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ABSTRACT 

 

Semiconductors have wide applications and are of great importance in this era. Semiconductors 

are extensively used for the preparation of solid-state devices like the diode, transistor, etc. 

Germanium and Silicon are the most preferable semiconductor materials whose conductivity 

lie in between that of conductors and insulators.  In the energy band diagram of semiconductors, 

the conduction band is almost empty and the valence band is almost completely filled and the 

forbidden gap between the two bands is very small that is about 1eV. For Germanium, the 

forbidden gap is 0.7eV and for Silicon, it is 1.1eV.  

This project briefly describes an experiment to determine the band energy gap of silicon and 

germanium diodes. To determine the energy band gap of the semiconducting material, the 

variation of its conductance with temperature was studied and it was found that the measured 

band gap energy for Ge and Si is close to the standard values.  
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CHAPTER 1 

 

1.1  Introduction  

Materials are classified as conductors, insulators, or semiconductors according to their electric 

conductivity. The classifications can be understood in atomic terms. Electrons in an atom can 

have only certain well-defined energies, and, depending on their energies, the electrons are said 

to occupy particular energy levels. In a typical atom with many electrons, the lower energy 

levels are filled, each with the number of electrons allowed by a quantum mechanical rule 

known as the Pauli exclusion principle. Depending on the element, the highest energy level to 

have electrons may or may not be completely full. If two atoms of some element are brought 

close enough together so that they interact, the two-atom system has two closely spaced levels 

for each level of the single atom. If 10 atoms interact, the 10-atom system will have a cluster 

of 10 levels corresponding to each single level of an individual atom. In a solid, the number of 

atoms and hence the number of levels is extremely large; most of the higher energy levels 

overlap in a continuous fashion except for certain energies in which there are no levels at all. 

Energy regions with levels are called energy bands, and regions that have no levels are referred 

to as band gaps. 

The highest energy band occupied by electrons is the valence band. In a conductor, the valence 

band is partially filled, and since there are numerous empty levels, the electrons are free to 

move under the influence of an electric field; thus, in a metal the valence band is also the 

conduction band. In an insulator, electrons completely fill the valence band; and the gap 

between it and the next band, which is the conduction band, is large. The electrons cannot move 

under the influence of an electric field unless they are given enough energy to cross the large 

energy gap to the conduction band. In a semiconductor, the gap to the conduction band is 

smaller than in an insulator. At room temperature, the valence band is almost completely filled. 

A few electrons are missing from the valence band because they have acquired enough thermal 

energy to cross the band gap to the conduction band; as a result, they can move under the 

influence of an external electric field. The “holes” left behind in the valence band are mobile 

charge carriers but behave like positive charge carriers. 

For many materials, including metals, resistance to the flow of charge tends to increase with 

temperature. For example, an increase of 5° C (9° F) increases the resistivity of copper by 2 

percent. In contrast, the resistivity of insulators and especially of semiconductors such as 

silicon and germanium decrease rapidly with temperature; the increased thermal energy causes 
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some of the electrons to populate levels in the conduction band where, influenced by an external 

electric field, they are free to move. The energy difference between the valence levels and the 

conduction band has a strong influence on the conductivity of these materials, with a smaller 

gap resulting in higher conduction at lower temperatures. 

 

Semiconductors have broad applications due to their reliability, affordability and compactness. 

These find applications in optical sensors, optical sensors, light emitters including solid state 

lasers. With current ratings greater than 5,000 amperes and voltage ratings greater than 100,000 

volts, they are capable of managing a wide range of current and voltage.   

A diode is a semiconductor device with two terminals, typically allowing the flow of current 

in one direction only. They are used as rectifiers and voltage regulators. When exposed to light, 

semiconductors can create electron hole pairs, increasing the number of free carriers and thus 

the conductivity. Photodiodes are diodes designed to benefit from this phenomenon. There are 

light emitting diodes used in manufacturing, bulbs, signal lamps and displays. Infrared LEDs 

are used for optical fibre communication. 

Transistor is a three terminal semiconductor device having two p-n junctions in either p-n-p 

configuration or n-p-n configuration. The field-effect transistor is a different kind of transistor 

that works on the concept that the presence of an electric field may change the conductivity of 

semiconductors. A semiconductor's conductivity may be altered by an electric field by 

increasing the number of electrons and holes present.  The electric field may be applied by a 

reverse-biased p-n junction, and it forms a junction field-effect transistor (JFET) or by an 

electrode insulated from the bulk material by an oxide layer, and it forms a metal-oxide 

semiconductor field-effect transistor (MOSFET). All types of transistors can be used as 

building blocks of logic gates, which is useful for digital circuit design. In digital circuits such 

as microprocessors, transistors that act as switches (on-off); for example, in the case of the 

MOSFET, the voltage present at the gate determines whether the switch is on or off.   

