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Abstract
“Another decade is probably straightforward. There is certainly 
no end to creativity”, Gordon Moore, Intel Chairman Emeritus 
of the Board. This is the age of Solid state electronics. In almost 
all applications, Vacuum Tubes have been replaced by Solid 
State Devices, Transistors because of their inherent advantages 
over vacuum tube. This paper gives comprehensive overview of 
Transistors, the Building Blocks of Digital Revolution.
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Abbreviations 

NPN P type material is sandwich between 
2 N type Material

PNP N type material is sandwich between 
2 P type Material

BJT Bipolar Junction Transistor

FET Field Effect Transistor

MOSFET Metal Oxide Semiconductor FET

IGFET Insulated Gate FET

I. Introduction
The term transistor was derived from the words TRANSfer and 
reSISTOR and is a small electronic device that can cause changes 
in a large electrical output signal by small changes in a small 
input signal.  That is, a weak input signal can be amplified (made 
stronger) by a transistor. A transistor consists of three layers of 
silicon or germanium semiconductor material. Impurities are added 
to each layer to create a specific electrical positive or negative 
charged behavior. “P” is for a positive charged layer and “N” is 
for a negative charged layer. The transistor consists of three leads 
of a bipolar transistor are called the Emitter, Base, and Collector.  
Transistors are either NPN or PNP in the configuration of the 
layers. Few points related to transistors are given below:

Bipolar transistors are so named because the controlled • 
current must go through two types of semiconductor material: 
P and N. The current consists of both electron and hole flow, 
in different parts of the transistor
Bipolar transistors consist of either a P-N-P or an N-P-N • 
semiconductor “sandwich” structure.
Transistors function as current regulators by allowing a small • 
current to control a larger current. The amount of current 
allowed between collector and emitter is primarily determined 
by the amount of current moving between base and emitter.
In order for a transistor to properly function as a current • 
regulator, the controlling (base) current and the controlled 

(collector) currents must be going in the proper directions: 
meshing additively at the emitter and going against the emitter 
arrow symbol.

A. Working
When current flows through the base emitter junction, electrons 
leave the emitter and flow into the base. However the doping in this 
region is kept low and there are comparatively few holes available 
for recombination. As a result most of the electrons are able to 
flow right through the base region and on into the collector region, 
attracted by the positive potential. Only a small proportion of the 
electrons from the emitter combine with holes in the base region 
giving rise to a current in the base-emitter circuit [2-3].

II. History
In the earlier times engineers used vacuum tubes and 
electromechanical switches for their electronics circuits, 
television, and radio. Vacuum tube played an important role in 
the emergence of home electronics and in the scientific discoveries 
and technical innovations which are the foundation of our modern 
technology.  Due to vacuum tube’s large size, bulkiness, too much 
energy consumption and overheating scientists were looking for a 
alternatives which is free from all above given disadvantages. Then 
after approximately 50 years of use of vacuum tubes scientists 
John Bardeen, Walter Brattain and William Shockley invented 
transistor which is being used till date from last six decades, this 
was a new five star rated thing for the world of electronics which 
had characteristics which could be used to overcome many of the 
fundamental limitations of vacuum tubes. Transistor had a very 
long life, small in size, lightweight, mechanically rugged, no extra 
heating and required no filament current. Transistors were used 
from that times till now, new advancements and up gradations were 
done to make transistors more efficient. Few major companies  
including  Bell labs/\Western Electric, Fairchild, general Electric, 
Motorola, Philco, Ray theon, RCA, Texas instruments [1, 4].  

Fig. 1: First Transistor Model Prepared at Bell Labs
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The first types of transistors available in the 1950s were made from 
germanium, which is an element known as a semiconductor, which 
is a category of material that is neither fully conducting nor fully 
insulating when an electrical voltage is applied. Semiconductors 
are ideally suited for the construction of amplifying crystals. 
Another semiconductor element, silicon, was the basis for 
extensive research in the early 1950s because it was recognized that 
transistors fabricated from silicon would have superior performance 
at higher operating temperatures. By 1954, commercial silicon 
transistors were available from Texas Instruments and the basic 
concepts used in the development of these devices have been 
continuously improved over the decades and have led directly to 
the development of today’s integrated circuit and microprocessor 
devices. During these first two decades of transistor history, a 
variety of different device types were developed [5]. Table 1 shows 
the evolution of transistors.

