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Objective: 

BJT transistors are the most widely used form of transistor used in general applications. The 

major application of BJT includes amplifier circuit. This lab will introduce you to the single 

stage BJT amplifier. 

 

Equipment Usage: 

For this lab the following equipment will be used: 

 Power Supply  Breadboard  (2N3904, 2N3906 and 2N2222A) 

  Multi-meter  Oscilloscope 

 

Background: 

BJT Amplifiers: Three common BJT amplifiers are common emitter, common collector and 

common base. All three BJT configurations employ basic biasing circuit as shown on 

 
Estimation of DC voltages and currents are from the following set of equations: 

 
Capacitors Cc1-Cc3  makes DC operating point insensitive to AC ground in the different 

amplifier configurations. 

 

 

Another set of important equations for the transistor pi and T models are given by: 

 



 

Common Emitter (CE) Amplifier: Figure 7-2 illustrates two possible CE amplifier design. 

 
The difference in two amplifier designs shown above is the connection of emitter bypass 

capacitor C3. This bypass capacitor makes a huge difference in AC gain and input 
impedance of the CE amplifiers as shown in the formula below. 

 
While the gain of the amplifier of Figure 7-2(a) is larger than that of Figure 7-2(b), it is 

sensitive to temperature due to β (T ) and r
π  

(T ) . However, the gain of amplifier of Figure7-

2(a) depends only on the ratio of RC  and RE. 

 

CE amplifiers are characterized by: 

1)  large gain. 

2)  gain can be traded for wider bandwidth and higher input impedance.



Common Base (CB) Amplifier: Figure 7-3 illustrates a possible CB amplifier design. 

 
In this amplifier configuration, base of the transistor is at AC ground and input is applied at the 

low input impedance emitter node. This amplifier achieves the high gain similar to that of Figure 

7-2(a). However, input impedance of the amplifier is very low. 

 
 

In summary, CB amplifiers are characterized by: 

1. Large bandwidth for voltage gain 

2. Large voltage gain 

3. Low input impedance 

 

Common Collector (CC) Amplifier: Figure 7-4 illustrates a possible CC amplifier design 

 



In this amplifier configuration, collector is at AC ground. This amplifier achieves the gain 

similar to that of Figure 7-2(b). However, input impedance of the amplifier is very low. 

 

 
 

Common Emitter Amplifier Design Example: Design a CE amplifier using 2N3904 transistor that 

meets the following specifications: 

 IC = 5mA   RIN (DC) = 4KΩ ***Input Resistance*** 

 VCC = 6V   AV = -40 

 VEE = -6V   VIN = 10mV @ 10KHz 

 

Remember from the previous lab, the power rail is the difference between Vcc and VEE, setting 

the Vceq point to be the power rail divided by 2. Therefore Vcc – VEE is 10V. So for Vceq we find 

that we need to set Vceq to VEE + 10V/2. This makes Vceq =0V giving us the maximum voltage 

swing possible. In the previous lab VEE=0V therefore Vceq was VEE  +10V/2=0V+5V = 5V 

 

Figure 7-5 shown below is the proposed biasing network of the amplifier: Notice the input and 

output are in respect to ground. 

 

 



Step 1: Determine the value of Rc 
Maximum and minimum voltage at the collector node of the amplifier can vary from VCC 

(when Ic = 0) to almost VEE when voltage drop between emitter and VEE is very small. We want 

the AC signal to swing symmetrically around the mid-point of the power supply. 

 

 

Step 2: Determine the value of IB 

We can use the curve tracer to characterize the transistor that plots (Ic vs VCE for different 

Ib’s). In this design example, let’s use the specification to find current gain β , where 

 

 

Step 3: Find RE, VE, VB 

For CE, as a rule of thumb, we chose RE to have voltage drop no more than a diode drop. VRE 

= 0.5 V, RE1  + RE2 =VRE/( RE1  + RE2)= 0.5V/5.050 mA ≈ 100 Ω . Therefore,  

VB  = VEE+ VE + VBE =(-5V)+ .5V + .7 V = (-4.8V). 