Solar cell is a semiconductor device that converts photons of solar light into electricity. It is 

also known as photovoltaic cell. It is widely used as a renewable source of energy. Domestic 

and industrial energy supply, traffic signs, emergency phones, water irrigation pumps, 

lightning for roadways, stream flow gauges make use of solar cells. They are also used in 

providing power supply to satellites. 

Hence it can be concluded that a life without semiconductors is impossible. We can find 

semiconductors in almost all electrical equipment. Owing to their compactness, affordability 

and reliability semiconductors have a significant role in the field of technology.  
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CHAPTER 2 

 

2.1 Conductors, Semiconductors & Insulators & Energy Bands 

Based on the conduction of electricity, solids are classified into conductors, insulators and then 

there is also an intermediate class of semiconductors. This difference in the behaviour of solids 

based on their electrical conductivity can be explained in terms of their energy bands also.   

Insulators: - Insulators are substances which do not allow the passage of electricity through 

them. In terms of energy band, the valance band is full while the conduction band is empty and 

the energy gap between the valance band and conduction band is very large (≈15 eV). That 

means, a very high electronic field is required for the valance electrons to cross over to the 

conduction band or else at room temperature the valance electrons of the insulators do not have 

enough energy to cross over to the conduction band. Therefore, the electrical conductivity of 

such materials is extremely small, and may be regarded as nil under normal conditions.  

Conductors: - They are substances that easily allow the passage of electric current through 

them. A large number of free electrons are present in a conductor. As for energy bands, the 

valance and conduction bands overlap with each other. As a result, a slight potential difference 

across the conductor causes the free electrons to constitute electric current.  

Semiconductors: - Semiconductors are substances whose electrical conductivity lies in 

between that of conductors and insulators. In terms of energy bands, the valance and 

conduction bands are separated by a very small energy gap. The valance band is almost filled, 

and the conduction band is almost empty. Therefore, comparatively smaller electric field is 

required to push the electrons from the valance band to the conduction band. Ge & Si are 

examples of two semiconductors.  

Like an insulator as temperature rises, electrons from the valence band cross over to the 

conduction band and conductivity increases. Semiconductors have negative temperature 

coefficient of resistance. 
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Fig 2.1 Energy band gap structure of conductors, semiconductors and insulators 

 

 

2.2 Semiconductors 

Semiconductor is a substance which has a resistivity in between that of a conductor and an 

insulator (resistivity: 10-4  to 0.5 Ωm)  

SUBSTANCE  NATURE  RESISTIVITY  

COPPER   GOOD CONDUCTOR  1.7 X 10-8  Ωm  

GERMANIUM  SEMICONDUCTOR  0.6 Ωm  

GLASS  INSULATOR  9 X 1011  Ωm  

NICHROME  RESISTANCE MATERIAL  10-4 Ωm  

 

Comparing the resistivities of the above materials it is evident that the resistivity of 

semiconductors lies in between that of a conductor and an insulator. It can also not be 

considered a resistance material. Nichrome, which is one of the highest resistance materials, 

has resistivity below that of germanium. This gave substances like germanium the name 

semiconductors. However, resistivity alone is not the factor that decides whether a substance 

is a semiconductor or not. For instance, it is possible to engineer an alloy whose resistivity falls 

within the range of semiconductors, but the alloy cannot be regarded as a semiconductor. They 
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have many peculiar properties which distinguish them from conductors, insulators and 

resistance material. 

PROPERTIES OF SEMICONDUCTORS 

i. The resistivity is less than an insulator but more than a conductor.  

ii. They have negative temperature coefficient of resistance. i.e., the resistance of a 

semiconductor decreases with the increase in temperature and vice versa.  

iii. When a suitable metallic impurity (e.g., arsenic, gallium etc.) is added to a 

semiconductor, its current conducting properties change drastically.  

There are many semiconductors available, but very few among them have practical applications 

in electronics. The two most frequently used metals are germanium (Ge) and silicon (Si). It is 

because the energy required to break their covalent bond is very small; about 0.72 eV for 

germanium and 1.1 eV for silicon. All semiconductors have crystalline structure.  

 

2.3 Types of semiconductors 

There are two types of semiconductors based on their purity, namely intrinsic and extrinsic 

semiconductors.   

