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Abstract
Silver (Ag) sinter-joining is an ideal connection technique for wide bandgap (WBG) power electronics packaging due to 
its excellent high-temperature stability and excellent thermal conductivity. In this work, we applied Ag sinter-joining to 
die attach for a WBG power module and focused reliability of Ag sinter-joining under harsh thermal and power cycling 
conditions. The die attach structure using a Ag flake paste had an initial shear strength of over 45 MPa due to the excellent 
sinter-joining ability of the paste. Variation of die attach shear strength and failure mode under a harsh cycling condition 
(−50~250 °C) have also been systematically discussed. Thermal diffusivity of sintered Ag and thermal resistance of the die 
attach structure were also measured, showing a superior thermal performance to solder materials. Meanwhile, a simple SiC 
diode module was assembled via Ag sinter-joining and aluminum (Al) ribbon-bonding for evaluation of Ag sinter-joining 
reliability during a severe power cycling condition. A power cycling test with a high junction temperature of 200 °C was 
conducted to evaluate the reliability of Ag sinter-joining. It is found that the main failure of the SiC diode module was 
located at ribbon-bonding rather than the Ag sinter-joining layer degradation, based on the variation of forward voltage and 
junction to case thermal resistance. This investigation indicates that the Ag sinter-joining has a long lifetime under a severe 
operating condition of power electronics.
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Introduction

Wide bandgap (WBG) semiconductors have a critical role in 
power electronics modules due to their excellent properties, 
such as high breakdown voltage, high junction temperature, 
and low on-resistance.1–3 WBG power modules allow us to 
deal with an increasing power density and cut down power 
losses, which greatly benefit modern life and versatile usage 
of electricity. In the last decade, with the rapid development 
of WBG semiconductors, more and more apparatus, like 
electric motors, power transformers, and even tiny super-fast 
chargers, are equipped with WBG power modules. However, 
new challenges come along with the widespread applications 
of WBG power modules. A higher junction temperature of 
WBG semiconductors, even up to 250 °C, brings severe 

issues for the packaging of power electronics, especially for 
the packaging of die attach, which is the most critical part 
in power electronics.4,5 Typically, the WBG semiconductor 
bonds to a substrate or lead frame via solder or a conductive 
adhesive. Although a decent bonding quality can be achieved 
by these traditional bonding materials, they are almost inca-
pable of dealing with a severe junction temperature of over 
250 °C. Currently, the Ag sinter-joining technique, which 
has excellent high-temperature resistance and electrical 
properties, is regarded as one of the promising approaches 
for the WBG die attach in power electronics.6,7

The Ag sinter-joining technique is based on sintering 
of Ag paste to realize bonding between the die and the 
substrate. The Ag paste, which is made from Ag particles 
and organic solvents, can be sintered into a continuous and 
uniform structure at a temperature below 250 °C. After 
sintering, it can also withstand severe high temperatures 
due to the high melting point of Ag. The sintered structure 
can also achieve a robust interconnection via an interdiffu-
sion process at the bonding interface. Additionally, it has 
low electrical resistance on the order of  10-5 Ω cm and 
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high thermal conductivity of over 200 W/m K on account 
of the superior electrical and thermal properties of  Ag8. 
These merits perfectly meet the requirements for WBG 
die attach packaging, giving the Ag sinter-joining tech-
nology a significant advantage over traditional intercon-
nection methods. In the last decade, massive efforts have 
been made on Ag sinter-joining for die attach packaging. 
For instance, Ag paste exhibits feasible bonding abilities 
on various surface metallizations, like Ag, Au, Ni, and Al, 
which significantly extend the application scenarios of Ag 
sinter-joining.9–13 The bonding quality of die attach with 
Ag sinter-joining can reach a shear strength of over 40 
MPa, showing a better initial bonding quality than solder-
ing or adhesive joining.

