Electronic Instrumentation

 ENGR-4300                       Spring 2005                   Section ___________

Project 3
Build a 555-Timer
For this project, each group will build an Astable Multivibrator.  However, instead of using the 555 timer chip, you will have to use the devices you learned about in experiments 6 and 7 to build the inside of the timer into the circuit.
This project is based on the animation of a 555 timer from Williamson Labs: http://www.williamson-labs.com/images/aa-555-01.gif.  An image of this animation is shown below:
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You should be familiar with the operation of the 555 Timer in astable mode from experiment 7.  The initial design for this project is the animation.  You don’t need to build the initial design, you just need to analyze how it works.  The final design is a working circuit.  Note that this animation is not a schematic, it is merely a conceptual representation of a circuit.  For your final design, you will need to determine how to represent each piece shown in the schematic with an appropriate circuit block.

Part A – Introduction

What is the purpose of the project?  Name at least two topics we have covered that help you to understand this project.

Part B --  Theory
For the background of this project, you are required to describe the operation of the circuit components you will need to design the circuit.  The animation shows the following components: an RC circuit, a voltage divider, two comparators, a logic gate, a flip flop, a transistor, and two LEDs.  You have learned what these components are and how they behave during this course.  Describe the behavior of each.  Concentrate on the features of the components that are most relevant to the way they behave in the multivibrator circuit.  For example, you don’t need to talk about how to combine capacitors in series because this is not relevant to this circuit.  However, the rate at which capacitors charge and discharge in RC circuits is important in this circuit and should be discussed.  You should also discuss which of the components (or chips) in your kit you will use to implement each part of the circuit.   In this section, concentrate on the way in which each individual component operates, not on how they work together to make the multivibrator.  Site any references you use in the appendix of your report.
Part C -- Initial Design

The initial design of this circuit is the animation.  In this section, you need to describe how the circuit pictured in the animation functions.  This involves dividing the circuit up into blocks, describing the function of each block, and going through how the signals in the circuit interact to create the output.  You should build on the background information you provided in the previous section.  

A block diagram for the circuit is shown below.  Use this block diagram, the animation, and your knowledge of the function of the components involved to describe how the circuit works as a multivibrator.
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Once you are finished explaining how the circuit operates, you should explain the equations that describe the behavior of an astable multivibrator circuit.  Where do the equations for an astable multivibrator come from?  What are they used to find?  
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You should also demonstrate that you know how to use the equations.  Assume that the R-R-C combination consists of two 10K ohm resistors and a 220(F capacitor.  Use the equations to find the on-time, off-time, period, and frequency for the circuit.  Now, assume that the 220(F capacitor has been replaced by a 0.1(F capacitor.  What are the on-time, off-time, period and frequency now?  When you build the circuit, which value of the capacitor will be better for debugging visually using an LED?  Which will be better when using the scope to view the signal?  Why?  Site any references you use in the appendix of your report.
Part D -- Final Design

In the final design for this circuit, you will need to design circuit elements for each of the pieces shown in the animation and make them fit together to create a working astable multivibrator.  The first step is to create a working PSpice simulation.  When you get the simulation to function, you will have a schematic that you know should work.  You can use this to create a circuit on your protoboard.  The following information will help you transform the elements in the animation into a real circuit.
PSpice Circuit
Each of the circuit blocks has additional components that you need to add in order to create a working circuit.  We have given you some hints below to get you started:

Power Supply:  The circuit needs to be powered by a DC supply.  Since the Flip Flop is a digital device, this supply should be 5V.  Also, you will need a bypass capacitor to keep the flip flop from triggering accidentally because of noise.
R-R-C Combination:  For the PSpice simulation, you can use either the R-R-C combination with the 220(F capacitor or with the 0.1(F capacitor.   When your simulation is generating output, use the values you calculated (in the initial design) to check the on and off times for consistency.
Control pin (pin 5): The control pin in this circuit does nothing and need not be connected.  You must still connect the inverting input of the threshold comparator to 2/3Vcc.

