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Introduction Wiﬂdﬂ_‘"/
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Biasing refers to the DC voltages applied to the
transistor to turn it on so that it can amplify the AC

signal.

Use the following important basic relationship for a
transistor :

Ve =07V
1 :(:B+1)IB =30
[c ZIBIB
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78l Operating Point
2l >
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The DC input establishes an operating or quiescent
point called the Q point.
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78l Operating Point
B _oog

Biasing and the 3 States of Operation

e Active or Linear Region Operation
Base — Emitter junction is forward biased

Base — Collector junction is reverse
biased

e Cutoff Region Operation
Base — Emitter junction is reverse biased

e Saturation Region Operation
Base — Emitter junction is forward biased
Base — Collector junction is forward biased

ﬂ 04 iddhien2007 All Rights Reserved -- http://iddhien.com ‘




DC-Biasing Circuit
. W/

an Fixed-Bias Circuit

b. Emitter-Stabilized Bias Circuit
C. Collector-Emitter Loop

d. Voltage Divider Bias Circuit

e. DC Bias with Voltage Feedback

f. Miscellaneous Bias Circuits
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Fixed-Bias Circuit

Base-Emitter Loop

o Voo

1l

|
i} !

+Vee — IgRg — Ve = 0

Vee — Ve
R |
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Fixed-Bias Circuit p%'/

Collector-Emitter Loop

? Ve

Since V¢ = 0V, then:

Ver =Ve

Vg =V =Vg

Ve =V3 _
[ 07 iddhien2007 All Rights Reserved -- http://iddhien.com ‘?ﬁ

<l Fixed-Bias Circuit M

Transistor Saturation Level

When the transistor is operating in the Saturation
Region, it is conducting at maximum current flow

through the transistor.

Ve fow Ff‘
IC sat — /
Rc
f
V=0V |
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Fixed-Bias Circuit

Load-Line Analysis

The end points of the line are

e

pCi5rs
I leear @and Ve cutoff

Vee =Vee =1 Re

Vee =Vee I =mA
_Vec
o
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Fixed-Bias Circuit

Example Problem 4.3

I (mA)

60 pA

50 pA

40 pA

30 pA

20 pA

10 pA

I | TS

\ Tg=0pA

.-
15 20

-
=

Vee
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Determine the
required values of V.
, Rc5 and Ry for a
fixed-bias
configuration in the
beside picture.




Fixed-Bias Circuit nﬁg,'n'“/
Example Problem 4.3 ~—
I (mA)
60 pA VCE = VCC = 20V at IC = OI’YZA
12+
50 pA
104 IC =& at VCE =0V
40 pA RC
8
v i R=Yee_2Y
20 pA I. 10mA
4
10 pA
2f \ Iy=0pA IB :M
l/ 1 | | \_J; RB
1] 5 10 15 20 Ve
RB - VCC -VBE h 20V -0.7V 77940
IB 254 _
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. Emitter-Stabilized Bias Circuit %

Adding a resistor to the emitter circuit stabilizes the
bias circuit.
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Emitter-Stabilized Bias Circuit ge-Bi#
N—

Base Emitter Loo

Applying Kirchoffs voltage law:
Ve —1pRy =V —1 Ry =0

I, = (B "‘1)[3

Vee —1Rg =V —(B+DI;R, =0

Vee — Ve
B=
Re+(f+1)Re
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Emitter-Stabilized Bias Circuit %

Collector-Emitter Loo

Applying Kirchoffs voltage law:
+I, R, +V g +1 R =V =0

Knowing that I = I. and
solving for V¢

Ver =Vee =1 (Re +R;)
Ve=IgR;

Ve=Ver Vi
Ve=Ve—1-R. Ve=Vee =1z Ry Vy=Var +Vg
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W Emitter-Stabilized Bias Circuit M

For the emitter bias network, determine:
+20V
@). I
(b) IC 2kQ
(C)- VCE 430 kQ 10 pF
(d). Ve [
10 uF
(e)' VB Vi ill B=50
(). Vac
IkQImnF
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. Emitter-Stabilized Bias Circuit %

Improved Bias Stabilit

Adding Rg to the Emitter improves the stability of a
transistor.

