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The nanoscale subsurface damage layer induced on a single crystal La3Ga5SiO14 during the Chemical Mechanical Polishing
(CMP) process for surface finishing is removed by a post-CMP dry etching in Cl2/Ar inductively coupled plasmas. The
electrical conductivity is recovered to the initial value (~1×10−4 Ω−1·cm−1) measured before being CMP-processed with a
colloidal silica slurry at etch depths of 43-68 nm, while maintaining a smooth surface morphology. The depth of the subsurface
damage layer formed in a langasite single crystal initially increases as a downward force applied to a single crystal
La3Ga5SiO14 during the CMP process increases, and then saturates at depths ~68 nm, indicating that the subsurface damage
layer induced by the mechanical stress does not form to a depth beyond a critical level.
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Introduction

A langasite (La3Ga5SiO14, LGS) single crystal is con-
sidered as the most promising piezoelectric substrate
for wide band surface acoustic wave (SAW) filter
devices in wireless-communication technology, such as
for wide-band-code division multiple access (W-CDMA).
Langasite has an electromechanical coupling factor
approximately three times larger than that of quartz and
an especially high temperature stability up to 1000 oC
and a larger frequency stability range [1-9]. In the
fabrication of langasite SAW filter devices, the surface
finish process while maintaining flatness and parallelism
of the crystal blanks is extremely important since the
insertion loss is determined by the properties of the
surface upon which the surface acoustic wave travels.
To date chemical mechanical polishing (CMP) has
played an important role in fine-tuning of the thickness
and surface morphology of langasite single crystal
wafers [10-12].

However, it has been recently found that the CMP
process induces a nanoscale subsurface damage layer
to the wafer that causes degradation in the electrical
property of the final devices [13-15]. It is important to
develop a process, which can remove the subsurface

damage layer with high efficiency and reproducibility
to realize high quality langasite-based wide band SAW
filter devices.

In this study we report on the removal of the CMP-
induced subsurface damage layer formed on a langasite
wafer and the effect of the downwards force on the
structural stability of the subsurface damage layer using
a high density plasma technique (Cl2/Ar inductively
coupled plasmas) by establishing the process window
where we can produce practical and controllable etch
rates while maintaining a smooth surface morphology.

Experimental

Single crystalline langasite wafers 3 inches in diameter
grown by the Czochralski method were CMP-process-
ed with 0.045 μm colloidal silica slurry and the down-
wards force applied to the wafer was varied from 5 to
25 N. Samples were masked with either Apiezon wax
or SiO2. Post-CMP dry etching was performed in a
Plasma-Therm ICP 790 reactor utilizing a 3-turn coil
inductively coupled plasma (ICP) source operating at 2
MHz and power up to 1500 W, and the samples were
thermally bonded to a Si carrier wafer that was mech-
anically clamped to a He backside cooled, rf powered
(13.56 MHz, up to 450 W) chuck. Cl2/Ar or CF4/Ar
inductively coupled plasma was employed to etch langa-
site wafers and the total gas load was fixed at 15
standard cubic centimeters per minute. After removal
of the mask material etch rate, surface morphology and

*Corresponding author: 
Tel : +82-55-350-5286
Fax: +82-55-350-5653
E-mail: hyuncho@pusan.ac.kr 



Post-CMP dry etching for the removal of the nanoscale subsurface damage layer from a single crystal La3Ga5SiO14 99

near-surface stoichiometry were characterized by stylus
profilometry measurements, scanning electron microscopy
(SEM), atomic force microscopy (AFM) and Auger elec-
tron spectroscopy (AES). The depth profile of subsurface
damage layer was examined by monitoring the changes
in the electrical properties of a langasite wafer with
variation of etched depth from the surface.

Results and Discussion

Figure 1 shows the langasite etch rates as a function
of plasma composition in either Cl2/Ar or CF4/Ar ICP
discharges, with 750 W source power, 250 W rf power
and 2 mTorr (0.267 Pa) pressure. In Cl2/Ar plasma
chemistries, the etch rate is a strong function of plasma
composition, indicating the presence of a strong chemical
component of the etching. The etch rate increases
monotonically with Cl2 content in the discharge due to
the higher density of the reactive atomic chlorine neutrals
in the plasma and maximum etch rate ~160 nm/minute
is obtained in a pure Cl2 discharge. The dc self-bias,
which controls the average energy of the incident ions,
continues to increase with Cl2 percentage since the Cl2

is electronegative and there will be relatively fewer
positive ions present. By contrast, CF4/Ar ICP dis-
charges produce much lower etch rates (max. ~60 nm/
minute) than with Cl2/Ar mixtures under the conditions
examined most likely due to the lower volatility of the
metal fluoride reaction products except SiF4 (compare
boiling points of potential etch products; LaCl3: 1812
oC, LaF3: 2327 oC, GaCl2: 535 oC, GaCl3: 201 oC, GaF3:
~950 oC, SiCl4: 57.65 oC, SiF4: -80 oC).

