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Abstract Amorphous carbon nitride films deposited on Si(001) substrates by a plasma enhanced chemical
vapor deposition (PECVD) technique using CH, and N, as reaction gases were thermally annealed at various
temperatures under Ny atmosphere, then their physical properties were investigated particularly as a function
of annealing temperature. Above 600°C a small amount of crystalline f-C3sN, phase evolves, while the film
surface becomes very rough due to agglomeration of fine grains on the surface. As the annealing temperature
increases, both the hardness and the sp® bonding nature are enhanced. In contrast to our expectation, higher
annealing temperature results in a relatively higher friction mainly due to big increase in roughness at that

temperature.

Key words carbon nitride film, PECVD, amorphous film, thermal annealing, tribology

1. M E
Liu Fo] o880z AAg o8] At 104EZ+ B
SizN, oF fAFE TH2F +25 Ad A3 (B-CNy)
o] 3H4d, 8 & oo thgt BAo] u] gutstA o]F
o]z g}l o]23 ¢l mAldH oatd AYA Azl
A TojolR =t FALSE ZIAIA, A7) -ARA 2 38}
A 5% AYA =He ZoE guA o, oz &
ol&st rtRA g Eglol£232] §A40] a7
o Y AERE &Lt e Alx
ek o), Aslga AlgE 7189
WE g&0] 53, o]& o)
AAE 2z} 480 AEy ATe Aegy Yo
AR Ageas 4 g AEe € ¥4 F
27wt w9 oFs AP TRE Advka 49
gow, HA7EA) HEE Mg AZLS osid AR
sl B-C3N, 72ET olM#t a-C3Ny (8-
CN,& 0-CNLE B-SipN, 2 o-SisN,¢F T3t Sk
TZE Ad), zinc-blende 7-F2] N, YA CN,,
SATE GNJE e, olejox ghast die| g3
Hof mE} thekst Fxo| Ftera 3MgtEe] 7hed A
o2 dEHA Yok o9 e o8 Hx] FRE A

=

=2

o

L B oX

*E-Mail : sangsub@chonnam.ac kr

303

A2t oA 7P 540 % A2 g g B-
C3N,8| g0l #ste] 53] A7 &usiA Jd=
om, o]y F3, #ojx F, 2#E™, PECVD
(plasma enhanced chemical vapor deposition) %5 <]
7HA] wpetszk HES AEste] A B-CN, vt
Azstaz ste AlEst ALEz Yo
2% B-CGNE AxsaLA ote B2 =80E &
T AP de A B-GN, BrAlzE vfg- of
HE Aog duA glod, irge] Ay S Uy
& HAAG] =y g wet ¥ A2 7]R] (matrix)
of =719 234 B-CNy AAE sk whetol
Aol m 19 o g ARG
g B& =] e Aol

T HwA fHA dojAle vigE dsigs was o
A, 2 24§ $A4E 3L ol 88t 243
= frEdtnat she AlErF glotW ol digk A7
mf-¢- FE3 dAoln, B Falgs vt 3y
of e A¥TFx % o 7k 549 WA 5
St AAARJ] A+7F Q) ojHg d+e v
stets: ghebe] 88 913 7] 2 24
Asled: Brks Az a7l s
M= AT

=
Bl

(o]

=

oL

% lo

™

=2

J_é]



304 Y - 29

ARQsE FEatLA len, dAEd e ATz
Hz}, 244 34 A%, AT W ¢ Efols
ZA(tribology) A5 5& ZASIATH

2. oY YWY

2.1, gfaty| =

£ AFeae AgdN AAF ez A2 PECVD
AAE olgstd vFA Aslers viers FAslgich. vt
& A BEE7EET7L 713e] Aol ddstAl BALE
o] 14 Q= gas shower FEi S| W37 & A&t wput
FAE AAEET gEas 9§ 719 44d Si
(001) $1°1HE 25 mm X 25 mm 7|2 st AHE-3}
At AdE 7|FL trichloroethylene, aceton, methyl
alcohol B7iE A&l z}z} 1087 289 A¥ S 4
Alsted 713 B e HEZ S AAT U, Si 7H 9
of AARow P A e AL AAS] Ast
o 1% HF €9 307 o A3t Absteh-g A AA7
I ol AAHS T ARAAYG. Az F Si 7w
o 2stuto] thA] AR FEE 7] F =& A
e 5% o2 RAEEA A48 T3 AW A
313 BlE Exb HEE AM-ElY 7144 (base pressure)
5X10°Torr ©J3}2 FAIBIHL. o3t 71AYHe] =

pressure)S WHEo] FUAT E A= v E Hgl
g geke Azs) As W7 E CHSE NE A
s, dake AU ZeHY 1356 MHz &L
F5 rtetd whE7Mel| Set=utE HAA A det
A Atk viAE Asiea wiehe 3] 9
d Ag A7E® vElo g Table 1o HH AL A
atod wiebg FAtStl o, ojnf g ulute] FA
£ 9F 700 nm % th.

SAE g dolea Bk FEEE AMgsd A
29171914 200°C, 400°C, 500°C, 600°C, 800°CS} &
oA Zhzh 308 frxstd EAEE AAIETh

oo

2.2, HatEy

EAzE wue 234 9478 selst] fs) 23t
£71474e] Y 5C29) WARE XAE o8-t T
ZE4e s 271 A XA Y si(11)

Table 1. Summary of the PECVD conditions used to prepare
amorphous carbon nitride thin films.

RF power 50 W
Deposition time 2h

Base pressure 5% 10°° Torr
Working pressure 1X 107 Torr
N»/(N,+ CHy) 98%

Target to substrate distance 5cm
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Fig. 1. Atomic force micrographs of amorphous carbon nitride
films grown by PECVD: (a) as-deposited, and thermally
annealed at (b) 200°C, (c) 400°C, (d) 500°C, (e) 600°C, and (e)
800°C.
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Fig, 2. Variation in RMS (root mean square) roughness as a
function of annealing temperature.
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Fig. 3. Synchrotron X-ray diffraction patterns of amorphous
carbon nitirde films underwent thermal annealing at various
temperatures. The inset displays the reflection of 3-C3N(200)
observed in the film after being annealed at 800°C.
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Fig. 4. X-ray photoelectron spectra around C, obtained from
amorphous carbon nitirde films underwent thermal annealing
at various temperatures.
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Fig. 5. A typical example of peak deconvolution for the Ci;
peak obtained from an amorphous carbon nitride film after
thermally annealed at 200°C. Peak I, Peak II, and Peak III
represent C-C, C=N, C-N bonding, respectively.
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Fig. 6. Variations in integrated intensities of sp® and sp’
bondings as a function of annealing temperature.
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Fig. 7. Variation in hardness measured for amorphous carbon
nitirde films annealed at various temperatures.
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Fig. 8. Dry sliding friction coefficients recorded for Al;O; ball
sliding against amorphous carbon nitride films annealed
thermally at various temperatures.

Fig. 9. Optical micrograph of worn trace after sliding an
amorphous carbon nitride film annealed at 200°C.
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Fig. 10. Variation in wear rate measured for amorphous carbon
nitirde films annealed at various temperatures.
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