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Abstract

In this study, the effects of alloying elements and thermal aging on the contact resistance of electroplated
gold alloy layers were investigated by surface analysis using X-ray photoelectron spectroscopy (XPS). The
contact resistance of Au-Ag alloy was lower than that of Au-Ni or Au-Co alloy after thermal aging. The
XPS results show that nickel and oxygen present as nickel oxides such as NiO and Ni,O; on the surface
of gold layers after thermal aging. The increase in the contact resistance after thermal aging is attributable
to the nickel oxide layer formed on the surface of the gold layers. The content of nickel diffused from the
underlayer during the thermal aging was high in the order of Au-Co, Au-Ni and Au-Ag alloy because the
area of grain boundary was large in the order of Au-Ag, Au-Ni and Au-Co alloy.
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Table 1. Composition of nickel plating solution and
electrolytic conditions

Nickel sulfate 0.890 M

Nickel chloride 0.168 M

Boric acid 0.647 M
]Sg(tjliz;lr(]ieélgliiesulfonlc Acid 14.4 mM

Sodium lauryl sulfate 0.347 mM

pH 4.0

Current density 300 A/m’

anode S-nickel
Temperature 328 K

Agitation 500 rpm with magnetic stirrer

Table 2. Composition of gold alloy plating solutions and
electrolytic conditions

Au-Ag Au-Co Au-Ni
alloy alloy alloy

Potassium gold cyanide | 0.03M | 0.030M | 0.030 M

Citric acid 029M | 029M | 029M
Potassium citrate 037M 037M 037M
Potassium silver cyanide| 4.6 mM - -
Cobalt sulfate - 8.5 mM -
Nickel sulfate - - 8.5 mM
pH 7.5 42 42
Current density 50 A/m’

anode Pt/Ti mesh
Temperature 313K

Agitation 500 rpm with magnetic stirrer
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Fig. 1. Contact resistance of Au-Ag, Au-Ni and Au-Co alloy after thermal aging for (a) O sec, (b) 90 sec, (c) 180 sec

and (d) 900 sec at 533 K.
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Fig. 2. Depth profiling of (a) Au-Ag, (b) Au-Ni and (c) Au-Co alloy after thermal aging for 90 sec at 533 K.
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Fig. 3. Nickel and oxygen content in gold alloy layers after thermal aging for (a), (c) 90 sec and (b), (d) 180 sec at

533 K.
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Fig. 4. XPS spectra of (a) Ni2p3, (b) Au4f and (c) Ag3d for Au-Ag alloy after thermal aging for 600 sec at 533 K.
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Fig. 5. XPS spectra of (a) Ni2p3, (b) Au4f and (c) Co2p1 for Au-Co alloy after thermal aging for 600 sec at 533 K.
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