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Chapter Seven (2" Semester)
Transistor Biasing

7.1: Introduction

A transistor is operated (used) by selecting an appropriate Q — point in the active
region of its output characteristics. This is achieved by establishing suitable dc voltages and
currents at different terminals of the transistor by using external batteries and circuits. The
choice of an appropriate Q — point depends on:

» The amplitude of the ac input signal

» Supply voltages

» Load resistance

» Permissible distortion in the output
In spite of the given values of these parameters, the operating point may not be stable and
may shift as a result of a change in temperature or transistor characteristics.
This is mainly because of the temperature dependence of the transistor parameters like Ip,
B, and Vgg. The parameter  changes considerably with temperature it doubles for every
10 °C rises in temperature for Ge transistors while for silicon transistors, the change is much

less. Therefore, the differential coefficient :Ii can be used as a measure of the temperature
co

stability of a transistor provided the change in § and Vg is insignificant. Thus, the stability
S of a transistor can be approximately expressed as:

_ 0l

=, (1)
The lower the value of § more stable the Q — point. The lowest value of S is unity since
I must contain Iqq. In actual transistor circuits, S is greater than unity.
The increase in I;o, with temperature may eventually cause the burning out of the
transistor, a condition known as thermal runaway.
As I .o increases due to a rise in temperature, there is a corresponding increase in I.
An excessive amount of heat is, therefore, evolved at the collector junction, the temperature
of which rises further.
This, in turn, increases I, and the cycle repeats itself. As the process is cumulative, the
temperature of the collector junction may increase so much that it exceeds the rated value of
the transistor, thereby burning out the transistor.
We describe below some biasing circuits for the common-emitter npn transistor as it is
preferred in most applications.
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7.2: Base Bias (Fixed Bias)

In this type of bias, the same power supply is used to forward-bias the emitter-base junction
and reverse-bias the collector-base junction as shown in figure (1b).

£ % !
p RH- - Rt"

(b)
Figure (1): (a): Base bias. (b): Common emitter npn transistor with fixed bias.

This method of biasing is common in switching circuits. Figure (1a) shows a base-biased
transistor. The analysis of this circuit for the linear region shows that it is directly dependent

on Bpc-
Starting with Kirchhoff’s voltage law around the base circuit: V¢¢ — Vg, —Vpg =0

Substituting Vg, = IgRp, you get: Vo — IgRg — Vg = 0 = IgRg = Ve — Vg
B

The resistances Rg and R, (or R;) are used to establish the quiescent (no signal) base Ig
and collector I currents respectively.

The quiescent base current Iy is:
VCC - VBE
Ip=—— ..(2
p=—— @
The voltage Vg is about 0.7 V for silicon transistors and may be neglected in comparison

with V. therefore, we have: Iy = %

B
Kirchhoff’s voltage law applied around the collector circuit in Figure (1a) gives the
following equation: Voe — IcRc — Vg =0
Solving for Veg: Veg = Vee — IcR: ... (3)
Substituting the expression for I into the formula I, = Bp Iy Yyields:
Ic = Bpc (%) - (4)
B
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Thus, the base current is independent of the quiescent collector current and is constant
for the given values of V.- and Rg, hence this circuit is called the fixed bias circuit. If the
Q — point is chosen in the region of the output characteristics, then a is a constant
independent of the collector voltage. The current I (I = fIg + yI-o) as given by equation
(5) is:

Ic = ¢ Ig + ! I 5
C_l_aB 1_aCO "'()
_ Mg _ a | _ Mg 1 |
where = Y (have in Page 155) and ¥ M, 1oa (have in Page 157)
Therefore, the stability factor S is: § = e = 1 (6)
BICO 1-a

Taking a = 0.98, we obtain § = 50. This indicates that Ic increases fifty times as fast as
-0, 1.€., the circuit cannot provide a stable operating point and there exists a good probability
of thermal runaway occurs. Another disadvantage of this circuit is that if the transistor is
replaced by another similar transistor, the quiescent current and voltage may change
markedly resulting in a shift of the Q — point.

