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Reading Material

Reading:
Chapter 8 Solymar and Walsh

HW
Solymar and Walsh Chapter 8 problems
8.1,8.3,8.6,8.7,8.8,8.12,8.13

Due Tues. March 10%,
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Intrinsic Semiconductors

» Now lets take E, =0 and assume the effective masses are equal
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Energy Band Structures

» The number of states in a spherical shell (k-space) of thickness dk and radius k is

Number of states within dk = Number of states per unit volume of shell dk

47K 47k 2
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=> The energy of an electron with effective mass m_ and wave vector k in the
conduction band is (we will assume energy depends on magnitude k)

dx

=p(k)dk=2
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Parabola curvature
determined by hole
mass
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Energy Band Structures

» Now let the zero energy be located at the top of the valence band, the density of
states can be written as

E
rZ E)y=C,(E-E %
(E)=C,(E-E,) — =i
For electrons per unit volume - 1\ % g
C - 4”(27718) / Forbidden
e 7k Energies

Z(E)=C,(0- E)" 0 ——
. 3
For holes per unit volume 4 n(ZmZ )5/
Ce = h3

Z(E)
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Carrier Density

= The number of electron and holes per unit volume as a function of energy
(N,, N,) are found from the number of available states per energy level
per unit volume

e

N — Ec,bottom
N, = f 1;) (density of states)(Fermi Function)dE, for holes in the valence band

N, = f B (density of states)(Fermi Function)dE, for electrons in the conduction band
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Approximation to the Fermi-Dirac
Distribution

» The probability that a state at energy (E) is occupied by an electron is given by

1

Ik gT

f(E) = (E-EF)

e +1

» However, in most cases, the Fermi level sits in the the forbidden energy band, so
only the tails of the distribution tend to sit in the conduction or valance band (not
always, but for now we will assume this is the case).

» For this case, E — Eg >> kT and the Fermi-Dirac tail can be approximated as an
exponentially decaying function

_(E — EF)
KyT

F(E) ~exp

E-Ep>>kpT
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Carrier Density

N, = [ Z(E)F(E)JE

= In the conduction . o [-(E - E-E
(E-E,) . . ’

~ Ce(E -E ) exp| —————=|dE, using the substitution x = —— =
and valance bands, EEl, ¢ Ky K, T
the Fermi-Tails do ~(xx,T+E, - E,)

_ o 1/2 B g F . —E _ E = _
not lend to an C, fo (xx,T) " exp T (x,T)dx, since at E X =0and 0, X = 00
appreciable (£, -E,)

. o 1/2 F © /2 _y
contribution of =C,(1,T) " exp —;BT Jo () e (i, T)dx
carriers, SO we can (£.-E,)
snnphfy the = Ce(KBT)]/Z(KBT)eXp #F f:(x)]/ze_xdx
integration by taking ’
- (E, -E,)]| m .
the energies out to = C,(x,T)" exp M f (x)"*edx, using mathematical tables f (x)"*e™dx = ﬁ
oo K, T 0 0 2
(E, -E
= Ceﬂ(KBT)3/2exp ( 8 F)
2 KT
x\3/2 3/2
{E -E 2 .
N,=N_exp M , where N, = C, g(KBT)y2 = 4.7'[( n;;) g(KBT)M = 2(2Jm;—efﬂ)
KB
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Carrier Density

» For holes, the probability of occupancy at an energy E is 1 — the probability that an

electron occupies energy E, or 1-F(E). Integrating the valance band for 1-F(E) from
- to the top of the valance band E,, we obtain an analogous equation for the hole
density in the valance band

N, = [ Z(E)1- F(E)|dE

(O_EF)

= N_ex
y EXP o T

h2

. 3/2
, Where N = Z(ZMhKBT)
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Carrier Density

Ne = Nh
» In an Intrinsic i 7

- - £, - £) (0-Ep)
semiconductor in N,_exp =N, exp
thermal equilibrium | T Kl
and condition f)f 2m’xc, T 312 _( E, - EF) 2k, T 312 (0-E,)
charge neutrality, the 2 —r | o = ; exp

. KT h KT
number of electrons in -
the conduction band \3/2 —(Eg - EF) a2 |-E,
(m:)"exp - (m) " exp
equals the number of ¢ K, T K, T
holes in the valence ] i)
— -E ’
band N_=N, . exp 2, exp| =% | = (mh)
» Using the condition of Kyl Kyl ] \m,
.. «\3/2
-chafge. neutrality in an 2E, E, _ log | ™
intrinsic i, T x,T “\m,
semiconductor, we can )
. m
solve for the Fermi 2E. -E, —KBTIOge( fi)
level Eg e
Flinrinsic = + gKBT‘lOge(’/nz )
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