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L8- DC Biasing - BJTs

Instructor: Nasser Ismail

Analog Electronics

ENEE236

Biasing

Biasing: Applying DC voltages to a transistor in order 

to establish fixed level of voltage and current. 

For Amplifier (active/Linear) mode, the resulting dc 

voltage and current establish the operation point to 

turn it on so that it can amplify AC signals.
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Operating Point

The DC input 

establishes an 

operating or 

quiescent point

called the Q-point.

DC Biasing Circuits

1. Fixed-bias circuit

2. Emitter-stabilized bias circuit

3. DC bias with voltage feedback

4. Voltage divider bias circuit
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1)Fixed Bias Configuration

VccVcc
circuit)(open  

2

1
Xc0f

circuit   equivalent  DC


fC

The Base-Emitter Loop

From Kirchhoff’s voltage 

law for Input:

Solving for base current:

+VCC – IBRB – VBE = 0

B

BECC
B

R

VV
I




Choosing RB will establish 

the required level of IB

BI
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Collector-Emitter Loop

Collector current:

From Kirchhoff’s voltage law:

BC II 

0V  Since

VVV

RIVV

E

ECCE

CCCCCE







VBE

+

-

-
+

-
VCE

VBC
+

CEBEBC

BCCEBE

VVV

0VVV





CCE
VV 

BBE

BBE

CCCCCE

VV

VV

RIVV







E
V

Also

Design: Fixed bias 

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

Solution
















k 930      

μA 10

0.710

I

VV
R

R

VV
I

μA 10
100

mA 1

B

BECC
B

B

BECC
B

nominal

CQ

BQ

I
I

kΩ 5
mA 1

5
R  

RI015V

RIVV

C

CCCEQ

CCCCCE






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Fixed bias Stability

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

continuedSolution 

V 7.5)k mA)(5 (0.501V

RIVV

mA 0.5μA) (50)(10βII

μA 10I

50ββ If

CEQ

CCCCCE

BC

B

min











V 2.5)k mA)(5 (1.501V

RIVV

mA 1.5μA) (150)(10βII

μA 10I

501ββ If

CEQ

CCCCCE

BC

B

max











3
mA 0.5

mA 1.5

I

I

V 2.5V  V 7.5

mA 1.5I  mA 0.5

fixedμA   10I

501β 50

for 

C(min)

C(max)

CE

C

B











Not very 

stable

2) Emitter-Stabilized Bias Circuit

Adding a resistor 

(RE) to the emitter 

circuit stabilizes 

the bias circuit.
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Base-Emitter Loop

From Kirchhoff’s voltage law:

01  EBBEBBCC R)I(βVRIV

0  RIVRIV EEBEBBCC 

EB

BECC
B

)R(βR

VV
I

1




Since IE = ( + 1)IB:

Solving for IB:

 loopemitter  base in the

appearsit  asresistor emitter   theis   1  E)R(β

Base-Emitter Loop

E
B

BECC
E

R
)(β

R

VV
I







1

Solving for IE:

)(β

R
R B

E
1

: choose we

B oft independanalmost  IEget  order toIn 




E

BECC
E

R

VV
I




CCECC 0.2VV V 0.1    choose we

modelinear in operation  guarantee order toin  Also,


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Collector-Emitter Loop

From Kirchhoff’s voltage law:

0  VR I  V R I CCCCCEEE 

Since  IE  IC:

) R (R – I V V ECCCCCE 

Also:

EBEBRCCB

CCCCECEC

EEE

VV R – I V V

RIVV V V

R I V







Design: Emitter Stabilization bias 

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

Solution







k 1
mA 1.01

V 1V

1VV

V 0.1Vlet  

E

E

CCE

E

E

E R
R

I

kΩ 4
mA 1

4
R  

RI1015V

VRIVV

C

CCCEQ

ECCCCCE







BECCEBBB

EB

BECC
B

VV1)R(βIIR

1)R(βR

VV
I

















k 298      

μA 10

kΩ 1)1μA(100 100.710
      

   
I

1)R(βIVV
R

B

EBBECC
B
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Emitter bias Stability

V 89.61-)k mA)(4 (0.52801V

VRIVV

mA 0.528μA) (50)(10.56βII

μA 10.56
51829

3.9
I

50ββ If

CEQ

ECCCCCE

BC

B

min














kk

7.2
mA 0.528

mA 1.423

I

I

V 31.3V  V 6.89

mA 1.423I  mA 0.528

μA 9.489I  μA 10.56

150β 50

for 

C(min)

C(max)

CE

C

B











Improved, 

but not 

very 

stable

V 31.31-)k mA)(4 (1.42301V

VRIVV

mA 423.1μA) 489.(150)(9βII

μA 489.9
151829

3.9
I

501ββ If

CEQ

ECCCCCE

BC

B

max














kk

Improved Biased Stability

Stability refers to a condition in which the currents and 

voltages remain fairly constant over a wide range of 

temperatures and transistor Beta () values.