Figure 2 shows the ICP source power dependence of
the langasite etch rate at a fixed plasma composition
(10Cl2/5Ar or 10CF4/5Ar) and rf chuck power (250 W).
Under high density plasma conditions, the dissociation
efficiency of the discharges is controlled by the source
power at fixed rf chuck power conditions [16, 17].
Increasing the source power produces a higher ion flux

but decreases the average incident ion energy, indicated
by the sum of the plasma potential (~25-30 eV under
our conditions) and the dc self-bias. The langasite etch
rate increases as the source power increases even
though the dc self-bias is suppressed significantly due
to the enhanced metal chloride or metal fluoride etch
products (presumably LaClx, GaClx, SiClx, LaFx, GaFx,
SiFx and O2) formation and subsequent ion-assisted
desorption. However, there is a trade-off between the
increased ion flux and decreased ion energy in the
higher source power region (> 500 W) in 10CF4/5Ar
ICP discharges indicating the etching is limited by ion-
assisted desorption of metal fluoride etch products under
these conditions. 

The effect of rf chuck power on the langasite etch
rate at a fixed plasma composition (10Cl2/5Ar or
10CF4/5Ar) and source power (750 W) is shown in
Fig. 3. In 10Cl2/5Ar discharges the langasite etch rate
initially increases up to moderate rf chuck power
conditions (250 W) and then decreases or saturates at
higher power conditions. This type of behavior is some-

Fig. 1. La3Ga5SiO14 etch rate as a function of plasma composition
in either Cl2/Ar or CF4/Ar ICP discharges (750 W source power,
250 W rf power, 2 mTorr (0.267 Pa)).

Fig. 2. La3Ga5SiO14 etch rate as a function of ICP source power in
either 10Cl2/5Ar or 10CF4/5Ar ICP discharges (250 W rf power, 2
mTorr (0.267 Pa)).

Fig. 3. La3Ga5SiO14 etch rate as a function of rf chuck power in
either 10Cl2/5Ar or 10CF4/5Ar ICP discharges (750 W source
power, 2 mTorr (0.267 Pa)).



100 D.M. Lee, S. Hwang, B.W. Lee, K.B. Shim, S.J. Pearton and H. Cho

what common in the dry etching of III-V materials, and
is usually ascribed to ion-enhanced removal of the active
fluorine species from the langasite surface before they
can react, if the ion energy exceeds a particular value
[18, 19]. By contrast, the langasite etch rate increases
monotonically as the rf chuck power increases in
10CF4/5Ar ICP discharges due to the enhanced ion-
assisted desorption of metal fluoride etch products,
indicating the presence of a strong physical component
of the etching.

In addition to obtaining a practical and controllable
etch rate from langasite wafers, the other important
issue is surface morphology of the etched wafers since
the ICP etching we discuss here is a post-CMP process
for the removal of the CMP-induced subsurface damage
layer. The normalized roughness data of ICP-etched
langasite surfaces as a function of source power are
shown in Figs. 4 at a fixed plasma composition (10Cl2/
5Ar or 10CF4/5Ar) and rf power (250 W). In each case,
the etch depth was ~300 nm. In 10Cl2/5Ar discharges
the etched langasite surfaces show better or similar root-
mean-square (RMS) roughness values than the unetched
control sample (RMS roughness: 0.809 nm) under most
of conditions examined. By sharp contrast, a severe
degradation in surface morphology was observed after
etching in CF4/Ar ICP discharges since the etching is
dominated by the physical component of the etching,

as discussed earlier, under most of the conditions ex-
amined.

Similar data is shown in Fig. 5 for langasite samples
etched in either 10Cl2/5Ar or 10CF4/5Ar ICP discharges
at different rf chuck powers. In the case of 10Cl2/5Ar
mixtures, there is consistent smoothing of the surface
occurring, as also seen in the data in Fig. 4, up to
relatively high rf power conditions. At higher rf power
condition (450W), the langasite surface gets rougher
than the unetched control sample, most likely due to
severe ion bombardment with higher ion energies on
the surface. Comparing the etch characteristics of langa-
site wafers in both of Cl2/Ar and CF4/Ar ICP discharges,
Cl2/Ar ICP etching seems to be a very attractive post-
CMP process since it can produce more practical etch
rates while maintaining smooth surface morphology.

The pattern transfer was extremely anisotropic under
a wide range of conditions, Figure 6 shows SEM micro-
graphs of features etched into langasite (the mask layer
is still in place) using 10Cl2/5Ar discharges with a 500
W source power and 250W rf chuck power. The etched
langasite wafer shows a smooth surface morphology,
indicating equi-rate removal of the etch products, and a
vertical sidewall profile is obtained.

