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a transistor in order to turn it on so that
It can amplify the AC signal.

e Operating Point

The DC input establishes an operating
or quiescent point called the Q-point.

* The Three States of Operation

1. Active or Linear Region Operation
Base-Emitter junction iIs forward
biased  Base—Collector junction Is
reverse biased.

2. Cutoff Region Operation
Base—Emitter junction is reverse biased.
3. Saturation Region Operation
Base-Emitter junction is forward
biased Base—Collector junction is
forward biased.
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DC Biasing Circuits Jbad¥ <l

* Fixed-bias circuit Culil a3
* Emitter-stabilized bias circuit Sieal) Ee L jlald) 5400
* Collector-emitter loop paaall e lll dilal SLad¥) 3 ).
* \/oltage divider bias circuit agall (s e Jladl 30

* DC bias with voltage feedback dcsal) adaiily jLasy) 5 )



Fixed-bias circuit D0 ol 3Ll 65l
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I Vee o b « The Base-Emitter Loop
¥ From Kirchhoff’s voltage law:
ac "8 tVee —IgRp— Vpp =0
< + f—
Ic output =T . Solving for base current:
X — -_— |
signal Iy % | Iy = Vce — VBE
\ Rp

mput
signal * Collector-Emitter Loop
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Collector current:
c =BlB
From Kirchhoff’s voltage law:

Vce =Vee - IcRe




Load Line Analysis

 Saturation

When the transistor

operating In saturation,
current  through the
transistor is at Its

maximum possible value.

Vee

Veg 20V | Csat = Re
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« Active or Linear Region

The Q-point is the operating point:

» where the value of Ry sets the
value of Ig

» that sets the-values of Vg and I

___—— Load line

!C =0 mA _
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Emitter-Stabilized Bias Circuit [ZY/
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Adding a resistor (Rg) to
' the emitter circuit
stabilizes the bias circuit.
+ CIrcuilt.
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Base-Emitter Loop [Z
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From Kirchhott’s voltage law:
+VCC - IERE _VBE - IERE =0
Since I = (B + DI;:

Vee -1BRg -(B+1)IgRg =0

Solving for IB:

__ Vcc-VEE
RB + (B+1)RE
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Collector-Emitter Loop [ZY/
From Kirchhoft’s voltage law:

IERE+VCE ICRC VCC 0

Since Iz = 1::
Vce =Vee —Ic(Re +REg)

Also: Ve = IRg
Ve =Vce + VE=Vce - IcRe
Ve =Vcc - IrRRB =VRe + VE

+
Vee — Vec




Improved Biased Stability __LZV

Stability refers to a
circuit condition in which

Ve
the currents and voltages &;Cm "ot " R+ Ry

will remain fairly
constant over a wide
range of temperatures
and transistor Beta (f)
values.

Rc Saturation Level

Vee=0V
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VCE cut — VCC

Adding Re to the emitter improves the stability of a transistor.



Voltage Divider Bias >y Ve

This is a very stable bias circuit. TR T
The currents and voltages are nearly independent of - -
- - - C‘
any variations in . R, § l 3 v,
Approximate Analysis v It
Where Iz << |, and I, = 1, Vg = R2Vee : Vg c2
B 1 1=12- B R, + R, g' + |
Where 8 Rz > 10R,;: VE 1 B \/
) © le=R- VE=Vg-V R Q| | - .
Re 2 2 g Cutoff:
E IE
: b o . V = V
From Kirchhott’s voltage law: V=V, — IR, — IR .T_ CE CC
\ — IC = 0mA
Transistor Saturation Level | csat= lcmax = £ Saturation:
Rc +RE | Vcc
Load Line Analysis I 21 Ve =Vl (R +R;)

Vcg =0V



Thévenin

Ver = Vee = Ie(Re + Rp)




DC Bias with Voltage Feedback DAV
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Another way to improve the stability of a “Eji'iéi's"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, f. V;
From Kirchhoff’s voltage law: )|
Ve —1cRc -1gRg - Vge —IgRE =0 [
Where I << I 'e=letlgzle

Knowing I =Blgand Iz =1, : Ve o

Vce -BlgRc —IgRg =Vge —BlgRg =0 .
)
Vee — VBE

“Rg+B(Rc+Rg) + 1

Solving forlg: I




Collector-EmitterrL.oop
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Applying Kirchoff’s voltage law: Ic +V  + I'cRg=V e =0 :

Since I'c=1cand I =Blgt 1(R: + R+ Veg— Vi =0

Solvmg for VCE- VCE = VCC _ IC(RC + RE)
Transistor Saturation Level lcsat= I = Vce
sat max RC + RE

Load Line Analysis

Cutoff:
VCE — Vcc
1. =0mA

v

Saturation:

I VCC

&
RC—|—RE

V.. =0V
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Transistor Switching
Networks u%v
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electronic switches.
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Switching Circuit
Calculations

resistance at saturation Rsat =

Saturation current:

I Csat

To ensure saturation:

|
> Csat
l3 dc
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resistance at cutoff  Reutoff =
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Transistor "on” Transistor Toff™

e Ton =1 + 14 + Transistor switching times:
5 E Loff =15 + 15
o ' E : :
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PNP Transistors toois
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The analysis for prnp transistor biasing circuits
IS the same as that for rpn transistor circuits.
The only difference I1s that the currents are

flowing in the opposite direction.