Reliability is also critical for WBG power modules since 
the WBG semiconductors usually face high junction tem-
peratures and severe temperature swings for a long time. 
The reliability of Ag solder-joining has been widely evalu-
ated through different tests, such as thermal cycling, power 
cycling, and high-temperature storage.14–16 Typically, the 
solder materials are susceptible to high temperatures that can 
lead to solder deterioration and alloy compound generation. 
Various reliability tests have  also been conducted to investi-
gate the performance of Ag sintering joining in harsh condi-
tions. Yu et al. evaluated pressure-assisted Ag-sintered joints 
under severe test conditions (aging test: 300 °C; cycling test: 
−55~300 °C), 6 and their results suggest that the pressure-
assisted joints have  a shear strength of over 15.3 MPa after 
2000 h thermal storage, and that the reliability of the sin-
tered Ag layer is even superior to the reliability of a DBC 
substrate during the thermal cycling test. Zhang et al. added 
SiC particles into Ag paste, which significantly improved 
the reliability of the sintered Ag joints by restricting the 
grain growth of Ag during the thermal aging test.17 Kim 
et al. conducted a quasi-power cycling test by using a SiC 
thermal engineering group chip with a temperature swing of 
150 °C.18 Based on the present research, Ag sinter-joining 
exhibits a decent reliability performance. However, the fail-
ure mechanism of Ag sinter-joining still needs to be further 

investigated and identified, especially the power cycling test, 
due to various failure modes in the power module.

In this work, we prepared sintered Ag joints via a Ag 
flake paste under a low-temperature and pressureless sinter-
ing condition. A thermal cycling test and a power cycling 
test were conducted to evaluate the reliability of the Ag 
sintered die attach joint. The sinter-joining ability of the 
Ag flake paste was studied initially to understand the sin-
tering behavior and properties of the Ag flake paste. The 
thermal cycling test was conducted at a temperature range 
from −50 to 250 °C, and the power cycling test was car-
ried out at an initial target junction temperature of 200 °C, 
with a high on–off junction temperature swing of 157 °C. 
After the cycling tests, the structure of the die attach was 
investigated via X-ray computed tomography (CT) using a 
microfocus 3-D CT X-Ray system (XVA-160N; Uni-Hite 
System) and scanning electron microscopy (SEM; SU-8020 
Hitachi) inspection to identify weak points and structural 
changes. The thermal resistance of the SiC diode module 
was also measured by a T3ster (Mentor Graphics) to identify 
die attach layer changes during the power cycling test.

Experiment

Materials and Die Attach Packaging

The Ag paste, made from Ag flakes (Fukuda Metal Foil 
and Powder) and organic solvent (provided by Daicel), was 
applied as Ag sinter-joining material for connection between 
die and substrate. The die attach joint (Fig. 1a) was assem-
bled by a dummy Si die (3 mm × 3 mm) and a direct bonding 
copper (DBC, 30 mm × 30 mm) for the evaluation of the 
bonding quality during the thermal cycling test. The surfaces 
of the Si and the DBC were sputtered with Ni (2 μm)/Ti 
(0.1 μm)/Ag  (2 μm) layer by layer in order to be compat-
ible with the Ag sinter-joining. A SiC power module was 
also prepared for a power cycling test. A specially designed 
DBC substrate (22 mm × 20 mm) and a SiC diode (4.7 mm 

Fig. 1  Schematics of the cross-section of die attach joint (a) and SiC diode module (b); image of the prepared SiC diode module (c)
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× 4.7 mm) were applied for the assembly of a SiC diode 
module. For the Ag sinter-joining process, the Ag paste was 
printed on the substrate via a stencil-printed method with 
an initial printing thickness of 100 μm. The chips were then 
mounted on the printed Ag paste, and the specimens were 
heated on a hotplate at 250 °C for 60 min in the atmosphere. 
Topside bonding of the module was realized by Al ribbons 
(cross-section: 1.5 mm × 0.2 mm) through an ultrasonic 
bonding machine (TPT HB30). Schematics drawings of the 
SiC diode module cross-section and an image of the pack-
aged module are shown in Fig. 1b and c, separately.

Cycling Test Condition

The thermal cycling test and power cycling test were con-
ducted to evaluate the reliability of the die attach joint with 
the Ag sinter-joining. The thermal cycling condition is 
schematically described in Fig. 2a, and was conducted in 
a temperature span from −50 to 250 °C. One cycle of the 
thermal cycling took 60 min with an equal dwell time (30 
min) in a high-temperature and low-temperature chamber, 
respectively.

Power cycling was carried out via a power cycling tester 
(PST-2404; ESPEC), which contains a power supply, a stress 
current circuit, a measurement circuit, a switching system, 
and an air-cooling system. The schematic of the junction 
temperature and forward voltage variation during the cycling 
is shown in Fig. 2b. The cycling was conducted for a fixed 
time and in current mode. The junction temperature reached 
200 °C after 3.25 s with a stress current of 47.6 A. Then, the 
SiC diode module was cooled to room temperature with a 
cooling time of 17 s via the air-cooling system.