 

Step 4: Find R1 and R2 

 
Solving for R1||R2 from Rin(DC) we find that R1||R2 must be equal to R1||R2  ≈ 6.3kΩ for 

Rin(DC) ≈4kΩ. 

 

**** VBB is important for finding correct R1 and R2 values, but it is not a real voltage. **** 

 



Step 5: Size the un-bypassed emitter resistor 

 
 

Step 6: Size the coupling capacitor 

 
The impedance of the capacitor should be small at the 10 KHz input. Using a 10 µF capacitor   

Zc = 1.59 ohms at 10 KHz. Low frequency input coupling time constant τcc1 = (RS + Rin)*Cc1 

= (50+4000)*10 µF=41 mSec, fin = 3.93 Hz. Low frequency emitter coupling time constant = 

RE2*CE = 75 * 100 µF = 7.5 mSec, fE2  = 18 HZ 

 

***** Note: When output coupling capacitor is used, the low frequency output coupling time 

constant τCc2  = (Rc + RL)*Cc2 ***** 

 

Below is a frequency sweep showing a varied Cc1 from 0.1μF to 100μF. Notice how the corner 

frequency for τcc1 will vary from 393 Hz to 0.393Hz. 

 

Step 7: Frequency Response 

Output time constant τout = Rout*Cc2 = (Rc||ro||RL)*Cc2 ≈Rc *Cc2 = 12mSec, fout = 13Hz. 

Cμ and Cπ control the roll off frequency and can be calculated by 

 
 

 

 

 

 

 

 

 

 

 

 

 



Common Collector (Emitter Follower) Amplifier Design Example: Design a CC 

amplifier using 2n3904 transistor that meets the following specifications: 

 Rout =200 Ω   VCC = 12V 

 RS = 10 kΩ   VEE = 0V 

 RL = 4 kΩ   VIN = 10mV @ 10KHz 

Figure 7-6 shown below is the proposed biasing network of the amplifier: 

 
The output resistance of the Emitter Follower (EF) is as follows: 

 
Size the coupling capacitor 

Low frequency input coupling time constant τcc1 = Rin*Cc1, 

 
Low frequency output coupling time constant 

 
 



Frequency Response 

High frequency 3-dB pole time constant 

 
High frequency zero: 

 
 

Common Base Amplifier Design Example: Design a CB amplifier using 2N3904 

transistor that meets the following specifications: 

 RIN = 50 Ω    VCC = 12V 

 RS = 50 Ω    VEE = 0V 

 AV = 26 dB = 20   VIN = 10mV @ 10KHz 

Figure 7-7 shown below is the proposed biasing network of the amplifier: 

 

 



 
 

Size the coupling capacitor 

 
Frequency Response 

High frequency 3-dB pole time constant 

 
 

How to determine the input and output resistance of single stage amplifiers 
 
Input impedance can be determined my measuring the voltage gain of the amplifier by 

temporally inserting a high valued resistor in as Rs as shown in Figure 7-8. Note that difference 

gains occurs since Rs forms a voltage divider with Rin  

 
 



 
To measure the output impedance, insert a high shunt resistor as shown in Figure 7-9 and by 

adjusting the resistor until output voltage amplitude drops by one-half. From maximum power 

transfer theorem, the output resistance is known. The value of the variable resistor is the output 

impedance of the amplifier. 

 
 

Prelab: 

Analysis 1: Simulate a common emitter (CE) amplifier that have a voltage gain of |AV| = 50 

when driving a load RL = 100 kΩ. The source signal is Vs = 0.02 Cos(ωt) V, ω=2000π and the 

source resistance is 50Ω. Bias the circuit with Vcc is 5 V, VEE=-5V, and Ic ≤ 10mA, and β in the 

range of 80 ≤ β ≤ 150. Simulate the circuit with and without the bypass emitter capacitor CE 

across the resistor RE. How does the gain change with and without CE capacitor? Simulate voltage 

gain, input and output impedance of the amplifier. 

