Prelab 6: Rectifiers 
	Name:
Click or tap here to enter text.
	Date:
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Half-Wave Rectifier
We often use diodes within voltage dividers, much the way we have used resistors, and then capacitors. The figure below shows a set of such dividers along with what the outputs should look like when subjected to a sine wave with a 10V peak amplitude.  
[image: Diagram

Description automatically generated]
The outputs for the first two circuits look strikingly similar. Yet only the rectifier can be used to generate the DC voltage needed in a power supply. The important difference between the first two circuits, invisible to the scope display, is the output impedance of the rectifier compared to the clamp.  The left-hand circuit (the rectifier), places only a conducting diode between source and load (the source usually is a power transformer). The clamp places a resistor between source and load. As a result, the rectifier provides the efficient way to build a power supply: the clamp does not.
The bumpy output of the “rectifier” is still pretty far from what we need to make a power supply, a circuit that converts the AC voltage that comes from the wall or “line” to a constant DC level. As we will see, a capacitor will smooth the rectifier's output for us. But, first, let's look the simple half-wave rectifier in more detail and then move to a better version of the rectifier.
Half wave rectifier on MultiSim
Browse to https://www.multisim.com/content/SZmHJp9JFKMmkx3R4RfH7m/half-wave-bridge-rectifier/ to study a simulation for a half-wave bridge rectifier.  The input to the rectifier is a  60 Hz sine wave signal from the transformer.  Run the simulation and capture a trace that shows both the input and the output.  Upload a screenshot of the output on the following page.
Describe the output and explain why (1) the peak voltage of the output is lower than the peak voltage of the input, and (2) why the output is zero during the half of the cycle where the input voltage is negative.
	Click or tap here to enter text.

Half-Wave Rectifier Screenshot

	


Full-Wave Bridge Rectifier
This clever circuit below gives a second bump out, on the negative swing of the input voltage.
[image: Diagram, engineering drawing

Description automatically generated]
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Description automatically generated]Once you have seen the circuit's output, you will see why the simpler rectifier is called halfwave.  The adjacent figure shows some details of the output of the full-wave rectifier, including the non-obvious fact that the bridge input drops below ground, on one half cycle.  Because of this wandering of the bridge input, the full-wave bridge can be used only with a “floating” source such as a transformer secondary. Neither of its inputs may be tied to ground, assuming that one of the two output terminals is to be defined as ground.
Rarely is there an excuse for using anything other than a full-wave bridge in a power supply, these days. Once upon a time, “diode” meant a $5 vacuum tube, and then designers tried to limit the number of these that they used. Now the entire bridge, a little epoxy package with four diodes and four legs, may cost $1.
Full-wave Bridge Rectifier on MultiSim
Browse to https://www.multisim.com/content/bDXUHjPUEgpCCFYk7f3uDn/full-wave-bridge-rectifier/ and study a simulation for a full-wave bridge rectifier.  Take a screenshot showing the input to the bridge (red trace) and the output of the bridge rectifier across a  load (green trace).  
	



Discussion of full-wave bridge output.
Describe the output and explain why (1) there are now two peaks on the output for every input cycle, and (2) how many diode drops there are between the maximum input and output peak values.
	Click or tap here to enter text.

Add a smoothing capacitor.
Now add a capacitor across the load (in parallel with the  between the output and ground) and observe how this changes the output.  Start out with the default value of 1µC for the capacitor but then change it as the simulation is running.  How do you have to change  or  to decrease the peak-to-peak voltage of the output, often called the ripple voltage?  
	Click or tap here to enter text.







Design for maximum ripple.
We can estimate the ripple voltage (or choose a  for a specified ripple, as in this problem) by using the general equation

which arises from differentiating the equation  for the charge on a capacitor.  In this equation,  or  is the ripple voltage,  or  is the time during which the capacitor discharges, and  is the current taken out of the supply. The figures below show what the “ripple” waveform will look like.  
[image: Diagram

Description automatically generated] [image: Diagram

Description automatically generated]
To specify exactly the  that will allow a specified amount of ripple at the stated maximum load requires some thought. This task could be hard, but we'll make it pretty easy by using two simplifying assumptions. Specifically,
• What is ? If the load is resistive, the current out is not constant, but decays exponentially each half-cycle.
• What is ? That is, for how long does the capacitor discharge (before the transformer voltage comes up again to charge it)?
We will sidestep these difficulties with some worst-case approximations: 
• We assume  is constant at its maximum value.
• We assume the capacitor is discharged for the full time between peaks.
Both these approximations tend to overstate the ripple we will get. Since ripple is not a good thing, we don't mind building a circuit that delivers a bit less ripple than called for.
Using the transformer and bridge in the simulation, find the peak output voltage from the circuit with no smoothing capacitor.  Set the resistance of the load to  and estimate the value of the peak current (using Ohm’s Law).  Compute the time between peaks on the rectified output.  Combine these results to compute a capacitance value that should limit the ripple to no more than 0.5V.  Document these computations below that lead to a design choice for the capacitance .
	Click or tap here to enter text.








Demonstrate your design.
Capture a screenshot of the Multisim output after changing the load resistance to  and the capacitor to the value you found above.  
	


Have you met your design criteria?
	Click or tap here to enter text.










Prelab 7	Rectifiers	Page 1
Prelab 7	Rectifiers	Page 1
image1.png
Rectifier Clamps

~ f\,ml f\,j

15

“fOv - P '
XS IR e
ANAN AN AN s

~0.6V =" -0.6V "~





image2.png




image3.png
+V
<>J*“





image4.png
one terminal of Xformer secondary OUTPUT

...other terminal of Xformer secondary





image5.png
peak-te-peak. ripple

¥ outeut under [sad
O e AN i

OLiF\!\ without ¢ ap
¥

>
T




image6.png
- exact slope
(expnncvhfxl
deraw curve)




