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ABSTRACT
In this work two light emitting diodes, two ordinary diodes, two light dependent resistors, beside two transistors
were connected to a simple electric circuit. The circuit comprised of a power supply, an ammeter and a voltmeter.
Fifty (50) readings for voltage (mV) and current (mA) were recorded. A graph relating the current to the voltage was
drawn for only one sample from each semiconductor type. It was found that for light emitting diode, ordinary diode,
light dependent resistor the current increased abruptly at about 0.2 Volt, where as it changes abruptly at about 0.4
Volt for transistors. The results indicated the probability of the existence of energy gaps. The values of the
corresponding gaps were less than the ordinary values, which may result from the fact that the doping levels exist
inside the energy gaps. Exposure of the sample to the heat increased the current which is consistent with the fact that
heat increases electron velocity. The exposure of samples to the magnetic field broadens the energy gap which is in
agreement with previous reports.
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I. INTRODUCTION
The real start of the atomic structure takes place in 1900 by the discovery of Max Plank that light cannot treated as
wave but as a discrete quantum of energy called photons .The photon concept can describe some physical
phenomena like black body radiation, photoelectric effect, beside atomic spectroscopy. The atomic spectroscopy is
associated with the discovery that each atom emits electromagnetic wave having only certain specific frequencies.
These frequencies and wave lengths are discovered by using spectrometers [1].

People tried to explain the atomic spectra by suggesting certain atomic models. The most popular model is that
suggested by Bohr in 1913. In his models Bohr suggested that each atom consists at a nucleus around which
electrons revolves in certain orbits.

When an electron moves from a higher orbit to a lower one, the atom emits a photon of energy equal to the
difference between the energy of the two orbits [1].

Although Bohr model for the atom agrees well with experimental spectroscopy, but it does not rest on a solid
theoretical ground.

This motivates Heisenberg in 1925 and Schrödinger in 1926 to formulate a full quantum theory that rests on a solid
theoretical ground and can explain most of atomic phenomena [2].

Most of experimental works in quantum mechanics is based on the atomic spectrum which is widely used in many
applications. The importance of spectroscopy makes it very important for the physicists to do intensive experimental
work in this field. Unfortunately the experiments need sophisticated and expensive devices which are rare in third
world countries. Thus one needs to select a path way to solve this problem.

The aim of the work is to design a simple electrical circuit to find the energy gaps for bulk materials, namely
semiconductors. The effect of temperature and a magnetic field on the energy band is also investigated.

Different a attempts were made to determine energy levels and bands, like Frank Hertz experiments [2]. The
magnetic field and temperature a effect of energy levels and bands as shown by some researches [3].But
unfortunately the equipment's used are expensive and the techniques used are complex, thus a simple cheap
experiment with simple techniques are needed.
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This work is devoted to do; section (2) is concerned with theoretical back ground. The experimental setup and
sample preparation are presented in section (3).the Discussion and conclusions are in section (4) and section (5)
respectively.

II. THEORETICAL BACKGROUND
In solid state physics, a band gap, also called an energy gap or band gap, is an energy range in a solid where no
electron states exist. In a graph of the electronic band structure of a solid, the band gap generally refers to the energy
difference between the top of the valence band and the bottom of the conduction band which is found in insulators
and semiconductors. It is the amount of energy required to move an electron from the top of the valence band to the
bottom of the conduction band to become a mobile charge carrier, able to move freely within the solid material. In
conductors, the two bands often overlap, so they may not have a band gap [3]. In semiconductors and insulators,
electrons are confined to a number of bands of energy, and forbidden from other regions. The term "band gap" refers
to the energy difference between the top of the valence band and the bottom of the conduction band; electrons are
able to jump from one band to another. In order for an electron to jump from a valence band to a conduction band, it
requires a specific minimum amount of energy for the transition. The required energy differs with different materials.
Electrons can gain enough energy to jump to the conduction band by absorbing either a phonon (heat) or a photon
(light) [3].A material with a small but nonzero band gap which behaves as an insulator at absolute zero but allows
thermal excitation of electrons to enable them to jump into its conduction band ,at temperatures which are below its
melting point, is referred to as a semiconductor. A material with a large band gap is called an insulator. In
conductors, the valence and conduction bands may overlap, so they may not have a band gap [3].

