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Light


Materials


AR Coatings


Solar Cells




Light is an Electromagnetic Wave 


Courtesy of the Opensource Handbook of Nanoscience and Nanotechnology. 
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http://en.wikibooks.org/wiki/Nanotechnology


Observables 

Photonic MaterialsElectromagnetic Field 

�� dielectric constant, �/�0�� voltage, 

�� index of refraction, n 

�� absorption, � 

�� current, 

��  wavelength, � 

��  group velocity, vg = co/N; N = group index 

��  power, P 
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Tool Box (1): Wave Equation 


dielectric constant and index of refraction 


time and spatial variation 

n = index of refraction 
= c

0/c = 1 (vacuum) 
= (�/�0)

1/2  (in a material) 
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Harmonic Oscillator 


F = -kx


E = � k x2


� = (k/m)1/2�
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Tool Box (2): Harmonic Oscillator 


absorption and dispersion 
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Polarizability, Dielectric Constant, Refractive Index 
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Dielectric Constant 


�/�0 (static) 

Si 11.7 

Ge 16 

LiNbO3 43 

BaTiO3 3600 

�� Absolute Magnitude 

�� Materials Trend 

�� Frequency 

�� Applications 
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Refractive index, (�/�0)
1/2


�/�0 (static) nr (�) 

Si 11.7 3.5 

Ge 16 4 

LiNbO3 43 2.27 

BaTiO3 3600 2.46 
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‘The Chemical Bond’ (Pauling) 
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Group Classifications6

Atomic Number2

Oxidation States3

Symbol4

Electronic5

Configuration

Name4

bold indicates
most stable state

Black = solid, red = gas,
blue = liquid,
outline = synthetically
prepared

25
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VIIA
VIIB

Mn

Atomic Weight1

Melting Point7, OC

Boiling Point7, OC

Density8, g/cm3

Electronegativity9

First lonization
Potential10, eV

(gases: g/L at 0OC, 1atm)

( ) Indicates most stable
or best known isotope

54.93805

Manganese
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1.55

7.435
[Ar]3d54s2

2, 3, 4, 6, 7

Image by MIT OpenCourseWare. 114.818
156.60 4
2072
7.30

Image by MIT OpenCourseWare.



Lattice parameter 


1/r8, proportional to Repulsive Force 

1/r8 - 1/r 

•�  lattice parameter 
•�   bond stiffness 
•�   coefficient of thermal

expansion 

E=0 

-1/r, proportional to Attractive Force 
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at r=r0 Inter-ion distance (r) 
U is a minimum 

Image courtesy of Frederick Frey. Used with permission. 
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Anti-Reflection Coating Design 

�� Reflection (one surface) 

R1 = (n0 – n1)
2/(n0 + n1)

2 

�� Reflection (two surfaces: 
interference)


phase difference = (2�n1/�) 2t cos��


�R2 = (n1
2 – n0n2)/(n0n2 + n1

2)� 
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Anti-Reflection Coating Design 


�� Set R=0 

n1 = (n0n2)
1/2


(index of middle layer is geometric mean of other two indices) 

�� Sensitivity analysis: f(�,t,n) 
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