In the circuit of figure (1b) the capacitors C1 and C2 are the coupling capacitors which are
used to connect the transistor with some input and output devices. They allow the passage of
ac signal but block the dc currents and voltages which might be present

along with the ac signal. v

b
Example 1: Determine how much the Q — point (I, V) for the circuit
in this figure will change over a temperature range where S, increases

from 100 to 200.

Jl’l'l
560 {1

Solution:
For fpc = 100, and Vg = 0.7 V.
Vee — Vag 12 — 0.7
fe = Boc (Z5) = ey = 100(355—75) = 342 ma

Vee =Vee —IcRe = Vg =12 — (342 x 1073 x 560) = 101V
For Bpc =200, and Vg = 0.7 V.
Io = Bpe (M) > Ig(y = 200 (ﬂ) — 6.84 mA
Rp 330 x 103 '
Vee =Vee —IcRe = Vegp) =12 —(6.84 x 1073 x 560) = 817V
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The percent change in I as Bpc changes from 100 to 200 is:
6.84 — 3.42
% AIC - <
I'cq)

3.42
The percent change in Vg is:

Iciz)y — Icqry

) x 100% = ( ) x 100% = 100% (an increase)

V -V 8.17-10.1
% AV = | —22) CED ) x 100% = (—————) x 100% = —19. 1% (a decrease)
CcE Vera 10.1

As you can see, the Q — point is very dependent on Sy in this circuit and therefor makes the
base bias arrangement very unreliable. Consequently, base bias is not normally used if linear
operation is required. However, it can be used in switching applications
Voo
+11V

H.W: Q1: Determine how much the Q — point (I, V) for the circuit in this —
figure will change over a temperature range where S, increases from 85 to {
i)
100 kLY

Ee
560 £

100 and Vg decreases from 0.7 V t0 0.6 V.
Solution:

H.W: Q2: If Bp =50 at 0°C and 125 at 100°C for the circuit in figure above, determine the
percent change in the Q — point values over the temperature range. Assume no change in

VsE.
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7.3: Collector-Feedback Bias

Collector feedback bias is created by connecting a single resistance Ry between the collector
and the base as shown in figure (2b). the forward base bias is provided by collector voltage
Vg rather than the collector supply voltage V... It is, therefore, also known as collector-to-
base bias. This circuit has better stability than the previous one.

R

+Vc?

+Vir

output

(b)
Figure (2): (a): Collector-feedback bias. (b): Common emitter npn transistor with
collector-feedback bias.

If I increases because of a change in temperature or replacement of the transistor by another
one of the same types, the drop across R, increases. Since V.. is fixed, there is a
corresponding decrease in V¢g.
This causes I to decrease which, in turn, decreases I.. Thus, the initial increases in I are
automatically compensated for in this circuit. From figure (3), it follows that:

Vee = Uc + 1g)Re + Ve

By Ohm’s law, the base current can be expressed as: Ig = VCER_VBE - Veg = IgRg + Vg
B

Vee = IcR¢ + IgR¢e + IgRp + Vg

Neglecting IgR. and I = Bpclg — Iz = BI—Cwe get: I.R; + ﬁI—CRB = Ve — Vgg =
DC DC

VCC_VBE

fe =g (D)
R¢ + B
“ " Boc

Neglecting Vg we get:
Vee = IcR¢ + Ig(R¢ + Rp)
VCC - ICRC
=— .. (8
s=ham, o ®
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In indicates the decrease in Iz with an increase in I as explained above. From equation (5),

we have:
(04

= Ig + I
Ic 1_g BT 1 _glco

Using equation (8) we obtain:

a (Vee—I-R 1
I, = ( cc —lc c) + Ieo
1 —Qa RC + RB 1 —Qa
Or
aVece alcR. aR; aVece
Ic(1-a)= - +1 I (1 —a+ ) + 1
c(l—a) R, + Ry R + Ry co ~1c a R. + Ry R. + R; co ™
= 1 aVece N 1 |
¢~ aR. R-+R aR co
— ¢ ~R¢ B — ——Cc__
l=a+p25r; l-a+37—=%,
Therefore, the stability factor S is:
ol 1 s 1 s 1 9
= = - = - = ..
dl-o 1—a+ aR. 1_aRC+aRB aR. 1 aRg ()
R; + Rp R +R; R, +Rj Rc + Rg
- ion(B=-"%>a="Lyi .
Using equation (8 = . 1+B)’ it becomes:
1 1 1x g 1+

g4 OB a, aRe  (a  aRc \ B &)
L=OY R +R, BYR.+R; <ﬁ+R6+RB>’<a <1+RC+RB

Comparing equation (9) with (6), we find that the stability is better in this case than in the
previous case. However, for the improvement is only marginal.

