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ENEE2360 Analog Electronics

T7:
BJT DC Biasing

Instructor : Nasser Ismail

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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DC Biasing Circuits

Fixed-bias circuit
Emitter-stabilized bias circuit

DC bias with voltage feedback

P 0w DN PE

Voltage divider bias circuit

1)Fixed Bias Configuration

2
input H Vee
signal (o} B + -

Vee TV E

DC equivalent circuit=meansf =0

= Xc= 1 =~ oo (Open circuit)
24C

ac
——o output
g signal

First 2022-2023
NeFeDENAS-HUB.com Uploaded By: Malak Obaid,



ENEE236 11/26/2022
BZU-ECE

The Base-Emitter Loop

From Kirchhoff’s voltage
law for Input: +
+Vee— IgRp— V=0 |
i o
Solving for base current: =T +
Ip \
}
. = Vee = Vee \
° RB —— et U

Choosing Rs will establish
the required level of Is

Collector-Emitter Loop

Collector current:
lc =Blg
From Kirchhoff’s voltage law:
V.=V, - IR,
V,=V.-V,
Since V. =0 == .V, =V,

VCE :Vcc - IcRc
Also Ver
VBE = VB _VE Vee |

. Vg = Ve = Vo =0
. VBE — VB . BE CcE BC
"VBC = VBE _VCE

First 2022-2023
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Design of Fixed Bias Circuit

AssumeVCC =10V, S,

nominal

=100, A

min

Design for Q - point : Vg, =5V, I, =1mA (i.e find unknown component values Re and Rc)

Solution

lco 1mA
/Bnominal 100
_ Vcc _VBE =

lgg =

10 pA

Is
=930 kQ
Vee = Vee —IcRe
Vego =5=10- 1R

 Ro=—>=5kQ

=50, B

max

150

ac
input
signal

ac

‘—o output

C, signal

"

First 2022-2023

Fixed bias Stability

Assume VCC =10V, B, mina =100, B, =50, B, =150

Design for Q-point: Vg, =5V, I, =1mA
Solution — continued
If B =B,y = 50
g =10pA
l. =PIz =(50)(10pA)=0.5mA
Vee = Vee —IeRe
Vegg =10-(0.5mA)(5kQ) =7.5V

If B =B, =150

g =10pA

| =Bl = (150)(10 nA) =1.5mA
Vee =Vee — IR

NeEPHIERAAS-HUB.com

for
50<B <150

I, =10 nA fixed
0.5mA< I.<15mA
75V V., 225V

ey _LEMA _

Vego = 10— (1L.5mA)(5kQ) =25V

Uploaded By: Malak Obaid4
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2) Emitter-Stabilized Bias Circuit

Adding a resistor
(Rp) to the emitter
circuit stabilizes
the bias circuit.

Base-Emitter Loop

From Kirchhoff’s voltage law:
+Vee = 1R Ve — 1R = 0

Since /e= (B + 1)/g
Vee = 1gRg =Vge —(B+1)1;R; =0

Solving for Ig:

_ Ve =Vee
® Ry +(B+1)R.

(B+1)R. <« is the emitter resistor as it appears

First 2022-2023
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Base-Emitter Loop

Solving for Ig: - Véc v,
B
B+1)
In order to get IE almost independant of B
we choose:
RB
B+1)

=1

+Rg

Rg >>

Vcc _VBE
RE

In:

Also, in order to guarantee operation in linear mode

we choose 0.1V . <V, <0.2V.

Collector-Emitter Loop

From Kirchhoff’s voltage law:
[eERe + Vg + ILR. Ve = 0
Since /= /.
Vee = Vee — k(R + Re)

Also:

=<
I

= IERE
Vee +Ve =V —IcRc

<
[

VB = Vcc _IRRB =VBE +VE
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Assume VCC =10V, B, ,ina
Design for Q - point: Vg, =5V, I, =1IMA

Solution

—let Vp =0.1V .

V. =1V

=100, B

min

R\ -
£ 1.01mA
- VCC_VBE
® Rg+(B+DR.
Rglg +15(B+1)Re = Ve — Ve

Design: Emitter Stabilization bias
=50, ., =150

VCE :Vcc - IcRc _VE
VCEQ =5=10-1-1.R.

