
Chinese Journal of Electrical Engineering, Vol.6, No.3, September 2020 

 

 
 

 

Brief Review of Silver Sinter-bonding Processing 
for Packaging High-temperature Power Devices* 

 
Haidong Yan1, 2, Peijie Liang1, Yunhui Mei 3, 4* and Zhihong Feng5* 

(1. School of Mechanical and Electrical Engineering, Guilin University of Electronic Technology,  
Guilin 541004, China; 

2. Guangxi Key Lab of Manufacturing System and Advanced Manufacturing Technology, Guilin 541004, China; 
3. School of Materials Science and Engineering, Tianjin University, Tianjin 300072, China; 

4. Key Laboratory of Advanced Ceramics and Machining Technology of Ministry of Education,  
Guilin 541004, China; 

5. National Key Lab of Application Specific Integrated Circuit, Hebei Semiconductor Research Institute, 
Shijiazhuang 050051, China) 

 

Abstract: Silver sintering is receiving increasing attention due to its novel die-attach technique for high-temperature power 

electronics. Excellent thermal conductivity, high melting point/remelting temperature and low-temperature sintering behaviors of the 

silver sintered attachment meet the requirements of high-temperature applications for power devices, specifically SiC devices. The 

merits and demerits of the existing pressure-assisted sintering and pressure-less sintering techniques using nano-scale, micro-scale and 

micro-nano-scale hybrid silver sintered materials are separately presented. The emerging rapid sintering approaches, such as the 

electric-assisted approach, are briefly introduced and the technical outlook is provided. In addition, the study highlights the 

importance of creating a brief resource guide on using the correct sintering methods. 

Keywords: Pressure-less sintering, pressure-assisted, nanosilver paste, high-temperature power module, insulated gate bipolar 
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1  Introduction  

The high-temperature operation of power 
modules strongly depends on the performance of 
power devices at high temperatures. In recent years, 
high-temperature power devices, such as the 
state-of-the-art SiC devices, have been developed as 
high-temperature power modules because of their 
excellent switching performance at high temperatures [1-2]; 
however, they cannot be fully applied in the existing 
power packaging methods [3]. 

These high-temperature power devices have a 
higher operating temperature (higher than 200 ℃) 
than that of the Si-based devices (lower than 150 ℃). 
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To fully utilize the potential of these devices at high 
temperatures, the materials used, such as die-attach 
and substrate-attach, have to withstand harsh 
high-temperature aging for temperatures higher than 
175 ℃ [4-5].  

In the traditional Si-based power modules, die-attach 
materials, such as Pb95Sn5 and Pb92.5Sn5Ag2.5, cannot 
meet the reliability requirements for packaging power 
devices for high-temperature applications owing to the 
creep-fatigue concerns [6-8]. Moreover, substrate-attach 
materials, such as Sn96.5Ag3Cu0.5, which have a lower 
melting temperature than the solder used as die 
attachment further limit the reliability of SiC power 
modules for high-temperature applications [9-10].  

Tab. 1 lists the difference in thermal conductivities 
and operating temperatures between the regular Si-based 
power devices and SiC ones [11-14]. New die-attach 
materials with high melting temperature, high thermal 
conductivity, good reliability, and low processing 
temperature, should meet the requirements for 
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packaging power devices reliably for high-temperature 
applications [15]. 

Tab. 1  Difference in thermal conductivity, operating and 
processing temperature of typical solders 

Material 
properties 

Regular 
Si-based 
device 

SiC 
device Pb95Sn5 Sn96.5Ag3Cu0.5

Thermal 
conductivity/ 
(W/ m·K) 

150 490 26 59 

Operating 
temperature/

℃ 
＜125 ＞200 190 125 

Soldering 
temperature/

℃ 
N/A N/A 330 250 

Recently, the low temperature joining technique 
(LTJT) has been regarded as a promising alternative to 
high-lead solders for packaging high-temperature 
power devices. LTJT, pioneered by Schwarzbauer [16], 
was used to produce die-attach materials from the 
micro-silver flakes for packaging power electronics in 
the late 1980s. Initially, achieving a robust die 
attachment required a high sintering pressure of 
approximately 30-80 MPa because of the low diffusion 
ability among micro-silver flakes [17]. The sintered 
micro-silver attachment with a high melting/remelting 
temperature (approximately 961 ℃) may be formed at 
a low sintering temperature of 225 ℃, which can 
enhance the high-temperature reliability of the die 
attachment and address the remelting issues of solders [18]. 
The thermal conductivity (240 W/m·  K) of the 
sintered silver was reported to be about 3 times higher 
than the conventional high-lead solders and met the 
heat-dissipating requirements of SiC power devices [19]. 
In addition, the shear strength of the sintered die 
attachment could reach a pressure of 70 MPa, which is 
stronger than that of most of the solders [20]. Thus, 
LTJT has been attracting wide attention on power 
packaging for high-temperature applications, 
specifically SiC power modules. However, the wide 
applicability of this high-auxiliary pressure can be 
limited by the production issue. 

