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The Cooling Effects of Passivation
A passivation layer of silicon nitride or other electrically insulating material is often found on top of the epilayers and gate metal in the channel. Even though the layer is thin and does not have a high thermal
conductivity, its effect on peak junction temperature can be substantial. Thermal analyses often ignore the
effects of the passivation layer, but this is not necessary with SYMMIC.

Passivation Layer (green)
To explore the effect of passivation on thermal performance, all that is required is an appropriate SYMMIC
device template which includes a component for the passivation layer. An example of such a template is the
QuarterPassiveFET template that includes passivation on the epi-layers between the gate and source/drain
metals. Thermal analysis of the QuarterPassiveFET template with SYMMIC reveals that a passivation layer
can cause a significant reduction in peak junction temperature.

A passivation layer of silicon nitride (right) reduces the peak junction temperature rise by 10%
relative to the same model with air in place of the passivation material (left).
As shown in figure, a passivation of Si3N4 just 0.15µm thick, with a thermal conductivity of 15 W/m·K, is
sufficient to reduce the peak junction temperature rise above the backside temperature by 10%, from 161°C
down to 144°C.
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The cooling effects of the passivation layer depend on the locus of heating in the channel, as can be easily
determined by changing a few parameters in the template. When heating is concentrated directly under the
gate, the benefit is reduced to less than 5% of the peak temperature rise. The greatest benefit occurs when
heating is concentrated to the drain side of the channel, near the surface but away from the gate metal. In
this case the passivation layer spreads heat to the gate metal and reduces the temperature rise in the topmost
epilayer.
The strength of the cooling effect of passivation is also dependent on the thermal conductivity of the
material. Thermal conductivity of a material is dependent on the fabrication process, and the value could be
considerably less than assumed here for silicon nitride [1]. The thickness of the passivation layer and its
contacts with adjacent metalizations are additional factors that can alter heat spreading.
Many approaches to thermal analysis of microwave power electronics ignore the effect of passivation layers
on top of the epi-layers in the channel. However, the cooling effects of passivation can easily be analyzed
with SYMMIC. Almost any level of detail can be embodied in a SYMMIC device template, so there is no
reason to continue to wonder about the relative importance of different layers and materials when designing
MMICs. SYMMIC facilitates rapid assessment of all aspects of the FET design on thermal performance.
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