Programme-
Course -
Course Code-
Sem-

Year-

Unit-

Topic-
Sub-Topic-

Faculty-

E-mail-

B-TECH
Basics of Electronics Engineering
ES-211
Il sem
2020-21
1 (Part-3)
BJT
BJT symbols, Theory, Characteristics, CE, CB,
application, Packages
Chetanya Gupta

hod.ee@monad.edu.in



BJT (Bipolar Junction Transistor)

Transistors are one of the very important components used in electronic circuit
constructions. These humble components can almost be found everywhere; from
simple relay driver circuits to complex motherboard circuits, transistors prove their
presence. In fact, your microcontrollers and microprocessors are nothing but a
collection of a large number of transistors synthesized to perform a collective operation.
Do remember that many switching devices like BJT, MOSFET, IGBT, SCR, TRIAC, DIAC,
etc. can be collectively called transistors. But, the most basic (oldest) of the transistor
is the BJT Transistor, hence in this article, we get into details of that, you can use the
links to learn more about other power switches.

BJT is the short form of Bipolar Junction Transistor, it is a solid-state current-controlled
device which can be used to electronically switch a circuit, you can think of it as your
normal Fan or Light switch, but instead of you turning it on manually it can be controlled
electronically. Technically speaking, BJT is a three-terminal device with an Emitter,
collector, and a base pin, the current flow through the emitter and collector are
controlled by the amount of current applied to the base. Again you can think of emitter
and collector as the two ends of your switch and instead of pressing the switch, we
have the base pin which can receive the control signal.

Symbol of BJT Transistors

Let's start with the symbol of transistors so that you can identify them in a circuit. The
below diagram shows the symbols of the two types of transistors. The one on the left is
the symbol of the PNP transistor and the one on the right is the symbol of the NPN
transistor. As | said, you will be able to see the three terminals Emitter, Collector, and
Base for both the type of Transistor.
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Emitter Emitter
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The difference between the PNP and NPN transistors is that the arrow mark at the
emitter end if you have noticed, the arrow in the PNP transistor is mentioned as moving
from the emitter to the base whereas in the NPN transistor the arrow will be moving
from the base to the emitter. The Direction of the arrow represents the direction of
current flow in the transistor, in PNP the current will be flowing from emitter to base,
similarly in the NPN transistor current will be flowing from the base to emitter.
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Working of Transistor (BJT)

Practically the working of a transistor is very simple, it can be used as a switch or as an
amplifier. But for basic understanding lets start with how transistor as a switch works in
a circuit. A typical working of PNP transistor BC558 is shown below, Apart from this the
BC547, 2N2222, BC557 are few among the popular transistors that are most commonly
used.

As you can see when a control voltage is provided to the base pin, the required base
current (Is) flows into the base pin which is controlled by a base resistor. This current
turns on the transistor (switch is closed) and allows the current to flow from collector to
emitter. This current is called the collector current (Ic) and the voltage across the
collector and emitter is called Vge. As you can see in the image, we are using a low-level
voltage like 5V to drive a higher voltage load of 12V using this transistor.

Now for the theory, consider an NPN transistor, the BE junction is forward biased and



the CB junction is reverse biased. The width of the depletion region at the Junction CB is
higher when compared with the depletion region of the Junction BE. When the BE
junction is forward biased it decreases the barrier potential, hence the electrons start
flowing from the emitter to the base. The base region is very thin and it is lightly doped
when compared with other regions, hence it consists of a very small number of holes,
the electrons that are flowing from the emitter will recombine with the holes present in
the base region and start to flow out of the base region in the form of the base current.
A large number of electrons that are left will move across the reverse bias collector

junction in the form of the collector current.
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Based on the Kirchoff’s Current Law, we can frame the current equation as

le=ls+lc

Where, I, Is, and Ic are the emitter, base, and collector current respectively. Here the
base current will be very small when compared with emitter and collector current,
therefore, Ie ~ Ic

Similarly, when you consider the PNP Transistor, they operate in the same way as the
NPN transistor, but in NPN transistors the majority charge carriers are holes (Positively
charged particle) but in the NPN transistor the charge carriers are the electrons
(negatively charged particle).

Characteristics of BJT

BJT can be connected in three different configurations by keeping one terminal
common and using the other two terminals for the input and output. These three types
of configurations respond differently to the input signal applied to the circuit because of
the static characteristics of the BJT. The three different configurations of BJT are listed
below.

« Common Base (CB) configuration



« Common Emitter (CE) configuration
« Common Collector (CC) Configuration

Among these, the Common Base configurations will have voltage gain, but no current
gain, whereas the Common Collector Configuration has current gain, but no voltage gain
and the Common Emitter Configuration will have both current and voltage gain.

Common Base (CB) Configuration

The Common Base configuration is also called as the grounded base configuration,
where the base of the BJT is connected as a common between both the input and
output signal. The input to the BJT is applied across the Base and Emitter Terminals
and the output from the BJT is obtained across the Base and Collector terminal. The
input current (Ie) flowing through the emitter will be quite higher when compared with
both the Base current (Is) and the Collector Current (Ic) as the emitter current is the sum
of both the Base current and Collector current. Since the collector current output is less
than the Emitter current input the current gain of this configuration will be unity (1) or
less.
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Input characteristics

The input Characteristic curve for the Common Base configurations is drawn between
the emitter current leand the voltage between the base and emitter Ves. During the
Common base configuration, the Transistor gets forward biased hence it will show
characteristics similar to that of the forward characteristics of a p-n diode where
the Ie increases for fixed Ves when Vcs increases.

IEA(mA) If = Emitter Current
VIB = Emitter Base Voltage
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Output Characteristics

The output characteristics of the Common Base configuration are given between the
collector current Ic and the voltage between the collector and base Vcs, here the emitter
Current [e is the measuring parameter. Based on the operation, there are three different
regions in the curve, at first, the active region, here the BJT will be operating normally
and the emitter junction is reverse biased. Next comes the saturation region where both
the emitter and collector junctions are forward biased. Finally, the cutoff region where
both emitter and the collector junctions are reverse biased.
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Common Emitter (CE) Configuration

The Common Emitter Configuration is also called the grounded emitter configuration
where the emitter acts as the common terminal between the input applied between the
base and emitter and the output obtained between the collector and the emitter. This
configuration produces the highest current and power gain when compared with the
other two types of configurations, this is because of the fact that the input impedance is
low as it is connected to a forward-biased PN junction whereas the output impedance is
high as it is obtained for the reverse-biased PN junction.
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Input Characteristics

The input characteristics of the Common Emitter configuration are drawn between the
base current Is and the voltage between the base and emitter Vese. Here the Voltage



between the Collector and the emitter is the most common parameter. If you could see
there will not be much difference between the characteristic curve of the previous
configuration except for the change in parameters.
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Output Characteristics

The output characteristics are drawn between the Collector Current Ic and the voltage

between the collector and the Emitter Vce. The CE configuration also has the three

different regions, in the active region the collector junction is reverse biased and the

emitter junction is forward biased, in the cut-off region, the emitter junction is slightly

reverse biased and the collector current is not completely cut off, and finally, in

the saturation region, both the collector and the emitter junctions are forward biased.
IC/\(IIIA) Ic = Collector Current
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Application of Bipolar Junction Transistors (BJT)

BJT can be used in various kinds of applications such as logic circuits, amplification
circuits, oscillation circuits, multi-vibrator circuits, clipping circuits, circuits of the timer,
time delay circuits, switching circuits, etc.

Types of packages
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