 

Analysis 2: Simulate a common base (CB) amplifier that Rin equals the input source impedance 

of 50 ohms. The load resistance RL = 2 kΩ is ac coupled to the amplifier. The output voltage is to 



have largest symmetrical swing. Bias the circuit using Vcc equal to 10V, VEE equal to ground, 

and use transistor with current gains in the range of 80 ≤ β ≤ 150. In order to maintain linearity, 

the peak value B-E signal voltage should be limited to 15 mV change. Measure the current and 

power consumption of the transistor and compare to the transistor found in the lab B350. 

Simulate gain, input, and output impedance of the amplifier. 

 

Analysis 3: Simulate a common collector (CC) amplifier that have |Av| = .8 with a load resistor of 

RL = 500 Ω that is ac coupled to the emitter resistor RE = 100 Ω, VCC = 10 V, and VEE=0V. 

Simulate voltage gain, calculate input, and output impedance of the amplifier. What is the current 

gain when RL = 2000 Ω? 
 
 
Pre-Lab Deliverables: 

1) Submit your completed analysis, schematics, and simulation results 

2) You must also include an Altium schematic, Altium netlist, and PCB layout for each 

analysis. Each PCB layout must include footprints for all components used and can be 

auto routed or manually routed. You may use either thru-hole footprints or surface 

mount footprints for each component. (For the voltage and current sources just put a 

two pin header and label them VCC and GND.) Also include a grounding plane and make 

sure your traces are wide enough for the increase in current. To determine the trace 

width use a PCB trace calculator. If you are unsure how to use Altium please click on the 

Lab Equipment, Learning, Tutorials, Manuals, Downloads link on the UNLV EE Labs 

homepage and read the Altium tutorial or watch the videos. 

https://faculty.unlv.edu/eelabs/index.html?navi=main_labequipment 

 

 

 

 

 

Lab Experiments: 

Experiment 1: Construct common emitter (CE) amplifiers simulated in the pre-lab analysis 

1. Measure DC operating voltages at each circuit nodes, voltage gain, input, output impedance of 

the amplifier and compare the values to the Prelab. 
 
Experiment 2: Construct common base (CB) amplifier simulated in the pre-lab analysis 2. 

Measure DC operating voltages at each circuit nodes, voltage gain, input, output impedance of 

the amplifier and compare the values to the Prelab. 
 
 
Experiment 3: Construct common collector (CC) amplifier simulated in the pre-lab analysis 3. 

Measure DC operating voltages at each circuit nodes, voltage gain, input, output impedance of 

the amplifier and compare the values to the Prelab. 

https://faculty.unlv.edu/eelabs/index.html?navi=main_labequipment


 
 
Post-Lab Deliverables: 

1) Submit your completed analysis, measured data and the lesson learned from performing 

this lab. 

 

 

 

BJT Biasing Lab Procedure 
 
 
Given VCC = 10V, Rc = 1 kΩ, RE = 100 Ω, find R1 and R2 to set VCEQ = 5 V for the CE 

amplifier. 
 
 
Set up the following circuit on your breadboard with VCC set at 5V and Vbb set at 0V 

 
Slowly, adjust Vbb until you measure the voltage difference between VC and VE is 5V. As an 

example, Vb is measured to be 1.165V and Ib is 62.4 µA (calculated from the voltage drop 

across Rb). Now, we can set up the biasing network, which consists of parallel combination of 

R1 and R2 as shown on the circuit below. Let current thru R1 is ten times the Ib i.e. 624 µA in 

our example. 

𝑅1 =
(𝑉𝑐𝑐−𝑉𝑏)

(10∗𝐼𝑏)
=

(10−1.1650)

(10∗62.4µ𝐴)
= 14.2𝑘Ω  𝑅2 =

𝑅1∗𝑉𝑏

(𝑉𝑐𝑐−𝑉𝑏)
=

14.2𝑘Ω∗1.165

(10−1.165)
= 1.87𝑘Ω 

 



 

Note: You may have to adjust resistor values slightly in the lab to bias correctly. 

 

 


