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Reactive lon Etching (RIE) and Photo-Assisted RIE (PA-RIE) induced damagein GaN using smple

Schottky structures and a BCl5/Cl,/N, gas mixture have been investigated. Schottky diode I-V

characteristics following different RF powers and exposure times show significant changes caused
by damage. This damage resultsin areduction of the reverse breakdown voltage Vg in n-type GaN

and anincreasein Vg for p-type GaN. Our preliminary data on the PA-RIE process points to much

reduced damage level s compared to conventional RIE. Thisresult may be due to achangein surface
chemistry or to a photo-enhanced diffusion of defectsinto the GaN layer, leaving a cleaner near-

surface region.

1 Introduction

There is currently much interest in the development of
electronic and opto-electronic devices based on IlI-
Nitride semiconductor alloys (principally the binary and
ternary aloys of Ga, In, and Al with N). These materi-
als have direct band gaps ranging from 0.7 eV for InN to
6.2 eV for AIN, and high thermal conductivity. Thus
they hold promise for a variety of applications that are
difficult or impossible to achieve with other materials,
including transistors operating at high temperature or
high power, and light emitters/detectors in the blue/UV
spectrum. [1] [2] [3]

In fabricating devices from the I11-Nitrides, the use
of plasma etching is critical for obtaining anisotropic
etch profiles and sufficiently high etch rates. However,
plasma techniques induce lattice damage in the semi-
conductor, resulting in electrically active defects in the
near-surface region of the device. Such defects degrade
device performance by causing excessive leakage cur-
rent and reduced optical efficiency, and therefore much
effort is expanded to better understand and control the
etch process.

Studies using inductively coupled plasmas (ICP)
show high damage levels that are partially removed by
wet etching [4]. While this approach might be adequate
for devices fabricated using relatively thick top active
layers (i.e. LEDs and some lasers), it is not acceptablein
others, where removal of a relatively thick layer after
plasma etching may not be possible. This issue will
become more acute as device geometries shrink and

sophisticated heterostructures (e.g., the HEMT) become
necessary. Furthermore, wet etching is always a poten-
tial source of additional surface contamination.

Development of an all-dry etching technique that
minimizes plasma damage would thus be highly desir-
able. For this purpose, photo-assisted RIE (PA-RIE)
processes have been investigated for a variety of materi-
as [5] [6] [7]. PA-RIE requires minor or no modifica-
tion to the reactor geometry and no incorporation of new
hardware into the plasma environment. As a result cur-
rent plasma etching reactors can be easily modified if
such a technology is proven superior. A study of the
GaN etched surface composition using XPS [7] showed
that using a photo-assisted RIE process reduces the sur-
face nitrogen depletion; which could be an indication of
reduced etching damage on the surface. In this paper,
we study the RIE induced damage in GaN using simple
Schottky structures and a BCl3/Cl,/N, gas mixture. We
also perform acomparative investigation of RIE and PA-
RIE.

2 Experimental

The n and p-GaN Schottky structures are shown sche-
matically in Figure 1. The GaN films were grown by
RF-plasma source molecular beam epitaxy (RF-MBE)
on (0001) sapphire substrates. An AIN buffer layer is
grown on the substrate and is followed by an uninten-
tionally doped GaN layer and finally the active GaN
layer. Silicon and magnesium are used as n-type

(~3.4x10Y cm™®) and p-type (~10Y cm™) dopants,
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respectively. Etching is performed in an Oxford Plasma
Technology 80 up RIE reactor. The base pressure of the

reactor is 1x10°® Torr. Inthe PA-RIE process, light from
a Xe arc lamp is directed through a UV lens. After
reflection by a UV mirror and collimation by a second
UV lens, it impinges at normal incidence onto the sam-
ple through a quartz window in the RIE chamber. A
crown glass window and a water IR filter are set in the
light path in order to filter the UV and the IR portion of
the spectrum respectively. The light power density is 38

mW/cm? at the sample, with a spot diameter of 2 cm
(much larger light sources can be developed for indus-
trial applications). Ti/Au and Ni/Au ohmic contacts
were deposited by e-beam evaporation on n and p-type
GaN, respectively. The n and p-type GaN films were
etched in 10 sccm Cl,/10 scem BCl5/10 sccm N, at 30

mTorr and at powers ranging from 50 to 200W and
times ranging from 30 to 120s for n-GaN samples, and
at 2minfor all p-GaN samples. Finally, Pt/Au and Si/Ti/
Au Schottky contacts were deposited by e-beam evapo-
ration on n and p-type GaN, respectively.

