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Transistor characteristic curves are parametric curves of i versus vcg, where
ig 1s a parameter. Figure 2.11 shows an example of a family of such curves.
Each transistor type has its own unique set of characteristic curves.
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Figure 2.11  Family of transistor characteristic curves.



2.3 Trangsstor Circuits- Characteristic curves

As an example of the use of the characteristic curves, we shall analyze the
circuit of Figure 2.12. Applying KVL around the collector to emitter loop, we

obtain
Vee = icRe + vee + 1eRE (2.7)

Since ig is approximately equal to i, equation (2.7) can be simplified, as in R,
equation (2.8).

Vee = ic(Re + Rg) + vee (2.8) Vnu-.l'—.- ; l
E
Equation (2.8) defines a straight-line relationship between i and vcg. That is, L
Vee — vee 1 Vee Fi 2.12 Si
BB eann EEEvAgmeeme B 2.9y Figure 2.12 Simple
oW Rc+ Re Rc+Re © Rc+ Rg transistor circuit,

One way to plot this straight line is to solve for the two axis intercepts. If i¢
= ﬂ', Vep = VCC' ].f Vo = 0, thﬂl’]

The dc load line is plotted on the characteristic curves When
we discuss design, we will see how properly to select the circuit paramerers.



2.5 The CE Amplifier

The CE, or common emitter transistor amplifier, is so called because the base
and collector current combine in the emitter. Figure 2.13 shows the configu-
ration of the amplifier, where an npn transistor has been selected for illustration.
We first analyze the circuit of Figure 2.13 under de¢ conditions. The variable
source, vy, 15 set equal to zero, KVL around the base loop 1s written as follows:

IgRg + Vgg — Vgg = 0 (2.10)

Recall thar Vgg is equal to 0.6 to 0.7 V for silicon transistors,
we use 0.7 V unless otherwise specified.
We now write the KVL around the collector-emitter loop as follows:

Vee = Rele + Vg

Then




2.5 The CE Amplifier

Vee = Vee  (2.11)

Ic"

Re
Equation (2.11) defines the load line, which is drawn on the characteristic
curves in Figure 2.14(a). A Q-point, or operating point, which is defined as

the zero-signal point, can now be selected to lie on the load line. Now if we
ic:(mA)

assume an ac input of

v. = Vsin wt
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2.5 The CE Amplifier

the output wave can be found graphically. By moving the operating point up
and down along the load line as i varies, we can plot i¢, ig, and v¢g, as shown
in Figure 2.14. ic (mA)

=

_ Aig

~ Aip

_ 32 mA
~ 400 A

80

Let us determine the change in collector current for a given change in base
current. This ratio is the current gain, which is defined as



_ i
~ Adg

_ 32 mA
400 pA
Aic-and Aip are read from Figure 2.14 as the total swings in these parameter
values. It is this gain that makes the device important for many engineering
applications.
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2.5 CE Amplifier with Emitter Resistor

Figure 2.15 illustrates a CE circuit to which an emirter resistor has been added.
We write the Kirchhoff equations around the emitter-collector loop to deter-
mine the dc load line. Referring to Figure 2.15(a), we find

L
Vﬂﬂ = R.;:fc + V‘EE -+ REIE.
_ : : Ky B C ; §RL'
Since I is approximately equal to Ig, we have + — Ver
> s W =
_ Vee — Vg Viy = Vce
IC " RE + R{_‘ {2 lz}lﬂﬂ_ ' )

If Ic = 0, then < P BB (2.17) -
Vee = Vee

This operating point is in the cutoff region. If Vg = 0, we have

I. = Vee
¢ RE"I'R.:

This operating point is in the saturation region. The resulting load line is as
drawn in Figure 2.15(b).



2.5 CE Amplifier with Emitter Resistor

Figure 2.15 illustrares a CE circuit to which an emirter resistor has been added.
We write the Kirchhoff equations around the emitter-collector loop to deter-
mine the dc load line. Referring to Figure 2.15(a), we find

V(‘;E = R.;:Ic + V‘EE + REIE.

Since I is approximately equal to I, we have

_ Vec — Ve
Q TR (2.12)

Vee = Vee
. " W . . " -y dc load line
This operating point is in the cutoff region. If Vg = 0, we have = __LQ_W ,
- ~
I = Vee - I i —
© Re+Re g Vag Ve =

This operating point is in the saturation region. The resulting load line is as
drawn in Figure 2.15(b).



2.5 CE Amplifier with Emitter Resistor

In using the common emitter transistor, we avoid the nonlinear region of
the characteristic curves occurring at low values of 1. (cutoff) and at low values
of vy (saturation). In designing a transistor amplifier, we often desire maxi-
mum undistorted output swing. If the ac input signal is symmetrical about
zero, we can achieve maximum swing by placing the Q-point in the center of

the load line. Thus,
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This equation establishes Vcpg and Icg. Additionally, since the base-emitter

junction acts as a diode,

Vee = V,



2.5 CE Amplifier with Emitter Resistor

Writing KVL equations around the base loop, we obtain
VHB = RBIIH -+ URE + i(‘:RE

Note that we are using lowercase letters and uppercase subscripts for the
variables. This indicates total (dc + ac) values. Because

fc = Big
we have

Kyt .
Vgﬂ=_“§"§+ Vee + icRg

and at the quiescent point,

e Ve — Vae
Q" RyB + Ry

(2.13)

The voltage, Vgg, is considered to be a constant at room temperature (25°C)
and has a value of about 0.7 V for silicon transistors,



2.5 CE Amplifier with Emitter Resistor

. In order to avoid using

two separate dc sources, a volrage-divider nerwork can be used to provide the

dc source for the base circuit, as shown in Figure 2.16. The values for R, ag;l

R, determine the location of the Q-point. If the resistor and source combi-
nation connected to the base in Figure 2.16 is replaced by a Thevenin equiv-

alent, the new circuit is identical to that of Figure 2.15.

