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Abstract 3D power IC, which integrates Si based IC and Gallium Nitride (GaN) power devices realizes high efficiency at
high frequency switching and high-power density. However, miniaturization makes 3D power IC high temperature, and the
interaction of electromagnetic field and heat are increased. In this paper, we propose a virtual prototyping technique, which is
coupling of thermal-device, heat conduction, thermal-electromagnetic, and thermal-circuit simulation to design the 3D power
IC. In addition, we introduce an example of design for miniaturization of power supply using virtual prototyping.
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1.1 Direct bonding of multilayer graphene on Si
substrate (6 inch).
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(o= GaN 130
Cirauit
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Cu 389
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2.1 Virtual Prototyping flow for 3D power IC. =
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2.2 Spiral inductor at Electromagnetic & Thermal

simulation.
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2.3 Buck converter using at Circuit and Thermal &

Circuit simulation.

2.5 Driver circuit at Thermal & Circuit simulation.
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3.1 Cross section of the structure using wafer direct

bonding technology at thermal simulation.

(a) Temperature distribution of GaN power device.
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(b) Temperature of hot spot vs. Drain current at GaN

power device.

3.2 Temperature distribution and temperature at hot
spot of GaN power device obtained at Device & Thermal

simulation.

(a) Layout of GaN power device.

(b) Structure of TSV.

3.3 Layout of GaN power device and TSV in the 3DIC.

Si substrate

(a) Temperature distribution of the structure which

stacked GaN power device on Si based IC.
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(b) Average temperature of GaN and Si based IC vs.
Drain current of GaN power device.

3.4 Temperature distribution and temperature of GaN
and Si based IC at the model of wafer direct bonding
technology.



7 3.1 Gate voltage parameter at high side and low side in

each temperature.
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3.5 Comparison of Efficiency vs. Output current in
buck converter with and without Virtual prototyping using

wafer direct bonding technology.
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3.6 Comparison of heat capacity Before added the loss
of GaN power device and After that.
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3.7 Cross section of the structure using bump to chip

bonding technology at thermal simulation.

Si based IC

Si substrate

(a) Temperature distribution of the structure which
stacked GaN power device on Si based IC.
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(b) Average temperature of GaN and Si based IC vs.

Drain current of GaN power device.

3.8 Temperature distribution of 3DIC and temperature
of GaN and Si based IC at the structure of bump to chip

bonding technology at thermal simulation.
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3.9 Cross section of the SOI structure using multilayer

graphene at thermal simulation.
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3.10 Average temperature vs. Drain current of GaN
power device and Si based IC.
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3.11 Comparison of Efficiency vs. Output current in
buck converter with and without Virtual prototyping at

SOI structure using multilayer graphene.
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