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Transistor Amplification Action:

The basic voltage-amplifying action of the CB configuration can now be described
using the circuit of Fig. 8-8. The dc biasing does not appear in the figure since our
interest will be limited to the ac response. For the CB configuration, the input resistance
between the emitter and the base of a transistor will typically vary from 10 to 100 Q,
while the output resistance may vary from 100 kQ to 1 MQ. The difference in
resistance 1s due to the forward-biased junction at the mput (base to emitter) and the
reverse-biased junction at the output (base to collector). Using effective values and a
common value of 20 Q for the mput resistance, we find that

A transistor amplifier increases the strength of a weak input signal. It works by
using a small input current or voltage at the base (in a bipolar junction transistor,
BJT) to control a much larger current flowing from the collector to the emitter.
This allows the transistor to act as a current amplifier, where a small input controls
a large output. The power for amplification comes from an external power supply,
not the input signal itself.
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I.=V. /R =200mV /20Q2=10m4.

I; pnp I
If we assume for the moment that ~ ’ — . < +
o,.=1U.=1)), R, R, ,
I, =1 =10mA v,=200 mv f\y —— <—— Rg5KQ V.
and V, =1, R=(10mA)5kQ)=50V". - -
The voltage amplification is Fig. 8-8

A =V, V. =50V/200mV =250,
Ty plLd] values of voltage amplification for the common-base configuration vary

from 50 to 300. The current amplification (/-//;) is always less than 1 for the CB
configuration. This latter characteristic should be obvious since /- = afr and a is always
less than 1.

The basic amplifying action was produced by transferring a
low-to a high-resistance circuit. The combination of the two terms
the label transistor; that is, transfer + resistor — transistor.

current / from a
in italics results in

Common-Emitter [CE) Configuration:

The common-emitter configuration with npn and pnp transistors are indicated in
Fig. 8-9. The external voltage source Vy; 1s used to forward bias the E-B junction and
the external voltage source Ve is used to reverse bias C-B junction. The magnitude of
Vee must be greater than Vyg to ensure the C-B junction remains reverse biased, since,
as can be seen in the Fig. 8-9, Vi =V = V.

V= V gy ==
BB BB + £ T[f:'

Fig. 8-9

From Eqgs. [8.1] and [8.4], we obtain
le=alle + 1)+ 1rp
Rearranging yields
= L 561
l-a l1-«
From Fig. 8-10, Eq. [8.6] becomes

C

)
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Collector to emitter

/.
lepo = ](HU [8.7]
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In the de mode the levels of /- and 7 are related by a quantity called beta (f,.)
and defined by the following equation:

~

&

ﬂdc = [88]

~
[s]

Where /- and 7 are the levels of current at the point of operation. For practical devices
the levels of S5 typically ranges from about 50 to over 500, with most in the mid range.
On specification sheets fy is usually included as hgg with A derived from an ac Aybrid
equivalent circuit.

For ac situation an ac beta (f5,.) has been defined as follows:

lgm‘ = E [89]

By, .=const.

The formal name for f,. i1s common-emitter, forward-current, amplification factor
and on specification sheets f,. 1s usually included as /.

A relationship can be developed between f and o using the basic relationships
introduced thus far. Using f=1./1, we have I,=1./f. and from a=1./1,
we have [, =1./«a. Substituting into [, =1-+1z we have I./a=1-+1./p and
dividing both sides of the equation by 7o will result in 1/a=1+1/f or
f=af +a=(f+1a sothat

g B
p+1

or ﬂ:é [8.10]

In addition, recall that 7., =1.4,/(1—a) but using an equivalence of
1/(1-—a)= g +1 derived from the above, we find that 1., =(f +1){ 5, or

Tepo = Plepo [8.11]

Beta is particularly important parameter because it provides a direct link between
current levels of the input and output circuits for CE configuration. That is,

le=Bly+ 1oy~ ply [8.12]

andsince I, =1 +1,=p,+1, wehave

I, =(B+DI, [8.13]




The input (basc) characteristics for the CE configuration are a plot of the base
(input) current (/) versus the base-to-emitter (input) voltage (V) for a range of values
of collector-to-emitter (output) voltage (V) as shown in Fig. 8-11. Note that /p
increases as Vey decreases, for a fixed value of Ve A large value of Vi results in a
large reverse bias of the C-B junction, which widens the depletion region and makes the
base smaller. When the base 1s smaller, there are fewer recombinations of injected
minority carriers and there is a corresponding reduction in base current (/p).

15 (kA) oAl
? l‘ saturation

+ Iy =70 A

Vee = 8 £ ’

5V Sl Vee =
g0 - 20V 7

6 Ig = 50 uA

o e R

region Ig 7 0
ol : G D
Iy = 20 pA breakdown

L
|
A
I
I
|
|
T
1

e region
i Iy = 10 g A /
20
b =100 Hog ]
o Ig =0 YcEOTTY 4 Ve
Vas 5 10 15 \ 20 1 8Vero (volts)
R l—L cutof f
0.4 0.2 0.3 0.4 0.5 06 0.7 08 (yolts) region
Fig. 8-11 Fig. 8-12

The output (collector) characteristics for CE configuration are a plot of the
collector (output) current (/) versus collector-to-emitter (output) voltage (V) for a
range of values of base (input) current (/;) as shown in Fig. 8-12. The collector
characteristics have three basic region of interest, as indicated in Fig. 8-12. the active,
cutoff, and saturation regions.

« Activeregion: />0 and 1. =pI,.
« Cutoffregion: Ip=0 and [, =1,,.
<« Saturation region: Vep=0 and 7y, =1/ B

Common-Gollector [CC) Configuration:

The third and final transistor configuration is the common-collector configuration,
shown in Fig. 8-13 with npn and pnp transistors. The CC configuration is used
primarily for impedance-matching purposes since it has a high input impedance and
low output impedance, opposite to that which is true of the common-base and
common-emitter configurations.

From a design viewpoint, there is no need for a set of common-collector
characteristics to choose the circuit parameters. The circuit can be designed using the
common-emitter characteristics. For all practical purposes, the output characteristics
of the CC configuration are the same as for the CE configuration. For the CC
configuration the output characteristics are a plot of emitter (output) current (/)
versus collector-to-emitter (output) voltage (V¢r), for a range of values of base (input)




current (/g). The output current, thercfore, is the same for both the common-emitter
and common-collector characteristics. There is an almost unnoticeable change in the
vertical scale of /- of the common-emitter characlcrislics if /¢ 1s replaced by 7 for the
common-collector characteristics (since =1, 1, ={,).
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Transistor Gasing and Terminal Identification:

Whenever possible, the transistor casing will have some marking to indicate which
lcads are connected to the emitter, collector, or base of a transistor. A few of the
methods commonly used are indicated in Fig. 8-14.
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Fig. 8-14

Exercises:

1. Given an a4 of 0.998, determine /- if [ = 4 mA.
Determine oy, if 7= 2.8 mA and 7y = 20 pA.
Find Iy il‘[;g =40 l,lA and O is 0.98.

‘9 o

Given that o, = 0.987, determine the corresponding value of f.

S

Given fi,. = 120, determine the corresponding value of a.
Given that f;,. = 180 and /- = 2.0 mA, find /. and ;.

A transistor has /rpo = 48 nA and « = 0.992.
i. Find fand [¢p0.
ii. Find its (exact) collector current (/) when 73 = 30 pA.
ii1. Find the approximate collector current, neglecting leakage current.
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