Stability refers to a bias circuit in which the
currents and voltages will remain fairly constant
for a wide range of temperatures and transistor
Beta’s (B).

The temperature surrounding the transistor circuit
is not always constant; the Beta () of a transistor
is not a fixed value.
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Emitter-Stabilized Bias Circuit BME/
\
Saturation Level
Vee
Apply a short circuit between the Re
collector-emitter terminals and calculate K{’
the resulting collector current : o
V Vee=o0v
CE,
lcsar = ———
Rc+ Re
Re
The addition of the emitter resistor
reduces the collector saturation level
below that obtained with a fixed bias
configuration using the same collector
resistor _
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P — ——
. Emitter-Stabilized Bias Circuit %

Load Line Analysis

The load line end points }ic
can be calculated:
VCC

4
Ve Cutoff e
Vee =Vec %C .y e

f N
. Sat E \\' =

Vee ’ G

fe= o Ny
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SH \Voltage Devider Bias
B e

Vee

This is a very stable bias
circuit.

The currents and voltages
) . are almost independent of
N variations in p.

ol
A
V

<l Re
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SH \Voltage Devider Bias M

Exact Analysis
The input side of the Voltage

Devider bias circuit can be
redrawn as shown in side
figure. The thevenin
equivalent network for the
network to the left of the base
terminal can then be found in
the following manner:

R.y : The voltage source is ANN o
replaced by a short circuit =

equivalent
Ry =Ry | R, <
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SH \Voltage Devider Bias
B e

B
Ry L
[ 2
-
Thévenin Ery : The voltage
source VCC is
R T returned to the
1 v 0 S network and the open
T e £S TR circuit thevenin
o voltage determine as
2 follows :
= RV,
Elle 17 Nl cox
TH R1 R1+R2
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Voltage Devider Bias

ETH _]BRTH _VBE _IERE =0

Substituting I.=(3+1)lg
] = ET — VBE
B
Ry + (IB +1)RE

For the collector emitter loop:

VCE 73 VCC _Ic (Rc +RE)

- 22 iddhien2007 Al Rights Reserved - http://iddhien.com @ |

11



SH \Voltage Devider Bias
B e

Example
Determine the dc bias voltage V. and the current I for

the voltage deviderconfiguration

+22V

39kQ

10 pF

3.9kQ
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Voltage Devider Bias Mﬁ/
\
Approximate Analysis
The input section of voltage devider bias can be
represented by the network below.
> V. = RZVCC
g =R R
+ Y 5 1 2
Vee = =
- L 1TL VE =% VB s VBE
fz* Ry y R;| Ri® k2
B =1, v
l J. ==£
- = E
RE
Collector Emitter Voltge:
Iy =21y 9V =Vee—1.R.— I R;
VCEQ =Vee _IC(RC +RE)
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SH \Voltage Devider Bias
B e

Repeat the exact analysis of voltage devider bias analysis
if B is reduce to 70, and compare solutions for I, and
VCEQ

+22V

Tabulating The result

3 ICQ(mA) | VCEQ(V)
39kQ 140 0.85 12.22
10 uF 70 0.83 12.46
3.9kQ
iié IsopF
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DC Bias With Voltage FeedBack pe-Biasi*®

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 .

ll Vee

iddhien2007 All Rights Reserved -- http://iddhien.com

13



H DC Bias With Voltage FeedBack g
N—

Base Emitter Loop

Vee = leRe — IgRg = Vge —IeRe = 0

Note: I..= I+ I
but usually Ig << I --so I.. = I

Knowing I, = glg and I = 1
then:
Vee — Plg Re — 1gRg — Ve —flgRe = 0

Simplifying and solving for Ig:
Vee— Ve
B =
Rs+ P(Rc + Re)
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H DC Bias With Voltage FeedBack ge-8ia
4L

Collector - Emitter Loop

IeERg + Vg + IcRc = Ve =0
Since I..= I and IC = gIB
= - Ie
2 Ic(Re + Rg) + Vg — Ve =0 el . O Al
Ver

Vee =Vee—1c (Rc +RE) l,: B
Ie i
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DC Bias With Voltage FeedBack pe-Biasi*?
ﬂ . BJT® /

Example 4.11 = (187)

Determine the quiscent levels of I, and V., for the
network below.

