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Abstract
In this study, the etch characteristics of 6H–SiC were investigated in magnetically-enhanced SF6 inductively-coupled-plasmas
(ICP) with and without magnetic field. The etch characteristics of various metal films such as Ni, Al and Cu were also
investigated to apply as the etch mask to the highly selective SiC etching process. With the magnetic field, the etch rates of SiC
were increased 60% compared to those without the magnetic field. With the magnetic field, the etch rates of Ni and Al were also
increased white the etch rates of Cu decreased. In fact, in the case of Cu etching using SF6 , deposition instead of etching occurred
through the formation of etch products such as copper fluoride on the surface with fluorine in the plasma. Therefore, among the
investigated mask materials, Cu showed infinite etch selectivity over SiC during etching using SF6 . The highest etch rate obtained
for SiC was greater than 1500 nmymin at 1500 W of inductive power, y350 V of bias voltage, and 1.33 Pa of SF6. SiC etching
with the Cu mask showed highly anisotropic etch profiles.
䊚 2003 Elsevier B.V. All rights reserved.
Keywords: Etching; Silicon carbide; Sulfur hexafluoride; Magnetically-enhanced ICP; OES

1. Introduction
Silicon carbide (SiC) is widely used as a substrate
for the epitaxial growth of GaN. Also, SiC is one of the
attractive semiconductor materials with wide bandgap,
high thermal conductivity, high temperature stability,
etc. Due to its material properties, SiC-based electronic
devices are expected to operate at high power, high
frequency and high temperature conditions. For the
fabrication of these various devices, high SiC etch rates
with high selectivities to etch mask materials are
required in many cases. Over the past several years,
many researchers have investigated highly selective and
high rate SiC etching w1–5x. For example, a study on
the highly selective SiC etching over ITO, Al, Cr,
SnO2, etc. in NF3, SF6, CF4-based inductivety-coupledplasmas (ICPs), highly selective etching over Ni etch
mask using a helicon reactor with SF6 yO2 gas mixture,
etc. have been reported w6–11x.
*Corresponding author. Tel.: q82-31-299-6562; fax: q82-31-2996565.
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In this study, 6H–SiC etching using a SF6 magnetically-enhanced ICP has been investigated to further
enhance SiC etch rates and etch selectivities over mask
materials. SiC etch rates and etch selectivities over
various etch masks with and without the magnetical
enhancement of ICP have been studied as a function of
inductive power, bias voltage, operating pressure, etc.
and the etch mechanism has also been investigated.
2. Experiment
Fig. 1 shows the schematic diagram of the magnetically-enhanced inductiveiy-coupled-plasma etch system
used in this study. To enhance the system magnetically,
four pairs of permanent magnets were installed on the
outer sidewall of the chamber. The measured magnetic
field strength of the permanent magnets was 2000 G.
Radio frequency (r.f.) power (13.56 MHz, 0–2 kW)
was supplied to the center of a gold-coated five-turn
spiral coil to generate inductive plasmas while different
13.56 MHz r.f. power was applied to the substrate to
generate bias voltages on the wafer. Inductive power
was varied from 700 to 1500 W and d.c. bias voltage
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3. Results and discussion
Fig. 2 shows the etch rates of SiC and the ratios of
F(703.7 nm)yAr(750.4 nm) measured using OES with
and without magnetic field as a function of inductive
power from 700 to 1500 W. The operating pressure and
bias voltage were fixed at 1.33 Pa and y150 V,
respectively. SiC etch rate was increased with the
increase of inductive power and the F radical density
estimated by Ar actinometry also increased with the
increase of inductive power. The SiC etch rates with the
magnets showed higher etch rates compared to those
without the magnets. Also, the F radical density with
the magnets also showed an increase. The increase in
inductive power increases the ion density and radical
density in the plasma, therefore, the increase of SiC etch
rate with inductive power is derived from both. The
increase of SiC etch rate with the magnets also appears
to be from the increase of both ion density and F radical
density in the plasma by forming helical motion of
energetic electrons and by confining the plasma in the
chamber. The increased amount of SiC etch rates by the
application of the magnet appears to be similar to that
of F radical density with the magnet.
Fig. 3 shows the etch rates of Cu, Al and Ni that can
be used as hard mask materials during the etching of
SiC as a function of inductive power with and without
the magnets. The etch conditions were the same as
shown in Fig. 2. As shown in the figure, the etch rates
of Al and Ni were slightly increased with increasing
inductive power, however, the changes in the etch rates