Adding RE to the emitter improves 

the stability of a transistor.
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3) DC Bias With Voltage Feedback

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, . 

RB

VCC

RL

I
IB

Base-Emitter Loop

From Kirchhoff’s voltage law:

BC

BC

BEBBLCC

βII

III

0VRII.RV







Solving for IB:

RB

VCC

RL

I
IB

BL

BECC
B

R1)(βR

VV
I






  LBCCCCE

BC

CELCC

RII-VV

III

VI.RV







effecton compensati of kind some is there

const β.II ,I , β  suppose
BCB

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Design: Voltage feedback bias 

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

Solution

RB

VCC

RL

I
IB













k 4.95      

100

1mA
1mA

510

II

VV
R

BC

CECC
L

kΩ 430R

R1)(βR

VV
I

B

BL

BECC
B








mA 1.19I

mA 0.00793I

501ββ If

mA 0.68I

mA 0.013627I

50ββ If

C

B

max

C

B

min













75.1
mA 0.68

mA 1.19

I

I

mA 1.19I  mA 0.68

150β 50

for 

C(min)

C(max)

C







Better

Q-point  

stability

4) Voltage Divider Bias

The currents and 

voltages are nearly 

independent of any 

variations in  if the 

circuit is designed 

properly

This is a very stable bias circuit.
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Approximate Analysis

Where IB << I1 and I1  I2 :

From Kirchhoff’s voltage law:

21

CC1
B

RR

VR
V




E

BEB

E

E
ate)E(approxim

R

VV

R

V
I




BEBE VVV 

EECCCCCE RI RI  V  V 

 )R (RIV V

II

ECCCCCE

CE





R2

R1

I2

I1
IE

Here we got Ic independent of  which provides good Q-point 

stability

Exact Analysis
We must try to make IB as 

close as possible to zero

21

21
21th

21

CC1
th

RR

RR
R//RR

RR

VR
V







EEBEthBth RI VRI  V 

R2

R1

I2

I1
IE

Thevenin Equivalent circuit 

for the circuit left of the base 

is done 

VCCVCC

TEC

Rth

RE

VCC

Vth

RC

ER







1β

Rth

V-V
I

1β

I
Ibut  

BEth
E(exact)

E
B



ENEE236

BZU-ECE

10/11/2015

Fall 2015-2016

Instructor: Nasser Ismail 12

Exact Analysis

R2

R1

I2

I1
IE

Here we got Ic independent of 

VCCVCC

Rth

RE

VCC

Vth

RC

E

E

R

R

BEB
ate)E(approxim

BEth
E(exact)

V-V
I

solution  eapproximat  tocompare  weif

1β

Rth

V-V
I








ER



1β

Rth
quantity   themakemust   we

10

β
Rth

10

1)β(
Rthlet   rule a as

1)β(Rth    

E

E

E

R

or

R

R








Design: Voltage Divider bias 

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

Solution







k 1
mA 1.01

V 1V

1VV

V 0.1Vlet  )1

E

E

CCE

E

E

E
R

R
I

R2

R1

I2

I1
IE




 k 2
50

100.k 1
 

50

.βR
Rthlet   2) nominalE

kΩ 4 
mA 1

1-5-10

1mA

VVV
R

5V

VRIIRV  3)

ECECC

C

CEQ

CEEECCCC









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Design: Voltage Divider bias 

1mAI 5V,V :point-Qfor Design 

150 50, 100, 10V,VCC Assume

CQCEQ

maxminnominal



 

continuedSolution 

R2

R1

I2

I1
IE

...(1)  V72.1V
1β

Rth
I

RR

VR
V

1β

Rth

V-V
I)4

BEE

21

CC1

th

BEth

E






















E

E

R

R

(2)..........                  kΩ  2
RR

RR
R//RR

21

21

21th









k 11.64R

k 2.42R

:yields (2) & (1) solving

2

1

Voltage Divider bias Stability

mA 1.0069I

501ββ If

mA 0.982I

50ββ If

C

max

C

min









0254.1
mA 0.982

mA 1.0067

I

I

mA 1.0067I  mA 0.982

150β 50

for 

C(min)

C(max)

C







Very good 

Q-point  

stability
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PNP Transistors

The analysis for pnp transistor biasing circuits is 

the same as that for npn transistor circuits. The 

only difference is that the currents are flowing in 

the opposite direction.

