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Abstract Thermal management in high-power HEMTs and SiC diodes is one of the
most crucial aspects for device reliability and performance while efficient heat
extraction from the active device region is a key task. In this paper Raman
spectroscopy method suitable for real time on-chip temperature measurements on
power AlGaN/GaN based high-electron mobility transistor (HEMT) grown on SiC
substrate and SiC high-power diode is presented. The method is verified by
measurements with micro thermistor. The results show that this method have a
potential for device analysis in thermal management. The features and limitations of
the proposed method are discussed. The analysis of thermal behavior can help
during design and optimization of power HEMTs for microwave applications and
SiC diodes for power applications.
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1.

INTRODUCTION

Recent progress in GaN-based high-electron mobility transistors (HEMTs) has confirmed
them to be the leading transistor technology for future high-power devices at
high-frequency operation utilizing their excellent electronic properties, high electron
saturation velocity, and high breakdown voltage [1]. In fact, a high potential of these
devices is deteriorated by self-heating caused by the dissipated power during the HEMT
operation. This has influence on the electrical characteristics as well as device
reliability [2]. High-power AlGaN/GaN devices experience significant temperature rises
during operation within very small device dimensions. From this point of view the thermal
management in high-power AlGaN/GaN HEMTs devices is one of the most crucial aspects
for device reliability and performance [3,4]. Power devices prepared on SiC and Si
substrates have better power dissipation than the ones grown on sapphire substrate [5].
Various experimental methods were employed to determine channel temperature of power
GaN-based HEMTs, e.g. Raman spectroscopy, interferometric mapping, static and pulse
I-V characterization method and IR camera image to determine the channel temperature of
power HEMTs. These techniques are widely applied but require advanced setup to obtain
accurate results and, in some cases, special test structures. In many cases, they are needed
to compare with results of different measurement methods. In this paper the electrothermal
measurement results of power AlGaN/GaN HEMT for microwave applications and SiC
power diodes using Raman microscopy are shown.
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2.

EXPERIMENTAL

The first structure under investigation is active 2gate fingers HEMT with Gate
dimensions of 150x0.15µm2 and Source Drain distance of 4 m consisting of
GaN-cap/Al0.29Ga0.71N-barrier/GaN-spacer/GaN-doped layers grown on 4H-SiC substrate
as shown in Fig. 1b). The second 8gate fingers HEMT on the same die is used as
Schottky diode sensor using one of the gates. The backside Au substrate contact is
soldered to CuMo lead frame using AuSn solder. Top ohmic Drain/Source/Gate contacts
are created by Au-based metallization layers. The second structure under investigation is
diode structure consisting of thick natural n+ substrate, 100 m of isotopic n+ buffer layer,
100 m of isotopic n- drift layer and top natural p+ layer as shown on Fig. 1b). Both
structures are mounted in package with open cover for possible inspection and the package
was placed on a heat sink. The chip carrier and heat sink were found as substantial factors
for more accurate and defined temperature measurements. Driving circuits and
temperature controller were employed to stabilize the heat sink plate at certain temperature
using Peltier element for device in package measurement.
GaN-cap 1.5 nm
Al0.29GaN 14.5 nm
GaN (spacer UD) 50 nm
GaN (C doped) 1.65 m
SiC substrate 500 m
Au 5 m
AuSn solder 25 m
CuMo leadframe 1000 m

a)

b)

Fig. 1 2D cross section of the analysed structures a) AlGaN/GaN HEMT on SiC substrate and b)
SiC PIN diode.

Before the measurement under operation, calibration measurements were performed on the
bare chips placed on a stabilized temperature-controlled plate. After that the measurements
under operation were performed. The measurement setup consists also of driving system
for high power electro thermal properties measurements. To provide a direct experimental
insight into the temperature distribution of AlGaN/GaN HEMT and SiC diode under
operation a confocal micro-Raman thermography of the device surface was applied. The
MonoVista 750 CRS system with laser excitation wavelength of 514 nm was used for
Micro- Raman spectra recording (focused spot ~1m). The shift of a Raman peak is
confirmed to be directly proportional to the change of temperature. The measurement of
temperature using Raman method is verified with thermistor placed on the contact surface
of SiC PIN diode.
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RESULTS AND DISCUSSION
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The change of Raman line position and its FWHM at different temperature of the structure
is clearly obvious on Fig. 2. On Fig 2a) there are shown results from calibration
measurement of AlGaN/GaN HEMT where GaN E2 high Raman line was analyzed and on
Fig. 2b) the results of SiC PIN diode where SiC E 2 high Raman line was analyzed. From
these measurements a calibration line for Raman line shift with temperature has been
obtained. The whole Raman spectrum with calibration results is shown on Fig. 3.
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Fig. 2 Raman line change with temperature of a) GaN E2 high from AlGaN/GaN HEMT and b) SiC
E2 high from SiC diode.

The complete summary of measured values of one HEMT device and one SiC diode under
operation for various dissipated powers is shown in Fig. 4. The comparison of determined
temperature from GaN and SiC peak shift in HEMT device (Fig. 4a) shows that the
temperature decreases also through the volume of the device as the top GaN layer
shows ~93°C and SiC substrate only ~53°C for 2.5 W of dissipated power. For an
additional information a micro thermistor was used for direct temperature evaluation of the
SiC PIN diode. The thermistor has a very high accuracy (~3 %). However, the thermistor
dimension is large compared to the diode dimensions and therefore, only one thermistor
(ThR1) was attached directly on the Al contact pad using thermal glue. This thermistor
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Fig. 3 a) Raman spectrum of AlGaN/GaN HEMT on SiC substrate at room temperature and b)
results of Raman line shift from calibration measurement.
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was used to validate the above described method and determine the temperature of the top
contact. A perfect match of the temperatures measured by Raman method and Thermistor
for various dissipated powers visible on Fig. 4b) confirms the accuracy of the method.
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Fig. 4 Measured temperature values of a) HEMT device and b) SiC diode under operation for
various dissipated powers.

4.

CONCLUSIONS

In this paper the temperature distribution through the power GaN-based HEMT and at
surface of SiC PIN diode have been investigated. Micro Raman spectroscopy was
successfully applied to determine the channel temperature with maximum temperature
of ~93°C on the surface and 53°C at the SiC substrate for applied power of 2.5W. A
perfect match of the temperatures measured by Raman method and Thermistor for various
dissipated powers of SiC PIN diode confirms the accuracy of the method.
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