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Abstract

Anodic bonding process has been quantitatively evaluated based on the Taguchi analysis of the
interfacial fracture toughness, measured at the interface of anodically bonded silicon-glass bimorphs. A
new test specimen with a pre-inserted blade has been devised for interfacial fracture toughness
measurement. A set of 81 different anodic bonding conditions has been generated based on the three
different conditions for four different process parameters of bonding load, bonding temperature, anodic
voltage and voltage supply time. Taguchi method has been used to reduce the number of experiments
required for the bonding strength evaluation, thus obtaining nine independent cases out of the 81
possible combinations. The interfacial fracture toughness has been measured for the nine cases in the
range of 0.03~6.12 J/m®. Among the four process parameters, the bonding temperature causes the most
dominant influence to the bonding strength with the influence factor of 67.7%. The influence factors
of other process parameters, such as anodic voltage and voltage supply time, bonding load, are
evaluated as 18%, 12% and 2.3%, respectively. The maximum bonding strength of 7.23J/m* has been
achieved at the bonding temperature of 460°C with the bonding load of 45gficm’, the applied voltage
of 600V and the voltage supply time of 25minites.
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Table 1 Anodic bonding conditions and process

parameters
Process Bonding Condition ID
Parameters #1 4 3
Bondi
onding and 45 150 550
[gffem’]
Bonding
Temperature [T] 300 380 460
Anodic Voltage [V] 400 600 800
Voltage Supply 15 20 55

Time [min]}
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Fig. 3  Apparatus for the anodic bonding with
controlled bonding load, temperature,

anodic voltage and voltage supply time
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Table 2 Test specimens fabricated by nine anodic
bonding conditions, resulted from the
Taguchi analysis(”) of Table 1

Specimen | Bonding Condition ID of Table 1

No. Load Temperature Voltage Time
1 #1 #1 #1 #1
2 #1 #2 #2 #2
3 #1 #3 #3 #3
4 #2 #1 #2 #3
5 #2 #2 #3 #1
6 #2 #3 #1 #2
7 #3 #1 #3 #2
8 #3 #2 #1 #3
9 #3 #3 #2 #1

Bonded area

Crack propagation length

Fig. 4 Interfacial crack line propagated from
the pre-inserted blade edge into the

bonded area
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Table 3 The crack propagation length, measured
from the repeated test of specimens

. - Crack Propagation Length [mm]
Specimen Mean Value
No. | Test1 Test I Test IN (Distribution)
1 28.5 27.4 27.8 27.9(0.21)
2 12.7 11.7 12.6 12.1(0.24)
3 8.1 6.3 7.4 7.3(0.57)
4 17.0 17.3 18.4 17.6(0.36)
5 155 175 15.7 16.2(0.81)
6 13.1 12.6 12.5 12.7(0.07)
7 247 232 23.0 23.6(0.57)
8 18.5 19.0 18.0 18.5(0.17)
9 12.0 12.0 124 12.1(0.03)

Table 4 The interfacial fracture toughness, deduced
from the measured crack propagation
length of Table 3

i Interfacial Fracture Toughness [J/m*]
Specimen Mean Value
No. Test I Test II Test III (Distribution)
1 0.028 0.032 0.031 | 0.030(0.000)
2 0.741 1.029 0.766 | 0.845(0.016)
3 4482 7450 6430 | 6.121(1.516)
4 0.220 0.237 0.162 | 0.206(0.001)
5 0.330  0.208 0.316 | 0.285(0.002)
6 0.630 0.736 0.747 [ 0.704(0.002)
7 0.049 0.064 0.066 | 0.059(0.000)
8 0.157 0.142 0.176 | 0.158(0.000)
9 0.895 0.895 0.785 | 0.858(0.002)

Table 5 Influence of the process parameters on the
bonding strength

Process Parameters Cont.ribution

B Ratio [%]
Bonding Temperature [C] 67.7
Anodic Voltage [V] 18.0
Voltage Supply Time {min] 12.0
Bonding Load [gf/icm’] 2.3
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Table 6 Results of the additional experiment,
performed at the bonding condition of
460, 45gf/cm2, 600V and 25minites

Mean Value
1
Test I Test [T Test III (Distribution)
Measured
Crack
Length 7.2 6.9 7.1 7.07(0.12)
[mm]
Interfacial
Fracture
. . 7.11 7.23(0.5
Toughness 6.61 7.96 (0.56)
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