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Influence of Oxide Inclusion Embedded in a Sputtering Target on Arcing
Phenomenon

Takahiro KAWABATA
Toshio INASE

Anomalous electric discharge (arcing) during sputter deposition is the main cause of defect in the manufacture

of electronic devices and therefore the reduction of arcing is strongly needed. The arcing is considered to be

induced by the inclusion in a sputtering target, but no systematic study has been performed yet to elucidate the

relation between the property of inclusion and the arcing.

We have devised a convenient method to evaluate the arcing property of various oxide embedded in a small

amount into a sputtering target. In the present study, we found that the arcing was closely related to a surface

charge of the oxide inclusion and built an arcing model on the basis of the critical charge density at which

electric arcing starts. With this model in hand, we were successful in calculating a critical oxide inclusion size

within which the arcing does not start.
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Fig. O O Manufacturing process of an oxide inclusion
embedded target. 00000
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Fig. O O Optical microscope image of an Al,O; inclusion
embedded in Al target.
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Table O [0 Arcing evaluation conditions

Sputtering power OwQO | 4000 60001 800
Sputtering gas pressure 0 Pald 0.7
Pre-sputtering time 0 min0d

Arcing count time O minO

Target-substrate distance [ cmO 7
Magnetic field intensity oTOo 0.04
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Fig. O O Relation between arcing rate and size of Al,O; inclusion.
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Fig. O O Relation between arcing rate and size of SiO, inclusion.

Table O O Arcing evaluation for oxide inclusions

Arcing rate | Relative dielectric| pesistivity (p ) £ xp
Oxide constant (€ ,)

O Count/sO ooo 0oQ mOo OsO
Al,O3 13.00 10.8 5.8x 10 5.5x 107
SiO, 1.40 34 7.7%x 10" 2.3x 10?
TiO, 0.02 44.1 2.4x 10" 55x 1091
Cr,0; 0.01 215 2.8x 10° 53x 10”3
Nb,Os 0.00 74.6 8.0x 10° 53x 104
Sno, 0.00 75.7 40x 10"2 2.7x 109
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Fig. O O An electrical potential distribution near the oxide inclusion.
(a)Surface charge density =00 0 000000
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Fig. O O A distribution of electron number density just above the target surface.
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Accumulation of electrical charge
on the surface of the oxide

¥

Rise in electrical potential
near the oxide

¢

Increase of the electron number
density above the oxide

. <

Generation of arcing

Fig.100 Presumed arcing generation process.

Oxide Inclusion
Oe Op O

Target

Fig.1100 Schematic image of an embedded oxide inclusion
model.

0 190



20 TOSOH Research [0 Technology Review Vol.5000 20060J

VD%EISDCDS EIgEDRDp% 03C

oooooooooooce/vo
e J00O00D0OOOC/vemO
gobobooooO0demd

pOO0O0O0O0OOO0Q cmO

02000000@O00010000000000O
04000000

%%Duméﬁﬂg 04C

00000300, 000000000000000
OoO0oo00o0j,=000040000000000000
oooooooo 0000000o004000000
ooooo
040000000 =00000QUUIOLDDOOO
os5000000

Q0,0 5D I BRI} I st

02000000
oooooOo0o0oO0gj 0oo00ooooon
ge,Uibinouobuoboon

D%%— 06C

is
00Q,U0700000000000000
Q.0 Q.00 Qq 07C

0000QU00000DNDNONNONONNDNONOO
000000000000QOOONDNODNDNONOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000o0oo

Q0000000000000 0DNs0000000
000QU000ODDNDNDNDNONONOOOoNDOnO
0QUQ000000O0D

Al,O3
0.71mm

0.08
0.06

004 F Q

Q1 C/em’d

0.02

0.00
0 200 400 600 800 1000 1200

Sputtering Powerd WO

Fig.120 Relation between Q, and sputtering power.

030Q,00Q.000
ALO,00000000O00000O0OO000O0O
0000At000500000000000000
0D0000000000000000000000
0Q,0000000000DOOFg.120 000 Fig.12
000000000Q00000000000DNO
00000000000000000000000O0
00000000000000000000000O0
0o0O0QU000D0D0DNDNDNONONONODNDNDNONOO
000000000QO000O0OOALO,000
Q.025x 10° C/cm*0 0000000000000
Q0Q,000Q,00000000
040j,000
ALO,0000000Q,0000000Fig.1300
O0Fig.130000000000000000000
000000000000000000000000
000Q,000000000000N0N000ONODn
O0e xp 000D000000000O0O00O00O0O00O
0000000kIODOOO0OOQ,008000000
0D0000MmMs000000OL0000000non
0000O0o0o

Q@DkX%EIXL;I-I‘?tD@-ET 08C

ALO,0000O0O0O0O0KOOOOOOOOTable 3
Ooooooooooooomooookoo.330O
oobooQubosooouoboooooooooboon
ooooooo

0Q,00000D00OD0O0O0OC0OmeInnonoon
oobooooooon

hmﬂ%m%ﬁ; ooC

goobooboiloooooooQuoOoOooooooiod
goooo

Q0 581 jo IS i B I 0 20

0.15

® : 071mm

/\ = 0.35mm
010

Q,0C/ecm’D

0.00
0 2 4 6 8 10 12 14 16 18
TimeO SO

Fig.130 Time dependence of Q,.

0 200



0000000o0o0osodd20060 21

Table O [0 The value of k for Al,O; inclusion

Oxide size k
0.710 mmO 0.34
0.350 mm0O 0.32
20 “‘
“
“
15 F **

*

R ) O:AL,0; 0.50mm
A:Al,O;30.35mm
@®:5i0, 1.41mm
A:ISiO2 0.72mm

*
“‘
10 f .
o* [ B 0:Al,0; 0.71mm
.

Calculated valueld count/s[]

0 5 10 15 20
Measured valuel count/s

Fig.140 Comparison of calculated and measured arcing rates.
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