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cant die size reduction and the Ron*mm2 
has decreased by a factor 10 in the last 
10 years. As a result the size of the sili-
con can be reduced significantly for the 
same targeted load. On the other hand 
the short circuit current of the device 
cannot be reduced because this value 
needs to be higher than the inrush cur-
rent of the targeted loads. The result is 
that also the power density generated in 
the device during short circuit increased 
also by a factor of 10.

To compare and validate the outcome 
of THERMOS3 we have experimental 
temperature map at our disposal. In 
Fig.3 we report a comparison between 
experimentally detected temperature 
distribution and the result of the simula-

tion. As we can note a good quantitative 
agreement is obtained both in shape 
and in peak temperature value. 

To further investigate the features of 
the simulator we would like to underline 
that a well designed thermal shutdown 
strategy relies on the optimal position 
of the thermal sensor on the device 
surface. If this should not be the case, 
temperature difference between the 
sensor and the maximum temperature 
reached on chip can be observed and 
reliability of the device can be eventu-
ally impaired as temperature fatigue of 
the metals and soldering joint might 
increase the Ron of the device. In 
Fig.4 we report a simulation where the 
temperature sensor has been deliber-
ately placed far from the region where 
temperature reaches its maximum, 
we notice how, even if the sensor is 
correctly switching the device, the 
maximum temperature on chip reaches 
values higher than Tshutdown.

From figure 4 the PWM modulation of 
the dissipated power and the timestep-
ping strategy can also be observed. In 
particular it is noticeable that as tem-
perature at the sensor location reaches 
the shutdown threshold timestepping is 
reduced thanks to the predictive event 
detection algorithm and the same hap-
pens when temperature reaches the 
reset value with a negative slope.

The value of such a tool in the de-
sign stage of a smart power device is 
straightforward as it can be used to 
optimize the whole design, influence 
of layout (i.e. position of temperature 
sensors, bond pads location etc.) and to 
investigate the performances of different 
protection strategies.

off either for an inrush condition either 
for intermittent short circuit. The short 
circuit protection is implemented using 
negative feedback to ensure stability 
and to maintain the device in a predict-
able status in every condition. A current 
limitation combined with thermal shut 
down intervention protects the power 
device during short circuit operation. 
The integrated current feedback fixes 
the working point in the active area of 
the Power stage. The resulting high 
power dissipated equal to battery volt-
age multiplied by Drain current leads 
to a fast increase of the thermal sensor 
temperature and to the intervention of 
thermal shut down block.

Scaled technology permitted a signifi-
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Figure 4: Simulation of the permanent short circuit protection on a VND-
800PEP device with a detail of a single heating-cooling transient with com-
parison between the maximum temperature on chip and temperature detect-
ed by the thermal sensor

Figure 3: Temperature distribution on chip: experimental (left) and simulated 
(right).
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