To reduce or eliminate high auxiliary pressure for 
LTJT, decreasing the size of silver particles/flakes to 
the nano-scale is an effective approach [21]. The 

nano-scale silver particles/flakes can effectively 
increase the specific surface area resulting in a large 
driving force for self-densification. The melting 
temperature could be reduced to 0.2-0.4 times that of 
the bulk silver [22]. In the past decade, Chen et al. [23-24] 
had developed several types of nanosilver paste that 
could be sintered without pressure or under a 
significantly low pressure lower than 2 MPa and at 
low temperatures of 190-250 ℃. Fig. 1 shows typical 
micrographics of the nanosilver paste before and after 
sintering. It is believed that a robust sintered silver die 
attachment with a relative density of more than 80% 
can be obtained using this pressure-less sintering 
approach at 250 ℃. 

 

Fig. 1  Micrographics of nanosilver paste 

Owing to the rapid advancement in the 
synthesizing methods of silver particles, few 
innovative micro-scale and micro-nano hybrid particle 
silver pastes can achieve high-density sintered silver 
by low pressure-assisted or pressure-less sintering 
approaches [25-27]. Regardless of pressure-assisted or 
pressure-less sintering of the nanosilver or 
micro-silver used, it is critical to obtain guidelines on 
using these techniques separately for different 
applications in terms of efficiency, yield and 
investment [28]. 

Therefore, this paper mainly reviews the merits 
and demerits of the pressure-assisted and pressure-less 
sintering techniques. Suggestions are also provided on 
the emerging techniques such as rapid electric-assisted 
sintering and laser sintering. Furthermore, developing 
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a brief resource guide on using the correct sintering 
methods can be helpful. 

2  Pressure-assisted sintering 

The sintering pressure can increase the contact 
surface area among silver particles to enhance the 
diffusion bonding as well as the driving force for 
densification of silver nanoparticles [29]. Hence, the 
pressure-assisted sintering technique can effectively 
decrease the required sintering temperature and 
improve processing efficiency [30]. 

A schematic diagram of the pressure-assisted 
sintering technique is shown in Fig. 2. Auxiliary 
pressure is provided by a servo-hydraulic pressure 
equipment with real-time feedback control. As key 
components for the pressure-assisted sintering 
technique, dynamic inserts are used to compensate for 
the height difference among the devices [31]. For 
different packaging cases, a customized sintering mold 
enables each device to secure an accurate bonding 
position. In addition, buffering materials, such as 1-3 
mm silicone rubber and 50-200 μm Teflon tape, are 
essential in preventing damage to the device [32]. In 
recent times, some suppliers have developed 
pressure-assisted sintering equipment, and the 
sintering pressure and temperature range from 0.5-30 
MPa and 220-270 ℃, respectively [33]. 

 

Fig. 2  Schematic diagram of the pressure-assisted  

sintering technique 

The selection of sintering pressure, which is an 
important factor for sintering efficiency, yield and cost 
management [34-35], highly depends on the scale of the 
silver particle in the silver-sintering materials [36]. 
Tab. 2 lists the recommended pressure and cost 
estimation for the silver-sintering materials with scales 
of different particles [18, 32-33, 37-50]. 

Generally, large-scale micron silver, such as 5-30 
μm particles/flakes, require a high sintering pressure 

(higher than 15 MPa) to obtain the sintered silver 
attachment with low porosity [40]. Fig. 3 shows a high 
pressure-assisted sintering case using large-scale 
micron silver sintering. A dense sintered silver 
between the power device and the substrate can be 
formed under an auxiliary pressure of 30 MPa at 225 ℃ 
for 1 min. Based on this sintering approach, SEMICRON 
developed silver-sintering power modules, namely SkiM 

and SKiN half bridge modules [51-52]. 

Tab. 2  Recommended pressure and cost estimation  
with different silver particle scales 

Recommended 
pressure 

Silver particle scale 
/Material cost 

Yield 
/Packaging cost 

High pressure, i.e., 
higher than 15 MPa

Large-scale micron silver, 
e.g., 3-30 μm silver flakes 
and particles 
/low 

Low 
/high 

Medium pressure, 
i.e., 5-15 MPa 

Micron silver, e.g., 1-3 μm, 
submicron, and micro- 
nano-scale  
/medium 

Low 
/high 

Low pressure, 
i.e., less than 5 

MPa  

Nano silver, e.g., less than 
100 nm, nano/submicron 
and nano/micro hybrid 
particles 
/high 

High 
/low 

 

Fig. 3  High pressure-assisted sintering case using 

large-scale micron silver flakes 
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Compared to the traditional modules of soldering, 
the junction-to-ambient thermal resistance of the SkiM 
and SKiN modules using silver sintering reduces by 
36% and 47%, respectively. They can work steadily at 
200 ℃ and the power cycling capability improves 
about 70 times at Tjmax =150 ℃ [52]. The performance 
improvement is attributed to high thermal conductivity 
and high-temperature resistance of the sintered silver 
joints. In addition, the usage of large-scale micron 
silver particles/flakes can decrease the material 
cost [42]; however, this can result in a low sintering 
yield and increase the investment on equipment due to 
the requirement of such high auxiliary pressure. This 
approach may be more suitable to fabricate large-area 
sintered silver joints such as bonding DBC substrate, 
discrete heat sink or base plate. 

