


INTRODUCTION:





	There are many needs in the medical world that have yet to be met.  One of  those areas is internal lighting of a patient while in the operating room.  Although there are similar instruments that are being developed, our apparatus functions by reflecting the light created by the lamp in fiber-optic wire.  The ambient light circuit, as it is called, turns on the light as the environment gets darker and turns off or dims the light as the environment gets lighter.  Theoretically, it should make operating in small places in the human body a little easier if a miniature camera is attached to the instrument to aid in visualization.  The only problem that ensued was that the lamp required too much power.  Thus, we were restricted to using an LED due to the lack of an adequate power supply.    





 


BACKGROUND:





	The ambient light detector is a device that will eventually lead to a better surgical instrument for physicians and surgeons.   It is a prototype for self-lighting tools.  The ff.internal environment when it senses darkness makes operating procedures a lot easier to perform.  This instrument can also be used to aid dentists to light some of the dark places in the mouth that they have difficulty seeing with the large over-hanging light that they usually use.     


	There really aren’t many instruments resembling this ambient light circuit with surgical tools.  There are a lot of photoelectric instruments, but they are not as specific for this type of use.  The bandwidth of the instrument is limited by the bandwidth of the phototransistor, which is from 620 to 980 nm, with a peak adsorbance of 850 nm.  


	There are safety concerns as there are with any device that goes in the body.  Most importantly, the components of this instruments that enter the body cannot be corrosive because that may led to irritation of the muscles or even the bones.  It is important that the object is also grounded since the body is electrically conductive. 


	There are a few components which are critical to the design of the ambient light detector.  The power supplies available in this laboratory are not capable of generating enough power to run the 12 volt lamp at the proper amperage that this circuit requires.  Despite the fact that the ambient light control circuit currently contains a red LED, the information contained in this section illustrates the characteristics of the components that would function with a light bulb if a larger power supply was available.


   





Heat Sinks





The transistor in the circuit needs a heat sink to keep it cool enough so that it can function properly.  A heat sink is an instrument that dissipates heat depending on the area and the surface of the instrument itself.  The purpose of this instrument is to prevent the overheating of the transistor by transferring the absorbed heat to the environment.


Heat sinks are pieces of conductive metal that have large surface areas.  They work by essentially absorbing the heat from the instrument that they are affixed to and then dispersing the heat faster than the transistor could alone.  With instruments that require a lot of heat dissipation, large heat sinks should be used because they maximize the surface area to heat ratio.  A combination of air cooling and heat sinks can be used to remove an even larger amount of power to ambient environment.      


The characteristic used to calculate the heat into the ambient environment is the thermal resistance.  The thermal resistance is the ratio of the temperature rise over the power transfer.  In fact, the final temperature of the circuit can be found  from the equation Tj=TA + ((JC+(CS+(SA)P.  The values (JC, (CS, and (SA represent the thermal resistances from the circuit to the case, case to the sink, and the sink to the ambient environment, respectively.  The variable P is the power being dissipated.  


Newton’s cooling law is the equation that truly defines the heat transfer coefficient.  It is the ratio of the heat flux to the change in temperature.  The flux itself is defined by the thermal conductivity of the fluid (air in this case) and the characteristics of the metal plate The heat transfer coefficient is supposedly only defined in one direction.  In fact, the previous equation can be integrated from the heat coefficient equation:
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where:


w-represents the wall condition in each term 


h-the heat transfer coefficient


dT/dy-the flux at the wall before it is adjusted by the thermal conductivity of the fluid


k-the thermal conductivity of the fluid 





The heat first travels by the process of heat conduction and then through heat convection.  An understanding of this is based on the assumption of air flow resembling a circulating, viscous fluid.  The movement of the air is much faster at the top of the flow or rather at a defined distance far from the plate than at the plates themselves.  Referring to fluid mechanics, the condition that exist at  the surface of the plates is “no-slip,” which assumes almost no movement.                                                                    


The circuit design is that of an ambient sensitive light display.  The power for the circuit is obtained from a relatively high resistance normally used to drive low-voltage lamps.  




















PhotoTransistor





		A phototransistor is an instrument which is sensitive to light.  When it is stimulated, it creates a current through the circuit that it is placed in.  The phototransistors are packaged in transparent cases.  They are designed for high speed, efficiency, and low leakage current.  These are the demands placed upon them due to the characteristics of light.  


		The phototransistor works like an ordinary transistor where the base current is caused by the current produced by the light that it detects.  There exists a speed trade-off for the phototransistor.  The higher the speed, the higher the current that is delivered.  The limit of phototransistor’s light sensitivity is determined, in part, by the resistance that the transistor has while working at low light levels.  In the phototransistor, the lead closest to the notch was the emitter, the lead furthest was the collector, and the base was in between.          








Transistor





	The main piece of circuitry used in the switch was the transistor.  The transistor is considered the most important of the so-called “active” components of electrical circuits.  It is responsible for creating an output which is greater than the original input.  This magnification of an input is comparable to an amplifier where there is a voltage gain or in a switch which follows TTL.  A transistor has three terminals, the base, collector, and emitter.  There are both NPN and PNP transistors.  The difference between the two is the polarity.  However, this lab specifically deals with the NPN transistor. It appears as follows:
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Two currents through the transistor of great importance are Ic and IB.  They are related by the equation:





 Ic = (*IB, where ( is the current gain.  This is the governing equation for the transistor.  In order to achieve this, manipulation of the resistors and voltages in the circuit must be done to produce the currents with the proper specifications.  One way to control the voltage into the transistor is through the means of a voltage divider. 














