
Applied Electronics (II) 
Individual Project I (IP1)       due date 20170929 
Each of you should hand in one report of an Individual Project. 
 
In the first class lecture, we have reviewed how to obtain the input/output 
resistances of a BJT at fixed bias by using “.tf” command. In IP1, we will review (A) 
input/output resistances at different biases; (B) basic CE amplifier with a simple load 
and its input/output resistances. 
PART A 
We can use the global parameter {X} as the voltage value of the bias voltage source 
and “.step param X” command to simulate the bias effect on the input/output 
resistances with “.tf” command. 
1. Before the “.tf” simulation, we had better run the DC sweep or “.op” first to find 

out the bias voltage and current values. Please find the transfer curve (Ic vs V1) 
and the output curves (Ic vs V2) of an npn transistor 2N3904. For the transfer 
curve, set the range of V1 from 0.6 to 0.75 V with step 0.001V at fixed V2 = 2 V; 
for the output curves, set V2 from 0 to 10 V (step 0.01V) for V1 from 0.6 to 0.75 V 
with a step of 0.03V. Plot gm and IC vs V1 from the transfer curve above and 
check if the result follows the standard formula gm=IC/VT, where VT = 26 mV at T 
= 300K. Comment on the result if it does not agree with the formula. Besides, 
find ro for each V1 value from the inverse of the slope of the output curve. Again, 
check if the result agree with the formula ro = VA/IC, where VA is the Early voltge 
you can find from the parameter table of 2N3904 in the program. 

 

2. Afterwards, select each voltage source, set an arbitrary output (we do not care 
the gain value at this stage), and you can get the input resistance corresponding 
to the selected source. V2 is set at 2V. Please plot rπ (use V1 as source), ro (use 
V2) and re = 1/gm (use V3) as function of V1 (from 0.6 to 0.75 V with a step of 
0.001 V). The following example shows the result of re (~1/gm) for various V1 set 
by the global parameter {X}. To find the item for the vertical axis, click the “Plot 
Settings/Visible Traces” menu for Wave window and choose the 
input_impedance item. Check if these input impedances agree with the simple 
formula at IC = 1mA and make comments on the result. 



 

 
 

PART B 
In this part, we will review the procedure to design a common-emitter amplifier and 
find the gain and input/output impedance including the bias circuits. 
1. First set up the circuit as follows. RC = 500 Ω and VCC = 2V. Use DC sweep and 

find the corresponding V1 value that gives IC = 2 mA. Here you can plot V(C) and 
IC vs V1 and find the operation point. 
 

 
 
 
 
 
 
 
 

2. Plot the voltage gain (i.e. d(V(c))) against V1. What is the gain at IC = 2 mA? 
What is the largest input AC amplitude at the operation point without making 
the BJT saturated? 

3. Set V1 corresponding to IC = 2 mA. Use “.tf V(C) V1” to find the input and output 
impedances of this amplifier. Also compare the gain (i.e. transfer function) of 
this simulation with the value obtained from step 2. 

 
--------------------------------------------------------------------------------------------------------------- 
Email your individual project to: ysuenelectronics@outlook.com. Please set your title 
(主旨):XXX(name)–IP1.  
Please put everything you need to present in a Word file. The size of the file should 
be less than 5M. The file name should be “XXX–IP1”, (ex. 黃西復-IP1). Under the 
title of your report, please write down your name and student ID number. 
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