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Low Temperature CVD of High Quality SiO2 Film Using Helicon Plasma Source

Yuko NISHIMOTO, Noboru TOKUMASU, and Kazuo MAEDA

Semiconductor Process Laboratory Co., Ltd.
13-29, Konan 2-Chome Minato-Ku, Tokyo 108, Japan

Helicon plasma, a new compact high density plasma source, was investigated for
chemical vapor deposition of dielectric oxide. High quality films having low
compressive stress of l-2E9dynelcmZ,lower SiOH content and comparable wet HF etch
rate to thermal oxide were obtained. Sub-half micron gaps with high aspect ratio were
successfully filled by applyrng a substrate bias. A combination of biased Helicon plasma
CVD and AP TEOS-O3 NSG which has self planarizing characteristics is proposed for
planarization without CMP.

INTRODUCTION

Intermetal dielectric formation for advanced
devices requires high gap fill capability and high
mechanical and electrical reliability. Plasma TEOS
CVD and TEOS-O3 AP (Atmospheric Pressure) CVD
(L,2) have been widely utilized for half- micron
interconnection, however, their film qualities have
generated concem about water related reliability issues.
High density plasma CVD, such as ECR CVD has
been investigated to achieve higher density films with
good water blocking (3,4) and gap fill, with
simultaneous deposition and sputter etch by applying a
substrate bias (5,6).

Other high density plasma sources, such as ICP
(inductively coupled plasma), and Helicon wave
excited plasma (7,8) have been recently investigated
for sub-half micron etching technology (9,10).
Helicon plasma has been reported to provide higher
density plasma (n=1E12-13lcm3) than ICP and ECR
plasma, at lower magnetic field with a simpler
structure than ECR plasma. Only a few investigations,
however, have been reported for Helicon plasma
utilized for chemical vapor deposition.

In this paper, we report a preliminary
characterization of SiO2 films by Helicon plasma CVD
at low temperature, less than 300oC, using a SiH+, Oz
and Ar chemistry. Excellent gap fill of biased Helicon
CVD in combination with AP TEOS-O3 NSG which
has self-planalizing feature, will be presented for an
advanced intermetal dielectric application without
chemic al -mechanical polish (CMP) plan arization.

EXPERIMENTAL

The Helicon plasma source consists of a quartz
tube with a double-loop antenna which gives M=0

mode plasma by RF power (13.56MH2), and the
substrate is biased by FIF power (100KHz). SiHa gas

is introduced through a gas ring to wafer surface and
react s with oxygen and Ar plasma excited in the upper
quartz tube as shown in Fig.l. The deposition
conditions are listed in Table 1. Film thickness was
measured by interferometry. Refractive index by
ellipsometry, film stress at room temperature by stress
gauge (Ionic System), Fourier transform infrared (FT-
IR) spectrum and wet etch rate in l%o HF solution
were measured for film characterization. The
hydrogen and water desorption from SiH, SiOH and
absorbed water in the film were evaluated by Thermal
Desorption Spectroscopy (TDS). Gap filling
properties for sub-half micron poly-Si spggeq were
bbserved by scanning electron microscope (SEM).
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RESULTS & DISCUSSION

Table I summarizes the film properties under the
listed experimental conditions. Deposition rate was
determined mainly by source gas flow and gas ring to
wafer distance, denoted as gap in Fig.2, wh-ich
suggests that the reaction is diffusion limited. The
deposition.rqtg decrease and significant drop in wet
etch rate with increasing substrate bias is attributed to
the densification of the film and simultaneous sputter
etch. High density films with low wet etch rate were
also obtained at high Helicon source power without
substrate bias as shown in Fig.3. This suggests that
substantially dense plasma is considered to be formed
in Helicon plasma.

Table 1. Deposition conditions and film properties

Low compressive stress films of 1-2E9dyne/cm2,
and stable films with no significant srress change by
water absorption in ambient air, were obtained by
substrate bias and at higher Helicon source power as
shown in Fig.4.

Film properties such as film composition and
chemical bonding structure evaluated by refractive
index as shown in Fig.5, and by FT-IR spectrum as
shown in Fig.6 were strongly dependent on Oz and
SiH+ gas flow ratio. Higher SiH+ gas flow gives a
higher refractive index film with higher SiH content.
The absorption peaks associated with SiH stretching
band at about 2260cm-l and SiO band in the structure
of HSiOt at about 880cm-1 were observed. Very low
wet etch rats, less than of thermal oxide, at higher
SiH+ would indicate that Si rich film is formed ih an
oxygen starved condition. Higher Oz gas flow gives
comparable refractive index and FT-IR spectrum to
thermal SiOz of stoichiometric film. SiOH containing
films having the absorption peak associared with OH
stretching band in the strucrure of SiOH at about
3650cm-l were formed at excess oxygen conditions.
The films of comqarable wet etch rate, containing very
low SiOH and SiH were obtained ar around 1.3
OzlSiHa gas flow ratio. Hydrogen from SiH and
water desorption from SiOH were observed at
temperature higher than 400oC and 600oC respectively
as _shown in Fig.7. Loosely absorbed water evolving
at lower temperature was negligible except in the filmi
deposited at low Helicon power without substrate bias.

Reactant gases
Gas pressure
Helicon power
Bias power

Substrate temperature

02, SiH4 and Ar
6 -- 3OmTorr

0.5 -- 2.0KW
0 -- 500w

25 -- 300.C

Deposition rate
Refractive index
Film stress
Wet etch rate ratio to

300 -- 2000A/min
t.45 -- 1.75

1 -- 2E9dynelcmZ
th. oxide < 3 with bias
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Fig.2 Dependence of deposition rate
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Figure 8 shows the deposition rate ratio of AP

TEOS-br NSG on Helicon plasma CVD films versus
g*i Si. TEOS-O3 NSG has been reported to show

dependency on substrate material, which causes

deilosition iate, surface morphology and step coverage

Aiif.ir"..r.(f il. The depoiitionlate ratio of TEOS-

O|NSC on H"iiron plasma CVD film was controlled
to almost unity by thd 02 and SiH+ gas fl911ratio'- 

SuU-ttlf niicion gap fiIl was suctessfully achieved

Uv ioUsttate bias as- shown by SEM in Fig'9' The
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Fig.6 FT-IR spectra at various O2lSiH4 ratio.
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sputtered edges affecting the subsequent metalization
c^an be planarized by the- deposition wiJl ggod step

.o""iugi, such as AP TUOS-bl NSG, w{clr-has self-
planariZing characteristics, thus avoiding CMP process

*ttictt is iusceptible to mechanical damage and water

intrusion.

CONCLUSION

Helicon plasma, a new compact high density
plasma source, was investigated for chemical vapor
heporiiion of intermetal dielectric oxide. The resultant

friit q"rtity films, filling high aspect ratios, establish

Hdtic6n plasma CVD as a promis-inq process tbr tuture

next geniration sub-half micron devices.
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Fig.8 Deposition rate ratio of TEOS-O3 NSG

on Helicon plasma CVD film versus Si.
Fig.9 Sub-half micron gapfill on poly-Si steps'
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