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The effect of laser cutting on the structure of a chemical vapor deposited diamond film has been
investigated by cathodoluminescence (CL) in the scanning electron microscope. The variation of
particle morphology and CL spectra as a tunction of the distance to the cutting edge is described and
possible laser induced structural changes are discussed. At the damaged region total CL emission
increases and nitrogen-vacancy centers are detected. © 1995 American Institute of Physics.

INTRODUCTION

The possibility of applications of diamond films grown
from the chemical vapor deposited phase (CVD)! is increas-
ingly investigated. For many important applications the
rough microstructure of the film surface is a drawback that
needs to be minimized. This is the case of some microelec-
tronics applications in which layered heterostructures includ-
ing diamond films are needed or in optical coating applica-
tions. One of the methods to obtain a modification of the
rough surface of the films is the laser irradiation.>™* In addi-
tion, the laser dry etching process allows cutting or pattern-
ing of the diamond films.>® The use of excimer lasers for
these treatments presents advantages, compared with other
laser systems, of higher peak power and shorter wavelength,
but on the other hand can induce marked changes in the
properties of the irradiated area. In particular, laser irradia-
tion induces the conversion of diamond to graphite as well as
the generation of a conductive surface layer and possibly
structural changes in the diamond grains close to the modi-
fied regions. Studies of laser induced changes using different
characterization techniques as optical reflectometry, Raman
spectroscopy, electrical conductivity, or atomic force micros-
copy, have been reported in the literature.>> In the present
work cathodoluminescence (CL) in the scanning electron mi-
croscope (SEM) is used to investigate the effect of cutting a
CVD diamond film with an excimer laser.

EXPERIMENTAL METHOD

A CVD film from Diamonex with a thickness of about
130 um was used. For the laser cutting a 308 nm Siemens
XP 2020 excimer laser with a repetition rate of 10 Hz was
used. A mask was interposed before the lens. The total laser
energy was 2 J/pulse. Approximately 1 J was measured be-
hind the mask. The beam was focused to a spot size of about
0.5X0.5 mm, resulting in an energy density of about 400
J/cm® at the sample. The laser cutting was performed in air.

The samples were observed in the emissive and CL
modes in a Hitachi S-2500 scanning electron microscope at
an accelerating voltage of 30 keV and temperatures between
80 and 300 K. The experimental arrangement has been pre-
viously described.”
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RESULTS

Secondary electron images show the existence of regions
with different morphology near the edge cut with the exci-
mer laser. Close to the edge a smooth region appears, here-
inafter called A, in which the laser has produced a high
amount of material removal, as observed in Fig. 1. The sur-
face of this region shows either a very smooth appearance or
the structure shown in Fig. 2. At this structure, rests of the
original grains with material recrystallization at its surface
are recognized.

At increasing distance from the edge a fine stripe of
diamond crystals followed by a region in which the presence
of spheres is the predominant feature is observed (Fig. 3).
The spheres seem to be a rounded modification of the origi-
nal crystals (Fig. 4); and limit the background distribution of
diamond crystals in the region apparently undamaged during
cutting (Fig. 5). :

CL spectra could be recorded in all the mentioned re-
gions as well as the general distribution of relative CL inten-
sity as a function of the distance to the edge. However, CL
images do not appear to provide significative information of

FIG. 1. Secondary electron imagg of the cut edge. A high amount of mate-
rial removal can be observed.
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FIG. 2. Secondary electron image of the edge: (a) smooth region and (b)
region with structure.

CL distribution at the local (grain size) level, due to the
strong topographic effect in faceted crystals and spheres. CL
images from the smooth area besides the edge show a certain
correspondence with laser induced surface structure (Fig. 6).
Figure 7 shows a CL intensity profile along a line perpen-
dicular to the sample edge. There is a maximum of intensity
near the edge and an intensity lower than the background in
a wide region, part of the A region, crystal and spheres as
shown in Fig. 7. Features at a longer distance from the edge
correspond to intensity fluctuations of the particular line scan
along the crystalline area.

CL spectra of the A region show the existence of two
bands centered, respectively, at about 515 and 575 nm, as
Fig. 8 shows. Relative intensity of both bands depends on the
area investigated and on the observation conditions in the
electron microscope. The relative intensity of the 575 am
appears to be higher in the regions showing the granular-like
structure of Fig. 2, as well as the total CL intensity.

Spectra are recorded under different focusing conditions
of the electron beam on the samples to account for the radia-
tive centers with a low concentration.”® Usually by defocus-
ing, the intensity of deep level bands increases. In our case
the 515 nm band is magnified in defocused spectra.

