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1. Introduction
Temperature rises of Si power devices are the most im-

portant  issue  for  design  of  automotive  electrical  compon-
ents. Thermal simulations by FEMs are widely used for tem-
perature prediction. However, electrical characteristics of Si 
devices are strongly depend on these temperature, electro-
thermal  coupling  simulation  techniques  are  therefore  re-
quired to estimate the thermal behavior. The table look-up 
methods were proposed for reducing calculation time[1][2]. 
However,  replacement  of the look-up tables are necessary 
when circuit parameters are changed. On the other hand, fast 
and accurate MOSFET compact models are beginning to be 
applied  to  power electronics  simulations.  We have imple-
mented self-heating effect  in HiSIM_HV model, and real-
ized electro-thermal  coupling simulations  without  look-up 
tables because of its stable and fast-speed performance. This 
paper  describes  practical  use  of  thermal  simulation  in 
SPICE3 for power module structure with water cooling.

2. Electro-thermal Coupling Simulation
Components of Electro-thermal Coupling Simulation

Device temperature is calculated by following procedure 
in electro-thermal coupling simulations;

1. An instantaneous device power loss is generated by ap-
plied current and voltage into the power device.

2. The device power loss is applied to the thermal model, 
and the instantaneous device temperature is generated.

3.  The  temperature dependent  device model  parameters 
are determined using the device temperature.

These calculations are performed simultaneously using a cir-
cuit simulator. The device models and the thermal models 
are essential components of electro-thermal simulations.
LDMOS Model

HiSIM_HV is a novel  LDMOS compact model whose 
key feature is the accurate and consistent modeling of the 
resistance effect in the drift region[3]. Both internal and ex-
ternal  thermal  network  consisted  of  electrical  resistances 
and/or  electrical  capacitances  are  available  in  the  model. 
The device temperature is obtained at the temperature node 
T as a voltage (Fig. 1).
Thermal Model and Its Implementation approach to SPICE3

Fig. 2 shows the structure of virtual power module that 
we evaluated HiSIM_HV and simulation method. Thermal 
interference  occurs  among  three  devices  in  this  structure 
(Fig. 3). The RC compact thermal model is required for car-
rying out the electro-thermal coupling simulation, because 
the model can be implemented using a circuit simulator eas-
ily. We chose the Foster network as the thermal model. Al-
though the Foster network is a behavior model, it has ad-
vantages of easiness of RC parameter extraction and high 
accuracy with a small number of nodes[1]. We configured 
the circuit shown in Fig. 4 to represent the thermal interfer-
ence in SPICE3.  The whole procedure for electro-thermal 

coupling simulations is  shown in Fig.  5.  Replacements of 
the look-up table which are required for the table look-up 
methods  are  no  longer  necessary for  the  procedure  using 
HiSIM_HV because  of  its  stable  and  fast-speed  perform-
ance.

3. Simulation Results and Discussion
   We executed the circuit simulation shown in Fig. 4 under 
the condition listed in Table I. The final time was determ-
ined by thermal saturation time of the power module. Figure 
6 shows the simulation results. Switching behaviors of the 
LDMOSs shown in Fig. 7 were calculated with duration of 
100 seconds. It took six hours which would be a very short 
time to complete the simulation. We performed same simu-
lation  based  on  commercially  available  simulator  using  a 
Power  MOSFET model  which is  similar  to  MOS level  3 
model. Although node number of the thermal network was 
reduced to 1/50 in comparison with SPICE3 based simula-
tion, it took three times calculation time more than SPICE3 
based one. These results shows that stable and fast simula-
tion is available using HiSIM_HV model. The reasons why 
the simulation has completed in such a short time are;

1. A consistent device temperature can be obtained from 
the temperature node of HiSIM_HV.

2. This surface potential distribution based model is stable 
by itself.

4. Conclusions
We have  developed  a  methodology,  which  enables  to 

simulate electro-thermal coupling simulations in a consistent 
way by using HiSIM_HV. The result verifies that methodo-
logy provides stable and fast simulation for real automotive 
applications  with  power  devices  within  1/3  of  simulation 
time by a widely used conventional simulator.
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Fig. 1.  LDMOS model which includes self-heating effect.
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Fig. 2  Structure of power module.
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Fig. 3.  Difference of temperature between center chip and side 
chip because of thermal interference.

(a)Main circuit part (b)Thermal circuit part for MN2
Fig. 4.  Electro-thermal coupling simulation circuit for SPICE3.
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Fig. 6.  Simulated temperature.
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Fig. 5.  Procedures for electro-thermal coupling simulation.
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Table I  Simulation conditions

Fig. 7.  Power loss waveforms during electro-thermal coupling 
simulation
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Simulator SPICE3F5 (HiSIM_HV is implemented)

CPU

Used memory 2GB

Calculation time 6 hours

100 seconds

none

Intel Xeon 5160 3 GHz (CoreTM architecture)

Carrier frequency
(Switching period)

4 kHz (250 μs)

Final time
(TSTOP)

Maximum time step
(TMAX)

200 μs

Simulator variables
(.OPTIONS)
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