Voltage Divider:  The voltage divider in a 555-timer divides the input voltage into thirds.  This means your resistors need to be equal.  The magnitude should be in the typical range you have been using for resistors in this class.  You can locate the values used inside an actual 555-timer chip by consulting the  schematic in the spec sheet for the 555-timer.
Comparators: The comparators in this circuit can be created with 741 op-amps.  You can use 0V and 5V for the power voltages to create a binary output.  Be careful to note which signal goes into the inverting and non-inverting input of each comparator in the animation.  (You will notice that because of the “not-or” gate in the animation, the orientation of the top comparator is not the same in the animation as it is in the diagram in the notes.  This gate inverts the signal, which necessitates the inversion of the Threshold comparator signal.)
“not-or” Gate:  This gate allows the user of a 555-timer to reset the flip flop inside to zero.  You will need to include this gate, but you won’t need to reset the flip flop.  Using DeMorgan’s laws you can determine that this gate is equivalent to a NAND gate. In your NAND gate chip, however, there are three inputs.  If you tie the third input high, it will convert the gate to a two input NAND gate.  Also, note that pin 4 of the 555-timer (reset) is tied high in the animation.
flip-flop: You do not have an R-S flip flop in your kit.  Therefore, you have two choices.  You can use the J-K flip flop, or you can implement an R-S flip flop using two nor gates.  You may find that PSpice generates timing errors using either approach.  Since we are not designing a circuit we will use in real life, we can be more forgiving about timing problems than PSpice.  You can ignore the warnings as long as your output looks good.
1) In the first approach, you can use a J-K flip flop as shown below:
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Note that you must use two clocks in this simulation:

· DSTM2 is the reset signal.  Unless the flip flop is reset at the very start of the simulation, PSpice will not allow it to display any output.  (You will not need this clock when you wire the actual circuit. You can simply tie pin 13 high.)  The timing shown for DSTM2 will work with either R-R-C combination.

· DSTM1 is the clock for the flip flop.  This provides the clock pulses that the flip flop needs to function correctly.  The values shown will work with the 220(F capacitor.  If you want to use the 0.1(F capacitor in your simulation, decrease the clock OFFTIME and ONTIME to 5us.  If you use the J-K flip flop in your circuit, you will need to use the function generator to provide this external clock.
- or –

2) Your second choice for an R-S flip flop is to use two NOR gates as shown below.  This model of an R-S flip flop is discussed in Gingrich on page 149.  
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This flip flop model does not require any external clocks.  However, PSpice does not like it at all because you are feeding back the output into the input.  If you choose this method, expect PSpice to generate timing errors and warnings when you run the simulation.  PSpice will still give you output, and the circuit you build on your protoboard will function.  This choice does not require an external clock.

transistor circuit:  Note that the transistor shown in the animation does not show a complete transistor circuit.  A transistor circuit will have a resistor at the collector and another resistor at the base, as shown below.  Don’t forget to include these in your schematic.  1K will work for the values of the resistors.
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LEDs:  Don’t forget that LEDs should have a resistor in series to protect them.  There is no PSpice component for an LED.  Use the D1N4148 diode in the EVAL library to model your LED in PSpice.  You want it to point towards ground as shown below:
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Simulation Connection Checklist:  The following checklist will help you check if all the connections in your simulation have been made.
	
	power/ground
	clock/reset
	input(s)
	output(s)

	R-R-C combination
	
	none
	
	

	voltage divider
	
	none
	none
	

	threshold comparator
	
	none
	
	

	trigger comparator
	
	none
	
	

	NAND gate
	assumed
	none
	
	

	Flip Flop
	assumed
	
	
	

	LED circuit
	
	none
	
	none

	transistor circuit
	
	none
	
	


PSpice Simulation
Here are some things you will have to think about when you are ready to run the simulation.

Run-to-Time:  When you run your simulation, you will need to decide on a run time.  This time will depend upon the period of the output from the 555-timer.  You have already calculated this period for two sizes of the capacitor.  Choose one capacitor size, make sure your clock rate is appropriate (if you are using a J-K flip flop), and use your calculations to decide how to show about five cycles of the output.  PSpice will not create output beyond a total of 20 seconds.
Timing Errors: Either choice of flip flop may cause timing errors.  As long as the output displays, you can ignore these.

