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INTRODUCTION

Raman analysis is a popular method of investigating crystallite sizes, ordering and the types of bonds that
exist in ion irradiated C materials, namely graphite, diamond and glassy carbon (G.C.). In particular Raman
spectroscopy is used in determining the tetrahedral bonding required for the elusive and potentially important
new material called carbon nitride[l]. Carbon nitride, P-C3N4, is predicted to exist in several forms[l,2].
Forming the tetrahedral bond between C and N has proved troublesome bain of many experimenters. A proven
method for synthesizing novel materials is ion implantation. Thus G.C. was implanted with N at low temperatures
so that diffusion of the implanted N would be hindered.

G.C. is a relatively hard, chemically inert, graphitic material. The opaque property of G.C. means that
Raman spectroscopy will only give information about the structures that exist at the surface and near surface
layers. It was decided, after observing conflicting Raman spectra at different laser powers, that an investigation
of the laser annealing effects of the Raman laser on the N implanted G.C. was warranted. The following is a
preliminary investigation of the effects of increasing the Raman laser power and determining a power density
threshold for high dose N implanted G.C.

EXPERIMENT

The G.C.(V25 grade) samples were heat treated by the manufacturer to 2500°C, and prior to implantation
were polished with lpim diamond paste. The G.C. samples were implanted with 160 keV N+ at a temperature of
-100°C, at Oak Ridge National Laboratories. The G.C. was implanted with doses of 2.5xlO17, 5xl017, lxlO18

and 2xl018 N+/cm2. It was calculated that between 1 and 2xl018 JV+/cm2 the concentration required for the
synthesis of P-C3N4 would be attained. Raman analysis was performed using an Argon ion laser of wavelength
513.8 nm. To observe the annealing effects of the Raman laser the following was performed on the N implanted
G.C. samples. Raman spectra of powers (quoted from the laser cavity) 20, 50, 100 and 200 mW were taken.
To investigate the laser annealing of the samples, the Raman spectra were acquired on the same spot in the
following manner. The first spectrum was taken at a power of 20 mW, on the same spot a second spectrum at
50 raW was taken and so on with increasing laser powers of 100 and then 200 mW. Then the power of the laser
was brought back down to 20 mW and the spectra were taken, again on the same spot. This was performed on
the unimplanted and N implanted G.C., for all doses.

RESULTS and DISCUSSION

Figure 1 shows the Raman spectra of unimplanted G.C. with the laser power at 20 mW. The 3 peaks observed
at 1353, 1590 and 1622 cm'1 are well known as the D, G and D' peaks. The D, G and D' peaks are due to small
graphitic crystallites, the Eig mode of graphite and the increase in upper Eig branch for k^0 in the phonon
dispersion curve of graphite respectively. All the fits to the unimplanted and N implanted G.C. were performed
using a Breit-Wigner equation. For the unimplanted and N implanted G.C spectra a 3 and 2 peak fit was
employed respectively. This was the case because the ion implantation causes the broadening of the D and G
peaks as seen in Figure 4a) resulting in the G peak dominating the D' peak so for simplicity the G peak shall
include both the G and D' peaks. The associated errors of the D peak were larger than those for the G peaks
due to the G peak dominating the high dose ion implanted spectra.
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Figure 1: Raman spectra of unimplanted Glassy Carbon, with laser power of 20 mW. The solid curved line
represents a B-W least squares fit to the D, G and D' peaks.

