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REACTOR PRINCIPLEREACTOR PRINCIPLE
Pressurized reactorPressurized reactor

P2P2

PLASMA

RootsRoots
TMPTMP

P1P1

P1 >> P2P1 >> P2
No film contaminationNo film contamination

Outgasing from the cold Outgasing from the cold 
walls leads to film walls leads to film 
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IMPROVED aSiIMPROVED aSi--H FILM QUALITYH FILM QUALITY

50 folds 50 folds 
improvementimprovement



Deposition process needs precise monitoring:Deposition process needs precise monitoring:
�� Automatic endpoint detection,Automatic endpoint detection,
�� CCD camera with magnification = 50 X,CCD camera with magnification = 50 X,
�� Laser beam diameter �  50 Laser beam diameter �  50 mmm.m.

Monitoring DepositionMonitoring Deposition



�� The plasma confined        The plasma confined        
in a in a uniformly heated uniformly heated 
process chamberprocess chamber

�� Excellent uniformityExcellent uniformity of of 
refractive indexrefractive index

�� Symmetrical designSymmetrical design of of 
the process chamberthe process chamber �� Stress controlStress control of filmsof films

�� In situ monitoringIn situ monitoring of of 
deposition rate deposition rate 

�� Precise thicknessPrecise thickness of of 
deposited layersdeposited layers

�� In situ plasma cleaningIn situ plasma cleaning
with no corrosion of the with no corrosion of the 
process chamberprocess chamber

�� No memory effectNo memory effect
�� No manual cleaningNo manual cleaning

BENEFITSBENEFITS

�� Symmetrical designSymmetrical design of of 
pumping systempumping system

�� Excellent thickness Excellent thickness 
uniformityuniformity



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),
�� KOH, BOE, etch rates,KOH, BOE, etch rates,
�� stress,stress,
�� breakdown voltage.breakdown voltage.

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



Refractive Index Versus SiH4 and NH3 Flow RatesRefractive Index Versus SiH4 and NH3 Flow Rates

Refractive Index = 2Refractive Index = 2

Si3N4 Refractive IndexSi3N4 Refractive Index



Stress Versus SiH4 and NH3 Flow RatesStress Versus SiH4 and NH3 Flow Rates
Stress = Stress = --100 MPa100 MPa

KOH Rate = 50 Å/hKOH Rate = 50 Å/h

Si3N4 Film PropertiesSi3N4 Film Properties

KOH Etch Rate Versus SiH4 and NH3KOH Etch Rate Versus SiH4 and NH3



Stress Versus SiH4 and NH3 Flow RatesStress Versus SiH4 and NH3 Flow Rates

Zero stress areaZero stress area

Low Si3N4 Film StressLow Si3N4 Film Stress



Stress Versus SiH4 Flow Rate and RF Power Stress Versus SiH4 Flow Rate and RF Power 

Stress varies linearlyStress varies linearly
versus RF powerversus RF power

Tunable SiO2 Film StressTunable SiO2 Film Stress



Refractive Index and  RI uniformity versus pressure and N20 flow rateRefractive Index and  RI uniformity versus pressure and N20 flow rate

SiO2 Refractive IndexSiO2 Refractive Index

Refractive Index = 1.4570 Refractive Index = 1.4570 ±± 0.00050.0005 RI uniformity = RI uniformity = ±± 0.00050.0005



Stress Versus Pressures and N2O Flow RateStress Versus Pressures and N2O Flow Rate

BOE Etch Rate Versus Pressure and N2OBOE Etch Rate Versus Pressure and N2O

Stress = Stress = -- 50 MPa50 MPa

BOE Rate < 250 nm/minBOE Rate < 250 nm/min

SiO2 Film PropertiesSiO2 Film Properties



SiO2 Breakdown VoltageSiO2 Breakdown Voltage
Breakdown Voltage Versus Pressure and SiH4Breakdown Voltage Versus Pressure and SiH4

BreakdownBreakdown
Voltage Voltage 

= 10 MV/cm= 10 MV/cm



Superlattice DepositionSuperlattice Deposition

Deposition of 30 periods of 6 nm SiO2 + 4 nm aSiDeposition of 30 periods of 6 nm SiO2 + 4 nm aSi--HH



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.

Process PerformanceProcess Performance

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

Gives rise to: Gives 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.