Flip flop clock (J-K flip flop only):  If you use the J-K flip flop, you must set the clock differently depending upon which capacitor you choose to place into the simulation.  Use an ONTIME and OFFTIME of 5us for the 0.1(F capacitor.  Use an ONTIME and OFFTIME of 5ms for the 200(F capacitor.  If the frequency is too fast, the flip flop will not change at all because PSpice hates it when the inputs have not had time to settle.  If the frequency is too slow, the flip flop will not change immediately after the comparator changes state.  This causes TON and TOFF to be longer than expected.
Verification of output:  When you get the simulation working, verify that the output is correct.  Do the signals at the Threshold, Trigger, Discharge and Output look like those of the astable multivibrator you wired in experiment 7?  Is the capacitor charging and discharging between 1/3Vcc and 2/3 Vcc?  Are TON and TOFF close to the values you calculated with the equations?  DO NOT use the first cycle of the output to calculate your times.
Choosing points of interest: Your PSpice circuit will have many points that are of interest to you.  If you display them at the same time, it will be very hard to determine what is happening in the circuit.  Therefore, once you have the circuit functioning, generate a PSpice plot for each of the following situations:
· Input and output to Threshold Comparator

· Input and output to Trigger Comparator

· Input and output to NAND gate
· Input and output to Flip Flop

· Input and output to Transistor circuit

· The behavior of the multivibrator from the outside.  (Look at the locations corresponding to pins 2, 3, 6 and 7 of the 555-timer.)
Most of these devices have more than one input or output, so many plots will have more than two signals.  You do not need to show power connections to the chips.
Build your circuit

Once you have your PSpice simulation working, you can build your astable multivibrator on the protoboard.  Use the same component values that you use in PSpice.  A few things to consider:

flip flop (J-K flip flop only):  If you use a J-K flip flop, you will not need to provide a clock at the reset pin.  Just tie pin 13 high.  You will need to provide an external clock at pin 12, however.  Use the function generator to clock the flip flop.  Create a square wave signal that oscillates between 0V and 5V.  Set the frequency based on the clock you used in your PSpice simulation.  Use an ONTIME and OFFTIME of 5us for the 0.1(F capacitor.  Use an ONTIME and OFFTIME of 5ms for the 200(F capacitor.  When you change capacitor sizes in the circuit, you will need to adjust the clock as well.
Power connections:  Although PSpice does not show the power connections for digital chips, this does not mean that you don’t have to make these connections when you wire your digital chips into the circuit.  Remember to connect the lower left hand corner of your digital chips to ground and the upper right hand corner to the source voltage of 5V.

Comparator outputs:  Your real 741 op-amp may lose too much voltage from its ideal saturation voltages of 0V and +5V to provide a reliable input to a digital chip.  If your 741 loses 1.5 volts at saturation, then “low” may be as high as (0 + 1.5) or 1.5 volts and “high” may be as low as (5 - 1.5) or 3.5V.   Your flip flop is a digital device and it will not know what to do with a signal of around 1.5V.  If your circuit is not working properly, look at the voltage at pin 6 of each comparator.  If either is near 1.5V when it should be “low”, you can reduce the voltage by adding an extra resistor (or pot as a variable resistor) between the output pin of the comparator and ground.  (A 500 ohm resistor worked well in the demo circuit).  Be careful when you choose a size for this resistor.  When you put a resistor at the output of the comparator, it will force “low” to a lower voltage (which is good), but it will also reduce the voltage of the “high” output (which is ok unless it gets too low).  A value that is too small may reduce the “high” voltage to a point that it is no longer recognized as “high”.  Try to keep “low” below 1.2V and “high” above 2V.  This sounds complicated, but it is not that difficult to fine tune.  Digital circuits are pretty forgiving.  The diagram below shows the optional resistor.  Your circuit may work without this addition, however, it will probably function more reliably with it.
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Using LEDs as markers in a digital circuit:  Most of the elements in this circuit are digital.  You can use LEDs to help you debug a digital circuit visually.  Placing an LED between points of the circuit and ground is an easy way to see if they are registering as “high” or “low”.  Since these LEDs are being used as temporary debugging devices, they don’t need to be included in the schematic and you don’t need to bother protecting them with resistors.  Points that you can use LEDs to observe include: the outputs from the comparators, the output of the NAND gate, the flip flop output, the flip flop clock, and the output of the transistor circuit.  Of course, if you use LEDs to debug the circuit, you will want to use the larger of the two capacitors so that the signals are slow enough that you can observe the lights blinking.  You can use the smaller capacitor and the scope to do the debugging instead, but you will only be able to observe two signals at a time.  It is recommended that you start with the slower signal and the larger capacitor.  Use the scope to measure signals you are interested in debugging.  When your circuit works, then swap the smaller capacitor in, (adjust the clock), check to see it all still works, and take your data.
Circuit Connection Checklist:  The following checklist will help you check if all the connections in your circuit have been made.
	