1.2 kQ
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DC Bias With Voltage FeedBack pe-Biasi*®
Example 4.12 > (188)

Repeat the exmple 4.11 using the beta of 135 (50%
more than example 4.11)

10V

1.2 kQ
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DC Bias With Voltage FeedBack pe-Biasi*?
ﬂ . BJT® /

Example 4.13 = (188)

10 uF

Determine the dc level of I and V. for the network of
figure below.

91 kQ 110 kG 10 uF

l

b=75

5100 Isnpp
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I Miscellaneous Bias Configuratige.ﬂ""

Example 4.14 = (190)

For the network of figure below:
(). Determine the Ioo and V¢gq
(b). Find the Vg, V., Vg, and Vi

VCC =20V
Re @ 47kQ
Ry 10 uF
—AAN 3 Yo
680kQ G
10 pF
Vio )| B=120
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H Design Operations

oo

Example 4.19 2> (196)
Given the Device characteristic of the figure (a), and
then determine the V., Rg, and R for the fixed bias
configuration of figure (b)
I (mA) Vee
84
Re
Q-point !BQ=40M
=
0 0V Vg :
(a) (b)
. _ L ‘Qﬂl
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Example 4.20 = (197)

18V

R

R, 10 uF
10 pF e
we—k-
18 kQ
1.2 kQ
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Given the I, = 2 mA, and Vg,
and R for the network below.

= 10V, determine the R;
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Transistor Switching Network - gg-8iasi*®

Transistors with only the DC source applied can be used
as electronic switches.

5V

hpp=125  w—
[IRY

{a)
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Transistor Switching Network - gg-8iasi™®

The transistor will switch between saturation and cutoff

regions. Vee
SYIoHS Icsat =—

Rc
Icsat

Bdc

Also consider the resistance across the transistor at
saturation:

You must ensure that: Iz >

Vcesat
Rsat =

Icsat

The resistance across the transistor in cutoff is
theoretically infinite, but it is calculated:

Rcutoff = iy

Icko
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SVi-0.7 0.1
0.82 k(2 RB T 638kQ a

o Vi

6314

Vee 5V
heg =125 Csat = R = 08240 ~6.1mA
4 .

O k&2

- E
60 A E
’h
’ﬂf“"""\ﬁ s0pA Saturation conditions and the resulting
: terminal resistance
sk 40pA
| S cb} teeo L
+
sF \ 0 iy 3 R=zoon
zr—— \ [ == \
) \m;m E = T
Iy=0uA
T — % —— Cutoff conditions and the resulting
e latoma Vo= sV terminal resistance. -
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Transistor Switching Network - gg-8iasi™®

Example 4.24 = (204)

Determine the Rz and R. for the transistor inverter of
the figure below, if 1., = 10mMA

Vee=10V
Vi Ve
10V 10V 10V
Ve
v, I =250
LAY LAY 0V
i % -
-
- 38 iddhien2007 Al Rights Reserved - http://iddhien.com @ |

19



e PNP Transistors Mm/
\

The analysis for PNP bias transistor circuits is the same
as that for NPN transistor circuits. The only difference is
that the currents are flowing in the opposite direction.

Example 4.27 2 (209)
Determine the VCE for
the voltage-devider bias
configuration of the 10 uF
figure below Ve it
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(Wl Practical Application pr,ﬂ"'"
_PCpurs _~

Relay Driver

Transistor Switch
Constant Current Source
Logic Gates

Current Mirror

Voltage Level Indicator

R =~ W D=
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