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ELECTRICAL ENGINEERING DEPARTMENT 
California Polytechnic State University 

 
EE 361                       Full-Wave Rectifier / Voltage Regulator (Zener Diode)                Pre-lab 2 
  & 
  AC to DC Converter                         
 

1. For the full-wave rectifier answer the following: 
Note: Treat diodes as ideal. 
 

A. Which diode(s) is (are) forward-biased and which diode(s) is (are) reverse-biased 
for the source polarity shown? In addition, draw the current direction through R1. 

B. Sketch Vout if capacitor C1 is NOT connected. Be certain to label, with numerical 
values, peak voltage and period. 

C. A DC voltmeter connected across the 1K resistor will display ______Volts. 
D. Explain effect capacitor C1 has on Vout of part B. 

 

 
Vac(t) = 10sin(6280t) Volts 

 
 
 
 
 
 
 

2. For the voltage regulator, answer the following: 
Note: Treat Zener diode as ideal and bottom node as ground. 
 

A. Find the range of Vin for which the Zener diode is reverse-biased and conducting. 
Note: PZmax = 1 Watt. 

B. For Vin = 3V, calculate Is, IZ and IL. 
C. For Vin = 14V, calculate Is, IZ, IL and voltage across 680Ω resistor.  

 
ELECTRICAL ENGINEERING DEPARTMENT 
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California Polytechnic State University 
 

EE 361                       Full-Wave Rectifier / Voltage Regulator (Zener Diode)                 Lab 2 
  & 

AC to DC Converter 
Objective 
Analyze and measure the operation of an AC to DC converter by examining a full-wave rectifier 
and voltage regulator separately and then connected together. 

Workbench Equipment 
• Digital Oscilloscope, Keysight InfiniiVision MSO-X2022A 
• Function Generator, Agilent 33120A or Agilent 33220A 
• Digital Multimeter, Agilent 34401A 
• DC Power Supply, Agilent E3640A 

 
Check-out Equipment, 20-111 window 

• Scope Probe (10:1), 2 
• Banana to grabber 2 pair, 2red / 2black 
• BNC to grabber lead 

Background 
Zener Diode 
A Zener diode behaves like a regular diode when forward-biased, but has an added feature under 
reverse-bias, as shown in the I-V characteristic in Figure 2-1.  At a large enough reverse bias 
voltage, the Zener diode allows current to flow in the reverse-bias direction, cathode to anode.  
This reverse-bias current occurs due to valence electrons pulled from covalent bonds on both 
sides of the pn junction. The reverse-bias voltage at which current flows is the Zener voltage, VZ. 
The value of VZ primarily depends upon the Zener diode fabrication and appears in the 
manufacturer’s data sheet. 

 
                    Fig. 2-1  Zener I-V Characteristic (Non-ideal) 

The voltage across a Zener when allowing current to flow in the reverse-bias direction is nearly 
constant. Therefore, a Zener connected in parallel with a load can provide a constant load voltage 
for a specified range of load resistance and / or a specified range of input voltage. This ability to 
maintain a constant load voltage for varied load resistance and / or varied input voltage is known 
as voltage regulation. A Zener diode primary application is as a voltage regulator.   
      

I 

V VFB 

VZ 
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Full-Wave Rectifier 
A full-wave rectifier has the same purpose as a half-wave rectifier does; to convert a signal with 
zero average value, such as a pure sinusoid, into a signal with non-zero average value. The 
primary difference between full-wave and half-wave rectifiers is Vo for a full wave has twice as 
many ½ cycles as a half-wave does, since effectively one of the source half cycles is “flipped” at 
the output. 

For the full-wave rectifier of Figure 2-2, diodes CR2 and CR3 are forward-biased and diodes 
CR1 and CR4 are reverse-biased during the positive half cycle of source (source polarity for 
positive half cycle shown in diagram) and the opposite is true for the negative half cycle of 
source, i.e. CR2 and CR3 are reverse-bias and CR1 and CR4 are forward-bias. 
 

 
                .                        Fig. 2-2 Full-wave rectifier 
 
Vo for a full-wave rectifier (capacitor C1 not connected) is shown in Figure 2-3. 

 
Fig. 2-3 Full–Wave Rectifier Vo 

 
Figure 2-3 shows that the source negative half cycle has effectively been flipped at the rectifier 
output. This is due to the current direction through load R1 remaining the same for the entire 
source cycle (period).  
 
The average value of Vo for a full-wave rectifier is twice the average value of Vo for a half-wave 
rectifier since there is twice the number of half cycles per time interval. 
 