LED





	Due to some power constraints, the lamp in the circuit was substituted with an LED.  LEDs or, light-emitting diodes, behave like diodes except that they light up when there is current flowing.  The power requirement of LEDs is much less than that of a typical lamp because the LEDs only require as little as 5mA to function properly.


	The functioning of a diode has to be explained in further detail so that the complete understanding of an LED is obtained.  First and foremost, Diodes are nonlinear.  This means that if the signal is altered in the beginning, it will not necessarily be altered in the same way in the response signal.  In fact, this never happens with diodes because of the very fact that they are nonlinear.  This is why doubling the voltage doesn’t double the current for the LED.  The characteristics of a diode are resembled in the following graph:
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The reverse current occurs when the flow is from cathode to anode.





	LEDs themselves don’t have any internal resistance and do not really obey Ohm’s law.  As mentioned before, LEDs are basically just diodes with a forward drop (anode to cathode) of  2 volts.  





Lamps


 


	Lamps resemble LEDs except for the main problem that they require a much larger current to light.  In fact, such a problem arose with the lamp that was the original component in this circuit. In essence, it required more power than could be supplied by the power supply.  Like LEDs, lamps also serve as indicators.  However, the problem of their power requirements must be carefully dealt with, which is why the lamp was replaced by LEDs. 


              


























SYSTEM OVERVIEW:





	The following are the two circuits tested while developing the device.





CIRCUITS 1, 2, AND 3: 
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FIGURE 5








CIRCUIT 1 VALUES:





R1 = 19.99 + .10 k(


R2 = 9.92 + .05 k( 


R3 = 4.99 + .02 (


R4 = 2.02 + .02 k(





Q1 = Power Transistor


Q2 = BPW77N-PHOTOTRANSISTOR








CIRCUIT 2 VALUES:





R1 = 476 + 2 (


R2 = 929 + 5 (


R3 = 4.99 + .02 (


R4 = 50 k( high power variable resistor





Q1 = Power Transitor 


Q2 = BPW77N-PHOTOTRANSISTOR





CIRCUIT 3 VALUES:





R1 = 999 + 5 (


R2 = 929 + 5


R3 = 4.99 + .03


R 4 = 50 k( high power resistor





Q1 = Power Transistor


Q2 = BPW77N-PHOTOTRANSISTOR 








Though this circuit was quite difficult to get to function properly, the concept underlying how it works is somewhat easier.  A voltage comes into the circuit from the power supply.  R1 and R3 act as voltage dividers.  This is so that the proper current results in each wire (I1 and IC).  Once the current goes through R1, some is pulled to ground via R2.  The other goes the way of the transistors.  Thus, R1 and R2 also act as a voltage divider.  When ambient light is hitting Q2, there should be a large enough voltage drop in the phototransistor to saturate it.  Therefore, most current will go the way of the phototransistor and on to ground.  Not enough current will go to Q1 and there will be no saturation of VBE.  According to TTL, the transistor will be “off” and the bulb will not light.  On the other hand, when no or little light is hitting Q2, there is not a substantial enough voltage and the current is not drawn down.  Therefore, IB into Q1 is great enough to turn the transistor “on” in terms of TTL logic.  VBE is saturated.  IE is then roughly equal to IC and there should be enough current to drive the light bulb.  The size of R4 can be varied to adjust the current driving the light bulb.  If the current into the light bulb is too low to power it, R4 should be increased to make the current through the bulb greater.  This is more of a general overview of the system.  The specific quantitative analysis of each circuit will be discussed in the operational specifications.  


In order to develop the proper current, the resistors could be changed so that IB would reach the proper value.  After CIRCUIT 1 did not work, CIRCUIT 2 and CIRCUIT 3 were mathematically calculated using Kirchoff’s Loop Rules and other rules governing circuits and transistors.  This is shown in APPENDIX II.








FINAL CIRCUIT:  This circuit was constructed with an LED as a replacement for the halogen light bulb.  In addition, a simple NPN P2N2222 transistor was used.
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R1 = 21.90 + .11 k(


R2 = 50 k( high power variable resistor set to 45.58 k(


R3 = 5.27 + .03 k( 


R4 = 10.10 + .01 k(


R5 = 118.9 + .6 ( 


R6 = 1.015 + .005 M(





Q1 = NPN P2N2222 Transistor


Q2 = BPW77N-PHOTOTRANSISTOR 





The FINAL CIRCUIT was very similar to CIRCUITS 1, 2, AND 3.  The exact same concept applies to the FINAL CIRCUIT as did to CIRCUITS 1, 2, and 3.  The phototransistor has a large enough voltage drop when there is ambient light and current is  drawn toward it and then to ground not allowing the other transistor, Q1, to reach saturated VBE.  This prevents IE being large enough to power the LED.  When there is no ambient light, the voltage drop of Q2 is not large.  Thus, IB is large enough to cause VBE to saturate.  This means IE is approximately IC which is enough to power the LED.  IE should be large enough because the circuit was mathematically designed so that IC would be large enough to power the LED.  


