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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, and to understand how the slope of the operating curve translates to small-signal gain.

Components List:


(1) 200-Ω resistor, (1) 20-kΩ resistor, (1) 3904 NPN transistor, (1) 0.47 uF capacitor (AC coupling / DC Block), (1) 10 mH inductor (DC coupling / AC block).

Procedure:


1.  Construct the following circuit on a breadboard. Use the “+20V output terminal” of the DC power supply as Vcc and set it to +6V. (Do not change this setting throughout this experiment!). Connect the “common terminal” to ground and use the “6V output terminal” as the variable input voltage VI (0-6V). Set up your oscilloscope to measure VO and your DC meter to measure IB.

2.  Using the DC supply, increment VI from 0 V to 6 V in steps of 100 mV.  Measure & record VO and IB at each step.

Q1:  Using the values measured in step 2; calculate IC and then the ratio IC/IB at each voltage increment.   Fill out a table with your data and calculations such as the table shown below.

	n
	VI[n] (volts)
	VO[n]  (volts)
	IB[n]  

(mA)
	IC [n]

(mA)
	IC[n]/IB[n] 
	Mode

	1
	0.0
	
	
	
	
	

	2
	0.1
	
	
	
	
	

	3
	0.2
	
	
	
	
	

	4
	etc.
	
	
	
	
	


Q2:  Use Excel or some other program to plot the transfer function of this circuit.  In other words, plot VO as a function of VI, just as you studied in book section 1.4.  Also plot IC versus VI and the ratio IC/IB versus VI.  Now, use your knowledge of BJTs to analyze these data and plots to determine (approximately) the operating mode of the BJT at each measurement (enter this mode on the data table above).  

Q3: Explain in detail the behavior of each of these three curves.  Why are the curves shaped in the manner that they appear?  Why do the curves rise and/or fall in some regions, or why are they approximately constant in some regions? What is the apparent value of for the BJT in the circuit?

Q4:  Now use the measured data points to numerically estimate  the derivative of the transfer function dVO/dVI  (see below).  Plot the value of this derivative versus VI (Just like we did in section 1.4!).  How does VO change with respect to a small change in VI in when in the active region? How about in the saturation and cutoff mode?


[image: image1.wmf][

]

[

]

[

]

2

11

OO

O

II

vv

dv

dvv

nn

n

-

»

D

+-


Where for this case 
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, and n is the measurement number in the table above (e.g., 
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3.  Now modify the circuit as shown below, so that the input signal has both a DC and a time-varying (AC) component.  Use a function generator to make AC input vi(t) to be a 1-MHz, 200-mVpp sine-wave. Keep the function generator at this setting through step 5.  Use the DC power supply (“+6V output terminal”) to set the DC component to VI=0.3V. (Measure & record the total input voltage vI(t), as well as the total output signal vO(t). 


Q5:  Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output amplitude larger or smaller than the input?  Based on the DC measurements and plots you made in steps 1 and 2, explain in detail the AC result you measured here in step 3.
4. Now change the DC power supply such that the DC component of the input signal is +2.0V.  Measure & record the input voltage vI(t), as well as the output signal vO(t). 

Q6:  Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output amplitude larger or smaller than the input?  Based on the DC measurements and plots you made in steps 1 and 2, explain in detail the AC result you measured here in step 4.
5. Now change the DC power supply such that the DC component of the input signal is +5.0V.  Measure & record the input voltage vI(t), as well as the output signal vO(t).  

Q7:  Calculate the ratio of the output sinusoid’s amplitude to the input sinusoid’s amplitude.  Is the output amplitude larger or smaller than the input?  Based on the DC measurements and plots you made in steps 1 and 2, explain in detail the AC result you measured here in step 5.
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