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Today

* Fermi surfaces (Kittel Ch.9)
« Semiconductors (Kittel Ch.8)
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Extended zone scheme

2G -2G

—3r/a —mt/a n}a 3nt/a
k



Reduced zone scheme
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Brillouin zones in 2D
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Brillouin zones in 2D
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Brillouin zones in 2D
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fcc

fcc

N.=1 (examples: Cu,Ag,Au)
kea/2n = (3/27)2 = 0.78

IL| a/2x = |(0.5,0.5,0.5)| = 0.87

IX| &/2r = |(1,0,0)| = 1.0

Vg, /(2n)3 = 4/a3

N, =2 (examples: Ca, Sr)
kea/2m = (3/m)12 =0.98

N, = 3 (examples: Al, Ce, Th)
kea/2n = (9/m)Y® = 1.13
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IN| a/2z =(0.5,0.5,0)| = 0.71
|P| a/2r = |(0.5,0.5,0.5)| = 0.87

|H| /27 =|(1,0,0)| = 1

bcc
Vg, /(21)2 = 2/a3
N.=1
examples: Li,Na,K,Rb,Cs
kea/2n = (3/4m)13 = 0.62
bcc

N, =2
examples: Ba
kea/2n = (6/4m)13 = 0.78

<
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Free e + periodic potential

« Band structure, gaps, metals & insultators
. -1
 Effective mass - _ th* )= h{azf}
2m ok
* E.O.M. (see Kittel appendix E & pages 205-206)
* Fermi surface
*Constant E surface for relevant electrons
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SEMI-
CONDUCTORS



Semiconductors

Direct gap / Indirect gap
Intrinsic / Extrinsic
Homogeneous / Inhomogeneous
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Direct gap: GaAs

Energy
1‘ 300K E, =142 6V

F-vulley EL =1.7]1 eV

Ex =190 eV
L-valley Eeo =0.34 eV

Wave vector
Heavy holes

Light hotes

Split-off band
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Direct gap: GaAs, absorption

142 144 146 148 150 152
Photon energy Av(eV)
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Indirect gap: Silicon

Wave vector
~——Heavy holes

T—Light holes

Split-off band”
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Indirect gap, Si absorption
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Holes

Missing electron in a filled band
acts as a particle (hole) with:

* K = -Ke Conduction
* Eh - C¢
* Vh = Ve

* M, = -m, E,
*Onh = -Qe
: 1:h: 'fe

valence
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Cyclotron resonance
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Fic. 2. Typical cyclotron resonance results in germanium near

Dresselhaus et al., Phys. Rev. 98, 368 (1955)
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Carrier density
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© KinT makn T
Nn= [dE Dg(E)-fo(E)=n,-€ P n0:2£ =D ]
S nh

E, Ey—u T 3/2
p= [dEDy(E)-fr(E)=po-e 0"  po=2 VD
w0 Tth
Eg

N-p =nNgPg .e_ZKbT Independent of u or doping
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Intrinsic case

Er == Eqg+ kT |n£m§j] (setting E,=0)
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Extrinsic case

@ o @ @ E. Conduction band
(s) As* (s)
= (=

@ @ @ ! Valence band

! Eq

2 5e%/g & m »>m*

m'e* m* 1
27%c2 Mg g2

‘H problem’ with e

.13.6 eV

lonization energy 1 ‘Ry’: Eg =

h28 Mg
* 2 %*
m e m

‘Bohr’ radius: 1y =
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Extrinsic

Donor and acceptor levels (meV)

P As S Al Ga In
Si ‘ 45 49 39 ‘ 45 57 65 157
Ge 12 13 10 10 10 11 11

N

1

1+ e_(gd_u)/kT + e_(gd_“)/kT — 1

~(eq—m)/KT , o—~(eq—p)/KT
e + e
ﬁ NG —Ng () =Ng

Ed

Ng =Ng —Ng :Nd(l— 2 )

Ne =Pj + Ny
Pi = N;

aled—p)/KT | 5

} 5 n= /Nan . e—Ed/ZKbT

2

c

e(ed —u)/kT 41

E | —

i

LT/9T S

_|

I-dINO 1Ad



P-N Junction
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Depletion
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Potential
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n, FT )C Densities
h+
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NeRETS

Forward
bias
\Y

d

Reverse
bias
\Y

N

Drift (thermally exc.)
e ——

Diffusion (E-field)

+«— @°

Jdiffusion < Jdrift

0

= jdiffusion

<
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Other heterogeneous S.C.

Recombination: e” +h™ -y GaAs, P,
LED and Semiconductor laser In,Ga, ,N/Al,Ga,; N
o
— Pid
donor
acceptor ——Fv o

p-type n-type
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SC lasers

# | » Storage CD/DVD, MO

* 4| * Eye, artery, dental Surgery
 Diagnostic (Caries, Cancer)

« Environmental monitoring

 Remote sensing (speed, chemicals)
« Motion control

» Star Wars, guns
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Heterostructure

Heterostructure: Lateral confinement => 2 DEG

GaAs = \ Al Ga, As (n-type)
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MOSFET 2DEG

Source Gate Drain

2 DEG
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Band diagram MOSFET

B —h-: I inversinm

. CONDUCTION
: . BAND

. VALENCE
. BAND

Si MOSFET with
2D Inversion Layer

Quantum Confinement
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Integer Quantum Hall effect on Si-MOSFET
Nobel prize von Klitzing, 1985
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Fractional quantum hall effect

Nobel prize von Laughlin, Tsui & Stormer, 1998

e

.[A/m
‘“5!31
74 '

? 8/7
415

15

10 20
MAGNETIC FIELD (Tesla)

LT/9T SM
I-dIND TAd



Composite fermions




