, all construction and testing must be completed by 10 March.  The studio will not be open during the break.





Your project report should address your design, analysis of your design, how you implemented your designs, how well they worked, problems encountered, additional materials and information used and what each group member contributed.





Introduction (2 pt): Introduce and describe the goals of the project. 





General Problem Statement: Using the given design of an optical transmitter/receiver, design, build and test an optical link for an electrical signal in the audio frequency range.  Once the transmitter-receiver combination is working, test and modify it to determine how it works.





Update this problem statement by putting it in your own words or clarify it based on what you have learned about the optical link studied.  List at least two of the educational issues we have been addressing in this course that you encountered in this project.





Design (3 pts): Describe your project design, how it works, how you came up with this particular design and discuss potential problems you will look for when you build and test your circuits.





First build the circuits as they are shown on the diagrams above. The component choices in the diagrams can be changed if you find you do not have an exact match, but we will have only a limited number of additional components available. That should not deter anyone from thinking about how to improve the circuits.  As a general rule of thumb, use the information you obtained in previous experiments to determine if the component values you have chosen are close enough.  





Identify each functional part of the two circuits and then explain the functionality of each part of these sub-circuits and test them before you try the whole circuit.  For example, you should determine the impedance of the speaker you are using, you should measure the output of the phototransistor, you should check the gain of the 741 inverting op-amp circuit, etc.  Note also, that you will not likely have the same speaker each class day.   Test the 555 timer circuit with no audio input to see if it is working correctly.  Test the 386 audio amplifier stage of the receiver by directly coupling the audio sound source to its input potentiometer.  Always start with the volume controls of both the audio source and the amplifier turned down to avoid damaging things.   This part of the project is very important.  Take good data and have it signed by a TA or instructor.  After you have analyzed your design, your data should be adequate to show that the sub-circuit is working as expected (see the last task of the analysis section).  You should note anything non-ideal about the performance of the sub-circuit, including incorrect gains, noise, distortion, etc.


Test your completed circuits using both the audio source for which the transmitter was designed: a portable tape player or CD player (connect to the earphone jack) and the function generator.  Voltage levels at all points of the transmitter and receiver circuits must be measured and documented. These measurements can be made with one of two loads: a speaker or a resistor with the same value as the speaker.  If you use a speaker, be sure that you note its resistance. The signal levels used from the function generator should be typical of the output of the personal stereo source you are using.  Some signals from a tape player are shown on a following page. 





Replace the pre-amp stage of the receiver with a passive integrator circuit and a non-inverting op-amp circuit.  The latter choice of op-amp configuration helps to isolate the gain function from the integration function. Choose your component values so that your passive integrator properly integrates the input audio signal.  Choose the component values for the op-amp configuration so that you obtain the gain you need to hear the signal. (Note, it is not necessary to implement the non-inverting op-amp circuit, unless you have the time.)





Draw a neat, complete circuit diagram of your design.  Once you have completed this diagram, have it checked by a TA or instructor and have them note that they have done so on the last page.





Develop a plan for testing your design.  Your plan should include taking data at all points in the final circuit and showing that the signal sent to the audio amplifier properly tracks the original audio signal.





Analysis (3 pts): Discuss why your project should work and support your discussion with calculations, graphs, PSpice simulations, and common sense reasoning.





Determine the Thevenin equivalent source representation for the audio sources used. Also, determine the equivalent Thevenin source representation for the phototransistor. Something to think about for each circuit: Since it is required to look at each circuit with different sources and the receiver with different loads, it should  be possible to determine the input impedance of the transmitter and the output impedance of the receiver.  





Analyze the functionality of each part of the circuits you have built.  For example, determine the gain of each amplifier stage.  For the 386, this requires looking it up in the specification sheet you can find through the course website. Be sure you understand the function of the feedback capacitor connected to the 386, since it is likely you will not need it in your final design.  Find the application page of the 386 spec sheet and compare the circuit used here and the ones found there.  Also, look at the Low Power Stereo Audio Amplifier Project on Diana’s Electronics Info Page, which can be found through the Helpful Info section of the course webpage.





