22 BW S W F 5 K O Vol. 22, No. 5
2001 4 5 /1 CHINESE JOURNAL OF SEMICONDU CTORS May. 2001

Deposition of Thick SiO: from Tetraethylorthosilicate
and H:0 by Plasma-Enhanced CVD'

LEI Hong-bing', WANG Hongie', DENG Xiao-qing', YANG Qin-ging', HU Xiong-wei',
WANG Qi-ming', LIAO Zuo-sheng” and YANG Ji-nan’

(1 State Key Laboratory on Integrated Optoelectronics, [nstitute of Semiconductors,

The Chinese A cademy of Sciences, Beijing

100083, China)

(2 The Fortyighth Electronies Institute, Minister of Information fndustry. Changsha 410111, China)

Abstract: The deposition of silicon dioxide by plasma enhanced chemical vapor deposition from tetraethy—

lorthosilicate (TEOS) and H20 has been studied. Silicon oxide with refractive index of 1.453 has been obtained.

Tests on the SImm wafers show that both thickness uniformity of +1.5% and constant refractive index of 1.453

can be achieved. By raising the deposition temperature, the qualities have been improved. while the deposition rate

decreased. A SiOzthick film deposition technique has been developed combining TEOS-PECV D technique with high

temperature annealing.
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1 Introduction

Commercial interest in WDM components and
its system increases rapidly. WDM provides a new
dimension for telecommunication network to solve
the problems in capacity and flexibility. WDM sys-
tem includes some key components, such as optical
crossconnet ( OXC), optical add/drop multiplexer
(OADM), and so on. The passive waveguide de-
vices are used as switcher and waveguide grating
multiplexer. Devices reported so far can be divided
into silica-hased devices and InP-based ones. The
former ones, often with the fiber-matched (low-

contrast) waveguide structure, have the advantages
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of both low propagation loss and high fiber-cou-
pling efficiency. T he core is chosen as 6um X 6um in
size and the cladding layer more than 15pum in
thickness, so the waveguide can match the standard
single-mode fiber mode. In another word, the depo-
sition of Si02 on a layer thicker than 15um is a key
technique in the fabrication of Si-based waveguide
devices' .

Silicon dioxide is widely used in integrated cir—
cuits. An established method of oxide deposition is
to oxidize SiHs by chemical vapor deposition. But it
is difficult to deposit thick silicon dioxide via this
method, so to explore new silicious compounds is
imperative, among which, tetraethylorthosilicate

(TEOS) is the most promising one. With the new
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compound, esp. TEOS, a variety of SiO: films have
been obtained at atmospheric pressure or a low
pressure.

The TEOS decomposition is written as fol-

4
lows'":

Si(0C:Hs)s — Si02+ H.0 + C:Ha4
Small amounts of organic radicals can be observed.
Due to the TEOS molecule itself containing both
silicon and oxygen, no additional oxygen is required
in the TEOS pyrolysis to yield the stoichiometric
Si0O: films when the reactor temperature is above
600C. At a lower deposition temperature, the reac—
tion can be realized by adding some oxygen or low—

58 . .
78 However, adding oxygen will

pressure plasma
impair the film uniformity; while working in the
low —pressure plasma. other films that contain
Si0+. hvdroxvl grouns. and carbon will vield simul-
taneously. These problems can be avoided by im-
proving the design of plasma reactor or using H:20.

The deposition of Si0:2 thick film is required in
the fabrication of SiO: waveguide device. Plasma
enhanced CV D-echnique has been developed to de-
posit Si02 films, with TEOS and H:0 as sources.
Combining TEOS-PECVD technique with high
temperature annealing, we have developed another
Si02 thick film deposition technique, with which, a
I5um-thick SiO:2 film has been successfully deposi-

ted on the Si substrate.

