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ABSTRACT

Nanocrystalline CrN films were deposited on Si (100) substrates by means of asymmetric pulsed DC reactive magnetron sputtering.
We investigated the growth behavior, corrosion resistance and mechanical properties of CrN films with a change in the duty cycle and
pulse frequency. The grain size of the CrN films decreased from 25.4 nm to 11.2 nm upon a decrease in the duty cycle. The corrosion
potentials for the CrN films by DC sputtering was approximately - 0.6 V, and it increased to - 0.3 V in the CrN films which underwent
pulsed sputtering. The nanoindentation hardness of the CrN films also increased with a decrease in the duty cycle. This enhancement
of the corrosion resistance and mechanical properties of pulsed sputtered CrN films could be attributed to the densification and surface

smoothness of the microstructure of the films.

Key words: Pulsed sputtering, Asymmetric bipolar, Pulse parameters, Nanocrystalline

f

Hir
rlo

=
)
I

oX.
of

CrN&
v 7+
o] gitt.?

ohje} #of

0% Mo

)
2,

of
a
o,
o 4

2o

N

o
o o ox

LY
gt
=
fr

T

L

L7EE T
o] HAxA I AR AMgsle AEHA
ol aEAASE AFHAA] (PEMFC: Polymer Electrolyte
Membrane Fuel Cell) 2] (bipolar plate)8 B AA|Z
FEy 9k @A) PEMFC] 289 A8 2 20]:=
(graphite)> Folt WA, =2 A7H=d 9

Ad v & 5y, 7] ofH s, B 7HE T
AL 7HA ot o]y st FAFS dAstr] st
=57 ol ik A7F M= lom

AEAde BF HEA7s 24 el =

AW
=
o
1>
=

—

2 ox
ot

A
_>‘~1_4
=

N
N

¢

)

2
o

T
)|
1=}

£

£ 8 1o o dob

b

TCorresponding author : Sung-Yong Chun
E-mail : sychun@mokpo.ac.kr
Tel : +82-61-450-2495 Fax : +82-61-450-2498

-390-

& B2 #e] 714 2 AAclg & F 9Urh?
O|ZZANAF o]&3tY N ZYEE Alee
=2 PVD (physical vapor deposition)®H3} N,
Al 944 (thermal grown)S = 4 2Uth” PVD
71 5280 F3F glo] #dg CONTS A
E4E 7 Ak 2y 2" Aol A
(pinhole)® Ql&te] = F2lo] MY EA &=
Utk & A= HA 2 Feznts
ARY 271, A& 9 7lF 5% 2 A"
zxdo] 7hsd vt A =4 24 i ER
| &k

DC Rl EE A9
4 71A7F B
oA AE stg=Eo] B
4 B B9 flol] 3RAe=w
Bl TolzY a3 w7 FE&
Bord e 447%5S vepdnt?) o
A2 2 EHYol Hx NEEHJL olF
I A9E - 71A1e] F Y

o % do pf
o N jo |
2 ju B
Mz o%

1‘
N,
08{0

)
Ir

L

™y

¢

o



DC Z=ofefiist vl o B2 2ofepgos Al

AL el Andx] SRS ON IR 54 IO 391

Table 1. Conditions for Deposition of CrN Coatings by Continuous DC and Pulsed DC Sputtering

Conditions 1 2 3 4
Generator (type) DC Pulsed DC Pulsed DC Pulsed DC
Power (W) 300 300 300 300
Pulse frequency (kHz) - 5 25 50
Duty cycle (%) - 95 75 50
Substrate bias voltage (V) DC-100 DC-100 DC-100 DC-100
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Fig. 1. Time behaviors of voltage and current of bipolar
pulsed modes at (a) condition 1 and at (b) condition 4.

AR ThFR 2T TPsE B AGelME vt
FF4 B2 Bhgle] DC ALBARAE ol gl ol
= 3

= Zg2E A7 AEAS o E mEA
A7] (on)2} 1171 (off)E WHE-3le] M2 (modulation)E 7+
g ¥ Y 7EAE WAt HAIZ EERuE o &

St Ysl= 2L dS TZ2E 7H A
3}E, BslE, AtslEd e B 3I5HE] IYox
ALgE 5 9l7] wEolttY “Ef?} FE AolF 95%9}t H
2~ F3Ik 5kHzE 1718 7% (condition 2), e B
RA7F AIZE2 oF 20 ps2 -9 éé U7F AJZEe] eF 180 us
Hop Aoz e A7F &9k C7bsided ol Z
Y Al AQEe AZke] gHe FEe] DC 2 EH I
7re oo WA olytgro 2 AWEHIA LAEE GgEA
el Al M XolzYH of IS AT 5 9

3.2. 2™E 37|
Fig. 20 d&3<1

DC 2 B3 B2 DC 2HEHYO
2 A Fet N Z" i

(111) He] XA 3|85

A2 k8]

Kieacy

30 0.6
=25} 105
£
= = = s
o I
X 20 + 4104 =
£ o
©
o 15} 4103

10 L . . . 0.2

1 2 3 4
Condition
Fig. 2. FWHM of XRD diffraction peak and grain size of CrN

films as a function of deposition parameters.