Figures 2a) and 2b) show the initial position of the G and D peaks respectively of the unimplanted G.C. as
the power of the Raman laser is increased from 20 to 200 mW on the same spot as well as the final position of
the G and D peaks .after the laser annealing, at 20 mW. There is a monotonic decrease in the position of both
the G and D peaks. The G and D peaks were shifted down by approximately 11 and 6 cm'1 respectively as the
laser power increased from 20 to 200 mW. When the spectrum was retaken at the lowest power, it would be
expected that the position of the G and D peaks would have been permanently shifted down to approximately
1578 and 1347 cm'1. Instead we observed that the G and D peak positions returned to the original positions.
However the D peak position was shifted down slightly by approximately 0.5 cm'1. A similar shift, of 8 cm'1,
and a return to it's original position was also observed for the D' peak. Ordinarily, a shift down in position of
both the G and D peaks is associated with an increase in the number of tetrahedral bonds forming[3]. Figure
2 shows this was not a permanent effect suggesting that thermal excitations of the unimplanted G.C. created
a small and temporary increase in the number of tetrahedral bonds. Raman spectra taken at the same laser
powers but on different spots of the unimplanted G.C. show very similar shifts down for both the G and D peak
positions. Therefore the observed monotonic decrease of the G and D peaks was not a result of the successive
laser annealing process on the same spot of the N implanted G.C.
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Figure 2: The squares represent the positions of the G and D peaks for a) and b) respectively as the unimplanted
G.C. was successively laser annealed from 20 to 200 mW. The triangles represent the final positions of the G
and D peaks after the laser annealing. All of the Raman spectra were performed on the one spot of G.C.

Figures 3a) and 3b) show the initial position of the G and D peaks respectively, for all doses of the N
implanted G.C., with the laser power at 20 mW. The same spot was, as above, then laser annealed from 50 to
200 mW. Figures 3a) and 3b) also show the final position of the G and D peaks after the laser annealing, with
the laser power back down at 20 mW. From Figure 3a), the initial G peak position for all doses was between
1540 and 1550 cm'1 indicating that the high dose irradiations caused the amorphisation of the surface layers.
Figure 4a) shows a typical Raman spectra of a high dose N implanted G.C. where there is a broad peak visible
around the 1550 cm'1 region which is typical of amorphous C. Figure 4b) shows the Raman spectra after the
laser annealing process. Evident from just looking at Figure 4b) the return of the G and D peaks would tend to
indicate a micro-polycrystalline phase away from the amorphous phase observed in Figure 4a) [4]. Interestingly
the laser annealing of the N implanted G.C. caused the G peaks, for all doses, to shift up to around 1590 cm'1,
the position for unimplanted G.C.. Figure 3b) shows a more varied response to the position of the D peak of
the ion implantation and subsequent laser annealing. The initial position of the D peaks after ion implantation,
for all doses, do vary considerably from 1320 to 1370 cm'1 with large uncertainties. We observed overlap of the
final and initial positions of the D peak for all the doses. There was no observation of any peaks between 1900
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and 2400 cm'1 after or before the laser annealing.
Therefore the ion irradiation caused the amorpnisation of the surface layers of the implanted G .C. as evidenced

by Figures 3a) and 4a). The laser annealing process transformed the amorphous C surface layers to a phase
similar to that of unimplanted G.C. of a micro-polycrystalline graphite as evidenced by the return of the G peak
to 1590 cm'1 and the Raman spectra, Figure 4b). The overlap within error of the final and initial positions of
the D peak indicated that the laser annealing caused little shift in the D peak position. A shift down in the G
peak position with little change in the D peak was associated with bond angle disorder of graphitic materials[3].
It was demonstrated that graphite with an ideal bond angle of 120* would have a peak at 1590 cm'1. Which
tends to suggest that since there is little or no C N bonds forming that the laser annealing process is causing
a return to a more crystalline graphitic phase. As yet these conclusions are speculative and a more thorough
analysis is required.
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Figure 3: The squares represent the initial positions of the G and D peaks for a) and b) respectively with the
Raman laser at 20 mW. The spots were successively annealed from 20 to 200 mW. The triangles point represent
the final positions of the G and D peaks for a) and b) respectively with the Raman laser at 20 mW. All of the
Raman spectra were performed on one spot for each dose implanted in G.C..
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Figure 4: a): Raman spectra with the laser power at 20 mW of 5xlO17 N+/cm? in G.C.b): Raman spectra with
same laser power and of the same spot on the sample as above, after the spot was successively laser annealed
from 20 to 200 mW.

CONCLUSION

Laser powers less than 20 mW can be used on the above materials, with little or no laser annealing observed.
An increase in laser power results in excited states of the material being studied resulting in shifts of the G,
D and D' peaks for both implanted and unimplanted G.C. There is evidence that the laser annealing process
causes a transformation of the implanted amorphous G.C. to a micro-polycrystalline state.
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