Intrinsic Semiconductor  

A semiconductor in extremely pure form is known as intrinsic semiconductor. Acts as an 

insulator at 0 kelvin. When temperature rises, the covalent bond breaks and electrons move out 

of the covalent bonds and produce holes. Here the number of holes is equal to the number of 

free electrons, ni = pi.   

Extrinsic semiconductor  

The intrinsic semiconductor has very low current conduction at room temperature. Therefore, 

in order to increase their conduction capacity, a small amount of suitable impurity (trivalent/ 

pentavalent) is added into these pure semiconductors. This process is known as doping. It is 

then called an impurity or extrinsic semiconductor. The amount and type of impurities have to 

be closely controlled during the preparation of extrinsic semiconductor. Generally, for 108 

atoms of semiconductor, one impurity atom is added. 
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Germanium and Silicon are two intrinsic semiconductors commonly doped to form 

extrinsic semiconductors. 

(i) Germanium  

Germanium has become the model substance among semiconductors; the main reason being 

that it can be purified relatively well and crystallized easily. Germanium is an earth element 

and was discovered in 1886. It is recovered from the ash of certain coals or from the flue dust 

of zinc smelters. Generally, recovered germanium is in the form of germanium dioxide powder 

which is then reduced to pure germanium. The atomic number of germaniums is 32. That is, it 

has 32 protons and 32 electrons. The electrons are arranged in the order 2,8,18,4 in the 

respective orbits. Therefore, it has 4 electrons in the valence orbit. It is a tetravalent element. 

The various germanium atoms are held together by covalent bonds. As atoms are arranged in 

an orderly manner, germanium has a crystalline structure.   

 

 

Fig 2.2 Electronic configuration and bonding of Ge atom 

 

 

(ii) Silicon  

Silicon is an element seen in most of the common rocks. The silicon compounds are chemically 

reduced to silicon dioxide which is 100% pure for use as a semiconductor. The atomic number 

of silicon is 14. That is, it consists of 14 protons and 14 electrons. The electrons are arranged 

in the order 2,8,4 in their respective orbits. It has 4 valence electrons in the valance orbit. That 

is, it is a tetravalent element. Various Si atoms are held together through covalent bonds. Like 
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germanium, silicon atoms are also arranged in an orderly manner. Therefore, it has a crystalline 

structure.   

 

 

Fig 2.3 Electronic configuration and bonding of Si atom 

 

There are two types of extrinsic semiconductors that can be formed by doping intrinsic 

semiconductors: n-type and p-type semiconductors, depending upon the impurities they are 

doped with.  

 

2.4 n-type semiconductor and p-type semiconductor 

(i) n-type semiconductor 

When a small amount of pentavalent impurity is added to a pure semiconductor, it is known as 

n-type semiconductor. If a pentavalent impurity is added to the crystal, a large number of free 

electrons are produced in the semiconductor (e.g., arsenic, antimony). Since such impurities 

produce n-type semiconductors they are known as donor impurities because they donate free 

electrons to the semiconductor.   
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Fig 2.4 Arsenic doped Germanium 

 

To explain the formation of N type semiconductor, consider a pure germanium crystal. We 

know that Germany matter has four valence electrons. When a small amount of pentavalent 

impurity like arsenic is added to germanium crystal, a large number of free electrons become 

available in the crystal. The reason is simple. Arsenic is pentavalent, that is, it has five valence 

electrons. An arsenic atom fits in the germanium crystal in such a way that its four valence 

electrons form covalent bonds with four germanium atoms. The 5th valence electron of arsenic 

atom finds no place in covalent bonds and is thus free. Therefore, for each arsenic atom added, 

one free electron will be available in germanium crystal. Though each arsenic atom provides 

one free electron, yet an extremely small amount of arsenic impurity provides enough atoms to 

supply millions of free electrons. 

In an n type semiconductor, the 5th valence electron remains loosely bound to the nucleus. A 

small but definite amount of energy is required to detach this 5th electron from the nucleus and 

make it free. The energy required is small compared to the energy required for breaking a 

covalent bond and is easily provided by thermal agitation. The energy level corresponding to 

the fifth electron lies in the band gap just below the conduction bands and is called donor level. 

