
 
 

Delft University of Technology

Document Version
Final published version

Citation (APA)
Wang, H., Lou, Y., Zhang, X., Wang, S., Liu, K., Sun, T., Tan, C., & Ye, H. (2025). Improvement on the short-circuit
Performance of SiC MOSFET with different shapes and materials of the dielectric layer. In Proceedings of the 2025 26th
International Conference on Electronic Packaging Technology (ICEPT) (2025 ed.). IEEE.
https://doi.org/10.1109/ICEPT67137.2025.11157564

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.
Unless copyright is transferred by contract or statute, it remains with the copyright holder.
Sharing and reuse
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.
Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.

https://doi.org/10.1109/ICEPT67137.2025.11157564


 

 

 

 

 

 

 

 

 

Green Open Access added to TU Delft Institutional Repository 
as part of the Taverne amendment. 

 

 

 
 

More information about this copyright law amendment 
can be found at https://www.openaccess.nl. 

 
 

Otherwise as indicated in the copyright section: 
the publisher is the copyright holder of this work and the 

author uses the Dutch legislation to make this work public. 

https://repository.tudelft.nl/
https://www.openaccess.nl/en


2024 25th International Conference on Electronic Packaging Technology (ICEPT) 

Improvement on the short-circuit Performance of 

SiC MOSFET with different shapes and materials of 

the dielectric layer 
*Note: Sub-titles are not captured in Xplore and should not be used 

 

1st Hanshi Wang  

 School of Microelectronics  

Southern University of Science and 

Technology 

 Shenzhen, China 

12333303@mail.sustech.edu.cn 

4th Shaogang Wang 

Fac.EEMCS 

Delft University of Technology 

Delft, Netherlands 

S.Wang-10@tudelft.nl 

7th Chunjian Tan* 

School of Microelectronics 

Southern University of Science and 

Technology 

Shenzhen, China 

chunjiantan@yeah.net

2nd Yifan Lou 

School of Microelectronics 

Southern University of Science and 

Technology 

Shenzhen, China 

12232547@mail.sustech.edu.cn  

5thKe Liu 

School of Microelectronics 

Southern University of Science and 

Technology 

Shenzhen, China 

12232547@mail.sustech.edu.cn 

8th Huaiyu Ye* 

School of Microelectronics 

Southern University of Science and 

Technology 

the Joint Laboratory for Advanced 

Semiconductor Packaging 

Technologies 

The Joint Laboratory for Advanced 

Packaging and Test Technology for 

Integrated Circuits 

the Joint Laboratory for Advanced 

Situation Awareness 

Shenzhen, China 

yehy@sustech.edu.cn 

3rd Xiaowei Zhang  

Quality Departnment 

Sky Chip Interconnection Technology 

Co.,LTD 

Shenzhen, China 

zhangxw2@scc.com.cn 

6thTuobei Sun 

Nanjing MoliSemiconductor Co.,Ltd 

Nanjing,China 

sun.tuobei@molichip.com 

Abstract—In this paper, the effect of thermal stress on the 

reliability of the gate dielectric layer of SiC MOSFET at high 

short-circuit temperature is studied. By modeling and 

simulation, different shapes and materials (SiO2, BPSG, Si3N4) 

of the dielectric layer were compared regarding their stress 

distribution effects. Results indicate that elliptical gate 

structures and dual-layer ILD configurations perform better 

under thermal stress than conventional designs, particularly 

with Si3N4 as the inner layer and BPSG as the outer layer. This 

optimization scheme aims to enhance the reliability of SiC 

MOSFETs. 

Keywords—Silicon Carbide (SiC), Short-Circuit failure, 

Reliability, Thermal stress 

I. INTRODUCTION 

Third-generation wide bandgap semiconductor devices 
are entering a phase of robust development, with SiC gaining 
widespread attention due to its exceptional material 

properties [1], [2], [3]. The penetration of SiC MOSFETs in 
various fields is increasing; however, reliability issues have 
become a significant bottleneck hindering the broader 
adoption and application of SiC MOSFETs. The stress on the 
gate dielectric layer at high temperatures directly impacts the 
reliability of SiC MOSFETs, and excessive stress generated 
under short-circuit conditions can lead to device failure [4], 
[5]. Thus, researching the stress in the gate dielectric layer at 
high temperatures is a crucial direction for enhancing the 
reliability of SiC devices.  

