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Introduction - context 

 Flat glass surface is functionalized with metallic and/or 
dielectric thin films deposited by magnetron sputtering. 

Na 3D Image Si 3D Image Ag 3D Image 

SIMS measurement - 3D Reconstruction 

 Sodium migration can be observed from glass substrate to active layers in 
industrial processes, for example during thermal treatments above Tg (annealing, 
shaping, ...)   

=> decrease of thin films 
properties 
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Introduction 

Aim : understand the kinetics and mechanisms of this phenomenon 

Model system SIMS, SEM,  
AFM, … 
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oxides 

Glass substrate 
(weight %) 73.3 

Silica layer 
(weight %) < 99,99 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 
= 

SIMS artifacts 
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oxides 

Glass substrate 
(weight %) 73.3 13.3 

Silica layer 
(weight %) < 99,99 < 0.003 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 
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oxides 

Glass substrate 
(weight %) 73.3 13.3 9.6 

Silica layer 
(weight %) < 99,99 < 0.003 < 0.003 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 
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oxides 

Glass substrate 
(weight %) 73.3 13.3 9.6 3.1 

Silica layer 
(weight %) < 99,99 < 0.003 < 0.003 < 0.001 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 
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oxides 

Glass substrate 
(weight %) 73.3 13.3 9.6 3.1 0.2 

Silica layer 
(weight %) < 99,99 < 0.003 < 0.003 < 0.001 < 0.001 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 
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oxides 

Glass substrate 
(weight %) 73.3 13.3 9.6 3.1 0.2 0.5 

Silica layer 
(weight %) < 99,99 < 0.003 < 0.003 < 0.001 < 0.001 < 0.001 

SIMS measurement - before annealing 

Silica layer 

Glass 
substrate 

Interface 

No network 
modifiers in 
silica layers 

after deposition 
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SIMS measurement - after annealing 1h @ 650°C 

Glass Silica layer Glass Silica layer 

Silica thin film without Al2O3 Silica thin film with 1% Al2O3 (weight %) 

CaO, MgO and K2O concentrations after 
annealing < 0.1 % in silica layers. 
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SIMS measurement - after annealing 1h @ 650°C 

Glass Silica layer Glass Silica layer 

Silica thin film without Al2O3 Silica thin film with 1% Al2O3 (weight %) 
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Influence of Al2O3 concentration on Na2O migration 

 Elaboration of a 100nm thick SiO2 layer with a gradient of Al2O3 

SiO2 SiO2:Al2O3 

Glass substrate 

Ar/O2 plasma 
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Influence of Al2O3 concentration on Na2O migration 

100 nm silica thin film after 1h @ 650°C  

8 

Which relationship between Na2O and Al2O3 ? 
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SiO2 SiO2:Al2O3 

Glass substrate 

Is this linear relationship also true for silica 
thin films with more alumina? 

100 nm silica thin film after 1h @ 650°C  
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Influence of Al2O3 concentration on Na2O migration 

250 nm silica thin film with 4% Al2O3 (weight %) - after 1h @ 650°C  

SiO2 

Na2O 
K2O 
MgO 
CaO 
Al2O3 

10 

Glass substrate Silica layer 
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Without Al2O3 

With 4% Al2O3 

- after 1h @ 650°C -  

Al2O3 gradient 
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Silica without Al Silica with Al 

Before 
annealing 

After 
annealing 

1h@ 650°C 

Is sodium charge compensator or network modifier in 

silica thin films after annealing ?  
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oxygen 

Silicon (Si4+) 

Aluminum (Al3+) 

Network formers: 

Sodium (Na+) 

Sodium (Na+) 

Network modifier: 

Charge compensator: 

- 2D structure of silica network -  

Al2O2 = 0%    Na2O = 0.2% 
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Conclusion 
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