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Microstructures and Adhesion Properties at the Interface between Lead-free Solder
and Backside-electrodes of Power Devices

ik 1 A G WitE A WA 3 R
Kimiharu KAYUKAWA Akira TANAHASHI Yoshitsugu SAKAMOTO

We compared a lead-free solder with a lead-rich solder and investigated the adhesion properties and interfacial
microstructures between the solder and a Ti/Ni/Au multi-layer and their effect on power device reliability. In the
case of lead-based solders, the devices peeled off at the interface between the Ti layer and the solder when the solder
contacted the Ti layer. On the other hand, the devices did not peel off when we soldered with the lead-free solders.
We found that a Ti-Sn layer existed at the interface between the Ti layer and the lead-free solder. In other words,
the Ti-Sn layer plays an important role in joint reliability. In addition, we found that the formation of the Ti-Sn
layer is related to the oxidation of the Ti surface.
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Table 1 Sputtering conditions

Base pressure 5.0x10* Pa
Si substrate 423K
temperature
T 250nm
: (4.7nm/s)
Thickness Ni 200,400nm
(Deposition rate) (3.5nm/s)
50nm
Au (3.8nm/s)

Table 2 Soldering conditions

Atmosphere H,: 20%, N,: 80%

Pb-10Sn
[ Lead-based ] 633K

sold
Soldering older

temperature

Sn-0.7Cu

Lead-free 573K
solder

(Pb-10Sn) ZA 7% HW7=,
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Fig. 1 Model of the pull method

Table 3 The fracture surfaces using the pull method

Thermal shock

test cycles|(as soldered) 1000 1500 2000
Solder

; ; Interfacial | Interfacial
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Conditions

As soldered
Solder

After thermal shock test

Pb-10Sn : 1500cycle
Sn-0.7Cu : 2000cycle

Pb-10Sn

Sn-0.7Cu

Fig. 2 Cross section micrographs by SIM at the interface
The Ni-Sn layers were separated from the Ti layer at 2b, 2¢ and 2d.
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Fig. 3 Auger spectra taken from the peeled off
surface
It was confirmed that Sn and Pb as solder
materialsdidn’t diffuse in the Ti layer at all.
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Fig. 4a Cross section micrograph by TEM
The Ti-Sn layer was observed at the interface.
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Fig. 5a Phase diagram of Ti-Pb
Ti-Pb alloying temperature is higher than
the soldering temperature.
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Fig. 4b EDX spectra at the interface
Ti and Sn were detected at the

interface.
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Fig. 5b Phase diagram of Ti-Sn
Ti-Sn alloying temperature is lower than the
soldering temperature.
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EDX area (Fig. 7)
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Fig. 6 Peeled off surfaces by a pull test
Defective soldering occurrred when we
soldered oxidized-Ti / Ni / Au multi-layer.
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(a) (Oxidized Ti)/Ni/Au
(Fig.6 (a) center area )

(b) Soldered by Ti/ Ni/ Au
(Reference)

Ti

Fig. 7 EDX-mapping of peeled off surfaces
(Si substrate side)
Ti were detected when oxidized-Ti/ Ni/ Au
were soldered.
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Fig. 8a Cross section micrograph by TEM

The Ti-Sn layer was also observed at the
interface, when there was not the Ni layer

before soldering.
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Fig. 9 Model of Ti-Sn formation
It is necessary for the Ti-Sn layer formation
surely not to oxidize Ti surface.
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Fig. 8b EDX spectra at the interface
Ti and Sn were detected when there was
not the Ni layer.
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