412 Laboratory #4:  Bipolar Junction Transistor Operating Modes

Objective:
To observe operation of a BJT in its three modes: cutoff, active, and saturation.  To be able to determine which of the three modes the BJT is in based on measurements.  To understand how the shape of a BJT’s transfer function corresponds to its operating modes.

Components List:


(1) 200-Ω resistor, (1) 10-kΩ resistor, (1) 3904 NPN transistor, 
(1) 200-Ω resistor

Procedure:


1.  Construct the following circuit on a breadboard.  Set up your oscilloscope to measure VO and your DC meter to measure IB.


2.  Using a DC supply, increment VI from 0 V to 5 V in steps of 100 mV.  Record VO and IB at each step.

Q1:  Using the values measured in step 2, calculate IC at each voltage increment.  Then decide which mode the transistor is operating in.  Fill out a table with your data and calculations such as the table shown below.

	VI (volts)
	VO (volts)
	IB (mA)
	IC (mA)
	Mode

	0.0
	
	
	
	

	0.1
	
	
	
	

	0.2
	
	
	
	

	(
	
	
	
	


Q2:  Plot IB versus VI and IC versus VI.  Why does IC seem to “max out” at the higher levels of VI?

Q3:  Plot VO versus VI.  Then use the data points to estimate dVO/dVI.  Plot this derivative versus VI.  From this plot, which part of the curve do you think is the best part to be at if you want to operate in active mode, and why?  How does VO change versus small changes in VI in the cutoff and saturation regions?

3.  Set VI to be a 1-kHz, 200-mVpp sine-wave with a DC offset of 300 mV.  Record the output, VO.

Q4:  Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output sinusoid larger or smaller and why?
4. Set VI to be a 1-kHz, 200-mVpp sine-wave with a DC offset of 1.5 V.  Record the output, VO.

Q5: Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output sinusoid larger or smaller and why?
5. Set VI to be a 1-kHz, 200-mVpp sine-wave with a DC offset of 4 V.  Record the output, VO.

Q6: Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output sinusoid larger or smaller and why?

6.  Set the DC offset back to 1.5 V.  Turn VI up in amplitude until you notice “clipping” of the output.  Record VO  as a function of time.

Q7:  Why is the output distorted in this manner?  What is happening in the circuit, and what modes (or modes!) is the BJT in during one cycle of the output signal?
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