Lab 6: Rectifiers
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	Date:
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Description automatically generated]Half Wave Rectifier
Construct a half-wave rectifier circuit with a 6.3Vac (RMS) transformer and a 1N914 diode, as in the adjacent circuit. Connect a 2.2kW load, and view the output on the scope. 
Half-wave rectifier output on oscilloscope.
Capture an oscilloscope trace that shows both the input to the rectifier (the voltage across the transformer secondary) and the output of the rectifier. 
	



Discussion of half-wave rectifier output.
Describe what you see on the output of the half-wave rectifier.  Is it what you expect? Polarity? Why is the peak output less than the peak input?  Lastly, why is Vpeak more than 6.3V? (Don't be troubled if Vpeak is even a bit more than V. The transformer designers want to make sure your power supply gets at least what's advertised, even under heavy load; you’re loading it very lightly here).
	Click or tap here to enter text.

Full-Wave Bridge Rectifier
[image: Diagram

Description automatically generated with medium confidence]Now construct a full-wave bridge circuit, as shown on the right. Be careful about polarities of the diodes.  The band on the diode indicates cathode, as in the figure. Look at the output waveform, but don't attempt to look at the input — the signal across the transformer's secondary — with the scope’s other channel at the same time. This would require connecting the second “ground” lead of the scope to one side of the secondary and would result in shorting out one of the diodes.  As a result, nothing limits the current in the other diode, which is guaranteed to burn out.
Full-wave rectifier output on oscilloscope.
Capture an oscilloscope trace that output from the rectifier. 
	



Discussion of full-wave bridge rectifier output.
Describe the output you observe below.  Does it make sense? Why is the peak amplitude less than in the half-wave circuit? How much should it be? What would happen if you were to reverse any one of the four diodes? Don't try it!
	Click or tap here to enter text.

Don't be too gravely alarmed if you find yourself burning out diodes in this experiment. When a diode fails, does it usually fail open or closed? Do you see why diodes in this circuit usually fail in pairs—in a touching sort of suicide pact?  This suicide pact makes troubleshooting the full-wave bridge interesting, in the case the output waveform looks wrong. Disconnect the transformer so that you can test the diodes (using a DVM's "diode test" function) and don't stop on detecting a single bad diode. If you find one dead diode, expect to find one more as well.
Observe the region near zero volts.
Look at the region of the output waveform that is near zero volts.  You will need to adjust both the vertical and horizontal scaling and play with the trigger in order to zoom in on this region.  
	



Discussion of flat regions near zero volts.
Why are there flat regions in the rectifier output? Measure their duration and explain.
	Click or tap here to enter text.




Smoothing Capacitor and Ripple
Observe ripple voltage
Now connect a 15 µF filter capacitor across the output (Important: observe polarity). You can make capacitor close to 15 µF with a 10µF and a 4.7µF.  Capture an oscilloscope trace that shows the output.
	



Compute expected ripple, given  and load.
Does the output make sense? Calculate what the “ripple” amplitude should be, then measure it. Does it agree?  If not, have you assumed the wrong discharge time, by a factor of 2?
	Click or tap here to enter text.


Design exercise: Choose  for an acceptable ripple.
Now suppose you want to let your power supply provide a current of up to 20mA with ripple of about 1V peak-to-peak. Your design task is to do the following:
· choose  so as to draw about 20mA (peak).
· choose  so as to allow ripple of about 1V.
Draw your design and try your circuit. Show the output below.

	



Is the ripple about right?  Explain, to your own satisfaction, any deviation from what you expected. This circuit is now a respectable voltage source, for loads of low current. To make a “power supply” of higher current capability, you’d use heftier diodes (e.g. 1N4002) and a larger capacitor. In practice you would always follow the power supply with an active voltage regulator.
	Click or tap here to enter text.


[image: A picture containing text, antenna

Description automatically generated]Full-Wave Bridge in a Split Supply
A full-wave bridge can be used to generate a dual output or split supply that has both positive and negative outputs with respect to ground. The adjacent figure shows such a circuit.
Evidently, the only difference from the single-supply we studied previously arises from use of the center tap on the transformer secondary, tying it to the point that we define as the ground of the split output.  The circuit shown omits the load resistors; a load is, of course, assumed— if not, why build the supply?
One might be tempted to think that the center tap is not necessary: that one could form a split supply simply by defining ground as the midpoint between the capacitors.  That view would be wrong.  Absent use of the center-tap, the sharing of the total voltage, between positive and negative outputs would not be predictable; it would depend on the relative loading of the two outputs. The center- tap makes the two outputs independent, so that it is not just the total voltage,  minus  that the transformer determines. Instead, each of   and  shows a voltage determined by the half-winding of the transformer.
Build the above split supply circuit.  Capture an oscilloscope trace that shows both outputs.  
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