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EC250 Devices and Modeling

Laboratory #3.  Diode Circuits and PSPICE
March 22, 2010 (KEH)

Dept. of Electrical and Computer Engineering

Rose-Hulman Institute of Technology


Lab Team Members: ________________________    _______________________


Date Performed:  _________________________    Lab Station: ______________

Your lab report will consist of this document with all requested blanks filled in and all of the requested exhibit document, each must be labeled with exhibit number and descriptive caption, and stapled in the proper order to the back of this document.

Parts Needed: 
a) 120 V rms to 12 V rms step-down transformer (borrowed from front desk of lab)
b) Four 1N4004 or 1N4002 power diodes (these two diodes are equivalent, except for having different peak inverse voltage (PIV) ratings) (Bought from instrument room)

c) Two 47-μF, 25 V maximum working voltage electrolytic capacitors. (Bought from instrument room)

d) One 2.2-kΩ and one 10- kΩ, ¼ W resistor. (Bought from instrument room)

e) One wireless prototyping breadboard  
f) One floppy disk for recording images from the oscilloscope.  
g) One USB Flash Drive to transfer images from my PC to your laptop.

h) Laptop PC needed for PSPICE simulation and oscilloscope image transfer.  

Caution: Do not to allow the 12 V rms output terminals of the step-down transformer to touch after it is plugged in, as this will burn out the transformer, and it is not repairable!  Please be careful to connect transformer to the power line ONLY AFTER it has been wired into the circuit, and the circuit has been carefully checked by your lab partner.  

Please use only one scope probe (connected to Channel 1) in this lab, to avoid “ground faults” in the full-wave rectifier circuit.

IMPORTANT NOTE:  Before using the oscilloscope, always do the following: 
Be sure that your oscilloscope input is configured for the X10 Probe Sensitivity mode, and that it is “dc-coupled”, so that the dc offset can be observed in the vo(t) waveform.  (This precaution will be equally important in the other parts of the laboratory as well.)  Recall that this is done by depressing the lighted Channel 1 button, so that the “Channel 1 Menu” appears.  Then press the left-most softkey until “Coupling DC” appears if it is not already displayed.  Also, press the right-most softkey labeled “Probe” to bring up the “Channel 1 Probe Menu”.  If “Probe 10:1” is not currently displayed, turn the selector knob that is located just to the right of the display screen, until it is displayed.    

1. Half-Wave Diode Rectifier
A.  Connect the 12 V rms secondary winding of a 120 V rms, 60 Hz step-down transformer in series with a 1N4004 power diode and a 2.2 k( resistor, as shown below.   Remember that that the peak value (amplitude) of a sine wave is equal to the rms value of the waveform times the square root of 2.  Use an oscilloscope to observe first the transformer secondary voltage vs(t), and then later the voltage across the 2.2 k( load resistor, vo(t).  In Exhibit A1 present an oscilloscope “screen shot” of vs(t) and also a separate screen shot of vo(t).   Each oscilloscope plot should show about two cycles of variation.  Your screen shots must display the “max” amplitude excursion, the “min” amplitude excursion, and the waveform frequency (which should be close to 60 Hz), using the scope’s “Quick Measure” feature. 
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Record the peak value of the source voltage vs(t) and the peak value of the half-wave rectified output waveform, vo(t) below.  Note that Vs,max may be several volts different from the “expected peak value” if the transformer were delivering exactly 12 V rms.  This is because the so-called “120 V rms, 60 Hz” line voltage generated by the power company typically varies between 110 - 130 V, rms.  Also, it is normal to observe a slight dc offset at the output terminals of the transformer, making |Vs,max| a few tenths of a volt different from |Vs,min|.  You need not worry about this small non-ideality.

         Vs,max = __________     (compare this with 12*sqrt(2) Volts = 16.97 Volts  %diff = _____
         Vo,max = __________    (Should be about 0.7 V less than Vs,max)
Now reverse the diode in the circuit above (so the diode now points to the left) and record the new screen shot of Vo(t) in Appendix A2. Record the value of Vo,min below:

        Vo,min with diode reversed = ___________________________________________

B. Perform a PSPICE transient analysis of the original circuit shown above (with the diode once again pointing to the right), including two cycles of output variation.  When specifying the amplitude of your VSIN ac source, use the observed peak voltage, rather than the expected peak voltage 12*sqrt(2) value. Include your PSPICE schematic, and also a plot of the simulated vs(t) and vo(t) waveforms (plotted on the same set of axes), as Exhibit B. Be sure to use the cursor “mark label” button to mark the maximum and minimum points on both the vs(t) and vo(t) simulated “Probe Plot” waveforms, as was discussed in the “Getting Started with ORCAD PSPICE” handout. NOTE: As with all exhibits you include in ECE250 lab reports, please be sure to clearly label this exhibit along with a descriptive caption such as “Exhibit B.  PSPICE Schematic and Transient Analysis Plots of Half-Wave Rectifier Circuit.”  Comment on the similarity and any differences noted between the observed and simulated waveforms in the space below.

