ELECTRONICS DEVICES AND CIRCUITS

UNIT -I1
BJT- BIPOLAR JUNCTION TRANSISTOR

Presented by
Mrs. G.Sujana ,Assistant professor
Miss. P.Bhagyalakshmi, Assistant professor
Electronics and Communication Engineering
Narsimha Reddy Engineering College (Autonomous)

Secunderabad, Telangana, India- 500100.

\*( NARSIMHA REDDY ENGINEERING COLLEGE J0c atonemous et o crac

UGC AUTONOMOUS INSTITUTION Approved by AICTE

Permanently affiliated to JNTUH

NRCM

Your roots to success.. Maisammaguda (V), Kompally - 500100, Secunderabad, Telangana State, India



BJT- Bipolar Junction Transistor

The Bipolar junction transistor or BJT is a three-terminal semiconductor device that can act as a conductor or
insulator based on the applied input signal. And due to this property, the transistor can be used as a switch in digital
electronics or as an amplifier in analog electronics.
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The bipolar junction transistor has three doped regions. The emitter, base, and collector.

1.Based on the doping of these three regions NPN or PNP transistor.In the case of the NPN transistor, both emitter and
doped with n-type impurity while the base is doped with a p-type impurity.On the other end, in PNP transistor, the base i
N-type impurity while the collector and the emitter is doped with a P-type impurity.

2.The term bipolar indicates that both electrons and holes contribute to the current. So BJT is current controlled device

3.Inside the BJT, the two PN junctions are formed. One is between the base and emitter and the second is between the base and the

collector . It appears as if two back to back diodes are connected in series.
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Fig. Two PN junctions in Bipolar Junction Transistor



DIFFERENT BJT CONFIGURATIONS:

As mentioned earlier, when BJT is used for the amplification of the signal, it is operated in the active region. And

different ways to configure it.
e Common Emitter (CE),Common Base (CB),Common Collector (CC) Depending on the requirement and the application, the BJT can

be configured in any of the three configurations.

BJT: Three Regions of Operation

Depending on the biasing, the BIT can be operated in three regions.

1) Active region

2) Cut-Off region

3) Saturation region

BIT Region of Operation | Emitter-Base Junction | Collector-Base Junction
Active FB RB
Cut-off RB RB
Saturation FB 8
Reverse- Active RB B
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Working of BJT: i

The figure shown below shows the operation of the BJT in the active region, where the base-emitter junction is forw

biased, while the collector-base junction is reverse biased.

Voltage Notations for the BJT: Vvoltage ANAA—
Vge - Voltage between the base and the emitter (VB -L

- VE) Collector
Vg - Voltage between the base and the ground
Ve- Voltage between the emitter and the ground
Voltage VCE- Voltage between the collector and the Rs T
emitter ARy - " Vce -
Vce =Vc- VE .
(Please note voltage Vge =- Vgg and Ve = -Vee) N

Voltage Vgg and V¢ are the supply voltages.

Fig. Operation of NPN Transistor in the active region
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The relation between the Three currents in Transistor

Different Currents in the Transistors: Lo

Applying KCL, the relation between the three currents can be easily found.
Because of the flow of electrons and holes, three different

currents establish in the transistors. sle=lyvle (1)
The f?gure below shows the three different currents in the The base current is very negligible. (i.e collector current is approximately equal to emitter
transistor. —

« Base current (lg)
« Collector Current (1)

« Emitter Current (Ig) le=ale (2)
Rc
Ic 1J_ ot From equation (1) and (2)
Collector -
| N lE:|B+alE —i—] |E=(1'(X)|3
2
Rs - Vv
= Base P | e Or le=a/(-0)lg  ==> lc=Plg
-
Ves+  VeE N Where p=a/(1-a)
le l TEmitter . . ' | |
- ¥ v - B is known as the current gain. And typically, its value varies from 20 to 400 from transistor to
transistor,

Fig. Different Currents in NPN Transistor



Current Amplifcaton Factor

I 4 trnsistor ampfier with . mput signal, th rato of change m outpt
ourent 0 the change In imput cursent 1 known s the current amplfication
factor,

A

nthe CB configuraio th curent amplfcation factor, 0= j
|

N,

nthe CE configuraton thecurent amplfication acor, = — T
j

A
nthe CC confguration the current amplfication fctor, ywﬁ
B

Relationship betweenaand B We know that Al = Al +

By definition, Al- = aAlg
Therefore, Al = Al + Al
1.6 Al =AI (1 -

Dividing both sides by AI, we get

AIB E
AL - F(l )
1 1
Therefore, - LS
b= a
. p | 1
Rearranging, we also get o= i+ ﬁ)’ or ——B=l

From this relationship, it is clear that as azapproaches unity, fapproaches infin-

ity. The CE configuration is used for almost all transistor applications because
of its high current gain, .




