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4.1 INTRODUCTION
The analysis or design of a transistor amplifier requires a knowledge of both the dc

and the ac response of the system. Too often it is assumed that the transistor is a
magical device that can raise the level of the applied ac input without the
assistance of an external energy source. In actuality,

any increase in ac voltage, current, or power is the result of a transfer of energy
from the applied dc supplies.

The analysis or design of any electronic amplifier therefore has two components: a

dc and an ac portion.

The following important basic relationships for a transistor:

Vgp = 0.7V (4.1)
Jr;._' = {]B + ”Jrﬂ = I{' {-I-.Zl
IC = Blrﬂ {'I'.j‘]

4.2 OPERATING POINT

The term biasing appearing in the title of this chapter is an all-inclusive term for
the application of dc voltages to establish a fixed level of current and voltage. For
transistor amplifiers the resulting dc current and voltage establish an operating
point on the characteristics that define the region that will be employed for

amplification of the applied signal.



(4 Cutoff

FIG.1: Various operating points within the limits of operation of a transistor
For the BJT to be biased in its linear or active operating region the following

must be true:

1. The base emitter junction must be forward-biased (P-region voltage more

positive), with a resulting forward-bias voltage of about 0.6 V t0 0.7 V.

2. The base collector junction must be reverse-biased (N-region more positive),
with the reverse-bias voltage being any value within the maximum limits of the

device.



[Note that for forward bias the voltage across the p n junction is p - positive,

whereas for reverse bias it is opposite (reverse) with n -positive.]

Operation in the cutoff, saturation, and linear regions of the BJT characteristic are

provided as follows:

1. Linear-region operation:
Base emitter junction forward-biased

Base collector junction reverse-biased
2. Cutoff-region operation:

Base emitter junction reverse-biased
Base collector junction reverse-biased

3. Saturation-region operation:
Base emitter junction forward-biased

Base collector junction forward-biased

4.3 FIXED-BIAS CONFIGURATION
The fixed-bias circuit of Fig. 4.2 is the simplest transistor dc bias configuration.
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FIG. 2: Fixed-bias circuit. FIG. 3: DC equivalent of Fig.2



Forward Bias of Base Emitter:
Consider first the base emitter circuit loop of Fig. 4.4 . Writing Kirchhoff’s voltage

equation in the clockwise direction for the loop, we obtain

+Vce - IsBRe - Vee =0

FIG. 4.4
Base—emitter loop.

Note the polarity of the voltage drop across Rg as established by the indicated

direction of Ig . Solving the equation for the current Ig results in the following

Vi — Ver
Iy = 7‘:(;‘?3 u (4.4)

Collector Emitter Loop:
The collector emitter section of the network appears in Fig. 4.5 with the indicated

direction of current Ic and the resulting polarity across Rc . The magnitude of the

collector current is related directly to Ig through



Ic = Bl

Applying Kirchhoff’s voltage law in the clockwise direction around the indicated

FIG. 4.5
Caollector—emitter loop.

(4.5)

closed loop of Fig. 4.5 results in the following:

and

Ver + IcRe — Ve =0

Vere = Veoe — IcRe

(4.6)

which states that the voltage across the collector—emitter region of a transistor in the fixed-

bias configuration 1s the supply voltage less the drop across R
As a brief review of single- and double-subscript notation recall that

Vee = Ve — Vi

(4.7)

where V- is the voltage from collector to emitter and V- and Vi are the voltages from col-

lector and emitter to ground, respectively. In this case, since Vi = 0V, we have

In addition, because

and Vg = 0V, then

Vee = Ve

Vee = Vg — Vg

Ve = Va

(4.8)

(4.9)

(4.10)



EXAMPLE 4.1

Determine the following for the fixed-bias configuration of Fig. 4.7 .

a. lgg and Ico. b. Vceq. c. Vesand Vc. d. Vec.

