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Understand the physical Select the operating
operation of bipolar | point of a bipolar
transistor transistor circuit

Select an amplifier
configuration appropriate
for a given application.
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& PBiasing: The DC voltages applied to a transistor in order to turn
it on so that it can amplify the AC signal.

A I (mA)
20 pA

® The DC input establishes
an operating or quiescent
point called the O-point.
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® Active or Linear Region Operation
< Base—Emitter junction is forward biased
Base—Collector junction is reverse biased
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I Cutoff Region Operation

4 Base-Emitter junction is reverse biased

(T

® Saturation Region Operation
< Base—Emitter junction is forward biased
Base—Collector junction is forward biased
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Circuit Base-Emitter Loop
® From Kirchhoff’s voltage law: I
+Vee —IpRp = Vpe =0 "
Vee ==
Solving for base current: -
| — Vee —Vee
5 =
RB ——
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Circuit Collector-Emitter Loop

Collector current:

Rc I

IC:IBIB _ +

"IR(-) ™ Ve

Vee

VCE — CC_ICRC _/

® From Kirchhoff’s voltage law:
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Example 1

Determine the following for the fixed-bias configuration of figure
shown

V IB’ IC’VCE’VB’V ’VBC TVcc +12V
Re Jy Ic
Ry 2.2k 10 uF ac
240kQ | ovtput
C+ C, signal
10 uF I3 -
= \ —
put © ) O Ver
signal G B +
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Example 1

Solution

Apply KVL to Base-Emitter loop, ~ Then |, = Ve R_VBE
~ B
| Ve +Rylg +Vge =0 1507
I, = = 47.08 LA
240 k
Collector current: Apply KVL to Collector-Emitter loop,
|. =1, =2.35mA
c =Pl VCE :VCC_ICRC
V.. =6.83V
Vg =Vge =0.7V Vge =V =V,
Ve =V =6.83V Vge =-6.13V
BFF1303 Electrical/Electronic Engineering 10 | @ﬂspﬂoﬂ
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Example 2

The dc bias circuit shown in figure below has Ry =200 kQ, R- =1 kQ),
and V- = 15V. The transistor 3 has = 100. Solve for I- and Vg

BFF1303 Electrical/Electronic En gineering

I Mohd-Khairuddin , Z Md-Yusof



Universiti
Malaysia
PAHANG

U

Example 2

Solution
Collector current:

Apply KVL to Base-Emitter loop, .y
c —Fls

p —Vee +Rglg +Vge =0 | :(100)(71.5,u)
| — Ve —Vee . =7.15mA
® R
B
15-0.7
5~ 200k H

Apply KVL to Collector-Emitter loop,
Vee =Vee — 1cRe
Ve =16—(7.15x1k)=7.85V

( .
el N I (courssiin:
A l' R N2 BFF1303 Electrical/Electronic Engineering 12 et
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Circuit Transistor Saturation

® When the transistor is operating in saturation, current through the
transistor is at its maximum possible value.

Vee Ve =20V

| Csat RC

Ie

It o — @ Q-point

Ver

Approximate
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Circuit Load-Line Analysis
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A I (mA)

s |- 50 PA

7 40 pA

30 pA

20 pA

10 pA

1( | I;=0pA

0 5 b0 15 Veg (V)
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Circuit Load-Line Analysis

® The end points of the load line are:

ICsat
Ic=Vee/Re %
V=0V
VCEcutoff
Vee= Ve / 2,
Ic=0mA SN
® The Q-point is the operating \ \”’ ona e
oint: S
p 'U| Vee Ve
4 where the value of R sets the value
of I
4l that sets the values of V- and I
.
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%Cl > VCCQ, > VCC:;

of Vees Vee, Vee,  Vee

UMP OPEN
RSEWARE

BFF1303 Electrical/Electronic En gineering

I Mohd-Khairuddin , Z Md-Yusof



.- e

Fixed-Bias

B Universiti
Circuit Circuit Values Affect the Q-Point o PAHANG
f ! fc

UMP OPEN
BFF1303 Electrical/Electronic Engineering e s

I Mohd-Khairuddin , Z Md-Yusof



.- S

Emitter B Universiti
! Malaysia
ER PAHANG

® Adding a resistor (Rj) to the emitter circuit stabilizes the bias

V circuit.
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® From Kirchhoft’s voltage law:

' Vcc o IBRB

~V,.—I.R. =0

® Since Iy = (P + 1)Ii:

—(f+DIR. =0
® Solving for I:

Vee —Vee

B T (IB +1) RE

VCC_IBRB

IB:R
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Bias Collector-Emitter Loop

® From Kirchhoft’s voltage law:

oo
IR +V,. +IR-V. =0 =z e

® Since I; = I-: + r—; +
vCE _-'-_VCC
VCE — CC_IC(RC + RE)
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Bias Improved Biased Stability

B

Stability refers to a circuit condition in which the currents and
- voltages will remain fairly constant over a wide range of
p temperatures and transistor Beta () values.

{

ul

® Adding R to the emitter improves the stability of a transistor.

Saturation Level

Vee Al
Re ® The endpoints can be )
. cC
\:Cm determined from the R+ER
P load line. L
V i sat*
CEcutoff * Q-point I
Vee =0V \\ ¢
Rg V — V
CE — Ycc \V N\
I C — O mA C 0 I VCC VCE
R BFF1303 Electrical/Electronic Engineering 21 _ @,‘%
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® This is a very stable bias circuit.
- ® The currents and voltages are nearly independent of any
variations in 3.
R¢
R,
a—
Cs
V: o 11|
f JI
G
%3
Re
=
} b
| UMP OPEN
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Divider Bias Approximate Analysis

® Wherely<<I;and I, =2 1,:

Vee
V. — szcc ;-
5 =
R +R, -
® Where Ry > 10R,: R )
I :V—E vio ) 2
- RE o}
VE :VB _VBE e Rg
® From Kirchhoft’s voltage law: | -L-
. =1,
— 1R — IR,

BFF1303 Electrical/Electronic Engineering

I Mohd-Khairuddin , Z Md-Yusof



Malaysia
PAHANG

ngineering + Technology * Creativi

D‘C Bias With : L
Universiti
'/  Voltage Q

® Another way to improve the stability of a bias circuit is to add a
' feedback path from collector to base.

® In this bias circuit the Q-point is only slightly dependent on the

transistor beta, {3. Vee
Re
e
[
ek
s
vio H Vee
Cq —
E
Rg
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Feedback Base-Emitter Loop

® From Kirchhoff’s voltage law:
' Vee — lcRe —1gRg = Ve — IR =0

& Where I << I:

| Voo =
=1 +1, =1
® Knowing I-= BI; and I; = I, the loop
equatlon becomes:
— PI;R aRe =V =R =0 «
® Solving for Ig: | = Vee — Ve

* "Ry +B(R. +Ry)
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Transistor Saturation Level

| coat= oy = Vce
sat maxX RC + RE
Load Line Analysis
Cutoff: Saturation:
Y,
Vee = Vee e = __CC
. =0mA Rc R
V=0V
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® The analysis for pnp transistor biasing circuits is the same as

V that for npn transistor circuits. The only difference is that the
currents are flowing in the opposite direction.
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