Example 2: Calculate the Q — point value (I and V) for the circuit in this figure.
Solution:

_ Vee — Vee _ 100V - 0.7V

" Re + Rp/Bpe 10k + 180k€2/100

Ie = 788 pA

Vee = Vee — IcRe = 10V — (788 pA)(10k()) = 212V

Bpc = 100
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H.W: Q3: Calculate the Q — point values in figure above for g, = 200 and determine the
percent change in the Q — point in this figure from S, = 100 to By = 200.

H.\W: Q4: Determine the percent change in the Q — point in this figure Vee
from B = 100 to Sp. = 85.
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7.4: Emitter—Feedback Bias

To calculate I, you can write Kirchhoff’s voltage law (KVL) around the base circuit.
—Vee +IgRp + Vg + IgRg =0 = IgRg + IgRp = Ve — Vg
Substituting Iz/Bp for Iz, you can see that I is still dependent on Bp:

IE VbC _'VEE

IERE +_RB:VCC_VBE - IE:—R (11)
DC RE+B_B
DC

Kirchhoff’s voltage law applied around the collector circuit in Figure (3a) gives the following
equatlon VCC - ICRC - ICRE - VCE - O
Solving for Veg: Veg = Vee — Ic(Re + Rg) ... (12)

As described above, the collector feedback circuit results in poor stabilization if the collector
or load resistance R is small compared with the base resistance Rj.

The emitter feedback bias shown in figure (3) proves promising in such a case and leads to
good stabilization even for R equal to zero.

output

é}t
—" "Ny

<

=

mi

i . 1 | .
(a) -
(b)

Figure (3): (a): Emitter-feedback bias. (b): Common emitter npn transistor with
emitter-feedback bias.

The circuit consists of a network of four resistance R,, R,, Rg and R,.

The dc voltage drops across Ry reverse biases the emitter base junction. However, a suitable
parallel combination of resistance R;and R, produces a voltage drop Vz across R, which is
greater than the drop across Ry and has opposite polarity this makes the emitter base junction
forward biased. The resistance R reverse biases the collector base junction.
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As [ tends to increase owing to increase in I, which is caused by rise in temperature the
current I increases. This increases the voltage drop across Rz which makes the base terminal
less positive with respect to the emitter terminal. Hence the base current decreases which, in
turn, decreases the collector current thus, we find that the emitter resistor R provides
negative current feedback to the base that tends to maintain I at a constant value. Hence this
bias is called the emitter feedback bias.

Example 3: Determine how much the Q — point (I;, Vg) for the circuit Vix

in this figure will change over a temperature range where S, increases
from 100 to 200.

Solution:
For Bpc = 100,
s 12V — 0.7V
ey = I = = - = 263mA

" Re + Re/Boc 1k + 330k0/100

Vermy = Yoo — IR + Rg) = 12V — (2.63mA)(560 @ + 1k) = 7.90V
For Bpe = 200,
Vee — Vae 12V — 07V
Ieay = PR = 426 mA

Ie = = .
" Rg + Rg/Bpe 1kQ + 330k0Q/200
Ve = Vee — IepfRe + Rp) = 12V — (4.26 mA)(560 @ + 1kQ)) = 535V

The percent change in [ is

Tory — I 426 mA — 2.63mA
%Al = (M)mﬂ% = ( = =2 }100% = 62.0%

f{_'“. 2.63 mA
. (chm = VCE[]J)I{]H% | (?.qu — 5.35 v)“m% B
Vee 7.90V
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7.5: Voltage-Divider Bias

You will now study a method of biasing a transistor for linear operation using a single source
resistive voltage divider. This is the most widely used biasing method.