Voo =+12V

ac
— output
C
ac |
input IO';:F
FIG. 4.7
DC fixed-bias circuit for Example 4.1.
Solution:
Vee — Vae 12V =0TV
a Eq.(44): g, =—— = BE _ iorg = 4108 pA
Eq.(4.5:  Ic, = Blpg = (50)47.08 pA) = 2.35mA

b. Eq. (4.6): VCEQ = VCC . ICRC
=12V — (235 mA)2.2k2)
=683V

C. VB - VBE - 07 \Y

VC — VCE — 6.83 W
d. Using double-subscript notation yields
VBC = VB - VC —_— 07V o 683V
= —6.13V



Transistor Saturation

the collector current i the collector-to-emitter
is relatively high i voltage is at or below

Ic
Iy — ¢0-point
Vee 0 Vee
(a) (b)
FIG. 4.8
Saturation regions: (a) actual; (b) approximate.
Therefore
Ver OV
Reg=—=—"=01{) the base—collector junction is
Ic Ic e no longer reverse-biased

)
\0 Rc[; =00

'/ﬂ( Vepr =0V, I-= I(_.m)
= =



The resulting saturation current for the fixed-bias configuration is

Load-Line Analysis:
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FIG. 4.11

Load-line analysis: (a) the network: (b) the device characteristics.



steeper the slope of the network load line. The network of Fig. 4.11a establishes an output
equation that relates the variables I~ and Vg in the following manner:

Vee = Vee — IcRe (4.12)

The output characternistics of the transistor also relate the same two variables [i- and V- as
shown in Fig. 4.11b.

The device charactenistics of - versus Vi are provided in Fig. 4.11b. We must now
superimpose the straight line defined by Eq. (4.12) on the characteristics. The most direct
method of plotting Eq. (4.12) on the output characteristics is to use the fact that a straight line
15 defined by two points. If we choose [-to be 0 mA, we are specifying the honzontal axis as
the line on which one point is located. By substituting - = 0 mA into Eq. (4.12), we find that

Vee = Voo — (ORe

and Ver = Veeli—oma (4.13)

defining one point for the straight line as shown in Fig. 4.12.

FIG. 4.12
Fixed-bias load line.



If we now choose Vo to be 0V, which establishes the vertical axis as the line on which
the second point will be defined, we find that [~ is determined by the following equation:

0= V(;_" - IC'RC

¥,
and Ic = RL.: S (4.14)

EXAMPLE 4.2:

Given the load line of Fig. 4.16 and the defined Q -point, determine the required

values of Vcc , Rc, and Rg for a fixed-bias configuration.

& To(mA)

S0pA

40 pA

30 pA

20 pA

\ o
1y \ Ig=0pA

0 5 10 15 0 Ve

Solution: From Fig. 4.16,
VCE - VCC =20V al](‘ = 0mA

Yee

Ic = Re atVep =0V
Vee 20V
and Re=—X= = 2kQ
e €T 1. 10mA
;o Ve = Var
B Ry
B
Vee— Vag 20V — 07V
and Ry =—~_ B _ = T12kQ

Iy 25 uA



4.4 EMITTER-BIAS CONFIGURATION:

Emitter resistor to improve
the stability level over that
of the fixed-bias

o

Vv

FIG. 4.17 BJT bias circuit with emitter resistor.

Base-Emitter Loop

The base—emitter loop of the network of Fig. 4.18 can be redrawn as shown in Fig. 4.19.
Writing Kirchhoff's voltage law around the indicated loop in the clockwise direction

results in the following equation:
+Vee — IgRg — Ve — IgRg =0
Recall from Chapter 3 that
Ir = (B + Dl

Substituting for I in Eq. (4.15) results in

Vee — IgRp — Ve — (B + DIgRE = 0
Grouping terms then provides the following:

—Ig(Rg + (B+ DRp) + Voec — Ve =0
Multiplying through by (—1), we have

Ip(Rg + (B + DRE) — Vee + Vg =0
with Ip(Rg + (B + DRg) = Vee — Ve
and solving for Iz gives

Em Vee — Vae
B~ Rs + (B + DR

(4.15)

(4.16)

(4.17)



Vee Vee
R,
Ry c
Rg
FIG. 4.18 FIG. 4.19
DC equivalent of Fig. 4.17. Base—emitter loop.