Basic BJT Amplifiers Circuits
 

DC Load Line and Quiescent Operation Point

DC load line

.Q

Q-point

ICQ

VCEQ

 VCC

)(40 A
R

V

R

VV
I

b

CC

b

BECC
B 


Base-emitter loop:

kiRiVv CCCCCCE 410 Collector-emitter 

loop:
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DC and AC Load Lines

V 0.65V;3kR ; k 576R

100 18V,VCC Assume

BECB 

 

ANALYSIS  DC:FIRST

RL

bmXY

equation linestraight  a is This

)f(VI
R

V
V

R

1
I

RIVV

CEC

C

CC
CE

C

C

CCCECC







μA 03
kΩ  576

0.6518

R

VV
I

B

BECC
B 







mA 3βII BC 

V 9      

)3mA)(3k(18RIVV CCCCCE





DC Load Line

Ic

VCE

18V

ICQ=3 mA

VCEQ=9 mA

Q point

IC(sat)=6 mA

VCE(cut-off)=VCC

DC 

Load 

Line

C
R

CC
V

Csat
I 

 V
satCE

V
CE

V 0
)(


VCEcutoff

VCE(cutoff) = VCC

IC = 0 mA

ICsat

)f(VI
R

V
V

R

1
I CEC

C

CC
CE

C

C 
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AC Load Line

RB
RL

AC

RC

+

vbe

-

iC

Rac

AC Equivalent Circuit

bB

cC

ceCE

beBE

i(t)I

i(t)I

v(t)V

v(t)V









B

C

CE

BE

I

I

V

V

  ac    DC        total

notation  thedefine uslet 

 ,quantities ac and dc have  weSince

 rminalemitter te fromseen  resistance

 terminalcollector  fromseen  resistance ac  theis

//  where







Lcac

cacce

RRR

.iRv

AC Load Line

RB
RL

AC

RC

+

vbe

-

iC

Rac

AC Equivalent Circuit

   
 

0 when , IV

IV

IV

CQCEQmax

CQCEQmax

CQCEQ







(t)I.R(t)V

.R(t)V

(t)I.R(t)V

CacCE

acCE

CacCE

   

0 when I
V

IV

CQ

CEQ

max

CQCEQ





(t)V
R

(t)I

(t)I.R(t)V

CE

ac

C

CacCE

Ic

VCE

ICQ=3 mA

VCEQ=9 mA

Q point

IC(t)max

VCE(t)max

AC 

Load 

Line
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Ic

VCE

ICQ=3 mA

IC(sat)=6 mA

VCE(cut-off)

=VCC

DC 

Load 

Line

Ic

VCE

ICQ=3 mA

VCEQ=9 mA

Q point

IC(t)max

VCE(t)max

AC 

Load 

Line

AC Load Line

RB
RL

AC

RC

+

vbe

-

iC

Rac

AC Equivalent Circuit

C

CE

I

V





(t)Ii

(t)Vv

Cc

CEce

cacce .iRv 

   CQCEQ IV  (t)I.R(t)V CacCE

Ac load line equation    )  find we

 line load ac Draw To

maxmax (t)Iand(t)V CCE
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Design Criteria

• In order to have the amplifier to 

amplify an input ac signal without 

distortion (by going into saturation or 

cut-off) 

• We must choose the Q-point in the 

middle of ac load line

maxCEQ

maxCQ

2

1
V

2

1
I

(t)V

(t)I

CE

C





ac

ac

C

R

R

(t)I

CEQ

CQ

CEQ

CQCQ

maxCQ

V
I

V
II2

I2







DC Analysis

dcCCECC

Cdc

CCCECC

RIVV

RR  define

RIVV







 RIVV

point-Q at the

dcCQCEQCC


ac

ac

R
R

CQCEQ

CEQ

CQ IV
V

I 

 

RR
I

.RI.RIV

CQ

dcCQCQCC

dcac

CC

ac

V






****   To design for maximum 

Symmetrical Swing

 swing lSymmetrica maximumFor 
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DC Analysis

       
RR

RV         

RIVV

Also

dcCC

dcCQCCCEQ

dcac

CC
V






 swing  lSymmetrica                                                                   

 maximumFor *****

R

R
1

V

RR

R
V         

RR

R-RR
V         

RR

R
1V         

CC

CC

dc

CC

dc

CC



























































ac

dcdcac

ac

dcac

dcac

dcac

Design Example

RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 k

Design the amplifier for maximum 

symmetrical swing of the collector current? 