V-IC L




2.5 CE Amplifier with Emitter Resistor

. In order to avoid using
two separate dc sources, a volrage-divider nerwork can be used to provide the

dc source for the base circuit, as shown in Figure 2.16. The values for R, and
R, determine the location of the Q-point. If the resistor and source cnml;u-
nation connected to the base in Figure 2.16 is replaced by a Thevenin equiv-
alent, the new circuit is identical to that of Figure 2.15.
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2.5 CE Amplifier with Emitter Resistor

. In order to avoid using
two separate dc sources, a volrage-divider nerwork can be used to provide the

dc source for the base circuit, as shown in Figure 2.16. The values for R, and
R, determine the location of the Q-point. If the resistor and source combi-

nation connected to the base in Figure 2.16 is replaced by a Thevenin equiv-
alent, the new circuit is identical to that of Figure 2.15.
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2.5 CE Amplifier with Emitter Resistor

The Thevenin equivalent voltage and resistance from base to ground are

RVee
= Vpp =
Viu = Ves = R, T Ry)
RiR; ¥
lil'rl-t'R1.||F»1--Rn=‘m_l_R1 g

We can solve for R;.and R, by substituting equation (2.14) into equation
(2.15):

e S _o R | (2.16)
. Vm:- & Vsﬂ y UBB’J vCC
VeeR
Ry = ::: : {2.17)
BB

R, and R, need to be determined to establish the required bias ?oint. The
analysis of the previous section assumes that the collector current is equal to
the emitter current. This is a good approximation, since B is usually greater
than 100.

] a 4 Al R e



2.5 CE Amplifier with Emitter Resistor

The Thevenin equivalent voltage and resistance from base to ground are

Ic
e

RVee
= V =
Vm BB (R! + le RTH Rﬂ
RiR;
RTH b R1 || Rl = RB = RI 3 R‘! VTH Vi =

We can solve for Ry.and R; by substituting equation (2.14) into equation
(2.15): Vee

SR
R, RiVee - Rg %R; 3 (2.16)

» V.:;: i V,Eﬂ 15=- UBB’J vCC ~a 1 fp +
-+ ! R
R, = YocRs " RJ"*;;RIVT“ Re (2:17)
2 vﬂﬁ ;_ TH -0

R, and R, need to be determined to establish the required bias ?oint. The
analysis of the previous section assumes that the collector current is equal to
the emitter current. This is a good approximation, since B 1s usually greater
than 100.

] a 4 Al R e



2.5 CE Amplifier with Emitter Resistor

For the circuit under consideration, we wish to have about 10% of t'hc
input current going into the base and about 90% shunted through the equiv-
alent external resistor, R g. This provides bias stability and also permits the use
of the simplified equations. Hence, the current in Rg should be about 10 times

the base current. To achieve this, we set

Rg =< 0.1 BRg

Oor

This prevents variation in B from significantly affecting the dc ﬂp-erating point
of the stage.



2.5 CE Amplifier with Emitter Resistor

leo = Vep — Ve
RBJ'IB -+ R.E
We can now use equation (2.13) to solve for the quiescent collector current.
Letting Rg equal 0.1 BRg, we have

_ Vs~ Vee _ Vs — Vi
‘e = 301BRB + Ry~ LIR: —

Equation (2.19) is used in the design process.

Vee
? %
R
R, Re
O
(= g --_-'L":- vﬂ:
+ r
R il pﬂ
v . K
' > R =
= _ a




2.5.2 Introduction to Analysis
12V

A CE amplifier is configured as shown in Figure 2.17 with Ry = 1k{), R, =
9 k€2, Rc = 1 k2, Vec = 12V, Rg = 100 @, B = 100, and Vgg = 0.6 V.
Determine Vgg, Rp, and Icg.



2.5.2 Introduction to Analysis
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= SOLUTION We first find the Thevenin equivalent of the resistive network
connected to the base.

_ RiVee _(1000)(12)  _
B8 = R, + R, (1000 + 9000)
RyR;  (1000)(9000

.+ Ry (1000 + 9000)

= 900 )

e now use the KVL equation for cthe base loop, equation (2.13), to obtain

Vap ~ Ve 1.2 — 0.6
5B + Rg  900/100 + 100

= 5.5 mA




2.5.3 Introduction to Design
12V

In the circuit of Figure 2.17, we wish to place the Q-point in the middle of the
load line. Here, B = 100, Vg = 0.6 V, R = 100 ), R = 1 k), and V¢
= 12 V, Find the required values of R; and R;.



SOLUTION The specification that the Q-point is in the middle of the load
line requires that

Vee
Veep = 5

We can then use KVL around the emitter-collector loop, equation (2.12), to
flnd IEQ:

I — VCE‘ - VC‘EQ — FCE - VC.::’Z — 12
€O R: + Re R: + R 2(100 + 1000)

= 5.5 mA




2.5.3 Introduction to Design

We need to know Rz and Vgp in order to find R; and R;. Rp is found from
the constraint

Rz = 0.1 BRg = 0.1(100)(100) = 1 k{2

We now use the base loop KVL equation, equation (2.13), to find Vgp as
follows: |

R
vﬂﬂ == VIE + Icﬂ(f + RF)
1000

= 0.6 + (Q.WSSJ(W + lﬂﬂ) = 1.2V




2.5.3 Introduction to Design

With Vg and R determined, equations (2.16) and (2.17) can be ubed to find
R{ and R,.

RgVee 1000 X 12
= = = 10 kQ
Ves 1.2 o

Rz _ 1000
1 = Vgg/Vee 1 - 1.212

= 1.11 k2
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