The depth of this level below the band is 0.01 eV for germanium and 0.03 for silicon. The 

electrons are easily transferred to the conduction band leaving behind positively charged 

immobile impurity ions. 
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Fig 2.5 Valance band and conduction band of n-type semiconductor 

 

 

Fig 2.6 Donor level of n-type semiconductor 

 

 

(ii) p-type semiconductor  

When a small amount of trivalent impurity is added to a pure semiconductor, it is called P type 

semiconductor. The addition of trivalent impurity provides a large number of holes in the 

semiconductor. An example of a trivalent impurity are gallium and Indium. Such impurities 

which produce P type semiconductors are known as acceptor impurities because the holes 

created can accept the electrons. 
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Fig 2.7 Gallium doped Germanium 

 

When a small amount of trivalent impurity like gallium is added to germanium crystal, there 

exists a large number of holes in the crystal. Because gallium is a trivalent impurity it has three 

valence electrons. Each atom of gallium fits into the germanium crystal but now only three 

covalent bonds can be formed. It is because three valence electrons of gallium atom can form 

only three single covalent bonds with three germanium atoms. In the fourth covalent bond, 

only germanium atom contributes 1 valence electron while gallium has no valence electron to 

contribute as all its three valence electrons are already engaged in the covalent bonds with 

neighbouring germanium atoms. Therefore the 4th bond is incomplete; being short of 1 

electron. This missing electron is called a hole. For each gallium atom added one hole is 

created. A small amount of gallium provides millions of holes. There are a few conduction 

band electrons due to thermal energy associated with room temperature. But the holes far 

outnumber the conduction band electrons. It is due to the predominance of holes over the free 

electrons that it is called a P type semiconductor. 

In p type semiconductor, the trivalent impurity atom has a tendency to accept one electron to 

complete the 4th covalent bond. This process requires a small amount of energy which is 

provided by the thermal agitation in the crystal. The transferred electron leaves behind a broken 

covalent bond, a hole- which acts as a current carrier. The energy level corresponding to the 

electron deficiency is located above the valence band and it's called the acceptor level. This 

level is located at 0.01 eV above the valence band in germanium and about 0.046 to 0.16 eV in 

silicon. An electron can be easily transferred from the valence band to the acceptor level by 

providing this small energy. 
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Fig 2.8 Valance band and conduction band of p-type semiconductor 
 

 

Fig 2.9 Acceptor level of p-type semiconductor 

 

 

A p-type and n-type semiconductors joins together to form a p-n junction.  

 

2.5  PN Junction and its properties 

A PN junction is formed when a p-type semiconductor and n-type semiconductor are joined 

together. The surface of contact between the semiconductors is known as the PN junction. The 

PN junction has the peculiar ability to permit the current flow in one direction.   
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2.10 p-n junction  

In the p region, holes are the majority carriers and in the n region, electrons are the majority 

carriers. Due to this concentration gradient, holes from p region diffuse into n region and 

electrons from n region diffuse into p region.  In both cases, when an electron meets a hole, the 

two cancel the effect of each other. As a result, the n region loses free electrons, and the p 

region loses holes as they diffuse into the junction. This creates a layer of negative charges and 

positive charges near the junction forming a region of devoid or emptied charge carriers called 

the depletion region or depletion layer. The depletion region is very thin as compared to the p 

region and n region and it forms very quickly. The thickness of the depletion layer is 10-6m.  

Due to the diffusion of holes and electrons, the two sections of the PN junction no longer remain 

neutral. The p section of the junction becomes slightly negative while the n section is rendered 

positive. The potential difference developed across the junction due to the migration of 

majority charge carriers is called the barrier potential, V0. The depletion region acts as a barrier 

to further movement of free electrons across the depletion layer. The type of semi conducting 

material, the amount of doping and temperature are some of the factors that barrier potential 

depends upon. The barrier potential is approximately 0.7V for silicon and 0.3 V for germanium. 

 

2.6 Forward biasing and Reverse biasing of a p-n junction 

Biasing is the process of using DC voltage to establish certain operating conditions for 

electronic devices. There are two types of biasing with respect to the PN junction:  
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FORWARD BIAS  

If the positive terminal is connected to the p section and negative terminal is connected to the 

n section of the battery the PN junction is said to be forward biased. In this condition, the 

applied voltage opposes the potential barrier. The holes are repelled from the positive terminal 

and the electrons are repelled from the negative terminal and they move towards the junction. 

The applied voltage V cancels the barrier potential V0 and under the influence of the electric 

field of the battery, the holes and the electrons penetrate the depletion layer. Consequently, the 

potential barrier and the width of the depletion region decreases, and more majority carriers 

diffuse across the junction.   