Characterizations

The thermal diffusivity of the sintered Ag flake paste was 
measured by a laser flash technique (LFA 467 Hyperflash; 
Netzsch). A sintered Ag pill-like cylinder structure was 
prepared in the same sintering conditions of the die attach 
for the measurement of its thermal diffusivity, and was 

measured from 25 °C to 175 °C. The shear strength of the 
sintered die attach was tested by a shear tester (Dage 4000) 
with a shear speed at 50 µm/s and a shear height at 100 µm. 
Four die attach joints were used to calculate the average 
shear strength. Cross-sections of the die attach before and 
after the thermal cycling test were initially polished via ion 
milling (IM-4000; Hitachi), and then observed by SEM and 
CT inspection of the die attach structure. The thermal resist-
ance of the die attach was measured by a T3Ster with a heat-
ing current of 20 A and a measurement current of 0.05 A.

Results and Discussion

Sinterability of the Ag Paste

Typically, a decent sinterability plays an important role in 
sinter-joining, which is a pre-condition of a reliable con-
nection as well as a good thermal performance. The sinter-
ability of the Ag paste was firstly investigated via SEM by 
comparing the morphologies of the Ag particles and paste 
before and after sintering. Figure 3a presents the original 
morphologies of the Ag flakes, which show a flattened struc-
ture with irregular edges and shapes. After sintering, the 
flakes turn into a round-like structure with smooth edges, 
as shown in Fig. 3b. Meanwhile, some necks are generated 
among the scattered Ag flakes, which are able to provide 
connections in the sintered structure. Figure 3c exhibits a 
cross-section structure of the as-printed Ag paste. The Ag 
flakes are densely stacked layer by layer without any obvi-
ous gaps, due to the flattened structure of Ag. The sintered 
Ag cross-section structure is completely changed after the 
sintering, presenting a uniform porous structure, as shown in 
Fig. 3d. No Ag flakes are observed in the sintered structure, 
indicating complete sintering of the Ag paste. According to 
the SEM observations of the Ag paste, it can be confirmed 
that the Ag paste has an excellent sinterability under a pres-
sureless and low-temperature sintering condition, which 
is arguably ascribed to the ball-milling process of the Ag 
flakes and the densely packaged Ag structure. The Ag flakes 

Fig. 2  (a) Schematic of the 
thermal cycling profile with one 
cycling duration of 60 min; (b) 
schematic of the power cycling 
voltage variation (black curve) 
and the SiC diode junction tem-
perature variation (red curve) 
(Color figure online)
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contain massive nano-subgrains and strains due to deforma-
tion generated during the ball-milling process.19,20 During 
sintering, the nano-subgrains can significantly lower the 
melting temperature of the Ag flakes, and the strain energy 
in the flakes is able to facilitate the sintering process. Under 
the effects of the nano-subgrains and strain energy, the Ag 
flakes show a rapid and complete sintering process under 
a mild sintering condition. In addition, the densely printed 
flakes provide considerable connection areas compared to 
the conventional sphere particles, which is also beneficial 
for forming a dense sintered structure and necking procedure 
among the flakes.

The average density and porosity of the structure were 
measured on three different sintered Ag cylinder struc-
tures and are listed in Table 1. The density of the sintered 
Ag structure is calculated from the mass and size of the 

specimens. The porosity of the sintered Ag ( ∅ ) is calculated 
via Eq. (1) as follows:

 where the �solid is the density of solid Ag (10.49 g/cm3) 
and �sinter represents the density of the sintered Ag. The 
results indicate that the Ag paste possesses a dense sintered 
structure.

Thermal Cycling Reliability of the Ag Sinter‑Joining 
Die Attach

The shear strength variation of the die attach structure 
after the thermal cycling test is shown in Fig. 4. The shear 
strength of the as-sintered die attach can be over 45 MPa, 
which is notably superior to a die attach with solder or nano-
Ag paste.21–23 This is attributed to the excellent sinterability 
of the Ag flake paste, which is advantageous to the sintering 
bonding procedure between the die and the substrate. The 
shear strength of die attach gradually decreases to 30.1 MPa 
in the first 500 cycles. With a further increase of thermal 

(1)∅ = 1 −
�
sintered

�
solid

,

Fig. 3  SEM images of Ag flakes and Ag paste cross-section: (a) original Ag flakes, (b) sintered Ag flakes, (c) cross-section of as-printed Ag 
paste, and (d) cross-section of sintered Ag paste