Rc=i=4k§2
1mA

If B = Bmin = 50

|- 93
829k +51kQ

I =Bl = (50)(10.56 pA) = 0.528 mA

VCE = Vcc - IcRc Ve

VCEQ =10-(0.528 mA)(4kQ)-1=6.89V

10.56 pA

If B =P, =150
| = 9.3

® 829kQ +151kQ
I =PIz =(150)(9.489 pA) =1.423 mA
Vee =Vee — 1R — Ve
VCEQ =10-(1.423mA)(4kQ)-1=3.31V

=9.489 A

First 2022-2023
NesseHIENANS_HUB.com

Emitter bias Stability

C‘minl I |

Ry

for

50<p <150

10.56 pA > 1, >9.489 pA

0.528mA< 1. <1.423mA

6.89V> V. 2331V

| c(may _1423mA =97
| 0.528 mA

Improved,
but not
very
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Fixed bias

Emitter Stabilization bias

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, .

IB
—

RB

Vcc

|

RL

First 2022-2023
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Base-Emitter Loop

From Kirchhoff’s voltage law:
Vee = LR = 1gRg = Vg =0

I=1.+1g
IC:BIB

Solving for /g

Ve Ve
° R.(B+1)+R,
Voo = LR, +V, )
=1+, suppose BT, 1, ¥, 1. =TB.I, I=const
Vee = Vee -(le +16)R¢ there is some kind of compensation effect

Design: Voltage feedback bias

Assume VCC =10V, B, e =100, B, =50, B, =150
Design for Q - point : Vegg =5V, Ig =1MA

Solution _ Vog =V _ 10-5
lotls  1ma 1A
100

RL

=4.95kQ

| = VCC_VBE
" RU(B+D)+R,
~ Ry =430kQ

If B = Bmin =30 for
IB =0.013627 mA 50 <p <150
lc =0.68mA 0.68MA< 1. <1.19mA

If B :Bmax =150 ' Ic(max) B 119 mA N Better

I, =0.00793mA = ERmA 175 Q-point

I i iﬂ m i Sl stabili“

First 2022-2023
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properly

4) Voltage Divider Bias

This is a very stable bias circurlt.

The currents and

voltages are nearly
independent of any
variations in p if the

circuit is designed

le =1

stability

Approximate Analysis

Where /<< / and = /,:

Ve =V —Vee
ﬁ — Ve = Ve

E(approximate) =

From Kirchhoff’s voltage law:

o

G

>
R2 :,

RL <

B

VCE :Vcc - ICRC _IERE

Vee =Veele(Re +Re)
Here we got Ic independent of B which provides good Q-point
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Exact Analysis

We must try to make /5 as
close as possible to zero

Thevenin Equivalent circuit
for the circuit left of the base

VCC

is done RV
" R, +R,
R, =R /IR, =Rz
R,+R,

Vi =1gRy +Vge +1Re

IE

B+1
Vin = Vee
%JFRE

but I, =

Vth

I E(exact) =

Vcc

Rc
Rth

Re

Exact Analysis

. Vth - VBE
. IE(exact) = Rth
- + £
B+1
if we compare to approximate solution
VB - VBE
IE(approximate) = RE
. R
= we must make the quantltyﬁ <<Rg
+

Here we got Ic independent of

Rth << (B+1)R;

asarulelet Rth << B+DRe
10
or

Rth << BRe
10

First 2022-2023
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Design: Voltage Divider bias
Assume VCC =10V, B, =100, B =50, B, =150
Design for Q - point: Vg, =5V, I, =1ImA vfc
Solution
T)let V, =0.1V,, R2 ;;l.z %3
V. =1V 1 L
| =Yer -—1Y ~1ko ¢
RE 101 mA R1 T n Re l IE
2) let Rth = RePronm _1KQ2100_ 5,
50 50
3) V.. =R . +I1.R.+V_
Vo =5
T R.= Vcc _VCE _VE =1O-5_1=4kQ
c 1mA 1mA

Design: Voltage Divider bias
Assume VCC =10V, B, mina =100, S.... =50, 5., =150
Design for Q - point : Vg, =5V, I, =1mA VICC
Solution —continued
V, -V,
4)|E — th BE
Rth LR
B+1
R.V, Rth
th _Rl—cc_ E[—+ RE)
.+ R, B+1
R, =R/IR, =R _o 0 (2)
R, +R, solving (1) & (2) yields:
R, =2.42 kO
R, =11.64 kQ
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Voltage Divider bias Stability

If B =Py =50
l. =0.982mA
If B =B, =150
. =1.0069 mA

for

50 <f <150

0.982mA < 1. <1.0067 mA

Loy _1O0B7TMA _ ) o5 Very good

Mo 0.982MA Q-point
stability

PNP Transistors

The analysis for prp transistor biasing circuits is
the same as that for pn transistor circuits. The

only difference is that the currents are flowing in
the opposite direction.

