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Evaluation of the Interfacial Fracture Toughness of Anodic Bonds
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The interfacial fracture toughness of anodic bonds between silicon and glass is quantitatively
evaluated using the stress intensity factors of an interfacial crack between dissimilar anisotropic
materials. Partial delaminations of anodic bonds were introduced using the photolithography and
the- BHF-etching. To investigate the effect of crystal anisotropy on the fracture toughness of an
anodic bond, both the (100) and the (111) silicon wafers were used. The tensile fracture tests of
anodic bonds between silicon chips and Pyrex glasses were performed to measure the fracture load.
The stress intensity factors of interfacial cracks in anodic bonds at fracture were calculated using the
combination between the finite element method and the modified virtual crack extension method
which was developed in our previous study. The fracture mode of tensile tests were mixed mode and
cracks kinked into Pyrex glass. The fracture toughness of specimens using the (100) and the (111)
silicon wafers was almost identical. The thermal shock tests of anodic bonds between silicon chips
and soda glasses were performed. The temperatures when the anodic bonds were broken were
measured. The stress intensity factor under the thermal stress was almost pure mode II, and cracks
were extended along the cleavage planes of silicon chips. The fracture toughness of an anodic bond
using the (111) silicon wafer was higher than that using the (100) silicon wafer.

Key Words: Anodic Bonding, Interfacial Fracture Toughness, Stress Intensity Factor, Finite
Element Method
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Fig.1 Schematic of anodic bonding.
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Fig.2 (100)and (111)silicon wafers.
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Fig.5 Specimen for a thermal test.
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Table1 Material properties.

Material E[GPa] -] a[K']
Pyrex glass 726 0.20 238%10°
Soda-lime glass 735 0.25 8.17X10°
Aluminum 69.0 0.33 -
Si CI 1 [GPa] C]z[GPa] C44 [GPa]
165.7 639 796
RN o
30mm Jlg

Si substrate
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Fig. 6 2D finite element mesh of a specimen for a tensile
fracture test.

5.0mm
{glass)

05mm

(Sh

3\1/ x
Fig. 7 3D finite element mesh of a specimen for a thermal
shock test.
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Fig. 10 Distributions of hoop stress with angle around interface
crack tips in specimens for tensile fracture tests.

Table2 Fracture toughness obtained by tensile fracture tests.

Bonded G. K; K Ky
plane (/) (MPav/m )
(100)

Thermal 0583 0223 0.101 0
Mechanical 6.36 -0.120 0814 0

Total 787 0343 0915 0
(111)
Thermal 245 -0447 0208 0.006
Mechanical 519 -0.105 0739 0.007 [100]
Total 11.1 -0552 0947 0013 . ; )
Fig. 11 Local coordinates around an interface crack between
lkZIO um

Silicon and glass.
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Fig. 12 Fracture temperatures of thermal shock tests ((100)
silicon wafer and soda glass).
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Fig. 13  Fracture temperatures of thermal shock tests ((111)
silicon wafer and soda glass).
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Table3 Fracture toughness obtained by thermal shock tests.

Bonded G, K; K Ky
plane e (MPavm )
Bonded diameter: 4mm
(1000 1053 1.038 0 0
(111) 18.79 1392 0.015 0.004
Bonded diameter: 10mm
(100) 13.21 1.179 -0.022 0
111 17.87 1370 0.005 0.009
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Fig. 14 Distributions of hoop stress with angle around interface
crack tips in specimens for thermal shock tests.
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