Table 1  Average density and porosity of sintered Ag paste

Density Porosity (%)

Sintered Ag paste 6.20 g/cm3 40.90
Standard deviation 0.101 g/cm3 0.97
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cycling numbers, a severe degradation in shear strength 
occurs and it reduces to 11.4 MPa after 750 cycles. The 
data of the shear test can be obtained in the supplementary 
Table S1. The harsh cycling condition can affect the micro-
structure of the die attach, causing thermal stress cracks or 
delamination in the structure.18,24,25 Therefore, the cross-
section and fracture surface of the die attach were investi-
gated to understand its degradation.

Figure 5 shows topside X-ray CT images of the die attach 
before and after 750 thermal cycling cycles. Sintered Ag 
before cycling is evenly dispersed under the dummy die, 
while a small amount of Ag overflowed due to a mounting 
process (Fig. 5a). No obvious cracks can be recognized in 
the sintered Ag layer, which suggests an intact initial bond-
ing structure. The die attach joint after 750 cycles shows a 
degraded Ag layer in which obvious cracks have been  gen-
erated in the overflowed Ag structure, and the sintered Ag 
layer under the dummy die exhibits a crazing pattern, as 
shown in Fig. 5b. This is due to drastic thermal stress under 

a high stress condition that introduces microcracks when the 
porous Ag grows and coalesces.26

Cross-sections of die attaches before and after 750 cycles 
of thermal cycling are presented in Fig. 6. The cross-section 
of the as-sintered die attach joint appears as a homogenous 
Ag porous structure (Fig. 6a). With magnified observations 
of the top and bottom bonding interface (Fig. 6b and c), 
it can be seen that the sintered Ag has completely bonded 
to the surface metallization of the substrate and chip. The 
cross-section of the 750-cycled specimen exhibits a coars-
ened sintered structure with thick connection necks and 
larger pores, due to the diffusion of the Ag grains which 
occurs at high temperature and leads to growth and coars-
ening of the Ag.26,27 As the sintered Ag layer is subjected 
to thermal cycling, the initial Ag structure gradually grows 
and coalesces to form large pores and interconnected micro-
cracks, as seen in Fig. 6e. Meanwhile, the substrate shows a 
plastic deformation interface due to the drastic stress caused 
by the severe thermal shock. The two specimens show a dif-
ferent thickness in the sintered Ag layer, which is attributed 
to the manual printing and mounting process during speci-
men preparation. Figure 6f and g give magnified views of the 
top and bottom bonding interface, respectively. A delamina-
tion layer occurs at the interface between the dummy die and 
the sputtering layer, whereas the sintered Ag still intimately 
connects to the surface metallization at the bottom bonding.

Typically, the shear strength of a sintered Ag die attach 
gradually decreases during a thermal cycling test which 
is due to the  large pores and interconnected microcracks 
after a severe cycling condition. However, there is a dra-
matic decrease in the shear strength of a die attach after 500 
cycles, which is unusual according to reports.28,29 This is 
arguably ascribed to the delamination located at the interface 
between the bare die and the sputtering layer. Due to the 
different Young’s moduli of metal and Si, dramatic stress is 
concentrated at the interface between the dummy Si die and 
the sputtering layer during the harsh cycling conditions.30 
Under the influence of the mass stress, the interface between 

Fig. 4  Variation of shear strength of die attach joints during the ther-
mal cycling test

Fig. 5  X-ray CT observations 
of die attach joint before (a) and 
after (b) 750 cycles of thermal 
cycling testing
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the dummy Si chip and the sputtering layer is a weak point, 
which is susceptible to delamination, and which significantly 
impairs the die attach joint, especially when the sputtering 
quality is not reliable or there is contamination on the sur-
face of the die. In contrast, the bottom bonding interface is 
less influenced by the stress and thus still exhibits an intact 
structure on account of a similar Young’s modulus of the Cu 
substrate and sintered Ag, as shown in Fig. 6g.