AES surface scans of the unetched langasite control
sample and one etched in 10Cl2/5Ar discharges with a
500 W source power and 250 W rf chuck power are

Fig. 4. Dependence of La3Ga5SiO14 normalized etched surface
roughness on ICP source power in either 10Cl2/5Ar or 10CF4/5Ar
ICP discharges (250 W rf power, 2 mTorr (0.267 Pa)).

Fig. 5. Dependence of La3Ga5SiO14 normalized etched surface
roughness on rf chuck power in either 10Cl2/5Ar or 10CF4/5Ar
ICP discharges (750 W source power, 2 mTorr (0.267 Pa)).

Fig. 6. SEM micrographs features etched into La3Ga5SiO14 using 10Cl2/5Ar, 500 W source power, 250 W rf chuck power discharges.
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shown in Fig. 7. There is no significant change in
stoichiometry detected before and after etching and the
near surface stoichiometry of langasite is found not to
be affected by Cl2/Ar ICP etching.

Figure 8 shows the electrical conductivity of langasite
wafers examined by Hall measurements as a function
of etch depth removed from the surface at a fixed
plasma composition (10Cl2/5Ar) and relatively lower
power condition (500 W source power, 150 W rf power).
The recovery in electrical conductivity is observed as
the etch depth increases indicating that the subsurface
damage layer is removed by Cl2/Ar inductively coupled
plasma etching, and is restored to the initial value
(~1×10−4 Ω−1·cm−1) measured before being CMP-pro-
cessed with 0.045 μm colloidal silica slurry and a 15 N
downwards force where we can obtain the lowest
surface roughness value at an etch depth ~68 nm. It is
clear that the subsurface damage layer is induced in the
langasite wafer surface by the CMP process with a
depth of ~68 nm and may be successfully removed by
Cl2/Ar ICP etching at relatively lower power conditions
while maintaining smooth surface morphology.

The effect of the downwards force applied to langasite

wafers during the CMP process on the structural stabi-
lity of the subsurface damage layer is shown in Fig. 9.
In each case, the structural stability of subsurface damage
layer is determined by monitoring the etch depth where
the electrical conductivity is recovered to ~1×10−4 Ω−1·
cm−1. The depth of the subsurface damage layer is a
strong function of the downwards force applied during
the CMP process. The depth of the subsurface damage
layer formed in langasite initially increases as the down-
wards force increases and then saturates at a depth ~68
nm indicating that the subsurface damage layer induced
by the mechanical stress does not form at depths beyond
a critical level.

Summary and Conclusions

Cl2/Ar inductively coupled plasma (ICP) discharges
produce practical and controllable etch rates for single
crystalline La3Ga5SiO14 wafers. A maximum etch rate
~160 nm/minute was achieved either at a relatively
high source power (~1000 W) or with high Cl2 content

Fig. 7. AES surface scans of (a) the unetched and (b) etched
La3Ga5SiO14 in 10Cl2/5Ar discharges (500 W source power, 250
W rf power).

Fig. 8. Dependence of electrical conductivity of La3Ga5SiO14

wafers as a function of etch depth removed (10Cl2/5Ar, 500 W
source power, 150 W rf power, 2 mTorr (0.267 Pa)).

Fig. 9. Dependence of subsurface damage depth as a function of
down force applied to La3Ga5SiO14 during CMP process (10Cl2/
5Ar, 500 W source power, 150 W rf power, 2 mTorr (0.267 Pa)).
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conditions in Cl2/Ar discharges and the etched langasite
surfaces show similar or better RMS roughness values
than the unetched control sample under most of the
conditions examined. By contrast, a CF4/Ar inductively
coupled plasma produces much lower etch rates than
Cl2/Ar discharges and a severe degradation in surface
morphology was observed after etching. The pattern
transfer in Cl2/Ar ICP discharges is extremely anisotropic
under a wide range of conditions and the near surface
stoichiometry of an etched langasite wafer is found not
to be affected by ICP etching. The nanoscale CMP-
induced subsurface damage layer was successfully remov-
ed by a post-CMP dry etching in Cl2/Ar ICP plasmas
and the electrical conductivity was restored to the initial
values (~1×10−4 Ω−1·cm−1) measured before the CMP-
process at an etch depth of ~68 nm. The downwards
force applied to a langasite wafer during the CMP
process has a strong effect on the structural stability of
the subsurface damage layer and a subsurface damage
layer induced by the mechanical stress does not form at
depths beyond a critical level (~68 nm). It is found that
high density plasma (ICP) etching is a very attractive
post-CMP process for removal of the CMP-induced
subsurface damage layer in the fabrication of high per-
formance langasite-based SAW filter devices. 
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