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Minor P-doping to Effectively Inhibit IMC Growth in the Interfacial Reactions between
Electroplated Co(P) Layer and Pb-free Solders

C.-Y.Linand C.-H. Wang*
Dept. of Chemical Engineering, National Chung Cheng University, Chia-yi, Taiwan

Soldering technique is widely used in microelectronic packaging. Cu is the most common
substrate material to be in contact with the solders. In reflow soldering process, solder joints are
made by wetting and interfacial reaction. Ni is frequently used as a diffusion barrier for Cu
metallization due to its slower reaction rate with solders. However, Ni inevitably suffers severe
electromigration damage. Co and Co-based alloys have attracted much attention as a promising
diffusion barrier material due to excellent electromigration resistance and better reliability.
However, the rapid interfacial reactions between Co and solder lead to the fast growth of the
intermetallic compounds (IMCs). In addition, electroless plating processes are extensively applied
for surface finishing in electronic packaging industries. For electroless plating processes, NaH2PO,
is typically used as a reducing agent, and P is co-deposited in the deposited layer. The
microstructure of Co(P) and the growth of IMC were affected by different contents of P.

Nevertheless, it is not easy to precisely control the P concentration in the electroless Co(P) layer.

In this work, the Co(P) layer with various P contents (from 0.5wt.%P to 3wt.%P) was
deposited by electroplating, together with adding different amounts of NaH,PO, in the
electroplating bath. The interfacial reactions and the Co(P) microstructure were further conducted
and characterized. In the solid-state reactions of Sn/Co-0.8wt.%P/Cu, the formed IMC layer is the
CoSns phase, mixed with a small amount of the metastable CoSn, phase. The IMC growth with a
linear behavior was greatly retarded, which was only 20% of that in the Sn/Co/Cu system. The
growth Kinetics of Sn/Co-0.8.%P/Cu was examined and the activation energy was quite high, ~ 212
kJ/mol. In contrast, the growth rate in Sn/Co-3wt.%P/Cu is extremely fast at 200°C, which is much
faster than that of the Sn/Co/Cu system. Minor 0.8wt.%P doping is the optimal doping
concentration in the Co(P) layer to effectively suppress the IMC growth and enhance the reliability
of solder joints. The detailed mechanism for the inhibition of IMC growth was further investigated

and discussed.
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Department of Chemical Engineering, National Chung Cheng University, Taiwan nliﬁu&uﬁ . '

The Co(P) layer with various P contents (from 0.5wt.%P to 3wt.%P) was deposited by electroplating, together with adding
different amounts of NaH,PO, in the electroplating bath. The interfacial reactions and the Co(P) microstructure were further
conducted and characterized. In the solid-state reactions of Sn/Co-0.8wt.%P/Cu, the formed IMC layer is the CoSn, phase,
mixed with a small amount of the metastable CoSn, phase. The IMC growth with a linear behavior was greatly retarded,
which was only 20% of that in the Sn/Co/Cu system. The growth kinetics of Sn/Co-0.8.%P/Cu was examined and the
activation energy was quite high, ~ 212 kJ/mol. In contrast, the growth rate in Sn/Co-3wt.%P/Cu is extremely fast at 200°C,
which is much faster than that of the Sn/Co/Cu system. Minor 0.8wt.%P doping is the optimal doping concentration in the
Co(P) layer to effectively suppress the IMC growth and enhance the reliability of solder joints.

Introduction Experimental procedures
Soldering technique is widely used in microelectronic packaging. Ni Co(SO;NH,),' H,0,,, (200ml) + NaH,PO,-H,O (0.05g, 0.1g, Iz, 2g, 4g)
is frequently used as a diffusion barrier for Cu metallization. Co:90g/L H,BO, : 40g/L. 0.5, 0.8, 2, 2.5, 3 (wt.%P)

However, Ni inevitably suffers severe electromigration damage. Co  CoCl,: 10g/l. NPA : 3ml/L
and its alloys have attracted much attention as a promising diffusion

barrier material due to excellent electromigration resistance and 1.5% H,S0, for Imin
better reliability. In our preliminary study, two types of Co(P) layer < . Dsgrensarit for i
were deposited by electroless plating, the structure of Co(P) and the
IMC growth were affected by different contents of P. In this work,
the Co layer was deposited by electroplating. It is easier to adjust the
adding concentration of NaH,PO,-H,0 in the electroplating bath to
deposit the Co(P) with different P contents. The interfacial reactions
and the Co(P) microstructure were conducted and characterized.

