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Abstract
Blow up investigations on GaN HEMTs were performed.
It is shown that the blow up power and the related device
temperature limit depends on applied source-drain voltages
and the sheet resistance of the 2DEG in the device.
INTRODUCTION
In recent years, the AlGaN-GaN HEMT technology has
received increasing attention due to its excellent potential for
high power applications. High RF power implies high current
and high voltage capability. Both are provided by the superior
AlGaN/GaN material properties. Owing to recent tremendous
technological improvements record power densities up to
40W/mm have been reported [1]. In parallel with generating an
increasing output power, also an increasing heat is generated
during device operation. In addition to high device
temperatures, there are also large E-fields, which both can have
strong impact on device reliability [2, 3]. In this work we
demonstrate for the first time that the blow up power on GaN
HEMTs is directly related to the 2DEG sheet resistance of the
epitaxial layer.
EXPERIMENTAL DETAILS
GaN-HEMTs were fabricated from an AlGaN/GaN epi
structure, with standard ohmic and gate contacts, with sheet
resistances ranging from 420 and 650Ω/sq. 0.5 μm *- gates
were fabricated using a SiN hard masking approach and the
transistor is then passivated with SiN. The wafers were placed
on a vacuum heat chuck keeping base temperature constant at
25°C. Temperature analysis was performed on 8u400, 6x400
and 2x400 µm transistors (on wafer) by Raman thermography
[4]. Power was increased continuously up to the point of
catastrophic device failure, and temperature was traced as
function of power, by increasing the current via the gate voltage
at fixed source-drain voltages (VDS) of 25V and 50V.

RESULTS AND DISCUSSION
Figure 1 shows the measured temperature as function of
power density for a 8x400µm device on wafer with Rsheet = 440

Ω/sq at source-drain bias of 50V and 25V.
For 50V bias, device temperature was 250°C at a power
density of 8.5 W/mm where the transistors typically underwent catastrophic failure. This limit was observed
systematically on several transistors. Typically, near device
failure, the gate current increased up to 20 mA, also shown in
Fig. 1.

FIGURE 1: T-increase of a 8x400 µm transistor from wafer
with Rsheet of 440 Ω/sq as a function of power density,
biased with 25 and 50 V source-drain voltage until blown
up. Applied gate voltages and the gate current near the
blow up region are given in the figure, too.

For a corresponding test, performed at a source-drain voltage
of 25V the transistors did not fail until much higher power
levels (12W/mm) and higher temperatures (T = 420°C). Gate
leakage also here increased drama-tically near the point of
catastrophic failure.
Further experiments were performed on wafer with higher
Rsheet (500 Ω/sq). In this case much higher power levels (12.5
W/mm) could be achieved even at VDS = 50V, and devices also
reached higher maximum temperatures of 470°C (Fig. 2). Gate
current prior to catastrophic failure behaved similarly as for the
previous devices.
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The same trend was observed for a variety of wafers with
different sheet resistances (Fig. 3), all having a similar layer
structure. Additionally, transistors with different geometry
(number of fingers and gate pitch) were tested yielding different
temperature rise in the device at same power density.
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FIGURE 4: Vertical electric field distribution between source and
drain in the AlGaN barrier of two AlGaN/GaN epi structures with
different Al-content in barrier providing different Rsheet for VDS =
50 V and Pdiss = 2.8 W/mm.

FIGURE 2: T-increase of an 8x400 µm transistor from wafer
with Rsheet of 500 Ω/sq as a function of power density, biased
with 50V source-drain voltage until blown up. Applied gate
voltages and the gate current near the blow up region are
given in the figure, too.

FIGURE 3: Blow up power limits as a function of sheet resistance
for different device geometries. Corresponding measured by
Raman device temperature at blow up is also given alongside.

The key result is a consistent trend of the higher the sheet
resistance the higher the power limit for catastrophic failure in
the investigated devices. Obviously temperature
rise observed before blow up has also increased.
Figure 4 shows the magnitude of the vertical electric-field
component in the AlGaN barrier determined from twodimensional device simulations for two different wafers with Alcontent of 14 and 25%, resulting in sheet carrier concentrations
of 3x1012 cm-2 and 7.6x1012cm-2, respectively for VDS = 50 V
and Pdiss = 2.8W/mm. Wafers with higher carrier concentrations,
e.g. lower 2DEG Rsheet exhibit significantly higher E-fields in
the AlGaN-barrier, also to higher fields in the channel.
The blow up limit (power at catastrophic device failure) is a
function of
(i) the local temperature and
(ii) the local maximum electric field, which depends on (iii)
2DEG sheet carrier concentration.
The results suggest that in the case of the lower sheet
resistance devices studied here high peak E-fields and related
failure mechanisms may be a primarily responsible factor for the
blow up observed limiting power handling of the transistor
especially at high voltages (>25V), while for devices with
higher sheet resistances, blow up power limit was less
dependent on the applied voltage, suggesting that temperature
here plays a significant role in device failure.
This new finding that the blow up power limit is de-pendent
on sheet resistance is of fundamental importance for designing
and biasing the GaN-transistors especially in the case of power
devices.
CONCLUSIONS
Blow up investigations on GaN HEMTs were per-formed by
means of Raman thermography. The power blow up limit was
shown to be directly correlated with the 2DEG sheet resistance
of the epitaxial wafer. The obser-vation that higher voltages and
lower sheet resistances leads to lower blow up power of the
transistors was ex-plained by a combination of critical local
temperature and critical local maximum electric filed.
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ACRONYMS
HEMT: High Electron Mobility Transistor
2DEG: Two Dimensional Electron Gas
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