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p-type

p-type Ny, > Np, n~0
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Intrinsic semiconductors Extrinsic semiconductors
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lonized donors and acceptors

For E, + 3KgT < p < E.- 3kgT Boltzmann approximation
N S = N D E N - N A
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4 for materials with light
holes and heavy holes (S1)

2 otherwise
Np = donor density cm™ Np* = ionized donor density cm
N, = donor density cm™ N,~ = ionized donor density cm™

Mostly, Ng" = Np and N, =N,



Charge neutrality

N+ Ny=p+Np'
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Carrier concentration vs. Fermi energy -
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Sn=4%Nco*pow(S$T/300,1.5) *exp (1. 6022E-19% (SEf-5Eg) / (1.38E-23%5T) ) ;
Sp=2Nwvrpow($T/300,1.5) *exp (1. 6022E-19% (—3Ef) / (1.38E-23+%$T) ) ;
SMNarmin = §Na/ (1+d%exp(1.6022E-19* (§Ea-$Ef)/ (1.38E-23*%35T)) ) :
Ndplus = 3$Nd/ (1+2*%exp(l.6022E-19% ($Ef-3Ed)/ (1.38E-23%3T)) )
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Fermi energy vs. temperature

Ferrmi energy of an extrinsic sermiconductor is plotted as a function of temperature. &t each temperature the Fermi energy was calculated by requinng that charge neotrality be satisfied.
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Omnce the Fermi energy is known, the carrier densities m and p can be calculated from the formulas, n = N, ( %) exp ( Ei;f‘) andp = N, ( %) exp ( EL_BfF ) :
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The ntrinzic cartier denstty 5 n; = N"(ﬁ) Ny(ﬁ) ﬂp(m).
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pN junction

under normal operation conditions
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Semiconductor devices Kittel p. 503 - 512



V,,; built-in voltage

law of mass action
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