With the development of silver sintering, few 
researchers reported the sintering behavior of micron, 
submicron, and micro-nano-scale hybrid particles 
under medium pressures [42, 48, 50] of 5-15 MPa. 
Figs. 4a and 4b show micrographics of silver paste 
with 3 μm silver particles before and after sintering 
under 10 MPa at 230 ℃ for 3 min [42, 53]. To evaluate 
the bonding quality of micron silver joints under the 
medium auxiliary pressure, 10×10 mm2 chips and an 
active metal brazed substrate with silver metallization 
are used to fabricate the bending samples as shown in 
Figs. 4c and 4d. The bending test confirms the 
thermo-mechanical reliability of the sintered silver joints 
using micron-scale silver particles under the medium 
auxiliary pressure [53]. Although the micron silver sintering 
approach has medium material cost [42], the necessary 
medium auxiliary pressure can lead to chip damage [33], 
specifically in the case of hard SiC devices. It is 
recommended for use in the case of large-area die 
attachments, e.g., larger than 10×10 mm2. 

The introduction of nano-scale silver particles can 
reduce further auxiliary pressure during sintering. A 
double-sided SiC device with TO-247 packaging 
obtained via sintering of nano-scale silver films is 
depicted in Fig. 5 [54]. In this case, typical bonding 
wires are replaced by a clip lead frame. A 650 V IGBT 
(8.8×8.8 mm²) and a free-wheeling diode (8.8×5.1 
mm²) are sinter-bonded with a copper tab using the 
silver film. The sintering pressure, temperature, and 
time are 3 MPa, 130 ℃ , and 60 s, respectively. 

Meanwhile, the clip lead frame is also sintered to the 
emitter electrode of IGBT devices under 10 MPa 
auxiliary pressure at 250 ℃ for 90 s.  

 

Fig. 4  Medium pressure-assisted sintering case using 

micron-scale silver particles 

 

Fig. 5  Cross-sectional images of a double-sided TO 247 using 

the pressure-assisted sintering of silver films 
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In this case, the sintering of the silver film can 
control the bond line thickness of the die attachment 
effectively; however, the dry silver film cannot wet the 
power device, substrate, base plate, or heat sink well [54]. 
Consequently, auxiliary pressure during the sintering of 
the silver film is essential to enhance the diffusion 
between the silver particles in the film and the bonding 
surface. Note that the sintering of the silver film 
requires a die transfer process using a specific die 
bonder, which needs additional investment in 
equipment [55].   

For the medium and low pressure-assisted 
sintering cases, the thermal resistance from 
junction-to-case could be 42% lower than that of 
typical solder cases. The improvement of the thermal 
resistance may be due to the excellent thermal 
conductivity of sintered silver, i.e., more than 200 
W/m· K, and the ultrathin thermal conduction path, 
i.e., 25 μm bond line thickness. Power cycling test 
(PCT) shows that the silver-sintering case has no 
failure even after 150k cycles at ΔTj of 85 ℃ , 
comparing with the lift-off failure of wire bonding 
joints for typical packaging cases only after 12k cycles. 
No obvious defects could be observed when this case 
was aged after 150k cycles. The cross-sectional 
images of the sintered silver die attachment at the 
initial and aged stages after 150k cycles are showed in 
Fig. 6 [54]. Furthermore, even when the ΔTj was elevated 
to 110 ℃, this case did not fail after 35k cycles. 

Pressure-assisted sintering could ensure the 
reliability of sintered silver attachment effectively. 
However, compared to bonding the discrete devices, 
the pressure-assisted sintering would lead to lower 
yield for fabricating high-density power modules 
integrated with multiple bare devices because it is 
difficult to obtain a uniformly distributed auxiliary 
pressure for each bare devices [34, 56]. In addition, the 
pressure-assisted sintering requires a large investment 
in the sintering equipment and customized molds for 
different packaging cases. Considering these effects of 
the device dimension and the warpage of other 
associated packaging components, the pressure- 
assisted sintering may be ideal for bonding single large 
size device like discrete devices and components with 
large warpage during constraint heating, e.g., heat sink 
and lead frame [57]. For multiple small size SiC devices, 

pressure-less sintering may be suitable. 

