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BJT Transistors

e Atransistoris a device which acts like a
controlled valve. The current flow
permitted can be controlled.

C iv +
 The bipolar junction transistor (BJT) is a :
three-terminal electronic valve - the output —ip_ B ':

(collector) terminal current-voltage

characteristics are controlled by the

current injected into the input port (base). vBR
The BJT is a semiconductor device

constructed from two pn junctions. There _
are two types of BJT: pnp and npn. Figures - -
1 and 2 show the circuit symbols and

common current and voltage polarities
during normal (active) operation.
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Amplification occurs 1n the active region. Clipping occurs when the instantaneous operating point enters
saturation or cutoff. In saturation. veg < 0.2 V.
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Calculate the transistor operating point (I_, V) in the following

circuits assuming p=100, V,. = 0.7V and V

the region of operation?
+10 V +10 V

Re = 47 ki) 47 k)
+6V
§ 3.3 k()
1.=0.99 mA 1.=09mA =
V.=2V V=02V

. Active | . Saturation

I=0mA|=

= 0.2 V. What s

CEsat

10V

Ro = 47 k0

R‘r_.' — 3.3 k!!

V=10V

. Cut-Off



Example: Calculate the base, collector, and emitter
curents and the C-E voltage for a common-emitter
circuit. Calculate the transistor power dissipation.
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Example: Calculate the currents and voltages in a circuit

when the transistor is driven into saturation. Assume g
=100, Vge(on) =0.7 V, and V(sat) = 0.2 V.
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Introduction to BJT Small Signal
Analysis

CHAPTER 5
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Introduction

*To begin analyze of small-signal AC response of BJT
amplifier the knowledge of modeling the transistor is
Important.

*The input signal will determine whether it's a small signal
(AC) or large signal (DC) analysis.

*The goal when modeling small-signal behavior is to make of
a transistor that work for small-signal enough to “keep
things linear” (i.e.: not distort too much) [3]

*There are two models commonly used in the small signal
analysis:

a) r, model
b) hybrid equivalent model



Introduction

Disadvantage

= R, model

e Fails to account the output impedance
level of device and feedback effect from
output to input

= Hybrid equivalent model

e Limited to specified operating condition
in order to obtain accurate result



Amplification in the AC domain

* The transistor can be employed as an
amplifying device. That is, the output
sinusoidal signal is greater than the input

signal or the ac input power is greater than ac
Input power.

 How the ac power output can be greater than
the input ac power?



Amplification in the AC domain

= Conservation; output
power of a system
cannot be large than its
input and the efficiency
cannot be greater than 1

= The input dc plays the
important role for the
amplification to
contribute its level to the
ac domain where the
conversion will become

as nN= Po(ac)/ IDi(dc) B




Amplification in the AC domain

* The superposition theorem is applicable for the analysis and
design of the dc & ac components of a BJT network,
permitting the separation of the analysis of the dc & ac
responses of the system.

* In other words, one can make a complete dc analysis of a
system before considering the ac response.

* Once the dc analysis is complete, the ac response can be
determined using a completely ac analysis.
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BJT Transistor Model

Use equivalent circuit

Schematic symbol for the device can be replaced by this
equivalent circuits.

Basic methods of circuit analysis is applied.
DC levels were important to determine the Q-point

Once determined, the DC level can be ignored in the AC
analysis of the network.

Coupling capacitors & bypass capacitor were chosen to have a
very small reactance at the frequency of applications.



BJT Transistor Model

The AC equivalent of a network is

obtained by:

1. Setting all DC sources to zero & replacing them by a short-
circuit equivalent.

2. Replacing all capacitors by a short-circuit equivalent.

3. Removing all elements bypassed by short-circuit
equivalent.

4. Redrawing the network.

21



DC supply = + O/p coupling

“0” potential J . I capacitor =2 s/c
= -2 + Large values

* Block DC and

pass AC signal

+I/p coupling

capacitor =2 s/c
+ Large values

* Block DC and
pass AC signal + Bypass

capacitor =2 s/c

Voltase-divider confiouration
2 . *Large values

under AC analysis

Eedraw the voltage-divider
configuration after retnowing dec
supply and insert sfc for the
capacitors




Trarzistar small-
signal ac
equivalent cot

|

Redrawn for small-signal AC analysis
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Example

Vee
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Example

Transistor small-signal
ac equivalent circuit
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The re transistor model

e Common Base PNP Configuration

I,=-1,
-
!
o(C
 —
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Common Base PNP Configuration

* Transistor is replaced by a single
diode between E & B, and

il control current source between
L B&C
| P * Collector current Ic is controlled
T by the level of emitter current
I le.
°8 * For the ac response the diode

can be replaced by its
equivalent ac resistance.



Common Base PNP Configuration

 The ac resistance of a
diode can be
determined by the
equation;

Where | is the dc

current through the
diode at the Q-point.
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Common Base PNP Configuration

* Inputimpedanceis
relatively small and

- output impedance quite
- high.
ll:le IC
— —
Eo o(C
e
i Z,
{ e } =, , * range from afew Qto
l max 50 Q
Bo .

o -

e Typical values are in the
M Q
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The common-base characteristics

A I, (mA)
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I;=2mA

1E=1mA

IE=OmA
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Voltage Gain

=1,
—

o S——
L BIT
" common-base

" Z.i transistor

; amplifier

o—
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Current Gain

The fact that the polarity of the V_ as determined by the
current I is the same as defined by figure below.

It reveals that V_ and V, are in phase for the common-base
configuration.

li=1, I.=al,
o— I 1,=-1,
+ BIT -
common-base ¢
V | transistor ¥ = Ry 'V
Z; Z() = OOQ
' amplifier
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Common Base PNP Configuration

[=-1I, f=] [=-1, =1,
Ec<— <'--ﬁ’DC E o - - oC
Z!‘ /" Z,‘ XII
l J I x ; I.=al, ;
Bo o B Bo 1 0B

Approximate model for a common-base npn transistor configuration



Example 1: For a common-base configuration in figure
below with Ic.=4mA, 0=0.98 and AC signal of 2mV is
applied between the base and emitter terminal:

a) Determine the Z;b) Calculate A, if R, =0.56kQ

c) Find Z, and A,
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Solution:
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Example 2: For a common-base configuration in previous
example with 1,.=0.5mA, a=0.98 and AC signal of 10mV is

applied, determine:
a) Z b)V,ifR=1.2kQ <c)A, d)A e)l,
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Common Emitter NPN Configuration

* Base and emitter are ,
input terminal

O

* Collector and emitter
are output terminals I v
N




Common Emitter NPN Configuration

e Substitute re
equivalent circuit

{ I.=BI,
Iy

* Current through diode

- r¢
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* |nput impedance
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The output graph
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Output Impedance Z,

Zo
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Voltage Gain

Current Gain
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re model for common-emitter

b o 0

e o } 0 ¢
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Example 3: Given =120 and Ig4,=3.2mA for a common-
emitter configuration with ro= « Q, determine:

a) Z; b)A,if aload of 2 kQ is applied c) A, with the 2 kQ load
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Example 4: Using the npn common-emitter configuration,
determine the following if =80, Ig4,=2 mA and r,=40 kQ

a) Z b) Aif R, =1.2k Q  ¢) Avif R,=1.2k Q
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Common Collector Configuration

* For the CC configuration, the model defined
for the common-emitter configuration is
normally applied rather than defining a model

for the common-collector configuration.



