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Local Structures Analysis of Carbon Nitride Films by Utilizing NEXAFS Spectroscopy

Iwao SHIMOYAMA

Japan Atomic Energy Research Institute

Nar edge X-ray absorption fine structure (NEXAFS) was used to investigate the local structures in carbon nitride
(CN,) films synthesized by ion implantation method. The N 1s NEXAFS spectra of CN, film have shown three sharp n*
and one broad ¢* resonances whose intensities have clear polarization dependence. The polarization dependencies of the
first and third 7* resonances have given similar tendency to that of the #* resonance of graphite. While, the second 7*
resonance has given different behavior. From the results, we concluded that the first, second, and third 7* resonances
originate from pyridine-like structure, cyanic structure, and graphite-like structure, respectively. The results show the
clear experimental evidence that there exists a graphite-like structure in which some of the carbon atoms are substituted by
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nitrogen atoms.
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Figure 1. Standard materials having C-N bonds. Nitrogen atoms
in (a): triethylamine (TEA) and (c): hexamethylenetetramine
(HMTA) have sp? configuration. Nitrogen atoms in (b): triazine
(TA) and (d): pyridine have sp? configuration.
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Table 1.
components are also listed in the table
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Figure 2. N 1s XPS spectrum of the CN film for [N]/[C] ratio of
0.23. Solid and broken lines show the experimental result and Gaus-
sian functions which are used for peak fitting, respectively. The peak
energies of Py, P,, and P; are 398.3, 400.3, and 402.6 eV, respective-
ly. Vertical lines show the N 1s binding energies of reference materi-
als.

FAERREL TWAD, ChHEOE—7ICH L TINET
Table 1 [Z/R L 7- XD ICHE A IR IRE SN TE/z, O

The peak energies of N 1s XPS spectra of CN, films prepared by various kinds of synthesis methods. The assignments for the peak

Synthesis Peak Energies in .
Method N 1s XPS Spectra (eV) Assignment
) 398.3 sp? bonded N
Marton et al.?®) 5on beam 400.0 sp? bonded N
eposition
402.0 N, or NO
398.1 tetrahedral N (sp?)
~399 —
e dc magnetron 400.0 Graphite-like h IN (sp?
8) . raphite-like hexagonal s,
Sjostrom et al. sputtering N p o N—gO (sp?)
398~398.3 sp? bonded N
dc magnetron 398.9 nitrile group (-C=N)
Zheng et al.?” :
£ sputtering 400.0~400.7 sp? bonded N
~402 NO
g ~398 three-carbon coordinated N
Ronning ef al.?? ion beam
& deposition ~400 two-carbon coordinated N
dc magnetron ~398.5 three-carbon coordinated N
Holloway et al.3% :
ey sputtering ~401 four-carbon coordinated N
398.7 nitrile group (-C=N)
i 399.7 metastable
Galan et al.3V RO T
implantation 400.7 imine type (>C=N-)
402.4 N,
399.3 nitrile group (-C=N) and
., dual ion beam 401.3 graphite-like structure
32)
Quirds et al. sputtering 4036
} N, or NO
405.9
398.3 NH,
: ) plasma
Kim et al.3? enhanced CVD 400.2 CN,
402.2 NO
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Figure 3. (a) N 1s NEXAFS spectra of CN, film prepared by 3
keV nitrogen ion implantation at the N5 fluence of 1.7 X 1015 ions/
cm? without annealing. From the bottom to top, curves show the
results from grazing incidence to normal incidence. (b) The same as
Fig. 3(a) for the CN, film after annealing at 840°C for 3 minutes.
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Figure 4. (a) Polarization dependence of the intensities of the n*
resonances in the N 1s NEXAFS spectra before annealing. Marks
o, A, and O show the normalized peak intensity ratios of the peaks
a, b, and c in the N 1s NEXAFS spectra of Fig. 3(a). Solid lines
show the best fit results of theory and broken lines show the refer-
ence curves for various polar angles « and y. (b) The same as Fig. 4
(a) for the N 1s NEXAFS spectra after 840°C annealing procedure.
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Figure 5. Possible configurations of nitrogen local structures in
carbon network with one, two, or three neighbors.
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Figure 6. (a) Coordination system defining of a m* vector orbital
on the surface. The polar angle « is defined as an angle between the
7* orbital vector O and surface normal z. The electric field vector of
synchrotron radiation is divided into horizontal component E/ and
vertical component E -+, and the polarization factor P is defined as P
=|E/|2/(E/|2+EL|%). The incidence angle @ is defined as an an-
gle between E// and surface normal, and ¢ is defined as an angle be-
tween O and E//. (b). The same as Fig. 6(a) for 7* plane orbital on
the surface. The polar angle y is defined as an angle between the 7*
plane normal N and surface normal z.
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Figure 7. N 1s NEXAFS spectra of CN, films after (A) 840°C and
(B) 1100°C annealing for 3 minutes. Solid and dotted lines show the

spectra for grazing (#=10°) and normal (#=90°) incidence,
respectively.
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Figure 8. Schematic diagrams of CN; local structures in graphite
matrix. Dark balls and white balls show graphite and nitrogen a-
toms, respectively. a: pyridinelike structure b: cyanic structure c:
graphitelike structure.
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