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 ABSTRACT 

Semiconductor devices can display a range of useful properties 
such as passing current more easily in one direction than the 
other, showing variable resistance, and sensitivity to light or 
he Almost all of today's electronic technology involves the use 
of semiconductors, with the most important aspect being 
the integrated circuit (IC). Some may be applicable for 
standard signal applications, others for high frequency 
amplifiers, while other types may be applicable for power 
applications and harsh environments or others for light 
emitting applications. All these different applications tend to 
utilise different types of semiconductor materials. As 
semiconductor devices have no filaments, hence no power is 
needed to heat them to cause the emission of electrons. 

SEMICONDUCTERS 

Semiconductors are crystalline or amorphous solids with 
distinct electrical characteristics.[1] They are of high electrical 
resistance — higher than typical resistance materials, but still 
of much lower resistance than insulators. Their resistance 
decreases as their temperature increases, which is behavior 
opposite to that of a metal. Finally, their conducting 
properties may be altered in useful ways by the deliberate, 
controlled introduction of impurities ("doping") into 
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the crystal structure, which lowers its resistance but also 
permits the creation of semiconductor junctions between 
differently-doped regions of the extrinsic 
semiconductor crystal. The behavior of charge carriers which 
include electrons, ions and electron holes at these junctions is 
the basis of diodes, transistors and all modern electronics. 

Semiconductor devices can display a range of useful properties 
such as passing current more easily in one direction than the 
other, showing variable resistance, and sensitivity to light or 
heat. Because the electrical properties of a semiconductor 
material can be modified by doping, or by the application of 
electrical fields or light, devices made from semiconductors 
can be used for amplification, switching, and energy 
conversion. 

The modern understanding of the properties of a 
semiconductor relies on quantum physics to explain the 
movement of charge carriers in a crystal lattice.[2] Doping 
greatly increases the number of charge carriers within the 
crystal. When a doped semiconductor contains mostly free 
holes it is called "p-type", and when it contains mostly free 
electrons it is known as "n-type". The semiconductor materials 
used in electronic devices are doped under precise conditions 
to control the concentration and regions of p- and n-type 
dopants. A single semiconductor crystal can have many p- and 
n-type regions; the p–n junctions between these regions are 
responsible for the useful electronic behavior. 

Although some pure elements and many compounds display 
semiconductor properties, silicon,[3] germanium, and 
compounds of gallium are the most widely used in electronic 
devices. Elements near the so-called "metalloid staircase", 
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where the metalloids are located on the periodic table, are 
usually used as semiconductors. 

Some of the properties of semiconductor materials were 
observed throughout the mid 19th and first decades of the 20th 
century. The first practical application of semiconductors in 
electronics was the 1904 development of the Cat's-whisker 
detector, a primitive semiconductor diode widely used in early 
radio receivers. Developments in quantum physics in turn 
allowed the development of the transistor in 1947[4] and 
the integrated circuit in 1958. 

Materials  

 

Silicon crystals are the most common semiconducting 
materials used in microelectronics and photovoltaics. 

A large number of elements and compounds have 
semiconducting properties, including:[8] 

 Certain pure elements are found in Group 14 of 
the periodic table; the most commercially important of 
these elements are silicon and germanium. Silicon and 
germanium are used here effectively because they have 4 
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valence electrons in their outermost shell which gives them 
the ability to gain or lose electrons equally at the same 
time. 

 Binary compounds, particularly between elements in 
Groups 13 and 15, such as gallium arsenide, Groups 12 and 
16, groups 14 and 16, and between different group 14 
elements, e.g. silicon carbide. 

 Certain ternary compounds, oxides and alloys. 

 Organic semiconductors, made of organic compounds. 

Most common semiconducting materials are crystalline solids, 
but amorphous and liquid semiconductors are also known. 
These include hydrogenated amorphous silicon and mixtures 
of arsenic, selenium and tellurium in a variety of proportions. 
These compounds share with better known semiconductors the 
properties of intermediate conductivity and a rapid variation 
of conductivity with temperature, as well as 
occasional negative resistance. Such disordered materials lack 
the rigid crystalline structure of conventional semiconductors 
such as silicon. They are generally used in thin film structures, 
which do not require material of higher electronic quality, 
being relatively insensitive to impurities and radiation 
damage. 

