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Biasing Circuit OF CE > Ubs-hw)-'ba-’ sV Ob,l>
BJT Transistors %"f BJT
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The DC voltages applied to a transistor in order to turn it on so
that it can amplify the AC signal.

The Three States of Operation:

» Active or Linear Region Operation

Base—Emitter junction Is forward biased Base—Collector junction is
reverse biased.

» Cutoff Region Operation
Base—Emitter junction is reverse biased.
« Saturation Region-Operation

Base—Emitter junction Is forward biased Base—Collector junction is
forward biased.
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DC Biasing Circuits ﬁ%v )=Vl Oyl
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» [ixed-bias circuit «wlJl jL=iVl$,l>

» Emitter-stabilized bias circuit jsiswedl Gclll ju=il 6,1
» Collector-emitter loop. go=xoll wclll asl=) L=Vl 61>
»\/oltage divider bias circuit ag=dl S =0 ;L=il 8,0>

» DC bias with voltage feedback awwse @i L=Vl 61>



Fixed Bias Circuit DAV

The Base-Emitter Loop deola Collector-Emitter Loop
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From Kirchhoff’s voltag ' S Collector current:
law: +Vee - 1gRg — Ve =0 VoE E IC =Blg
Solving for base current: From Kirchhoff’s voltage law:
Iy = Vcc — VBE 1

R = Vce =Vcc —IcRce
B



Load Line Analysis
« Saturation EL%V

s 1. When the transistor Is opérating In saturation, current through
Saturatign the transistor is at its /max/imum possible value.

‘l/ecs V ~ OV Ve
F CE = lCsat = R~
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/ A » Active or Linear Region

_ Q-point 1, The Q-point is the operating point:
VCE =OV — “
» where the value of Rg sets
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Circuit Values Affect D
the Q-Point s
Vcc Variable Rc Variable s VVariable
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Emitter-Stabilized Bias Circuit EL%D
.

Adding a resistor (Rg) to the emitter circuit stabilizes
the bias circuit. circuit. g Ve

Vyo——)|

Emitter-Stabilized
Bias Circuit




| Emitter-Stabilized Bias Circuitl PA

Base-Emitter Loop o

From Kirchhoff’s voltagelaw: +Vcc -1gREg - VeeslERE =0 _

Since lc=(B + 1)lg: VCC_IBRB_(ﬁ_I_l)IBRE =0

Solving for IB: Ig = Vec - VBE
RB + (B + 1)R E
Collector-Emitter Loop
From Kirchhoft’s voltagelaw:  VWeRe £ Ve | -Re.=
Since IE=IC: Vee =Vee —1c(Re +Rg)

VE =1gRE
Ve =Vce + VE=Vce - IcRe
Ve =Vce - IRRB =VRe + VE

Also:

VCC

=0

Base-Emitter Loop
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Improved Biased Stability %V
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Adding Re to the emitter improves
the stability of a transistor.

-point I
0-po 5

Vee
RC+RE

| .
Csat

T
L I VCE cut — VCC Vcr: VCE

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



Voltage Divider Bias u%
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This Is a very stable bias circuit.
The currents and voltages are
nearly Independent of any
variations in .

Vee

“ oV,

Rg BRE = IORJ




Voltage Divider Bias P o
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Approximate Analysis

RoVee >
R1+R2 £20 il

Vg ;
lg = S VE = VB VBE % RS BR:= 10R,
E
R

Where BR; > 10R,:

From Kirchhoff’s voltage law: Ve =Vee — |E e L
_ . Bt | -
Transistor Saturation Level Csat= 'Cmax = RC o RE
Load Line Analysis = Ve =Vee—1.(R. +R;)
Vv
Vce =Vee g ==
Cutoff: Saturation: € Rc+RE
IC = 0mA

Vee =0V
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DC Bias with Voltage
Feedback %
ke
* Another way to improve the stability of a bias circuit is to
add a feedback path from collector to base. g’cc

* I[n this bias circuit the Q-
point Is only slightly
dependent on the transistor
beta, B Vo )\
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DC Bias with Voltage
Feedback %

Base-Emitter Loop
From Kirchhoff’s voltage law:

Vee —IcRc —1BRg — Ve — IgRE =0

I

WhereIB << IC: IlC:IC—I_IB C

Knowing I = Blg and"l; = Ig;the leop

equation becomes: Voo ==

Vee —BlgRc —1gRp = Vg =BlgRE =0

LA NYEaTABE
Rg +B(Rc +REg)

Solving for lg: Ipg




Collector-Emitter L.oop PAV

i

-::ULz_uJI CL +
Applying Kirchoff’s voltage law: le + Vet 'cRe =V =0 Re
Since I'c = 1 and 1 = Blg! lc(Rc + Rg) + Vg — Ve =0 —
Solving for V! Ve = Ve — Io(Re + Rg)

_ _ Ve
Transistor Saturation Level ICsat= ICmax — R
C+RE
LLoad Line Analysis
Cutoff: Saturation:
\/
_ . CC

C E

I =0mA V.. =0V
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Transistor Switching
Networks
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Transistors with only the DC seurce applied can be
used as electronie switehes:

LV
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Saturation current:

V ICsat
I"Mt =g uiC Ig >

Switching Circuit
Calculations PA
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I (mA) RC BCk:
60 pA To ensure saturation:

saturation and cutoff:

5 40 pA
4
el R — VCEsat
3 20 pA Sa.t e ICsat
; 10 A
| | W ~ Vce
0 | > 13 4 s Ver cutoff —
S Fepo 0w Vo=V | ceo

o EMitter-collector resistance at



Transistor switching times: E%V

Transistor "on"” Transistor Toff™

90D
I ! ]
] [ | ]
- " ;
I ] ]
Ilh =1, +1 : ; :
on I d . : .
I [ | ]
- " :
- 5 S
— —_— —
10%9 - ' | .
o + : : :
. : : —l--: r., :--— :
. e e
‘ 1
—_— :-—cr— _"‘: I oaf -
iLn



_ [y
PNP Transistors T

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.
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