Experiment 7


Introduction to the 555 Timer, LEDs and Photodiodes





Purpose: In this experiment, we learn a little about some of the new components which we will use in future projects.  The first is the 555 timer. This is a very useful little device that can produce trains of pulses in a controlled manner.  We will not be able to address exactly how it works in this experiment, since we need to go further into how op-amps work and digital electronics.  However, the basic rules that govern its behavior are not that difficult to figure out. We have been studying diodes, but have not directly considered how we can use them to generate and detect light.  We will perform a simple experiment to see how this is done.





Equipment Required: 





HP 34401A Digital Multimeter 


HP 33120A 15 MHz Function / Arbitrary Waveform Generator


HP E3631A Power Supply 


HP 54603B 2 Channel 60 MHz Oscilloscope


Protoboard 


Some Resistors 


LM555 or MC1455 Timer Chip (See the course webpage for a datasheet in pdf format.)


Infrared Transmitter/Detector Pair (either an LED and a photodiode or a phototransistor)





Part A Controlling Oscillation Frequency with Resistors and Capacitors





�





Note:  Since the figure above was borrowed from one of the links in the Helpful Info section of the course webpage, it is not possible to easily fix any typos.  The formula for the frequency shown is not correct.  The term R2 should be multiplied by 2, since the period is the sum of the two times T1 and T2. We have seen that when current flows through a series combination of a resistor R and a capacitor C, that the circuit responds with a characteristic time constant ( = RC.  It turns out that we can use this effect with a 555 timer chip to make an oscillator. The circuit we will use is shown generically above and  more specifically below (at least in the form we will use for PSpice simulation).  This chip has 8 pins with some relatively strange sounding names (see figure).  The DC voltage source connected to pin 8 sets the value of the voltage called VCC.  In this case VCC = 12 volts.  By selecting just the right values for the resistors and capacitors in this circuit, we can make the voltage at pin 3 (the OUTPUT) go from zero to VCC in a repeated pattern that looks like a square wave.   The operation of the 555 timer is as follows.  When an applied THRESHOLD voltage (pin 6) is V6 ( (2/3)VCC, then the OUTPUT voltage V3 is low (about equal to zero) and, in addition, a switch (transistor) that is internally connected between the DISCHARGE (pin 7) and GND (pin 1) is turned ON.  Conversely, when an applied TRIGGER voltage (pin 2) is V2 ( (1/3)VCC, then the OUTPUT V3 is high (about equal to VCC) and, in addition, the DISCHARGE transistor is turned OFF.  When the RESET voltage (pin 4) V4 is low, the DISCHARGE transistor is ON.  However, the reset is disabled when the RESET pin is tied (directly connected) to the supply voltage.  





�





Simulation of the Astable Multivibrator





Draw the circuit shown.  Perform a transient analysis in increments of 2us up to 5ms.  Use PROBE to plot the threshold/trigger, discharge and output voltages.  The trigger voltage is pin 2 and the threshold voltage is pin 6 (they are tied together),  the discharge voltage is pin 7, and the output is taken at pin 3.  Print your PROBE plot.





Verify that the timer output changes according to the rules listed above.   Find the time period that the output is ON (that is, has a voltage about equal to VCC) and the time period that the output is OFF (that is, has a voltage that is about equal to zero).  Note: Do not use the first cycle of pulses produced by the timer circuit.  It takes one cycle to settle in to its steady-state condition.  One of these times should be equal to 0.693(R1+R2)C1 while the other should be equal to 0.693(R2)C1.  Which is which?  What is the total period of this output (the sum of the two times)?





Change the value of R1 to be R2/10.  Repeat the transient analysis.  Does the time that the output is ON look closer to the time that the output is OFF than it did when the two resistors where the same?  What is the total period of the output now?





We will return to this circuit shortly.





Design an Oscillator





Using the circuit above, pick some component values that will produce an output with a frequency equal to about 500Hz, making it look as much like a square wave oscillator as possible. Check your component selection with a PSpice simulation.  Each integrated circuit has its limitations.  For the 555 timer chip,  it is best to keep the currents in the 10s of mA range, if possible.  It may be able to handle larger currents, but you have to check to be sure it is behaving correctly.  If the lengths of the on and off times are not consistent with the design rules, the components inside the timer chip are not sequencing properly.





Pulse Width Modulation





One of the most important methods we have for controlling and driving a large variety of systems is pulse width modulation (also known as pulse duration modulation).  Please read over the link from Newcastle University and the one below it listed in the Project Helpful Info section of the course webpage.  The power of pulse width modulation comes from its simplicity.  Rather than controlling the flow of some liquid by carefully opening a valve part way, you can alternately open and close the valve fully in such a manner that the average open time produces the same effect as a partially open valve.  In effect, the rate of flow is controlled by the duty cycle of the controlling voltage.  (There is an interesting discussion of this idea at http://www.allpar.com/fix/fixcarb.html)  It is much easier to fully open or close a valve than to precisely open it part way.  One can also apply power to a motor in this manner.  The key goal of this modulation process is to achieve a desired average value for some process.  The range of possibilities is shown in the figure below where A has a high duty cycle and C a low duty cycle.  We will not look at how a 555 timer can produce a range of average output voltages by adjusting the resistor and/or capacitor values used in the astable multivibrator circuit.