The conductivity of intrinsic semiconductors is strongly dependent on the band gap. The only available carriers for
conduction are the electrons which have enough thermal energy to be excited across the band gap [3].

The distinction between semiconductors and insulators is a matter of convention. One approach is to think of
semiconductors as a type of insulator with a narrow band gap. Insulators with a larger band gap, usually greater than
3 eV, are not considered semiconductors and generally do not exhibit semiconductive behavior under practical
conditions. Electron mobility also plays a role in determining a material's informal classification [3].The band gap
energy of semiconductors tends to decrease with increasing temperature. When temperature increases, the amplitude
of atomic vibrations increase, leading to larger inter atomic spacing. The interaction between the lattice phonons and
the free electrons and holes will also affect the band gap to be smaller[3].

In the tight binding approximation the energy of electrons in a certain band is given by a simple relation:

With k and a standing for the wave number and atomic spacing respectively as for as

The electron energies E are bounded by a lower and upper band according to the relation

For a valence band the top of it is given by

Any electron in the valance band cannot contribute to the electric current un less it aquives at least at threshold
energy Eg corresponding to at threshold voltage Vg given by:

Eg = Vg (2.5)
In this case , the electrons and holes can generate current I given by

In the case when the voltage V is less than Vg.The term

Thus the current is given by

This is since to a good approximation

When the voltage is just equals to Vg or exceeds it, 1.e

In this case
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Thus the current abruptly increases to
I= A (2.12)
And then increasing exponentially according to equation (2.11)
But if the conduction band is narrow, then

Thus
I= A (2.14)

III. EXPERIMENTAL SETUP AND SAMPLE PREPARATION
Two light emitting diodes (LED), two diodes, two lights dependent resistors (LDR), and two transistors were
prepared to determine their energy gap. This is achieved by connecting them to an ammeter 0f sensitivity 1mA and
series a connecting a voltmeter, reading in mV, in parallel. For each component , 50 readings for V and the
corresponding I was taken .Graphs relating V to I have been plotted for each component as shown in Figs
( 4,5,6,7,8,9,10,11).The energy gap is obtained by finding Vg from the empirical Figs by comparing them with the
Figs(2,3).Then using equation(2.9) Eg can be found

The circuit which is designed to find the energy levels and gaps of some semiconductor devices is presented. The
samples which are selected beside the experimental procedures are also discussed. The aim of this work is to use a
simple electric circuit to find the energy gaps of some semiconductors. This can be done by relating current to
voltage and see the position where the current changes abruptly these position are related to the energy gaps.

Samples
The samples which are utilized are electronic components which are made from semiconductors, the samples are as
follows
Two light emitting diodes (LED),three ordinary Diodes ,two light Diode resistors (LDR) ,two Transistors Bipolar
Junction transistors (BJT) .

Circuit Design
The circuit is designed to find the energy gap about 100 readings for voltage and current in the voltage in the range
of milli volt were made .
The circuit consists of a power supply having voltage range in milli volts (mV). The semiconductor device is
connected in series with a meter of current range of mA. This semiconductor is connected in parallel with a
voltammeter having a range of milli (mV). To see how heat and magnetic field affect the energy band the
semiconductors are exposed to heat and magnetic field of intensities (4250, 3080,2500,1740 milli Tesla).

Experimental procedures
The following steps to find the energy band gap should be done:
-Each semiconductor electronic component is connected.
-The power supply voltage in increased gradually in steps of milli volts (mV).The volt and the corresponding current
is recorded. The readings are done 100 times.
-The relation between V and I for each sample is drawn graphically.
-The effect of heat on the semiconductor is determined by exposing the semiconductor to temperatures 15,18,
21…..in steps 30 C up to 450 C .
-The effect of the magnetic field is determined by exposing the semiconductor to magnetic field of intensity (4250,
3080, 2500, 1740 milli Tesla) at different distances.
-The volts at which the current drops or rise abruptly is recorded. The energy gap Eg is thus given by the energy
difference between two successive points of V.
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IV. RESULTS: THE FOLLOWING FIGURE SHOWS THE EMPIRICAL V-I RELATION FOR
THE COMPONENTS

A light emitting diode (LED) is connected with the circuit shown in figure(a)Forty five readings for V and I were
obtained .For one light emitting diode as a sample .

