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Fig. 1 Patterning deposition process of micron sliver bumps. (a) Laser machined stainless steel mask; (b) mask pasted to

DBC substrate; (c) PLD patterning deposition; (d) deposited micron sliver bumps
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Fig. 2 Chip-DBC hot pressing bonding and its shear test. (a) Schematic of chip-DBC hot pressing bonding; (b) sintering

temperature curve; (c) schematic of chip-DBC joint shear strength test
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Fig. 3 Morphologies of Ag bumps by PLD patterning deposition. (a) (d) (g) SEM macroscopic morphologies of Ag

bumps; (b)(e)(h) confocal three-dimensional morphologies of Ag bumps; (c¢)(f) (i) height variation curves of Ag

bump central sections under different mask thicknesses
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Fig. 4 Crosssectional morphologies of joint bonded with 500 pm feature size Ag bump array. (a) Whole sectional
morphology; (b) morphology of single Ag bump; (c) (e) magnification of edge morphology of Ag bumps;
(d) magnification of central-area morphology of Ag bumps
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Fig. 6 Fracture morphologies of joints bonded by 500 pm feature size Ag bump array (DBC side). (a) Fracture occurred at

Ag bump/DBC interface; (b) magnification of Ag bump/DBC fracture; (c¢) fracture occurred at Ag bump/Si chip

interface; (d) magnification of Ag bump/Si chip fracture
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Abstract

Objective With the development of electronic packaging technologies towards miniaturization and integration, high
requirements are put forward for the electric and heat energy transfer of chips. At present, the ball grid array
(BGA) and flip-chip interconnection solder bumps in integrated circuit chips are mainly packaged with tin-based
solders, which provides mechanical support and electrical interconnection between chips and substrates. However,
due to the physical and chemical properties of tin balls, the problems such as bridging, electromigration, and growth
of intermetallic compounds occur when the chip bumps are in service for a long time under high power and high heat
flux conditions. Alternatively, the nano-metal solder pastes represented by nano silver and nano copper, can realize
low-temperature bonding by virtue of their scale effect and have been attracting more and more attention in the field
of electronic packaging. But the presence of organics in the nano-metal solder paste complicates the sintering process
and reduces the production efficiency. Moreover, the voids caused by the insufficient decomposition of organics in
the sintered joint also reduce the performance and reliability of joints. Here, we apply the pulsed laser deposition
(PLD) technology, an effective method to prepare organic free silver nanostructured films, to prepare bump array
with specific size and pitch. Composed of metal nanoparticles, the bumps array can be used in integrated circuit chip
bonding by hot pressed sintering at low temperatures. Being a promising alternative method of traditional solder
bumps, the patterned micro bump array preparation technology has important theoretical significance and engineering
application value for integrated circuit chip packaging.

Methods Polyimide and 304 stainless steel are employed as mask materials here. Firstly, a sandwich structure of
PI/stainless steel/PI is pasted on a flat stainless steel substrate. A picosecond laser is used to fabricate the mask hole
array with a total area of 15 mm X 15 mm. Then, the underlying PI adhesive layer is removed and the mask is
cleaned by ultrasound, followed by adhering the mask to the surface of direct bonding copper (DBC) substrate via the
upper PI tape. After that, the PLD process is carried out in the argon atmosphere, and the nanoparticles are
deposited on the DBC substrate through the mask holes. Finally, the micron sliver bump array composed of loose
nanoparticles is obtained after removing the mask. The morphologic characteristics of the patterning deposited
micron bump array are studied, the microstructures of the chip-substrate joints are analyzed, and the shear strength
and fracture type of the joints are discussed. The feasibility that patterning deposited micron bumps are applied in
integrated circuit chip packaging is evaluated.

Results and Discussions The 500 pm and 300 pm feature size Ag bump arrays with a height of about 60 pm are
fabricated successfully. Due to the obstructing of the sidewall of mask holes and the gradual diameter shrinkage of
mask holes caused by the accumulation of nanoparticles on the sidewall of mask holes during the deposition process,
the bumps exhibit a morphology of circular truncated cone, and the top diameters of two kinds of bumps are 330 pm
and 100 pm, respectively (Fig. 3). The prepared micro bumps are used to connect Si chips to DBC substrates
through a hot pressed sintering process. The micron sliver bumps present a porous network structure after sintering,
and the compression rate of the 500 pm bumps is 42 % . Because of the special depositional morphology of the bumps,
the edge area cannot be effectively compressed, resulting in a dense connection area in the central area and a loose
area at the edge for each bump (Fig. 4). The joint connection strength is mainly determined by the dense connection
area in the central area. The shear test results show that the shear strengths of 500 pm and 300 pm feature size
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solder joints are 14 MPa and 12 MPa, respectively (Iig. 5), higher than the minimum strength value required by
MIL-STD-883 K (~7.6 MPa). The joint fracture occurs at the interface between the sintered Ag bumps and the chip
or DBC substrate. The fracture morphology reveals a large amount of plastic deformation of sintered silver, which
can be judged as a ductile fracture (Fig. 6).

Conclusions In this paper, porous micron sliver bump arrays composed of nano-Ag particles are deposited on DBC
substrates by the PLD technique to replace the traditional solder bumps, and they are applied to the connection
between Si chips and DBC substrates. The results show that, by adopting stainless steel mask, Ag bump arrays with
feature sizes of 500 pym and 300 pm can be deposited with a height of 60 pm and morphology of circular truncated
cone, and the top diameters of two kinds of bumps are 330 pm and 100 pm, respectively. Under the thermo-
compression bonding parameter of 250 C-2 MPa-10 min, metallurgical connections form at the upper and lower
interfaces of Ag bumps with the metallized layer. The Ag bumps are transfered into a porous network structure, in
which the porosity of the edge area is about 42% and that of the central area is 22%. The shear strengths of chip-
DBC joints with 500 pm and 300 pm feature size Ag bump arrays are 14 MPa and 12 MPa, respectively. The joint
fracture mainly occurs at the interface between the sintered Ag bumps and the chip or DBC substrate. This paper
proves that it is feasible to replace the traditional solder bumps with porous micron silver bumps in the integrated
circuit chip package, but it is still necessary to improve the morphology of bumps from the aspects of mask materials
and PLD technology.

Key words laser technique; pulsed laser deposition; patterning bonding; porous micron sliver bumps; hot pressed
sintering; shear strength
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