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1 Introduction 

1.1 Introduction to Diodes 



A diode is a two terminal electrical device allowing current to move through it in one 

direction with far greater ease than in the other. Currents flowing across the diode are 

extremely asymmetric and exhibits non-linear V-I characteristic. 

The most common kind of diode in modern circuit design is the semiconductor diode. 

Semiconductor diodes are symbolized as Fig. 1.1. When currents flowing through the 

anode towards the cathode, the The semiconductor diode usually consists of a p-type 

semiconductor joined to a n-type semiconductor, and so is called a p-n junction. 

 
Fig. 1.1 Symbol of semiconductor diode 

The ideal I-V characteristic of a diode in the forward region can be described by 

expressed by the following equation: 

𝐼 = 𝐼 [𝑒 − 1]                                        Eq. 1.1 

where 𝐼  is called the saturation current (which ranges 10 ~10 A) and 𝑉  is a 

thermal voltage that depends on the ambient temperature (approximately 0.026V at 

room temperature). When 𝑉 < 0, the diode is in the reverse region, and  

𝐼 ≈ −𝐼                                                 Eq. 1.2 

Diodes are non-linear electrical device; therefore, node voltage and mesh current 

analysis techniques are still applicable to diode circuits, but the result is a set of non-

linear equations. 

 
Fig. 1.2 I-V characteristic of diodes 

The I-V characteristic is illustrated in Fig. 1.2, where 𝑉  > 0 is known as the cut-in 

voltage. As a result, it is more convenient to consider linear approximation models. One 

of such is the piece-wise linear model.  



For 𝑉  > 𝑉 , the diode I-V characteristic is approximated by a linear line with slope 

1/𝑟  . In this case, the parameter 𝑟 works as an equivalent resistor when the diode is 

operating in the forward region (Fig. 1.3); therefore, it can also be called the forward 

diode resistance.  

For 𝑉  < 𝑉 , the diode works as an open circuit (Fig. 1.4). For an ideal diode, it can be 

assumed 𝑟  = 0. 

        
Fig. 1.3 𝑉  > 𝑉  situation                         Fig. 1.4 𝑉  < 𝑉  situation 

 

One of the important applications of diode is to build a rectifier circuit which can be 

used for changing AC signals into DC signals. This lab is going to test the properties of 

four basic rectifier/limiter circuits, namely, the half-wave rectifier, the peak rectifier, 

the full-wave rectifier, and the clipper circuit. 

During the experiments, the following tips should be noticed: 

1. Don't build a diode circuit without any resistor because this will result in a dead diode. 

2. According to the I-V characteristic, the multimeter is helpful to check if a diode 

1N4004 is broken or not.  

1.2 Apparatus 

1. DC voltage source 

2. Oscilloscope 

3. Multimeter 

4. Signal generator 

5. Resistors (100Ω, 1kΩ, 10kΩ×2) 

6. Capacitor 47μF 

7. Junction diode 1N4004 (×4). 

8. Transformer 

9. Breadboard 



10. Wires 

2 Experiment 1: Diode I-V Characteristic Curve 

2.1 Introduction 

This experiment aims at finding the I-V characteristic curve of semiconductor diodes. 

In this experiment, junction diode 1N4004 will be used. As it has been explained in 1.1, 

a diode is a two terminal electrical device allowing current to move through it in one 

direction with far greater ease than in the other. This experiment will verify this feature. 

2.1.1 Theory 

 

Fig. 2.1 p-n junction                                        Fig. 2.2 I-V characteristic curve 

Forwards bias 

 

Fig. 2.3 Forward bias 

Reverse bias 

 

Fig. 2.4 Reverse bias 

 

𝑉  cut-in voltage 
or forward 



2.1.2 Design 

 

Fig. 2.5 Design of Experiment 1 

In this experiment, a DC voltage source will be used to test the direction of the diode. 

By changing the magnitude and the direction of the voltage, record the value of currents 

flowing through the diodes, the voltage across the diodes and the resistance, plot the 

relationship in a graph and verify if the I-V characteristic curve is the same as Fig. 2.2 

shows. 

2.2 Procedure 

1. Build the designed circuit as Fig. 2.5 shows with the resistance R = 1kΩ.  

2. Varying the 𝑉  (voltage of the source) from -3V to 3V in increments of 0.5V. 

Simulate the values respectively in Capture and record 𝑉 , 𝑉  and 𝐼 . 

 
Fig. 2.6 Circuit built in Capture 

3. Build the diode circuit on the breadboard. Use the DC power supply, varying the 

input voltage from -3V to 3V in increments of 0.5V. Measure the voltages 𝑉 , 𝑉  and 

current 𝐼  using the multimeter. Record the empirical data in a table. 