 

Fig. 6  Cross-sectional images using sintering silver 

 film under PTCs 

3  Pressure-less sintering 

Nanosilver pastes with nano/submicron and 
nano/micro hybrid particles have achieved dense 
sintering under low auxiliary pressure, e.g., less than 1 
MPa or even zero pressure [40-41]. Nanosilver paste can 
wet the bonding surface of power devices and 
substrates better [58], and pressure-less sintering of the 
nanosilver paste is feasible to be as simple as solder 
reflowing. Fig. 7 shows a typical pressure-less 
sintering process [58]: (1) The nanosilver paste is 
coated on substrates by stencil-printing or dispensing, 
forming an as-printed pattern similar to solders; (2) 
Power devices are mounted on the as-printed pattern; 
(3) The assembly after mounting is sintered by the 
pressure-less sintering according to the preset 
temperature profile; (4) Cooling. 

 

Fig. 7  A diagram of the pressure-less sintering process 

Void defects are a critical concern for large-area 
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sintered silver attachment using the pressure-less 
sintering [59]. Void defects must be controlled before 
sintering, especially during mounting devices. To 
minimize the void defects, some researchers designed 
and optimized the dispensing or stencil-print pattern of 
silver pastes [59-60]. Fig. 8a shows the patterns during 
the dispensing process [59]. The air bubbles of the 
as-dispensing paste during the mounting can be 
squeezed out. However, the pattern should be 
optimized to prevent the excess insufficient and 
overflowing of the nanosilver paste. Moreover, the 
mounting accurate pressure and position should be 
controlled strictly. The steady dispensing or 
stencil-print and the precise mounting process may be 
critical to the thickness control of the bond lines. 

 

Fig. 8  As-dispensing patterns and mounting process 

Based on an optimized stencil-print pattern, the 
die attachment for large-area power devices (larger 
than 100 mm²) using pressure-less sintering has 
achieved a shear strength of approximately 30 MPa at 
a low sintering temperature of 250 ℃  [58], and 
small-area die attachment (4-25 mm²) could also reach 
approximately 45-80 MPa [50], which is significantly 
higher than that of solders. 

Fig. 9 demonstrates a double-side cooling SiC 
packaging case using the pressure-less sintering [58]. 
These packaging cases are mainly composed of SiC 
MOSFETs, moly plates with silver metallization, top 
and bottom substrates, terminals. The back terminals 
of the SiC devices are sinter-bonded to the bottom 

substrate, and then moly plates are sinter-bonded to the 
front terminals without any pressure at 190 ℃. For 
this double-side cooling packaging, the heat-dissipating 
path from junction-to-case can be shortened effectively 
and the sintered silver with high thermal conductivity 
can be dissipating distribution to power devices for 
high-temperature applications. Therefore, those SiC 
modules with the pressure-less sintered nanosilver are 
believed to be approximately 40% better in 
heat-dissipating capacity than that of the traditional 
wire-bonding case. 

 

Fig. 9  Double-sided cooling SiC packaging using the 

pressure-less sintering 

Considering that expensive SiC-based devices have 
higher Young’s modulus than Si-based devices [15], the 
pressure-assisted sintering is prone to damage the power 
devices, resulting in a low yield for multi-chip SiC power 
modules [34]. Therefore, using the pressure-less sintering 
for bonding SiC-based power chips with the small chip 
size is preferred for massive production. Furthermore, 
the pressure-less sintering is compatible with the 
vacuum reflowing furnaces for solders [60]. Thus, less 
investment is required for specialized equipment 
compared to the pressure-assisted sintering. 

4  Other novel sintering techniques 

Pressure-assisted sintering and pressure-less 
sintering are based on heating approaches from hot plates 
or atmospheres. Furthermore, there have been some novel 
sintering approaches, e.g., electric-current-assisted 
sintering (ECAS) [61], selective laser sintering [62] and 
microwave sintering [63], to improve the efficiency and 
the physical properties of sintered silver attachment. 
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ECAS is a rapid silver sintering method, which 
uses a pulse current to heat the silver paste. Fig. 10 
depicts an ECAS sintered silver die attachment [64]. 
Here, 13.5×13.5 mm2 IGBT chips are bonded to a bare 
copper substrate using nanosilver paste with 20-80 nm 
silver particles, and the rapid sintering is finished in 
only 10 s under the low auxiliary pressure of 
approximately 1 MPa. The average shear strength with 
high sintered density could be higher than 25 MPa [61]. 
Note that ECAS may cause the interface delamination 
between devices and sintered silver layers owing to the 
rapid volatilization of organics in the nanosilver paste. 
Appropriate pre-heat temperature, time, and pressure 
are required. In addition, novel microwave sintering 
and selective laser sintering are utilized to sinter 
metals/metal matrix composites with ceramics [62-63]. 