Relation among @, fandy Tn the CC transistor amplifer circu, I is the

input current and [ 1s the output current,
Al
1=
A
Substituting Ay =AL-Al, we gt
A
}’ -
Alp-Al,
Dividing the numerator and denominator on RHS by Al, we get

i
Al l

"N, A, 1-a

l
ym—= 1)
y i3 (B+1) (4.26)
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BJT CONFIGURATION :

The Three types of configurations are
1.Common Base

2.Common Emitter

3.Common Collector

In every configuration, the emitter junction is forward biased and

the collector junction is reverse biased



Common Base C'B Configuration

The name itself implies that the Base terminal is taken as
common terminal for both input and output of the transistor.
The common base connection for both NPN and PNP
transistors is as shown in the following figure.

Common Base Connection
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let us consider NPN transistor in CB configuration. When the emitter
voltage isapplied, as it is forward biased, the electrons from the
negative terminal repel the emitter electrons and current flows
through the emitter and base to the collector to contribute collector
current.

The collector voltage V¢ is kept constant throughout this.In the CB
configuration, the input current is the emitter current Iz and the output

current is the collector current I¢
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This decrease in effective base-width has three consequences:

(i) There is less chance for recombination within the base region. Hence, a increases with increasing |VCB]|.

(i) The charge gradientis increased within the base, and consequently, the current of minority carriers injected across the emitt
increases.

(iii) For extremely large voltages, the effectivebase-width may be reduced to zero, causing voltage breakdownin the transistor. This
phenomenon is called the punch through



Transistor parameters(h-parameters)

(a)Input impedance (hib) : It is defined as the ratio of the
change in (input) emitter voltage to the change in (input)
emitter current with the (output) collector voltage VCB
kept constant. Therefore

— V.. constant
AL’ CB
E

hy =
() utputadmittance h,) 115 defned s the ratoofchang n the output
colletor current to the conresponding change in the {output)collor voltag
Wit the (imput) emutercurnent I kept comstant, Therefore
Ay

hy: i — [ consant A1)

() Forward current gain (hfe) [t 18 defined as a ratio of the cha
put) collector current to the corresponding change in the (Inpuy vase vurieu
keeping the (output) collector voltage V5 constant. Hence,

Al

A 1 , Vg constant (4.20)

hy =

It 15 the slope of - versus I curve. Its typical value varies from 20 to 200.

(d) Reverse voltage gain (h,,) It is defined as the ratio of the change in the
(input) base voltage and the corresponding change in (output) collector voltage
with constant (input) base current, I, Hence,

h, = AV, » Iy constant (4.21)

It is the slope of ¥y versus V. curve, Its typical value is of the order of 107
to10™



Common Emitter CE Configuration

The name itself implies that the Emitter terminal is taken as common ter
both input and output of the transistor. The common emitter connection for

both NPN and PNP transistors is as shown in the following figure.

Common Emitter Connection
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Fig. 4.10 Circuit to determine CE static characteristics
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Common Collector CC Configuration

The name itself implies that the Collector terminal is taken as common terminal for both input and output of
transistor. The common collector connection for both NPN and PNP transistors is as shown in the following figu

Common Collector Connection
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Fig. 4.13 Circuit to determine CC static characteristics
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Table 4.1 A comparison of CB, CE and CC configurations

Property
Input resistance Low (about 100 Q) Moderate High
(about 750Q2) (about 750 k)

Output resistance  High Moderate Low

(about 450k€) (about 45 kQ) (about 25Q)
Current gain 1 High High
Voltage gain About 150 About 500 Less than 1
Phase shift between 0 or 360° 180° 0 or 360°
input & output
voltages
Applications for high frequency for audio frequency for impedance

circuits circuits matching




	Slide 1: ELECTRONICS DEVICES AND CIRCUITS
	Slide 2: BJT- Bipolar Junction Transistor
	Slide 3
	Slide 4
	Slide 5: Working of BJT: The figure shown below shows the operation of the BJT in the active region, where the base-emitter junction is forward biased, while the collector-base junction is reverse biased.
	Slide 6
	Slide 7: Different Currents in the Transistors:
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: EARLY EFFCET OR BASE WIDTH MODULATION :
	Slide 13: Transistor parameters(h-parameters)
	Slide 14: Common Emitter CE Configuration
	Slide 15
	Slide 16: Common Collector CC Configuration
	Slide 17
	Slide 18

