
3.46 PHOTONIC MATERIALS AND DEVICES 
Lecture 2: Optical Materials Designs Part 2 

Lecture Notes 

Materials Property Design 

“Property Maps” 

Meoser-Pearson, Acta 

Chrystallographica, 12, 1015 (1959). 


2-dimensional: n vs. Δχ

Average principal quantum number ( n ) 

vs. electronegativity difference ( Δχ ) 


Villaro, J., “Less Common Metals,” 92, 

215 (1983). 


3-dimensional: rAB vs. Nbe vs. Δχ 

Orbital radii vs. number of valence 

electrons vs. electronegativity difference 


ZB 
W 

NaCl CsCl 

χΔ 

CN: Coordination Number 

ZB: Zincblende 

W: Wurtzite 
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Lecture Notes 

Structures of Simple Ionic Crystals 
Minimum 
Radius 
Ratio 

Coordination 
Number 

Coordination 
Symmetry 

0 2 linear 
0.155 3 Planar 
0.225 4 Tetrahedral 
0.414 6 Octahedral 
0.732 8 cubic 
1.000 12 

Materials (semiconductors) 

Elemental: Si, Ge 

Binary compound: GaAs, InP 

Ternary alloy: AlxGa1-xAs 

Quarternary alloy: In1-xGaxAs1-yPy


Silicon (indirect) 
4 

3 

2 


1 


0 


-1 

-2 

-3 

L [111] [100] X


Eg = 1.11 eV 

Wave Vector 
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Lecture Notes
En

er
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 (e
V)

 

Gallium Arsenide (direct) 
4 

3 

2 

1 

0 

-1 

-2 

-3 

L [111] [100] X 


Eg = 1.42 eV 

E = 0.31 

Wave Vector 

Energy band: a set of closely spaced 
energy levels of atoms in solid that 
represent the entire system. 

Valence band:  highest filled band. 

Conduction band: lowest empty band. 

CB 

Eg 

VB 

Absorption can create e-h+ 

A R 

-e h+ Recombination can create a photon 
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Lecture Notes 

“Bandgap Wavelength” 

Free space wavelength of photon 
energy Eg 

hc0λg = 
Eg 

wavevector: 
K
k 

(crystal) momentum: p 
K 

Kp =
=

K
k 

Effective mass 

@ band extrema (conduction, valence) 

2 2  

* 

k=
E = Ec + 
2 cm 

2 2  

* 

k=
E = Ev - 2 cm 

m0 = rest mass of e

= 9.1 x 10-31 kg 

Average value m* for Si, GaAs 

* * 

0 

cm 
m 0 

vm 
m 

Si 0.33 0.5 
GaAs 0.07 0.5 
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Lecture Notes 

Direct gap (Si) 

No change in momentum for CB ' VB 

electronic transition. 


Indirect gap (Si) 


Band extrema at different 
K 
k 

Change in 
K 
k , 

K
P
 required 

Compound semiconductors 

III-V compounds 

fi = fractional ionic character 

CE = cohesive energy
 = ΔGsublimation (neutral atom, STP) 

fi  CE (kcal/mole) 
CE 

fi 
N P As Sb 

B .256 
293− 

Al 
170− 157− 

Ga 
152− 135− 

.261 
118− 

In 
133− 126− 

.321 
108− 

.307 .274 

.327 .310 

.421 .357 

CE  
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Lecture 
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Lecture Notes 

SiO2 Eg = 10.2eV 

Main contribution to n for silicates is the 

polarizability of the oxygen. 


χ ↑ as n  (cation) ↑

e.g., PbO 


(flint glass) is yellow (absorbs in violet) 


anions are more polarizable than 

cations 


F < OH < Cl < O < S < Se < Te 

BeF2 for UV transmission 

Fluorozirconates for long λ 

ZrF4, BaF2, LaF2 

Long λ loss < SiO2 
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