	power/ground
	clock/reset
	input(s)
	output(s)

	R-R-C combination
	
	none
	
	

	voltage divider
	
	none
	none
	

	threshold comparator
	
	none
	
	

	trigger comparator
	
	none
	
	

	NAND gate
	
	none
	
	

	Flip Flop
	
	
	
	

	LED circuit
	
	none
	
	none

	transistor circuit
	
	none
	
	


Verification of output:  If you use LEDs you will be able to tell when the circuit is working by the way the LEDs flash.  Use your PSpice output to verify which signals should be high or low at which times.  You can also use the scope to observe signals that you should recognize from the animation and experiment 7.  (You may need to swap out the capacitor to make the circuit go faster for the scope.)  Is the output a string of pulses?  Does the capacitor charge and discharge?  Once you determine that the circuit is basically correct, consider the values of the signals you are observing.  Is the capacitor charging and discharging between 1/3Vcc and 2/3 Vcc?  Are TON and TOFF close to the calculated values?

Record the output of the circuit
Now it is time to record the output of your circuit.  You will want to use the smaller capacitor since the scope will have trouble picking up the slower signal.  Since there are only two scope channels, you won’t be able to observe all the signals at the same time.  Take pictures of the following signals:

· Channel 1: Voltage across capacitor 

Channel 2: Output from Threshold Comparator

· Channel 1: Voltage across capacitor
 
Channel 2: Output from Trigger Comparator

· Channel 1: Output of Threshold Comparator

Channel 2: Output from NAND gate

· Channel 1: Output of  NAND gate

Channel 2:  Q of Flip Flop

· Channel 1: Output of  Trigger Comparator

Channel 2:  Q of Flip Flop

· Channel 1: Qbar of Flip Flop

Channel 2: Output from transistor circuit

· Channel 1: Voltage across capacitor

Channel 2: Q of Flip Flop

Part E -- Conclusions
In this section, you need to show that the circuit that you built behaves like an astable multivibrator.

Simulation vs. Circuit

Does the PSpice simulation behave like the animation?  Does your circuit behave like the simulation you built using PSpice?  Consider each block and compare the PSpice plots to the Agilent plots.  How are they the same?  How are they different?

Is it an Astable Multivibrator?

Use the PSpice and/or circuit plots to demonstrate that each circuit component does what it should.  You have already discussed how each block of the circuit should function in your initial design.  Does each block do what your analysis predicts that it should?   Consider the basic shape of the signals and the expected voltage levels for each block.
Are the calculations consistent with the plots?

Compare the values you found using the equations for the astable multivibrator to the output plots.  Do they correspond?
This section should also include a discussion of sources of error and some basic conclusions about what you learned.
Part F -- Extra Credit
Here are some extra credit ideas

Alternate choice of flip flop

For extra credit, simulate and build the circuit with the other type of flip flop.  You don’t need to rebuild the whole circuit, simply swap out the flip flop circuit block.

Remove the NAND gate from the circuit

Get the simulation and the circuit to work without the NAND gate and the reset pin.  You can find this simplified version of the circuit in your notes.

Other extra credit ideas

If you have something else you would like to try for extra credit, ask your professor.