 

 

 

2.11 Forward biased p-n junction  

 

The movement of electrons towards the positive terminal and holes towards the negative 

terminal produces a high forward current. This forward current increases with the increase in 

applied voltage. Forward PN junction offers a low resistance.  
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Fig 2.12 Forward characteristics of p-n junction diode 

 

 

The graph shows the variation of forward voltage and forward current. The increase in current 

is slow till the voltage across the diode crosses a value called knee voltage. Knee voltage for 

germanium is 0.3V and for silicon is 0.7V. After the knee voltage the diode current increases 

rapidly even for small rise in voltage.   

 

 

REVERSE BIAS  

If the PN junction of the diode is connected to the negative terminal of the battery and n region 

to the positive terminal of the battery, the PN junction is said to be reverse biased. The holes 

in the p region are attracted towards the negative terminal of the battery and the electrons in 

the n region are attracted to the positive terminal of the battery.  The applied reverse voltage 

acts in the same direction as the potential barrier V0, therefore the resultant field at the junction 

increases. The potential barrier prevents the flow of charge carriers across the junction.  
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Fig 2.13 Reverse biased p-n junction 

Minority charge carriers are the intrinsically available carriers that are produced by thermal 

energy that exists inside the semiconductors. The electrons are the minority carriers in the p 

region and holes are the minority carriers in the n region.  The minority carriers when reverse 

biases are effectively forward biased, causing a feeble current of few microamperes across the 

junction.   

Graph shows the variation of reverse voltage and reverse current.  

 

Fig 2.14 Reverse characteristics of p-n junction diode 
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2.7 Effect of temperature on semiconductors 

The variations of temperature affect the electrical conductivity of semiconductors 

appreciably.   

i) At absolute zero: at zero absolute temperature, the electrons are held tightly by the 

semiconductor atoms. The inner orbit electrons are bound to the nucleus and the valence 

electrons are bound by covalent bonding.  At this temperature, there will be no free electrons 

due to the strong covalent bonds. Hence, the semiconductor acts like an insulator.  

With respect to the energy band description, the valence band is filled and there is a large gap 

between valence band and conduction band. Therefore, no free electrons are formed since no 

valence electrons reach the conduction band.  Non-availability of free electrons makes a 

semiconductor behave like an insulator.   

ii) Above absolute zero: when temperature increases even at room temperature, some of the 

covalent bonds break due to thermal energy supplied. The electrons, which were engaged in 

covalent bonds become free.  Thus, due to the presence of the free electrons a feeble electric 

current is produced if a potential difference is applied across the semiconductor. Hence the 

resistance of a semiconductor decreases with the increase in temperature i.e., it has a negative 

temperature coefficient of resistance.   

As temperature increases some of the valence electrons gain sufficient energy to enter into 

conduction band and thus become free electrons. When electric field is applied, these free 

electrons will constitute electric current. Each time a valence electron enters into conduction 

band, a hole is created in the valence band. Holes also contribute to current.  

 

2.8 Fermi level and Fermi energy 

The highest energy level that an electron can occupy at absolute zero temperature is known as 

Fermi level. The Fermi level lies in the middle of the conduction and valence band.  

The concentration of donors or acceptors affects the Fermi energy area concentration and the 

conductivity of a semiconductor. All the donors are in the unionized state, that is all the donor 

levels are occupied with electrons at 0 Kelvin in an n type semiconductor. As temperature 

increases, what is donors get ionized and contribute electrons to the conduction band also some 

of the valence electrons jump to the conduction band leaving behind holes in the valence band 
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which are quite small. Therefore, the Fermi level must lie somewhere near the middle of the 

donor level and the bottom of the conduction band.  

The fermi level lies somewhere near the middle of the donor level and the conduction band 

edge as temperature increases, the Fermi level moves downwards and crosses the donor level. 

For very large temperature, it drops to the middle of the energy gap, coinciding with the 

intrinsic level.  

 

 

Fig 2.15 Fermi level of n-type semiconductor 

 

In p type semiconductor the acceptor impurity atoms occupy the acceptor levels which lie 

above the valence band. As temperature increases a part of the acceptors get ionized by 

acquiring electrons from the valence band and create holes in the balance band. Apart from 

this, some thermally generated holes are also present in the valence band. Therefore, the Fermi 

level must lie somewhere near the middle of the acceptor level and the top of the valence band.  

The family level lies somewhere near the middle of the acceptor level and the top of the valence 

band. As temperature increases, the Fermi level moves even upwards and coincides with the 

intrinsic level.  
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Fig 2.16 Fermi level of p-type semiconductor 

 

 

 

2.9 Energy Band description of Semiconductors  

In terms of resistivity, a semiconductor is a substance whose relativity lies between conductors 

and insulators (10-4 ohm meter to 0.5 ohm meter).   

