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Non-linear frequency conversion I 

•  Phase matching with birefringent 
crystals  
 

•  Quasi phase matching 
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Phase matching 

Phase matching condition  Δk = k1 + k2 − k3

ω1n1
c

+ ω 2n2
c

− ω 3n3
c

= 0 ω1 ≤ω 2 <ω 3

ω1n1 +ω 2n2 =ω 3n3
energy conservation 

ω1 +ω 2 =ω 3

n1(ω1) = n3(ω 3 = 2ω1)

Degenerate case:  ω1 =ω 2

✗  

ω 3 =ω1 +ω 2
ω1

ω 2

ω 3 = 2ω1

second harmonic generation 

2 ⋅ω1 ⋅n1(ω1) =ω 3 ⋅n3(ω 3) = 2 ⋅ω1 ⋅n3(ω 3)1.4$
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Phase matching with birefringent crystals 
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“Type I” phase matching in negaitve uni-axial crystals 
(means o polarization for fundamental and e 
polarization for harmonic) 
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Quasi phase matching 

 

kΛ = 2 ⋅Lcoh

Δk ≠ 0

E ∝ deff ⋅ z ⋅sinc(
Δkz
2
) =
2deff
Δk

sin(Δkz
2
)

Lcoh =
π
Δk

E ∝
2deff
Δk

⋅sin( π z
2Lcoh

)

Δk = k1 + k2 − k3 +
2π
Λ2

π
⋅EΔk=0

dperiodic−poling =
2
π
deff


