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Thermal Performance Guide for High Power S
and GaN HEMT Transistors

INTRODUCTION

The objective of this application note is to provide users of Cree wide bandgap devices with a
guideline of the thermal performance of high power SiC MESFET and GaN HEMT transistors. It explains
the methodology that Cree uses to determine the thermal resistance values listed in its datasheets. As
with all semiconductor devices SiC MESFET and GaN HEMT device reliabilities are dependent directly on
maximum operating channel temperature. It is therefore important to determine, with a high degree of
confidence, what the maximum channel temperature is under specific operating modes, particularly for

products operating under CW and dissipating large amounts of thermal energy.
THERMAL RESISTANCE DETERMINATION

Cree uses a dual-mannered approach in determining the thermal resistance of its wide bandgap
transistor & MMIC products. The use of Infrared (IR) microscopy and finite element analysis (FEA) are
employed to produce accurate channel to case temperature differentials, from which a 8jc (junction to
case thermal resistance) can be calculated.

IR microscopy is performed using a Quantum Focus Instruments Infrascope II IR microscope at
5x magnification (see figure 1). A device under test (DUT) is placed into a suitable test fixture for IR
measurement. The test fixture is placed on top of a temperature-controlled heat sink. In order to gain
visible access to the die surface, all DUTs must have their lids or plastic encapsulant removed prior to IR
imaging. Dependent on the package type, the DUT is either bolted down or soldered into the fixture. For
devices that are bolted down, a thin layer of thermal grease is applied to the bottom of the package to
ensure that the least amount of contact resistance exists between the package and the fixture. Thermal
grease is also used at the interface between the fixture and the heat sink. The fixtures used for IR imaging
are modified such that a thermocouple can be placed under the backside of the package to monitor the
package case temperature (see figure 2). All IR imaging is performed with the heat sink temperature set
to 75°C. A minimum of eight to ten devices from multiple lots are IR scanned to produce a significant
amount of data points, which can then be correlated to FEA models. The devices are measured under
DC drive at varying heat densities. The thermal resistance values listed on the data sheets are generally
defined by the worst-case heat load condition for the application. Please refer to the specific product data

sheet for the conditions under which the devices are tested.



Figure 1 - Infrascope II Set-up Figure 2 — DUT in fixture with external TC

Finite element analysis is performed using Ansys ® software. The models are created in such a
fashion that they reproduce how the devices are actually measured with the IR camera system. For all
transistor applications this includes a packaged device in the fixture with the bottom of the fixture having
a boundary condition of 75°C. If possible, models are sectioned as permitted by symmetry to reduce

computational resources. See figure 3 for a typical cross section of a geometric model.

Figure 3 - Cross section of ¥4 model
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THERMAL RESISTANCE DETERMINATION CONTINUED...

Once the IR camera and modeling data have been acquired, thermal resistance of the device is calculated:

Tj(channel temperature) — Tc(case temperature)

Dissipated Power

It is important to note that the case temperature of the package (as measured by the thermocouple),
and NOT the fixture is used for the calculations. The data sheet thermal resistance numbers represent only
the packaged device.

Correlation of IR measurements to simulation results is done using a statistical analysis approach. It

is important to note that the measured results produced by the IR imaging equipment are spatially averaged

in areas of high heat flux. This is [Ie : ANSHS
due to the fact that the resolution of | Hmd
the IR camera at 5x magnification
is on the order of 7 um and the
actual heat source is less than 1 um
in width and buried under various

metal and passivation layers.

The averaging effect produces Averaged temperature across 7 um spot size ~ 165C.

Channel to case thermal rise of 78C with a 87C case temp.
measured data that is significantly

lower than the actual peak channel
temperature. To determine if the
FEA data and IR data correlate,

the averaged temperature of the

Gate & FP metal

Au

FEA model is calculated across a

[154.51

7um sectioned centered on the

GaN 7 um spot size &
heat source. A two-sided 95% * —» *

0 0.0035 0.007 {mim)
|| ]

confidence interval of the mean SiC —
0.0018 0.0053

temperature rise is determined Figure 4 - Cross section of gate showing averaging effect.

based on the IR measurement data.

If the averaged FEA data falls within the confidence interval limits of the IR data, correlation between
the model and IR data is considered to be successful. The peak temperature of the FEA model is used to
establish the thermal resistance of the device. Figures 4 & 5 show an example of how correlation is achieved

for a GaN HEMT device.
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SISTANCE DETERMINATION CONTINUED...
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Figure 5 - IR measurement data

TRANSIENT THERMAL ANALYSIS

Since many systems employing power

2.00
amplifiers operate in modes other than CW,
it is equally important to understand the '
transient response of a device. With almost 1.50 //
an infinite number of pulse width and duty g 125 /] /
cycle combinations, an effective way of & // 1//
1.00 L—
communicating 8jc vs. time is essential. The /——"" d
best approach is plotting 8jc vs. time in a 078 / 4
semi-log scale for several duty cycles. All 0.50 /"""/ —10% Duty Cycle ||
. P . / ——20% Duty Cycle
transient thermal analysis is performed using 025 ,4 R
finite element analysis as current IR imaging
techniques do not provide sufficient resolution O.O:).E.os 1E07  1E06  1E05  1E04  1E03  1EG2  1E01  1E+00

Pulse Length (seconds)
Figure 6 — Heating Curves for CGH60120D,
GaN HEMT in CMC Package at 8W/mm

to determine true peak channel temperatures.
Figure 6 shows heating curves for a 28.8mm

HEMT device operating at 8W/mm.
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A WORD OF CAUTION

In its simplest terms, the thermal resistance of a packaged device can be represented as the sum
of a series of component resistances as shown below:

Bjc = B die + 0O die attach + 6 package

Although this is a basic foundation, it is very important to understand that the total resistance
is composed of many complex heat transfer mechanisms. The values derived in the data sheets are
calculated under specific operating conditions. Using these values in a “casual way” to try and determine
thermal resistances in scenarios other than how they were measured will lead to erroneous results. As
simple example as shown by figure 7 below demonstrates how thermal resistance of a packaged device

changes with power density. This effect is driven by the non-linear thermal properties of both SiC and
GaN materials.
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Figure 7 — Thermal Rise vs Power Density

More unintuitive changes can also occur as a result of modifications made to the system. The next
example (figure 8) shows that changing the packaging material affects not only the thermal resistance of

the product, but also each of the components. When the package material is changed from a Copper Moly
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TRANSIENT THERMAL ANALYSIS CONTINUED...

Copper (CMC) material with a thermal conductivity (K) of 300 W/mK to a diamond composite material with
a K of 600W/mK, intuition would tell us that the resistance of the package will drop by some factor. What
is not as evident is that the resistance of the die will also be affected as seen by the breakdown of thermal
resistance through each component. In this case the resistance of the die is decreased as a result of the
package material providing a better heat spreading medium.
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Figure 8 — Thermal resistance impacts due to material alterations

Similar types of unintuitive changes can occur when component thickness, fixture materials, power
density changes, etc. are made. Itis, therefore, strongly recommended that before using data sheet values
to derive a thermal resistance for a particular design that operating conditions are similar to those used for
the characterization of the device.

CONCLUSION

This application note has given a summary of the summary of the thermal properties which need to
be taken into consideration when designing an amplifier employing SiC MESFET or GaN HEMT transistors.
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