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Optical transition matrix element
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Optical transition matrix element
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Bloch functions 𝒖𝒄 and 𝒖𝒗
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Bloch functions 𝒖𝒄 and 𝒖𝒗
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Optical transition matrix element
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Envelope function
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over unit cell of the crystal

Varies rapidly
over unit cell of the crystal
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Optical transition matrix element
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Optical transition matrix element

* 3 3

3
3

3
3

3
3 *

( ( ( (

(

(

) )( ) ) )

)

)

) )( ) )

(

( (

i

c G

i

v

V

V

v

G

G

V

i

c

F u u d F C e d

d
F C e d

d
F d C e

i
d

F d u

i

u















 −  





=

− 

=

=

=






 

 

 



G r

R G

G r

G

G r

G

r r r r R r

r
r r

r
r r

r
r r r r

3 3
*)(0

0

ˆ ˆ )( ) )( (
2

v opci

v c

V

vc

qA d d
e u uH

m
e

V
i

− 



+ +
 − 



−
= 

k k k r r r
r r

Plug back
into optical
matrix element

Non-zero only if c op v c v= + →k k k k k

Note: 1ie  =G R



9Fortuna – E3S Seminar

Optical transition matrix element
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Absorption coefficient
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Simplified two-band 𝒌 ⋅ 𝒑 theory
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See Chuang Ch.4
Haug and Koch Ch. 3
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Simplified two-band 𝒌 ⋅ 𝒑 theory

Second order time-independent perturbation theory:
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(Lots of math details skipped)
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Simplified two-band 𝒌 ⋅ 𝒑 theory
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Reduced mass and bandgap can be measured 
from absorption coefficient. This allows for empirical determination
of the transition matrix element.

More rigorous treatment includes multiple valence bands (hh,lh, and so) and 
degeneracy at k = 0 (result given without proof on slide 9). 
But, this simple approximation derived here gives surprisingly reasonable estimate 
(within about a factor of 2) of the true matrix element. 


