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An alternative method for achieving etching selectivity between GaN and AlN has been
demonstrated. The etch rate of AlN was significantly decreased by the addition of a low
concentration of O2 to a Cl2–Ar mixture in an inductively coupled plasma~ICP! etching system.
The etch rate of GaN in the O2-containing plasma was approximately 15% less than the plasma
without the O2 for the same parameters. The pressure and the ICP power were varied to achieve a
maximum selectivity of 48 at a pressure of 10 mTorr, a direct current bias of2150 V, and an ICP
power of 500 W. The etch rates of GaN and AlN at these parameters were 4800 and 100 Å/min,
respectively. ©2000 American Vacuum Society.@S0734-2101~00!01503-7#
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I. INTRODUCTION

The application of growth techniques which substantia
reduce the density of dislocations, e.g., lateral epita
overgrowth1 and pendeo-epitaxy,2 should allow the potentia
for high performance optoelectronic and microelectronic
vices to be realized.3 The device processing procedure, i
cluding plasma etching, must also be of the highest cali
Much of the attention in plasma etching research in the
nitrides has been focused on etch rate optimization and
profiles. Both of these aspects have advanced to the poi
commercial viability. Etch rates>1 mm/min have been
achieved using the mixtures ICl/Ar and BCl3 /Cl2.4,5 With
high resolution masking, highly anisotropic and smooth si
walls can also be achieved. Other important properties of
plasma etching process are the degree of ion-induced dam
~electrical and physical! and the selectivity of the etchant
Selectivity is important for applications such as the proce
ing of high electron mobility transistors or any other hete
junction device where the etching must stop at a particu
buried layer.

Selectivity in etching between GaN and AlN is the ra
of the etch rates of these two materials. Until recently
achievement of selectivity between GaN and AlN had mi
mal success in the nitride community. The ratios were eit
very low (<10! or the GaN etch rates were low. Both shou
be moderately high for this property to be commercially u
ful. Vartuli et al.5,6 demonstrated a selectivity of 10 betwe
GaN and AlN using an electron cyclotron resonance etch
system, but the etch rates were not stated. Smithet al.7

achieved a selectivity of 38 between these two materials
ing inductively coupled plasma~ICP! etching and low direct
current ~dc! biases (,250 V!. The etch rate of GaN wa
approximately 2000 Å/min. This is the highest value r
ported while attaining high selectivity; however, for com

a!Electronic mail: scott.smith@afrl.af.mil
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mercial purposes this rate should be increased.
The method employed by Smithet al.7 relies on the fact

that the etching is initiated at a lower bias for the GaN th
for the AlN. This was attributed to the higher bond streng
of AlN. In this present research a different method for atta
ing selectivity between GaN and AlN has been used, nam
the introduction of a small concentration of O2 into the ICP
system with the Cl2 and Ar. While selectivity between GaN
and AlGaN currently has more practical applications, sel
tivity between GaN and AlN was chosen because it dem
strates the extreme case, which is more helpful in und
standing the mechanism behind this selectivity.

II. EXPERIMENTAL PROCEDURE

The GaN and AlN samples used for this study were e
taxially grown on 6H-SiC-~0001! substrates via metalorgani
vapor phase epitaxy using trimethylaluminum and trieth
gallium as the Al and Ga sources, respectively, and NH3 as
the nitrogen source.8,9 An '100 nm monocrystalline AlN
buffer layer was deposited on the SiC substrates prior to
growth of the GaN. Preparation of the samples for etch
employed the sequence of applying a Ni coating, pattern
with photoresist, dipping into HNO3 to remove the Ni, and
into acetone to remove the photoresist. Just prior to pla
ment into the etching system, the samples were sequent
dipped into acetone, methanol, and 10% HCl acid for 10 m
each to degrease and remove the carbon contamin
Samples were attached to a 7.6 cm diameter anodized al
num transport plate using vacuum grease which w
mounted onto the wafer chuck. A base pressure of<5
31027 Torr was attained prior to etching. The etch rat
were determined by measuring the step heights using a
ktak II profilometer. The GaN and AlN samples were etch
concurrently to insure accurate selectivity values.

The etch rate was determined as a function of press
and ICP power. The dc bias was held constant at2150 V. A
87900Õ18„3…Õ879Õ3Õ$17.00 ©2000 American Vacuum Society
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lower dc bias would have resulted in slow GaN etch rate
thus, defeating the purpose of this type of selectivity. Usin
higher biases would have increased the AlN etch rates
much, lowering the selectivity. The pressure was varied fro
5 to 20 mTorr in steps of 5 mTorr. Once an optimum pre
sure for selectivity was determined, the ICP power was va
ied from 300 to 800 W. There were two similar chemistrie
used for these experiments, namely, a mixture~flow rate! of
O2 ~2 sccm! and Cl2~18 sccm! with and without the addition
of Ar ~5 sccm!. Though we previously determined that th
addition of Ar did not significantly enhance the GaN etc
rates in pure Cl2,7 it was added to increase the plasma de
sity that was significantly decreased by the addition of O2.
This was verified through the use of a Langmuir probe.