For each of the measurements made, there should be some discussion regarding which features of the data make some sense, which do not and why.


Basic Design Performance (2 pts): To test out your designs, you must first build the basic transmitter and receiver.  When you successfully transmit and receive an audio signal using a personal stereo and the function generator as sources, you will receive the full 5 points.  Successful transmission of the audio signal requires only that it can be understood.  For the function generator (with output levels comparable to the personal stereo), your group must determine the minimum and maximum discernible frequencies and the frequency that is best reproduced.  These judgments are somewhat qualitative. This test should be complete by 8 March.





Personal Stereo _____________    Witnessed ________________


Function Generator __________ Witnessed _________________


Min. Freq. ________ Best Freq. ________ Max. Freq. _________








Some Typical Signals at the Headphone Output of a Personal Stereo





�


�


Implementation (2 pts): Discuss what problems were encountered during the implementation of your project and how you solved them. Include advice you would offer to someone who wished to avoid these problems in the future.





Do not discuss design changes here.  Rather, you should discuss, for example,  problems you had with wiring or due to misunderstandings of how individual components worked.





Performance Verification and Discussion  (3 pts): Show that your design works. Have your experimental data signed by a TA or instructor.  





Your main task here is to apply the testing procedure you developed in the design section of this report. Your procedure should include both experimental testing and some additional analysis. It is not necessary to do extensive analysis.  Just do the analysis necessary to show that your final design performance makes sense. For example, you might take your input and output signals from tests done with the function generator and try to re-plot them using Excel to show how similar they are.  It is very important that you demonstrate the operation of your design to a TA or instructor and have them sign your data.  Show them the procedure you are following.  Test your design under at least two conditions.  For example, test it with the LED and phototransistor as close together as possible and as far apart as you can obtain a discernible signal.  Describe the overall performance of your design in terms of such parameters as detectable signal, frequency response, fidelity, etc. Use all of the information you have acquired for your circuits.  For example, you should have plots of both the input signal and the signal seen at the speaker input or the signals at any other part of the receiver, should they be easier to work with.  Describe the similarities and differences between these signals.





Final System Performance Witnessed (2 pts)  _______________





Creativity (0-5 pts): Any creative approaches to implementation, testing or in the final design, or proposals on how the circuits studied could be applied to other applications will be rewarded with up to 5 additional points.  Suggestions for additional applications must be accompanied with analysis or testing of a completed circuit.





Personal Responsibilities (2 pts): A short paragraph should be written describing what each group member contributed to the project design, analysis, construction and testing.





When doing this and other projects, you must break down the tasks to be performed and assign each of them to specific members of your group.  For example, one person should be responsible for developing the testing procedures that you use to show that your design works.  If, in your group, you each shared equally in everything, you will get only one point for this section of the report. It is perfectly alright for everyone to work on everything, but there always has to be one person responsible for each task. At some point during class time, explain the breakdown in tasks to a TA or instructor and have them indicate that they have done so on the last page.





Appendix (1 pt): Include any background materials you used in the preparation of your design.





Two helpful websites:


A design similar to the one we will be building is discussed at:


http://www.danevans.demon.co.uk/irlink.html


A simple design that performs a similar function is discussed at:


http://materials.ecn.purdue.edu/~msecrc/test/MRSEC/Index.html





Find some additional information (probably on the web) on optical communication, the components we have used, etc.  For example, find the properties of a typical small speaker (resistance, inductance, capacitance, frequency response, etc.).
























































Project 2





Please list the names of all group members. A TA or instructor will initial a participation box each class day you attend and participate in this project.  When you have completed the goals of the project, have a TA or instructor initial under completed.  If you are unable to attend class for any reason, you can make up the work during an open shop time. The maximum participation grade is 5 points.





Student Name�
Participation�
Participation�
Participation�
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Date�
Pts�
�
�
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�
�
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�



Be sure that you have all of your experimental data signed by a TA or instructor.  Also, read this document very carefully and make sure you have done everything you have been asked to do.  It is a good idea to highlight each of the tasks listed so you don’t miss any.





Circuit diagram checked ______.





Personal responsibilities checked ______.
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