373

ABEEHFOIYN
J. Kor. Inst. Surf. Eng.
Vol. 36, No. 5, 2003.

<AUA=E>
Si dlojmel UBME Z=a5H0| g FEEA Edi=0f &0
EFAe, 2017 o|xfAe, MxjE>, F2&°
MEARHEID MAX|ZEID} PUniversity of Waterloo, 7|HIS&H

Fluxless Plasma Soldering with Different Thickness of
UBM Layers on Si-Wafer

Joon Kwon Moon?, Kyung In Kang®, Jae Sik Lee? Jae Pil Jung®™, Y. Zhou®

®Dept. of Materials Sci. and Eng., University of Seoul, Seoul 130-743, Korea
®Dept. of Mechanical Eng., University of Waterloo, Waterloo, N2L 3G1, Canada

(Received 22 July 2003 ; accepted 19 August 2003)

Abstract

With increasing environmental concerns, application of lead-free solder and fluxless soldering process have
been taken attention from the electronic packaging industry. Plasma treatment is one of the soldering methods
for the fluxless soldering, and it can prevent environmental poltution cased by flux. On this study fluxless
soldering process under Ar-H, plasma using lead free solders such as Sn-3.5 wt%Ag, Sn-3.5 wt%Ag-0.7 wt%Cu
and Sn-37%Pb for a reference was investigated. As the plasma reflow has higher soldering temperature than
normal air reflow, the effects of UBM(Under Bump Metallization) thickness on the interfacial reaction and
bonding strength can be critical. Experimental results showed in case of the thin UBM, Au(20 nm)/Cu(0.3 pm)/
Ni(0.4 um)/Al(0.4 um), shear strength of the soldered joint was relatively low as 19-27MPa, and it's caused
by the crack observed along the bonded interface. The crack was believed to be produced by the exhaustion
of the thin UBM-layer due to the excessive reaction with solder under plasma. However, in case of thick
UBM, Au(20 nm)/Cu(4 um)/Ni(4 pm)/Al(0.4 um), the bonded interface was sound without any crack and shear
strength gives 32~42MPa. Thus, by increasing UBM thickness in this study the shear strength can be improved
to 50~70%. Fluxed reflow soldering under hot air was also carried out for a reference, and the shear strength
was 48~52MPa. Consequently the fluxless soldering with plasma showed around 65~80% as those of fluxed
air reflow, and the possibility of the Ar-H, plasma reflow was evaluated.
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Fig. 1. Schematic illustration of plasma soldering process.
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Fig. 2. Schematic illustration of soldered specimens
UBM layer.

ﬂ"?}v:—qvﬂ(lmage analyzer) Z2ade
FHHE Fote] THHd i JEAE we
T8}

2.3 O[MI=Z]

UBM 9] F7 ¢ wte AEusts 2Ae] 9
st} FAPAAENZES 185k Sn37Pb, Sn3.5Ag,
Sn3.5Ag0.7Cu £69t UBMZ HE AW 2 Hot
e A Al A" SE0EEE]



BEd /=R HFESE 36 (2003) 373-378 375

3.1 M=
a¥ 32 FY9X25 AREE
UBM A9 @2 AdE 28 vns 445
Ueldl Zle]lth Sn37Pb, Sn3.5Ag, Sn3.5Ag0.7Cu
Al £tielx] UBMES F7¢9] ®igle] & ztol=
Al glolth. &o] ¥ AP xed doAMe 2
o] 48~52 MPai vl ‘I*Z:‘% .
5

B Thick-flim UBM

Shear strength (MPa)

Sn37Pb Sn3.5Ag

Solder

Sn3.5Ag0.7Cu

Fi

g. 3. Effect of UBM thickness on shear strength in air
reflow soldering (soldering temp.: Sn37Pb: 230°C,
Sn3.5Ag(0.7Cu): 250°C).
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Fig. 4. Effect of UBM thickness on shear strength in
plasma soldering (plasma condition: Ar-10vol%H;,
150 W).
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Fig. 5. Fracture surface of solder ball bonded on thin-film UBM by plasma treatment after shear strength test.
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Fig. 7. Cross-sectional view of the interface between solder and thin UBM on Si-wafer (reflow; air reflow, plasma;
plasma reflow air reflow temp.: Sn37Pb 230°C, Sn3.5Ag and Sn3.5Ag0.7Cu 250°C plasma condition: Ar-

10vol%H,, 150 W, 60 sec).
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of the interface between solder and thin UBM after plasma
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Fig. 9. Cross-sectional view of the interface between solder and thick UBM on Si-wafer (soldering condition: same

as Fig. 7).
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