Preparation of semiconductor materials 

Almost all of today's electronic technology involves the use of 
semiconductors, with the most important aspect being 
the integrated circuit (IC). Some examples of devices that 
contain integrated circuits includes laptops, scanners, cell-
phones, etc. Semiconductors for ICs are mass-produced. To 
create an ideal semiconducting material, chemical purity is 
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paramount. Any small imperfection can have a drastic effect 
on how the semiconducting material behaves due to the scale 
at which the materials are used.[5] 

A high degree of crystalline perfection is also required, since 
faults in crystal structure (such as dislocations, twins, 
and stacking faults) interfere with the semiconducting 
properties of the material. Crystalline faults are a major cause 
of defective semiconductor devices. The larger the crystal, the 
more difficult it is to achieve the necessary perfection. Current 
mass production processes use crystal ingots between 100 and 
300 mm (4 and 12 in) in diameter which are grown as cylinders 
and sliced into wafers. 

There is a combination of processes that is used to prepare 
semiconducting materials for ICs. One process is 
called thermal oxidation, which forms silicon dioxide on the 
surface of the silicon. This is used as a gate insulator and field 
oxide. Other processes are 
called photomasks and photolithography. This process is what 
creates the patterns on the circuity in the integrated 
circuit. Ultraviolet light is used along with a photoresist layer 
to create a chemical change that generates the patterns for the 
circuit.[5] 

Etching is the next process that is required. The part of the 
silicon that was not covered by the photoresist layer from the 
previous step can now be etched. The main process typically 
used today is called plasma etching. Plasma etching usually 
involves an etch gas pumped in a low-pressure chamber to 
create plasma. A common etch gas is chlorofluorocarbon, or 
more commonly known Freon. A high radio-
frequency voltage between the cathode and anode is what 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881 
VOLUME 2, ISSUE 2(1), FEBRUARY 2013  

 

  

www.ijmer.in                                                                                             84 
 

creates the plasma in the chamber. The silicon wafer is located 
on the cathode, which causes it to be hit by the positively 
charged ions that are released from the plasma. The end result 
is silicon that is etched anisotropically. The last process is 
called diffusion. This is the process that gives the 
semiconducting material its desired semiconducting 
properties. It is also known as doping. The process introduces 
an impure atom to the system, which creates the p-n junction. 
In order to get the impure atoms embedded in the silicon 
wafer, the wafer is first put in a 1100 degree Celsius chamber. 
The atoms are injected in and eventually diffuse with the 
silicon. After the process is completed and the silicon has 
reached room temperature, the doping process is done and the 
semiconducting material is ready to be used in an integrated 
circuit.  

Semiconductor Materials Types List 

There are many different types of semiconductor materials 
which are often classified by their groups and other , but all 
have slightly different properties. 
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BASIC SEMICONDUCTOR TECHNOLOGY INCLUDES 

 Semiconductor basics 

 Electrons & holes 

 Semiconductor types 

 PN junction 

    Diode types 

    Transistor 

There are many different types of semiconductor material. 

These different types of semiconductor have slightly different 
properties and lend themselves to different applications in 
various forms of semiconductor devices. 

Some may be applicable for standard signal applications, 
others for high frequency amplifiers, while other types may be 
applicable for power applications and harsh environments or 
others for light emitting applications. All these different 
applications tend to utilise different types of semiconductor 
materials. 

Semiconductors types / classifications 

There are two basic groups or classifications that can be used 
to define the different semiconductor types: 

 Intrinsic material:   An intrinsic type of semiconductor 
material made to be very pure chemically. As a result it 
possesses a very low conductivity level having very few 
number of charge carriers, namely holes and electrons, 
which it possesses in equal quantities. 

 Extrinsic material:   Extrinisc types of semiconductor 
are those where a small amount of impurity has been 
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added to the basic intrinsic material. This 'doping' uses 
an element from a different periodic table group and in 
this way it will either have more or less electrons in the 
valence band than the semiconductor itself. This creates 
either an excess or shortage of electrons. In this way two 
types of semiconductor are available: Electrons are 
negatively charged carriers. 
 
N-type:   An N-type semiconductor material has an 
excess of electrons. In this way, free electrons are 
available within the lattices and their overall movement 
in one direction under the influence of a potential 
difference results in an electric current flow. This in an 
N-type semiconductor, the charge carriers are electrons. 