This paper models the gate dielectric layer based on the 
unit cell structure of mainstream SiC MOSFETs and 
simulates its thermal stress under short-circuit high 
temperatures. Subsequently, the simulation is performed by 
altering the shape and materials of the gate dielectric layer, 
followed by a comparative analysis of thermal stress levels, 
ultimately proposing strategies to improve the stress in the 
gate dielectric layer. 
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Fig.1 Cross-sectional SEM image of SiC MOSFET cell 

（a）（a） （b）

（c） （d）
 

Fig.2 Gate modeling of different ILD layer shapes 

The second part introduces the design parameters of the 
cell structure and the model modification scheme. The third 
part introduces the gate-source short-circuit mechanism of 
SiC MOSFET. In the fourth part, we simulate the thermal 
stress of the model by COMSOL simulation. At the same 
time, COMSOL simulation software is used to analyze the 
stress of different shapes of dielectric layers. It is found that 
by improving the shape and material of the gate dielectric 
layer, the stress distribution of the dielectric layer can be 
improved. In the fifth part, the thermal stress simulation 
results and mechanism analysis of different dielectric shapes 
and materials are given. Finally, the sixth part summarizes 
the conclusion of this paper. 

II. DEVICE STRUCTURE 

Fig.1 shows the SEM image of Cree's C3M0040120K 
power device. This is a 1.2kV commercial SiC planar 
MOSFET power device. Its cell structure data was observed 
and measured by SEM, and its cell size was simulated and 
modeled by COMSOL. 

Some scholars have found that the unique gate failure 
mode characterized by a sudden increase in gate voltage 
occurs earlier than the standard runaway mode [6], [7], [8]. 
This kind of gate failure mode is unique, and it occurs in a 
very short time after aluminum metal melts after a short 
circuit [3]. Therefore, this paper mainly studies the influence 
of high temperature generated by the device under short 
circuit current on its stress level. Therefore, the influence of 
other than current heat on the ILD layer damage is ignored, 
so the test temperature is set to 1040K junction temperature, 
and the source Al metal layer reaches the melting point 
(933K) to conduct simulation, and this condition is used to 
explore the high temperature generated during short circuit. 
According to the design size of Cree's C3M0040120K device, 
the stress distribution of the ILD layer is improved and 
optimized on this basis, and the stress is analyzed and 
compared after the shape of the ILD layer is changed, and 
then the stress is analyzed and compared after the material of 
the gate ILD layer is changed. Finally, on the basis of the 
trapezoidal gate shape, the ILD layer of the gate was changed 
to two layers, and the stress was analyzed and compared. In 
this paper, COMSOL was used for modeling, and Fig.2 
shows the modeling for this series of comparisons. 

III. THERMAL STRESS MECHANISM 

SiC MOSFET short-circuit failure is divided into thermal 
failure, degradation failure, and gate-source short-circuit 
failure. Among them, this paper mainly studies the gate-
source short-circuit failure. The active region of the device 
with gate-source short-circuit failure will burn out in a large 
area, because the current concentration near the gate leads to 
extremely high temperature, and the thermal expansion 
coefficients of silicon dioxide, silicon carbide and 
polysilicon are different. At high temperatures, the dielectric 
layer is damaged due to the thermal stress caused by the 
large deformation of these materials. The damage to the gate 
structure causes the melted source metal to penetrate into the 
gate dielectric layer and the gate medium, resulting in a short 
circuit between the gate and the source. After the short-
circuit failure of the gate-source, the device will lose the 
ability to control the channel, and there will be a direct 
current between the source and the drain stage. The electron 
and hole current generated by thermal excitation cannot be 
reduced through the combination, but positive feedback will 
be formed with the increase in temperature, and the device 
will eventually burn out due to excessive temperature. 
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Top region chamfer region

 

Fig.3 Measure the stress on vulnerable region of ILD layer 
with different shapes.  

 

Fig.4 The stress on the top region of ILD layer with 
different shapes.  

 

 

Fig.5 The stress on the chamfer region of ILD layer with 
different shapes.  