 
Subjective Comparison of Measured and Simulated Waveforms:

C. Now with the diode reconnected so it once again points to the right, as in the figure above, add a 47-(F electrolytic capacitor across the 2.2 k( load resistor.  Observe the polarity of the electrolytic capacitor!  Small-valued capacitors are often non-polarized (their terminals may be connected either way), but an electrolytic capacitor manages to achieve a large value of capacitance in a small package through the use of an electro-chemically formed dielectric, which requires a dc voltage, or “dc bias”, to be applied in a certain direction across the capacitor in order to keep the dielectric insulating layer formed.  In many common electronic circuits, such as this one, there is no problem in meeting this requirement, since we have an AC waveform “riding on top of” a dc (average) voltage level.  Therefore, the electrolytic capacitor’s (+) terminal should be connected to the node with the higher average (dc) potential.  When electrolytic capacitors are drawn in a schematic, the designer should be sure to include the required terminal polarity markings on the capacitor symbol.  If an electrolytic capacitor is accidentally connected backward, an unwanted chemical reaction ensues, and the capacitor can literally BLOW UP in your face! 
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Include an oscilloscope screen capture of the resulting filtered output waveform vo(t) as observed on the (dc-coupled) oscilloscope as Exhibit C1 for two input cycles  As before, your screen shot must display the “max” amplitude excursion, the “min” amplitude excursion, and the waveform frequency (which should be close to 60 Hz), using the scope’s “quick measure” feature.    From this vo(t) waveform, determine the ripple voltage Vr = Vomax - Vomin, which is the peak-to-peak variation in vo(t), and also calculate the observed percent output voltage ripple, which is (Vr /Vdc)*100%, where Vdc is the average of the peak and minimum vo(t) value = (Vomax + Vomin)/2.
           
   Observed Vdc = ________ Observed Vr = ___________    % Voltage Ripple = ________  
   Ripple Freq = _____ Hz

Now with the diode reversed and the polarity of C1 reversed, once again record a scope capture of Vo(t), and include this in the report as Exhibit C2.  Fill in the blanks below:

   Observed Vdc = ________ Observed Vr = ___________    % Voltage Ripple = ________  

   Ripple Freq = _____ Hz

D. Now “hand calculate” the ripple voltage, Vr, as derived in the class notes for the half-wave rectifier (see your class notes).  Assume that Vm = Vo,max recorded in Part 1A (which should be about one junction drop below Vs,max).  Then hand calculate the percent ripple, which is the ratio of the predicted worst-case value of Vr to Vdc = Vm – Vr/2 = (Vomax + Vomin)/2, expressed as a percentage.   Show your calculations in the space below. 

Half-Wave Rectifier Voltage Ripple and Percent Ripple Prediction Using Hand Calculations



E. Perform a PSPICE “transient” simulation of the original circuit of Part C, where the simulation is run over two 60-Hz cycles.  Do not simulate the transformer.  Simply use a VSIN source that has its Voffset = 0 V, frequency = 60 Hz, and its (peak) amplitude set to the value of Vs,max that was measured in Part 1A.  Obtain printouts of the PSPICE simulation schematic, and the resulting PROBE plot of vo(t).  Attach these as Exhibit D to the end of this document.  Read the peak and minimum values of vo(t) using the PROBE cursor button, as was emphasized in the PSPICE familiarization lab, and select the correct waveform.  Use the “mark label” button to display the maximum and minimum values of vo(t) in your PROBE plot.  Once again, calculate the percentage ripple from your PSPICE PROBE plot in the space below. Compare the three different percentage ripple figures (observed, hand calculated, and PSPICE analysis).  Is the hand calculation or the PSPICE result closest to the observed percent ripple?
Summary for the Half-Wave Rectifier with Capacitor Filter
(1) Measured Vr
      ________ V    
Measured % Ripple:            _______%

(2) Hand Calculated Vr = ________ V          Hand Calculated % Ripple: _______%
(3) PSPICE simulated Vr = _______V          PSPICE simulated % Ripple ______%
2. Full-wave Diode Bridge Rectifier
Repeat steps A-E of Part 1 for the full-wave bridge rectifier circuit shown below.               
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CAUTION: Be careful to connect the diode bridge properly.   Before applying the power, check it carefully.  Then have your lab partner check it carefully, since if any one of the diodes in the bridge circuit is accidentally reversed, you will “short out” the power transformer (which is internally fused, but is not repairable)  It is normal for the 2200 ohm load resistor to run warm, since it is a ¼ W resistor that is required to dissipate approximately 202/2200 = 0.18 W (as heat).  

