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DC Load Line
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VCE
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Operating Point
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I (mA)
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sActive or Linear Region Operation

¥ Base — Emitter junction is forward biased
Base — Collector junction is reverse biased
Good operating point

}Satu ration Region Operation
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Biasing

The analysis or design of a transistor amplifier requires knowledge of both
the dc and ac response of the system. In fact, the amplifier increases the
strength of a weak signal by transferring the energy from the applied DC

source to the weak input ac signal The analysis or design of any electronic
amplifier therefore has two components:

** The dc portion and
**The ac portion

During the design stage, the choice of parameters for the required dc levels
will affect the ac response.

Biasing: Application of dc voltages to establish a fixed level of current and
voltage.



Purpose of the DC biasing circuit

*+To turn the device “ON”

*»*To place it in operation in the region of its characteristic where the
device operates most linearly .

¢ Proper biasing circuit which it operate in linear region and circuit
have centered Q-point or midpoint biased

*** Improper biasing cause Improper biasing cause
*»*Distortion in the output signal
**Produce limited or clipped at output signal



BIASING AND BIAS STABILITY

“ Biasing refers to the establishment of suitable dc values of different currents
and voltages of a transistor.
“ Through proper biasing, a desired quiescent operating point of the transistor
amplifier in the active region (linear region) of the characteristics is obtained.
% The selection of a proper quiescent point generally depends on the following
factors:
(a) The amplitude of the signal to be handled by the amplifier and distortion
level in signal
(b) The load to which the amplifier is to work for a corresponding supply
voltage
“ The operating point of a transistor amplifier shifts mainly with changes in
temperature, since the transistor parameters — B, I and Vgg (where the
symbols carry their usual meaning)—are functions of temperature.
¢ Circuit Configurations
» Fixed-bias circuit
» Fixed bias with emitter resistance
» Voltage-divider bias
» Voltage-feedback biasing



Fixed Bias Circuit
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This is common emitter (CE)
configuration

15tstep: Locate capacitors and
replace them with an open
circuit

2" step: Locate 2 main loops
which;

» BE loop (input loop)

» CE loop(output loop)



e 1ststep: Locate capacitors and replace them with an open
circuit

Vee
I C +VCC

ac R¢
0 output
signal Ry e
ac V
input © )} + CE
signal ¢ =
VBE
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e 2"%step: Locate 2 main loops.
BE Loop

+ VCC
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CE Loop
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e BE Loop Analysis

B From KVL;
Ve HL R, +V 5,
- ] _VCC _VBE
. ® B —

R

B
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e CE Loop Analysis

B From KVL;
Ve +1.R.+V . =0
Ve =Vee —1-R,

B Aswe known;

I :/8]3
B Substituting(a) with

Ve =V
Icﬁnc[ (IR BE]
B

Note that R does not affect the value of Ic
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Load line analysis

A fixed bias circuit with given
values of Vcc,Rcand Recan be
analyzed ( means,
determining the values of lsq,
lcaand Vcea) using the concept
of load line also.

Here the input loop KVL
equation is not used for the
purpose of analysis, instead,
the output characteristics of
the transistor used in the
given circuit and output loop
KVL equation are made use
of.
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»Plotload line equation

VCE =VCC _ICRC ‘

» Ic(satyoccurs when transistor operatingin
saturation region

I zh

sat RC

»Vce(offf 0ccurs when transistor operating
in cut-off region

Vf:'E =0

VCE(Gﬁ} =Vee =L Re
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Circuit Values Affect the Q-Point

Decreasing Vcc
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Problem

Vee =+12V
I Determine the following for the fixed-bias configuration
HR 'fﬂ'.;_.l and ff'u.
4 s b. Veg,
":om Ca ¢. Vgand V.
n u o ¥ d

‘ it output . Vg
l \ 10 uF
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solution

Il"'l_ﬂ — lI-"IlﬂE = 7Y

ll"'r['(_' - II"'rHE I.I."I'r - E.TV
"',ﬂ' — |

= 47.08
e Ry 240 k() mA

Ve = Vep = 683V
I, = Blag = (50)(47.08 pA) = 235 mA
Vage = Vg = Ve = 0.7V — 683V

Ver, = Vee — IeRe — —6.13V

= 12V — (235 mAN2.2 k{})
= HhBIV

with the negative sign revealing that the junction is reversed-biased, as it should be for
linear amplification.
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Fixed Bias Circuit

DISADVANTAGE

» Unstable— because it is too dependent on 3 and produce
width change of Q-point

» Forimproved bias stability , add emitter resistor to dc bias.
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VOLTAGE DIVIDER BIAS CIRCUIT

Provides good Q-point stability with a single polarity supply voltage
This is the biasing circuit wherein, ICQ and VCEQ are almostindependent of

beta.

The level of IBQ will change with beta so as to maintain the values of ICQ and

VCEQ almost same, thus maintaining the stability of Q point.

15t step: Locate capacitors and replace them with an open circuit

2"d step: Simplified circuit using Thevenin Theorem

3"dstep: Locate 2 main loops which;
» BE loop
» CE loop
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VOLTAGE DIVIDER BIAS CIRCUIT

m 2" step:: Simplified circuit using Thevenin Theorem

V..:
' -
I ' -
Thevenin Theorem:; . From Thevenin Then;;n:{,R

* R, =R/ /R, =172

) R TR
+ i

E V RZ

TH o
R, + R,

Vi
e
Ry

Simplified Circuit
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VOLTAGE DIVIDER BIAS CIRCUIT

» 2"d step: Locate 2 main loops.