The only difference between them is that the FINAL CIRCUIT had two resistors in series in parallel with Q2.  There were two in series because these two delivered a large voltage drop across Q2.  Of course this is not a significant difference because two resistors in series just functions as one resistor of a larger value.  In addition, there were also the P2N2222A transistor and the LED substitutions. 


 


  





CONSTRUCTION PROCEDURE:





	The initial circuit (FIGURE 1) and the final circuit (FIGURE 2) were both very similar. The only changes were an extra resistor which only made a difference in terms of the construction and not functionability and lack of resistor leading into the collector of the transistor Q1.


	To begin with, a power supply was needed.  The red (+) coaxial cable was connected into the + 25 V plug, and the black cable was connected into the ground plug of the power supply.  Alligator clips were then connected to the cable ends.  Then small wires connected the clips to the breadboard with the red cable leading to the inner column and the ground leading to the outer column.  From the positive column, two resistors came out in parallel.  R1 and R3 were both in the positive column and went to their own row.  R3 was two 10 ( placed in parallel.  Thus, the similar ends of both were placed in the same column and row.  The collector of Q1 was placed in the row with R3 and the base of the Q1 was placed in the row of R1.  There needed to be two empty slots left in the row of R1.  One went for the collector of Q2.  The other went to R2.  The remaining end of R2 went to an empty row.  Then a wire ran from this row to ground.  In addition, the emitter of Q2 went to an empty row where another wire was placed and ran to ground.  The emitter of Q1 ran to an empty row.  From here, two 1( resistors were placed in series to create the 2( resistance.  From the same row of the emitter of Q1, a wire ran to an empty row where the bulb was placed in.  A wire ran from the row with the other end of the bulb to the row were the 2( resistance ended.  Then a wire was run from this row to ground.


	The final circuit had the same power supply set up.  R1 ran out from the positive column to its own row.  A wire was also run from the positive column to an empty row in which the collector of Q1 was placed.  In the row of R1, the collector of Q2 was placed.  The emitter was placed in its own row with R3 which then ran to the ground column.  Also from the row of R1, a wire was placed that was soldered onto the high power variable resistor.  The other soldered wire from the resistor then was placed in an empty row.  From this row, R4 ran to ground.  From the row of the emitter of Q1, R5 and R6 were placed.  The other end of R6 ran to ground.  The other end of R5 ran to its own row.  In this row, the LED was placed with the other end placed in ground.


	Of course, wires and resistors were cut so they could be placed flat against the breadboard.  The high power resistor needed to be soldered separately.  Then it was placed the board.  The wire soldered to it were long enough so that it could be moved around, and the resistance varied without messing up the circuit board. 








TESTING PROCEDURES:








	The intended purpose of the lab project was to construct a working model of the designed circuit.  However, before this could be done, every aspect of the circuit had to be tested.  Initially, none of the main components of the circuit were used.  The transistors and the light source were left out in order to ensure that they would not be mistakenly burnt out.  Instead, a circuit was set up with just resistors and a voltage source.  This was done so that the current and voltage drops could be measured at certain parts of the circuit.  By finding and correcting these values, it could be made certain that the current and voltage would not exceed the threshold specifications of the respective transistors and bulbs.  The first circuit that was tested is shown below.  The circuit below was designed to simulate the conditions of a brightly lit environment, thus, having the light bulb turned off.





�
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Figure 1


	


	


	The data in APPENDIX IV, Part A, was obtained by measuring the voltage drop across each resistor using a multimeter.  Next, the true value of each resistor was measured.  Then, using Ohm’s Law, V=IR, the current was calculated.  The values obtained for the current and voltage drop were well below the maximum threshold levels of all of the transistors and the bulbs that were to be used.





	Next, another circuit was designed to simulate the conditions of an environment without light, thus, having the bulb turned on.  This circuit is shown below.





 


��������� EMBED ShapewareVISIO20  ���


Figure 2	 


	








	The testing methods, described above, were used again to gather the data in APPENDIX IV, Part B.  Just as with the other circuit, the data obtained from this circuit indicated that the transistors and the light bulb were not in danger of being burnt out due to an excessive current.








	After making sure that it was safe to use the transistors in the circuit, the real circuit was built (See FIGURE 1, CIRCUIT 1).  This circuit was designed according to the Optoelectronics Circuit book available in the Bioengineering Laboratory.  However, for this circuit, an 18 volt power supply was used instead of the 9 volts of power initially tested.  Because the initial current throughout the circuit was so low, there was no fear that doubling the voltage would somehow endanger the life span of any of the components of the circuit (Specifications found in APPENDIX III).  Finally, the circuit was built and tested to see if it actually worked.  Unfortunately, the circuit did not work.  This was evident since the light bulb never lit up.  