Collector-Emitter Loop
The collector—emitter loop appears in Fig. 4.22. Wrting Kirchhoff's voltage law for the

indicated loop in the clockwise direction results in
+HRy + Vegp + IcRe — Ve = 0
Substituting I = [~ and grouping terms gives
Vep — Voo + IAR- + Rp) = 0

and VCE — VCC - IC{HC + RE} [4.19]




whereas the voltage from collector to ground can
be determined from
VCE =VC-VE

And VC = VCE + VE or VC = VCC - ICRC Vi L.
q-

-+
‘ i

The single-subscript voltage VE is the . 1

voltage from emitter to ground and 4,

is determined by VE = IERE /
FIG. 4.22

Collector—emitter loop.

The voltage at the base with respect to ground can be
determined using Fig.4.18 VB=Vcc-IBRB_or VB= VBE + VE

EXAMPLE 4.3
For the emitter-bias network of Fig. 4.23 , determine:

a. ls. b. Ic. C. Vce. d. Vc. e. VE. f.Vs. 9-Vec

+20V

430 kG2

10 uF

v —"_

FIG. 4.23
Emitter-stabilized bias circuit for Example 4.4.



Solution:

Vo= W 20V — 07V
. Eq. (4.17): = =
* R = B DR, 230K0 + G KO)
193V
TTIT 40.1 A
b. IC = BIB
= (50)(40.1 A)
= 2.0l mA

c. Eq.(4.19): Ve = Ve — IR + Rp)
=20V - 20l mA)2kQ + 1k2) =20V - 603V
= 1397 V
d. Ve = Vee — IcRe
=20V — (20l mA)2kQ) =20V — 402V
= 1598V
e. Ve =Ve— Ve
= 1598V — 1397V
=201V
or Vg = IgRr = IR
= (2.01 mA)(1 kQ)
=201V
f. Vp = Vg + Vg
=07V+201V
=271V
g Vac=Vp— Ve
=271V - 1598V
= —13.27 V (reverse-biased as required)



Saturation Level:
The collector saturation level or maximum collector current for an emitter-bias

design can be determined using the same approach applied to the fixed-bias
configuration: Apply a short circuit between the collector—emitter terminals as

shown in Fig. 4.24 and calculate the resulting collector current. For Fig. 4.24

FIG. 4.24

Determining I¢. _ for the emitter-
stabilized bias circuit.

Voo
I = 4.25)
Com Re + Ry ([ |




EXAMPLE 4.6 Determine the saturation current for the network of Example 4.4.

Solution:
lo = Vee
@ Re+ Rg
20V 20V
T2k + 1k 3kQ
= 6.67 mA

which is about three times the level of /- for Example 4.4.

Load-Line Analysis:
The load-line analysis of the emitter-bias network is only slightly different from

that encountered for the fixed-bias configuration. The level of | B as determined by
Eq. (4.17) defines the level of | B on the characteristics of Fig. 4.25 (denoted IBQ).

The collector—emitter loop equation that defines the load line is

Vce =Vce - Ie(Re + Rg)

Ro+ Re

| "'_\ -point I By
E \

N
I Ve  Ver

0

FIG. 4.25
Load line for the emitter-bias configuration.



Choosing I- = 0 mA gives

Vee = Veeli—oma (4.26)

as obtained for the fixed-bias configuration. Choosing Vi = 0 V gives

Jo = —vec_ (4.27)

Rc + Relv —ov

as shown in Fig. 4.25. Different levels of [, By will, of course, move the (-point up or down
the load line.



