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Abstract Deposition of TEOS-0O; oxide film as inter-metal dielectric layer shows the substrate depen-
dency according to the substrate material and pattern density and pitch size. To minimize substrate and
pattern dependency, TEOS-base and SiH,-base plasma oxide were predeposited as underlying material
on the substrate. The substrate dependency of TEOS-O; oxide film was more significant on TEOS-base
plasma oxide than on SiH-base plasma oxide. The dependency of TEOS-0; oxide film was remarkably
reduced, or nearly eliminated, by N. plasma treatment on TEOS-base plasma oxide, which appears to be

caused by the O-Si-N structure, observed on the the surface of TEOS-base plasma oxide.
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Fig. 1. Experimental flow
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Fig. 2. The thickness ratio of the TEOS-0; oxide
deposited on two kinds of substrate mate-
rials(temperature ; 420 C, Os conc. ; 3%)
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Fig. 3. The variation of the thickness ratio with
0O; concentration and temperature
(a) t2.5/14.0 represents the thickness
ratio of TEOS-O; oxides deposited on
the pattern density of 2.5um pitch to
that of 4.0um pitch
(b) 11.5/14.0 represents the thickness
ratio of TEOS-0; oxides deposited on
the pattern density of 1.5um pitch to
that of 4.0um pitch
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Fig. 4. The variation of the thickness ratio with
0O; concentration and substrate materials
(temperature ; 420 C)

(a) t2.5/t4.0 represents the thickness
ratio of TEOS-O; oxides deposited on
the pattern density of 2.5um pitch to
that of 4.0um pitch.

(b) t1.5/14.0 represents the thickness
ratio of TEOS-0; oxides deposited on
the pattern density of 1.5x#m pitch to
that of 4.0um pitch
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The effect of N; plasma treatment

(a) t2.5/t4.0 represents the thickness
ratio of TEOS-0; oxides deposited on
the pattern density of 1.5um pitch to
that of 4.0um pitch

(b) t1.5/t4.0 represents the thickness
ratio of TEOS-O; oxides deposited on
the pattern density of 2.5um pitch to
that of 4.0um pitch
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Fig. 6. Reaction model of TE0S-Os APCVD
oxide.
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Fig. 7. FT-IR spectrum and ESCA depth profile
of substrate materials.

(a) FT-IR spectrum of P-TEOS oxide
and P-SiH, oxide(dotted line represents
P-SiH, oxide and the solid line repre-
sents P-TEOS oxide)

(b) FT-IR spectrum of P-TEOS and P-
SiH, oxides after N, plasma treatment
(dotted line represents P-SiH, oxide
and the solid line represents P-TEOS
oxide)

(c) ESCA depth profile of N, plasma
treated P-TEOS oxide

ol9} g BHNA SiHi-base Tetzul 4t
gletol 3 %7} TEOS-base Zghzwl Absbet
Bz whEe] Si-OH Z o) vz 7| o
#o] TE0S-O; 4tghute] wid dx 3 A
o]&A o] =t} TEOS-base Xehzw} Abshwt
of N, mgt=vr} 3 A&l & A =4, 138
7(b)ell Al BE upeh o), FT-IR £4lA
Si-OH A §o] Aletxz, £33 Fde N 4

(I) Recombination
Si-0-Si-OH HO-Si-0 -«—TEOS-03
! reactant
rOH
Recombination

LOH OH OH OH OH OH OH OH
| | | I | | | I
| IEL | I I ] I I

Plasma silicon oxide

(a) OH is incorporated in PE-Oxide

(I) Recombination
$i-0-Si-OH HO-Si.0 -—TEOS-03
dH reactant

} | | ] |
! 1 I { 1

Plasma silicon oxide

I}II‘IJNNNNN]}I
LI I

(b) OH is replaced by N
Fig. 8. The reaction model on the deposition of
TEOS-0; oxide.
(a) When OH bond is incorporated in
substrate material
(b) When OH bond is replaced by N due
to N2 plasma treatment.
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