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Diamond film (24 um) were prepared hy Microwave Plasma Chemical Vapor Deposition method from a reactive
CO/H, mixtures Micro-Raman spectroscopy and micro-cathodoluminescence study were carried out along the cross-
section and eorrelated to SEM ohservation. CL image of cross-section was also investigated. Peak pesition, FWHM
of Raman spectrum were determined using Lorentzian fit. The stress in this sample 15 0 4~0.7 GPa compressive
siress, and along the distance the compressive stress reduced. The Raman peak broadening is dominated by phe-
non life time reduction at. grain houndaries and defect sites. Defects and impurities were mainly present inside the

film, not at Silicon/Diamond interface.
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1. Introduction

VD diamond has attracted much interest because of

its excellent physical and mechanical charact-
erization and many different applications to optical and
electronic devices Knowledge about the origing and
characteristics of stress and distributions of defects and
impurities in diamond films is eritical to grow pure di-
amond in low defect and impurity densities. Raman spee-
troscopy has proven to be one of the most useful tech-
niques for analyzing diamond films. It is not only used
to distinguish diamond from other forms of carbon, but
also used to obtain information about stress type and
magnitude, defect and impurity distribution in the di-
amond by investigaling the full width at half-maximum
(FWHM) and shift of the first-order diamond Raman line.*”
L.J. Bernardez et af.” performed measurement of CVD di-
amond by in situ Raman spectroscopy system, showed
that the linewidth decreased with the growth and the
film is under compressive stress. Stephanie R. Sails e al.”
investigated stress and crystallinity variations along the
growth direction in three diamond films of different pref-
erred orientations, and found that the peak position and
FWHM of <110> and <111> orientations showed random
variation throughout. Cathodoluminescence has been pro-
ven to he one of the most successful techniques for
characterizing defects and impurities in diamond.
Among the luminescent centers observed in CVD di-
amond, band A, which attributed to dislocations,” is the
major band. Kawarada et ol have studied the CL im-
agine of CVD diamond and natural diamond, and found

CL image dependent on the growth sectars, {100} sectors
and luminescent, but {111} sectors are not. They at-
tributed the mosaic patterns of natural diamond to sin-
gle dislocations in the erystal. Even though, the in-
formation about the cross-section of CVD diamond film
is still far from sufficient. In this wark, we deposit a 24
um thick diamond film by MWPCVD method, The detail
of cross-section was Investigated by micro-Raman spec-
troscopy and cathodoluminescence study.

I1. Experimental Procedure

Diamond film was deposited by means of microwave
plasma assisted CVD deposition method. Substrate was
(100) surface-oriented p-type silicon wafer. Beforse the de-
position, it was pretreated by ultrasonically scratching
with high pressure synthesized diamond powders. The
plasma consisted of 10% CO in H, at 100 sccm total
flowrate. The plasma power, pressure and substrate tem-
perature were maintained at 250 W, 45 mbar and 930°C
respectively. The sample was about 24 pm thick measar-
ed by SEM.

Raman microspectroscopy has been carried out at
room temperature using 514.5 nm argoen ion laser line
and recorded with a Dilor Laser Raman Modular XY
spectrometer. Laser power, which be focused on a spot
gize about 1 pm in diameter, was about 10 mW on the
sample from x 100 microscope objective. The laser light
was incident normal to the surface and scaitered light
was collected in 180" backscattering geometry mode. A
natural diamond was used to calibrate the diamond line
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at 1331.2 em”, with FWHM about 3.6 cm’'. All Raman
measurements were taken in the same sitting for con-
sistency of measurement. To get a quantitative analysis
of first order diamond raman line, Lorentzian fitting was
applied to each spectrum after substract non linear back-
ground. The peak position and full width at half max-
imum (FWHM) were determined. A JSM-840 scanning
electron microscope was used to measure the CL in-
tensities of diamond film. In order to get the same spa-
cial resolution as Raman microspectroscopy, the SEM ac-
celerating voltage was fixed to 20 KV and the probe cur-
rent was 3x 107 A, The observations were made at 80 K,
For the cross-section study, the PSCAN mode was used,
and scanning area was about 1x0.8 gm. CL imagine
was taken at the same condition, with scanning area
40x 30 pm.

III. Results and Discussion

The diamond film used in this study is dominated by
<111> texture. The cross-section SEM image of this sam-
ple is presenled in Fig. 1. Micro-Raman spectra were ob-
tained from different points (A, B, C, D, E) at every 6 um
from the silicon/diamend interface to diamond/air in-
terface along six different individual erystal. Figure 2(a)
is the typical three Raman spectra along one crystal. As
can be seen from it, at posilion A, there is only first ord-
er diamond Raman peak with lower luminescent back-
ground; at position E near growth surface, the diamond
Raman peak is sharper than which in position A; at po-
sition C, there are not only first order diamond Raman
line but also some other peaks, as well as higher lu-
minescent background which indicate a higher density of
radiative defect centers in the film. Detail of the spec-

Fig. 1. The SEM micrographs of the cross-section of di-
amond film (A, B, C, D, E were typical six positions used in
micro-Raman spectroscopy investigation).
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trum C in Fig. 2(a) was shown in Fig. 2(b). The dash line
curves are five Lorentzian fit peaks, and the open circle
curve is the entire {il curve. Although broad and shifted
some wavenumbers, the peak positioned at 1420 em®
will be disorder induced peaks which have been pre-
viously obtained in nanocrystalline diamond materials,™
and the broad weak peak at about 1216 em™ seems Lo be
related to sp™bonded amorphous earbon according to
Beeman's caleulations.” The weak peak around 1370 cm®,
although shifted from graphite D band (at about 1850
em”) which was often observed in CVD diamond with
some variation in peak position, indieated the presence
of a small quantity of sp>bonded amorphous carbon.

