
Applied Electronics (II) 
Individual Project II (IP2)       due date 20171218 
Each of you should hand in one REPORT of an Individual Project. 
 
IP2. In this project, we will design a BJT differential amplifier with a gain of +100. 
1. Design the differential amplifier with a 2 mA 

current mirror as shown in the figure. Use 
2N3904 for all the npn BJTs. Use ±12 V for the 
DC power. Find R1, R2, and R3 first. Identify 
the positive input, negative input, and output 
terminals respectively. Here a single-ended 
output is used. Also estimate the common 
mode range and the common mode rejection 
ratio of the amplifier. Calculate the input 
impedances for differential mode and 
common mode signals respectively, and the output impedance. 
Note: the common mode gain for a single-ended output is 
R2/2Rout,current_source. 

2. Set up the circuit according to your design. Run an “.op” command to find Ic of 
each BJT and the DC voltage at each node (including X, Y, and the collector of Q3). 

3. Run a “.DC” simulation for V1 from -0.4 to 0.4 V with a step of 0.001 V. Check the 
small signal gain (using d(V(Y))) if it agrees with your design. Keep V2 at 0 for this 
simulation. 

4. Use “.tf V(Y) V1” to obtain the input impedance, gain, and output impedance. Do 
they agree with your analysis in step 1. 

5. Run “.AC” command to find the high frequency cut off of the amplifier. The AC 
amplitude of V1 is set at 1 mV. Plot the Bode plot of V(Y)/V(IN), where IN indicate 
the base of Q1. The upper frequency limit of this simulation should be above 
100Meg Hz. 

6. Connect the base terminals of Q1 and Q2 and provide a voltage source V1 as the 
common mode signal. Run a “.DC” for V1 from -12 to +12 V and check Ic of Q1 or 
Q2, and V(Y). Find the common mode signal range where the differential 
amplifier can operate normally. 

7. Continue last step. Run the “.rf V(Y) V1” to obtain the input impedance for 
common mode signal and the common mode gain (common mode to 
single-ended output). 

8. Run “.AC” command to obtain the frequency response of the common mode 
signal. Plot the Bode plot for V(Y)/V(IN). The frequency range and setting should 

IN 



be the same as the setting in set 5. 
9. Plot the Bode plot of the common mode rejection ratio (CMRR), i.e. the ratio of 

the differential gain from step 5 and the common mode gain from step 8. 
 
--------------------------------------------------------------------------------------------------------------- 
Email your individual project to: ysuenelectronics@outlook.com. Please set your title 
(主旨):XXX(name)–IP2.  
Please put everything you need to present in a Word file. The report should contain 
enough details of your calculation and rationale of your design, not just LTspice 
print out. The size of the file should be less than 5M. The file name should be “XXX–
IP2”, (ex. 黃西復-IP2). Under the title of your report, please write down your name 
and student ID number. 
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