First 2022-2023
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Example:
Find I, Vgc,for the circuit below,

Whichis <-0.2V

VCE =- 5V

Circuit using pnp transistor:

olutlon

Using thevenin’s theorem:

TR+ R,

Vin = T
KVL: 10 = Zklg + Vig + Ronls + Ven

> Iy = 0.625mA

> VEC = 5volt

+10V

2K

B =100

VTH ——" 8V 6K

10440

RiRa _ k = 8kQ
10 + 40

R,
* 10 = 8volt

Vee = 10720

Example:

Find lElilEZ
Solution

Veg= +15

100
Vin =

Veg=

50k

Ry =

= +15

R1R;
Ry +R;

_50+100

= 50+100k=33.3kﬂ

* 15 = 5 volt

—V -
Ri+R; 7~ 50+100

VL:

Ven — Vi 5-0.7

Igy =
R, 33.3k
B+ Ry (—101 >+3k
=1.28mA

2 KVL:
ZkIEZ + VEB - 5k(1(;1 - 132) =0
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BJT Ac-Small signal analysis using

Graphical
method:

Graphical method: Iy

Saturation Region
transistor ully-ON')

O
>

%

KVL: VCC= RCIL‘ + VCE

c
! j 20
\.9 f
> 100
ic(t)

) g=0
. 0 LTz 3 4 s 6 Vel
ic(t),max Saturat|0n e VCT:"‘MU
DC LOAD LINF.

""?

h

Cut-off Region
ransistor Tuly-OFF")

NN

. Ve
lc(),max — R_ Saturation
c
Cutoff
& - f')ce(n > VCE(t),max = VCC
vt Cutoff
BJT Amplifier
Using superposition
Vpe(t) = Vgg + Vpe
iC(t) = ICQ + iC +18V
Vee(t) = VCEQ + Ve
576k 3k
||
I Vo)
20 B =100
VBE = 0.65V

First 2022-2023

NeFeDENAS-HUB.com Uploaded By: Malak Obaig



ENEE236
BZU-ECE

11/26/2022

DC Load Lines

AssumeVCC =18V, g =100

Rg =576 kQ; R, =3kQ; Vg =0.7V
FIRST:DC ANALYSIS
Vee = Vee +1cR¢
1 V, a

output
signal

lo=—-V  +=C <. .=f(V input
c R, CE R, ¢ =f(Vee) inmal s

This is a straight line equation
Y=mX+b

| _Vec—Vee _18-07 _
. R, 576 kQ

30 nA

I. =BIg =3mMA
=9V

V.. =V - IR =18- (3mA)(3kQ)

l-=0mA

lco=83mAf————————

lesat DC Load Line
| _Jcc
Csat R
© o lom—v g Yoo o —fovy)
VCE =VCE(sat) =0V C RC CE . c CE
VCEcutoff
VCE(cutoff) = VCC Icsaty=6 MA

VCE

Vcege=9 mA

VcE(cut-of)=VCC
18V

First 2022-2023
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Graphical Analysis

» Can be useful to understand the operation of
BJT circuits.
* First, establish DC conditions by finding /5 (or

Vae)
+ Second, figure out the DC operating point for /-

Load line

ip Load line ic \
R,

Basic BJT Amplifiers Circuits (orinfo only)

Vo L
o L |
. o ! L
le 0 ,} T
0 :_.J (5
ig=
ig=
ig=lIg

470k o
I
Gz Vol
T

l © Yoo

BE RS g

VCC

Vee
Can get a feel for whether the BJT will stay in active region of
operation
What happens if R.is larger or smaller?

UgE

(for info only)

Graphical Analysis

Q-point is centered on the ac load line:

A

First 2022-2023
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Basic BJT Amplifiers Circuits
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Basic BJT Amplifiers Circuits

(for info only)

Graphical Analysis

Q-point closer to cutoff:

Clipped at cutoff
(cutoff distortion)

Basic BJT Amplifiers Circuits

(for info only)

Graphical Analysis

Q-point closer to saturation:

]
i Uee

Clipped at cutoff
(saturation distortion)
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Basic BJT Amplifiers Circuits

(for info only)

Graphical Analysis

o Lp=0ust
I vCET VCE
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