Fig. 1. Schematic diagram of the magnetically-enhanced inductively
coupled plasma etch system used in this study.

to substrate was varied from y150 to y350 V. Silicon
carbide (6H–SiC) was etched withywithout the magnets
using SF6. Operating pressure of SF6 was varied from
1.33 to 4 Pa while its gas flow rate was fixed at 50
sccm. The etch rates of various metals such as Cu, Ni
and Al were also studied to investigate the SiC etch
selectivity to various hard mask materials.
The etch rates were measured using a depth profilometer (Alpha-step 500, TENCOR) and the etch profiles
were inspected using a scanning electron microscope
(SEM), optical emission spectroscopy (OES) was used
to measure optical intensities of reactive radicals during
the etching of SiC using SF6 plasma. To estimate F
radical density, Ar actinometry was used by adding 5%
of Ar to SF6 and by taking the ratio of F(703.7 nm) to
Ar(750.4 nm).

Fig. 2. SiC etch rates and optical emission ratios of F(703.7
nm)yAr(750.4 nm) as a function of inductive power with and without
magnetic field. (Operating pressure: SF6 1.33 Pa. bias voltage; y150
V.)
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Fig. 3. Etch rates of Cu, Al and Ni as a function of inductive power
with and without the magnetic field. (Operating pressure: SF6 1.33
Pa, bias voltage: y150 V.)

of Al and Ni were small. The etch rates of Ni were
lower than those of Al. In the case of Cu, the etch rates
of Cu were lower than those of Ni and the etch rates
were decreased with the increase of inductive power
and, at powers higher than 1200 W, deposition instead
of etching of Cu was observed. The use of magnets
increased the etch rates of Al and Ni slightly, however,
it decreased Cu etch rates or increased the deposition
rate. When SF6 plasma is exposed to Al, Ni and Cu,
the fluorides of these materials are formed on the surface
and these fluoride are non-volatile (melting points of
these compounds are higher than 1000 K) w12x. The
increase of inductive power and the addition of magnetic
field will increase of F density in the plasma; therefore,
thicker fluorides of these materials will be formed on
the surface. Also, the increase of inductive power and
the addition of magnetic field also increase ion density
in the plasma, therefore, the differences in the etch rates
with inductive power and magnetic field appear related
to the thickness of these fluorides and the sputter etching
of the fluoride by ions. Therefore, the higher etch rate
of Al compared to that of Ni might be related to the
higher sputter yield of Al and AlFx compared to Ni and
NiFx. The sputter yield of Cu is higher than those of Ni
and Al, however, Cu etch rates are lower than those of
Ni and Al. The lower Cu etch rates and the deposition
of materials shown in Fig. 3 appear related to the easier
formation of copper fluoride, therefore, thicker fluoride
with fluorine. Even though the results on the surface
analysis for the etched Cu are not shown in this paper,
X-ray photoelectron spectroscopy (XPS) analysis
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showed 34.4 at.% of fluorine contained on the etched
copper surface. Therefore, the deposited material appears
to be etch products made of copper fluoride. By the
formation of thick copper fluoride, infinite SiC etch
selectivity could be obtained when Cu was used as the
etch mask.
Fig. 4 shows the etch rates of SiC and the ratio of
F(703.7 nm)yAr(750.4 nm) measured using OES with
and without magnetic field as a function of SF6 pressure
from 1.33 to 4 Pa. Inductive power and bias voltage
were fixed at 1500 W and y150 V, respectively. As
shown in the figure, the SiC etch rates decreased with
the increase of operating pressure. The SiC etch rates
was higher with the magnet. The change of SiC etch
rates was also similar to the change of F radical density.
The increase in operating pressure decreases the efficiency of ICP, therefore, the decrease of F radical density
with the increase of operating pressure appears to be
related not only to decrease of F radical density but also
decrease of ion density and increased scattering of
incident ions to the substrate with pressure. However,
the addition of magnetic field appears to be still effective
in increasing ionization and dissociation of SF6.
Fig. 5 shows the etch rates of Cu, Al and Ni as a
function of operating pressure with and without magnets.
The etch conditions were the same as shown in Fig. 4.
As shown in the figure, the etch rates of Al and Ni did
not change noticeably, however, the deposition rate of
copper fluoride was decreased significantly with increasing pressure. The insignificant etch rate changes of Al
and Ni appears to be both from the decreased formation