In order to find the reason for the circuit not working properly, several tests were performed.  First, the voltmeter was connected to the output of the circuit so that the change in voltage (with respect to the phototransistor being covered and uncovered) could be measured.  Because the change in voltage was only found to be about 0.30 volts, the problem was assumed to lie with this small voltage change.  Thus, it was decided to build a non-inverting amplifier according to the Radio Shack Mini-Engineer Handbook, using a 741-op-amp.  As this amplifier was being built by one member of the group, other tests were being performed by another group member.  The voltage drops were measured across each resistor using a multimeter.  Incorporating the methods described in APPENDIX I, current and voltage values were calculated for two different stages of the circuit, with the phototransistor covered (indicating an environment without light) and with the phototransistor uncovered (indicating a well lit environment).  After finding these values (CIRCUIT I RESULTS), it was clear that the reason the circuit was not functioning properly was because there was not enough current running into the light bulb.  Therefore, it was reasoned that building a non-inverting amplifier with a 741-op-amp would not serve any useful purpose.  Thus, the amplifier project was abandoned and more concentration was now placed on biasing the circuit instead.


	Using the formula, P=IV, with the Radio Shack values of 20W and 12V, respectively, for the light bulb, it was calculated that the bulb needed 1.67 A in order to light.	





Then, the voltage drop across the light bulb had to be calculated.  In order to do this, a simple circuit was built using the light bulb and a 10k resistor.  The circuit is shown below.








���� EMBED ShapewareVISIO20  ��� 


		Figure 3





Using this circuit, the voltage drop was measured across the light bulb with a voltmeter.  This voltage drop was found to be 8.97 volts.  





	Following the procedure mapped out in APPENDIX II, new resistance values were calculated with the assumption that the light bulb needed approximately 2A to work and that the voltage drop across the bulb was 8.97 V.  Next, a new circuit was built using the recalculated resistor values.  This circuit was then tested.  Unlike the previous circuit, this circuit did, indeed, light up the bulb.  However, it was evident that the circuit was still not functioning properly since the bulb did not dim when the phototransistor was exposed to light.  After thoroughly checking each component of the circuit, no immediate problems were found with the wiring or with any of the components.  Thus, it was assumed that the error lied somewhere within the calculations that were performed.  


	In order to find the problem, the multimeter was used to measure the voltage drop across each resistor of the circuit again.  By doing this, it was found that there was a large discrepancy between the measured voltage drop of the light bulb compared to the tested voltage drop of the light bulb previously described.  Due to some unknown human error, the voltage drop across the light bulb was recorded incorrectly the first time around.  When this procedure was duplicated (described above), a new voltage drop of 3.92 volts was found.  This time, three separate trials were performed and the mean and standard deviation were found.  The data is found in APPENDIX III





To take this test one step further, the light bulb was tested to check for a constant voltage drop.  The circuit below was set up again.





�
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					Figure 4





This time, however, the voltage of the power supply was set to zero and was then slowly increased.  As the voltage was increased, data of voltage and the respective current was recorded at various voltage levels according to the voltage and current meters of the power supply.  A graph of Voltage vs. Current was then graphed to prove that the voltage drop was indeed constant (APPENDIX III).  


Again, the resistance values were recalculated according to APPENDIX II and another circuit was built.  Just as with the previous circuit, this circuit successfully lit up the bulb, but did not perform as expected.  Not unlike the previous circuit, this circuit did not dim the light bulb when the phototransistor was exposed to light.    


	Upon realizing that the power supplies that were available in the Bioengineering laboratory could not dissipate enough current to properly run the circuit, it was decided that the light bulb had to be replaced with an LED.  Thus, there was no need for the power transistor that was being used.  Instead, it was replaced with an NPN P2N2222 transistor found in the laboratory.  Then, the resistor values were recalculated according to APPENDIX II, and the circuit was built (FIGURE 6).  When 18 volts of power was supplied to this circuit and the high-powered 50k( resistor was adjusted to 45.6 k(, the circuit seemed to be functioning properly.  When the phototransistor was exposed to a lot of light, the LED was completely turned off.  As the phototransistor received less and less light, the LED became brighter and brighter.


	In order to illustrate how this circuit would be used, the phototransistor and a three-foot long piece of fiber optic wire were attached to a small flathead screwdriver via black electric tape.  The collector and the emitter leads of the phototransistor were then attached to the rest of the circuit with long, black conductive wires that were fastened with black electrical tape as well.  The fiber optic cable was then fitted with a black rubber sleeve that was just large enough to cover the LED.  After this sleeve was place over the LED, the rubber sleeve was heated by a silver zipper lighter obtained from a member of the BE310 laboratory course.  The heat from the lighter caused the sleeve to shrink and to fit tightly over the LED and the fiber optic cable.  When the LED was placed back into the circuit, the model was tested.  As the screwdriver was placed into a dark environment, the fiber optic wire glowed with the red light from the LED.  And, as the screwdriver was placed into a bright, lit up environment, the fiber optic wire ceased to glow with the red light.  This experiment made it evident that the circuit was working as desired.  


Finally, the frequency response of the phototransistor was taken.  For this, a specific procedure was followed.  First, a T-connector was attached to the output of the function generator.  Then, a BNC/BNC cable was connected from the T-connector of the output of the function generator to Channel 1 of the oscilloscope.  A BNC/alligator clip cable was then connected from the other output of the T-connector of the function generator to the input of the circuit.  Then, a BNC/alligator clip cable was attached from the emitter of the phototransistor to Channel 2 of the oscilloscope.  The oscilloscope was set so that both channels of the oscilloscope could be displayed at the same time.  Then, the frequency of the function generator was slowly raised until the amplitude of the output of the phototransistor (Channel 2 of the Oscilloscope) went all the way down to zero.  As the frequency was being raised, data points of frequency and amplitude were recorded so that an Amplitude vs. log Frequency curve could be plotted.  This graph is in APPENDIX IV, Part C.