Based on energy band gaps, the semiconductors can be inclusively defined as " a semiconductor 

is a substance with almost filled valence band and nearly empty conduction band with a very 

small energy gap (approximately 1 eV) separating the two.   

In the energy band diagrams of silicon and germanium, it can be noted that the energy gap is 

very small, 1.1 eV for silicon and 0.72 eV for germanium. Since the energy gap is too small, 

the valence electrons can cross over to the conduction band easily. Even room temperature 

would be sufficient for some electrons to enter the conduction band and become free electrons. 

However, at this temperature the availability of free electrons is very small. Therefore, a 

germanium or silicon piece at room temperature is neither a good conductor nor an insulator. 

Hence, they are known as semiconductors. 

A semiconductor always possesses an energy gap between its valence band and conduction 

band. For the conduction of electricity, a certain amount of energy is given to the electron so 

that it can jump from the valence band to the conduction band. The energy so needed is the 

measure of the energy gap between the top of the valence band and bottom of the conduction 

band. For silicon, the energy gap is equal to 1.1 electron Volt.  
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To determine the energy band gap of a semiconducting material, we study the variation of its 

conductance with temperature. The bandgap energy of semiconductors tends to decrease with 

increasing temperature. In reverse bias, the current flowing through the PN junction is quite 

small and the internal heating of the junction does not take place. When the PN junction is 

placed in reverse bias the current flow through the junction is due to the minority charge carriers 

only. The cone of these charge carriers depends on the band gap 𝐸𝐺0
.  

Forward or reverse current of a diode depends upon temperature by relation,  

𝐼 = 𝐼0 exp [
ⅇ𝑉

𝜂𝑘𝑇
− 1] 

At ordinary temperature, exp [
𝑒𝑉

𝜂𝐾𝑇
− 1]>>1 

Hence, I is neglected.  

𝐼 = 𝐼0 exp [
ⅇ𝑉

𝜂𝑘𝑇
] 

Taking logarithm, we get  

ln(𝐼) = ln 𝐼0 +
ⅇ𝑉

𝜂𝐾𝑇
 

Differentiating with respect to T for a given fixed current I, 

0 =
1

𝐼0 
 
𝑑𝐼0

𝑑𝑇
+

1

𝜂𝐾𝑇
 
𝑑𝑉

𝑑𝑇
−

𝑉

𝜂𝑉𝑇𝑇
 

𝑉 −
𝜂𝑉𝑇𝑇

𝐼0
 
𝑑𝐼0

𝑑𝑇
= 𝑇

𝑑𝑉

𝑑𝑇
 

The empirical relation connecting reverse saturation current and leakage current is given by, 

𝐼0 = 𝐾𝑇𝑚 exp (−
ⅇ𝑉0

𝜂Κ𝑇
) 

Taking logarithm, 

ln 𝐼0 = ln Κ + 𝑚 ln 𝑇 − (
ⅇ𝑉0

𝜂Κ𝑇
) 

Where 𝑉0 = Band gap energy 
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Differentiating with respect to T, 

1

𝐼0
 
𝑑𝐼0

𝑑𝑇
= 0 +

𝑚

𝑇
+

ⅇ𝑉0

𝜂Κ𝑇2
 

𝐼

𝐼0
 
𝑑𝐼0

𝑑𝑇
= 𝑚 +

ⅇ𝑉0

𝜂Κ𝑇
 

            = 𝑚 +
𝑉0

𝜂𝑉𝑇
 

Substituting this in equation,  𝑉 −
𝜂𝑉𝑇𝑇

𝐼0
 
𝑑𝐼0

𝑑𝑇
= 𝑇

𝑑𝑉

𝑑𝑇
 

We get,  

𝑇
𝑑𝑉

𝑑𝑇
= 𝑉 −  𝜂𝑉𝑇( 𝑚 +

𝑉0

𝜂𝑉𝑇
) 

   = 𝑉 −  𝜂𝑚𝑉𝑇 − 𝑉0 

𝑉𝑇 =
𝐾𝑇

ⅇ
=

𝑇

11600
 

𝑉0 = 𝑉 −  𝜂𝑚𝑉𝑇 − 𝑇
𝑑𝑉

𝑑𝑇
 

𝑉0 = 𝑉 −
𝜂𝑚Κ𝑇

ⅇ
− 𝑇

𝑑𝑉

𝑑𝑇
 

𝑉𝐺0
= 𝑉 − 𝑇 [−

𝑑𝑉

𝑑𝑇
+

𝜂𝑚𝐾

ⅇ
] 
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CHAPTER 3 

 

3.1 EXPERIMENTAL SET UP AND PROCEDURE TO DETERMINE 

THE BAND GAP ENERGY OF Ge AND Si DIODE 

 

Fig 3.1 Circuit diagram of the experimental set up 

 

Connections are made as shown in the figure. The variable resistance was adjusted so that 

particular current flows through diode. The semiconductor diode was immersed in an oil bath 

in a test tube. The voltage across diode was noted using multimeter at room temperature. The 

diode in the test tube was placed in medium water bath (water in a beaker) to heat the test tube 

and voltage across diode was noted for various values of temperatures.   

