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Class #25: Experiment 

Rectifiers 
 

Purpose: In this experiment, we will investigate the characteristics of power in DC and AC circuits. 

 

Background: Before doing this experiment, students should be able to 

 Review online background materials. 

 Build and operate simple circuits on a Protoboard. 

 Measure the voltages and determine the currents using a math channel in simple Protoboard circuits using Analog 

Discovery 

 Do a transient (time dependent) simulation of circuits using LTspice 

 Calculate DC power produced and consumed. 

 Review the background for the previous experiments. 

 

Learning Outcomes: Students will be able to 

 Understand the ideal diode model. 

 Approximate the turn-on voltage for a standard diode and an LED 

 Obtain the I-V curve of a real diode 

 

Resources Required: 

 Analog Discovery and Parts Kit 

 Resistors, diodes and LEDs 

 

Helpful links for this experiment can be found on the course website under Class #24. 
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Part A – Half-wave Rectifiers 
 

Background 
 

Rectifiers: A rectifier is a circuit that converts an AC current to a DC current.  At the very simplest level, a rectifier 

circuit is also a circuit that takes an AC voltage and modifies it so that the output voltage has only one sign.  It will 

eliminate either all positive voltage or all negative voltage.  A true DC current requires a constant DC voltage.  The 

rectifiers we can build with only regular diodes give a first approximation to this.   

 

Half-wave rectifier: The circuit gets its name because it only uses the positive half of a sinusoidal cycle (or negative 

half) when converting the AC signal to a DC signal. The basic circuit is shown in Figure B-1. The half-wave rectifier 

uses the fact that the diode only allows current in one direction to eliminate the negative voltage of the input.  Note 

that the current will not be DC, but the average of the signal is now positive. The output of this circuit includes a DC 

component, which is the average of the voltage, but also includes a lot of sinusoidal components (Fourier series 

concepts, which we will leave for a later course). 

 

 
Figure A-1. Half-wave Rectifier 

 

Experiment: 

 Build the circuit in Figure B-1 on your protoboard. Use the 1N914 diode from your parts kit (not the same diode 

as the previous laboratory). Set the function generator on Analog Discovery to a sinusoidal wave at 1kHz with a 

3V amplitude.  

 Measure the voltage across the load resistor, RL, and across the source. Include the plot of the input wave and 

output voltage in your report.  

 If you have the leads connected correctly, the output should be only the positive half of the source signal. You 

should also notice that the peak value of the output is less than the peak value of the source voltage. What concept 

from the previous laboratory would account for this observation? Is the difference consistent with your 

measurements from the last laboratory (ie. 0.6-0.8V difference)? 

 Use the Discovery Board predefined measurements to find the DC average voltage of the output. 

o In the upper left, click View and select Measurements 

o In the new window, click Add and select Defined Measurements 

o Choose the channel associated with the load voltage 

o Select Vertical and then select Average 

o Double click Average (or click the Add button) 

o Close the dialog box and you will see the average voltage calculation made by the Discovery Board. 

 Reverse the direction of the diode, without changing the Oscilloscope connections. Do you now see the output 

voltage as the negative half of the source signal? 

 

 Put the diode back in its original position. 
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This circuit is not a particular good AC to DC converter, since DC signals should be constant (‘flat’). The circuit can 

be improved by adding a smoothing capacitor in parallel with the load resistor. This capacitor will store power 

(energy). The power consumed by the resistor must be produced by some source. With the addition of the capacitor, 

during part of the cycle, the voltage source provides that power, and during the rest of the cycle some of the stored 

energy in the capacitor is consumed by the resistor. 

 
Figure A-2. Half-wave Rectifier with Smoothing Capacitor 

 

 

 Add a 1µF capacitor in parallel with the 1kΩ resistor as shown in Figure A-2. Make sure that the capacitor is 

oriented correctly, with ‘negative’ side on the low voltage side. Again, measure the source voltage and the output 

voltage. 