Table 1: Evolution of Transistors
Year Description

1947
At Bell labs first transistor is discovered by 
William Shockley, John bardeen and Walter 
Brattain. 

1950 Most commonly used bipolar junction 
transistor is developed by William Shockley.

1954
First transistor radio, the Regency TR1, was 
launched into the market contained just four 
transistors.

1961 First patent is awarded to Robert Noyce for an 
integrated circuit.

1965 Moore’s law is given by Gordon Moore.

1969 Intel develops the first successful PMOS 
silicon transistor technology.

1971 Intel launches first microprocessor in which 
2250 transistors were used.

1985 Intel 386 microprocessor is released consists 
275000 transistors.

2002

Intel unveils several technology breakthroughs 
in its forthcoming 90nm process technology, 
including higher performance, lower power 
transistors, strained silicon, high speed 
copper interconnects and a new low-k 
dielectric material .

2007 Intel reveals breakthrough transistors 
materials.

2011
Intel announces that it is about to put a 
radically new transistor design into volume 
production.

Source: Intel Corporation [6]
Fig. 2, shows the earlier symbol of transistor.

Fig. 2: Earlier Transistors Symbols

III. Classification

A. Bipolar
A bipolar (junction) transistor (BJT) is a three-terminal 
electronic device may be used in amplifying or switching 
applications. Bipolar transistors are so named because their 
operation involves both electrons and holes. 

B. Unipolar
The field-effect transistor (FET), sometimes called a unipolar 
transistor, uses either electron (in N-channel FET) or holes 
(in P-channel FET) for conduction. The four terminals of the 
FET are named source, gate, drain, and body (substrate).

C. NPN
NPN is one of the two types of bipolar transistors, consisting 
of a layer of P-doped semiconductor (the “base”) between two 
N-doped layers.

D. PNP
The other type of BJT is the PNP, consisting of a layer of 
N-doped semiconductor between two layers of P-doped 
material.

E. FET
The field-effect transistor (FET) is a transistor that uses an electric 
field to control the shape and hence the conductivity of a channel of 
one type of charge carrier in a semiconductor material.

F. Unijunction
A unijunction transistor (UJT) is an electronic semiconductor device 
that has only one junction.

G. JFET
The junction gate field-effect transistor (JFET or JUGFET) 
is the simplest type of field-effect transistor. It can be used 
as an electronically-controlled switch or as a voltage-
controlled resistance. Electric charge flows through a 
semiconducting channel between “source” and “drain” terminals. 
By applying a bias voltage to a “gate” terminal, the channel is 
“pinched”, so that the electric current is impeded or switched off 
completely.
JFET is further characterized as N-Channel and P-Channel. 

H. MOSFET (IGFET)
The metal–oxide–semiconductor field-effect transistor (MOSFET, 
MOS-FET, or MOS FET) is a transistor  used for  amplifying or 
switching electronic signals. Although the MOSFET is a four-
terminal device with source (S), gate (G),  drain (D), and body 
(B) terminals,[1] the body (or substrate) of the MOSFET often 
is connected to the source terminal, making it a three-terminal 
device like other field-effect transistors. 

I. Enhancement
Enhancement-mode MOSFETs are the common switching 
elements in most MOS logic families. These devices are OFF at 
zero gate–source voltage, and can be turned on by pulling the gate 
voltage in the direction of the drain voltage; that is, toward the 
VDD supply rail, which is positive for NMOS logic and negative 
for PMOS logic.
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J. Depletion
In a depletion-mode MOSFET, the device is normally ON at zero 
gate–source voltage. Such devices are used as load “resistors” 
in logic circuits (in depletion-load NMOS logic, for example). 
For N-type depletion-load devices, the threshold voltage might 
be about –3 V, so it could be turned off by pulling the gate 3 V 
negative (the drain, by comparison, is more positive than the 
source in NMOS). In PMOS, the polarities are reversed.
Fig. 3, shows the classification of transistor.

Fig. 3: Classification of Transistor [7-8]

IV. Biasing
In general all electronic devices are nonlinear, and device operating 
characteristics can vary significantly over the range of parameters 
over which the device operates. The purpose of a biasing circuit 
is to establish an operating point for the BJT, which provides 
linear operation and good stability with regard to variations of 
temperature as well as manufacturing parameters for proper 
operation of the amplifier circuit, Biasing arrangement should 
ensure the following points:

The Biasing arrangement should fix the operating point Q • 
so that equal amplification should take place during positive 
and negative cycles of the input signal.
The operating point should not allow the device to go into • 
saturation.
The operating point should be stable against temperature • 
changes.

V. Moore’s Law
1965: Gordon Moore plotted transistor on each chip. Fit straight 
line on semilog scale Transistor counts have doubled every 26 
months [9].

VI. Conclusion
Modern silicon commercial transistors may be smaller than 45 
nanometers in size. They’re so small that NVDIA’s new graphics 
card (codenamed GF100) has more than 3 billion transistors, 
the most ever jammed into one chip. And these transistors are 
behemoths compared to what’s coming in the future [3]. “Another 
decade is probably straightforward. There is certainly no end 
to creativity”, Gordon Moore, Intel Chairman Emeritus of the 
Board.
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