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Abstract: Using facing target magnetron sputtering (FTMS) with a graphite target source, carbon nitride thin films were

deposited on silicon and glass substrates at different substrate temperatures to confirm the tribological, electrical, and

structural properties of thin films. The substrate temperatures were room temperature, 150°C, and 300°C. The tribology

and electrical properties of the carbon nitride thin films were measured as the substrate temperature increased, and a

study on the relation between these results and structural properties was conducted. The results show that the increase

in the substrate temperature during the fabrication of the carbon nitride thin films increased the hardness and elastic

modulus values, the critical load value was increased, and the residual stress value was reduced. Moreover, the increase

in the substrate temperature during thin-film deposition was attributed to the improvement in the electrical properties of

carbon nitride thin film.

Keywords: Carbon nitride (CNx), Facing targets magnetron sputtering (FTMS), Hardness, Resistivity, Residual stress

1.M2
MR EAL ST chololRool F7hMel 4
2 7T glon] B2 VAN S e Syl F
ouf 9% HA 54, WA WYY, L sk,
Copeln We WER, &2 MM Eude AUR
9ich. Aast YT A9l Meleha(CNx) uhee] 7

4 Chan Il Park; 94park27@hanmail.net

Copyright ©2021 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

2 Liu®t Cohen?] o2& A4t 0|8 =2 HE, &5
st ujote/d, AuopE Alg, stebA wjgdat 42 o4
st 22]A EE= Qo &5 do. 55 =2
4 HFES IR S8 FopofjA] HE IE] Alg2 W
o] A% Qltt. T2t o]st vrutso] 749 H|A
A A ghgbo] JiX= 1% 549U =2 4RSE
2 7)o gt AA=Eo] e A§tA ot mtA &
A7 241 et =onf, W2 TEIHS AYE
grobs Sabohe A2 A oot [1-4]. LEHAQl ZAF
Z0|A AAtE tpolot2 =AY Bha BHeKDLC)] H &
19 =2 TR $HE AY7| migo] urare] &4F
o] A71x, Yotz E/do] =3t IHES oAM=



34 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 1, pp. 33-38, January 2021: C.-I. Park

DLC utate] =ri7} Ajstelct. Alggeio] A9 A
S NS A WY 2 4

Z}R|(facing targets magnetron sputterlng FTMS)
Agotea AwEYn W hAZE ol2R(Ar)
SAN)S AHgStoct 3 eteia uote] o
MY SRS Yol 71H =5 WSIAZ|LAL 5HQlo
o 71" 220 WHoto] whe} dute] i A E/do] |
ofo] Eajolwzx] Si4ut A8 S4o ojHE JF
2 OjRlAl 1 G skt

bl

N
1>
]

gy

AoterA(CNx) Br2he thg Ep2) Dl EE Anfel
2J(facing targets magnetron sputtering, FTMS) &}
2 A}23}9], 4 cm X 4 cm 37]9] Al (100)
2|2 {2 7o AAsHITE AmEY Elo2
H(graphite)2 AFE3S}¥ 1, 1HE 0oF23(99.99%)
AA(99.99%) 7PAS 22t Al U wg shx
= ALBOIsICE A el e Y 2413 Bl
diffusion pump)E AHRSHo] 2

_E JJor >

WEoin, SelsoiE Sig ejel medEt %

W/em? Ol EAYee AnEd Jjngl ol2 R(Ang

50 scem U5ty 8FE71ACl AA(Ng)E 10 sceme
-2

Torri ARttt o]2gt 2710
A ASHHA B1oKo] -50 VO] DC sfolojA HLS ol
7tste] 120 nmo] A2 A|Astyich Aster4 vpak
dA oA EAS golstry] 98 7T &x = 150°C
eF 300°C2 WStA|A Asteta ¥iabg AAbsheict.
Majera wpto] 1AX E4e ehgh R (Jasco,
MRS-300)1t XA A 2IY(VG MICROTECH,
ESCA-2000)g o]g&ste] wArstgi 1 vute] 73 wol &g
A EAFL vheabat A F2)X] HAE|(Anton PaarAt,

T Tow

o\'

29122 F7gEglon] Hure AESAL RIS
A71(J&L Tech. JLCST022)E ol|&std Aot
2E oo £ 2 EW FHE BA $E FA AA

0] Z4(FESEM: Hitachi, S-4700) & surface testing
platform (Nanosystem, Anton, STeP6)& A&t
=Astoirt.

2 B exol sstet el MAtE AaEa
stoto] Zzol BAA|4 gho] Wals Uepuith, Ah-eo

A o Bl Y ERE AnEY PRz AAd A
oietA Huto] H=oF BgAIS U2 oF 18 GPa%t
163 GPa®] =2 S UEIUIG. Astda &fap &
AR Al 71 2=0] 300°C7HA] 7ol wef Freet o
AAS S 247 26.4 GPant 231 GPaZtx] S7tHe] 9l
of. gutsloz O Bl DPOUER AHEY FR|2
At BgE Astda Bfete] AFe 7o) Ik
giojof A RQtof] oJsf =2 A= s UErd. 7|

HE e Uepdch

ol2{gh 2x

ol2 Ao olsf LIRS e ol259] o]go]Al
(ion implantation)¥t AATE H(resputtering) &t
of oJalf A & Qlot [1.4]. qfate] Fw=ef &©/dA
S 542 Astda 9 Y 328 549 FAME
(disorder)oll 2Jsf A" 4 Qo 9k o ©A-&
A, BA-Aa A 7F Ago] A sp? A v]29
27t 9o =29A 544 g 719E & Ao
71T 259 F7h= vt U Aeot '®Y AL 542
FgA71= sp® C-C ZYAH 22 Z/MFHS 7
ojgty HWHEW, 53] LAaAo=r FAA E(disorder)
7 B7tE A E"A 25 ZIRZE Zoj2tn

a3 2% J)@ 2mo] Bteh b ARk Askera
stoto] QlA|wslel &892 o] Waks Uepdc), 7]
Wil sarato] gAe AEs Uehje AARs 3ol
A9 7@ eE7} F7keo] we} oF 24 NojA] 28 N7}
Al £71sloic). Eet utoto] AERAS U AR
23 Zre 2.4 GPaolA] 1.5 GPa 2 ALt

2
b I R e AR St IE AN

30 255

@ Hardness
- Elastic modulus

4195

Hardness (Gpa)

- 1180
18F @ -
. 1165

»
Elastic modulus (GPa)

150

15 Room temp. 1;0 3(.10
Substrate temperature (°C)

Fig. 1. Change of the hardness and elastic modulus of CNx
films with the increase of substrate temperature.
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Fig. 2. Change of the critical load and residual stress of CNx
films with the increase of substrate temperature.
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Fig. 5. (a) The C;s peaks in XPS spectrum of CNx films
prepared at various substrate temperatures and (b) the variation
in sp’/sp’ bonding ratio with the increase of the substrate
temperature.
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Fig. 6. Surface roughness 3D images of CNx thin films
fabricated according to substrate temperature using an UBMS.
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