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Abstract 

This paper makes a comparative study of conventional semiconductors in electronics, such as Silicon 

(Si), Germanium (Ge) and Gallium Arsenide (GaAs). For intrinsic semiconductors sets the charge 

carrier concentration and each case is plotted with respect to temperature variation. On the other 

hand, in the case of extrinsic semiconductors it is used the built-in potential barrier of a pn junction, 

and its behavior is verified in relation to temperature. In reverse bias, it is generated a graphical 

output of the capacitance associated with these quantities. For last, it solves the problem of circuit with 

one diode and resistance by using the graphical analysis technique. These concepts are important 

because they govern the operation of basic electronic devices and can characterize the differences 

between Si, Ge and GaAs. Our purpose is to focus on solving numerically, conventional electronics 

equations without going deeply into the physical problem, but giving a brief discussion of the 

properties of these materials. 

  

Keywords: Covalent bonding, Bandgap energy, Built-in-potential barrier, Capacitance, pn junction, 

Valence electron. 

 

Introduction 

Since the invention of the effect transistor  ─ by Brattain, Shockley and Bardeen, Nobel Prize winners in 

1956 because of their research and discovery of a transistor made of semiconductor─, this has been 

considered "the most important invention of the 20th century", such device has made possible a 

breakthrough in the miniaturization of complex circuit. This led to the system age and scientific 

technological revolution has followed a dizzying pace. Remember that first electronic generation 

depended of vacuum tubes, for second it was transistor, for third it was integrated circuits, The transistor 

transformed the world of electronic. 

 

Software as Matlab can help greatly to understand difficult concepts because the bottom of the 

semiconductor physics requires knowledge of quantum and statistical mechanics. Our purpose is to help 

to study efficiently in basic electronics. 
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There are background about the theme in the literature, for example, Manifacier et al (1983) have solved 

by numerical methods our problem, they made a new alternative for obtain the equations; however, we 

approach, without changing the mathematical method to obtaining such equations; simply by solving 

with Matlab, the existent model. 

 

The graphical analysis was also developed by Sribar and Divkovic (1981); they had different means in 

the equations. In this paper, for studying the problem, we follow Neaman (2007), this author presents the 

ideas in a new and complete way and that is our theoretical basis for plotting, with the contribution of 

using Matlab for the model. 

 

First, the intrinsic semiconductor and the equation known as intrinsic carrier concentration are described; 

you get a plot of their behavior with temperature. The covalent bond and its representation in two 

dimensions are briefly mentioned.  

 

Then it continues with the extrinsic semiconductors and mechanism called doping. It is also about to 

understand the valence electrons, by applying the mechanism for generating materials n-type and p-type 

with negative and positive charge excess, respectively. 

 

A basic electronic device is the pn junction diode; a central concept appears in shaping diodes since built-

in potential barrier and the type of polarization is determinant in the operation of devices, including the 

equations to explain this. In this case, it is considered reverse bias as capacitance, while semiconductor 

diode is forward bias.  

 

For last, to solve problem for diode circuit, the voltage and current relationship between equations is a 

nonlinear equation; for its graphical analyses it is necessary to examine the circuit. 

Our work tries the applying of Matlab tasks for solving problems in the study of materials 

semiconductors. 

 

1. Intrinsic carrier concentration 

An intrinsic semiconductor is a single crystal semiconductor material with no other types of atoms 

within the crystal. The design of circuits containing electronic devices such as diodes and transistors, 

these are fabricated using semiconductor materials, where the Silicon is by far the most common used 

for semiconductor device and integrated circuits. Other semiconductor materials are used for 

specialized applications, for example, gallium arsenide is used for very high speed devices and optical 

devices.  

 

Elements in the periodic table can be grouped according to the number of valence electrons. In the 

portion shown in the table 1, the second column displays the intrinsic semiconductors (IV); they are 

Carbon, Silicon and Germanium. Columns III y V contain those elements called compound 

semiconductor. 

 

The valence electrons are shared between atoms forming what are called covalent bonds. The figure 1 
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as shown the crystal structure, Silicon, Germanium and many others semiconductors materials have the 

same tetrahedral configuration similar to carbon, by covalent bonds among their atoms.  

The figure 2 is a two dimensional representation formed by the silicon atoms. 

 

The value for coefficient B and bandgap energy Eg for several semiconductors are given in the table 2.   

It displays the energy gaps for the more used semiconductors, besides a constant B  with its units listed 

there. 

 

The concentrations in 3cm−  of electrons and holes are important parameters in the characteristics of 

semiconductors materials, because they directly influence of the current, too appears often in the 

voltage. The equation (1) is as follows, 
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where T is temperature, 
gE is the bandgap energy, B  is a coefficient relate to the specific 

semiconductor material and Bk  is a Boltzman constant. If temperature increases, the valence electron 

may gain thermal energy; that minimum energy is called bandgap energy. The basis for this is that the 

thermal energy can break the covalent bond and generate free electrons. The coefficient is calculation 

in the book of Neaman (1997). 

For Silicon, Germanium and Gallium Arsenide, the values of B  in terms of 
3

3 2cm K
−−  are known, and 

they can be used for comparing their properties with regarding to temperature, as shown in figure 3. 

 

2. Extrinsic semiconductors 

The materials containing impurity atoms are called extrinsic semiconductor. The electrons and holes 

concentrations in intrinsic semiconductors are relatively small, only very small currents are possible; 

however, these concentrations can be greatly increased by adding controlled amounts of impurities. An 

impurity is one that enters crystal lattice and replace of semiconductor atoms, even though the impurity 

atom does not have the same valence electron. The most common group V elements used are 

phosphorous and arsenic; They atoms can substitutes for silicon atoms. Four of their valence electrons 

are used for satisfy the covalent bond requirements. The fifth valence electron is more loosely bound. 

