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Abstract: Ultrasonic soldering of Si-wafer to FR-4 PCB at ambient temperature was investigated. The
UBM of Si-substrate was Cu/ Ni/ Al from top to bottom with thickness of 0.4 um, 0.4 pm, and 0.3 pm
respectively. The pad on FR-4 PCB comprised of Au/ Ni/ Cu from top to bottom with thickness of 0.05
um, 5 um, and 18 wm respectively. Sn-3.5wt%Ag foil rolled to 100 pm was used for solder. The ultrasonic
soldering time was varied from 0.5 s to 3.0 s and the ultrasonic power was 1,400 W. The experimental
results show that a reliable bond by ultrasonic soldering at ambient temperature was obtained. The shear
strength increased with soldering time up to a maximum of 65 N at 2.5 s. The strength decreased to 34
N at 3.0 s because cracks were generated along the intermetallic compound between Si-wafer and Sn-
3.5wt%Ag solder. The Intermetailic compound produced by ultrasonic soldering between the Si-wafer and
the solder was (Cu, Ni)sSns.
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Fig. 1. Schematic diagram of the US soldering using
Sn3.5Ag solder (US frequency : 20 kHz, power :
1400 W).
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Fig. 2. Schematic diagram of shear test.
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Fig. 3. Solder joints by US soldering at various soldering time : (a) 1.0 s (b) 2.5 s (c) 3.0 s (US frequency : 20 kHz,

power : 1400 W).
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IMC: (Cu,Ni)sSn,
Cu: 43.19at%
Ni:14,97at%
Sn:37.68at%

(Cu,Ni)Sng
Cu: 10,7 %a%
Ni 18.82at%
Sn40.25a1%

Fig. 4. IMCs between Sn-3.5Ag and Si-die (a) US solder-
ing time of 3.0 s (US frequency : 20 kHz, power
1400 W) (b) Hotplate soldering for 2.5 s.
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Fig. 5. Sn-3.5Ag solder bulk structures of 2.0 s US
soldering time (US frequency : 20 kHz, us power :
1400 W)
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Fig. 6. Temperature profile of the US soldering (US
frequency : 20 kHz, power : 1400 W)
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Fig. 7. Shear strengths of Sn-3.5Ag solder joint by US
soldering.
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Fig. 8. Bonding areas of Si-wafer fracture surfaces at various US soldering times (US frequency : 20 kHz, power : 1400 W).
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