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Preparation of Droplet-Free Diamond-Like Carbon Film by
Magnetically Controlled Filtered-Arc-Plasma Beam
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Abstract

Carbon plasma beam horizontally entrancing from T-shape filtered arc deposition (T-FAD)
module to process chamber was magnetically deflected upward and rotated in order to obtain
wide area coating of droplet-free diamond-like carbon (DLC) film. The magnetic fields for
those motions were applied at the connection part between the T-FAD module and the process
chamber. The deflection angle of the plasma beam linearly increased up to approximately 16
degree from horizontal line of T-FAD module, as the deflection magnetic flux density increased
for with/without rotation magnetic field. The rotation of plasma beam attained wide area coating
with allowable uniformity, for with/without deflection. Almost droplet-free DLC film could be
obtained when the film was prepared above the horizontal line of the T-FAD module by
employing the beam deflection.
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Fig. 1 Schematic diagram of T-shape filtered arc
deposition (T-FAD) system (Upper, top-view; lower,
side-view).
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Fig. 2 Scanner coil configuration (upper) and control
system (lower).
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Fig. 3 Measurement setup of optical film thickness.

Table 1 Photographs of carbon plasma beam in process
chamber.

Rotation: on

Rotation: off

Deflection: off

Deflection: on

Bl Y EFITK 15 ERm L TVWD Z & AHER
T& %,

32 77 X< E—LDRAA

CS1-3 aA AxHZEE L=ERP KT 2 R
MBEROBREELZLSE, 7T AvE—A
DifRmA & ORfRER 7=, WAL, L
T PHANEBERIZBWT T 7 A< E—LADFEL
FLAERIIEEIL, ZOREF 7 MHAOH
L DDA L Lz, FigdlZ, CSI1-3 aA L
XL ORABEREE L 7T X~ B — AD{RH
i & ORRZRT, 7ok, BIERRER HEIIN L 7=,
CS1-3 = A kD LRBEHE E AWM+ 512>
. WEATEML, 1.5mT £ TIHZIFHAF L
TW5, 1.5 mT LA ETIE, REA2K 16 ET
fafm L7z, Ax ¥ PO LFr o ERno
NEVBELAEIZMN 16 ETH D10, ZOFEER
. R E—AD—H B F ¥ o\ BERHADY
P EHEICEMLTLEST-1DEEZILND,

L AT, ImMBEHREE L mmfA & ORRE
PRI B LR L TH D, Al IRH =1V C6

— 161 —




Journal of IAPS 77 X= AR Vol.18 No.2 Dec. 2010

v
w (=]
—
-
g
=
—

[ S B
o

Deflection angle of
plasma beam & (deg.)
S o

5
0 T
0.0 0.5 1.0 1.5 2.0
Magnetic flux density of
CS1-3 coil center B_ . (mT) (a) (b)

Fig. 4 Deflection angle of plasma beam as a function of Fig. 6 Scanned images of DLC films prepared on

magnetic flux density for deflection at center of CS1-3 polyester sheet. (a) rotation, off; deflection, off. (b)

coil pair. rotation, on; deflection, off.
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Fig. 5 Schematic diagram of magnetic flux density y t

vector for deflection at scanner part. Fig. 7 Relative film thickness distribution of DLC films
prepared on polyester sheet.
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Table 2 Process conditions, deposition rate, and number of droplets in various arc deposition systems.

Arc Duct  Deposition Niiibes of dicolets
System current Bias rate 5 = P -
(A) ) Gamimii) (0.1 mm~+Deposition rate (nm/min))
Conventional vacuum arc deposition'” 50 0 42 151
Torus-FAD'” 50 0 28 50
Linear-FAD'” 50 0 57 20
T-FAD'? 50 0 13 1.03
T-FAD"? 30 15 19 0.26
T-FAD (ES-trap) '* 30 15 17 0.09
T-FAD (Beam deflection: off)™* "™ 25 15 15 0.08
T-FAD (Beam deflection: on) "™ "™ 25 15 14 0.03
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