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Electro-thermal optimization design of a hybrid SiC/Si power module
with active clamped three-level topology for photovoltaic and energy
storage applications
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Abstract: The active neutral point clamped (ANPC) three-level topology with hybrid SiC and Si power module is
widely used in photovoltaic and energy storage systems due to its high efficiency. However, in conventional
hybrid SiC/Si power modules, the use of Si devices constrains efficiency improvements, while the introduction of

SiC devices can lead to challenges such as uneven heat distribution, voltage overshoot, and oscillation. To address
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these issues, this paper proposes a comprehensive design method that incorporates both loss equalization of power
devices and parasitic inductance optimization of the module layout to improve the performance of hybrid SiC/Si
ANPC modules. First, a loss model of the power module is established, and thermal performance is optimized to
reduce junction temperatures and chip-to-chip temperature differences. Second, a parasitic inductance model is
constructed, and inductance is minimized through optimized layout design. Finally, a hybrid SiC/Si power module
based on the ANPC topology is developed and experimentally evaluated. The results demonstrate significant
improvements in terms of power loss, parasitic inductance, and thermal distribution, verifying the effectiveness of
the proposed electro-thermal optimization design.

Keywords: three-level topology; active neutral-point clamped; hybrid SiC/Si power module; electro-thermal

optimization design
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Fig.1 Topology and thermal distribution issues of hybrid SiC/Si ANPC power module
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Fig.3 Effeciency comparison of three ANPC power modules
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Fig.4 Loss distribution and performance comparison of three ANPC topologies
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Fig.5 The temperature simulation results of the proposed power module and the Infineon power module
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Fig. 7 DBC layouts of hybrid SiC/Si ANPC power module
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Fig. 10 Comparison of parasitic inductances between proposed and Infineon power modules
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Table 2 Parameters of components for hybrid SiC/Si power module
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Table 3 Inductance parameters of proposed and Infineon power modules

R ZH P+~O+ O+~N+ P-~O- O-~N-

AV IV 173.3 193.3 200.0 146.7

di /dt/(A-ns™) 2.4 23 2.4 1.9

ABLHR Lo /nH 722 84.0 833 77.2
L /nH 37.2 49.0 48.3 4222

L!/nH 40.8 42.9 43.8 39.8

AV, IV 193.3 113.3 106.7 173.3

di /dt/(A +ns™) 2.9 1.4 1.4 2.7

Bk L,./nH 66.7 80.9 76.2 64.2
L/nH 31.7 45.9 41.2 29.2

L!/nH 31.0 41.6 40.7 32.2
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Fig. 17 Principle and platform of the experiment
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Fig. 19 Comparison of experimental results between proposed and Infineon power modules
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Table 5 Qualitative comparison of photovoltaic and energy storage power modules

Ay ZE3CH UIRRBUE IR ORGSR ERERE . MR A
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ANPC(Si/SiC) STk 2 4 3 3 5 4
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