Generally, voltage-divider bias circuits are designed so that the base current (Ig) is much
smaller than the current (I,) through R, in Figure (4).

In this case, the voltage-divider circuit is very straightforward to analyse because the
loading effect of the base current (Igg4sg)) can be ignored.

A voltage divider in which the base current (Ig) is small compared to the current (I) in R, is
said to be a stiff voltage divider because the base voltage is relatively independent of
different transistors and temperature effects.

.Ir_‘l+.lr_..g +H-|'_'{"

-

Figure (4): Voltage-divider bias.

To analyse a voltage-divider circuit in which I is small compared to I,, first calculate the
voltage on the base using the unloaded voltage-divider rule:

Vg = Rlisz Vee ... (13)
Once you know the base voltage, you can find the voltages and currents in the circuit, as
follows: Vg =V — Vg ... (14)
and I = Ip = o (15)

Rg
Then: Ve =Vee — IcR: ... (16)
Once you know V- and Vg, you can determine VCE.
Vee =Ve = Ve ... (17)
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Voltage Divider with Load:

+Ver Stff:
Q -
Rinpase) = 10R;
I S
FB- = {—' ) 1-'(*[_“
é R, Rixisase) looking in Ry + Ry
h at base of transistor Not stiff:

Rixipasg < 10R;

Vg _{ Ry || Rinpase) }1‘
> Ry +R; || Rysase)

§ Ry § Rinmase)

S ——

Loading Effects of VVoltage-Divider Bias:

:BDCVB
Ry (BasE) = I .. (18)
E

Example 4: Determine Viz and I in the stiff voltage-divider biased Vee
transistor circuit of this figure if . = 100. Y
Solution:

The base voltage is:

R, 5.6 x 103
10 =359V

Vs TR +R2VCC T 10x 103 +56 x 10°
SO, Vy=Vg — Vg =359 —07=289V

and I = Iy :Z—E:%:S.l&mﬁl
E
and Ve =V —IcR; =10 - (516 x 1073 x 1 x 103) =484V

Therefore; Ve =V, —Vy =484 —-289 =195V

H.W: Q5: If the voltage divider in figure above was not stiff, how would V5 be affected?
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Example 5: Determine the dc input resistance looking in at the base of the

transistor in this figure. Sy = 125and Vz =4 V.

Solution:
Ve Vg—Vgg 4-07
ET R, R, 1x10° m

_,BDCVB _ 125 x 4 _
RN (BasE) = I =33x10-3 _ 152 KQ

H.W: Q6: What is Ry (gasgy in figure above if B = 60 and Vg =2 V?

Solution:

7.6: Thevenin’s Theorem Applied to Voltage-Divider Bias

The equivalent circuit of figurer (3) obtained by applying the Thevenin’s theorem to the left
of the terminals BG is shown in figurer (5) the input and output voltage and the capacitor Cg

are not shown.

Figure (5): Equivalent circuit of figure (3).
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The Thevenin of equivalent base voltage Vg is given by:

Vig =Vp = Rllj—sz Vee - (19)
The Thevenin or equivalent base resistance Ry is given by:
RiR;
RTH - RB - Rl +R2 (20)

Appling the Kirchhoff’s voltage law to input circuit of figure (5), we get:
Vit = Vepy = Ve + Vg, =0
Substituting, using Ohm’s law, and solving for V;y,
Vp = IgRp + Vg — IgRg
The voltage Vg can be neglected in comparison to Vg since in an npn transistor amplifier.
Substituting —(Ig + I) for I i.e.; (I = —(Ig + 1))
Vg =IgRg + (I + Ic)Rg = IgRp + IgRg + IcRg = Ig(Rp + Rg) + IR
Then solving for I:

