


Optical devices are composed of doped and intrinsic silicaOptical devices are composed of doped and intrinsic silica::

�� A first layer of intrinsic silica: “Buffer”,A first layer of intrinsic silica: “Buffer”,

�� A second layer of doped silica and patterned : “Core”,A second layer of doped silica and patterned : “Core”,

�� A third layer of silica: the “Cladding” layer.A third layer of silica: the “Cladding” layer.

OPTICAL WAVEGUIDEOPTICAL WAVEGUIDE



DevelopmentDevelopment is carried is carried 
out through Design of out through Design of 
Experiments (Experiments (DOEDOE))

Optimization of film Optimization of film 
properties: properties: 

�� deposition rate,deposition rate,
�� refractive index,refractive index,
�� uniformities (Thickness,    uniformities (Thickness,    

Index),Index),
�� Stress,Stress,
�� SiSi--H Bonds.H Bonds.

Customer BenefitCustomer Benefit Process modeling Process modeling enablesenables
fast matching fast matching with customer with customer 
requirements.requirements.

Guaranteed Process ResultsGuaranteed Process Results

Process DevelopmentProcess Development



SiO2 Deposition RateSiO2 Deposition Rate

DepositionDeposition raterate versusversus NN22OO andand SiHSiH44
flowflow ratesrates atat 18001800 mTmT WorkingWorking PressurePressure
andand 250250 WW RFRF powerpower..



Deposition Uniformity on 4” WaferDeposition Uniformity on 4” Wafer

DepositionDeposition uniformityuniformity versusversus NN22OO andand
SiHSiH44 flowflow ratesrates atat 18001800 mTmT WorkingWorking
PressurePressure andand 250250 WW RFRF powerpower..



Stress After AnnealingStress After Annealing

StressStress afterafter annealingannealing versusversus NN22OO andand
SiHSiH44 flowflow ratesrates atat 18001800 mTmT WorkingWorking
PressurePressure andand 250250 WW RFRF powerpower..



Refractive Index & Refractive Index & 
Refractive Index Uniformity Refractive Index Uniformity 

RefractiveRefractive IndexIndex versusversus NN22OO andand SiHSiH44
flowflow ratesrates atat 18001800 mTmT WorkingWorking PressurePressure
andand 250250 WW RFRF powerpower..

Refractive index of 1.457 �s�s�s�s0.0007



SiSi--H Bonds After AnnealingH Bonds After Annealing

SiSi--HH bondsbonds afterafter annealingannealing versusversus NN22OO
andand SiHSiH44 flowflow ratesrates atat 18001800 mTmT WorkingWorking
PressurePressure andand 250250 WW RFRF powerpower..

No Si-H bonds in SiO2 layer

No cracks after annealing at 1000No cracks after annealing at 1000�r�rCC



MultiMulti--stepstep processprocess recipesrecipes
enablesenables perfectperfect andand stablestable
plasmaplasma ignitionignition..

Gives rise to: Gives rise to: 
�� Repetitive film growth,Repetitive film growth,
�� Good adhesion of films on Good adhesion of films on 

substrate,substrate,
�� Stable film properties.Stable film properties.

Tool PerformanceTool Performance

ProcessProcess isis terminatedterminated byby anan
ArAr plasmaplasma inin orderorder toto
eliminateeliminate thethe powderspowders (*)(*)
electrostaticallyelectrostatically trappedtrapped inin
thethe plasmaplasma..

Gives rise rise to: Gives rise rise to: 
�� No contamination of No contamination of 

deposited films,deposited films,
�� Shorter plasma cleaning,Shorter plasma cleaning,
�� No pinhole.No pinhole.

Guaranteed Process ResultsGuaranteed Process Results

(*) Powders or clusters come from fast (*) Powders or clusters come from fast exothermic anion-radical reactions as SinH - + 
SiHm' to Sin+1Hm+m'-2q

- +qH2 that can lead to nucleation of up to 104 Si atoms.



�� SecondSecond layerlayer ofof dopeddoped silicasilica (Core)(Core)::
WeWe usedused thethe samesame processprocess conditionsconditions asas givengiven byby thethe DOEDOE forfor

thethe bufferbuffer layerlayer andand wewe addedadded toto thethe gasgas mixturemixture thethe TMBTMB dopantdopant..

�� Deposition 1 µm of aSiDeposition 1 µm of aSi--H (Mask):H (Mask):
We used our standard process conditions to deposit aSiWe used our standard process conditions to deposit aSi--H. This H. This 

film will be used as mask to dry etch the core layer.film will be used as mask to dry etch the core layer.

�� Patterning of aSiPatterning of aSi--H:H:
We wafers are patterned with positive photoresist.We wafers are patterned with positive photoresist.

Core Deposition & PatterningCore Deposition & Patterning



Si waferSi wafer

BufferBuffer

CoreCore

aSiaSi--HH

Core Patterning (1)Core Patterning (1)

ResistResist

aSiaSi--HH
Photoresist



Si waferSi wafer

BufferBuffer

CoreCore

aSiaSi--HH

aSiaSi--H Etching (2)H Etching (2)



Si waferSi wafer

BufferBuffer

CoreCore

aSiaSi--HH

aSiaSi--H Etching (2)H Etching (2)

Silicon EtchingSilicon Etching



Si waferSi wafer

BufferBuffer

CoreCore

Core Etching (1)Core Etching (1)

aSiaSi--HH

Core EtchingCore Etching



Si waferSi wafer

BufferBuffer

CoreCore

aSiaSi--H StrippingH Stripping

StrippingStripping



Si waferSi wafer

BufferBuffer

CoreCore

aSiaSi--H StrippingH Stripping



Examples of SiO2 EtchingExamples of SiO2 Etching

SiO2 Etching 15 µm deepSiO2 Etching 15 µm deep



Si waferSi wafer

BufferBuffer

CladdingCladding

CoreCore

CladdingCladding

TheThe claddingcladding layerlayer isis depositeddeposited withwith thethe CorialCorial DD250250
usingusing HMDSOHMDSO inin orderorder toto ensureensure goodgood stepstep coveragecoverage..



Optical waveguide cross sectionOptical waveguide cross section

Step coverage ratio: 0.8Step coverage ratio: 0.8

OPTICAL WAVEGUIDEOPTICAL WAVEGUIDE



CONCLUSIONCONCLUSION

OpticalOptical devicedevice manufacturingmanufacturing withwith CORIALCORIAL toolstools ::
�� PECVDPECVD depositiondeposition ofof intrinsicintrinsic andand dopeddoped SiOSiO22 withwith excellentexcellent

uniformityuniformity ofof refractiverefractive indexindex ((11,,45704570 �s�s00..00070007),), minimumminimum stressstress

andand nono SiSi--HH bondsbonds afterafter annealing,annealing,

�� PECVDPECVD depositiondeposition ofof claddingcladding layerlayer withwith HMDSOHMDSO toto achieveachieve goodgood
stepstep coveragecoverage ((00..88),),

�� Highly anisotropic etching of the core layer by using:Highly anisotropic etching of the core layer by using:

�� aSiaSi--H as a masking material,H as a masking material,

�� optimized design of shuttle (Part of the cathode used to load optimized design of shuttle (Part of the cathode used to load 
wafers in the reactor) to achieve vertical etching.wafers in the reactor) to achieve vertical etching.