Properties of Co(P) film

e
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Synthesis of hollow Co(OH), nanorods for a high-performance asymmetric supercapacitor

Chao-hong Wang* and Han-peng Tsali
Dept. of Chemical Engineering, National Chung Cheng University, Chia-yi, Taiwan

Novel hierarchical Co(OH), nanorods were successfully prepared by the hydrolysis process using
ZnO nanorods array as a soft template on the porous Ni current collector. The ZnO@Co(OH),
nanorods, which were made up of interleaving nanoflakes, further transformed to the hollow
Co(OH); rods after the treatment of alkaline solution to remove the ZnO template. The hollow
Co(OH), nanorods on the porous Ni electrode delivered a high specific capacitance of 0.863 F/cm?
(826.3 F/g) at 1.76mA/cm?, as well as a high rate capability with capacity retention of 80% at
13mA/cm® The unique architecture of hollow Co(OH), nanorods significantly improve the
capacitive performance due to high specific surface area with electrolyte to enhance the ion
diffusivity and charge transmission. During the cycling test, the specific capacitance gradually
increased and it achieved a maximum capacitance of 1.418 F/cm? after 3000 cycles. This is because
the porous Ni electrode with high surface area reacted with the alkaline electrolyte to form the
Ni(OH), contributed the extra capacitance contribution. The TEM-EDS characterization also
revealed that the Co(OH), nanorods had a high Zn content, i.e., CoxZn;.x(OH),. During the
hydrolysis process, the Zn?* ions were released from the ZnO nanorods and then Co®* and Zn** ions
were simultaneously precipitated. Moreover, the asymmetric supercapacitor based on the hollow
Co(OH), nanorods as a positive electrode and commercial activated carbon (AC) with 158.3 F/g as
a negative electrode was assembled. The Co(OH),//AC asymmetric supercapacitor exhibited an
excellent rate capability, and the specific capacitance was up to 74.4 F/g at 5 A/g and at a cell
voltage of 1.6 V in the KOH aqueous solution. The asymmetric supercapacitor retained
approximately 62.5% at a high current density of 5 A/g. It possessed a high energy density (26.4
Wh/kg at a power density of 372.4 W/kg) and excellent power density (3724.3 W/kg at an energy
density of 16.5 Wh/kg). Additionally, the Co(OH).//AC asymmetric supercapacitor exhibited a good
long-term cycle stability with capacity retention of 93% after 5000cycles at 2A/g.
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Synthesis of hollow Co(OH), nanorods for
high-performance asymmetric supercapacitor

Chao-hong Wang* and Han-peng Tsai
Department of Chemical Engineering, National Chung Cheng University, Chia-yi, Taiwan

Novel hierarchical Co(OH), nanorods were successfully prepared by the hydrolysis process using ZnO nanorods array as a soft
template on the porous Ni current collector. The ZnO@Co(OH), nanorods further transformed to the hollow Co(OH), rods after
the treatment of alkaline solution. The hollow Co(OH), nanorods delivered a high specific capacitance of 0.863 F/cm? (826.3
F/g) at 1.76mA/em? During the cycling test, the specific capacitance gradually increased and it achieved a maximum
capacitance of 1.418 F/cm? after 3000 cycles. The asymmetric supercapacitor based on the hollow Co(OH), nanorods as a
positive electrode and commercial activated carbon (AC) with 158.3 F/g as a negative electrode was assembled. The
Co(OH),//AC asymmetric supercapacitor exhibited an excellent rate capability, and the specific capacitance was up to 74.4 F/g at
0.5A/g. It possessed a high energy density, excellent power density, and a good long-term cycle stability.

[ Introduction)

Co(OH), is one of the potential electrode materials for
psuedocapacitors. The pseudocapacitive performance was
close related with the electrode architecture. A three-
dimension structured electrode can accommodate more
active materials and has large surface area. It can enhance
specific capacitance of pseudocapacitive materials and
improve the high-rate stability. In this work, the nanotube
structure of Co(OH), was fabricated by hydrolysis using
ZnO nanorods as a template on the porous Ni electrode for
a high-performance asymmetric supercapacitor.

[ Fabrication of hollow Co(OH) , nanorods]

Porous substrate

ZnQ nanorods as a soft template

Porous Ni substrate

Hydrolysis process: formation of Co(OH),

Zn0 + 2H — Zn** + H,0
**+ 2H,0 «+» Co(OH), + 2H*

s P

Alkaline treatment : removal of ZnQ
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Hollow structure

CoZn,.

S(OH):

Core-shell structure
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[ Electrochemical Analysis])
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First-principles Study of Quasi-2D BN
Crystals and Their Heterastructures
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