Also, please note that both the oscilloscope probe and the oscilloscope ground clip must be moved when going between the vs(t) and the vo(t) measurements for the full-wave bridge circuits.

Please do not try to display both vs(t) and vo(t) at the same time on the oscilloscope by using two scope probes.  Only use ONE SCOPE PROBE for this full-wave bridge rectifier, since the ground clips of two different scope probes would have to be connected to two different circuit nodes, effectively causing a short circuit, with accompanying sparks and smoke!

A. Build and test full-wave bridge circuit shown above.  Results for full-wave bridge without capacitor input filter must be filled in below:

  Vs,max = __________     (compare this with 12*sqrt(2) Volts = 16.97 Volts  %diff = _____

  Vo,max = __________    (Should be about two junction drops (1.4 V) less than Vs,max)

Attach Exhibit E  (corresponding to Exhibit A1).
B.  Perform PSPICE transient analysis of full-wave bridge circuit shown above.  Set the VSIN source amplitude to the value of Vs,max observed in Part 2A. Attach Exhibit F (corresponding to Exhibit B). 


 
Subjective Comparison of Measured and Simulated Waveforms:

C. Build and test full-wave rectifier with capacitor input filter (C2) added, as shown below.
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   Observed Vdc = ________ Observed Vr = ___________    % Voltage Ripple = ________  
   Ripple Freq = _____ Hz

Attach Exhibit G (corresponding to Exhibit C1).
D.  Full-Wave Rectifier Voltage Ripple Prediction and % Ripple using Hand Calculations (use the equations developed in the class notes.  Note that the ripple voltage Vr for the full-wave rectifier should be approximately ½ that for the half-wave rectifier, assuming the same source, load resistance, and filter capacitor.  Use the value of Vo,max that was observed in Part 2A for Vdc.

Full-Wave Rectifier Voltage Ripple and Percent Ripple Prediction Using Hand Calculations



E.   PSPICE Simulation of full-wave rectifier with capacitor input filter.
      Attach Exhibit H (corresponding to Exhibit D).  Show your PSPICE simulation percentage 

       ripple calculations in the space below.

Summary for the Full-Wave Rectifier with Capacitor Filter

(1) Measured Vr
      ________ V    
Measured % Ripple:            _______%


(2) Hand Calculated Vr = ________ V          Hand Calculated % Ripple: _______%
(3) PSPICE simulated Vr = _______V          PSPICE simulated % Ripple ______%


3. Full-wave Voltage Doubler Circuit
A full-wave voltage doubler circuit can be built by replacing two of the diodes in the full-wave diode bridge rectifier with capacitors.  The operation of circuit will be explained at the beginning of the lab period.  Use two 1N4004 power diodes, the 12 V rms transformer, two 47-uF electrolytic capacitors, and a 10 k(, ¼ W load resistor.  Be careful to observe the electrolytic capacitor terminal polarities.  


Note the change in the load resistor.  This is because the 2.2 kΩ, ¼ Watt resistor that we used as a load in the previous parts of this lab would get too hot in this application, since the output voltage will now be approximately doubled.  The power dissipated (as heat) in the 10 k( load resistor is approximately 402/10000 = 0.16 W.  Capture the observed vo(t) waveform as Exhibit I.  Your screen shots must display the “max” amplitude excursion, the “min” amplitude excursion, and the waveform frequency (which should be close to 120 Hz), using the scope’s “Quick Measure” feature.  (Note that the output is approximately double that expected from the full-wave rectifier circuit studied earlier.)  Use Quick Measure to display the frequency and the peak-peak (ripple) voltage variation in Vo(t) in your screen shot.

 


          Voltage Doubler Circuit Diagram
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From the observed vo(t) screen shot obtained above, you may calculate Vdc = (Vmax + Vmin}/2, the ripple voltage Vr = Vmax – Vmin, and the “% voltage ripple” = (Vr / Vdc)*100% = (Vmax – Vmin) / {{Vmax + Vmin}/2}*100% in the blanks below:

                                                Observed (Measured) Results
      Vdc = _______ V            Vr = _________V       % Voltage Ripple = _________

Next run a PSPICE transient simulation on this circuit, including your schematic and vo(t) PROBE plot as Exhibit J.  From your simulated plot of vo(t), use the cursor option to measure Vdc and Vr, and enter the results below.   Use the “Mark Cursor” option to mark and display the values of the minimum and maximum voltage excursions on your plot.




 
PSPICE Simulated Results

      Vdc = _______ V            Vr = _________V       % Voltage Ripple = _________