4. Plot the 𝐼 - 𝑉  characteristic curve and compare with the theoretical curves. 

2.3 Experiment data 

After simulate the circuits in the Capture, the simulation values have been recorded in 

the table below: 



𝑉  (V) -3 -2.5 -2 -1.5 -1 -0.5 0 

𝑉  (V) -3 -2.5 -2 -1.5 -1 -0.5 0 

𝑉  (V) -14.11 μV 0 

𝐼  (A) 14.11 nA 0 

 

𝑉  (V) 0.5 1 1.5 2 2.5 3 

𝑉  (V) 433.8 mV 543 mV 569.5 mV 0.591 V 0.606 V 0.618 V 

𝑉  (V) 66.2 mV 466 mV 930.5 mV 1.409 V 1.894 V 2.382 V 

𝐼  (A) 66.2 μA 466 μA 930.5 μA 1.409 mA 1.894 mA 2.37 mA 

Table. 2.1 Simulation values of experiment 1 

And the data table of empirical values is as follow: 

𝑉  (V) -3 -2.5 -2 -1.5 -1 -0.5 0 

𝑉  (V) -3.001 V -2.501 V -2.002 V -1.501 V -1.000 V -0.501 V 0 

𝑉  (V) -0.1 mV -0.1 mV -0.1 mV -0.1 mV -0.2 mV -0.1 mV 0 

𝐼  (A) 0 0.1 μA 0 0 0 0 0 

 

𝑉  (V) 0.5 1 1.5 2 2.5 3 

𝑉  (V) 0.433 V 0.548 V 0.572 V 0.599 V 0.612 V 0.628 V 

𝑉  (V) 66.9 mV 0.441 V 0.917 V 1.397 V 1.889 V 2.372 V 

𝐼  (A) 66.8 μA 452.9 μA 929.2 μA 1.40 mA 1.89 mA 2.37 mA 

Table. 2.2 Empirical values of Experiment 1 

 

Fig. 2.7 𝐼 - 𝑉  characteristic curve 

3 Experiment 2: Half-Wave Rectifier 

3.1 Introduction 



When changing the DC voltage source to AC voltage source, the diode will change the 

original voltage. Instead of a complete sine or cosine function, the graph will only be a 

half-wave. Therefore, this kind of rectifier is named as half-wave rectifier. This 

experiment is going to build a half-wave rectifier circuit and verify this property. 

3.1.1 Theory 

As 1.1 has already stated: 

For 𝑉  > 𝑉 , the diode I-V characteristic is approximated by a linear line with slope 

1/𝑟  and for 𝑉  < 𝑉 , the diode works as an open circuit. The voltage source signal 

changes from the lowest peak the highest peak, and the diode can be considered as half 

time resistant and the other half open circuit element. Therefore, in a period of the sine 

or cosine function, the half of the period will be zero voltage and the other half will be 

lower sine or cosine function. There will be a little delay because of the existence of 𝑟 . 

3.1.2 Design 

         

Fig. 3.1 Design of Experiment 2                   Fig. 3.2 Time delay graph of half-wave rectifier 

In this experiment, an AC voltage source will be used as a sine function signal. Use the 

oscilloscope to plot the graph of 𝑉 , check if it’s a half-wave graph. 

3.2 Procedure 

1. Build the designed circuit as Fig. 3.1 shows with the resistance R = 1kΩ, 10V (peak 

value), 1-kHz sinusoidal V  and a 1N4004 diode. 

 
Fig. 3.3 Circuit built in Capture 



2. Simulate the circuit in Capture.  

 
Fig. 3.4 Zoomed simulation in Capture                     Fig. 3.4 Simulation of experiment 2 

3. Build the half-wave rectifier circuit on the breadboard.  

4. Use the signal generator to generate a sinusoidal wave as the input source V =

V cos (2ft +  ) V, with V  = 10V and f = 1kHz. Use the oscilloscope to show the 

voltage signal 𝑉  and 𝑉  across the diode and the resistor.  

 
Fig. 3.5 Data of experiment 2 

5. Plot 𝑉  and 𝑉  together with the source signal V  as simulation figures. 

6. Measure the time delay the peak voltages of 𝑉  and V . 

7. Record the data and compare with the simulation values. 

3.3 Experiment data 

After collecting the data of the simulation and the experiment, record them in a table so 

that it may be easier to compare: 

 Peak 𝑉  Peak V  Time delay 

Simulation 9.3043 V 9.992 V 33.708 μs 

Experiment 8.889 V 9.800 V 40.00 μs 

Table. 3.1 Data of experiment 2 

4 Experiment 3: Peak Rectifier 



4.1 Introduction 

When adding a parallel capacitor to the circuit, the signal will be periodic changing. 

This experiment will explore the graph of the peak rectifier. 

