
Lecture 1 Semiconductor Physics “Review”	



•  P-N Junction Diode	


– Reverse bias diode junction capacitance	



•  Text: Johns & Martin Sec. 1.1  pp. 1-12	





Semiconductor Physics “Review”	



•  Chemistry Review	


•  Types of Materials	



– Conductor, Insulator, Semiconductor	


•  PN junction	



– Depletion region	


–  Junction capacitance	
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Chemistry Review	



•  Model of atom (ridiculously oversimplified)	
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Conduction	



•  Conductor	


– Each atom:valence e- not used in bond	


–  “Sea of electrons”	


– Small applied V ⇒ Lots of charge moving ⇒ ���

Large I  ⇒ Low resistance	


•  Insulator	



– All valence e- tightly bound	


– Applied V ⇒ Little charge moving ⇒ ���

Small I  ⇒ High resistance	


•  Semiconductor	



–  “In between”	
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Periodic Table	



Source:  General Chemistry, ISBN 0-669-63362-3	
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Bonding model	



•  Lines represent valence electrons	


•  Silicon  	



4   valence electrons	
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Pure (Intrinsic) Silicon, T = 0 °K (Absolute Zero)	



All valence electrons tightly bound	
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Pure Silicon, T = 300 °K (Room Temperature)	


Thermal energy frees some valence electrons	
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Pure Silicon, T = 300 °K (Room Temperature)	



•  Thermal energy frees some valence electrons	


–  “electron”:  mobile negative charge	


– Missing electrons (“holes”) behaves as 

mobile positive charge	


•  Equal number of holes, electrons	


•  Relatively poor conductor	
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Doping	



•  Intentionally introduce impurity atoms to 
unbalance number of holes, electrons	



•  Adjacent columns in periodic table	


       Boron             Silicon             Phosphorous	
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Donor: Phosphorous	


•  Donates extra electron: mobile	


•  Also extra proton: Fixed +positive charge	


•  More mobile negative charges: n-type	



FIXED + CHARGE           MOBILE ELECTRON	
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Acceptor: Boron	


•  Vacancy (“hole”) that can accept an electron	


•  Also missing proton: Fixed negative charge	


•  More mobile positive charges: p-type	



FIXED - CHARGE           MISSING ELECTRON: “HOLE”	
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Caution	



•  Entire semiconductor is electrically neutral	


•  Donor: extra proton in nucleus	


•  Acceptor: missing proton in nucleus 	



(for both, relative to Si)	
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P-N Junction Diode	



•  Junction between p-type, n-type materials	


•  Assume structure is simple enough that we can 

consider only one spatial dimension	


•  Model: only consider “extra” charges	


•  Mobile charges contributed by dopants: each 

mobile charge was contributed by a fixed 
charge of opposite sign	
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P-N Junction Diode	



•  Thought experiment: take isolated p-type, n-
type and bring together	



15	





VA = 0 (t=0)	



•  No electric field; Thermal diffusion	
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VA = 0 (equilibrium t > 0)	



•  Internal electric field balances diffusion	
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VA positive (forward bias)	



•  Applied VA “overpowers” internal E field	
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VA negative (reverse bias)	



•  Applied VA “reinforces” internal E field	


•  Field “pulls” mobile charges further apart	
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Junction Capacitance	


•  Equal and opposite charges, physically 

separated, changes with voltage: Capacitance!	
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Junction Capacitance	


C = dQ/dV	



Same slope for any V	



Linear capacitance	



Slope depends on  V	



Nonlinear capacitance	
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Semiconductor Physics Review Summary	



•  Conduction in semiconductor: ���
e- and "holes"(absence of electrons)	



•  N region has mostly mobile electrons; ���
P region has mostly mobile "holes" 	



•  PN junction has a depletion region ���
(no mobile carriers)	



•  Size of the depletion region depends on the 
applied voltage and the P, N doping	



•  Reverse biased PN junction acts like a 
nonlinear capacitor	
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