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Abstract

Magnetron sputtered diamond like carbon (DLC) films were etched in oxygen reactive
ion etching (RIE) plasmas. The hydrogenated films etch 35 % slower than the non-

hydrogenated films. Etch rates increase with power. The anistropy decreases with both

pressure and power. Processes at 6.5 Pa yield anisotropies of over 0.9, with etch rates

up to 185 nm/min for the hydrogenated films.

Raman analysis indicates that these oxygen RIE processes etch preferentially non-

crystalline carbon atoms in the hydrogenate

d films, the remaining film has more sp-

bound carbon atoms than the original DLC film. This phenomenon occurs in a much
lesser degree for the non-hydrogenated films, and Raman analysis indicates that the sp-
bound carbon atoms etch at approximately the same rate as the non-crystalline bound

atoms.
1. Introduction

Diamond like carbon (DLC) films have
several potential applications, particularly in
the microelectronics industry, because of their
optical, electrical and mechanical properties
[1,2,3]. These films can be obtained by
several techniques, such as laser evaporation,
jon beam and plasma deposition techniques
[4,5]. The films studied in this paper were
deposited by magnetron sputtering of a
graphite target [6,7]. Hydrogenated DLC
films deposited by magnetron sputtering,
have a higher concentration of sp° carbon
bonds and less sp° bonds than non-
hydrogenated films [8].

Important characteristics of the etching are
etch rate, anisotropy and also how this
process influences the physical-chemical
properties of the etched film. In general, one
prefers an etching process which does not
modify the atom bonding configuration of the
film and therefore retains the film’s
properties. Raman scattering is a powerful
characterisation technique, able to detect the

different types of carbon atom bonds, and
therefore used in this work. The first order
Raman spectra of DLC thin films are
normally characterised by two bands: the G
band at 1550 cm™ originated from the
crystalline graphite and the D band at about
1370 cm™ associated with a disordered
graphite lattice. These bands can present
different shapes, spectral positions and band
widths depending on the structural
characteristics of the film.

In this paper the effects of reactive ion
etching processes on hydrogenated and non-
hydrogenated carbon films is reported : the
etch rate, anisotropy and Raman spectra
before and after etching are analysed.

2. Experimental

DLC films of approximately 1.5 micrometer
thick were deposited on 3 inch diameter, p
type, (100) silicon wafers by magnetron




sputtering, at a deposition rate of about 4.5
nm per minute. The gas used during the
deposition was argon (flow = 5.0sccm) to
produce the non-hydrogenated films and a
mixture of argon (flow = 5.0 sccm) and
hydrogen (flow = 3.0 sccm) to produce
hydrogenated films. The gas pressure and the
discharge power were maintained at fixed
values of 0.32 Pa and 70 W, respectively.
Details of the deposition system and
processes can be found in reference [7].

The etching processes were performed in a
home-built RIE reactor, where power is
applied at 13.56 MHz to the lower, 6 inch
diameter, aluminium electrode. This system
is described in detail in reference [9]. The
process gas was always oxygen, at a flow of
25 sccm.

Raman spectra of the films, in the range of
(1060-1930) cm™, were obtained by a
Renishaw Raman Imaging Microscope
System using 50 mW of 514.5 nm laser light.
The spectra were decomposed into two
Gaussian line shapes in order to analyse the
shape, frequency position and width of the D
and G bands.

The height of the etched step in the DLC film
was measured by an Alpha-Step 500 step
height meter.

The wall profiles of the etched wafers were
examined by a SEM 515 system of Philips .
The anisotropy was defined as :

A=1-(t/1)

with 1, the horizontal etch rate and ry the
vertical etch rate.

A first batch of hydrogenated and the non-
hydrogenated DLC films deposited on silicon
were cleaved in four parts. These samples
were etched in oxygen plasmas, using a piece
of a silicon wafer as a mechanical mask.
From these samples, we determined the etch
rate. Raman spectra were taken at three
points on the etched part and also on three
points on the part which was covered by the

mechanical mask - the not etched part - in
order to obtain a better precision and to
determine the reproducibility of these
measurements.

On a second batch a layer of approximately
300 nm Spin On Glass (SOG) was deposited
cured, patterned with Tokyo Ohka OFP 800
resist and etched during 20 seconds in a
commercial Buffered Oxide Etch solution.
Stripping of the resist was performed in
acetone, at 21°C.

3. Results and discussion

Table 1 shows that the etch rate of the DLC
films, etched at a 6.5 Pa (50 mTorr) pressure,
increases with RF power. At higher power
levels, more oxygen molecules are
dissociated into oxygen atoms, increasing in
this way the chemical etching of the carbon
atoms of the DLC film. Besides, the etch
rates of the hydrogenated films are
approximately 35% lower than the etch rate
of the non-hydrogenated films. This can be
explained by the fact that the hydrogenated
films have significantly more sp° (diamond-
like) bonds than the non-hydrogenated bonds
[10].

