
Lab 3: Diode Circuits 
 

Diodes form the basis of a variety of circuits that alter AC waveforms, turning alternating current 

signals into positive voltages (called “rectifying” the signals), trimming signals (“clipping”), 

offsetting signals (“clamping”), and even more severely limiting the range of voltage from an AC 

input (regulating).  Many of these applications of diodes are important in the design of DC power 

supplies. 

 

Part 1: Rectifiers 
 

a) Half-wave rectifier 

Set up the half-wave rectifier circuit shown below, using the sinusoidal output of your function 

generator at 100 Hz and 6.0 Vpp with no DC offset as the input to the rectifier diode. Use a 

potentiometer (set initially to maximum resistance) for the load resistor and about 50 Ω for the 

diode protection resistor.  

 
Observe with your oscilloscope the input and output signals with respect to ground before and after 

the rectifier diode (i.e. VA and VB). Make sure both oscilloscope channels are set for DC operation 

(DC coupling). Use cursors to measure the amplitude (i.e. ground to maximum voltage) for each 

signal. VB,max should be lower than VA,max by an amount equal to the turn-on potential of a 1N4001 

diode (about ½ volt). Set up the oscilloscope to measure the potential difference between VB,max 

and VA,max and document your result. Finally, observe the effect of decreasing the load resistance.  

As you turn down the load resistance, you will not see much change at first, but when your value of 

RL is low enough that you are drawing a significant current from the function generator, at some 

point the function generator will have problems keeping up, and your output voltage will begin to 

“droop.” At what value of load resistance does the ideal voltage output (i.e. what you measured at 

high load resistance) fall by 10%?  

 

b) Bridge rectifier 
Construct the bridge rectifier circuit shown below. The name "bridge" comes from the diamond 

shape, which is similar to that of a Wheatstone bridge circuit (a type of precision measurement 

circuit). Use a “cheater plug” to float the ground of the function generator relative to the ground of 

the rest of the circuit, which is set by where you attach the alligator clip from the oscilloscope 

probe, to avoid “ground loops” (having two different potentials in the circuit both connected to 

ground, resulting in large currents through wires and diodes and, eventually, smoke!). Set the 

function generator output to 100 Hz, 12 Vpp, and use the same diode protection and load resistors 

as in part a), above, first returning the potentiometer to 100 kΩ. Print your oscilloscope screen 

showing the input signals VA1 and VA2 measured with respect to the ground shown. Then print 

your oscilloscope screen showing input signal VA1 and output signal VB, labeling measured 

voltage levels appropriately. Notice that only one diode drop is obvious in your signals, even 

though two of the four diodes are always conducting, as analyzed in lecture. This occurs because 

the function generator ground is floating at -0.5 V with respect to the oscilloscope ground. 



 
(Leave this circuit wired on your breadboard as you start the next part; you will need it there.) 

 

Part 2: Regulators 
 

Using the same techniques as in earlier labs, characterize a 1N4728 zener diode by tracing its I-V 

curve.  Specifically, measure Iz through and Vz across the zener diode using your programmable 

DC power supply to provide the supply voltage and LabVIEW to measure the zener current and 

voltage. Include a diode protection resistor of about 50 Ω (you can also use it as your external 

shunt resistor for measuring current). The zener diode is designed to be used as a voltage regulator 

when run in reverse bias (as you will see in the second circuit, below). When tracing its I-V curve, 

though, wire it as shown in the first schematic below. In this orientation, the forward-biased part of 

the I-V curve should show a normal turn-on potential around ½ V with the usual exponential shape, 

just as for the other diodes you have measured. The reverse-biased part of the curve should show a 

relatively flat region of nearly zero current (the saturation region), but then a transition to 

conduction around a voltage called the zener voltage (a specific value for each type of zener diode). 

For the 1N4728, this reverse bias voltage is about -3.3 V, drawing a current around 100 mA. 

LabVIEW can supply only a few mA current to its analog output pins, so you will need to use your 

programmable DC power supply to trace the zener’s I-V curve. In order to avoid currents above 

about 100 mA (the recommended maximum current for breadboard connections), set up your 

programmable power supply with a current limit of 100 mA. With this limit set (and the power 

supply leads plugged in to measure the negative part of your I-V curve), turn up your power supply 

by hand until the current hits 100 mA. Use that power supply voltage as the maximum value for 

sending to your power supply from LabVIEW. When tracing the zener’s I-V curve, having the 

current limit set on the power supply should prevent it from sending a voltage beyond that which 

draws 100 mA, thereby keeping the zener diode and its diode protection resistor from heating up 

too much.  