Fracture surfaces of sheared specimens are revealed in 
Fig. 6d and h. Massive Ag residues are observed on the sub-
strate surface of the as-bonded specimen, which indicates 
that fractures in the sintered Ag layer are dominant. The 
fracture surface also confirms a decent bonding quality of 
the as-sintered die attach on account of the sturdy and flaw-
less sintered Ag structure. Figure 6h presents the fracture 
surface of the 750-cycled specimen. There are some Ag and 
sputtering layer residues on the fracture surface, suggesting 
that fractures are not only located at the sintered Ag layer but 
also at the bonding interface between the bare chip and the 
sputtering layer. The fracture surface is in accordance with 
the observation of the joint cross-section where delamina-
tion and cracks have been generated in the die attach struc-
ture. Based on the CT and cross-section observations, it can 
be concluded that the degradation of the sintered die attach 
joints is attributed to a combined action of the sintered layer 
degradation and the sputtering layer delamination.

Thermal Performance Comparison of Different Die 
Attach Materials

The thermal performance of the sintered Ag structure is 
the other critical index for evaluating the Ag paste. The 
thermal diffusivity of the sintered Ag structure is shown in 
Fig. 7. Sn96.5Ag3.0Cu0.5 (SAC305) solder and alumina 

were also measured for comparison. Even though the 
thermal diffusivity of the sintered Ag degrades compared 
to the solid Ag due to its porous structure, it remains at 
105  mm2/s at room temperature (solid Ag 165.63  mm2/s), 
which is over twice as much as the SAC305 solder (39 
 mm2/s) and almost ten times that of alumina (11  mm2/s). 
The high thermal diffusivity of the sintered Ag structure 
is mainly due to the continuous porous structure, as seen 
in Fig. 3b, which provides a thermal conduction pathway 
through the interconnected necks. The thermal diffusivity 
of different materials is reduced with an increase in tem-
perature. However, the sintered Ag structure still possesses 
a high thermal diffusivity of around 100  mm2/s, suggesting 
an excellent performance in thermal conduction even at 
high temperatures.

Fig. 6  SEM cross-section and optical fracture surface images of the as-sintered die attach (a–d) and the 750-cycled die attach joint (e–h)

Fig. 7  Thermal diffusivity of sintered Ag paste, SAC305, and alu-
mina at different temperatures
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The thermal resistance of die attach with Ag paste joining 
was tested via a T3ster and compared with solder-sintered 
die attaches. Figure 8 depicts differential structure functions 
of the modules with Ag paste, AuSn solder, and SAC305 as 
the die attach material. The structure of the prepared module 
can be distinguished via the peak position of the curves. 
They present two obvious peaks with different gap distances, 
which correspond to the die attach layer in the joint. The 
thermal resistance of the sintered Ag paste layer is 0.050 
K/W, which is much lower than that of AuSn (0.177 K/W) 
and SAC305 (0.123 K/W). The structure functions of the 
packaged module show that the Ag sinter-joining has a supe-
rior thermal performance to the solder materials.

Power Cycling Reliability of Ag Sinter‑Joining

The reliability of the Ag sinter-joining during harsh power 
cycling tests was also investigated, and the temperature vari-
ation of the case and junction are shown in supplementary 
Fig. S1. The junction temperature of the SiC diode module 
is calculated via the temperature coefficient of the diode, and 
the case temperature is directly measured through a thermal 
couple located at the bottom of the substrate. The power-
on temperatures of the case and junction remain at around 
40 °C, suggesting a complete cooling of the module. The 
temperature of the junction after power-on remains stable 
at the initial stage of the power cycling, and then gradually 
increases from 200 to 220 °C after 2901 cycles. Commonly, 
failures like lift-off of the bonding wire or degradation of 
the die attach layer can lead to an increase in the junction 
temperature. Therefore, we investigated the forward voltage 
(Vf) and the junction to case thermal resistance (Rth(j-c)) of 

the prepared module to identify the location of failures. The 
junction to case thermal resistance is calculated by Eq. (2) 
as follows:

where Tj and Tc are the junction temperature and case tem-
perature, respectively, after power off. P represents the 
power consumption of the diode during power  cycling31.

