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This paper reports the study on the lessening of particulate contamination on deposited films due to WSiy

sputtering target for ULSIs. Mechanism of the particle emission was examined in relation to the cone growth

on target surface. From the observations of target surface, it was suggested that the cones were originated

from pores and coarse grains of excess silicon present in the target. The sintering behavior of WSi, powder

was found to be dominated by the plastic deformation and the original forms of silicon. Evaluation of various

samples sintered by hot pressing process revealed the followings; a) reduction of pores decreased both cone

formation and particulate contamination, and b) full dispersion of excess silicon brought further decrease of

both.
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Fig. 1 Schematic illustration of particle
emission due to an arc at cone on
sputtering target.
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Fig. 2 Proposed models of cone formation on sputtering target.
Factors of cone nucleation: (a) impure particle or 2nd
phase. (b) high-electric-resistivity grain. (c) pore. (d)
orientation of grains. (e) stress and strain. (f) various in-
teraction in multi-phase target.
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purities were detected by EDS measure-
ment. Cl, Ni, Ar and S were detected at
the top part (indicated by an arrow) of the
cone. (Viewing angle in SEM is Odeg.
relative to the sample’s normal.)
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Fig. 4 SEM images of typical cones formed at
pore edges. (a) matured cones. (b) (sup-
posedly) nuclei of cone. (Viewing angle in
SEM is 45 deg. relative to the samples’ nor-
mal.)

ARy EHAD—ENRE—Fy Ml AT
DEELZBND, Fig. 4la), (b) ITRENE 32— iR




o . i e e —————

— e e

146 Journal of TOSOH Research Vol. 36 No. 2 (1992)

Fig. 5 SEM iamge of typical cones formed on
coarse grains of excess Si. Rounded or
wave-like shapes should be noticed.
(Viewing angle in SEM is 45 deg. relative
to the sample’s normal.)

i
_dpum

Fig. 6 SEM image of sputtered WSiy target sur-
face without pore or coarse grain of excess
Si . No cone formed on WSi, grains.
Striped morphology is observed on fine Si
grains. (Arrow indicates a fine Si grain.
Viewing angle in SEM is 45 deg. relative to
the sample’s normal.)
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Fig. 7 Schematic diagram of WSiy, target fabrication
by hot pressing.
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Fig. 8 Reation between sintering temperature and
sample density. (pressure: 200 kgf-cm—2,
sintering time: 4 hr, powder; Al)

Table 1 WSi, powders for the experiments.
Molar ratio Crushing Average Max. size of
Powder (Si/W) conditions particle size Si particle
Al 2.75 —100 mesh 70 ym 150 um
A2 2.75 —100 mesh 10 ym 30 um
+
N. B. M.*!
50 hr
A3 2.75 —100 mesh 5 um 10 ym
+
P. B. M. *?
4 hr
- B 2.2 —100 mesh 70 um 150 gm
C 3.2 —100 mesh 70 pm 150 um
*1 N. B. M. represents Normal Ball Milling.
*2 P. B. M. represents Planetary Ball Milling.




==

148 Journal of TOSOH Research Vol. 36 No. 2 (1992)

(a)

(a)

(bh)

Fig. 9 Microstructure of sintered WSiy.
(a) sintering temperature: 1350°C.
(v} sintering temperature: 1360°C.
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Fig. 10 Microstructure of sintered WSiy.
(a) sintered body of Al powder.
(b) sintered body of A2 powder.
(c) sintered body of A3 pwder.
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Fig. 11 Hot pressing process pattern and density increase.
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Fig. 12 SEM image of pore-free target after sput-
tering. (Viewing angle in SEM is 45
deg. relative to sample’s normal.)
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Fig. 13 Relation between porosity and cone
density of WSi, targets
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Fig. 15 Relation between cone density and
particle number of WSi, targets of
various porosity.

O :porosity is null.
® :porosity is finite.
m :excess Siis fully dispersed.
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