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Fig. 1 Interconnection mechanism of low temperature sintering of nanoparticles between chip and substrate under pressure-

assisted conditions"™ . (a) Structure and sintering assembly of nanoparticle soldering paste; (b) volatilization and

decomposition of organic protective shells and solvents; (c¢) growth of sintering neck of metal nanoparticles at low-

temperature and interconnection of metal nanoparticles with substrate
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Fig. 2 Growth model of sintering neck with equal radius particles, and various types of material migration in the sintering

neck during sintering process[“]

. (a) Growth model of sintering neck with equal radius particles; (b) various types

of material migration in the sintering neck during sintering process
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Table 1 Process parameters and joint strength of silver nanoparticle soldering paste

Type of Size of Sintering Sintering Soldering

nanoparticle paste nanoparticle paste temperature /C pressure /MPa strength /MPa Ref. No
Ag NPs 50 nm 260 0 32 [14]
Ag NPs 100 nm 200 0.4 12 [15]
Ag NPs 20 nm 150-200 0 17-25 [16]
Ag NPs 812 nm 285 0.7-6 30 [17]
Ag NPs 20—-80 nm 150-250 20 10-80 [18]
Ag NPs 20—150 nm 400 10 50 [19]
Ag NPs 1-3 pm 280 0 36 [20]
Ag NPs pm level 300 7.6 70 [21]
Ag NPs pm level 230 10, 20 20—40 [22]
Mixed Ag NPs 80 nm, 800 nm 300 3 30 [23]
Ag NPs, Ag flakes pm and sub-pm levels 250 0 30 [24]
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Fig. 3 Nano-micron mixed-particle structure of silver nanoparticles[zaj . (a) SEM image exhibiting the agglomeration of

particles; (b) schematic of configuration of “frame” and “filler”
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Fig. 4 Cross sections of sintered nano-paste joint[m . (a) DBC with untreated surface; (b) DBC with polished surface
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Fig. 6 Images of different proportions of silver-copper nano paste after water drop test™"
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(c) 800 h; (d) 1200 h
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Abstract

Significance With the rapid development of electronic industry, new problems and challenges in electronic
packaging appeared. Sustained improvement of power density and expansion of application fields express a
requirement for electronic devices that should have higher operating temperatures. The development of the third-
generation semiconductor technology represented by SiC and GaN provides a feasible solution for high-temperature
applications. Correspondingly, the traditional electronic packaging technology exposes many problems under high-
temperature conditions, such as material fusing and fatigue cracking. It would seriously affect the high-temperature
reliability of electronic devices. Thus, it is paramount to investigate the packaging technology to realize better
reliability for high-temperature applications.

The die-attachment between the chip and substrate is an essential process for electronic packaging technology.
The reliability of the joint not only determines the topology structure of the internal circuit of the packaging, but also
directly relates to the electrical and thermal characteristics of the module. Traditional connection materials and
technologies, such as solder and transient liquid phase bonding, cannot meet the packaging requirements of electronic
devices under high-temperature conditions, so it is urgent to explore and develop new interconnection technologies
for high-temperature operation.

Metal nanoparticles ( NPs) paste sintering with excellent thermal/electric properties and “low-temperature
sintering and high-temperature operation” characteristics has become a relevant development direction of
interconnection technologies. The sintering mechanism of metal NPs is the size effect of metal NPs, which could
reduce the temperature required for interconnection. The operation temperature of the interconnection layer after
sintering can approach the melting point of the bulk material. Since the 1980s, metal NP pastes have been used in
electronic packaging as interconnection materials. To investigate the problems of NP paste sintering technology in
practical applications, the joint reliability of nanometal particles after sintering has become a research hotspot.

Progress  This article presented the sintering mechanism, composition, and process of NP paste-sintering
technology of NP pastes recently. The advantages and disadvantages of the existing research were discussed. The
sintering process of metal NP pastes is generally in the early stage, and the main process to accomplish
interconnection is the formation and growth of the sintering neck (Fig. 2). After many years of research and
accumulation, the formula selections of Ag nanosolder pastes, including dispersants, passivation layer, coating
agent, binder, and solvents, have been investigated. Moreover, the different particle sizes (nano, micro, or micro-
nano-hybrid), the process method (with pressure or pressureless assistant), and the respect of joint organization
have been analyzed and improved (Table 1). Based on these, many researchers have attempted to modify the
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composition of metal NP pastes and improve the performance of a particular aspect. The Cu NP and composite NP
pastes, such as Ag-Cu and Ag-Pd NP pastes, have been developed. However, owing to the lack of mechanism
research, although these joints have excellent performance in a certain aspect, they still have shortcomings in
comprehensive performance, such as high requirements of the sintering process and lack of reliability at high
temperature (over 200 ‘C ), which need further optimization and theoretical analysis.

In addition, with the reliability test and results of the joint after sintering, this paper indicated the failure
mechanism of existing research in high temperature and high power applications, and the development direction of
metal NP paste-sintering technology in the future. Regarding joint reliability, according to internationally accepted
standard of reliability tests, researchers have investigated and analyzed the sintering joint reliability with different
processes and materials of NP pastes. Compared with the traditional assembly interconnection materials, the
reliability of the metal NP paste after low-temperature sintering has significantly been improved (Fig.7). Moreover,
some researchers proposed solutions to improve joint reliability according to reliability test results and achieved
remarkable success. However, there are still few studies on the reliability under high-temperature conditions (over
200 C). To promote the industrial application of metal NP pastes, researchers should further investigate the
reliability test under practical application conditions. With the increase in temperature requirement for electronic
device packaging, further research on the joint reliability of metal NP pastes needs to be conducted.

Conclusions and Prospect Metal NP pastes provide an opportunity to develop electronic devices with higher power
density. It has great prospects in the rapid development of the third-generation semiconductor industry at home.
Recently, domestic researchs groups have made some achievements in the field of metal NP pastes, but there is still
a certain gap, compared with overseas, especially the leading company in the industry. Therefore, based on further
analysis of the studies, we should focus on promoting producer-university-researcher combination and seek suitable
materials and processes for metal NP pastes in industrial applications and development, integrally considering the
connection performance, process and material cost, high-temperature reliability, and other factors.
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