Fig. 4. The etch rates of SiC and the optical emission ratios of F(703.7
nm)yAr(750.4 nm) as a function of operating pressure with and without magnetic field. (Inductive power: 1500 W, bias voltage: y150
V.)
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Fig. 6. The etch rates of SiC, Cu, Al and Ni as a function of bias
voltage with magnetic field. (Inductive power: 1500 W, operating
pressure: SF6 1.33 Pa.)
Fig. 5. Etch rates of Cu, Al and Ni as a function of operating pressure
with and without the magnetic field. (Inductive power: 1500 W, bias
voltage: y150 V in SF6.)

of fluoride and the decreased sputter etching with
pressure. In the case of Cu, however, the significant
decrease in deposition rate with pressure appears to
show the importance of fluorine radicals, therefore, the
formation of copper fluoride compared to the sputter
etching of copper fluoride in the etching of Cu.
Fig. 6 shows the etch rates of SiC, Cu, Al and Ni
with increasing bias voltage with the magnetic field.
The operating pressure and inductive power were fixed
at 1.33 Pa and 1500 W, respectively. The SiC etch rates
increased monotonically with increasing bias voltage.
The etch rates of Al, Ni and Cu also increased with the
increase in bias voltage. Especially, in the case of Cu,
even at y350 V, small deposition instead of etching
occurred. The increase in bias voltage increases the ion
bombardment energy. Therefore, the increase in the etch
rates of SiC, Al and Ni and the decrease of deposition
rate for Cu appear related to the increased bond breaking
of Si–C and the increased sputter etching of the fluorides
of Al, Ni and Cu. At y350 V with 1.33 Pa of SF6 and
1500 W of inductive power with the magnet, SiC etch
rates higher than 1500 nmymin could be obtained with
the infinite etch selectivity over Cu.
Fig. 7 shows a scanning electron micrograph of an
etched SiC sample. The mask was 3-mm thick Cu thin
film and the Cu mask was removed before taking SEM
micrographs. The SiC etch was performed at 1500 W
of inductive power and y150 V of bias voltage condition. Total SF6 gas flow rate and working pressure were
fixed at 50 sccm and 1.33 Pa, respectively. The etch
depth of SiC was approximately 20 mm and, at this

condition, Cu mask showed infinite etch selectivity. As
shown in figure, the etch profile was highly anisotropic.
4. Conclusions
In this study, silicon carbide (6H–SiC) etching was
performed in a magnetically-enhanced inductively-coupled SF6 plasma. The etch characteristics of SiC were
investigated as a function of inductive power, bias
voltage and operating pressure. Also, the etch characteristics of various metal films were investigated to apply

Fig. 7. The scanning electron micrograph of etched SiC. (Etch depth;
20 mm, inductive power: 1500 W, bias voltage: y150 V, operating
pressure: 1.33 Pa.)
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as etch masks for high selective, anisotropic SiC etch
processes. At a pressure of 1.33 Pa in the magneticallyenhanced ICP, SiC etch rates higher than 1500 nmymin
could be obtained at 1500 W of inductive power and
y350 V of bias voltage. Also, an infinite etch selectivity
could be obtained when Cu is used as the mask for SiC
etching. From the OES measurement results, it could be
confirmed that the SiC etch selectivity over Cu mask
strongly depends on F radical density, therefore, the
formation of copper fluoride. Using the Cu mask, highly
anisotropic SiC etch profiles could be obtained.
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