OPERATIONAL SPECIFICATIONS:








Power was a significant factor in successfully creating this circuit.  This was due to the fact that the light bulb needed larger than usual current.  With a larger current, power (heat) is produced and the circuit has the possibility to burn out.  Therefore, it was necessary to include the heat sink on the power transistor so that the build up of heat could be dissipated over a larger area.  In addition, the resistors leading to the collector of the power transistor and the resistor in parallel with the bulb needed to be able to successfully dissipate heat also because they were dealing with the larger current.





















































CIRCUIT 1 RESULTS:





For the mathematics behind the following values, please see APPENDIX I





�
PHOTOTRANSISTOR COVERED�
PHOTOTRANSISTOR UNCOVERED�
�
I1�
8.67 + .01 E-4 amps�
8.60 + .01 E-4 amps�
�
I2�
7.56 + .01 E-5 amps�
6.55 + .00 E-5 amps�
�
IB�
7.91 + .01 E-4 amps�
7.95 + .01 E-5 amps�
�
VR1�
17.33 + .09 V�
17.20 + .09 V�
�
VR2�
0.75 + .00 V�
0.65 + .00 V�
�
VR3�
0.29 + .00 V�
0.16 + .00 V�
�
VBE�
0.60 + .00 V�
0.56 + .00 V�
�
VCB�
16.87 + .08 V�
17.17 + .09 V�
�
VCE�
17.49 + .09 V�
17.77 + .09 V�
�
VQ2�
0.79 + .00 V�
0.64 + .00 V�
�
 





CIRCUIT 1:





	This circuit was set up exactly as in the schematic from the book OPTOELECTRONICS.  However, the lamp, the power transistor, and the phototransistor were not as specified in the schematic because these parts were difficult to order.  Therefore, different parts were substituted for these parts.  They seemed to be capable of doing the job so they were considered acceptable.  However, the bulb that was ordered was a little too powerful.  It needed a large current.  It was a 20 W, 12 V lamp.  According to P=VI, the current to power the bulb should have been 1.67 A.  Thus, one could devise the circuit so that IC would be 2 A ensuring that the IE would be at least 1.67 A, thus, being capable of powering the bulb.  ( of the power transistor was 315.  Thus, according to IC = (*IB, IB would need to be about 6.34 mA.  This number is not exact, but it gives an acceptable general figure.  IB generated in this circuit when the phototransistor was covered was 0.791 mA.  Thus, IB was not even close to being large enough to saturate the power transistor and produce an IE large enough to power the light bulb.  In addition, I1 was only 0.867 mA.  IB + I2 = I1, so there was no way that 6.35 mA could be generated.  Therefore, CIRCUIT 1, set up as from the book, did not work.  However, CIRCUIT 1 was not a complete failure because the concept of the circuit was tested successfully.  When there was ambient light, the voltage drop across the phototransistor was 0.64 V.  When the phototransistor was covered, the voltage drop was 0.79 V.  Therefore, we were getting the right results.  The only thing that needed to be done was to make this difference in voltage greater and to create enough current.  Initially, a non-inverting amplifier was going to be tried to amplify the voltage drop across the lamp.  Instead of being 0.15 V, it was going to be amplified to about 10 V.  However, during the process of being built, one group member was working out the Kirchoff Loops and discovered the problem of the low current.  Therefore, the amplifier part was dropped and all efforts were concentrated on biasing the circuit to produce enough current.  From this circuit, the group learned that the layout was working, but that the proper resistor values needed to be calculated to successfully light the bulb.     











CIRCUIT 2 RESULTS:





Resistor values determined mathematically (see APPENDIX II)





�
PHOTOTRANSISTOR COVERED�
PHOTOTRANSISTOR UNCOVERED�
�
I1�
1.21 + .01 E-2 amps�
1.24 + .01 E-2 amps�
�
I2�
3.50 + .02 E-3 amps�
3.50 + .02 E-3 amps�
�
IB�
8.60 + .12 E-3 amps�
8.90 + .12 E-3 amps�
�
VR1�
5.74 + .03 V�
5.88 + .03 V�
�
VR2�
4.50 + .02 V�
4.50 + .02 V�
�
VR3�
1.01 + .01 V�
1.01 + .01 V�
�
VBE�
0.69 + .00 V�
0.69 + .00 V�
�
VCB�
4.66 + .02 V�
4.79 + .02 V�
�
VCE�
5.28 + .03 V�
5.49 + .03 V�
�
VQ2�
4.54 + .02 V�
4.54 + .02 V�
�
Vlamp�
3.82 + .02 V�
3.82 + .02 V�
�






	This circuit was set up according to the mathematical work done in 


APPENDIX II.  The main difference between this circuit and CIRCUIT 1 is that R1 and R2 were much smaller values.  By simple Ohm’s Law, V=IR, the smaller the resistor, the larger the current will be.  Thus, by increasing the resistors, IB could then reach 6.34 mA.  As a side note, the new resistor values were not considered dangerous to the power transistor or the phototransistor because in the original testing, the voltages and currents measured were below the maximum values by powers of 100 or 1000.  By decreasing the resistors, the current was increased by only a power of 10 to 100.  The new resistors were effective in increasing the current.  IB came out to be 8.60 mA which was above the acceptable value of 6.34 mA.  Thus, a high enough IE was generated to power the light bulb.  This was evident since the light bulb was turned on.  The light could be turned on by adjusting the high power resistor.  By making the resistance very large, more current goes to the bulb because the voltage drop across the parallel connection of the resistor and the bulb stayed constant.  Therefore, increasing the resistance will raise the current to the bulb and when it was significant enough, the light bulb lit.  However, there was a problem.  When the light was uncovered, the light was still on.  In addition, IB actually increased instead of decreasing.  There was no change in voltage drop across the lamp, VBE stayed at 0.69 V, and the voltage drop across Q2 remained at 4.54 V.  Thus, the numbers also suggest that there is something wrong with the circuit.  While the light bulb was on, the current gauge on the power supply was hitting the red maximum range of between 1.0 - 1.2 A.  In addition, the voltage gauge was going down to between 10 V and 15 V from the 18 V it was set to.  This was obviously a problem.  The power supply could not supply the proper amount of current to properly power the bulb.  This will be discussed in the discussion of CIRCUIT 3 because the same problem occurred.  While taking the readings for this circuit, the voltage drop across the lamp was only 3.82 V instead of the 8.97 V that we had measured previously.  Therefore, we hoped that this error might be the reason circuit was not working.








CIRCUIT 3 RESULTS:





Again, see APPENDIX II for mathematical work.





�
PHOTOTRANSISTOR


COVERED�
PHOTOTRANSISTOR UNCOVERED�
�
I1�
1.22 + .01 E-2 amps�
1.26 + .01 E-2 amps�
�
I2�
N/A�
N/A�
�
IB�
N/A�
N/A�
�
VR1�
N/A�
N/A�
�
VR2�
N/A�
N/A �
�
VR3�
N/A�
N/A�
�
VBE�
N/A�
N/A�
�
VCB�
N/A�
N/A�
�
VCE�
N/A�
N/A�
�
VQ2�
N/A�
N/A�
�
Vlamp�
N/A�
N/A�
�



Most of the data in the chart is labeled Non-Applicable because the power transistor finally burnt out during the last day when taking data.  However, data different from the other circuits was taken prior the transistor burning out.  It follows:





R4 (k()�
VOLTAGE FROM POWER SUPPLY (V)�
CURRENT OF POWER SUPPLY (AMPS)�
LIGHT�
�
49.2 + .2�
16.0 + .5�
1.08 + .01�
ON�
�
28.8 + .1�
16.0 + .5�
1.08 + .01�
ON�
�
Negligible�
18.0 + .5�
1.00 + .01�
OFF�
�



In addition, the transistor burnt out before data was taken when resistance was approaching in on upper limit.  From observations before the transistor was burnt out, the current went to about 1.2 amps and the voltage down to around 10 V.





	CIRCUIT 3 was the last attempt at making the circuit work properly with the light bulb.  To create this circuit, mathematical analysis was again carried out.  This time, the voltage drop of the light bulb was taken as 3.97 V.  The group was confident this was the correct value (please see APPENDIX III).  The equations were calculated as shown in APPENDIX II.  Thus, we were confident that if this circuit did not work, it would probably not be possible to create a successful circuit with the limitations presented by the power supply with such a powerful bulb.  Once again, the power supply was turned on to 18 V.  When the high power resistor was increased to the point that the light was turned on, the power supply, once again, decreased the voltage and the current supplied hit the maximal ranges.  In addition, covering and uncovering the phototransistor did not turn the light on or off.  As the chart above displays, the voltage dropped once the light was on and the resistance increased.  When the resistance was approximately 0, the IE split in parallel to the point that not enough current ran through the bulb.  However, once the resistance reached a significant level, there was enough current going to the bulb and it turned on.  However, the current of the power supply increased and the voltage decreased.  As the resistance climbed up toward 100 k(, the light became brighter and the current reached 1.2 A, which was the maximum for the red range.  The voltage of the power supply dropped to approximately 10 V.  At this point, the power transistor burnt out.  The heat sink on the transistor was extremely hot, not just warm, as usually occurred.  Therefore, the chart above only had three readings and the CIRCUIT 3 RESULTS were very incomplete.  Nevertheless, the main reason for the circuit not properly working was the power supply.  The power supply could only deliver up to approximately 1 A of current. However, the bulb needed a large current to light.  From 


P = VI, the current and voltage are indirectly related. Initially, V is set to 18 V and current is minimal.  However, as the resistance increases and the bulb turns on, the current supplied by the power supply jumps to 1.0 A.  This causes the V to decrease because the maximum power has been attained.  The power supply is a constant maximum current power supply.  Therefore, when VI exceeds the maximum P, it must lower the voltage supplied instead of the current to reach the acceptable P maximum range.  Thus, the voltage supplied is then well below the goal of 18 V.  Therefore, with covering and uncovering of the phototransistor, there can not be a voltage gain for the transistor because the power supply has already affected the level of voltage out and, thus, there can not effectively be a change to signal the TTL logic of the power transistor to turn “on or off.”  Though there is not data for this circuit to support it, CIRCUIT 2 RESULTS shows that the power transistor stays at 0.69 V and the phototransistor has no change in voltage.  Therefore, it seems that the limitations of the power supply were a major factor in the circuit not be able to function properly. 