 Use the Discovery Board to again calculate the average voltage of the output. For this circuit we are also interested 

in the ripple voltage, which is the maximum output voltage minus the minimum output voltage. We can again use 

the Defined Measurements to find that value. In this case it is the peak-to-peak (Peak2Peak) under the Vertical 

section of the Defined Measurements (same Oscilloscope channel). 

 Ideally, the ripple voltage is zero with the DC output voltage being constant. There are effectively two ways to 

decrease the ripple voltage. Replace the 1μF with a 4.7μF capacitor and again measure the average output voltage 

and ripple voltage. Replace the capacitor with a 10μF capacitor, measuring the same values. 

 If we consider the period of the source, T = 1/f, and the RC time constant of the load, based on your above 

measurements what relationship do you notice with those two values that results in a decreased ripple voltage? 

 Replace the capacitor with a 1μF capacitor and change the source frequency to 2kHz. Measure the average voltage 

and ripple voltage of the output. Change the source frequency to 10kHz, measuring the same values. Do you 

notice the same relationship between the RC time constant and the source period when the ripple voltage is 

decreasing? 

 

Decreasing the ripple voltage has an engineering ‘cost’ in the circuit design. The power consumed has to come from 

the source, some of which is directly consumed by the resistor and some of which is stored in the capacitor. However, 

the source only produces power for a short period of time, corresponding to when the output voltage is going from a 

its minimum to its maximum value. As the ripple voltage is decreased, this period of time is decreased. However, 

since the power consumed is approximately constant, the only way the source can produce the power in a shorter 

period of time is to increase the current (P=VI, with V approximately constant). Diodes have a maximum current 

rating, and if the ripple voltage is decreased, the period of time when power is produced is decreased, and source/diode 

current must increase, potentially burning out the diode.  

 

It is easier to study current in simulation.  

 

 Implement the full circuit in LTspice, with RL = 1kΩ and C = 1μF. Use the diode icon at the top of the page. 

Once you place the diode, right click the component and select Pick New Diode and choose the 1N914 component.  

 Set up a transient simulation, running from 0 to 5ms, with 1μs steps. Run the simulation and click on the source 

to see the current through the source and the diode. 

 Notice, the initial transients result in a current spike in the first pulse. We are not interested in the transients, rerun 

the simulation from 1ms to 5ms and make note of the maximum current (absolute value) that the source produces. 

Also note the period of time when current is nonzero. 

 Replace the capacitor with 4.7μF and 10μF values, noting the maximum current for each case. Note, you will 

need to change your simulation settings to see several periods, again ignoring the first transients. Does the 

maximum current increase and the period of time for source current decrease as ripple voltage decreases? 
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Part B – Full-wave Rectifiers 

 

Full-wave rectifier: We can use four diodes in a bridge configuration to create a rectifier that also uses the negative 

cycle of the signal.   

 
Image from www.allaboutcircuits.com 

Figure B-1 Full-wave Rectifier 

 

In a full-wave rectifier one pair of diodes allows current in one direction to flow through the load resistor when the 

AC source has a positive voltage.  The other pair of diodes is arranged such that when the AC source is negative, the 

current flows through the load in the same direction.  This keeps the positive half of the input signal and inverts the 

negative half, resulting in the output shown.  The benefits of this circuit are that the ripple voltage is decreased. Also, 

the source power produced is split between the positive and negative half cycles, reducing the current through the 

source.  

 

 
Figure B-2 Full-wave Rectifier 

 

 Implement the circuit shown in Figure B-2. 

 Perform the same experiments with the full wave rectifier that you did with the half-wave rectifier, including the 

LTspice simulations. Pay attention to the way source current behaves in the LTspice simulation, noticing that the 

output voltage is positive, regardless of the direction of source current. 

 

 

 

  

http://www.allaboutcircuits.com/
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Summary of waverforms associated with rectifier circuits. 

 

             
 Input Rectified Rectified and Smoothed 

Figure C-1. 

 
 

 

Question: How do you think you build DC to AC inverters? (A very important question in modern power production.) 


