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SEMICONDUCTOR MATERIALS: 
Ge, Si, AND GaAs 

•Semiconductors are a special class of elements having a 
conductivity between that of a good conductor and that of an 
insulator 

•two classes: single-crystal  and  compound 

•Single-crystal semiconductors such as germanium (Ge) and 
silicon(Si) have a repetitive crystal structure. 

•compound semiconductors such as gallium arsenide(GaAs), 
cadmium sulfide (CdS), gallium nitride (GaN), and gallium arsenide 
phosphide (GaAsP) are constructed of two or more semiconductor 
materials of different atomic structures. 
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The three semiconductors used most frequently in the 
construction of electronic devices are Ge, Si, and GaAs. 

• 1947 germanium was used almost exclusively 
• easy to find and was available in fairly large quantities. 

• easy to refine to obtain very high levels of purity, an important aspect in 
the fabrication process 

• suffered from low levels of reliability due primarily to its sensitivity to 
changes in temperature. 

• 1954 the first silicon transistor was introduced, and silicon 
quickly became the semiconductor material of choice. 

• less temperature sensitive, but it is one of the most abundant materials on 
earth 

• Manufacturing and design technology improved steadily through the 
following years 

• Si transistor networks for most applications were cheaper to manufacture 
and had the advantage of highly efficient design strategies 
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•first GaAs transistor in the early 1970s 

• speeds of operation up to five times that of Si 

• GaAs was more difficult to manufacture at high levels of purity, was more 
expensive and had little design support in the early years of development 

• demand for increased speed -base material for new high-speed, very large 
scale integrated (VLSI) circuit designs. 

• COVALENT BONDING AND INTRINSIC MATERIALS 

 

 

Atomic structure of (a) silicon; (b) germanium 
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• This bonding of atoms, strengthened by the sharing of electrons, is 
called covalent bonding. 
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•The external causes include effects such as light energy in the 
form of photons and thermal energy (heat) from the surrounding 

medium. 
• At room temperature, there are approximately 1.5 x 10 10 free carriers in 

1 cm 3 of intrinsic silicon material 

• intrinsic is applied to any semiconductor material that has been carefully 
ENERGY LEVELS refined to reduce the number of impurities to a very low 
level 
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A semiconductor material that has been subjected to 
the doping process is called an extrinsic material 

• n -Type Material 
• five valence electrons ( pentavalent ), such as antimony , arsenic , and 

phosphorus 

• Diffused impurities with five valence electrons are called donor atoms 
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At room temperature in an intrinsic Si material there is 
about one free electron for every 10 12 atoms 

• If the dosage level is 1 in 10 million (10 7 ), the ratio10 12 /10 7   = 10 5 
indicates that the carrier concentration has increased by a ratio of 
100,000:1. 
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p -Type Material 

• three valence electrons- boron , gallium , and indium- acceptor atoms. 
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Electron versus Hole Flow 
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Majority and Minority Carriers 

• In an n-type material  the electron is called the majority carrier and the 

hole the minority carrier. 
• In a p-type material the hole is the majority carrier and the electron is 

the minority carrier 
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PN JUNCTION-DIODE 
NO BIAS  

In the absence of an applied bias across a semiconductor diode, the net 
flow of charge in one direction is zero 
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REVERSE BIAS 

The current that exists under reverse-bias conditions is called the reverse 
saturation current and is represented by I s . 
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FORWARD BIAS 
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Shockleys Equation 
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Ge,Si,GaAS 
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Breakdown Region 

• The reverse-bias potential that results in this dramatic change 
in characteristics is called the breakdown potential and is 
given the label V BV . 
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•As the voltage across the diode increases in the reverse-bias 
region 
• velocity and associated kinetic energy (WK = 12 mv2) will be sufficient to 

release additional carriers through collisions with otherwise stable atomic 
structures 

• ionization process will result- valence electrons absorb sufficient energy to 
leave the parent atom----- avalanche breakdown. 

• V BV  can be brought closer to the vertical axis by increasing the doping 
levels in the p - and n -type materials. 

• V BV decreases to very low levels, such as 5 V, another mechanism, called 
Zener breakdown 

• strong electric field in the region of the junction that can disrupt the 
bonding forces within the atom and “generate” carriers 

• Zener breakdown mechanism---------- contributor only at lower levels 

       of V BV 

• Zener region---------- characteristic of a p – n junction are called Zener 

• diodes . 
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The maximum reverse-bias potential that can be applied before entering the 
breakdown region is called the peak inverse voltage (referred to simply as 
the PIV rating) or the peak reverse voltage (denoted the PRV rating 
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Temperature effects 
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•In the forward-bias region the characteristics of a silicon diode shift to the 
left at a rate of 2.5 mV per centigrade degree increase in temperature 

• An increase from room temperature (20°C) to 100°C (the boiling point of 
water) results in a drop of 80(2.5 mV)  200 mV, or 0.2 V, which is significant 
on a graph scaled in tenths of volt. 

• In the reverse-bias region the reverse current of a silicon diode doubles 
for every 10°C rise in temperature. 

• For a change from 20°C to 100°C, the level of I s increases from 10 nA to a 
value of 2.56 mA, which is a significant, 256-fold increase. Continuing to 
200°C would result in a monstrous reverse saturation current of 2.62 mA. 

• The reverse breakdown voltage of a semiconductor diode will increase or 

      decrease with temperature 

Electronic Devices and circuit theory 
Nashelsky and Boylstead 



Ideal v/s practical diode 

if the semiconductor diode is to behave like a closed switch in the forward-bias 
region, the resistance of the diode should be 0 . In the reverse-bias region its 
resistance  ∞Ω, should be  to represent the open-circuit equivalent 
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RESISTANCE LEVELS 

• DC or Static Resistance 

The dc resistance levels at the knee and below will be greater than the resistance 
levels obtained for the vertical rise section of the characteristics. The resistance 
levels in the reverse-bias region will naturally be quite high 

In general, therefore, the higher the current through a diode, the lower is the dc 
resistance level.Typically, the dc resistance of a diode in the active (most utilized) 
will range from about10  to 80Ω . Electronic Devices and circuit theory 
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AC or Dynamic Resistance 

 
With no applied varying signal, the point of operation would be the Q -
point 

In general, therefore, the lower the Q-point of operation (smaller current or 
lower voltage), the higher is the ac resistance. 
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the dynamic resistance can be found simply by 
substituting the quiescent value of the diode current 
into the equation 
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Average AC Resistance 
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Resistance levels 
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Diode equivalent circuits 
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TRANSITION AND DIFFUSION 
CAPACITANCE 

• Every electronic or electrical device is frequency sensitive. 
• For diode stray capacitance is a problem,XC = 1/2∏fC, 

• the transition capacitance is the predominant capacitive effect in the 
reverse-bias region whereas the diffusion capacitance is the predominant 
capacitive effect in the forward-bias region. 

• Transition capacitance   
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Diffusion capacitance 

• capacitance effect directly dependent on the rate at which charge is 
injected into the regions just outside the depletion region 
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REVERSE RECOVERY TIME 

• data that are normally provided on diode specification sheets provided by 
manufacturers 

• reverse recovery time, denoted by t rr 

 

Important - high-speed switching applications 
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Series diode configuration 

70
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For the series diode configuration shown, determine  

71
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• For the series diode configuration shown, determine  
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Vi-Vt=0 
Vi=Vt 
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Transfer characteristics 
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Another Double ended clipper 
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