 

 

Fig. 10  ECAS case using nanosilver paste 

5  Outlook 

The pressure-assisted sintering is a reliable 
sintering approach for bonding power devices for 
high-temperature applications. However, the 
pressure-assisted sintering can cause a decrease in the 
yield and efficiency for bonding multiple chips, 
especially with complex architecture. To achieve 
robust sintered silver attachment efficiently under 
significantly low sintering pressure, new heating 
sources, e.g., electric-current, selective laser, 
microwave, etc., can be combined using pressure for 
low-temperature sinter-joining of silver particles in the 
future. The decrease in sintering pressure is essential 
to reduce the cost of the special sintering equipment. 

The pressure-less sintering has inherent 
advantages itself for sinter-bonding multiple chips 
targeting for high-density integration of a power module. 
However, pre-defects should be controlled strictly for 
acceptable reliability. It is suggested that the defect 
formation mechanism of the pressure-less sintering of 
nanosilver should be clearly clarified to propose 
elimination methods. Furthermore, it is important to 
control precisely the warpage of substrates during the 
pressure-less sinter-bonding to ensure good wettability 
and inter-diffusion in the future. 

References 

 [1] Z Q Wang, X J Shi, L M Tolbert, et al. A high temperature 
silicon carbide MOSFET power module with integrated 
silicon-on-insulator-based gate drive. IEEE Transactions 
on Power Electronics, 2014, 30(3): 1432-1445. 

 [2] S A Ikpe, J M Lauenstein, G A Carr, et al. Silicon-carbide 
power MOSFET performance in high efficiency boost power 
processing unit for extreme environments. National 
Aeronautics and Space Administration, 2016: 184-189. 



Chinese Journal of Electrical Engineering, Vol.6, No.3, September 2020 

 

32

 [3] W Janke. The advantages and limitations of silicon 
carbide power devices. Przeglad Elektrotechniczny, 2011, 
87(11): 41-46. 

 [4] J Li, I Yaqub, M Corfield, et al. Comparison of 
thermo-mechanical reliability of high-temperature bonding 
materials for attachment of SiC devices. International 
Conference on Integrated Power System Conference, February 
25-27, 2014, Nuremberg, Germany, 2014. 

 [5] D Berry, J Li, Y H Mei, et al. Packaging of 
high-temperature planar power modules interconnected by 
low-temperature sintering of nanosilver paste. 
International Conference on Electronics Packaging, April 
23-25, 2014, Toyama, Japan: IEEE , 2014: 549-554. 

 [6] E Moller, A Bajwa, J Wilde, et al. Comparison of new 
die-attachment technologies for power electronic 
assemblies. International Conference on Electronics 
Packaging, May 27-30, 2014, Orlando, FL, USA: IEEE, 
2014: 1707-1713. 

 [7] F F Song, P Lai. Effect of substrate material on thermal 
reliability of high-power electronic packaging device. 
International Symposium on Advanced Packaging 
Materials, October 25-28, 2011, Xiamen, China: IEEE, 
2011: 418-421. 

 [8] K Hase, G Lefranc, M Zellner, et al. A solder bumping 
interconnect technology for high-power devices. IEEE 
35th Annual Power Electronics Specialists Conference, 
June 20-25, 2004, Aachen, Germany, Germany: IEEE, 
2004: 4183-4187. 

 [9] F Zhu, H H Zhang, R F Guan, et al. Effects of  
temperature and strain rate on mechanical property of 
Sn96.5Ag3Cu0.5. Journal of Alloys and Compounds, 
2007, 408(1): 100-105. 

[10] V R Manikam , K Y Cheong. Die attach materials for high 
temperature applications: A review. IEEE Transactions on 
Components Packaging a Manufacturing Technology, 
2011, 4(1): 457-478. 

[11] H Bracht, S Eon, R Frieling, et al. Thermal conductivity 
of isotopically controlled silicon nanostructures. New 
Journal of Physics, 2014, 16(1): 1-18. 

[12] J W Pomeroy, M Bernardoni, D C Dumka, et al. Low 
thermal resistance GaN-on-diamond transistors 
characterized by three-dimensional Raman thermography 
mapping. Applied Physics, 2014, 104(8): 083513. 

[13] M A Ras, D May, T Winkler1, et al. Thermal characterization 
of highly conductive die attach materials. 20th International 
Workshop on Thermal Investigations of ICs and Systems, 
September 24-26, London, UK: IEEE, 2014: 1-7. 

[14] B S Passmore, A B Lostetter. A review of SiC power module 
packaging technologies: Attaches, interconnections, and 
advanced heat transfer. IEEE International Workshop on 

Integrated Power Packaging, April 5-7, 2017, Delft, 
Netherlands: IEEE, 2017: 1-5. 

[15] E Higurashi, T Suga. Review of low-temperature bonding 
technologies and their application in optoelectronic 
devices. Electronics and Communications in Japan, 2016, 
99(3): 63-71. 