A graph was plotted with temperature along X axis and voltage along Y axis. The slope 
𝑑𝑉

𝑑𝑇
 

is calculated. Knowing 
𝑑𝑉

𝑑𝑇
 at a particular temperature and corresponding voltage bandgap 

energy can be calculated as 𝑉𝐺0
. 

 

𝑉𝐺0
= 𝑉 − 𝑇 [−

𝑑𝑉

𝑑𝑇
+

𝜂𝑚𝐾

ⅇ
] 
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3.2 OBSERVATION AND RESULT ANALYSIS 

GERMANIUM   

 Voltage of the cell = 6V  

 

Temperature 

(kelvin) 

Voltage of voltmeter (V) 

I = 1mA I = 3mA I = 5mA I = 7 mA 

303 0.172 0.215 0.232 0.253 

313 0.153 0.196 0.218 0.234 

323 0.135 0.179 0.195 0.217 

333 0.114 0.160 0.176 0.197 

343 0.098 0.141 0.158 0.178 

353 0.080 0.115 0.139 0.157 

363 0.064 0.104 0.123 0.142 

 

Graph and graphical observations 

 

 
Fig 3.2 Temperature vs Voltage graph of Germanium diode 
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Fig 3.3 Slope of Temperature vs Voltage graph of Germanium for 1mA 

 

 

Fig 3.4 Slope of Temperature vs Voltage graph of Germanium for 3mA 

 

 

0.172

0.153

0.135

0.114

0.098

0.08

0.064

0.05

0.07

0.09

0.11

0.13

0.15

0.17

0.19

0.21

0.23

0.25

303 313 323 333 343 353 363

V
o

lt
ag

e 
(V

)

Temperature(K)

GERMANIUM

1mA

0.215

0.196

0.179

0.16

0.141

0.115
0.104

0.05

0.07

0.09

0.11

0.13

0.15

0.17

0.19

0.21

0.23

0.25

303 313 323 333 343 353 363

V
o

lt
ag

e(
V

)

Temperature(K)

GERMANIUM

3mA



25 
 

 

 

Fig 3.5 Slope of Temperature vs Voltage graph of Germanium for 5mA 

 

 

 

Fig 3.6 Slope of Temperature vs Voltage graph of Germanium for 7mA 
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SUBSTITUTION & CALCULATIONS 

I = 1mA 

V = 
0.135+0.116

2
= 0.1255 V 

T = 
333+323

2
= 328 K 

−𝑑𝑉

𝑑𝑇
=

−(0.135−0.116)

333−323
=

−0.019

10
 = -1.9 x 10-3 V/K 

𝜂𝑚𝐾

𝑒
 = 

 1 𝑥 1.5 𝑥 1.38 𝑥 10−23

1.6 𝑥 10−19     = 1 .29375 x 10-4 

𝑉𝐺0
= 𝑉 − 𝑇 [−

𝑑𝑉

𝑑𝑇
+

𝜂𝑚𝐾

ⅇ
] 

𝑉𝐺0
= 0.1255 − 328[−1.9 𝑥 10−3 + 1.29375 𝑥  10−4] 

      = 0.7062 eV 

Mean energy gap = 0.71 eV  

Percentage of error = |
0.72−0.71

0.72
| 𝑥 100 = 1.38% 

 

 

 

 

 

Current 

(mA) 

Voltage 

(v) 

Temperature 

(kelvin) 

𝑑𝑉 

 

(V) 

𝑑𝑇 

 

(K) 

−
𝑑𝑉

𝑑𝑇
 

(V/K) 
 

Band Gap 

Energy, 𝐸𝐺0  
 

(eV) 
 

1 0.1255 328 0.019 10 -1.9 x 10-3 0.7062 

3 0.113 358 0.018 10 -1.8 x 10-3 0.7110 

5 0.132 357 0.014 8 -1.75x 10-3 0.7105 

7 0.152 357 0.014 8 -1.75x 10-3 0.7305 
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SILICON   

