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Abstract : This study was focused on the feasibility of ultrasonic bonding of Au flip chip bumps for
a practical complementary metal oxide semiconductor (CMOS) image sensor with electroplated Au
substrate. The ultrasonic bonding was carried out with different bonding pressures and times after the
atmospheric pressure plasma cleaning, and then the die shear test was performed to optimize the ultrasonic
bonding parameters. The bonding pressure and time strongly affected the bonding strength of the bumps.
The Au flip chip bumps were successfully bonded with the electroplated Au substrate at room temperature,
and the bonding strength reached approximate 73 MPa under the optimum conditions.
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Table 1. Comparisons of various flip chip bonding technologies.

Solder bumping Adhesive Ultrasonic bonding

Bonding time (s) > 120 > 15 <1
Bonding temperature (°C) > 230 °C > 150°C < 100 °C
Bondable pin count > 1,000 pins < 700 pins > 700 pins
Mechanical & Electrical properties Excellent Bad Good
Reliability Excellent Bad Good
Material cost High High Low
Running cost High Low Very low
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Fig. 1. Schematic diagram of (a) flip chip and (b) electroplated Au substrate used in this study.
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Table 2. Conditions of atmospheric pressure plasma cleaning
used in this study

Powder (W) 300
Gap distance (mm) 30
Temperature (°C) 21
Relative humidity (%) 25
Gas Ar (8 slm)
Treatment time (s) 1

Table 3. Conditions of ultrasonic bonding used in this

study
Frequency (kHz) 40
Amplitude (um) 4
Constant
Bonding temperature (°C) 21
Relative humidity (%) 25
. Pressure (N) 10~30
Variable -
Time (s) 0.05~2
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Fig. 2. Shear force variation of the Au flip chip bumps
ultrasonically bonded with increasing bonding
pressures for 0.5 s after the atmospheric pressure
plasma cleaning with Ar gas for I s.
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Fig. 3. Cross-sectional SEM micrographs of the Au flip chip bump after the ultrasonic bonding at bonding pressures of

10 N (a), 20 N (b) and 30 N (c) for 0.5 s.
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Fig. 4. Shear strength variation of the Au flip chip bumps
ultrasonically bonded with increasing bonding
time -
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Fig. 5. Cross-sectional SEM micrographs of the Au flip chip bump after the

time of 0.05 s (a), 0.1 s (b) and 2 s (¢).

ultrasonic bonding at 20 N for bonding

Fig. 6. Fracture surfaces of the Au flip chip bump after the ultrasonic bonding at an insufficient bonding pressure of 10
N for a bonding time of 0.5 s: (a) substrate side and (b) flip chip side.
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Fig. 7. Fracture surfaces of the Au flip chip bump after the ultrasonic bonding with optimum bondmg conditions of a
bonding pressure of 20 N and a bonding time of 0.1 s: (a,c,d) substrate side and (b) flip chip side. (d) is the

magnified image of region A in Fig. (c).

Fig. 8. Fracture surfaces of the Au flip chip bump after the ultrasonic bonding at a bonding pressure of 20 N for an
excessive bonding time of 1 s: (a) flip chip side and (b) substrate side.
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