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Abstract: Today, the importance of power semiconductors continues to increase due to serious environmental pollution
and the importance of energy. Particularly, SIC-MOSFET, which is one of the wide bandgap (WBG) devices, has excellent
high voltage characteristics and is very important. However, since the electrical properties of SiC-MOSFET are heat-
sensitive, thermal management through a package is necessary. In this paper, we propose an insulated metal substrate
(IMS) method rather than a direct bonded copper (DBC) substrate method used in conventional power semiconductors.
IMS is easier to process than DBC and has a high coefficient of thermal expansion (CTE), which is excellent in terms
of cost and reliability. Although the thermal conductivity of the dielectric film, which is an insulating layer of IMS, is
low, the low thermal conductivity can be sufficiently overcome by allowing a process to be very thin. Electric-thermal
co-simulation was carried out in this study to confirm this, and DBC substrate and IMS were manufactured and
experimented for verification.
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Fig. 1. Direct bonded copper substrate structure.
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Fig. 2. A simple example of a FEM simulation.
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Fig. 3. 3D model of TO-247. (left) IMS-TO-247, (right) AL,O;-DBC
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Table 1. Dimension of TO-247 (IMS and DBC)

Dimension(mm)

Item
Width Length Thickness
MOSFET 7.35 4.08 0.04
Solder 7.35 4.08 0.05
Copper(Top) 13.6 11 0.3
Ceramic 14.6 12 0.635
Dielectric film 14.6 12 0.075
Copper(Bottom) 1)1
DIMS type 14.6 12
2)Ceramic type 13.6 11 2)03

Table 2. Materials property

. Th 1 tivit
Item Materials ermal conductivity

(W/m-K)

Chip SiC 400
Metal cu ol

Al 238

Solder Ag-sintering 200
Ceramic Al,O3 24
Insulate layer Dielectric film 3.5
TIM Silicone grease 3
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Fig. 4. Heat generation conditions of the chip.
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Fig. 5. Transient analysis of DBC and IMS.
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2.2. Thermal Model
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2.3. Circuit Simulator
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Table 3. Thermal resistance and thermal capacitance values

Impedance Zii
i 1 2 3
Ry (K/W) 0.2372 0.4946 0.0495
DBC
Cui (J/K) 9.971 2.649 0.0051
Ry (K/W) 0.2729 0.4483 3.46e-8
IMS
Cypi (J/K) 5.127 3.121 1.053
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Fig. 9. Foster thermal model results in the circuit simulator.
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