
Revisiting Switching Circuits 

Laboratory Outline 
In this module, you will revisit the RC time constant lab (See Week 4) to charge and discharge the capacitor without human 
input. 

Sometimes we want to electrically control the charging and discharging of a capacitor on a fixed schedule. One example 
should be familiar to you – the square wave oscillator. You may also use a capacitor to control a speaker, and want the 
pitch to rise from low to high periodically. Another example used in practice is Dynamic Random-Access Memory (DRAM), 
where leaky capacitors are used to store high and low voltages in computer memory. These capacitors have to be 
frequently recharged to keep the memory contents stable. 

For cases where we want to control both the charging and discharging of a capacitor, we can use a transistor and a square 
wave oscillator as its control input. 

Prerequisites 
• Familiarity with the operation of square wave oscillators. 

• Experience using transistors in breadboard circuits. 

Parts Needed 
• One 30N06L transistor 

• One CD40106BE Schmitt-Trigger Inverter IC 

• One fixed-voltage supply (9V battery) 

• One 100 kΩ and one 10 kΩ resistors 

• Two 10 �� capacitors 



 

Notes: 

Introduction 
As you have learned in lecture, there are various electrical models of the transistor. As we have done before, we will 
consider the variable resistance model of the transistor, where we treat the transistor as a voltage-controlled resistance. 
Since the transistor is a three terminal device, we first need to reduce it to a two-terminal circuit. Figure 1 illustrates how 
we can place the MOSFET inside of a virtual box (labeled as C) so that only the drain and source terminals are accessible. 
Now we can see that the effective resistance between drain and source varies as VGS varies. 

                              

Figure 1: Controlling the nMOS and investigating its IV characteristics as a two-terminal circuit. 

We can further simplify this model by taking the virtual box C to behave as a short circuit when the gate voltage is high (9 
V), and as an open circuit when the gate voltage is low (0 V). In Figure 2 we illustrate this simplified model. 

  

MOSFET stands for Metal-
Oxide-Semiconductor Field-
Effect Transistor. While a 
transistor is typically used 
as a switch or amplifier, in 
this lab we use it as a 
variable resistor where a 
voltage from our circuit 
controls its resistance 
value! Increasing 𝑉𝑉𝐺𝐺𝐺𝐺 



 

Notes: 
 

 
 
 
 
 
 
 
 
Procedure 
Build the circuit in Figure 3. The square wave oscillator periodically “activates” the transistor, causing the effective resistance 
between the drain and source terminals to alternate. 

 

 

 

 

 

 

 

 

Figure 3: MOSFET switching circuit with square wave oscillator control input. 

Figure 2: (a) Equivalent circuit when gate voltage is 9 V and (b) equivalent circuit when gate 
voltage is 0 V. 



 

Notes: 
Question 1: Using the simplified model of the transistor discussed earlier, draw the equivalent right-hand 
side circuit in the cases when the gate voltage is 9 V and when the gate voltage is 0 V. 

 

 

 

 

 

 

 

 

 

Question 2: Estimate trise and tfall for C2 using the equations from previous labs. 

 

 

 

 

 

 

 

Question 3: Measure the voltage across C2 with an oscilloscope. Do your predictions for the rise and fall times 
agree with your observations? 



 

Notes: 
 

 

 

 

 

 

 

Question 4: Guess what would happen if we replaced R2 with a 1 MΩ resistor while keeping the frequency of the 
square wave oscillator constant. Write down your guess below. Replace R2 in your circuit with a 1 MΩ resistor, 
then observe the voltage across C2. If your guess does not match your observation, give an explanation for the 
observed behavior. 
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