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Mechanical Characteristics of Crystalline Carbon Nitride Films Grown by
Reactive Sputtering

olM T ZE

(Sung Pil Lee and Jong Bong Kang)

Abstract

Carbon nitride thin films were deposited by reactive sputtering for the hard coating materials on Si
wafer and tool steels. When the nitrogen content of carbon nitride film on tool steel is 334 at%, the
mean hardness and elastic modulus are 4934 GPa and 307.2 GPa respectively. The nitrided or
carburised surface acts as the diffusion barrier which shows better adhesion of carbon nitride thin film
on the steel surface. To prevent nitrogen diffusion from the film. the steel substrate can be saturated
by mnitrogen forming a FesN layer. The desirable structure at the surface after carburising is
martensite, but sometimes due to high carbon content an proeutectoid Fe;C structure may form at the

grain boundaries, leaving the overall surface brittle and may cause defects.
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Fig. 1. Schematic diagram of sputtering system

with two opposed targets.
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Table 1. Mean hardness and elastic modulus

(silicon wafer substrate).

Sample N at.% Mean Elastic
No Hardness(GPa) | Modulus(GPa)
0 115 1533
2 %.5 10.4 132
3 331 7.09 23.6
. 4 | 4 9.34 107.2
g 5 | 337 8.23 854
6 | 376 87 936

g 2. Faeave] TEM AR
Fig. 2. TEM photographs of carbon nitride flm.

st

outdiffusion® ZA¥s] a7} dold F A o

o B o= ARG gE 2 Hrd =&

250 A¥UAE 273E N=N Z28d= 9% 7

i b . G A grech 600 ColH EAHARE @ F49 TF

/J\ o 939 at%® YERED, & 700 cm elA out-of

7 | plane Z¥MES] 27) W sopAch =F of

£ 2200 emlelMe C=N WEx @d3s] Algze

207 / =N 2,900 em 'l e C-H =E#A #Mze 37

E ’ £e 7astach 2d22 CN 8ggdAT s’

gwm @J(looo cm™)o] A% GFHE A& & F

=8

% 12 da/ctrze sba EENE EEE

*—.iﬁh‘_’: gojs 9o ZHE AFgTdewe HIEA

: : =9 gA4AFE Micro Matenalsf‘} Nano Test

400 =00 1200 1§00 2000 2400 2300 3200 50002 2R Aol ¥ 114 N at%2 HA

Raman Shift () 2 AL Y o) $HB Fas) FEE UE

Yz gnh Zad Fael g W F a2y

a' 3. AlEE 600TeA FAesty) Ao €A 2 A 4 e Axs @4ASE WE

)5 F2] Raman HHEF, 2 9. ok AEgelddxe g 27}

Fig. 3. Raman spectra of the as grown sample dizmond like carbon(DLC)S) BEjz BEE7] o

containing before and after annealing at B o AFAL 2 4 Az olm AN H:

H00TC. s el 7) =A JehdE ww gsig it

Tz 2977 (hexagonal system)[21E B eh3

o R e e @i}d‘iﬂf wel Az 3 9l7) wie] Az =ae] ZFHo] DLCA W v
Ao Zas dgg duh 298 32 BAI 331 WA 7] wgelvt

at% EIH AMEe 0“'_7\%1]%"3@- Raman Spec— E o= AFHEATE AISYSAE 8620 572

rumoE A% Aotk dxgzde Z&ES v 23NA BEAR ¥ BHASLE AR

7iol A 6007, 1A1ZEolsieh EAE %‘ic’ﬂ uls) <2 Agholth, & 1Mk 22 Fa8 THF B

Az & A=e Il ¥t FEE ¢+ Ut & w) Z ool E AudMye Anst BAEAT

olxe 4Ad=se FUH sl4=wR(microdo 7b wlmE e ww @i e FUE

man)e @7 St Frhska DSl 27 71 mel A% Q2 gAY FAEE AE € T8

ghv) witolnh ol#d Aze R O Dillon Z[11]°] T o= TF7 ERAAE DLCHT Reim

wEI LH%-Jr Ax st ok S o5 449 o) ZAHY, folstn FAYE BV AED A2

149



). of KIEEME(in Korean), Vol. 15, No. 2, February 2002.

E 2 H973E 9 g4AFETE 7R
Table 2. Mean hardness and elastic modulus

(tool steel substrate)

Sample N at.% Mean Elastic
No. Hardness(GPa) | Modulus(GPa)
1 0 15.2 166.3
2 255 30.4 3325
3 33.1 46.09 383.6
4 33.4 49.34 307.2
) 33.7 48.23 385.4
6 376 437 393.6
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Table 3. Rockwell

carbon steel.
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