Voltage of the cell = 6V 

Temperature 

(kelvin) 

Voltage of voltmeter (V) 

I = 1mA I = 3mA I = 5mA I = 7 mA 

303 0.568 0.630 0.658 0.676 

313 0.548 0.606 0.636 0.656 

323 0.529 0.586 0.616 0.640 

333 0.509 0.562 0.594 0.614 

343 0.494 0.548 0.569 0.594 

353 0.466 0.524 0.552 0.572 

363 0.457 0.504 0.536 0.550 

 

 

Graph and graphical observations 

 

 

Fig 3.7 Temperature vs Voltage graph of Silicon diode 
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Fig 3.8 Slope of Temperature vs Voltage graph of Silicon for 1mA 

 

 

 

Fig 3.9 Slope of Temperature vs Voltage graph of Silicon for 3mA 
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Fig 3.10 Slope of Temperature vs Voltage graph of Silicon for 5mA 

 

 

 

Fig 3.11 Slope of Temperature vs Voltage graph of Silicon for 7mA 
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SUBSTITUTION & CALCULATIONS 

I = 7 mA  

V = 
0.609+0.59

2
= 0.5995 V 

T = 
336+345

2
= 340 K 

−
𝑑𝑉

𝑑𝑇
=

−(0.609−0.59)

345−336
= (−

0.019

8
) = -2.375 x 10-3 V/K 

𝜂𝑚𝐾

𝑒
=

2 𝑥 1.5 𝑥 1.38 𝑥 10−23

1.6 𝑥 10−19  = 2.5875 x 10-4 

𝑉𝐺0
= 𝑉 − 𝑇 [−

𝑑𝑉

𝑑𝑇
+

𝜂𝑚𝐾

ⅇ
] 

𝑉𝐺0
= 0.5995 − 340[ −2.375 𝑥 10−3 + 2.5875 𝑥 10−4]  

       = 1.131 eV 

Mean energy gap = 1.153 eV  

Percentage of error = |
1.14−1.153

1.14
| 𝑥 100 = 1.140% 

 

 

 

 

Current 

(mA) 

Voltage 

(v) 

Temperature 

(kelvin) 

𝑑𝑉 

 

(V) 

𝑑𝑇 

 

(K) 

−
𝑑𝑉

𝑑𝑇
 

(V/K) 
 

Band Gap 

Energy, 𝐸𝐺0
 

(eV) 
 

1 0.52 326.5 0.02 9 -2.22x 10-3 1.160 

3 0.583 324.5 0.026 13 -2 x 10-3 1.148 

5 0.597 331.5 0.014 7 -2 x 10-3 1.174 

7 0.5995 340 0.019 8 -2.37x10-3 1.131 
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The experiment to determine the band energy gap of silicon and germanium diodes was 

conducted successfully.   

Band energy gap of silicon=1.153eV  

Band energy gap of germanium= 0.71eV  

 

The results were found to be nearer to the standard values which are 0.72 eV and 1.14 eV 

for silicon and germanium respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 
 

CHAPTER 4 

 

4.1 Applications of Ge and Si diodes  

Germanium diodes can be used for photonic applications. 

Essentially all data transmission that occurs over long distances (think all internet usage) occurs 

over optical fibres. Optical fibres are essentially transparent glass fibres, though which light 

can be transmitted. In order to be able to transmit data over long distance, we have chosen to 

use light in the near infrared part of the spectrum. This is because this part of the spectrum 

experiences the lowest losses while traveling in glass. 

Germanium has the property such that the bandgap energy is approximately equal to the energy 

of photons in the near infrared. This means that if you shine light of this wavelength onto a 

germanium diode, you can excite electrons, and produce a current. Therefore, we use 

germanium diodes as photodetectors to detect near-infrared light for telecommunication 

applications. 

In addition, a light emitter and a light detector are very similar devices. Therefore, we can make 

lasers out of germanium diodes that are capable of producing this near infrared light that can 

be used to send data over long distances. 

One final application is in solar cells. Solar cells can be very efficient at absorbing light and 

creating electricity, but only at a limited range of wavelengths. In order to make the most 

efficient solar cells possible, people usually stack many solar cells on top of each other. You 

can think of having one solar cell for UV light, one for visible light, and one for infrared (IR) 

light. Germanium diodes are used as the solar cells responsible for absorbing the IR light and 

converting it into electricity. 

The silicon rectifier diodes are often utilized in radios, computers, alternating current-

direct current (AC/DC) power supplies, and as temperature and radiation sensors, within 

numerous other applications. 
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