3.46 PHOTONIC MATERIALS AND DEVICES

Lecture 14: Defects and Strain

Lecture

Perfection
e LRO (Long Range Order)
e SRO (Short Range Order)

Imperfection

e Vibrating atom

e Electronic change

e Chemical impurity

e Point defect (LVv)

e 1D defect (dislocation)

e 2D defect (grain boundary)
e 3D defect (precipitate)

Defect Chemistry
AG, = AH, —T(AS, +AS,.)
Vacancy Equilibria

A, =V, +A,

AG T=T, e

T ASc

equil [V,] —m

3.46 Photonic Materials and Devices
Prof. Lionel C. Kimerling

ToASy

Notes

Lecture 14: Defects and Strain
Page 1 of 5



Lecture

Charge Carriers as Defects

e +h" = bond

_ exp [_ AG
kg T
= exp[E exp [— AH]
B kBT
Eg
=N:N, exp |— BT]

Point Defect Equilibria in Compounds
bB+cC=dD+eE

_[DT'[EF

BI'[c]
ABx Compounds
Schottky Defect (vacancy pair)
A, +XBg =V, +XxV; +A, +B;
Ks =[Va][Ve]

Frenkel Pair

A, — A +V,
Kep (A> - [A, HVA]
Kee (B) - [B,HVB]

Anti-Site Defect

A,+B,=A,+B,
Kas :[ABHBA]
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Lecture
Nonstoichiometry

AB_
A1

Bl x
= AB,

(1+5)

for a volatile component “B”

AB,

(1+98)

WDB AB}(

AB,

(1+9)

ABx 4B
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Lecture

Electrical Properties:
Defect lon Approximation

A (metal) B (non-metal)
excess A (6<0) | excessB (6> 0)
Vg (donor) Va (acceptor)

A, (donor) B, (acceptor)

Ag (acceptor) Ba (donor)

Vg, Al
Va, B

n>>p p>>n

AB %B —=

Defect-Carrier Equilibria

D=D" +ze"
A= A" +zh'
= solubility = f (Ef)
example: Li in Si (B)
Bs = Bg +h"

Li(ext) = Li," + e
e +h" = bond
[Bgi]+n = [Li,+]+p
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Lecture Notes
T3>Tr>TT,
i
, T}]
L]
T
n = [B;]
1
Bs] =
Consequences: Laser reliability
—
Er: Recombination Energy
Er:  Transition Energy
Ere: Reaction Enhanced Ener
oE. RE ay
Ree _ nRg exp Eq
R, v, kT
R
(MTTF) " @
“1 102 |-
0% -
Predicted
10? 4 /T
T accelerated T operations
aging
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