3 Results and Discussion

Figure 2 shows the |V characteristics of Schottky struc-
tures made on n-GaN and exposed to RIE and PA-RIE
for different RF powers. In each RIE run, a sample was
put under light for PA-RIE etching, and another sample
was put far from it in a dark spot for RIE etching. In
both cases there is less damage with higher RF powers.
This is possibly due to that for short plasma exposure
times, an increase in power increases the removal of the
accumulated damage of the first seconds of etch. First
there isalarge accumulation of damage at the beginning
of the etching process. For alow RF power ~50W (DC
self bias potential of —100V), ions are energetic enough
to create surface damage but the etch rate is very small.
In fact, a lower power creates more damage since the
plasma is not completely dissociated and the density of
the active radicals is too low for substantial reaction
with the surface. For a higher power, and for the same
short time, ions have enough energy to create damage
but are also reactive enough to partially remove the
accumulated damage. At higher powers, for the same
short etching time, the sputtering mechanism becomes
more important than the chemical process, resulting in
increased damage.

We a'so performed RIE and PA-RIE experiments for
longer exposure times at fixed RF power. Figure 3
shows the IV characteristics for a sample processed by
RIE and PA-RIE at 200 W RF power and for 2min. The
control sample is shown for reference. We can clearly
see that the IV of the PA-RIE exposed structure is less
leaky than that of the RIE exposed one, which suggests

that we have less damage in a photo-assisted process
under these conditions.

The variation of the reverse breakdown voltage (Vg)
and the turn-on forward voltage (V) with the RF power
for samples etched for 30s is shown in Figure 4. Figure
5 shows the dependence of the same parameters with the
time of exposure to the plasma for a fixed RF power of
200W. Vg and Vg have been defined at a current of —

0.1mA and +0.1mA respectively. We can see from
those figures that PA-RIE becomes less damaging than
RIE beyond a threshold RF power and exposure time.

In addition to the competition between damage pro-
duction and removal, surface defects have been
observed to diffuse into the bulk in GaN [4]. If optica
excitation increases the diffusion coefficient of surface
defects, such defects may not be detected by |-V charac-
terization, which is sensitive only to near surface
defects. Deep level transient spectroscopy (DLTS)
experiments could give more decisive information about
defects. These experiments are ongoing.

Our preliminary electrical data (using Schottky
diodes) on plasma-induced damage in p-type (10" cm
3) GaN as afunction of RF power show an enhancement

of the barrier height for p type (1017 cm™) GaN and o,
an increase in Vg as seen in Figure 6. That behavior is
similar to that already demonstrated in ICP treated p-
GaN, which was attributed to the creation of shallow
donors related to a nitrogen vacancy [8]. These samples
were etched for 2 minutes and the competition between
etching rate and damage removal is again sensed here:
From the IV characteristics we see that 50W RF power
induced more damage than 100W but less than 200W.
We also performed the etching of p-GaN under PA-RIE
for 200W RF power. Our results suggest that less dam-
age is induced by PA-RIE (using the filtered Xe lamp)
than by conventional RIE performed under the same
conditions (200 W RF power and corresponding -300 V
dc self-bias), and for the same etch time (2min). The
reverse breakdown voltage defined at —50 uA showed a
value of -7.6V for the PA-RIE etched structures versus -
12.3V for diodes made on samples etched with RIE.

4 Conclusion

Dramatic changes occur in reverse breakdown voltage
Vg and forward turn-on voltage Vg for GaN Schottky
diodes after RIE or PA-RIE exposure. Damage accumu-
lates in the near-surface region at short exposure times
and low RF power energy, creating an even more
degraded surface than at higher RF powers and exposure
times. Less damage with PA-RIE is reported for rela-
tively high RF powers and longer exposure times.
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Figure 1. Schematic of n and p-GaN Schottky structures.
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Figure 2b. |-V characteristics from n-GaN exposed to RIE for
30 sec at different PA-RIE for the same conditions. 1-V
characteristics of control samples are also shown.
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Figure 3. |-V characteristics of n-type GaN-based Schottky
diodes fabricated using RIE and PA-RIE for 2 min at 200W RF
power (-300 self dc-bias), 30 mTorr and 10 sccm Cl,/10 sccm
BCl3/10 sccm No. 1-V characteristic of control sample is also

shown.
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Figure 2a. 1-V characteristics from n-GaN exposed to RIE for
30 sec at different RF powers. |-V characteristics of control
samples are also shown.
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Cl5/N, RIE at 30 mTorr for 3 min as afunction of RF power.
Figure 4. Variation of reverse breskdown voltage (Vg) and
forward turn-on voltage (V) as afunction of RF power for n-
type GaN-based Schottky diodes processed by RIE and PA-RIE
for 30 s using 10 sccm Cl,/10 sccm BClg/10 sccm N, at 30

mTorr. Vg and Vg of control sample are also shown. Lines are

aguide to the eye only.
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Figure 5. Variation of reverse breskdown voltage (Vg) and
forward turn-on voltage (V) as a function of etch time for n-

type GaN-based Schottky diodes processed by RIE and PA-RIE
at 200 W RF power using 10 sccm Cl,/10 sccm BCl3/10 sccm

N, at 30 mTorr (Vg and Vg of control sample are a so shown).
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