VB - ICRE
Ig=——— ..(21
Substituting it in equation (5) (I = ﬁIB + ileo), we obtain:
VB - ICRE aVB aREIC
- —q—+ - = - +
Ql-a)ig=a R, + R, Ico > (L—a)l¢ R, +R, R, +R, 0
aVB
aR aV + I
(1_a+—E>IC:—B+Ico—>Ic: R * R + =
Rp + R Rp + Rg log+ 0B _ 4 _@Re
Rg + Rg Rg + Rg
The stability factor S is calculated as:
ol 1 s 1 s 1 -
= = - = g =—...
dlqo 1—a+ aRg 1_0:RE+05R5.+ aRg 1— aRy (22)
Rp + R; Rz + Ry = Rz +Rg R; + R;
- on(B=--0>a="bi .
Using equation (8 = . 1+B)’ it becomes:
1 1 1 ><§ 1+
1—a+ 2R a, _aRg <£+ aRp >x£ <1+—ﬁRE >
Rg+Ry [ Rg+Ry \B Rp+Rg Rp + R
Equation (23) indicates thatas =2 -0, S - 1 and 2 - o, § - 1+ f3.
E E

Page 196



Electronics By Twana Kak Anwer 2022-2023

Hence smaller the Ry or larger the Ry, better is the stabilization. For finite values of Ry, is
always exceeds 1 which means I. always increases faster than I.,. keeping the Q — point
fixed, the stability can be improved by either decreasing R or increasing Ry. If Rg is reduced
the R, R, network draws more current from the supply which causes greater power loss. The
increase in Ry (with fixed Rg), on the other hand, requires higher V.. to maintain the same
quiescent currents which again increases the power loss or decreases in efficiency of the
device.

When this circuit is used for amplification of ac signals, the ac voltage drops across Rg
produces unwanted negative feedback which reduces the gain of the amplifier. This is
avoided by connecting a large bypass capacitor Cr across Ry which has very small reactance
at the lowest frequency of the input signal.

7.6.1: Voltage-Divider Biased NPN Transistor

N’
5
as)
(|
o

{a1) {h) ()

Figure (6): Thevenizing the bias circuit.

The Thevenin equivalent of the bias circuit, connected to the transistor base, is shown in the
beige box in Figure (6¢). Applying Kirchhoff’s voltage law around the equivalent base-
emitter loop gives:
Vit = Vepy = Vee — Vg, =0
Substituting, using Ohm’s law, and solving for V;y,
Vp = IgRp + Vg + IpRg
Substituting I/ Bpfor Ig:

I
Vp = = Rg + Vgg + IgRg
DC
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Then solving for I:

Vb _-VbE

I =2 P (24)
RE + —B_
Boc

If 22 is small compared to Rg, the result is the same as for an unloaded voltage divider.
DC

Voltage-divider bias is widely used because reasonably good bias stability is achieved with a
single supply voltage.

7.6.2: Voltage-Divider Biased PNP Transistor

+VEE
(1) Negative collector {b) Positive emitter {c) The circuit in
supply voltage, Ve supply voltage, Vgg (b} redrawn

Figure (7): Voltage-divider biased pnp transistor.

The analysis procedure is the same as for an npn transistor circuit using Thevenin’s theorem and
Kirchhoff’s voltage law, as demonstrated in the following steps with reference to Figure (7).
For Figure (7a), applying Kirchhoff’s voltage law around the base-emitter circuit gives
Vey + Ve, — Vg + Vg, =0
Substituting, using Ohm’s law, and solving for V;p,
Vp =Vpg —IgRp — IgRg
The base currentis: Iz = I/Bpc

I I
Vg =Vgr ———Rp — IzRg &> ——Rp + IzRg = —Vj + Vg
BDC DC
The equation for I is:
=V +V,
Ip=—2 RBE .(25)
R, + £
F " Boc
. | . —_ —_ RZ — — R1R2
By Thevenin’s theorem: Vyy = Vg = AR, Vec and Ryy = Rp = iR
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For Figure (7b), the analysis is as follows:
—Vry + Ve = Vee + Vg, + Vg =0
Substituting, using Ohm’s law, and solving for V;p,
Vp = IgRp + IgRg — Vg + Vig

The base currentis: Iz = I/Bpc

I I

Vp = _ERB + IgRg — Vg + Vg = _ERB + IgRg = Vg + Vg — Vg

DC DC

The equation for I is:

E — RB (26)
Ry + =
£ Bnc
H. ) . —_— —_ R1 — _ R1R2
By Thevenin’s theorem: Vg = Vp = AR, Veg and Ry = Rg = RLTR]
Example 6: Find I and Vg for the pnp transistor circuit in this figure. Vee

