
Photonics applications III

 Optical nonlinearity in ChGs
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Linear and nonlinear responses
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High-order optical susceptibility
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Nonresonant vs. resonant

 Nonresonant process

Instantaneous response

 (Near-)resonant process

High nonlinearity, high loss
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Unfortunately,        may not correspond to a 

light wave at frequency sig!

Satisfying these two relations simultaneously 

is called "phase-matching."

sigk

Conservation laws for photons in nonlinear optics

1 2 3 4 5 sig

1 2 3 4 5 sigk k k k k k

(The ħ’s are canceled)

Energy conservation:

Momentum conservation:

sigk

sig
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Third-order optical susceptibility 

The lowest-order nonlinear effects in glasses 

originate from the third-order susceptibility (3), 

which is responsible for THG, FWM and nonlinear 

refraction.

Nonlinear refraction is the intensity dependence of 

the refractive index from the contribution of (3), 

which leads to SPM, XPM…

The refractive index of glass:
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Nonlinear effects and their applications

Nonlinear refractive index;

 Self-phase modulation (SPM)

 Cross-phase modulation (CPM) 

 Four-wave mixing (FWM)

Optical switch, wavelength conversion, super-

continuum generation…

Stimulated inelastic scattering;

 Stimulated Raman Scattering (SRS)

 Stimulated Brillouin Scattering (SBS)

 Amplifier or laser at IR wavelengths

- For information



Why ChG shows large optical nonlinearity?

 Miller’s rule*;

 Boling’s relation incorporating Abbe number**;

 Chemical-bond relations in terms of covalency and polarity of atomic bonds**;

 Relationship for direct-gap semiconductors**;

8

)(10
104)1()3(

esu

4

5

0

2

1n
n

15
25

2 pc
n

32

0

2/1

42

0

2/1

2
,

g

p

g

p

En

FEK

En

GEK
n

* Ta’eed  et al, Opt. Express, 15 (2007) 9205.

** Tanaka, J. Phys. Chem. Solids 68 (2007) 896.
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A broad transparent window from λ = 0.8~20 μm, 

and ultrahigh-speed third-order nonlinear response 

(< 100 fs) without carrier effects.

A large nonlinear index simultaneously with 

relatively low TPA coefficient at λ ~1.55 μm.

Fabricated at low temperature < 400°C, which is 

compatible to back-end process in Si-photonics.

Photo-induced phenomena that can be used for the 

fabrication and post-tuning of devices.

Potential of ChG as a nonlinear optical material

- Important



Ta’eed  et al, Opt. Express, 15 (2007) 9205. 

Nonlinear optical properties
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Nonlinear optical properties

Stegeman and Torruellas,  Phil. Trans. R. Soc. Lond. A  354 (1996) 745. 

- For information



12Harbold et al, Opt. Lett. 27 (2002) 119.

Nonlinear optical properties

- For information



13Pelusi et al,  IEEE J. Sel. Topics Quant. Electron. 14 (2008) 529.

Nonlinear optical properties; fiber

- For information



1414Troles et al, Opt. Mater. 25 (2004) 231.

Nonlinear absorption

 Linear absorption of ChG?

 Nonlinear absorption of ChG? 

- For information



151515Troles et al, Opt. Mater. 25 (2004) 231.

Nonlinear absorption

- Important



16161616Troles et al, Opt. Mater. 25 (2004) 231.

Nonlinear absorption

 Linear absorption of ChG?

 Weak absorption tail; processing dependent

 Nonlinear absorption of ChG? 

 Bandgap energy; composition dependent

- Important



1717Pelusi et al,  IEEE J. Sel. Topics Quant. Electron. 14 (2008) 529.

Experimental demonstrations

- For information



18Ta’eed et al, IEEE Photon. Technol. Lett. 19 (2006) 1496.

Experimental demonstrations

 Wavelength conversion, via FWM, of a 40 Gb/s signal over 40 nm.

 All-optical demultiplexing of a 160 Gb/s signal down to 10 Gb/s.

- For information
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Super-continuum generation

Sanghera et al, IEEE J. SELECTED TOPICS IN QUANTUM ELECTRONICS 15 (2009) 114..

- For information



SBS and SRS 
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21Sanghera et al, IEEE J. SELECTED TOPICS IN QUANTUM ELECTRONICS 15 (2009) 114..

Raman shift

- For information



22Sanghera et al, IEEE J. SELECTED TOPICS IN QUANTUM ELECTRONICS 15 (2009) 114..

Stimulated Raman scattering

- For information



Stimulated Raman scattering

R. Stegeman et al, Opt. Express 14 (2006) 11702. 23

- For information



Left figure: Stegeman et al, Opt. Express 14 (2006) 11702.

Right figure: Thielen et al, Opt. Express 11 (2003) 3248.

ChG Raman laser; a simulation
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Stimulated Brillouin scattering

Abedin, Opt. Express 13 (2005) 10266. 25

- For information



Acousto-optic effect

Littler et al, Opt. Express 14 (2006) 8088. 26

- For information
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*Qiu et al, Opt. Lett. 26 (2001) 914.

**Guignard et al, Opt. Express 13 (2005) 789.

Second harmonic generation

 Photo-induced SHG (optical poling) in 20Ge-20As-60S glass*

 A nanosecond pulsed Nd: YAG laser were used.

 A 104 larger SHG magnitude than 15Nb2O5-85TeO2 glass.

 The large and stable value of 2) attributed to the induced defect 

structures and large ) of the ChG. 

 Thermal poling of 5Ga-20Ge-10Sb-65S glass**

 A reproducible 2) susceptibility of 4.4 ± 0.4 pm/V achieved for 

specific poling conditions.

 Accumulation of negative charges near the anodic side creating a 

high electric field. 

- For information