BE Loop CE Loop

7/21/2026 Dept. of EIE, Dr AIT



Thevenin Equivalent Resistance

‘ Ry = R [R: \
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Thevenin Equivalent Voltage
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Base Emitter Loop

B From KVL;
—V oy FLg Ry +V g +1, R, =0
Recall; 1z =(f+Di,
Substitute for Ie
VL Ry AV e +(f+DIL,R, =0

Ry B
'_m- i
— +
= ol & Ery — V
— Em . “Th BE
B ke y s R, + (B + 1R
. 2

Vg = Voo — Ip(Re + Rg)
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VOLTAGE DIVIDER BIAS CIRCUIT

* CE Loop Analysis

Vee B From KVL;
Vi L R AW o £ L R, =0)
Re : ' '
‘,C B Assume;
. @ B
Vee m Therefore;
i" ¥ =Von=L ARt R)
R
\ 4
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Transistor Analysis

* Transistor Saturation o Vec

* Load Line Analysis Vee

v Re + Relv=ov
cc
R(," RE = :
Vee = Veelt =oma
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Example

* Determine the ICQ and VCEQ for the voltage divider network shown
below

&Y

I

gﬁﬁ kil
ia ki . 10 4F

1 ¥ I a v

r"'; L
e ) o s
|
§zzm
1.2 ki
L

i pF
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Solution

Ry = Ry[Ry = 82k02]|22 k2 = 17.35 k0

Ic, = Bl = (50)(39.6 pA) = 1.98 mA

- R:Vep 22 k(1B V) N
Th — —_ —_ .
= 18V = (1.98 mA)S5.6 ki) + 1.2kil)
= 454V
Em, — Vg JBIV - 0TV LIV

Ig = = = = 39.6 uA
" Rm (B4 DR 1735k + (S1)(1.2k0) 7855k "
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SMALL-SIGNAL LOW-FREQUENCY
OPERATION OF TRANSISTORS



Hybrid Parameters and Two-Port Network

« For the hybrid equivalent model to be described, the
parameters are defined at an operating point that may or may
not give an actual picture of the operating condition of the
amplifier. The quantities h, , h,. , h, and h,, are called the
hybrid parameters and are the components of a small-signal
equivalent circuit. The description of the hybrid equivalent

model begins with the general two-port system.
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Two-port system representation
(Black model realisation)

19 ;i ’ o2 F - Ji5?11"?.-' + hIEF;
’ ) I-:- = ;?EJIF + kEEVQ

(1) A, — mnput impedance — /

— (i) h,— reverse transfer voltage ratio — h
(ii1) h, — forward transfer current gain — A,

(iv) h,,— output admittance — /& _

7/21/2026 Dept. of EIE, Dr AIT



EQUIVALENT CIRCUITS
THROUGH HYBRID PARAMETERS
AS A TWO-PORT NETWORK

For the transistor, even though it has three basic configurations, they are all four-
terminal configurations, and thus, the resulting equivalent circuit will have the
same format. The h-parameter will however change with each configuration. To
distinguish which parameter has been used or which is available, a second
subscript has been added to the h-parameter notation.

(i) For the common-base configuration: the lower case letter b

(i) For the common-emitter configuration: the lower case letter e

(i) For the common-collector configuration: the lower case letter c

'rf h i 'rt'l

_— = -
-~ A Y s
' N

v, v, "\ l h ho v,

Complete hybrid equivalent model



EXPRESSIONS OF CURRENT GAIN,
INPUT RESISTANCE, VOLTAGE
GAIN AND OUTPUT RESISTANCE

The h-parameter equivalent circuit of a transistor amplifier having a voltage
source V, , with its input resistance R; connected to the input terminals and a
load resistance R, connected to the output terminals.

I h; I,
iy, A <o
Hg:J ;bl ! i
! AT I
. h, V, @:}I l hyly STy 2R
VoA — N \ -~
g.\x_-ul
Z Z

h-Parameter equivalent circuit of a transistor

7/21/2026 Dept. of EIE, Dr AIT



Common Base Configuration

II:' 'Irl.
ko =18
3
i# o * O f
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Fixed Bias Network

RH
I|
= B
o
C
—>
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Steps

* 1. Connect the DC source to ground
* 2. Replace all the capacitance with short circuit

* 3. Re draw the network
* 4. write the AC equivalent circuit

* 5. Determine input impedance, output impedance, voltage gain and
current gain



I
— -
C, z,
e
':-l:-.
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Contd..
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o |
N
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Contd..
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‘ Z; = Rg|h;,

Z, = Rc||1/h,,
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Using R' = 1/h,,||R¢, we obtain

Vﬂ = _"r-r}Rr = _I['Rf
= —he I R’
Vi
fb -
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_th{RE " 1!{ h‘ﬂe]

h;
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A; Assuming that Ry = h;, and 1/h,, = 10R,, we find [, = I, and [, = [. =
hidy = hgl;, and so
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* For the network shown in figure determine
e Zi, Zo, Av, Al

oBV
| .
L |
2.7 ki
330 kL2
|
:: }| he. = 120
—- I h,= 1175 kL2
: h,.= 20 pA/V
_*. —
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Z; = Rglh, = 330k0]1.175k0 ™

he(Re[1/h,) (120027 kQ[50k€)

A4, = I, 171 kQ - —2623
= h, = L1T1kQ
1 | -'""I-j = h_ﬁg = 120
= = = S0 ki)
" h.  20pA/V

I
7, = h—llﬁ_-f = 50k02.7k0) = 256 kD = R
FR
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Voltage Divider Bias Network

1'Il:"-: ;
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Ei' - RIHR}!”'&;’E

h(Re|| 1/ hge)

hie
4 = he(Ry | R2)
L Rl lRE + hfg
7/21/2026
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Z; = Rg|pr.

Z, = Pr,

ohms

Rp=108r,
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Z, = Rc|r

¥

ohms

ro= 1R
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Contd..

r,= 10R,-
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