Solution:
Apply Thevenin’s theorem.

v —( i )V —( £ e )mv—m&aa;uw—aaw
S TSR e T Y T e R T T ) ‘ :

RiRy  (22kQ)(10kQ)

By = = = 6.88 k()
™M™ R +R  22kO + 10kO
eSS TV 0V 240V
Ip = = = = —2.31 mA
Re ot Ryl Boc 1.0k() + 459 () 1.0459 kQ)

Ic = Iz = 231 mA

Ve = IcRe = (231 mA)(2.2k()) = 5.08V

Vg = Vg — IgRg = 10V — (231 mA)1.0kQ) = 7.68V
Vee = Ve — Ve = 768V — 508V = 2.6V
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Example 7: Find I, and Vg for a pnp transistor circuit with these values: s
R1 = 68KQ, R2 = 47KQ, RC = 18KQ, RE = 22KQ, VCC = '6V, and BDC = 75

Refer to this figure, which shows the schematic with a negative supply Re
voltage.
Solution: R Ry
Apply Thevenin’s theorem.

R, 47 x 103 B B
Vg =Vp = (-6) =-245V

R+ R, €~ 68 = 10° + 47 x 107
RiR, 68 x10° x 47 x 10°

Rrn = Re = g R, “e8x 108 + 47 <108 2'®
Vg +Vgp —(-245)+07 315
le~1Ig= Ry 278 x10° 2571 123mA

Boc

Ic~—Ip=-123mA
So,Vg=—IzRp=—-123x10"3x22x103=-271V

and Ve =V —IcR; = —6— (—1.23x 1073 x 1.8 x 103) = -3.79V
Therefore; Vo = Ve — Vg = =379 — (-2.71) = -1.08V

75
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SUMMARY:

e Loading effects are neglected for a stiff voltage divider.

e The dc input resistance at the base of a BJT is approximately B,cRg.

e Voltage-divider bias provides good Q — point stability with a single-polarity supply
voltage. It is the most common bias circuit.

e Emitter bias generally provides good Q — point stability but requires both positive and
negative supply voltages.

e The base bias circuit arrangement has poor stability because its Q — point varies
widely with Spc.

o Emitter-feedback bias combines base bias with the addition of an emitter resistor.

e Collector-feedback bias provides good stability using negative feedback from collector
to base.

KEY TERMS:

Feedback: The process of returning a portion of a circuit’s output back to the input in such a
way as to oppose or aid a change in the output.

Q-point: The dc operating (bias) point of an amplifier specified by voltage and current
values.

Stiff Voltage Divider: A voltage divider for which loading effects can be neglected.
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SELF-TEST: nttps://quizlet.com/520347124/chapter-5-transistor-bias-circuits-flash-cards/

1. The input resistance at the base of a biased transistor depends mainly on

(@) Boc (b) Rp () Rg (d) Bpc and Rg
2. In a voltage-divider biased transistor circuit such as in Figure (6), R;y (gasg) can generally
be neglected in calculations when

(@) Riy (ase) = Rz (b) R > 10R;y (gasey (€) Rin (gasey > 10R; (d) Ry K R,
3. In a certain voltage-divider biased npn transistor, Vz is 2.95 V. The dc emitter voltage is
approximately

(@) 2.25V (b) 2.95 V (c)3.65V (d) 0.7V
4. Voltage-divider bias
(a) cannot be independent of Bp ¢ (b) can be essentially independent of B¢

(c) is not widely used  (d) requires fewer components than all the other methods
5. Emitter bias is

(a) essentially independent of Bp¢ (b) very dependent on Sp

(c) provides a stable bias point (d) answer (a) and (c)
6. In an emitter bias circuit, Ry = 2.7 KQ and Vg = 15 V. The emitter current

(@) is 5.3 mA (b) is 2.7 mA (c) is 180 mA (d) cannot be determined
7. The disadvantage of base bias is that

(@) it is very complex (b) it produces low gain

(c) it is too beta dependent (d) it produces high leakage current
8. Collector-feedback bias is

(a) based on the principle of positive feedback (b) based on beta multiplication

(c) based on the principle of negative feedback (d) not very stable
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