	Even though the power supply was primarily responsible for the circuit not working, there might have been another factor.  As the results to CIRCUIT 2 illustrate, there were some difference in currents and voltage drops when the phototransistor was covered and uncovered.  They were very slight, but were nonetheless there.  Perhaps, if values for transistors and the voltage drop across the lamps would have been exact as in the mathematical level, the circuit might have been fine tuned enough to allow a threshold to exist.  The power supply could not support the circuit properly.  However, there might have been a fine line of where the bulb would be lit when the phototranstor was covered, but when the phototransistor was uncovered, the light would go off.  This would have meant that the maximum power would just be achieved with the phototransistor covered.  Then, when uncovered, the phototransistor would experience a voltage drop because it was operating right at the threshold instead of entirely in the exceeded range.  This theory might be a possibility.  If it is, very exact resistors and other components would be needed so that the mathematical equations could be followed almost exactly.  However, it still seems that the limitations of the power supply would make this doubtful.


	Since the FINAL CIRCUIT successfully worked, there was no problem with the phototransistor or the design of the system.  Thus, it seems that the large current necessary to power the bulb and the power dissipation, in general, of the system were too advanced for the power supply.











FINAL CIRCUIT RESULTS:





�
PHOTOTRANSISTOR


COVERED�
PHOTOTRANSISTOR UNCOVERED�
�
I1�
1.36 + .01 E-4 amps�
1.29 + .01 E-4 amps �
�
I2�
8.96 + .02 E-5 amps�
1.09 + .01 E-4 amps�
�
IB�
4.64 + .03 E-5 amps �
2.04 + .02 E-5 amps �
�
VR1�
2.97 + .01 V�
2.83 + .01 V�
�
VR2�
3.60 + .02 V�
4.86 + .02 V�
�
VR3�
0.09 + .00 V�
2.60 + .01 V�
�
VR4�
2.83 + .01 V�
1.22 + .01 V�
�
VBE�
0.601 + .003 V�
0.429 + .002 V�
�
VCB�
17.11 + .09 V�
15.77 + .08 V�
�
VCE�
18.30 + .09 V�
18.80 + .09 V�
�
VQ2�
10.15 + .05 V�
0.33 + .00 V�
�
Vlamp�
1.90 + .01 V�
0.62 + .00 V�
�






This circuit finally worked successfully.  Although it was disappointing the circuit could not work with the bulb, it was definitely satisfying to get this one to work.  Several concepts were validated and or appreciated.  The success proved that the little modification of the circuit in the book did, in fact, work as thought and as theoretically explained in the system overview.  In addition, the mathematical approach to biasing a circuit was extremely helpful.  Even though the experiment did not go exactly as planned according to math due to uncertainties in the functioning of the equipment (for example the actual voltage drop of the LED was 1.90 V instead of 2.40 V), it successfully worked.  The group has come to appreciate and gain experience with this approach.  As far as the results go, two values stick out.  First of all, the VBE of the NPN transistor was as expected.  At saturation when the phototransistor was covered, the VBE was 0.6 V.  When the phototransistor was uncovered, the VBE dropped below it saturated value.  Thus, TTL turns “off” at this point.  Therefore, the LED then should NOT have been lit as was the case.  Adding to this and introducing the other significant value, the IB also changed.  When the LED was lit, the IB was 4.64 E-5 amps which was significantly greater (approximately 2 times) than when it was not lit, 2.04 E-5 amps.  Thus, the IB was great enough and saturation of VBE resulted in the NPN transistor when the phototransistor was covered.  However, the IB dropped to a lower value which was obviously too low and the VBE was no longer saturated.  As far as how the circuit functioned, this was covered in the system overview.  The FINAL CIRCUIT seems to have followed this description.








DEVICE SPECIFICATIONS:





	When beginning the building of this device, it was extremely important to test the circuit and make sure that the current entering and the voltage drop across different components was under the maximal ratings.  To accomplish this, a procedure was followed as stated in the testing procedure.  The values of most importance that needed to be considered were:





BPW77N-PHOTOTRANSISTOR:





	VCB					80 V


	VCE					70 V


	VEB					5 V


	


	IC					50 mA


	Peak collector current - ICM		100 mA





	Total Power Dissipation		250 mW





	Range of Spectral Bandwidth		620…980 nm





	Peak Sensitivity Wavelength		850 nm





	(See APPENDIX IV for the frequency response of the phototransistor)





POWER TRANSISTOR:





	VCB 					70 V


	VCE					60 V


	VEB					5 V


	VEB(saturated)			1.8 V


	


IC					10 A


	IB					6 A





	Total Device Dissipation		75 W at 25(C





	Spec. hfe				100


	Measured hfe				315








P2N2222A NPN TRANSISTOR





	VCB					75 V


	VCE					6.0 V


	VEB					40 V


VEB(saturated) 			0.6 V





IC					0.6 A





measured hfe				142








HALOGEN BULB:





	Voltage				12 V


	


	Power					20 W

















�

































APPENDICES











�
APPENDIX I





In order to calculate the current of the circuit, the voltage drop across each resistor was measured.  In addition, the true resistor value within the precision of the voltmeter was recorded.  Then, Ohm’s Law was used to calculate the current:





Ohm’s Law:		V = IR


 


Current:		I = V/R





It would have been easier to calculate the current using the multimeter, but the device inside the multimeter for this task was not functioning properly.