At room temperature this electron has thermal energy to break the bond, thus being free to move 

through the crystal and contribute for current as show in figure 4 and 5. 

 

The phosphorus atom is called a donor impurity, since it donates an electron that is free to move. This 

process is called doping, and it allows us to control concentration of free electrons. A semiconductor 

contains donor impurity atoms is called n-type, for the negatively charged electrons and has 

preponderance of electrons compared to hole. 

 

The most common group III element used for silicon doping is boron. When a boron  atom replace a 

silicon atom, its three valence electrons are used to satisfy the covalent bond requirements for  three of 
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the four near silicon atom, this leave one bond position open. At room temperature, adjacent silicon 

valence electrons have sufficient thermal energy to move into this position thereby creating on hole 

which contributes to current. Because the boron atom has accepted a valence electron the boron is 

therefore called “acceptor impurity”. Acceptor atoms lead to the creation of holes, this process, also 

called doping, can be used to control the concentration of holes in a semiconductor. 

 

A semiconductor that contains acceptor impurity is called p-type, for the positively charged holes 

created and has a preponderance of holes compared to electrons. Chatelain (1987). 

 

The real power of semiconductor electronics occurs when p and n material are directly adjacent to each 

other, forming the pn junction Neaman (2007). The integrated circuit is make with this concept where 

application the entire semiconductor material is a single crystal, with one region doped to be p-type and 

adjacent region doped to be n-type. 

 

3. Built-in potential barrier 

The positively charged region and negatively charged region comprise the space region or depletion 

region of pn junction, in which there are no mobile electrons or holes. Because of the electric field in 

the space charge region, there is potential difference across that region figure 6a. If a power supply is 

applied voltage polarity in figure 6b is called reverse bias, so there no current across the pn junction. If 

connection in figure 6c is applied voltage polarity is known as forward bias, and there is current. 

 

The equation of built-in potential barrier and thermal voltage are 
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where a�  are acceptor concentration, d� are donor concentration and e is electronic charge. 

It is possible, with the information in Table 2, to search how materials behave varying the temperature. 

When combining Eq (1) of ni with Vbi Eq (2) its behavior can be generated in a range of 200 to 500 

Kelvin for the three cited cases. These results are shown in figure 7. 

 

Because of additional positive and negative charged induced changes with an increase reverse bias 

voltage, a capacitance is associated with the pn junction when a reverse bias voltage is applied. This 

junction capacitance can be written Eq. (3) in the form, 
1
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where 
RV  is reverse bias voltage, 

0C  is capacitance at zero applied volts. In figure 8, capacitances are 

generated from the three materials. 
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4. Diode Circuits DC 

In forward bias voltage can generate diffusion current through pn junction. The theoretical relationship 

between the voltage and current in the pn junction is given for 

1
T
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= − 
 
 

 (4) 

Where the parameter is the reverse bias saturation current and well know typical values for pn junctions 

for example silicon has saturation current near 10
-15 

amperes, VD is diode voltage. 

Consider for example, the circuit shown in figure 9, with dc voltage power supply Neaman (2007). 

 

For the Kirchhoff voltage law it has in equation (5), 

PS D D
V I R V= +  

 (5) 

Combining equations we obtain one trascendental equation and cannot solved directly,   

1
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= − + 
 
 

 (6) 

One way is the iterations means using trial and error to find the solution to a problem. The graphical 

analysis technique involve plotting and locating their point of intersection, which is the solution in 

figure 10. 

 

Conclusions 

We considered some characteristic and properties of semiconductors. The doping of pure 

semiconductor crystals, which specific type of impurity atoms produces either type material. A pn 

junction diode is formed when n-type and p-type material is adjacent. The current-voltage of the diode 

is nonlinear relationship. The current is an exponential function in the forward bias condition. In 

forward bias polarity the pn junction is turn causes currents. 

In this work we have generated graphs illustrating the evolution of these properties to distinguish the 

differences between the Si, Ge and GaAs. The idea is to accompany mathematical development with a 

computer application to complement the analysis beyond the basic theoretical. 

 

The idea is to complement mathematics lesson of electronic by using Matlab software. Our aim is to 

contribute to solve problems in teaching of electronic. 
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 Table 1 

Portion of the periodic table 

3 e−  of valence 4 e−  of valence 5 e−  of valence 

III IV V 

Boro C  

Al Si P 

Galio Ge As 

   

 

Table 2 

Semiconductor constants 

Material ( )gE eV  3
32( )B K cm

− −  

Si 1.1 5.23x10
15

 

Ge 1.4 1.66x10
15

 

CaAs 0.66 2.10x10
14

 

 

                                                       

Figure 1. Tetrahedral configuration.               Figure 2. Two dimensional representation. 
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Figure 3. Plotted Temperature vs intrinsic concentration. 

 

 

 

 

                                                          
 

 
Figure 5 Si lattice doped with B, a 

positively charged hole is created. 

Figure 4. Si lattice doped with a P, the fifth 

valence electron is conduction. 
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Figure 6a. The potential junction pn.                               Figure 6b                                 Figure 6c 

 

 

           
 

 

 

 

 
                 

                  Figure 9. Diode circuits 
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Figure 8. In reverse bias a 300 kelvin.  Figure 7. Plotted of built-in potential barrier 
for each material, with constant acceptors and 
donors. 

Figure 10. Graphical solve for 0.619 

volts in pn junction diode. 


