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Abstract

In this paper, we report the successful growth of crystalline carbon nitride films on Si(100) by a
laser-electric discharge method. The laser ablation of the target leads to vapor plume plasma
expending into the ambient nitrogen arc discharge area. X-ray photoelectron spectroscopy (XPS) and
Auger electron spectroscopy (AES) were used to identify the binding structure and the content of the
nitrogen species in the deposited films. The surface morphology of the films with a deposition time
of 2 hours is studied using a scanning electron microscopy (SEM). In order to determine the
structural crystalline parameters, X-ray diffraction (XRD) was used to analysis the grown films.
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1. Schematic of the experimental set up for

the deposition of carbon nitride films by

Fig.

a  laser-electric  discharge  method
(LEDM): l-substrate holder; 2-Si(100)
substrate; 3-plasma area; 4-laser plume;
5-to 7-graphite
electrodes; 8-quartz window; 9~lenes.
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2_SEM images of the crystalline carbon
nitride films grown on the Si(Q00)
substrate. Images f(a) and (b)
obtained for the same region of the films
with different magnifications 4800 and
20000, respectively. The white mark
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1, Chemical composition of the films by
XPS on the surface and after
sputter-etching. The cornposition

determined by AES is also given.

Table

XPs
38 ®d 5% ~de 308 23HE  AES
th ke )
C 454 507 52.5 53.0
N 443 423 403 410
Si 12 16 27 16
O 91 54 4.0 44
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Fig. 3. XPS spectrum of (a) Cls and (b) Nls
photoelectrons of the surface of films.
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Table 2. Binding energy values of the Cls and Nls photoelectron of surface of the filmes and afier
sputtered for 5 min. obtained after deconvolution of the broad XPS spectra shown in figs

3 and 4.

T2 FA= AEAA (eV)

Elase) Cls 285.4(1.56) 286.6(1.74) 288.8(2.54) 291.9(0.91)

ki3] Nils 399.4(1.58) 400.7(1.47) 402.1(1.07)

5% 23 H Cls 285.5(2.83) 286.5(1.83) 288.5(1.96) 290.9(2.90)

A F Nls 398.9(1.97) 400.3(1.79) 401.8(1.86)
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Table 3. Binding energy values of the Cls and Nls photoelectron of surface of the filtmes and after
sputtered for 5 min. obtained after deconvolution of the broad XPS spectra shown in figs
3 and 4. The relative % atomic concentrationd of the Cls and Nls photoelectrons are
given in the parentheses.

T i A LA (eV)

el Cls 285.4(2.59%) 286.6(18.32%) 288.8(29.35%5) 201.9(0.44%)

ki Nls 402.1(1.16%) 399.4(23.63%) 400.7(17.46%)

58 AHE Cls 285.5(7.48%) 286.5(21.08%) 288.5(19.82%) 290.9(2.32%)

oA F Nis 401.8(3.21%) 398.9(26.33%) 400.3(12.75%)
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Table 4. XPS Cls peak positions (in V) Table 5. XPS Cls peak positions (in eV)
for sputter etching samples. for sputter etching samples.
Literature values for XPS Cls Literature values for XPS Nis
peak positions are also listed peak positions are also listed
for comparison. for comparison.
AHd Higd Z% Y H A AgZ Bagd A% ke
Cls (eV) a5 (eV) 25 Cls (eV) a3 (eV) EF
2855 285.1 Cc-C [11] 393.9 398.6 C-N [12, 14]
285.05 DLC [12] 398.9 C-N [8]
285.8 DILC (8] 399.2 C=N [15]
286.2 286.2 a-CNH [13] 400.3 400.25 C=N [16]
286.6 C-N 23 400.1-400.7 C=N [17, 18]
286.8 C-N [11] 400.8 C=N [2]
2885 288.1 C=N [2] 401.8 4015 N=N,N-N [10]
N=0
290.9 289.0 C-0 [11] 402.0 N-ON-N [7]
289.5 Cc-0 (7] 402.0 N-O [19]
289.6 O-C=N [2]
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Fig. 5. XRD spectra of the grown films on Si(100) substrate as that viewed by SEM in figure 2.

The peaks are numbered according to Table 6.
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6. 243 AL Qo] XRD 4¥Z g B-CNeol did o83 AAs, =ve 434

(Zhang et al’s[Ref. 21]}2] 28 ZA2FE A4 FAAFd+E 8L, (+FEE Ref[2]225H)

Table 6. The experimental results of XRD for a crystalline carbon nitride film deposited on Si(100)

substrate and the matching diffraction data of the proposed materials. The VS, 5, M, W,
and VW represent very strong, strong, medium, weak, and very weak diffraction
intensities, respectively. dz and di represent the groups of interplanar spacings of 8 -CgNy
with, respectively, the theoretical lattice and a proposed lattice from the calculation of the
experimental x-ray diffraction of a £-CgNy particles contained in a amorphous carbon
nitride films from Zhang et al’s(Ref. 21)

AE45 Ref. [21] 23 Ref. [23] o] & A4FA
B~CsNy B —CalNy a—-C3Na B -CsN4 a -CaNy
a=6.398 A a=6.419 A a=6.425 A a=6.402 A a=6.467 A
c=2421 A c=2.425 A c=4.715 A c=2.404 A c=4.710 A
c/a=0.3784 ¢/a=0.3778 c/a=0.7338 ¢/a=0.3755 </a=0.7283
No. dA I’ dA L'y d A I/D d A Rkl d A hkl
5544 100 5600 100

01 3616 vw 3.604 101
02 3418  m(unknown)
03 3361  w(agate=)*
04 3184 wvw 3201 110
05 3.066  vs(110)=
06 2752 w 2779 m 2771 200 2.800 200
07 2583 wvw 2666 111
08 2421 vw 2404 001 2407 201
09 2328 w 2334 m 2355 002
10 2291 m 2222 s 2202 101
11 2026 w 2.09% 210
12 1894 wvw 1922 111 1904 112
13 1861 wvw 1.861 300
14 1847 m 1854 wvw 1.848 300
15 1789 s 1799 w 1802 202
16 1711 m 1725 w 1735 301
17 1694  w(astspoim)x
18 1646 s 1633 w 1.617 220
19 1586 w 1572 s 1578 211
20 1545 m 1538 310 1553 310
21 1502 m 1.529 221
22 1454 w 1465 301

1414 w 1412 113
23 14056 m 1.400 400
24 1345  vs(8i) 1339 m 1339 222
25 1322 m 1331 221
26 1283 m 1283  w 1.283 320
27 1232 m 1.239 321
28 1186 m 1202 002
29 1166 w 1175 102
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