[16] R K Schwarzbauer. Novel large area joining technique for 
improved power device performance. IEEE Transactions 
on Industry Applications, 1991, 27(1): 93-95. 

[17] X Long, W B Tang, W J Xia, et al. Porosity and young’s 
modulus of pressure-less sintered silver nanoparticles. 
IEEE 19th Electronics Packaging Technology Conference, 
December 6-9, 2017, Singapore: IEEE, 2018: 1-8. 

[18] K S Siow. Are sintered silver joints ready for use as 
interconnect material in microelectronic packaging? 
Journal of Electronic Materials, 2014, 43(4): 947-961. 

[19] J Bai, Z Zhang, J Calata, et al. Characterization of 
low-temperature sintered nanoscale silver paste for 
attaching semiconductor devices. 2005 Conference on 
High Density Microsystem Design and Packaging and 
Component Failure Analysis, June 27-29, 2005, Shanghai, 
China: IEEE, 2005. 

[20] R Khazaka, L Mendizabal, D Henry. Review on joint 
shear strength of nano-silver paste and its long-term high 
temperature reliability. Journal of Electronic Materials, 
2014, 43(7): 2459-2466. 

[21] G Q Lu, J N Calata, G Y Lei, et al. Low-temperature and 
pressureless sintering technology for high-performance 
and high-temperature interconnection of semiconductor 
devices. 2007 International Conference on Thermal, 
Mechanical and Multi-Physics Simulation Experiments in 
Microelectronics and Micro-Systems, April 16-18, 2007, 
London, UK: IEEE, 2007. 

[22] A T Ahmed, M T Ayad, M T Sabah. Study and 
optimization of the mechanical properties of PVP/PVA 
polymer nanocomposite as a low temperature adhesive in 
nano-joining. IOP Conference Series: Materials Science 
and Engineering, 2020, 671: 012145. 

[23] C T Chen, K Suganuma. Microstructure and mechanical 
properties of sintered Ag particles with flake and spherical 
shape from nano to micro size. Materials & Design, 2018, 162: 
311-321.  

[24] W Liu, Y H Mei, Y J Xie, et al. Design and 
characterizations of a planar multi-chip half-bridge power 
module by pressureless sintering of nanosilver paste. 
IEEE Journal of Emerging and Selected Topics in Power 
Electronics, 2019, 7(3): 1627-1636.  

[25] H D Yan, Y H Mei, G Q Lu, et al. Pressureless sintering 
multi-scale Ag paste by a commercial vacuum reflowing 
furnace for massive production of power modules. 



  

 

33 

Haidong Yan et al.: Brief Review of Silver Sinter-bonding Processing for Packaging High-temperature 

Power Devices 

Journal of Materials Science: Materials in Electronics, 
2019, 30(3): 9634-9641. 

[26] P Paret, J Major, D Devoto, et al. Mechanical characterization 
study of sintered silver pastes. American Society of 
Mechanical Engineers 2018 International Technical 
Conference and Exhibition on Packaging and Integration of 
Electronic and Photonic Microsystems, August 27-30, 2018, 
San Francisco, CA, USA: ASME, 2018: 1-8. 

[27] J Kahler, N Heuck, G Palm, et al. Low-pressure sintering 
of silver micro- and nanoparticles for a high temperature 
stable pick & place die attach. 18th European 
Microelectronics & Packaging Conference, September 
12-15, 2011, Brighton, UK: IEEE, 2012. 

[28] L A Navarro, M Vellvehi, X Jordàet, et al. Silver 
nano-particles sintering process for the die-attach of power 
devices for high temperature applications. Ingeniería 
Mecánica, Tecnología y Desarrollo, 2012, 4(3): 97-102. 

[29] W S Hong, M S Kim, K K Hong, et al. Pressureless silver 
sintering of silicon-carbide power modules for electric 
vehicles. 2019 The Minerals, Metals & Materials Society, 
2019, 72: 889-897. 

[30] C Gobl, J Faltenbacher. Low temperature sinter 
technology die attachment for power electronic 
applications. 2010 6th International Conference on 
Integrated Power Electronics Systems, March 16-18, 2010, 
Nuremberg, Germany: IEEE, 2011. 

[31] K S Tan, Y H Wong, K Y Cheong, et al. Thermal 
characteristic of sintered AgeCu nanopaste for 
high-temperature die-attach application. International 
Journal of Thermal Sciences, 2015, 87: 169-177. 

[32] K S Siow. Die-attach materials for high temperature 
applications in microelectronics packaging. Berlin: 
Springer, 2018. 

[33] Z Y Zhang, G Q Lu. Pressure-assisted low-temperature 
sintering of silver paste as an alternative die-attach solution to 
solder reflow. IEEE Transactions on Electronics Packaging 
Manufacturing, 2002, 25(4): 279-283. 