Therefore,  
π
AVodc

2
=  (diodes treated as ideal)     (2-1) 

 
The effect of capacitor C1 connected across load resistance R1 is to “smooth” Vo. Recall from 
circuit theory, a capacitor cannot have an abrupt change in voltage across its plates. The 
continual charging and discharging of C1 produces Vo of Figure 2-4. 

Four diodes collectively called a diode bridge 
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                                      Fig. 2-4 Full–Wave Rectifier Vo with C1 attached 

Since the area under the Vo curve has increased with the inclusion of C1, Vodc increases. 
Also, Vo is more like a pure DC voltage (perfectly constant for all of time) than Vo without C1 
connected. The “bumpiness” of Vo is called the ripple voltage which is at a frequency twice that 
of the input signal frequency. 
 
Procedure 1: Voltage Regulator 

• Connect the circuit of Prelab problem #2. Use Agilent E3640A DC power supply as Vin. 
o Set current limit to 0.1A. 
o Band on physical Zener diode is the cathode. 

• Measure Vo with a DVM for each of the Vin values shown in Table 2-1. 
• Plot Vo v. Vin in Excel. 

 
   Vin (V)  Vo (V)  Vin (V)  Vo (V) 

    1.0   ________  8.0  ________                          

    2.0  ________  9.0           ________           

    3.0   ________  10.0           ________          

    4.0        ________         11.0           ________           

    5.0        ________         12.0           ________            

    6.0       ________         13.0           ________             

    7.0       ________         14.0           ________             

                  Table 2-1  Voltage Regulator Data 

• Measure voltage across 680Ω resistor when Vin = 14V. Compare this measured value 
with the theoretical V680Ω from prelab #2. 

 
V680Ω = _________  %Error = __________ 

 
• “Flip” Zener diode (keep rest of circuit the same) and measure Vo with Vin = 10V. 

 
Vo = _________  

 
Explain Vo measurement -> 

 
• You are finished with this portion of the experiment. However, do not disconnect voltage 

regulator circuit as it will be used as part of an AC to DC converter in procedure 3. 
 

Ripple voltage amplitude 
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Procedure 2: Full-Wave Rectifier 
• Build the full-wave rectifier circuit of Figure 2-2 without the 1µF capacitor connected. 

Use four 1N4002 diodes and set function generator in Hi Z mode to 20Vpp at 1,000Hz 
with zero DC offset.  

• A differential measurement technique is used to observe Vo with scope. 
o Connect channel 1 to the cathode of CR2 referenced to ground of function 

generator. 
o Connect channel 2 to the anode of CR3 referenced to ground of function 

generator. 
o Press math button and select subtraction “1-2”. 
o Scale all 3 scope waveforms to fit on display and capture. 

• With cursors measure peak voltage of Vo 
 

Vopeak = ________  
 

• Measure Vodc with DVM and compare to theoretical value. 
   

Vodc = _________  %Error = __________ 
 

• Replace the four 1N4002 diodes with four red LEDs. 
o Lead closest to flat edge on plastic base is the cathode of LED. 

• Change function generator frequency 1 Hz. 
• Observe LED lighting to answer postlab question. 
• Return 1N4002 diodes to circuit and set function generator frequency back to 1,000Hz. 
• Verify Vo is correct, same as it was before LEDs were connected. 
• Connect 1µF capacitor across load resistor as shown in Figure 2.2. 
• Record new Vodc and capture scope display. 

  
Vodc = _________   

 
• Replace 1µF capacitor with 10µF capacitor and repeat previous step. 

 
Vodc = _________ 

 
Procedure 3: AC to DC Converter 

• Connect Vo of full-wave rectifier (with 10µF capacitor across 1KΩ) to input of voltage 
regulator. 

• Verify with DVM circuit is converting AC (input sinusoid with zero average value) to 
DC of approximately 6.2V (VZ) at output.  

 
Vindc =  _________   Vodc = _________ 
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Discussion 
1. The Zener diode of procedure 1 has a PZmax = 1W. If a 6.2V Zener with a PZmax = 50mW 

(0.05W) was used instead, how would the range of Vin be affected?  
Note: Provide a numerical answer. 

2. What is the main reason for discrepancy between experimental and theoretical Vodc of 
procedure 2? 

3. Describe the pattern LEDs flickered when connected in the full-wave rectifier. 
4. Explain effect the 1µF capacitor had on full-wave rectifier output voltage. 
5. Explain effect the 10µF capacitor had on full-wave rectifier output voltage. 
6. To convert AC to DC requires ________________ followed by _______________________. 
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