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Kurzfassung

Fiir die Herstellung vertikaler Leistungsschaltbauelemente auf GaN-Basis sind prézise Endpunktdetektionsverfahren fiir
die verwendeten Trockenédtzprozesse erforderlich. Eine besondere Herausforderung ist hierbei der geringe Materialkon-
trast der homoepitaktischen Schichtstapel in den optischen Parametern n und k fiir verschieden dotierte GaN-Epitaxi-
estrukturen, die beim Durchitzen nur geringe Unterschiede in den gemessenen Reflektivititen erwarten lassen. Um das
elektronische Verhalten der Driftzone und des p-n-Ubergangs in vertikalen GaN-Transistoren zu untersuchen, wurden
GaN-Schichten mit unterschiedlichen Dotierkonzentrationen mittels MOVPE (Metalorganic Vapor Phase Epitaxy) ge-
wachsen. Mit Hilfe eines LayTec TRIton in-situ Messsystems mit einer Detektionswellenlénge von 365 nm ist es beim
Durchitzen gelungen, Uberginge von unterschiedlich dotierten Bereichen im Epitaxie-Stapel zu erkennen. Die beobach-
teten Atztransienten lassen sich qualitativ durch das temperaturabhiingige Absorptionsverhalten an der GaN-Bandliicke
und den gemessenen Exzitonen-Peak in spektroskopischen Ellipsometermessungen erkléren.

Abstract

For the fabrication of vertical GaN-based power switching devices, sensitive endpoint detection methods during dry etch-
ing processes are needed. One challenge here is the low material contrast of the homo-epitaxial layer stacks in the optical
parameters n and k for differently doped GaN epitaxial structures, which are expected to show only minor differences in
the measured reflectance during etching, especially for homo-epitaxial structures on bulk GaN substrates. To investigate
the electronic behavior of the drift layers and the p-n junction in vertical GaN transistors GaN layers with different doping
concentrations were grown by MOVPE (Metalorganic Vapor Phase Epitaxy). Using a LayTec TRIton in-situ metrology
system during patterning of the layer stack by plasma etching with a detection wavelength of 365 nm transitions between
differently doped regions in the epitaxial stack could be measured. The observed etching transients can be explained
qualitatively by the temperature-dependent absorption behavior at the GaN band gap and by the measured exciton peak
in spectroscopic ellipsometer measurements.

1  Motivation
For the device fabrication of vertical GaN trench MIS-

FETs, various dry etching steps are needed to etch the re-
cess for the body diode contacts through the top n* GaN
stopping on the channel layer, to etch the gate trench
through the n™ and p™ GaN stopping on the drift layer and

Recently, vertical GaN-based power switching devices on
bulk GaN substrates have been developed at FBH for high
power density and high switching speed applications [1].
For this purpose, various doped epitaxial layers were

grown by MOVPE (Metalorganic Vapor Phase Epitaxy) on
2-inch high-conductivity GaN substrates deploying in-situ
monitoring of the reflectance.

The epitaxial structure of a vertical trench MISFET con-
sists in a n* doped GaN:Si drain layer, a thick n" doped
GaN:Si drift layer, a p* doped GaN:Mg channel layer and
a n" doped GaN:Si source layer. Further details are de-
scribed in [2].
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to etch the mesa edge termination through the three n™, p*
and the thick n” GaN stopping on the n* drain layer. All of
these etching steps must be done under controlled condi-
tions with in-situ monitoring and precise depth control.

The GaN layers grown on the GaN substrate differ only in
terms of their doping concentration and dopant. Due to the
small differences in the dopant concentrations only a low
contrast in the refractive index can be seen. Additionally,
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the high absorption of GaN on GaN epitaxial structures
makes measurement wavelengths above 600 nm useless to
detect layers by standard interferometry.

In this work, we demonstrate for the first time the detection
of differently doped GaN layers during etching through the
entire epitaxial stack, controlled by in-situ interferometry
using a LayTec TRIton multi-wavelength in-situ
metrology system.
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Figure 1 Schematic of the epitaxial test stack (left) used
for the gate trench etch process of a vertical GaN trench
MISFET. The observed etching transients using a LayTec

TRIton multi-wavelength in-situ metrology system are
shown on the right.

2 Experiment

A typical GaN epitaxial structure, as shown in Figure 1 on
the left, was grown using MOVPE on 2-inch GaN sub-
strates from various suppliers.

To investigate the in-situ measurement capabilities for de-
tecting various doping layers we used a LayTec TRIton in-
situ metrology system, equipped with 3 different measure-
ment wavelengths at 340 nm, 365 nm and 405 nm,
mounted on top of a SENTECH SI 500 ICP etch chamber.
Before starting the etching process, the motorized measur-
ing head was positioned on the unmasked wafer surface in-
side the chamber. The three wavelengths of the TRIton are
focused onto a spot with a diameter of approximately 200
pum, allowing all reflected intensities from the etched wafer
surface to be measured simultaneously via an optical path
in the chamber.

2.1 Monitoring trench etching

A multi-step chlorine-based ICP process with an etch time
of 180 seconds in the main step was used to etch the GaN
without surface roughness.

Figure 1 shows the recorded transients of the reflected light
from the three LEDs of the TRIton system during etching
through the p-n junction.