Part G – Appendices

The following appendices summarize what you need to do, what the appendix of your report should contain, and what should be included in your report.
I:  Task List

Create your own task list and include it in your report.  You should base it on the task lists we have given you in the first two projects.  YOU MUST include a task list in your report.  If you found this list helpful while completing the first two projects, you may want to make it as you begin the project rather than at the end. 
II:  The Appendix of Your Report

The following list of items must be included in the appendix of your report, numbered and ordered as listed.  This will help make sure that everyone includes everything that is required.  In your report you should refer to each appendix specifically as needed to help illustrate your descriptions and conclusions.  If you would like, you can include a second copy of what is in the appendix in order to better illustrate what you are trying to say, however, this is not necessary and cannot be used as a replacement for the contents of the appendix.

Appendix A: Task List
Appendix B: References
Appendix C: Calculations

1. Calculation of on-time, off-time, period and frequency using 10k-10k-200(F

2. Calculation of on-time, off-time, period and frequency using 10k-10k-0.1(F

Appendix D:  PSpice Simulation

 1.  Circuit Schematic
 2.  PSpice Plots (all clearly labeled)
· Input and output to Threshold Comparator

· Input and output to Trigger Comparator

· Input and output to NAND gate

· Input and output to Flip Flop

· Input and output to Transistor circuit

· The behavior of the multivibrator from the outside.  (Look at the locations corresponding to pins 2, 3, 6 and 7 of the 555-timer)
  3. Any additional PSpice output you would like to include
Appendix E: Circuit

 1.  Agilent Plots (all clearly labeled)

· Channel 1: Voltage across capacitor 

Channel 2: Output from Threshold Comparator

· Channel 1: Voltage across capacitor
 
Channel 2: Output from Trigger Comparator

· Channel 1: Output of Threshold Comparator

Channel 2: Output from NAND gate

· Channel 1: Output of  NAND gate

Channel 2:  Q of Flip Flop

· Channel 1: Output of  Trigger Comparator

Channel 2:  Q of Flip Flop

· Channel 1: Qbar of Flip Flop

Channel 2: Output from transistor circuit

· Channel 1: Voltage across capacitor

Channel 2: Q of Flip Flop
   2. Any additional Agilent plots you would like to include
III:  Your Group Report (20 points)

Introduction (1 pt)  

*  State the purpose of the project.  

*  Also include at least 2 topics you studied in this course that helped you understand 

    the project.

Theory (2 pts)

   *  Describe the behavior of each device in the simulation. 
   *  What do you know about how it should function?  
   *  Identify the corresponding components from your kit you will need.  
   *  Site references in the appendix.

Initial Design (3 pts) 

   1.  Animation

*  Discuss each circuit block.
            * Discuss how your circuit operates as a whole.

   2. Equations


*  Discuss the multivibrator equations.

*  Refer to calculations in appendix C.
Final Design (8 pts)

   1.  PSpice Simulation

*  How did you end up implementing each block?
            *  What did you have to add to the animation model in order to
                make it into a real circuit?

              *  Provide a reference to the schematic

              *  What value did you choose for the run-time?  Why?


  *  What did you learn while trying to get your circuit to work?
              *  Include references to the plots in the appendix.

   2.  Building your Circuit 

*  How did you build the circuit?

*  How did you debug the circuit?

*  Did you have to modify the circuit at all?
            * What did you learn while building this circuit?

            * Include references to the plots in the appendix.

Conclusions (4 pts)
1. Compare animation, simulation, and circuit for consistency.
* Does the PSpice simulation behave like the animation?  

* Does your circuit behave like the simulation you built using PSpice?
2. Is it an Astable Multivibrator?
              * Does each circuit component do what it should?  

              * Consider the basic shape and expected voltage levels for each block.

3. Do the equation results match your data?

              * 10k-10k-200(F

              * 10k-10k-0.1(F
4. Address sources of error
5. General conclusions

Personal Responsibilities (1 pt)

  *  How were the tasks divided between group members?

Appendices (1 pt)

  * See appendix II of this handout

Extra Credit (0-1 pt)

* Include any details that you would like to include about anything you tried above and     

   beyond the basics of the project.
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