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1 Common Emitter Transistor Amplifier

The common emitter transistor amplifier has the input at the base. The
emitter is grounded, that is connected to common. The output is taken
at the collector. There is a resister Ro from the power supply Voo to the
collector. A modified feedback version has a second resistor R connected
from the emitter to ground. See the schematic and feedback flow chart:

http://stem2.org/je/common-emitter.pdf

The following is based on notes taken at Chris Wilkson’s circuit class in
the cave on December 15, 2010. Some of the notation needs to be cleaned
up a bit. For example a small v and a capitalised V' sometimes represent the
same variable.

The circuit operates at the far forward active region. The current gain is
g
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[ is approximately 100. Transconductance is defined as
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or for small signal alternating current
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where [g is the reverse saturation current, and vyg is the thermal voltage
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k=138 x 10723J/K (Joules per Kelvin degree) is Boltzman’s constant, T
is the Kelvin temperature, and ¢ = 1.60 x 107!C' (Coulombs) is the charge
of the electron. Charge carriers diffuse in semiconductors in order to reach
thermal equilibrium according to the principles of statistical mechanics. At
temperature 300K we have

kT
vrg = — = 25.86mV.
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We have
g =1ic t+1B.
Vout = Voo — tcRe = Voo — RcfsevBE/VTH'

Negative Feedback
A resister Rg is added to the circuit from the emitter to ground. We have

Vout = Voo — Reic
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where vgg is about .6V. We see from this last expression that the gain is
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We have
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where (3 is approximately 100. This comes from
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Also
ic = ISeVBE/VTH’
SO

VBE = VTH ln(ic/IS),
which is about .6V in practice. This means that
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And so the ratio )
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is very large.



2 Homework

(1) Make a list of the parts that you have.
(2) Create a Common Emitter Amplifier

Use your split 12 volt ac transformer built into a plastic box. Use this
box to connect to your regulated bridge rectifier. This rectifier is built with
a LM7805 voltage regulater powered from the 28 volt or so ac transformer.
A couple of resistors and a potentiometer are connected to the middle lead
of the LM7805 so as to get a 15 volt regulated output. This 15 volts is the
power source for the common emitter amplifier. Select resisters Ro and Rg
so as to get a gain of about 6. Connect a resistor and potentiometer from
Voo to ground with the middle point conected to the base of the transistor.
Vary the potentiometer to give various input voltages to the common emitter
transistor, and record the output behavior of the amplifier.

3 Bibliography

[1]Reitz John, Milford Frederick, Foundations of Electromagnetic The-
ory.

[2]Balabanian And Bickart, Linear Network Theory: Analysis, Prop-
erties, Design And Synthesis, 1981, Linda Hall TK454.2 B36.
[3]Millman Jacob, Taub Herbert, Pulse And Digital Circuits, 1956
[4]Ferris Clifford, Linear Network Theory.

[5]Del Torro Vincent, Principles Of Electrical Engineering, Prentice-
Hall, 2nd ed, 1972.

[6] Paul E Gray and Cambell L Searle Electronic Principles, Physics,
Models, and Circuits (1969)

[7] Chih-tang Sah Fundamentals of Solid State Electronics 1991
[8]Platt Charles, Make: Electronics, O'Reilly, 2010.

[9]Coughlin Robert F, Driscoll Federick F Operational Amplifiers and
Linear Integrated Circuits, Prentice-Hall, 1991, 4th edition (Linda Hall).
[10]Roberge James K, Operational Amplifiers, Theory and Practice,
John Wiley, 1975, (Linda Hall).

[11]Wedlock Bruce D, Roberge James K, Electronic Components and
Measurements, Prentice-Hall, 1969 (Linda Hall).

[12]Massobrio Giuseppi, Antognetti Paolo Semiconductor Device Mod-



eling with SPICE, 2nd Edition, McGraw-Hill, 1993.



