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Influence of the Nitrogen Pressure on Diamond-Like Carbon Film
Deposited by Pulsed Laser and Its Infrared Property
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Abstract How the nitrogen pressure in the chamber influences the diamondlike carbon (DLC) film deposited by
pulsed laser deposition (PLD) and its infrared property are investigated The DLC films are deposited on silicon
substrates by pulsed laser when the nitrogen pressure in the chamber is 10-3, 10~2 and 10~ ' Pa respectively. The
mi crostructure and composition of the DLC films are detected by the visible Raman spectroscopy and the X-ray
photoelectron spectroscopy ( XPS). The topography of the DLC films is detected by the atomic force miaoscopy
(AFM). The infrared transmission spectra of the DLC film is detected by the Fourier transform infrared ( FTIR)
spectroscopy. The experimental results demonstrate when the nitrogen pressure is enhanced from 10-° Pato 10-!
Pa, the fraction of sp’ bonded carbon atoms should increase in the DL C films, the fraction of C— O and C= O should
decrease, the size of graphitic crystallites should decrease and the roughness of the DLC films should inaease
remarkably. At the same time, the infrared antireflection rate of the DLC films should decrease and the infrared
antireflection range should become narrow when the nitrogen pressure is enhanced from 10~ * Pa to 10~ ! Pa.

Key words thin films; diamondlike carbon;, pulsed laser deposition; nitrogen pressure; microstructure; Fourier
transform infrared spectra
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Fig. 1 XPS spectra of DLC films deposited by pulsed laser
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Fig. 2 Decomposition of Cls binding energy spectra of DLC films
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Table 1 Decomposition result of Cls binding energy spectra of the diamond-like carbon films deposited by pulsed

laser at different nitrogen pressures

Nitrogen pressure/ Pa 1077 1072 10!
Peak binding Atomic Peak binding Atomic Peak binding Atomic
energy fraction / % energy fraction /% energy fraction /%
sp 284. 32 56. 81 284.3 58.83 284.34 57.73
sp’ 285.23 24. 38 285.22 25.21 285.25 26. 99
c-0 286. 41 8. 15 286.5 6.18 286.67 5.58
C=0 288. 39 3.51 288.35 2.67 288.48 2. 08
107° Pa 107" Pa
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Fig.3 Raman spectra of DLC films
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2

T able 2 Raman spectra analysis of the DLC films deposited by pulsed laser at different nitrogen pressures

Nitrogen pressure / Pa D center /ecm™! G center / em™! D width / em™! G width /em™! In/l
10°° 1372.8 1542.2 322.91 181.70 1. 301
102 1352.6 1536.5 327.06 178.03 1. 283
107! 1347.8 1536.1 335.33 181.53 1. 251
,  NanoScope Il R. Rq
10°° 1007 107" Pa ,
4 3 4
, 1 Pm x 1 Pm 5 ,
2 Hm x 2 Bm 3 . 1 R
, 1 Bmx 1 Pm 2 Hm X 2 Hm s
4 Um x4 Hm 4 s
3 o 2 2

1Mmx1Hm 2 Umx2 Um 4 Um X 4 Um
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Fig.4 AFM image of DLC films
3
Table 3 AFM result of the diamond-like carbon films deposited by pulsed laser at different nitrogen pressures
Scan range 1 Hmx 1 Hm 2Hmx 2 Hm 4dmx4Um
Nitrogen pressure / Pa 103 1072 107! 107° 1072 107! 107° 1072 107!

Roughness average R,/nm 0.285 0.515 1. 321 0. 243 0.361 0.515 0.322 0. 578 0.787
Root mean square R,/nm 0.732 1.163 2.420 0.473 0.979 1.207 1.034 1. 815 2.113
Z range /nm 14.056 12.869  21.020 12.273 17.034 15.824 44.803 37.923  35.708
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Fig.5 FTIR spectra of DLC films and Si substrate

Table4 FTIR spectra analysis of the diamond like carbon films deposited by laser at different nitrogen pressures

infrared antireflection /Hm

Center of the Maximum of the

infrared antireflection / %

5.649 3.6
5.747 2.1
5.882 1.6

Nitrogen Range of the infrared
pressure / Pa antireflection /Hm
103 2.786~ 16.667
10- 2 3.802~ 12.195
107! 4.115~ 12.150
4
KrF
10°° Pa 10°" Pa,
sp’ ,C-0 C=0 :
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