Table 1 : Etch rate of hydrogenated and non-
hydrogenated diamond like carbon films as a
function of RF power.

Hydrogenated Non-
hydrogenated
P [W] r [nm/min] r [nm/min]
50 62 105
100 140 185
150 185 275

The anisotropy of these etching processes was
always higher than 0.9 at this pressure.
Figure 1 shows the profile of a hydrogenated
DLC film, etched with a 100 W process. The
residues left on the silicon surface, are
probably sp’-rich. In this process, no
overetching occurred. An extra overetch time



of approximately 30% should remove these
residues.

t um29 Sk 248E4 7754-02 I?E-T-..I—US_P._
Figure 1 : Diamond like carbon film profile
after etching with a 25 sccm oxygen, 6.5 Pa
pressure, 100 W RF power process. The SOG
mask was not removed.

Extra tests were performed at 13 Pa and 19.5
Pa for hydrogenated films. The higher the
pressure, the lower the anisotropy, as
expected : the incoming ions are more
scattered at higher pressures than at lower
pressures and more chemical etching occurs.
The anisotropy also decreases with increasing
power. This can be explained by the
increasing chemical reaction at higher
pressure and power levels. For a 19.5 Pa
pressure, 150 W power process, the
anisotropy of the DLC etching process is
approximately 0.5.

Table 2 shows the results of the Raman
analysis of the non-etched and the etched
parts of the hydrogenated DLC films. The
values of the D and G band width, shown in
this table, are the average of the three
measurements, described in the experimental
section, while the values of the precision
correspond to 1 standard deviation. This
table shows that both the width of the D band
as the width of the G band decrease when
etched. The etch depth does not influence
these widths. Figure 2 shows a Raman
spectrum of a hydrogenated film before
etching, figure 3 shows a Raman spectrum of
the film after etching 680 nm with a 6.5 Pa

pressure, 50 W power process. The reduction
of the width of the D and G band implicates
in a reduction of the degree of disorder of the
bonds [11]. This behaviour is an indication
that hydrogenated films present a preferential
etching of the non-crystalline bound carbon
atoms. The residues shown in figure 1
indicate this same phenomenon.

Table 2 : Statistic results of the Raman
spectra of the hydrogenated DLC films. The
etching occurred at 6.5 Pa pressure and 50 W

POWET.
Etch | Width of the D Width of the G
depth band (cm™) band (cm™)
(nm) | Non- | Etched | Non- Etched
etched etched
140 | 318+10 | 277+6 [ 100+3 | 93+l
500 | 28749 | 258+2 | 94=1 88+1
680 | 317+2 | 258+6 | 104+£3 | 90+1
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Figure 2 : Raman spectrum of the non-etched
part of a hydrogenated film

T T T
500
- —— Etched part

‘-..m-

:i G ba

< sof

=

€ st D band

3]

E

:

vy

Hydrogenated film
L L L L s
1000 1200 1400 1500 1800 2000

Raman shift (em™)

Figure 3 : Raman spectrum of a hydrogenated
film after etching 680 nm deep with a 6.5 Pa
pressure, 50 W power process.




Table 3 shows the results of the Raman
analysis of the non-etched and the etched
parts of the non-hydrogenated DLC films, in
a similar way as table 2 shows the results of
the hydrogenated films. In this case, the
width of both bands decreases only very
slightly. Once again, the widths do not
change with etching time. As shown in table
1, the etch rate of these films is much higher
than that of the hydrogenated ones.
Therefore, it is our hypothesis that the non-
crystalline bound carbon atoms are etched at
approximately the same rate as the carbon
atoms of the graphite structure or that this
type of films present a more disordered
structure than the hydrogenated films.

Table 3 : Statistic results of the Raman
spectra of the non-hydrogenated DLC films.
The etching occurred at 6.5 Pa pressure and

50 W power.

Etch Width of the D Width of the G

depth band (cm™) band (cm™)

(nm) Non- | Etched | Non- | Etche

etched etched d

63 3117 | 30549 | 135+2 | 128+4
180 | 309+16 | 302+4 | 127+10 | 127+2
270 3078 | 292+5 | 131£2 | 12745
360 30443 | 292410 | 13342 | 1246
500 | 305+5 | 28946 | 132+4 | 12943

4. Conclusions

Oxygen reactive ion etching processes were
used to etch hydrogenated and non-
hydrogenated diamond like carbon films.
The etch rates increase with power, while the
anisotropy decreases with power and also
with pressure. Nearly vertical walls can be
obtained with 50 mTorr etching processes.
Hydrogenated films etch 35 % slower than
non-hydrogenated films.

The analysis of the Raman spectra show that
the used oxygen RIE process etches
preferentially the non-crystalline bound
carbon atoms of the hydrogenated films. The
Raman spectra of the non-hydrogenated films

were only very slightly modified by the
etching, indicating that the carbon atoms with
sp’ bonds etch at approximately the same rate
as the non-crystalline bound atoms or that
these films have a much more disordered
structure.
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