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DEPOSITION OF THIN FILMS AND SURFACE MODIFICATION BY PULSED
HIGH ENERGY DENSITY PLASMA

YAN Peng-Xun'
Institute for Plasma and Metal Materials Lanzhou University Lanzhou 730000 China

YANG Si-Ze
Institute of Physics Chinese Academy of Sciences Beijing 100080 China

Abstract The use of pulsed high energy density plasma is a new low temperature plasma technology for material
surface treatment and thin film deposition. We present detailed theoretical and experimental studies of the production
mechanism and physical properties of the pulsed plasma. The basic physics of the pulsed plasma-material interaction
has been investigated . Diagnostic measurements show that the pulsed plasma has a high electron temperature of 10—
100eV density of 10*—10"®cm™ translation velocity of ~ 107 cm/s and power density of ~ 10*W/en® . Its use in
material surface treatment combines the effects of laser surface treatment electron beam treatment shock wave bom-
bardment ion implantation sputtering deposition and chemical vapor deposition. The metastable phase and other kinds
of compounds can be produced on low temperature substrates. For thin film deposition a high deposition ratio and
strong film to substrate adhesion can be achieved. The thin film deposition and material surface modification by the
pulsed plasma and related physical mechanism have been investigated. Thin film ¢-BN Ti CN TiN DLC and AIN
materials have been produced successfully on various substrates at room temperature . A wide interface layer exists be-
tween film and substrate resulting in strong adhesion. Metal surface properties can be improved greatly by using this
kind of treatment.

Key words pulsed high energy density plasma thin films surface treatment

*

"

2001 - 09 -24 2002 - 03 - 28

. E-mail pxyan@Ilzu.edu.cn

510 -



RLC
RLC
20
50
50
LIS PNy
=]
D Q—-L
S
QMSs C,
— ] é'_T
=i
1—5 ﬁ fﬁ_
1
2.2
CVD  PVD
2 v Vg v = ng
k )
2.1 10*—10"cm™? 10—100eV

31 2002 8 - 511~


Absent
Image
File: 0


2.5

20

N/Ti J§i 7 Lh ]

05

151

1.0

512 -

25 30 35
HEHE /kV

c - BN

Wentorf

40 45

20

50

. 1980 Weiss-
mantal 17
100nm.
50% B,H, + 50% N,
0.12MPa 10" Pa
100 GCrl5
15 20
25keV. 60pss . SEM
TEM X XRD IR
c-BN
c—- BN
¢—-BN 4pm
1.5pm 0.5pm.
3 a 100
c—- BN
c— BN
1.2um. 3 b ¢ - BN
820 1375cm™!
1070cm ™!
2—3min
c¢c— BN
TiN TiAl Ti CN
CVD PVD
PACVD
IBM IBAD


Absent
Image
File: 0


100

£
W
p2)
i
h-BN
20 F c-BN
0 : !
2000 1500 1000 500
& fem!

(b}

a c¢— BN
b c¢—- BN
TiN
. SEM
GCrl5 TiN
. XRD
TiN
Ti,N
Ti,N TiN
Ti,N

TiN
31 2002 8

Ti CN TiN  TiC

Ti CN CVD. CVD
1000°C Ti CN
) Ti
CN ) Ti CN
CH, + N, . SEM
Ti CN
CVD Ti CN
4 Ti CN  XRD ) 4
V, = 4kV Ti CN C/N
7:3 4.27A TiN  4.24A
TiC  4.332A ) C/N
Ti CN C/N
C/ C+N . FeC

Iau.

30 40 50 60 70 80
20/deg

' 4 45 Ti CN XRD

AIN

1Cr18Ni9Ti
AIN 15nm
.AIN
Fe;N
2% NaCl
10
DLC

3
sp
513 -


Absent
Image
File: 0

Absent
Image
File: 0


DLC

CH,

25nm
XPS

FeC

100

DIC
DLC
45

3
sp

DLC

DCL SEM
DLC
285.4eV.
sp- C—C sp’
DLC
.AES  XRD

514 -

vk

10km s™' E=1—5kV
= 1.6—4 x 10'W/cm®.

GCrl5

746kg/mm’

at

Fe C

Fe,C

TiN

Hyy = 1216kg/mn’.  SEM

a-— Fe

GCrl5

TiN

PVD

6 b

CVD

20  60nm

TiN
1908—2216kg/mm’
71—92N

.TiN


Absent
Image
File: 0


FeTi

100

100

WEE /(%)

&5 B} f|) /min
@)

100

90

80

70

ks A8 A /N

60

50

a GCrl5
b TiN

45
45

31 2002

Ti

&% /pm
®)

TiN AES

45

CN

Ti CN

10

Ti CN 50—
70N
Ti CN

80
® No.45H#H

60
° O Ti(CN)#fi

EEHK mg

BEHIEES /km

' 7 45 Ti CN

515


Absent
Image
File: 0

Absent
Image
File: 0


11

12

14
15

17

Yan P X Hui P. Sur. Coating & Technol. 1998 102 175
Martinu L. Potras D.J. Vac. Sci. Technol. A 2000 18 2619
Buuron H Bolt A Yan P X et al . Surf. &Coat. Technol . 1998 98
1572

1999 28 388 Wu C K.Wuli Physics 1999 28
388 in Chinese
Martin P J Bendavid A Kinder T J. IEEE Trans. plasma Sci.
1997 25 675
. 1995 40 414 Yan P X
Yang SZ Li B et al. Chinese Science Bulletin 1995 40 414 in
Chinese
Yan P X Yang S Z Chen X S.]J. Crystal Growth 1995 148 232
Yan P X Yang S Z. Appl. Surf. Sei 1995 90 149
Yan P X et al.]. Vac.Sci. Technol. 2001 A19 232
1994 30 503 Yan P X
Yang S Z Chen X C. Acta Metals 1994 30 503 in Chinese
1994 39 1547 Yan P X
Yang S Z Li B et al . Chinese Science Bulletin 1994 30 1547 in
Chinese
Yan P X Yang S Z.J.Vac.Sci. Technol. 1996 Al4 115
Yan P X Yang S Z Chen X S.Nucl. Instr. &Meth. in Phys. Res.
1995 B19 55
Yan P X Yang S Z. Chinese Physics Letter 1994 11 558
Yan P X Yang S Z Li B.Mater. Chem. &Phys. 1996 45 167
Wei K Fu' Y Wu X. et al J.Mater. Eng. & performance 1999 8
521
Weissmantal C.J. Vac. Sci. Technol. 1981 18 179

1000000000000 00000000 0> 0> 00> 0> 0> 0L>0L>0L>0L>0LS>0LS> 0> 0> 0> 00> 0> 0> 00000

2002 9

516 -