Due to significant oscillations accompanied by an intensity
jump of the etch transient at 365 nm, we determined the
boundary between Mg-doped (p~3x10'" cm™) and Si-
doped (n~1x10'6 cm™) GaN.

2.2 Deep etch at different temperatures

Deeper etching processes through the drift zone are re-
quired to etch the mesa edge terminations and form quasi-
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vertical drain contacts for the transistors. To demonstrate
the feasibility of the in-situ measurement system, a com-
plete etch down to the GaN substrate was performed. The
result is shown in Figure 2. The reflected intensities at
365 nm wavelength (top curves) show clear transitions de-
pending on the doping concentration. Strongly increasing
Fabry-Perot oscillations were observed during transition to
the GaN substrate, which can be explained by the decrease
in absorption as the layer becomes thinner due to etching.
This behavior is temperature-dependent and related to the
band gap absorption of GaN [3], which can be observed
when etching similar samples at different etching tempera-
tures (see Figure 2).

Neglecting minor changes in etching rate due to tempera-
ture, a clear difference in absorption behavior can be ob-
served when similar samples are etched at different etching
temperatures (see Figure 3). At an etching temperature of
20 °C, more Fabry-Perot oscillations can be observed,
which, compared to etching at 150 °C, is due to a lower
extinction coefficient. This is in accordance with the as-
sumption that the GaN band gap absorption shifts to longer
wavelengths with increasing temperatures.
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Figure 2 Raw data of etching transients recorded at dif-
ferent etching temperatures on samples from the same ep-
itaxial run.

3 Results and Discussion

To understand the observed features of the measured tran-
sients, simulations were performed to predict layer bound-
aries at a defined etch depth. However, to do so, the
knowledge of the optical parameters of the epitaxial layer
described with refractive index n and the extinction coeffi-
cient k for the used measurement wavelength is the key to
simulate the reflectivity vs etch depth.

A spectroscopic SENresearch ellipsometer from
SENTECH was used to determine the n and k values based
on a describing model. In Figure 3 we compare the refrac-
tive index and the extinction coefficient for an etched and
the unetched sample.
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Figure 3 Comparison of optical dispersion based on n and
k for an etched and an unetched sample, derived from spec-
troscopic ellipsometer measurements.

Significant changes in the refractive index and extinction
coefficient can be observed very close to the band gap of
GaN at 365 nm. This explains qualitatively the observed
features in the measured in-situ etching transients only at
an emission wavelength of 365 nm (LED2). An exciton
peak observed at 363 nm was also found for the unetched
sample that is not visible after etching down to the uninten-
tionally doped buffer.

The band gap also depends on temperature and shifts to
longer wavelengths as the temperature rises. This behavior
was investigated using spectroscopic ellipsometry on a
heated sample in which the entire epitaxial stack except for
the GaN substrate was etched away. The measurement was
performed using the same model, but at different tempera-
tures ranging from 24 °C to 300 °C, as shown in Figure 4.
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Figure 4 Measured dispersion of refractive index n and
the extinction coefficient k based on temperature depend-
ent spectroscopic ellipsometric measurements of an
etched sample.

When comparing the n and k values at T =24 °C and
T =150 °C for a wavelength of 365 nm, we found that the
refractive index decreases from 2.85 to 2.70 and the extinc-
tion coefficient increases slightly. This is consistent with
the observed behavior in Figure 2 and would qualitatively
explain the increase in visible oscillation at 20 °C com-
pared to the etching transition at 150 °C. Due to the low
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material contrast of the doped layers compared to the GaN
substrate, it is difficult to separate the n and k values for
each layer with a fixed thickness in the model. So, we tried
a basic simulation using the transfer matrices model for
epi-layers shown in Figure 5 to calculate the expected re-
flectivity curve in dependence of the etch depth. For the
GaN-substrate the n and k values from the etched sample
and for the Mg doped GaN epi-layers the n and k values of
the unetched sample were used. It has also been reported
that absorption increases with the doping concentration of
GaN [4]. The n and k values between the top layer and the
substrate were obtained by fitting the curve to the measured
etch transient at 365 nm wavelength.

The layer boundaries can be predicted very accurately us-
ing forward simulation based on 365 nm wavelengths.
Comparing the simulation with the data measured at room
temperature in Figure 2, the Fabry-Perot oscillations for the
p-n junction are more strongly suppressed, but the visible
number of Fabry-Perot oscillations corresponds quite well
with the two drain layers.
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Figure 5 Simulation of reflectivity based on measured n
and k values derived from ellipsometric measurements for
an etched and an unetched sample.

4 Outlook

A simple simulation based on the optical material parame-
ters n and k for the measurement wavelength of 365 nm
used in the transfer matrix model [5] can be applied to qual-
itatively verify the boundaries between differently doped
regions in an epitaxially grown GaN stack on a GaN sub-
strate. In order to understand the change in the visible num-
ber of periods in the recorded etch transient curves, the val-
ues n and k must be determined more accurately. To do so,
we plan to measure the optical parameters for each grown
layer separately by etching back the sample used. A more
sophisticated approach would be to fit the etch transients
using LayTec’s SimulyzR software, which can extract the
values n and k from the etch data.
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