APPENDIX II





CIRCUIT 2 AND 3:





Once it was determined that the current developed in the original circuit was too small, a new circuit was designed using Kirchoff’s Loop Rules to bias the circuit to deliver to correct current.  Unfortunately, this circuit used the Voltage drop of the halogen lamp as 8.97 V.  This, incorrectly was recorded earlier.  It must have resulted from inproper measure of the voltage drop across the lamp.  (Refer to FIGURE 1)





Governing equations:





I1 = I2 + IB





I1*R1 + I2*R2 = 18 V





V + 8.97 V = I2*R2





18 V - 1.8 V - 8.97 V = I1* R1





IC = (*IB





( = 315 





Set IC = 2 amps, because 12 V, 20 W bulb.  From P = VI, I = 1.67 A.  Thus, setting 


IC = 2 A gives a margin of error.





Solve:





IB = 6.35 mA





I1*R1 = 7.23





Let R1 = 500 (





Then  I1 = 14.5 mA which is greater than the required 6.35 mA which means 


500 ( is acceptable.  





Then, I2 = I1 - IB = 14.5 mA - 6.35 mA = 8.15 mA





Then solve for I2 using:





I1*R1 + I2*R2 = 18 V





R2 = (18 V - 7.23 V)/.00815 amps = 1321 (





Thus, resistor of value 500 ( and approximately 1320 ( were chosen to develop a current large enough to turn the halogen bulb on. 








CIRCUIT 3:





	The exact same approach was taken.  However, the proper Voltage drop for the light bulb was used.  It was corrected to be the value of 3.92 V.





FINAL CIRCUIT:





	Once again, the exact same approach could be taken to mathematically calculate the FINAL CIRCUIT.  However, there are more significant changes to be made in this system of equations.  They are as follows:





VBE saturation of NPN transistor:  0.7 V (really 0.6 V but used 0.7 V)


Voltage drop of LED was 2.4 V


( = 142








APPENDIX III





Since the voltage drop across the lamp in CIRCUIT 2 was 3.82 V instead of the 8.97 V used in the mathematical set-up, the group tested the light bulb again.  A multimeter was set in parallel with the light bulb and the and the power supply was set to 18 V.  The data below shows the mean value came out to be 3.92 V.








Data for corrected voltage drop readings for the light bulb.











Trial 1


(V)


�
Trial 2


(V)�
Trial 3


(V)�
Mean


(V)�
Standard Deviation


(V)�
�
3.95�
3.91�
3.90�
3.92�
+ 0.0245�
�



 Graph for Testing Procedures, figure 4.





�











In addition, the bulb should be a non-linear device.  Thus, the voltage drop should remain at 3.92 V.  To ensure this was true, we set up a little experiment.  The voltage and current supplied by the power supply were both measure.  The graph below summarizes the results:








As the data illustrates, the bulb follows Ohm’s Law before the light turns on.  V and I are directly related with a somewhat constant slope.  However, once the light turns on, the current does not really increase with the increase in voltage.  This is due to the fact that the resistance in the bulb changes to maintain approximately the same current.  The sharp increase in slope illustrate where the light turned on and when the bulb began to behave non-linearly.  It was not a perfectly straight vertical line as one might think.  This could probably be attributed to the fact that the properties of the bulb might change as the temperature is suddenly increased.  In conclusion, when the bulb in connected to the circuit and the power supply in switched on at 18 V, the voltage drop across the bulb will remain constant within experimental even though the high power resistor in parallel changes.  This is because as the current into the bulb changes, the resistance of the bulb changes to maintain the proper voltage drop.











APPENDIX IV








PART A:








Data for Testing Procedures, figure 1.








	


�
Current running through the resistor 


(mA)�
Voltage drop measured across the resistor


(mV)�
�
R1�
7.80E-4�
15.6�
�
R2�
0.899�
8.99�
�
R3�
0.910�
9.10�
�
R4�
0.950�
1.90�
�
R5�
0.920�
4.60�
�






PART B:





Data for Testing Procedures, figure 2.











�
Current running through the resistor 


(mA)�
Voltage drop measured across the resistor


(mV)�
�
R1�
6.80E-4�
13.6�
�
R2�
0.899�
8.99�
�
R3�
0.890�
8.90�
�
R4�
0.150�
0.300�
�
R5�
0.920�
4.60�
�






























Part C:








Graph of the Frequency Response of the Phototransistor for the Testing Procedures








�








When examining the frequency response curve above, the large drop in voltage at 8.5MHz is very noticeable.  Upon reviewing specific circuit literature, this drastic decrease in voltage could be attributed to a built-in capacitance of the phototransistor.  Because of the way that the transistor is designed, a highpass filter develops within the circuit, restricting certain frequencies to pass through.  This phenomenon, however, was not of a great concern to this project.  The frequency response did not really affect the efficiency of the circuit.  Instead, more concern was placed on things such as the wavelength at which the phototransistor operated at.  Although the phototransistor was not sensitive to the full spectrum of light, it covered a wide enough range to be sufficiently affected by changes in the ambient light of its environment.   
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