The Raman shift has been known always relate strong-
Iy to stress, with positive shift as compressive stress and
negative shift as tensile stress. Figure 3 shows the corre-
lation between distance from Silicon/Diamond interface
and Raman shift. The data near Silicon/Diamond in-
terface ranged from 13315 cm™ to 1333.8 cm”, more
than 2 em®, Along the distance, the data distribution
range narrowed, near the Diamond/Air interface, the
range was about 1 em™. From the average curve, we can
see that from spot A to spot C the peak position is about
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Fig. 2.(a) Typical Raman spectra at different position along
cross-section of diamond film. A: close to the Silicon/Ti-
amond interface; C: center in the film; E: close to the
Diamond/Air interface. (b)Decomposition of the Raman spec-
trum C in Fig. 2(a}, fitting data was expressed in (peak po-
sition, FWHM).
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Fig. 3. Correlation between peak position of first order di-
amond Raman line and distance from Silicon/Diamond in-
terface.

1332.5, from spot C to spot E the peak shifted to lower
wave number side gradually., Even though the minimum
peak shift is larger than the one of natural diamond
which was used as calibration in this study. It indicates
that the net stress in this sample is compressive stress,
and along the distance the compressive stress reduced.
According to ref. 11, we can estimate the average stress
is from 0.7 to 0.4 GPa along the cross-section. Because
the sample is free standing, the interfacial stress was re-
laxed, and thermal atress along the film was about (.22
GPa {(at ~900°C deposition temperature} according to the
caleulation by H. Windischmann ef ol." The total int-
ernal stress may be due to various sources such as im-
purities, defects and interactions across grain boundaries.

Figure 4 is the relationship between distanee from
Silicon/Diamond interface and FWHM. Unlike the dis-
tribution of peak position, the FWHM distribution range
changed a little along the distance from silicon te growth
surface. From the average curve, we can see that at both
interface the FWHM is smaller than inside. The max-
imum average date reached to 15 cm” at 16 pm from Si/
Diamond interface. As we know, the broadening of the
Raman peak width is always relate to stress; size effect
of the crystal; impurities; grain boundaries and defect
sites. In anolher study, we have checked the depth reso-
lution of micro-Raman spectroscopy we used, and found
that the effective depth is 3~-4 pm when we focus the las-
er spot at sample surface. Here we should peint out that
although we focused laser spot at the same crystal as
possible as we can, we can not ignore the effect of grain
boundaries and defect sites below the crystal we focused.
By observing the correlation between the FWHM and Ra-
man shift, we found it shows random distribution, no
linear relationship which has been ohserved by L. Ber-
man et al.™ It indicates that the defects and impurities
which caused Raman line broadening and caused Raman
shift are not the same origin or only a part of them act
on the Raman shift. Furthermore, the frequencies and
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Fig. 4. Correlation between FWHM of first order diamond
Raman line and distance from Silicon/Diamond interface.
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Fig. 5. Typical cathodoluminescence spectrum of cross-sec-
tion of CVD diamond film.

asymmetrie line shapes predicated by the phonon con-
finement model™ do not agree well with our ex-
perimental data. Therefore, we suggest that phonon
momentum uncertainty is of minor importance for Ra-
man peak broadening of our sample. From Fig. 2(b) we
know in the center of cross-section, there exist disorder
nanocrystalline, amorphous earbon and small quantity of
sp’-carbon. The possible mechanism of Raman peak's
broadening of our sample is dominated by reduction of
phonon lifetime dne to phonon deecay at grain boundaries
and defect sites.

Figure 5 shows the three typical CL gpectrum aleng the
cross-section of diamond film. These spectrum are dom-
inated by the broad band 4, which is considered to be due
to dislocations existing in the crystal. On the tail of band
A, several weak peaks were also chserved. Including 575
nm {(2.16 eV) center, which involves a wvacancy (or va-
cancies) together with a single nitrogen atom.™ 2.32 eV
center which is a nitrogen-vacancy complex.' 484 nm (2,56
eV) cenier has been found related to radiation damage."
At position A near Silicon/Diamond interface, the intensity
of these small peaks is lower than that of ingside. Com-
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Fig. 6. CL image taken from cross-section of CVD diamond
film.

pared with its low background Raman spectra, we suggest
that defects and impurities were mainly present inside the
film.

Figure 6 is the CL imagine of cross section sample tak-
en with 425 nm. The difference of the luminescent re-
gion has been ohserved. Compared with SEM photo, the
bright region ig also the bright one in the second elec-
tron (SE) image. We can identify the dark ragion is lo-
cated at grain boundaries and the location of second nu-
cleation, but can't identify the variation of luminescent
region within one particle because of the resolution of
CL imagine.

IV. Conclusions

In summary, Micro-Raman spectroscopy and catho-
doluminescence was employed to investigate the cross-
section of diamond film. The analysis indicated that the
cross-section of 24 pum thick diamond film exhibited a
type of compressive stress. Near the growth surface the
compressive stress reduced to the minimum. FWHM of
the first order diamond line at both Si/Diamond in-
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terface and Diamond/Air interface are narrower than in-
side film due to high defect density, impurities and grain
boundaries In our sample, the main impurities and de-
fecls are nanocrystalline diamond, amorphous earbon, ni-
trogen and dislocation.
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