Find the Q-point?

Find the required Value of RB?

Draw AC and DC load lines

What is the power dissipation of the 

transistor at the Q-point?
ii

ac
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Solution

kΩ .5 1RRR

kΩ  1RR

ECdc

Cac





V  6

kΩ  1

kΩ .5 1
  1

15

R

R
1

V
V CC

CEQ










ac

dc

mA 21I2I

Ic of peak)-(peak Swing lSymmetrica  Maximum

mA 6II 

Ic of (peak) Swing  Maximum

CQp-Cp

CQCM





mA 6
kΩ .5 1kΩ  1

15

RR

V
I 

Ic of Swing  lSymmetrica MaximumFor 

CC

CQ








dcac

RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 kii

ac

Solution

mA 21
kΩ  1

6
mA 6

R

V
I(t)I 

:Ic of  valueMaximum

CEQ

CQMaxC


ac

V 216kΩ  mA.1 6VRI(t)V 

V of Value Maximum

CEQCQMaxCE

CE


ac

RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 kii

ac
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Example -Continued

kΩ 33R
B


Ic

VCE

ICQ

6mA

VCEQ

6 V

IC(t)max

12mA

VCE(t)max

12 V

ICM

6mA

Icp-p

12mA

AC 

Load 

Line

DC 

Load 

Line

ICsat

10mA

VCE(cut-off)

15 V

μA 60
100

I

R1)(100R

0.77.4
I CQ

BE

B







mW 366mA 6V.

.IVP
CQCEQQ





mW 366mA 6V. 

Analysis Example

Given  RB=50 k

Find the  maximum collector current swing 

and the Q-point?

Draw AC and DC load lines

What is the power dissipation of the 

transistor at the Q-point? RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 kii

ac
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Solution
kΩ .5 1RRR

kΩ  1RR

ECdc

Cac





mA 8I2I

Ic of peak)-(peak Swing lSymmetrica  Maximum

mA 4I,II 

Ic of (peak) Swing  Maximum

CMp-Cp

CMCQCM





μA  40

50kΩ1)500(100

0.74.7

R1)(100R

0.74.7
I

Ic and I  of Value

BE

B

B













  V 9RIVV

mA 4βII 

CCQCCCEQ

BQCQ





E
R

RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 kii

ac

Solution

mA 31
kΩ  1

9
mA 4

R

V
I(t)I 

CEQ

CQMaxC 
ac

V 319kΩ  mA.1 4VRI(t)V CEQCQMaxCE  ac

Ic

VCE

ICQ

4mA

VCEQ

9 V

IC(t)max

13mA

VCE(t)max

13 V

ICM

4mA

Icp-p

8mA

AC 

Load 

Line

DC 

Load 

Line

ICsat

10mA

VCE(cut-off)

15 V

Maximum Swing 

was reduced 

because the Q-

point was not 

placed properly

RB

RC

1 k

RE

4.7 V

VCC

15 V

RE

0.5 kii

ac
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Basic BJT Amplifiers Circuits
Graphical Analysis

 
VCC

• Can be useful to understand the operation of 

BJT circuits.

• First, establish DC conditions by finding IB (or 

VBE) 

• Second, figure out the DC operating point for IC

Can get a feel for whether the BJT will stay in active region of 

operation                  

– What happens if RC is larger or smaller?

Basic BJT Amplifiers Circuits

Graphical Analysis

VCC

'' LCQCEQCC RIVV 

')//( LcLCcce RiRRiv 
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Basic BJT Amplifiers Circuits

Graphical Analysis

Q-point is centered on the ac load line:

VCC

VCC

Basic BJT Amplifiers Circuits

Graphical Analysis

Clipped at cutoff

(cutoff distortion)

Q-point closer to cutoff:
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VCC

Basic BJT Amplifiers Circuits

Graphical Analysis

Clipped at cutoff

(saturation distortion)

Q-point closer to saturation:

Basic BJT Amplifiers Circuits

Graphical Analysis


