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Rapid market growth and miniaturization place stringent demands 
on device materials, including the quality of the seal made in frit 
bonding the cap wafer to the base wafer in MEMS. Seal quality 
depends on both glass material properties and processing 
conditions in the bonding equipment. This study evaluates the 
effects of frit bonding process variables and two types of sealing 
glass pastes on the quality of frit bonded seals in MEMS.

ELECTRONIC MATERIAL SYSTEMS

A. DOE: Taguchi L18 screening design
• Seven factors

-one at 2 levels – paste type Regular FX11-036
(qualitative) Hotmelt A401-17B

- six at 3 levels – back fill, peak temp, peak time, 
ramp rate, bonding force, cooling rate

• Responses
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Regular vs Hot melt for optimum 
candidates

SAM images of frit seal lines
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Marginal Means Plots

• Peak temperature has the strongest influence on seal properties

• Defect score with HM ink is significantly lower over wider process conditions

• 400°C peak firing temperature is possible at certain combinations of factors 

for these sealing glass pastes

E. Main conclusions

Inferences

D. Results

Observed effects for different levels of factors 
considered for DOE

•Interaction plots show that as peak temperature 
decreases, peak time must increase to produce 
a good seal glass microstructure.

Blue coded conditions are optimums for each 
paste type from this study.

Pareto charts

C. Plots to identify significant factors
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• Wafer used – 6” Si <100> boron doped with resistivity 0.01-0.02 Ω-cm

Print Thickness

dried: ~27 μm; glazed: ~17 μm; fired: ~9 μm
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