 
 

Next, use the “voltage regulating” property of a zener diode in reverse bias to provide some rough 

regulation on the output of your bridge rectifier circuit. Put your zener diode in parallel with the 

load resistor as shown below and sketch the output signal shown on your oscilloscope. (Remember 

to use DC coupling!) How does it change if you use another zener diode (say a 1N4733, for 



example)? This physical behavior is the basis for more sophisticated solid-state regulators such as 

the ones we will use in the power supply project (Lab 5). 

 
Part 3: Clipping circuits 
 

In MultiSim, model the diode clipping circuit shown below, using an input sine wave at a 

frequency of 1 kHz. In this exercise, it is OK to use the ideal function generator in MultiSim, 

without also simulating the 50 Ω output impedance of our BK 4003A function generators, since 

you will not have to compare your MultiSim output to that of a physical circuit (but you do need to 

include a diode protection resistor in the circuit, as shown, and 50 Ω is a reasonable value for that 

component). Use an oscilloscope in MultiSim to show the input and output waveforms produced 

by each variation described (a, b, and c, below) for at least two cycles and explain why each one 

operates as it does. Be sure to note the effect of the diode turn-on potential (~ ½ volt).   

 
a) Set MultiSim’s function generator amplitude, Vp, to 2.0 V (corresponding to Vpp = 4.0 V) 

and measure the circuit as shown above. Explain your results. 

 

b) Repeat this exercise with the diode turned around, i.e. with its cathode connected to the 

resistor. Describe your (perhaps surprising) results; then turn up the amplitude on your 

input sine wave from the function generator to 3.0 V and explain what happens. 

 

c) Repeat this exercise using the new function generator setting (Vp = 3.0 V), with the 1.5 V 

DC source turned around and the diode returned to its original orientation, cathode down.  

 

Part 4: Clamping circuits 
 

In MultiSim, use a 1 kHz, 2 V amplitude, sinusoidal signal from the function generator, a 0.1 μF 

capacitor, a 50 Ω diode protection resistor, and a 1N4001 diode to simulate the input and output 

waveforms for the diode clamping circuit below.  Explain the operation of the circuit in words 

AND sketches, showing the initial input and output waves lined up in time (input above output), 

beginning with the assumption that the capacitor is uncharged.  In your analysis, you should find 

that there is some transient behavior when the circuit is first turned on which is reminiscent of the 



diode clipping circuit’s behavior, but that after a while it disappears, leaving a full, unclipped 

sinusoidal signal.  Increase the value of your capacitance by factors of 10 until you can see this 

transient effect on the simulated oscilloscope traces.  Did changing the capacitance affect the 

voltage to which the circuit was offset (i.e. “clamped”)? Why or why not? 

 
 

  



not used, Sp 2014: 

b) Full-wave rectifier 
Wire the full-wave rectifier circuit shown below.  Because this full-wave rectifier circuit requires a 

center tap, you will have to use a transformer between your function generator and the rectifier 

circuit.  Choose a transformer with a low turns ratio so that you don’t knock down your function 

generator voltage by too big a factor – make sure that VA is at least 2 Vpp.  Also, use a “cheater plug” 

to float the ground of the function generator relative to the ground of the rest of the circuit, which is 

set by where you attach the alligator clip from the oscilloscope probe to your circuit.   

 

Before completing the circuit by connecting the wire indicated by the dotted line between Vb1 

and Vb2, use your oscilloscope to compare and sketch the individual output signals at Vb1 and Vb2 

across the load resistor RL. To do so, clip your Channel 2 scope probe across the load resistor itself, 

and then use a separate wire to connect first Vb1 and then Vb2 in turn to the “top” of the load resistor.  

To keep the oscilloscope triggering on the same part of the wave with respect to time, keep the 

input potential across VA on Channel 1 and trigger on that channel. Note that the oscilloscope 

probes must always have the same ground, namely the center tap of the transformer – that means 

VA must be measured relative to the center tap, too. Sketch these three signals (VA, Vb1, and Vb2) to 

scale in your lab notebook or print your oscilloscope screen twice, showing VA at the top of each 

trace and using the same voltage scale for each channel. Explicitly measure and label relevant 

voltage levels including the diode turn-on potentials. Then use a wire to connect the circuit points 

labeled Vb1 and Vb2, completing the full-wave rectifier circuit, and use Channel 2 to look at the 

output signal at VB.  Sketch or print this output waveform below the other three and verify that VB 

is the sum of Vb1 and Vb2. 

 
 

 


