
Name: 

Constants: 
 Js  eVs 

 Js  eVs 
 J/K  eV/K,  cm/s,  F/cm 
 kg,  C 𝜇! = 4𝜋 × 10"#	H/m 

 V at 300 K Visible light: 400 nm to 750 nm 

Equations: 
Schrödinger wave equation: 

Time-dependent: 

Time-independent: 

Wave number:  for  and  for

Momentum: , operator: ; Energy: , operator: 

Kinetic energy: , operator: ; Effective mass:

Fermi-Dirac distribution:  for  

,  

, ,  

, , , 

Equilibrium: , Charge neutrality:  
Conductivity: , Drift velocity: 

Current density: , , 

Einstein’s relation:  , Diffusion length: , 

Continuity: , 

h = 6.63´10-34 = 4.13´10-15

 = h / 2π =1.05×10−34 = 6.58´10-16

k =1.38´10-23 = 8.62´10-5 c = 3´1010 14
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m0 = 9.11´10-31 q =1.60 ´10-19
kT /q = 0.0259

−
2

2m
∇2ψ(r, t)+U(r, t)ψ(r, t) = j∂ψ(

r, t)
∂t

−
2

2m
∇2ψ(r )+U(r )ψ(r ) = Eψ(r )

( )


02 UEm
k

-
= 0UE > ( )



EUm
k

-
= 02

0UE <

p =m*v = k = h
λ


j
∂
∂x

E = hν = ω −

j
∂
∂t

K.E.= m
*v 2

2
=

2k 2

2m*
-

2

2m
¶2

¶x 2
m* =


2

¶2E
¶k 2

f (E) =
1

1+ e(E-EF ) / kT
@ e(E-EF ) / kT E - EF >> kT

n = f (E)g(E)dE =
EC

¥ò NCe
(EF -EC ) / kT p = [1- f (E)]g(E)dE =

0

EVò NV e
(EV -EF )/ kT

NC = 2 2pmn
*kT
h2

æ 

è 
ç 

ö 

ø 
÷ 
3 / 2

NV = 2
2pmp

*kT
h2

æ 

è 
ç 

ö 

ø 
÷ 
3 / 2

kTE
VCi

geNNn 2/-=

i
iFn n

nkTEE ln=-
C

CFn N
nkTEE ln=-

i
Fpi n

pkTEE ln=-
V

FpV N
pkTEE ln=-

n0p0 = ni
2 n0 + NA = p0 + ND

pqnq pn µµs +=
vd = µ


E


J =


J n +


J p


J n = qµnn


E + qDn


∇n


J p = qµp p


E − qDp


∇p

q
kTD

=
µ nnn DL t= ppp DL t=

n

n n
x
J

qt
n

t
ˆ1ˆ

-
¶
¶

=
¶
¶

p

p p
x
J

qt
p

t
ˆ1ˆ

-
¶

¶
-=

¶
¶



Name: 

PN junction: , , 

,  

Small signal: Reverse: , Forward: , 

Solar Cell: , , 

, , 

Polarizability: , 

Clausius-Mossotti equation: , 

Debye equation: 

Complex dielectric constant: , , 

, , , 

Piezoelectric: , 

Mechanical strain: , stress:  
 Magnetic field: , magnetic susceptibility: ,
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