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context

• Introduction
• Theory of classic Sum Frequency 

Generation
• Quantum Hamiltonian for PDC
• Applications



Non linear optics 
• Creation of new frequencies in the system.
• Usually, the new frequencies have small amplitude 

relative to the input frequencies.

Harmonic Difference Generation
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Nonlinear medium

Non linear dependency of the polarization in the       
electrical field:
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Substituting in Maxwell equation gives:

Assuming                      (        , Slowly varying Amplitude) 
and we get the wave equation in a medium: 

Representing the frequency component:

For every n we have:
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Properties of the second order susceptibility
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• Symmetries reduce the number of numbers need to 
describe    . 

• is real for Lossless media.
• Kleinman symmetry:              is far away from

of the media.

For the degenerate case:       
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Theory of classic Sum Frequency Generation
Inverse process of Harmonic Difference Generation
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We find the dependency of     in     and 

By the same way we find also that

Non depleting pump approximation: 
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Method to achieve phase matching 0321 =−+ kkk

We need to control the refraction index n for every

frequency:
• Angle tuning - using birefringence properties of the 

nonlinear crystal. 
(KDP - KH2PO4, BBO  - Beta-BaB2O4)

• Temperature tuning
(lithium niobate LiNbO3)

• Quasi phase matching
(LiNbO3, LiTaO3, 

KTP - KTiOPO4)

Phase
matching

Quasi
Phase
matching

No Phase
matching

•From Ref. pic [1]



Birefringence 0321 =−+ kkk
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Index ellipsoid for uniaxial crystals

• z is the optical axis (extraordinary).
• x, y are ordinary axes.

• Polarization D1 is on the x-y plane 
and have     .

• Polarization D2 have        .
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ŷ

ẑ
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Properties of birefringence crystals

• For uniaxial crystals:
Positive uniaxial Negative uniaxial

Type 1
Type 2

• Propagating direction examples:
Collinear,                                non collinear

• Walk off: spatial, temporal.
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classical parametric down conversion is impossible
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Quantum Hamiltonian for Spontaneous 
Parametric Down Conversion

Classical electrical energy in non linear media:
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Second quantization for the         term:

Define:

is the annihilation operator for j,k mode

In the degenerate case, when           :

Normal ordering, and assuming classical pump                
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Equations of motion
Slowly complex mode amplitudes
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Photon statistics
The r’th moment of           : 

For           we get the same result: 

Result are similar to thermal photon statistics:
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Optical Parametric Oscilator
• Gain is asymptotically if 

exponential if          :

• Tunable by changing the 
phase matching condition, or
changing the cavity’s length.     

• Better Finesse
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Generating of squeezing state using OPO

Signal to noise



Source for single photons

Laser ω
crystal
colinear
type 2

P.B.S

Homodyne

detection
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P.B.S: Polarizing Beam Spliter
H.W.P: Half Wave Plate
Q.W.P: Quarter Wave Plate
POL: polarizer



Source for entanglement photons

Non collinear type 2 SPDC
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