Figure(4) V versus I for LED

Figure(5) V versus I for LED.

Figure(6) V versus I for DIODE .
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Figure(7) V versus I DIODE .

Fig(8) V versus I for LDR at different temperatures

Figure(9) V versus I LDR at different distances under the effect of magnetic field of intensity (4250,3080,2500,1740 mT) .
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Figure(10) V versus I for Transistor at different temperatures

Figure(11) V versus I Transistor at different distances under the effect of magnetic field of intensity (4250,3080,2500,1740
mT) .
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Diode
a- for different temperatures. b- At different distances for magnetic field

Degree/0C Eg/eV distance/Cm Eg/eV
15 0.2 0 0.2
18 0.21 1 0.33
21 0.21 2 0.34
24 0.2
27 0.2
30 0.2
33 0.22
36 0.22
39 0.22
42 0.2
45 0.2

LDR
a- for different temperatures. b- At different distances for magnetic field

Degree/0C Eg/eV distance/Cm Eg/eV
15 0.20 1 0.2
18 0.2 2 0.2
21 0.2 0

Without light
0.21

24 0.2 1
Without light

0.23

27 0.2
30 0.2
33 0.2
36 0.22
39 0.21
42 0.21
45 0.2

Transistor
a- for different temperatures. b- At different distances for magnetic field
Degree/0C Eg/eV distance/Cm Eg/eV
15 0.46 0 0.41
18 0.42 0.5 0.4
21 0.4 1 0.39
24 0.4 2 0.38
27 0.42
30 0.42
33 0.41
36 0.41

39 0.41
42 0.41
45 0.4
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V. DISCUSSION
The figure (4) for LED shows that the current increases abruptly at 0.2 eV. The temperature does not affect the
energy gap of current. But figure (5) shows the abrupt current decrease of about 0.2Volt. Figure (6) for Diode shows
abrupt increase at about 0.2 eV. The magnetic field effects shows abrupt change for diode in figure (7) at about 0.33
and 0.36eV, thus the magnetic field broadens the energy gap. For LDR in figure (8) the gap is about 0.2 eV while in
figure (9) the abrupt change is about 0.23 eV, again the magnetic field broadens the gap. Transistors in figure (10)
shows that the current increases abruptly at 0.4 eV, while for figure (11) are about 0.42 eV for transistors under the
effect of magnetic field. This may be explained on the basis of bands theory. The current increases abruptly when
the voltage energy supplied to the electron just equals or exceeds slightly the energy gap. In this case large number
of electrons crosses to the conduction band. This is explained according to equations (2.6) to (2.14).

Where any increase in voltage increases the current for broad conduction bands .Some times the current remains
almost constant when the voltage is increased. This may be attributed to the fact that the energy gained by electrons
to jump from the valence to the conduction band which is narrow .Thus it obeys equation (2.14).

The values at which the current increases abruptly Show that the energy gaps for LED are in the range of (0.2-0.25)
eV, these values are lower than the typical values (0.24-3.03). For the ordinary diodes the energy gaps are in the
range (0.2 – 0.34) eV, which again are less than the typical values (0.24-3.03). For the LDR the energy gaps are in
the range (0.2- 0.23)eV, which again are less than the typical values (0.24-3.03).The same hold for the transistors
which show that the Eg are in the range (0.4 – 0.42) eV.

The low values for the energy gap may result from the heavy doping which causes the energy gap to be narrow. The
energy levels of the impurities usually stretch themselves with in the energy gap. The results obtained may suggest
that at room temperature thermal energy causes electrons to leave conduction band to impurity levels. Then when
the voltage is applied electrons jump in the conduction band form impurity levels. The range of the energy gap
0.2eV suggests that the sample may be doped by Cu as a doner, while the energy gap 0.4eV indicates doping with
Fe donors [13].

VI. CONCLUSSION
This work shows that simple electric circuits can be utilized to find the energy gaps and levels for semiconductors.
This requires to take about 50 or more readings for I and V.

The position where the current remains almost constant or increases abruptly can be used to find the values of the
energy gap.
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