The relationship between the ILD layer and stress is an 
important research topic in integrated circuit manufacturing 
because stress will affect the performance and reliability of 
the device; stress sources are divided into three kinds: 
internal stress, thermal stress, and external stress, internal 
stress is caused by the nature of the material itself, such as 
the lattice mismatch during the film growth process, thermal 
expansion coefficient difference and other forms of stress. 
Thermal stress is due to the different coefficients of thermal 
expansion of different materials in the manufacturing process, 
and external stress is the stress caused by external 

mechanical forces or environmental factors. In this paper, the 
thermal stress is mainly analyzed. 

IV. SIMULATION RESULTS AND ANALYSIS 

We measured and analyzed the thermal stress in two 
vulnerable regions in ILD layers of different shapes and 
materials.  

A. Multi-physics model 

In the study of thermal expansion, the relationship 
between temperature change and dimensional variation is 
quantitatively expressed by the equation: 

 ΔL=αL0ΔT () 

Where ΔL denotes the change in length, α represents the 
coefficient of linear expansion specific to the material, L0 is 
the initial length of the material, and ΔT indicates the change 
in temperature. This equation illustrates how materials 
expand or contract in response to temperature fluctuations, 
providing critical insights for applications in engineering and 
materials science. Understanding these principles is essential 
for designing structures and components that can withstand 
thermal variations without compromising integrity.  

Since this paper focuses on the study of the gate-source 
short-circuit failure mode, the temperature is set to the 
temperature when Al melts (933K), which is the time node 
when the gate-source short-circuit failure occurs. In addition, 
periodic conditions are applied to the physical fields on both 
sides of the cell to better simulate the stress of the periodic 
cell in the device. 

B. Simulation result analysis 

Fig.3 shows three different structures of the SiO2 ILD 
layer. For the three different ILD layer shapes, we select two 
points from left to right to analyze the stress size under 
different ILD layer thicknesses, measure the stress size of the 
points, and compare the stress size of the three different ILD 
layer shapes. Fig.4 and Fig.5 show the variation of pressure 
in different regions of the three shapes with the thickness of 
the ILD layer. 

Through the analysis of the two line diagrams, it can be 
found that the ILD layer of the ordinary gate shape is not 
conducive to withstand the stress due to excessive chamfer, 
and it can be seen from the curve that the stress performance 
of the two measured areas is poor. The ILD layer of the 
trapezoidal gate has less chamfering and larger curvature 
than the ordinary gate so the stress can be dispersed, and the 
stress performance is better than the ordinary gate. When the 
ILD layer thickness was 1.2um and 1.25um, the stress 
distribution of the ILD layer was the most uniform. In 
addition, proper thickening of the ILD layer could improve 
the insulation. Therefore, it is more appropriate to set the 
height of the ILD layer of the elliptical gate at 1.25um. 
Therefore, the stress can be more evenly distributed 
throughout the ILD layer, but because the side source (Al) 
and gate (Poly) thickness of the elliptical ILD layer are 
thinner than that of the trapezoidal ILD layer and the 
ordinary ILD layer, the electrical insulation performance of 
the elliptical ILD layer may be worse than that of the other 
two kinds of ILD layers. 

Then, we replaced the materials of the ordinary gate, 
trapezoidal gate, and elliptical gate ILD layers, replaced SiO2 
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Fig.6 Simulated the stress of ILD layer (a) use BPSG as the 
ILD (b) use Si3N4 as the ILD (c) use SiO2 as the ILD.  

 

Fig.7 Simulated the stress of ILD layer (a) use SiO2 (outer) 
and Si3N4 (inner) as the ILD (b) use SiO2 (outer) and BPSG 
(inner) as the ILD (c) use Si3N4 (outer) and SiO2 (inner) as 
the ILD (d) use Si3N4 (outer) and SiO2 (inner) as the ILD 
(e) use Si3N4 (outer) and BPSG (inner) as the ILD (f) use 
BPSG (outer) and Si3N4 (inner) as the ILD. 

with BPSG and Si3N4, and carried out stress analysis under 
the same conditions.  