FIG. 3. Secondary electron image of the laser-modified region. On the left,
original crystals; center, spheres; and on the right, rest of crystals and be-
ginning of the smooth region at the edge.
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FIG. 4. Secondary electron image showing a detail of the spheres.

The other regions with different morphology at a dis-
tance from the edge, spheres, and crystals, together with the
undamaged zone, show the spectra of Fig. 9, with a broad-
band centered in the blue spectra range. The undamaged
crystalline region shows the highest emission while the emis-
sion is reduced in the spheres and the nearby located crystals.
Although the spectra of Fig. 9 show a predominant blue
emission, a band centered about 520 nm is also present and
appears by defocusing the electron beam, as shown in Fig.
10 for the case of the spheres.

MicroRaman spectra from the A region reveal the pres-
ence of graphite and amorphous material. Due to the metal-
lization in the rest of the sample no microRaman measure-
ments were carried out.

DISCUSSION

The presence of graphite in the A region agrees with the
often described?™>’ formation of graphite during laser irra-
diation. The formation can be followed by sublimation of the

FIG. 5. Secondary electron image of the undamaged zone of the sample.
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FIG. 6. (a) Secondary electron image of the edge and (b) CL image of the
same region.

graphite layer while a thin conductive layer remains. Typical
thickness of the modified surface region has been reported to
be about 150—-200 nm. Since the CL signal in the SEM arises
from a region extending up to about 2 um from the sample
surface, the CL spectra provide information about the dia-
mond phase below the graphite layer. The surface layer ab-
sorbs part of the radiation emitted from the interior. Figure 7
shows a reduced intensity in the region near the sample edge
with the exception of a strong luminescent narrow fringe at
the border in which highest temperatures were achieved dur-
ing the layer treatment. As possible reasons for the high lu-
minescence in this fringe, a reduced optical absorption at the
surface, due to sublimation of at least part of the graphite
layer, and structural changes of the underlaying diamond
during heating can be considered. Since we have not mea-
sured the thickness of the graphite layer along the A regions,
the first possibility has not been checked and is merely sug-
gested here. This suggestion is supported by the CL image of
Fig. 6 in which the luminescence clearly arises from the
underlaying region. On the other hand, structural changes are
revealed in the CL spectra of the A region. In Fig. 8 it is
observed that in this region two luminescence bands appear
at about 515 and 575 nm, respectively, instead of the blue
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FIG. 7. CL intensity profile as a function of the distance to the border. The
straight line is the luminescence background level. The thickness of the
sample is not scaled.
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FIG. 8. CL spectrum of the cut edge.

band that dominates the spectra in the rest of the sample
(Fig. 9). The green emission appearing in the A region cor-
responds to the emission between 515 and 575 nm often
described in diamond (Refs. 10-12), which has been attrib-
uted to centers containing nitrogen atoms and vacancies. The
origin of this band would be the elevated temperature
reached in this region during laser treatment and the subse-
quent defect diffusion. Davies and Collins'® have reported
that on annealing, diamond vacancies are trapped at nitrogen.
This would explain the present observations. The fact that no
blue emission is observed in this region can be partly due to
the high increase of the green emission but also to an anneal-
ing induced reduction of the blue band intensity. The latter
would happen if dislocations involved in luminescence at the
blue range'“'> are annealed out during laser irradiation.
The 736 nm peak observed in Fig. 8 is thought to be
Si-related, an effect from the substrate, and not the GR1
band, as this is reported to anneal out at low temperatures
(800 °C) (Ref. 11) compared to the temperature reached dur-
ing the laser cutting. The high amount of material removal in
this region supports the possibility of detecting a center re-
lated to Si atoms from the substrate diffused into the dia-
mond matrix. Figure 9 indicates that in the other regions of
the sample, spheres and crystals, the CL of the as-grown
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FIG. 9. Composition of the CL spectra of the spheres and nearby crystals as
well as the undamaged zone of the sample.
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FIG. 10. CL spectra of the spheres with focused and defocused beam.

material is qualitatively conserved, with peaks in the blue
and green ranges, although with reduced intensity up to a
distance from the edge, probably because of the appearance
of a graphite layer. Structural changes as formation of
vacancy-nitrogen complexes are restricted to a fringe besides
the cut edge. '

CONCLUSIONS

CL microscopy complements the information that scan-
ning electron microscopy in the secondary electron mode
provides on the effect of laser cutting in CVD diamond films.
CL spectra show that in a region with a high amount of
material removal at the cutting edge the treatment induces
the formation of vacancy-nitrogen complexes. In nearby lo-
cated regions the CL spectral features of the as-grown mate-
rial are qualitatively conserved but with reduced intensity.
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