
Photonics applications IV

 Fabrication of GhG optical fiber

 Fabrication of ChG planar waveguide

 Fabrication of ChG PC structure
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Why does fabrication issue matter for photonics 

applications?
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 Geometrical shape and refractive index difference determine 

the optical confinements; 

 Single-mode or multi-mode?

 Cross-section of waveguide; circular or rectangular?

 Loss coefficient is as critical as gain coefficient;

 Absorption loss, scattering loss, bending loss…

 Controlling refractive index profile of a waveguide can manage 

propagation properties;

 Control dispersion properties

 Photonic crystals

 Phase matching condition in nonlinear applications

 Optical splicing between other waveguides; mode-size 

mismatch and Fresnel reflection

- Important



Fiberization of ChG

3Sanghera and Aggarwal, J. Non-Cryst. Solids 256&257 (1999) 6.

- For information

Single-mode preform

glass rod

core rod

1st core/clad

Thinned 1st core/clad

Choi et al, unpublished result



4Sanghera and Aggarwal, J. Non-Cryst. Solids 256&257 (1999) 6.

- For information
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Attenuation

Sanghera and Aggarwal, J. Non-Cryst. Solids 256&257 (1999) 6.

- For information
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A : multiphonon absorption coefficient

B : intrinsic electron absorption coefficient

C : Rayleigh scattering coefficient

D : extrinsic electronic absorption coefficient (ions)

E : extrinsic vibrational absorption coefficient (OH-)

Attenuation; silica optical fiber

 Perfectly OH-free SMF is commercially available.

- Important
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Attenuation

Sanghera and Aggarwal, J. Non-Cryst. Solids 256&257 (1999) 6.

- Important
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Specialty fiber based on ChG

Abouraddy et al, Nature Materials 6 (2007) 336.

- For information



9Abouraddy et al, Nature Materials 6 (2007) 336.

Omnidirectional reflection and light guidance

- For information



10Abouraddy et al, Nature Materials 6 (2007) 336.

- For information



Planar waveguide 

11

 The smallest nanowires produced in Ge-As-Se
 Mode area: ~0.20 μm2 at 1550 nm

 Attenuation loss: ~1.5 dB/cm

 Suitable for nonlinear applications due to strong optical confinement

 For larger waveguides for example*
 As2S3 rib waveguide with mode areas of 5.7μm2 and optical losses 

around 0.05dB/cm at 1550nm

 Comparable with the lowest losses achieved in silica planar 

waveguides

 Needs of low-loss waveguide for Mid IR applications
 Sensing in the molecular fingerprint region between 2 and 20 μm

 The commercialization of quantum cascade lasers

 Waveguides for the mid-IR with losses as low as 0.5 dB/cm at 8.4 μm

* Gai et al, Optics Express 18 (2010) 26635. 

- For information
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Relief patterns on the surface of Ge-As-Se-Te glass consisting of air grooves 

(wide dark parallel lines) and glass ribs (bright parallel lines) perforated by air 

holes (small dark spots). 

 Laser patterning
 Ge-As-Se-Te glass

 Using Ti: sapphire laser

Paivasaari et al, Opt. Express 15 (2007) 2336.

- For information
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(a) SEM image of a rib-waveguide, (b) schematics of a rib-waveguide structure, and (c) enlarged 

image from (a) showing minimal sidewall roughness.

 Photolithography
 As-S film fabricated via PLD

Baker, et al, Opt. Express 15 (2007) 1277. 

- For information
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(a) SEM image of the cleaved facet of a rib waveguide and (b) schematic illustration of the rib 

geometry assumed for simulations. 

 Focused ion beam milling using Ga+ ion beam*
 Ge-As-Se film fabricated via PLD

 Fabricating 2D PC structure

 Wet etching + photo-darkening**
 As-Se film fabricated via thermal evaporation

 Selective etching induced by UV irradiation

* Freeman, et al, Opt. Express 13 (2005) 3079.

** Ponnampalam, et al, Opt. Express 12 (2004) 6270.

- For information
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SEM images showing the profile of As-S waveguides etched by ICP using photoresist mask; 

(a) As-S waveguide with photoresist mask and (b) coating with polymer cladding. 

 Dry etching (ICP etching)
 Various ChG films fabricated via PLD

Ruan, et al, Opt. Express 12 (2004) 5140.

- For information
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 Hot embossing
 As-S-Se film

 Rayleigh scattering limited loss 

Han et al, Opt. Express 18 (2010) 19286.

- For information
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 Cutting and polishing bulk glass
 Sensor structure based on opto-electrophoretic detection

 GeAsTe glass having good mid IR transparence and electrical conductivity

Yang et al, Opt. Express 18 (2010) 26754.

- For information



18Tsay et al, Opt. Express 18 (2010) 26744.

 Solution processing
 As-S glass powder dispersed in propylamine

- For information
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 Free falling and quenching
 GaLaS glass doped with RE

Elliott et al, Opt. Express 18 (2010) 26720.

- For information



20Troles et al, ICTON 2007, pp. 297-300.

Photonic crystal fiber

- For information



21Fatome et al, J. Lightwave Technol. 27 (2009) 1707.

 Stack and draw method
 Make glass rods with typical sizes around 18-cm length and around 12-

mm outside diameter

 Remelt to obtain the glass tube by centrifugation (tubes around 12-mm 

outside diameter about 5-mm inside diameter, and 12-cm length)

 Draw drawn down to obtain capillaries of around 600-mm outside diameter

 Stacked them in a hexagonal lattice around a central rod of the same 

diameter and placed into a larger jacket tube

- For information



22Coulmobier et al, Optics Express 18 (2010) 9107.

 Casting method

- For information



23Suzuki et al, Optics Express 25 (2009) 22393.

2D photonic crystal

- For information



24Suzuki et al, Optics Express 25 (2009) 22393.

- For information



25Suzuki et al, Optics Express 25 (2009) 22393.

- For information



26Suzuki et al, Optics Express 17 (2009) 22393.

- For information



27Sahghera et al, Optics Express 18 (2010) 26760.

 Anti-reflective surface structures
 Reduce Fresnel losses

- For information