After our comparison of the thermal stress of each shape 
of ILD layer using different materials. We found that the 
thermal stress performance when using the elliptical ILD 
layer was still better than that of the other two shapes. This is 
the same as the performance when SiO2 was used as the ILD 
layer material before. Therefore, in this paper, we only 
present the thermal stress modeling results of different 
materials in the elliptical ILD layer. Fig.6 shows that the 
overall stress in the whole ILD layer when BPSG and Si3N4 
are used is smaller than that when SiO2 is used. At the same 
time, the strength of Si3N4 is much higher than that of SiO2 
and BPSG so the probability of gate-source short-circuit 
failure will be greatly reduced when Si3N4 is used.  The 
results obtained through simulation modeling are as follows: 
Without considering the process difficulty and cost, when 
SI3N4 is used as the ILD layer material, its thermal stress 
performance is better. Therefore, the possibility of gate-
source short-circuit failure will be greatly reduced. 

Compared with the ordinary ILD layer, the stress in two 
regions of the elliptical ILD layer decreased by 19.2% and 
35.3% respectively, greatly alleviating the thermal stress 
generated at its short-circuit temperature. Moreover, research 
has shown that gate source short circuit failure can cause the 
device to fail about 2us before normal short circuit failure, 
and the use of a smaller stress ILD layer shape can avoid 
gate source short circuit failure. Therefore, its theoretical 
short circuit withstand time is increased by about 2us. 

Finally, for the double-layer ILD layer, after our 
comparison after modeling different shapes. Ultimately, we 
found that for the thermal stress performance of the double-
layer ILD layer, the performance of the trapezoidal ILD layer 
was superior to that of the other two shapes. So in the end, 
we used the trapezoidal ILD layer as the overall shape for 
analysis and compared it by changing the material and 
thickness distribution of the double-layer. The material of the 
ILD layer consisted of SiO2, BPSG, and Si3N4, and the 
thickness was changed by 0.05um each time. As shown in 
Fig.7 (a), Fig.7 (b), Fig.7 (c) and Fig.7 (d), the performance 
of SiO2 material in double-layer ILD layer is poor.  

The stress performance is optimal when the inner layer is 
Si3N4, the outer layer is BPSG, and the inner layer thickness 
is between 0.35um and 0.45um.  

V. THE THERMAL STRESS MECHANISM ANALYSIS 

The above simulation results show that ILD layer 
thickness and material will directly affect the size and 
distribution of thermal stress at high short-circuit 
temperatures, thus affecting the reliability of the device. 
There may be many factors affecting the thermal stress of the 
ILD layer, but the thickness and material are the two most 
important factors. From the thickness level, the first is that 
the increase of film thickness will increase the stress 
accumulation; with the increase of ILD layer thickness, if the 
stress exceeds a certain threshold, it will lead to cracking or 
warping of the film. Secondly, the thermal stress is directly 
related to the thickness of the film; the greater the thickness, 
the more obvious the thermal stress effect, especially 
between materials with large differences in thermal 
expansion coefficients; that is, the greater thermal stress 
concentration will be generated at the chamfer of the ILD 
layer. By changing the shape of the ILD layer, the thermal 
stress concentration caused by the more drastic material 
transition and the larger geometry change at the chamfer can 
be greatly alleviated.  

For an ordinary gate ILD layer, there are many chamfers, 
and the stress is easy to concentrate at the chamfer, which 
leads to cracks in the gate ILD layer of the device at high 
temperature, and the source metal that reaches the melting 
temperature penetrates into it, and finally leads to the gate-
source short-circuit failure before the device burns out in a 
large area at high short-circuit temperature. Through 
simulation, it is found that the stress distribution of the 
conventional gate is not uniform, and the stress is larger at 
high temperatures, while the trapezoid and oval gate have 
more uniform stress distribution and less internal stress, and 
the ILD layer of the gate has better reliability because of the 
smoother geometry change. 

As for the impact of materials, after investigating the SiC 
MOSFET devices of various companies on the market, it is 
found that among the existing products, BPSG (borosilicate 
glass) and Si3N4 (silicon nitride) are the most commonly 
used interlayer dielectric materials to replace SiO2, so these 
two materials are also used in this paper for simulation. 