Wb A4 2weke
271 XA F8RY F29 wE
S AN R WHE 27t 245 A4Y 27

zrolzit), B Ago|A A Z7]= Scherrer &2 A
RS WokEe] FNBSE ARY Al qrddd
ok aRelA & F gkl P FuTl s kHzR T E
S0KHZZ 2711 v WkEe Sk, 239 )
T FA Foe S wel 254nmFE 1.2 nm7H] 7

o] AR Fade & ¢ A wEA ON =299
ol 44§ A7) % vATERE Aoste VR vt
" 2dE e AR FE Aol 2 EX Fokee
- o FANsde & 5 3l

dukx oz H|gd "2 DC *AE% < T4 =10

"1 DC ¥ E R Hal o] 2H {7t oF 15~18HH =t

U= ReA = A O‘E} 9 ol DC 2l vla] H]thH
T2 DC 2HEHE A, HUd 54 24 Sgk=nt
o] QA we 0}7 ek 2o gsh, AdE Eetzu}
o] Ao wt 7198 sl olFste o dAket T4
AA7Y 71 e Edste F5AAY] o] FE (adatom
mobility)2} 3 A4 Alo]E (nucleation site)E S 7HA 712
A}How AFY A7|7F st ALE EEAY] N
FEure AL 5= A Do o)y N Zyute] A

= v= T

1

m° 1~rl

Y 2719 thesl 9202 o] o] & ARYE, o]
2olUiA, ol B, 2FeE 2 AP QT2
3 e 22ES 5 4 Adn

S BEAAS TE AL HAE DB
7] $lel v1HE4 AFM 242 AAEI) Fig 3&
23l DC % WYY "2 DC 2MEYoR A%
ko] 3219l ¥ vATZRE YERZ T

FE] mpo]F3t A Fulr N ZH ] R,
ANl A e wasE ol Es 4
Qi=El WA P2 DC ZAEHYP R A%

0,
w)

}:l:l HJ



DC 2-5Esh vIjy =g B2 2olEpom At wiA) el QEsd) S4elRe ON Tl B4 9 303

Condition 2

Condition 4

um
0.05

Fig. 3. AFM surface morphologies of CrN coatings deposited
using pulsed DC sputtering.

& N =REte] Ewio] F21e] DC *ﬁmi Az GN
Hgutur) e 3}% Holt}, o= S A% DC =
HEZ A2 N Zge ‘,] ¥H 747]7]—1: 10.3 nm¢!
vy S /y\]_o]»g- 50%9} "2 Fu 50kHZE 21 7)et
of A& N Z¥2e] R, ¥ 7127]E 1.0 nmo|th
olgal vt W2 DC 2HEHOZ A2E CN ZH
gro] ekeh ¥ BZA 9 ¥4 AloRE welaw
ofz Aol me oleHdF Y=ol 3 A PEo] F7}
£ 5 & I os 59 FUe A5 Dest vl
B2 DC 2HEHYOR A2 ON Y] 9 o]

ZAFE 3.5mANA 64mAR oF 1.8 A gt B
2 vk ok ek Hgy W2 e AHEY ALE o

2 013} o)A Wro] Ayl olg o3k 3 A B
=9 Ao ARY 2719 Yi=st ON ZEY ®He

Hers) oAU Zol2} AlrH.

34. UHFAMY

& ZThzut 34 Hee 299 et wieldl
F& v Rk ofuzt Aok 7AAH SA0le I
2 vtk Fig 40 CrN ZH®uhe] 24

0

NZEFO 0.8,

a3l 3.5 wt% NaCl 8doA A4 BF A|FS 33
HZAAE JeEpIATh T 22 992 I"E ON

A AISI420
-0.2 O DCCrN

@ pulsed CrN
04

Potential (Volts)
)
(o]

o
o]
T
\

-1.0 1 1 1 1
1E-8 1E-6 1E-4 1E-2

Current Density (A/cm?)

Fig. 4. The polarization curves of CrN coatings deposited by
DC and pulsed DC sputtering and AISI 420 stainless
steel substrate.
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Fig. 5. Nanoindentation hardness of CrN coatings deposited
by DC and pulsed DC sputtering.
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