III. RESULTS

Figure 1 shows a plot of the etch rates of GaN and AlN
the Cl2–O2 and Cl2–O2–Ar chemistries as a function of total
pressure. At 5 mTorr, the etch rates were similar for bo
chemistries. At 10 mTorr, the GaN etch rate in the chemis
without the Ar decreased while the one with the Ar increas
slightly. Beyond 10 mTorr, the GaN etch rates decreas
considerably and in parallel for both chemistries. The Al
etch rates were eventually constant and similar through
the entire pressure range for both chemistries. The AlN e
rates were extremely low (<100 Å/min! at 10 mTorr and
beyond, which was the basis of the selectivity studies.

Figure 2 shows the selectivity as a function of pressure
both chemistries. The addition of Ar increased the plasm
density from 7.96331016/m3 to 1.05031017/m3, which in-
creased both the GaN etch rate and the selectivity, but
the AlN etch rate. Thus, the ion density was not the ra
limiting factor for the AlN. A maximum selectivity of 48
was determined at 10 mTorr with a GaN etch rate of 48
Å/min. Above 10 mTorr the selectivity dropped considerab

FIG. 1. Etch rates of GaN and AlN as a function of pressure.
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due to the much lower GaN etch rates. At 20 mTorr for bot
chemistries no step in the AlN detected with the profilome
ter, but due to resolution constraints we assumed a step of
Å. An AlN etch rate of 0 Å/min at this pressure would be
inconsequential, since the GaN etch rates were so low.
previously stated, the benefit of this type of selectivity is t
achieve high selectivities over AlN at high GaN etch rates

The GaN and AlN etch rates as well as selectivity as
function of ICP power are shown in Fig. 3. The dc bias an
pressure were held constant at2150 V and 10 mTorr, re-
spectively, in the Cl2–O2–Ar mixture. Their values were
chosen because they resulted in a selectivity of 48 for 500
ICP power, as shown in Fig. 2. The selectivity sharply in
creased from 10 to 48 as the ICP power was increased fro
300 to 500 W. Above 500 W the GaN etch rate did increas
but the AlN etch rate also increased, resulting in a decrea
in the selectivity to 30.

FIG. 2. Selectivity of GaN over AlN as a function of pressure.

FIG. 3. Etch rates of GaN and AlN, and the selectivity of GaN over AlN a
a function of ICP power.
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IV. DISCUSSION

The underlying principal behind this selectivity is the pa
sivation of the AlN layer through the formation of a stab
oxide layer. Sincein situ surface analysis techniques we
not available, the question remains as to what happene
the GaN surface that allowed it to continue to etch in
presence of oxygen. Possible scenarios are that~1! an oxide
does not form on the GaN,~2! an oxide does form but it is
continually sputtered off and does not prevent the reac
between the Ga and Cl, or~3! an oxide does form and it ha
an etch rate similar to that of the GaN. It is important to no
the similarity of the GaN etch rates between the Cl2/O2/Ar
and Cl2/Ar chemistries; the former etched approximate
15% slower than the latter for the same settings.

It is expected that combining this technique with the o
developed by Smithet al.7 employing low dc biases would
result in extremely high selectivities, but at lower GaN et
rates. This may be a viable solution if there is the neces
to stop at extremely thin layers (,50 Å! after etching
through a GaN layer. Selectivities of 10 between GaN a
Al0.28Ga0.72N were accomplished using the low dc bi
method; thus, it is expected that higher selectivities will
attained by combining the two methods.

In summary, an alternative method for achieving IC
etching selectivity between GaN and AlN has been dem
strated. The addition of small concentrations of O2 to a
Cl2–Ar chemistry passivates the AlN surface via the form
tion of aluminum oxide on the surface and significantly
duces the etch rate. The GaN etch rate was affected m
mally by the addition of the O2, thus, resulting in a high
JVST A - Vacuum, Surfaces, and Films
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selectivity between the GaN and AlN. A maximum select
ity of 48 was achieved at a pressure of 10 mTorr, a dc bia
2150 V, and an ICP power of 500 W. The GaN etch rate
these parameters was 4800 Å/min; the AlN etch rate was
Å /min. This technique should also work for AlxGa1,xN but
at reduced selectivities due to the lower Al concentration
the surface.
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