Semiconductor and the energy bands
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The Fermi level is located at the center of the energy gap.
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Conductivity of a semiconductor decreases at low temperatures, o< carrier #.
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cf. Resistivity of a metal decreases at low temperatures, o< thermal vibration.
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Doping
donor level
Put P, As with 5 electrons in Si :donor \ .
o + —== o several meV
Si Si Extra electron is easily excited E. goes up
X %/ from the donor level to the close 1o E,
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PN junction Majority carrier disappears
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Minority carrier in P region  Ne'=Nge ' Ng'=N,e X Light emitting diode Zener diode
VgV Recombination of carriers Generates standard voltage
under the bias — No'=Nge ‘e

Majority carriers move from N to P (electron diffusion current) o< N,

Minority carrier move from P to N (electron generation current) oc N’

total current | oc Ng'=N = |0(eev IkgV ~1)

(the same for holes)
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A diode passes only the
forward current.
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LED: Light Emitting Diode
EL : Electroluminescence

hv depends on E,.

at reverse bias.




Metal-semiconductor junction ~ Metal Er<E; N-type semiconductor _ _ -
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Organic EL array = display
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Thin film transistor

FET :Field Effect Transistor N-channel

P-channel

source

n-Si (gate)

Thin film transistor

output characteristics
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Single crystal FET

Minority carriers in MOS inverted layer carry the charge.
cf. Thin film transistor uses majority carriers.
Inversely biased PN junction either at source or at drain.
(off current)
cf. Thin film transistor uses ohmic contacts.




Junction FET
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Inversely biased pn junction
provides the gate electrode.

Bipolar transistor

PNP junction
minority carriers pass
the thin base.

BEE Since B is thin,

clectron flow  / current passed to C, /-
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Flip Flop
|
EEXE |+ R

6 ——

on off

k5% 22BBOEREHE R 147 2HEE

Operational amplifiers (OP-amp) provide ideal analog amps.
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Always inputs + and -
holpdplcl: il have the same voltage.
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Most analog circuits are realized by OP-amps.
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Magnetism in transition metal compounds

Molecular orbital of transition metal compounds:
Ligand levels are bonding orbitals.

R 4p Metal d-levels are antibonding.
p— E 45 s,p-levels are strongly antibonding.
i AR All valence electrons inters d-levels.
3d m— ARt Crystal field splitting
4s —— for octahedral Oh

Fe FeCl, Cl
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A=1-2¢eV X
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Absorb visible light. | % 8@

— Transition metal compounds are colored.

2¢, orbitals are more
%‘- antlbondlng

— go above 3 t,, orbitals.

RAXTICE Crystal-field theory: 3 t,, orbitals have node in the direction
mole_Cl_JIar orbital theory of of the ligands.
transition metals — no chemical bond.
Octahedral crystal field high spin Tetrahedral crystal field Td:upside down, always high spin
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Transition from high spin
to low spin states.
Spin crossover

high spin
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J=L+ S
AR
orbital spin angular momentum

transition metal compounds L = 0
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Lanthanides [ survives.
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Magnetic susceptibility

External magnetic field H
— magnetization VM

MERNBOHREE B B=U(H+M)

X = M| H magnetic susceptibility

Diamagnetic without unpaired electrons

X <0 B< pyH

Paramagnetic with unpaired electrons

X >0 B> ugH

However, usually /< 103

cf. Electric field

capacitor with dielectrics
P N
t & Eo? t_oo | E'=—4mP
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Q=CcVv =Fy+E=Ey,—4mP Ey—> D
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d N\
d / polarization

electric displacement field

BWREE

electric field without
dielectrics

actual electric field
in the dielectrics
(much smaller than D)

%=g=1+4ﬂp m Eisl/g of D

Inametal, E=0,and D=4mA.

Electric field
D=E+4mP cgs
D=g,E+P MKS

actual electric

external field £

field D polarization P

Always €¢>0and P>0

However,

Magnetic field

B=H+4m™M cgs
B=p,H+ M MKS

actual magnetic
external field B
field H

f

magnetization M >0
P> 0 corresponds to
M < O (diamagnetic).

Dielectrics: Vin a capacitor controls E=D—4mP

Magnet: /in a coil controls

H=B—-4mwM