As shown in Fig. 9, the Rth(j-c) of the SiC diode module 
remains at around 0.7 K/W before 2600 cycles and shows 
an increase of around 0.037 K/W at the final stage of the 
power cycling. The thermal resistance of the module shows 
an increase of around 5.3% after 2901 cycles. Meanwhile, 
the Vf of the diode gradually increases from the beginning of 
the power cycling and reaches 2.63 V at the end of cycling, 
exhibiting an increasing percentage of 13.4%. The signifi-
cant increase of Vf illustrates that degradation occurred even 
at the early stage of the power cycling test, which is regarded 
as evidence of ribbon bonding lift-off.32

Figure 10a and b shows the CT observations of the die 
attach layer before and after the power cycling test, respec-
tively. There are a few voids in the sintered Ag layer seen 
in Fig. 10a, which are from air bubbles generated during 
the Ag paste printing process. The voids do not show any 
enlargement in volume and there are no obvious newly gen-
erated voids or microcracks in the die attach layer after the 
power cycling test, as shown in Fig. 10b. Unlike the ther-
mal cycling test that has a large junction temperature swing 
of 300 °C, the junction temperature swing is about 160 °C 
(40~200°C), which is unable to cause severe degradation 

(2)Rth(j−c) =
Tj − Tc

P

Fig. 8  Differential structure 
functions of the prepared SiC 
diode module with different die 
attach materials
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in the sintered layer or sputtering layer delamination in the 
short power cycling test. According to the CT observation, 
it can be confirmed that there is excellent reliability of the 
Ag sinter-joining during the power cycling test, which is 
suitable for a high junction temperature of 200 °C.

Figure 11 shows structure functions of the SiC diode 
module before and after the power cycling. The structure 
functions show a similar tendency of variation regardless 
of the power cycling test. A slight increase in the thermal 
resistance of die attach structure is identified via the dif-
ferential structure function, which is in accordance with 
the Rth(j-c) increase in Fig. 9. For the wear-out failures of 
the power module, they are predominantly located in the 
ribbon-bonding and the die attach. 33,34 The different thermal 
expansion coefficients of the semiconductor materials and 
metals can generate severe thermal stress during cooling and 

heating, causing ribbon-bonding lift-off or die attach layer 
degradation. These two different failure modes play a com-
bined action in the ultimate failure of the power module. On 
the one hand, the degradation in the die attach layer is able 
to lead to a higher junction temperature due to an increase 
in thermal resistance. The higher junction temperature intro-
duces thermal stress at the ribbon-bonding interface, which 
accelerates ribbon-bonding lift-off on the topside. On the 
other hand, ribbon lift-off increases the forward voltage of 
the power module, and thus increases its power consump-
tion. The increased power consumption results in a higher 
junction temperature, which can, in turn, lead to die attach 
layer deterioration such as microcracks and sputtering layer 
delamination.

In this experiment, the forward voltage increased prior 
to the thermal resistance and showed a larger increment 

Fig. 9  Forward voltage and 
junction to case thermal resist-
ance variation during the power 
cycling test

Fig. 10  CT observations of the 
SiC diode module before (a) 
and after (b) power cycling test
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than that of thermal resistance after power cycling due to 
the ribbon lift-off. With the further increase of the junction 
temperature, the die attach layer was slightly affected and 
showed a slight increase in the thermal resistance at the final 
stage of the power cycling. This result suggests that an initial 
failure occurred at the ribbon-bonding and played a major 
role in the malfunction of the SiC diode module.

Conclusions

We have evaluated the thermal and power cycling reliability 
of Ag sinter-joining. The sinter-joining was achieved via 
a Ag flake paste, which has excellent sinter-joining ability 
and thermal diffusivity under a pressureless and low-tem-
perature sinter-joining condition due to the ball-milling of 
the flake particles. The sintered die attach structure has a 
decent initial shear strength of over 45 MPa which reduces 
to 30.1 MPa in the first 500 cycles and drastically degrades 
to 11.4 MPa after 750 cycles under a cycling condition from 
−50 to 250 °C. It has been found that the degradation of the 
die attach structure is due to a combined action of degrada-
tion of the sintered Ag layer and delamination at the inter-
face between the die and the sputtering layer. The thermal 
diffusivity and thermal resistance of the die attach structure 
with different connection materials were also measured and 
compared. The Ag sinter-joining revealed a better thermal 
performance than Sn-based solder materials. In addition, a 
power cycling test with an initial junction temperature of 
200 °C was carried out to evaluate the reliability of the Ag 
sinter-joining. The junction temperature of the prepared 
SiC diode module gradually increased to 220 °C after 2901 

cycles. The increase in junction temperature was mainly due 
to a ribbon lift-off at the initial stage of cycling, which was 
identified by the forward voltage and junction to case ther-
mal resistance variation. Based on these results, it can be 
concluded that Ag sinter-joining has outstanding reliability 
compared to traditional die attach materials during thermal 
and power cycling test, and has a wide application scenario 
in high-temperature WBG power modules.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11664- 021- 09221-y.
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