[34] Y Liu, H Zhang, L Wang, et al. Stress analysis of 
pressure-assisted sintering for the double-side assembly of 
power module. Soldering & Surface Mount Technology, 
2018, 31(1): 1-9. 

[35] Y Liu, H Zhang, L Fan, et al. Effect of sintering pressure 
on the porosity and the shear strength of the 
pressure-assisted silver sintering bonding. IEEE 
Transactions on Device and Material Reliability, 2018, 
18(2): 240-246. 

[36] S A Paknejad, S H Mannan. Review of silver nanoparticle 
based die attach materials for high power/temperature 
applications. Microelectronics Reliability, 2017, 70: 1-11. 

[37] W Liu, R An, C Q Wang, et al. Recent progress in rapid 

sintering of nanosilver for electronics applications. 
Micromachines, 2018, 9(7): 346-363. 

[38] M Koelink. Ag-sintering as an enabler for thermally 
demanding electronic and semiconductor applications. 
Bodo’s Power Systems, February 27 2017: Boschman 
Technologies, 2017. 

[39] K S Siow, Y T Lin. Identifying the development state of 
sintered silver (Ag) as a bonding material in the 
microelectronic packaging via patent landscape study. 
Journal of Electronic Packaging, 2016, 138(2): 1-18. 

[40] S Kraft, S Zischler, A Schletz. Properties of a novel silver 
sintering die attach material for high temperature-high 
lifetime applications. 2013 AMA Conferences, May 14-16, 
2013, Nürnberg: AMA, 2013: 242-247. 

[41] N Heuck, G Palm, A Bakin. SiC-die-attachment for high 
temperature applications. Materials Science Forum, 2010, 
645-648: 741-744.  

[42] H Nishikawa, X D Liu, X F Wang, et al. Microscale Ag 
particle paste for sintered joints in high-power devices. 
Materials Letters, 2015, 161: 231-233. 

[43] S Y Zhao, X Li, Y H Mei. Study on high temperature bonding 
reliability of sintered nano-silver joint on bare copper plate. 
Microelectronics Reliability, 2015, 55(12): 2524-2531. 

[44] S Wang, H J Ji, M Li, et al. Fabrication of interconnects 
using pressureless low temperature sintered Ag 
nanoparticles. Materials Letters, 2012, 85: 61-63. 

[45] T Iwashige, T Endo, K Sugiurs, et al. CoW metallization 
for high strength bonding to both sintered Ag joints and 
encapsulation resins. Journal of Materials Science: 
Materials in Electronics, 2019, 30: 11151-11163. 

[46] K Kielbasinski, J Szalapak, M Teodorczyk, et al. 
Influence of nanoparticles content in silver paste on 
mechanical and electrical properties of LTJT joints. 
Advanced Power Technology, 2015, 26(3): 907-913. 

[47] A D Albert, M F Becker, J W Keto, et al. Low temperature, 
pressure-assisted sintering of nanoparticulate silver films. 
Acta Materialia, 2008, 56(8): 1820-1829. 

[48] F Yu, W R Johnson, M Hamilton, et al. Low temperature, 
fast sintering of micro-scale silver paste for die attach for 
300 ℃ applications. IMAPS 2015 Orlando - 48th Annual 

International Symposium on Microelectronics, October 
26-29, 2015. 

[49] H Q Zhang, H L Bai, P Peng, et al. SiC chip attachment 
sintered by nanosilver paste and their shear strength 
evaluation. Welding in the World, 2019, 63: 1055-1063. 

[50] M H Roh, H Nishikawa, S Tsutsumi, et al. Low 
temperature bonding with high shear strength using 
micro-sized Ag particle paste for power electronic 
packaging. Journal of Materials Science: Materials in 



Chinese Journal of Electrical Engineering, Vol.6, No.3, September 2020 

 

34

Electronics, 2017, 29(5): 3800-3807. 
[51] J Stegerl. A new generation of power modules with 

sinter-technology for the automotive industry. 2011 1st 
International Electric Drives Production Conference (EDPC), 
September 28-29, 2011, Nuremberg, Germany: IEEE, 2011. 

[52] T Stockmeier, P Beckedahl, C Gobl, et al. SKiN: Double 
side sintering technology for new packages. 2011 IEEE 
23rd International Symposium on Power Semiconductor 
Devices and ICs, May 23-26, 2011, San Diego, CA, USA: 
IEEE, 2011: 324-327. 

[53] L M Chew, W Schmitt, M Dubis, et al. Micro-silver sinter 
paste developed for pressure sintering on bare Cu surfaces 
under air or inert atmosphere. IEEE 68th Electronic 
Components and Technology Conference (ECTC), May 
29-June 1, 2018, San Diego, CA, USA: IEEE, 2018. 