Returning to our initial astable multivibrator circuit shown on page 2 (with the original values for R1 and R2), change the end time for the transient analysis to 20ms and then run it again.  Display only the output voltage (pin 3) on your PROBE plot.  Before printing it, we need to add something so we can see what happens to the average output voltage.  Using the Trace Add feature, select the average function AVG() from the Functions or Macros menu.  Insert the output voltage expression in the brackets of the average expression and then hit the OK button.  This should add a trace of the time average of the output voltage.  The average at any instant of time is the average of the voltage from time = 0 to the time of interest.  Thus, you should see that the average asymptotically approaches a particular value.  You can use the cursors to identify the average voltage at the largest time displayed.  Print this plot.  Now, using either 3k(, 10k( or 30k( resistors for R1 and R2, find the largest and smallest average voltage that can be obtained with this circuit.  Print your plot for each case.  Verify in each case that the pulses produced by the multivibrator circuit obey the design rules.  If the simulation does not work, the design rules are probably violated.


�


Report and Conclusions





What is the minimum duty cycle that can be obtained from the astable multivibrator we modeled using PSpice?


Show that the Mushroom Humidifier Timer mentioned in the helpful info section of the course webpage is indeed on for 20 seconds and off for 20 minutes.  This result should contradict your answer to the previous question.  The designer of this circuit is using the output to drive a relay, which the 555 timer chip cannot do directly.  He has placed an additional transistor in between the relay and the 555 chip.  This configuration inverts the output so that off becomes on and vice versa.


Part B  Diodes and Light





�





In the circuits shown above, Q,1 a phototransistor (or possibly a photodiode, depending on what is in your kit) is an infrared detector and the LED (Light Emitting Diode)  is an infrared transmitter.  We will address the phototransistor circuit first.


 


Photodetection


 


Build the circuit shown at the left.  The flat side of the phototransistor should face the resistor.  Connect the output (the voltage across R1) to one channel of your scope.  The signal you should be seeing is due to the lights in the classroom.  Block the light going to the transistor and confirm that the signal at least becomes smaller.  You may be also picking up some electrical noise related to the lights.  Do not take this circuit apart at this time.  Phototransistors do not all work the same way.  It is possible, then, that you may be asked to change the value of this resistor or use a different one from the start.  If you missed this part of the general discussion, ask a TA.  








Light Emission from an LED





Assemble the circuit on the right on your protoboard.  Use the function generator as the source.  Adjust the function generator to produce a square wave with a frequency of 1 kHz.  Aim the diode at the phototransistor.  Raise the amplitude until you see a response in the detector circuit. Connect the output of the function generator to the other channel on your scope.  The phototransistor circuit should still be connected.  Observe the coupling between these two components.  At 1kHz, find the minimum square wave amplitude that produces a signal in the phototransistor circuit.  Again, you may be asked to use a different resistor in this circuit.  Record both the input and output signals on the scope and make a hard copy of what you see using HP-Benchlink.  Raise the amplitude again until you can see a clear signal with little noise on it.  Do not go too high in voltage, since you do not want to damage your LED.  After obtaining a clear signal with this optical link, block the light by placing a piece of cardboard or something similar between the transmitter and receiver.  Do you observe anything on the ‘scope?  Change the duty cycle of the square wave from 20% to 80%.  Does the receiver do a good job of reproducing these signals?





Results  and Conclusions





What was the minimum amplitude square wave signal that you could detect with the phototransistor?


Describe the differences between the input signal and the output signal.  (Discuss all three of the duty cycles you considered and what you observed when you blocked the light signal.)  Is what you see intuitively sensible?  Why or why not?


�
Hardware Implementation (Optional)





If you have time, you should set up in hardware a variation of the 555 timer circuit that will be part of the next project.  Once you get it working, show it to a TA or instructor.  Monitor the output voltage.  The 1 Meg resistor on the right is the ‘scope input.  If you get it working, place an LED between pin 3 and pin 8 with the flat end of the LED toward pin 3.  You should have a flashing diode when you do this.  However, it will flash very fast, so it will look like it is on all of the time.  There will be a demo version of a circuit like this on the center table,  but the frequency will be very low, so you can see the flashing.





�
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Experiment 8


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 experiment.  When you have completed all of the experimental and simulation activities, have a TA or instructor initial under completed.  They should also look over what you have done to be sure that your results are useful.  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.
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Please answer any questions asked above under the Report and Conclusions sections.  Also, attach any plots requested.  On each plot, describe what is being displayed and why the results make sense. Include a hand-drawn or computer drawn circuit diagram for any PSpice output or plots of measurements indicating where and how the measurements were made.  Summarize the key points of this experiment.  Discuss any problems you encountered or mistakes you made and how you addressed them.









































Names:





1. ____________________________





2. ____________________________





3. ____________________________





4. ____________________________








Grade: ___________ (Out of 25)
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