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Effect of a Laser Ablation on High Voltage Discharge Plasma Area for
Carbon Nitride Film Deposition
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Abstract

Carbon nitride films have been deposited on Si(100) substrate by a high voltage discharge plasma
combined with laser ablation in a nitrogen atmosphere. The films were grown both with and without
the presence of an assisting focused Nd:YAG laser ablation. The laser ablation of the graphite target
leads to vapor plume plasma expending into the ambient nitrogen arc discharge area. X-ray
photoelectron spectroscopy and Auger electron spectroscopy were used to identify the binding structure
and the content of the nitrogen species in the deposited films. The nitrogen content of the films was
found to increase drastically with an increase of nitrogen pressure. The surface morphology of the films
was studied using a scanning electron microscopy. Data of infrared spectroscopy and x-ray photoelectron
spectroscopy indicate the existence of carbon -nitrogen bonds in the films. The x-ray diffraction
measurements have also been taken to characterize the crystal properties of the obtained films.
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Fig. 1. SEM micrographs of the surface of the

carbon nitride films deposited at 0.1 Torr,

40 kV on Si(100), (a) without; (b) with

laser ablation assistance. The white bar

corresponds to 1 gm.
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Table 1. Chemical composition of the carbon ni-

tride films.

=1

gold =3 golA =¥

=
C 57.9 (%) 67.6 (%)
N 35.1 (%) 27.0 (%)
Si 1.6 (%) 1.2 (%)
O 54 (%) 4.2 (%)

553

AN AR A 883 =53], Vol. 15, No. 6, June 2002.

Zgt vtk Al Y2 ZEadlgdste oA &
£o] & A9 BT 141 am(EFH 070 #m/h)
olm, #ojA EFel glv A Ho 11 pm(FF
H 055 pm/h)YE By, dolAe E&o] A&
9 v wE2A Fase AL AT F AATh
47" diga AR 3383 4L XPSH ¢
) BEAsETh & 14 Si(100) 719 Ao AFAAR
Agere 3y FAEL HolA =g F - Fol
& AE FFFE divlstd BT o] HolHE
Add Asgs ME Jd ol =& f-
Fol #Agle] Cok N A9l &ZH‘ET]'F—’ Rom, Si%
O 9A F2 Fo| &AL AeS I F Uk
e Zo SiE Ardd 93 01];537‘] EE oA
wd EepRvl Hoz FAA EXHEZREH J4EEH
A sHe] 3" Aoy, 0 F7] FL2RH #
H ZotH13]. L9 3o Aujue] ¥ Wt w
wheto] A4 HIE BAFEE Aoz F

[e]

i

o]
i

=

h—

il

ao el FHALE wol FUSY PP 3
a)el meh AAIHBE SR L ok
2PN B whe o] dHolAe £gg A A

BEEMAEA) g FFol deolxe =& e
34 NEsd A2 FFF vas HAE 3 %F
H 2AE 8% Ax Z71% FES ez gl
of, "ol Zgo] dtute] A gl wAE I
2 o F A Yelgth £ AESE Abgsho
2hf ] é‘*%‘v < FAse] XPSe @ v
o HkA T zpol7t ¥ JIEZ FolA, & &
side 239 ARE AAsA gudh g

A2

=X
hal

°]
oz
&

-

L

G T o

X Al
5 g

35 1w
a0 L
25 177
20 1
15
10"
5 +—t b ;
00 01 02 03 04 05 06 07
Pressure in vacuum chamber (Torr)

Nitrogen contents (%)

0.8

Bl A

A wr

33 3. 4% Fude g me Astga o
e AEYHY
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Fig. 4. XPS spectrum of the carbon nitride film

Fig.
deposited without laser ablation ; (a) Cls
and (b) Nls.
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5. XPS spectrum of the carbon nitride film
deposited with laser ablation : (a) Clis anc

(b) Nls.
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Table 2. XPS Cls peak position (in eV) for the carbon nitride films (Literature values are also
listed for comparison).

H¥27 Cls (eV) ZaE3e wagyl A7 Cls (eV)
#ojA =¥ golA =g & A 94 A% F5 g
284.3 2837 C-C [14]
2855 285.1 c-C [15]
280.8 DLC [8]
286.5 286.2 286.2 o -CNx:H[14]
286.6 C-N( 5 -C3Ny) (2]
286.8 C-N(8-CsNa) [15]
2885 288.1 288.1 C=N (2]
290.9 289.9 289.0 C-O [15]
289.6 0O-C=N (2]
E 3. 4Ashaa dube] XPS Nis #la 54 X g 29EF (FaZde) Ao} vl

Table 3. XPS Nls peak position (in eV) for the carbon

listed for comparison)

nitride films (Literature values are also
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A¥ A3 Nls (eV) Faide] Buglld A7 Nis (eV)
HolA =3 HolA =& F FA4 91X A% FF Fadd
398.9 398.8 398.6 C-N( B -C3N.) [16]
3989 C-N( 8 -CsNy) [8]
400.3 400.1 400.25 C=N [17]
400.8 C=N [2]
401.8 401.6 4015 N-N,N=N,N=0 [13]
402.0 N-O [71
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Table 4. The comparison of lattice parameters for a carbon nitride film.

AR Ag2ds [A] FnEH 18 A3 [A] FnEE 1Y A7 [Al
B -C3Ny a —C3Ny B -C3Ny @ ~C3N4 B -CsNy a -CsNy
a= 6.398 6.422 6.419 6.425 6.402 6.467
c= 2421 4707 2.425 4715 2404 4.710
c/a= 0.3784 0.7329 0.3778 0.7338 0.3755 0.7283
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