P-type:   In a P-type semiconductor material there is a shortage 
of electrons, i.e. there are 'holes' in the crystal lattice. 
Electrons may move from one empty position to another and in 
this case it can be considered that the holes are moving. This 
can happen under the influence of a potential difference and 
the holes can be seen to flow in one direction resulting in an 
electric current flow.It is actually harder for holes to move 
than for free electrons to move and therefore the mobilityof 
holes is less than that of free electrons. Holes are positively 
charged carriers. 

 

 

Semiconductor material groups 

Most commonly used semiconductor materials are crystalline 
inorganic solids. These materials are often classified according 
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to their position or group within the periodic table. These 
groups are determined by the electrons in the outer orbit the 
particular elements. 

While most semiconductor materials used are inorganic, a 
growing number of organic materials are also being 
investigated and used. 

Semiconductor materials list 

There are many different types of semiconductor materials 
that can be used within electronic devices. Each has its own 
advantages, disadvantages and areas where it can be used to 
offer the optimum performance. 

MATERIAL CHEMICAL 
SYMBOL 

/ 
FORMULA 

GROUP DETAILS 

Germanium Ge IV This type of 
semiconductor 
material was used in 
many early devices 
from radar detection 
diodes to the first 
transistors. Diodes 
show a higher reverse 
conductivity and 
temperature 
coefficient meant that 
early transistors could 
suffer from thermal 
runaway. Offers a 
better charge carrier 
mobility than silicon 
and is therefore used 
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MATERIAL CHEMICAL 
SYMBOL 

/ 
FORMULA 

GROUP DETAILS 

for some RF devices. 
Not as widely used 
these days as better 
semiconductor 
materials are 
available. 

Silicon S IV Silicon is the most 
widely used type of 
semiconductor 
material. Its major 
advantage is that it is 
easy to fabricate and 
provides good general 
electrical and 
mechanical 
properties. Another 
advantage is that 
when it is used for 
integrated circuits it 
forms high quality 
silicon oxide that is 
used for insulation 
layers between 
different active 
elements of the IC. 

Gallium 
arsenide 

GaAs III-V Gallium arsenide is 
the second most 
widely used type of 
semiconductor after 
silicon. It is widely 
used in high 
performance RF 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881 
VOLUME 2, ISSUE 2(1), FEBRUARY 2013  

 

  

www.ijmer.in                                                                                             89 
 

MATERIAL CHEMICAL 
SYMBOL 

/ 
FORMULA 

GROUP DETAILS 

devices where its high 
electron mobility is 
utilised. It is also used 
as substrate for other 
III-V semiconductors, 
e.g. InGaAs and 
GaInNAs. However it 
is a brittle material 
and has a lower hole 
mobility than Silicon 
which makes 
applications such as 
P-type CMOS 
transistors not 
feasible. It is also 
relatively difficult to 
fabricate and this 
increases the costs of 
GaAs devices. 

Silicon 
carbide 

SiC IV Silicon carbide finds 
uses in a number of 
applications. It is 
often used in power 
devices where its 
losses are 
significantly lower 
and operating 
temperatures can be 
higher than those of 
silicon based devices. 
Silicon carbide has a 
breakdown capability 
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MATERIAL CHEMICAL 
SYMBOL 

/ 
FORMULA 

GROUP DETAILS 

which is about ten 
times that of silicon 
itself. Forms of silicon 
carbide were types of 
semiconductor 
material that were 
used with some early 
forms of yellow and 
blue LEDs. 

Gallium 
Nitride 

GaN III-V This type of 
semiconductor 
material is starting to 
be more widely in 
microwave transistors 
where high 
temperatures and 
powers are needed. It 
is also being used in 
some microwave ICs. 
GaN is difficult to 
dope to give p-type 
regions and it is also 
sensitive to ESD, but 
relatively insensitive 
to ionising radiation. 
Has been used in some 
blue LEDs. 

Gallium 
phosphide 

GaP III-V This semiconductor 
material has found 
many uses within LED 
technology. It was 
used in many early 
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MATERIAL CHEMICAL 
SYMBOL 

/ 
FORMULA 

GROUP DETAILS 

low to medium 
brightness LEDs 
producing a variety of 
colours dependent 
upon the addition of 
other dopants. Pure 
Gallium phosphide 
produces a green 
light, nitrogen-doped, 
it emits yellow-green, 
ZnO-doped it emits 
red. 