BPSG has several advantages; the first is that the fluidity 
of BPSG is very good; BPSG has good fluidity at high 
temperatures and can effectively fill complex grooves and 
voids, improving the coverage and flatness of the process. 
Secondly, the deposition temperature of BPSG is low, 
usually below 400°C, which is advantageous for heat-
sensitive devices and metal layers. Finally, BPSG can 
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effectively relieve stress; adding boron and phosphorus can 
relieve the stress and reduce the mechanical stress inside the 
film layer, thus reducing the risk of stress-induced failure of 
the device. However, at the same time, BPSG also has some 
disadvantages, such as poor stability under wet chemical 
conditions, BPSG is more unstable in wet chemical 
environments, and is prone to water erosion, resulting in 
deterioration of the material. Second, the electrical insulation 
properties of BPSG for Si3N4 and SiO2, the dielectric 
constant is low (about 4.5), may lead to higher parasitic 
capacitance. 

In comparison, the first advantage of Si3N4 is excellent 
electrical insulation; Si3N4 has a very high dielectric constant 
(about 7.5) and shows excellent electrical insulation 
performance in high-frequency applications, which can 
reduce parasitic capacitance. Secondly, the mechanical 
strength and hardness of Si3N4 are very high, which helps to 
protect the underlying structure from mechanical damage. 
Finally, with good chemical stability, Si3N4 has excellent 
stability in various chemical environments and is not easy to 
be corroded by chemical reagents. However, Si3N4 also has 
some disadvantages; first of all, the deposition temperature 
of Si3N4 is high, usually above 700°C, and its fluidity is poor; 
Si3N4 has no artifact characteristics during the deposition 
process, and it is not as easy as BPSG to fill complex 
structures and trenches. Therefore, the use of Si3N4 as an 
ILD layer material has high requirements for the process, and 
the density and flatness of Si3N4 have high requirements, 
and the substandard Si3N4 can not show its good electrical 
and mechanical properties. 

Comprehensive comparison of BPSG and Si3N4. Among 
them, BPSG has good fluidity, flatness, low-temperature 
process, and stress relief characteristics, but at the same time, 
its stability in a wet chemical environment is worse than 
Si3N4. Si3N4 has excellent electrical insulation, high 
mechanical strength, and chemical stability, but its high 
process requirements are its disadvantages. Generally, BPSG 
is suitable for applications that require good filling and low-
temperature processes, especially in complex structures and 
heat-sensitive devices. Si3N4 is suitable for applications 
requiring high mechanical strength and excellent electrical 
insulation properties. It is also suitable for use in high-
frequency devices and environments requiring high chemical 
stability. 

In general, for single-layer materials, it is found through 
simulation that the stress performance of an elliptic gate is 
better than that of an ordinary gate and trapezoidal gate, the 
stress distribution of an elliptic gate is more uniform, and the 
total stress is smaller. In terms of material, Si3N4 was chosen 
because of its high mechanical strength; its stress 
performance will be better. However, through the 
investigation of devices on the market, it is found that almost 
all of them use BPSG to replace SiO2 as the ILD layer 
material. This may be due to the fact that the hardness and 
brittleness of Si3N4 which is difficult to overcome when the 
temperature changes will cause the device to be easily 
damaged due to the rapid change in temperature leading to 
the damage of ILD layer, so BPSG is used as the material of 
ILD layer. BPSG has excellent hole-filling ability due to its 
loose structure and fluidity under high-temperature 
conditions. It can improve the flattening of the surface of the 

whole ILD layer and provide a larger process range for 
lithography and post-processing. 

For double ILD layers, the use of Si3N4 in the inner layer 
can ensure the electrical insulation near the gate is well 
protected, while the use of BPSG with fluidity in the outer 
layer can effectively improve the disadvantage of Si3N4 in 
hardness and brittleness, which greatly alleviates the stress 
problem caused by temperature.  

VI. CONCLUSION 

By comprehensive comparison of various structures of 
the ILD layer, for the single-layer ILD layer, the stress 
distribution of the elliptical gate ILD layer is more uniform 
than that of the ordinary gate and trapezoidal gate, and the 
total stress is smaller. From the perspective of stress, the use 
of Si3N4 instead of SiO2 can reduce the stress to the greatest 
extent. Using BPSG as ILD layer material in practical 
applications will improve the overall performance of the 
device. For a double ILD layer, the trapezoidal gate is used, 
the inner layer is Si3N4, the outer layer is BPSG, and the 
stress performance is optimal when the inner layer thickness 
is between 0.35um and 0.45um, and the advantages of both 
Si3N4 and BPSG materials can be taken into account when 
the double ILD layer is used. The ILD layer has both 
excellent electrical insulation and stress relief characteristics. 
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