4.1.1 Theory 

 

Fig. 4.1 Peak Rectifier                                           Fig. 4.2 V-t graph 

As shown in Fig. 4.2, the difference between 𝑡  and 𝑡  is:  

∆t = 𝑡 − 𝑡                                               Eq. 4.1 

Then the ripple voltage (as shown in Fig. 4.2) can be approximately equal to: 

𝑉 ≈ 𝑉 (1 − 𝑒
∆

)                                        Eq. 4.2 

4.1.2 Design 

Through changing the value of the resistance, the V-t graph will also change. This 

experiment will explore the regularity. 

4.2 Procedure 

1. Build the designed circuit as Fig. 4.1 shows with the resistance R = 1kΩ, capacitor 

C = 47 μF, 10V (peak value), 1-kHz sinusoidal V  and a 1N4004 diode. 

  
Fig. 4.3 Circuit built in Capture (1kΩ)                           Fig. 4.4 Circuit built in Capture (100Ω) 

2. Simulate the 𝑉  and 𝑉  across the diode and the resistor in the Capture.   



 
Fig. 4.5 Simulation of R = 1kΩ 

3. Measure the simulation 𝑉 , 𝑉  and ∆t. Record the value. 

4. Build the peak rectifier circuit on the breadboard.  

5. Use the signal generator to generate a sinusoidal wave as the input source V =

V cos (2ft +  ) V, with V  = 10V and f = 1kHz. Use the oscilloscope to show the 

voltage signal 𝑉  and 𝑉  across the diode and the resistor.  

 
Fig. 4.6 Example graph of experiment (R = 1kΩ) 

6. Measure the experiment 𝑉 , 𝑉  and ∆t. Record the value. 

 
Fig. 4.7 Simulation of R = 100Ω 

7. Change the value of the resistance to 100Ω and repeat the experiment and 

simulation. Record the value. 

4.3 Experiment data 

R Type ∆t 𝑉  𝑉  

 

R = 1kΩ 

Experiment 1.629 ms 0.36 V 9.200 V 

Simulation 1.79022 ms 0.3392 V 9.4849 V 

 Experiment 0.75 ms 2.0 V 8.870 V 



R = 100Ω Simulation 0.861895 ms 1.502 V 9.1498 V 

Table. 4.1 Data of experiment 3 

5 Experiment 4: Full-Wave Rectifier 

5.1 Introduction 

When using four diodes to build a bridge circuit, the signal will be a full wave. Although 

still not a complete sine of cosine function, the output graph looks like a full wave, thus 

this kind of rectifier is named as full-wave rectifier. In this part of experiment, the 

property will be verified. 

Recall to the bridge circuit. To make a full wave, there must me at least two loops. 

Using four diodes can satisfy these conditions. 

 

Fig. 5.1 Full-wave rectifier 

 

5.2 Procedure 

1. Build the designed circuit as Fig. 5.1 shows with the resistance R = 10kΩ, 10V 

(peak value), 1-kHz sinusoidal V  and four 1N4004 diode. 

 



Fig. 5.2 Circuit built in Capture 

2. Simulate the circuit in Capture. 

 
Fig. 5.3 Simulation of experiment 4 

3. Build the full-wave rectifier circuit on the breadboard.  

4. Use the signal generator to generate a sinusoidal wave as the input source V =

V cos (2ft +  ) V, with V  = 10V and f = 1kHz. Use the oscilloscope to show the 

voltage signal 𝑉  and 𝑉  across the diode and the resistor.  

5. Add the transformer to the circuit and use the oscilloscope to display the source 

voltage signal. Measure the time delay between  𝑉  and 𝑉 . 

5.3 Experiment data 

Type Time delay 

Experiment 0.0004 ms 

Simulation 9.770 μs 

Table. 5.1 Data of experiment 4 

6 Experiment 5: Clipper 

6.1 Design 

 

Fig. 6.1 Clipper design                                        Fig. 6.2 Output graph 

6.2 Procedure 



1. Build the designed circuit as Fig. 6.1 shows with the both resistances R = 10kΩ, 

10V (peak value), 1-kHz sinusoidal V , two DC voltage source with V = 2V and V = 

4V and two 1N4004 diodes. 

 

Fig. 6.3 Circuit built in Capture 

2. Simulate the circuit in Capture. 

 

Fig. 6.4 Simulation of experiment 5 

3. Build the clipper on the breadboard.  

4. Use the signal generator to generate a sinusoidal wave as the input source V =

V cos (2ft +  ) V, with V  = 10V and f = 1kHz. Use the oscilloscope to show the 

voltage signal 𝑉  and 𝑉 . 

 

Fig. 6.5 Experiment graph of experiment 5 



7 Discussion 
1. The empirical value is slightly different with the simulation value. One of the reasons 

is the temperature indoors will make the thermal voltage different with the theoretical 

value. Another reason is the error of the resistance of the wires and even the resistor. 

2. This lab mainly focus on the functions of diode circuits. By exploring the features of 

I-V characteristic curve of diodes, half-wave rectifier, peak rectifier, full-wave rectifier 

and clippers, we get a better understanding of the diodes circuits. 
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