[54] F L Henaff, G Greca, P Salerno, et al. Double side 
sintered IGBT+FRD, 650 V/ 200 A, in a STO247 package 
for high performance automotive applications. PCIM 
Europe 2017; International Exhibition and Conference for 
Power Electronics, Intelligent Motion, Renewable Energy 
and Energy Management, May 16-18, 2017, Nuremberg, 
Germany: VDE, 2017. 

[55] F R Henaff, G Greca, P Salerno, et al. Reliability of double 
side silver Sintered devices with various substrate 
metallization. PCIM Europe 2016; International Exhibition 
and Conference for Power Electronics, Intelligent Motion, 
Renewable Energy and Energy Management, May 10-12, 
2016, Nuremberg, Germany, Germany: VDE, 2016. 

[56] J Felba. Technological aspects of silver particle sintering 
for electronic packaging. Circuit World, 2018, 44(1): 2-15. 

[57] H D Yan, S C Fu, Y H Mei. Double-sided joining IGBT 
devices by pressureless sintering of nanosilver paste. 2016 
Electronics Packaging (ICEP), April 20-22, 2016, 
Sapporo, Japan: IEEE, 2016. 

[58] G Q Lu, Y H Mei, M Y Wang, et al. Low-temperature silver 
sintering for bonding 3D power modules. LTB-3D 2019, May 
2019, Japan. DOI: 10.23919/LTB-3D.2019.8735123. 

[59] G Y Tang, L C Wai, T G Lim, et al. Development of high 
power and high junction temperature SiC based power 
packages. IEEE 69th Electronic Components and 
Technology Conference, May 25-June 2, 2019, Las Vegas, 
USA: IEEE, 2019: 1419-1425. 

[60] Yan H D, Y H Mei, X Li, et al. A multichip phase-leg 
IGBT module using nanosilver paste by pressure-less 
sintering in formic acid atmosphere. IEEE Trans. Electron. 
Devices, 2018, 65(10): 4499-4505. 

[61] S T Feng, Y H Mei, G Chen, et al. Characterizations of 
rapid sintered nanosilver joint for attaching power chips. 
Materials, 2016, 9(7): 564. 

[62] Y Jung, D Ryu, M Gim, et al. Development of next 
generation flip chip interconnection technology using 
homogenized laser-assisted bonding. IEEE 66th 
Electronic Components and Technology Conference 
(ECTC), May 31-June 3, 2016, Las Vegas, NV, USA: 
IEEE, 2016: 88-94. 

[63] R Roy, D Agrawal, J Cheng, et al. Full sintering of 
powdered-metal bodies in a microwave field. Nature, 
1999, 399(6737): 668-670.  

[64] Y J Xie, Y J Wang, Y H Mei, et al. Rapid sintering of 
nano-Ag paste at low current to bond large area (>100 
mm2) power chips for electronics packaging. Journal of 
Materials Processing Technology, 2018, 255: 644-649.  

Haidong Yan received a B.S. degree in engineering 
from Hebei University of Architecture and Civil 
Engineering, Zhangjiakou, China, in 2006, an M.S. 
degree in mechanical and electrical engineering from 
Guilin University of Electronic Technology, Guilin, 
China, in 2011, and a Ph.D. degree from Tianjin 
University, Tianjin, China, in 2019. He is currently 
an assistant research fellow with the Guangxi Key 

Lab of Manufacturing System and Advanced Manufacturing 
Technology and the School of Mechanical and Electrical Engineering, 
Guilin University of Electronic Technology. His current research 
interests include packaging technology and reliability for 
high-temperature power electronics.  

 
Peijie Liang received a B.S. degree in 
mechanical engineering from Shenyang  Ligong 
University, Shenyang, China, in 2019. He is 
currently working towards M.S. degree at the 
School of Mechanical and Electrical Engineering, 
Guilin University of Electronic Technology, Guilin, 
China. 

 
Yunhui Mei received his B.S. and Ph.D. degrees in 
process equipment and controlling engineering from 
Tianjin University, Tianjin, China, in 2006 and 
2010, respectively. He studied at the Center for 
Power Electronics Systems, Virginia Polytechnic 
Institute and State University, Blacksburg, USA. He 
is currently an associate professor with the Tianjin 
Key Laboratory of Advanced Joining Technology 

and School of Material Science and Engineering, Tianjin University. He 
has published more than 60 papers on power electronic packaging. His 
current research interests include high-temperature packaging and 
materials for high-power-density applications. 
 

Zhihong Feng received a Ph. D degree in electrical 
and electronics engineering from The Hong Kong 
University of Science and Technology, Hong Kong, 
China. He is currently the chief expert of China 
Electronic Technology Corporation (CETC), assistant 
chief engineer of No. 13 Research Institute of China 
Electronics Technology Group Corp, and a researcher 
of State Key Laboratory of ASIC and system. His 

current research interests include wide bandgap semiconductor materials and 
electronic devices, terahertz solid-state electronic technology, and other 
advanced semiconductor materials and equipment. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