Cadmium 
sulphide 

CdS II-VI Used in photoresistors 
and also solar cells. 

Lead 
sulphide 

PbS IV-VI Used as the mineral 
galena, this 
semiconductor 
material was used in 
the very early radio 
detectors known as 
'Cat's Whiskers' where 
a point contact was 
made with the tin 
wire onto the galena 
to provide 
rectification of the 
signals. 

 

Uses of Semiconductors 
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Semiconductors are materials that have electrical conductivity 
between conductors such as most metals and nonconductors or 
insulators like ceramics. How much electricity a 
semiconductor can conduct depends on the material and its 
mixture content. Semiconductors can be insulators at low 
temperatures and conductors at high temperatures. As they 
are used in the fabrication of electronic devices, 
semiconductors play an important role in our lives. 

These materials are the foundation of modern day electronics 
such as radio, computers and mobile phones. Semiconductor 
material is used in the manufacturing of electrical components 
and used in electronic devices such as transistors and diodes. 
They can be classified into mainly two categories known as 
intrinsic semiconductors and extrinsic semiconductors. An 
intrinsic semiconductor material is very pure and possesses 
poor conductivity. It is a single element not mixed with 
anything else. On the other hand, extrinsic is a semiconductor 
material to which small amounts of impurities are added in a 
process called doping which cause changes in the conductivity 
of this material. The doping process produces two groups of 
semiconductors which are known as the negative charge 
conductor known as n-type and the positive charge conductor 
known as p-type. The materials selected to be added to an 
intrinsic depend on the atomic properties of both the material 
being added and the material to be doped. 

 Semiconductors are especially important as varying 
conditions like temperature and impurity content can easily 
change their conductivity. The combination of various 
semiconductor types together generates devices with special 
electrical properties, which allow control of electrical signals. 
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Imagine a world without electronics if these materials were 
not discovered. Despite the fact that vacuum tubes can be used 
to replace them, using semiconductors has made electronics 
faster, reliable and a lot smaller in size. Also, they have 
allowed for creation of electrical devices with special 
capabilities which can be used for various purposes. 

Semiconductor Device Applications 

All types of transistor can be used as the building blocks of 
logic gates, which is useful to design of digital circuits. In 
digital circuits like as microprocessors, transistors so which is 
acting as a switch (on-off); in the MOSFET, for example, the 
voltage applied to the gate determines whether the switch is 
on or off. 

The transistors are used for analog circuits do not act as 
switches (on-off); relatively, they respond to a continuous 
range of input with a continuous range of output. Common 
analog circuits include oscillators and amplifiers. The circuits 
that interface or translate between analog circuits and digital 
circuits are known as the mixed-signal circuits. 

Advantages of Semiconductor Devices 

 As semiconductor devices have no filaments, hence no 
power is needed to heat them to cause the emission of 
electrons. 

 Since no heating is required, semiconductor devices are set 
into operation as soon as the circuit is switched on. 

 During operation, semiconductor devices do not produce 
any humming noise. 

 Semiconductor devices require low voltage operation as 
compared to vacuum tubes. 
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 Owing to their small sizes, the circuits involving 
semiconductor devices are very compact. 

 Semiconductor devices are shock proof. 

 Semiconductor devices are cheaper as compared to vacuum 
tubes. 

 Semiconductor devices have an almost unlimited life. 

 As no vacuum has to be created in semiconductor devices, 
they have no vacuum deterioration trouble. 

Disadvantages of Semiconductor Devices 

 The noise level is higher in semiconductor devices as 
compared to that in the vacuum tubes. 

 Ordinary semiconductor devices cannot handle as more 
power as ordinary vacuum tubes can do. 

 In high frequency range, they have poor responder. 

CONCLUSION 

Currently the global amount of information doubles every 
year. Many things we are taking for granted (such as, e.g., 
computers, Internet and mobile phones) would not be possible 
without silicon microelectronics. Electronic circuits are also 
present in cars, home appliances, machinery, etc. 
Optoelectronic devices are equally important in everyday life, 
e.g., fiberoptic communications for data transfer, data storage 
(CD and DVD recorders), digital cameras, etc.  Compound 
semiconductor diodes can also be used to generate light, as 
light-emitting and laser diodes. Several companies specialize 
in manufacturing power semiconductors. 

 