2 Experiment

The deposition was performed in a low—pres—
sure reaction chamber with diameter of 300mm.
The setup is shown in Fig. 1. Two liquid sources,
TEOS and H:0, were used during the SiO: film de-
position. The quantity of TEOS vapor introduced
into the reactor was controlled by changing the
bubbler temperature or flow through the TEOS.
To improve the stability of this process and elimi—
nate the TEOS decomposition products, the bub-
bler had to be evacuated for several minutes before
each run. The pressure in the chamber was moni-

tored by a pressure sensor and automatically ad-

justed with a butterfly valve. To eliminate the de-
pletion effects, an abundance of TEOS vapor was
necessary. As only a fraction of vapor was actually
consumed to build the layers on the wafers, a parti-
cle trap was needed to prevent the glassy reaction
products from reaching the pumps, as could be
achieved by using a specially designed mechanical
filter with a large inner surface. T he deposition was
carried out in the plasma at the temperature rang-
ing between 150°C and 350°C and the pressure be-

tween 100Pa and 300Pa.

N B4 ’-l-‘
11—1
RF
(13. 56MHz)
sl B— |

FIG. 1 Setup of TEOS-Source PECVE  SiO: can bhe
deposited from TEOS and H20 in plasma. He is used as
carrier gas. Reaction pressure is automatically adjust—

ed.

After deposition, the films were characterized
by measuring their refractive index and thickness
(ellipsometer) .

The variation in the film thickness across a
wafer was defined as follows:

Variation( £% )= 100X (duu— duin) /( dw+ duwin)
where duws is the maximum film thickness measured
in the wafer center, while dwis is the minimum mea—
sured at Smm from the 50mm wafer edge. To test
the purity of the films, secondary ion mass spec—
troscopy measurement should be taken on some

samples.

3 Characterization and Results

The thickness of the film must be carefully
chosen so that the waveguides can support the fun-

damental mode at a certain wavelength, such as
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1. 55um. The deposition rate is quite important, es—
pecially for the SiO2 planar waveguide layers depo-
sition, in which the thickness of SiO: film are usu-
ally required to be more than 10um. Figure 2 shows
the dependence of deposition rate on temperature.
The deposition rate of SiO2 film decreases with the
temperature in the range of 150°C to 350°C. The
8102 deposition from TEOS and H20 proceeds as
following two steps:
1. Hydrolization: Si (OC:Hs) 4+ 4H20—
Si(OH) s+ 4C:Hs0H,
2. Condensation: Si( OH) +—Si02+ 2H:0.

In the plasma, the initial hydrolization of TEOS is
carried out and yields some middle produects, which
are absorbed by the surface of the substrate. Then
some of the middle products will further condense
on the heated substrate. devositineg the pure SiO:
film on the substrate; and some of them will depart
from the surface of the substrate, resulting in the
decrease in the deposition rate at a higher deposi-

tion temperature.
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FIG. 2 Dependence of Deposition Rate on

The RF power is 200W: the

Temperature

chamber pressure is 150Pa.

During the deposition of SiO: film by TEOS-
sources CVD, some radicals such as SiO, SiOH,
Si0C and CH may emerge because of the incom-
plete reaction, which will impair the film’s charac—
teristics, including the optic properties (refractive
index, optical transmission loss, ete.) and resis—
tance to corrosion. From the temperature depen—
dence of the refractive index shown in Figure 3, a

conclusion is drawn that the temperature of 250°C

is a trade-off between high-deposition rate and
good quality marked by the refractive index. When
it is higher than 250°C, the constant refractive in-
dex of the films about 1.453 will not be influenced
by the temperature; while when it is below 2307C,
the refractive index will decrease so that some radi-
cals will remain in the Si0: film owing to the in-

complete reaction of TEOS.
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FIG.3 Dependence of Refractive Index on De—

position Temperature The refractive index of
the films is almost a constant of 1.453 when the

deposition temperature is higher than 250°C.
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FIG. 4 Uniformity of Refractive Index Across
S5lmm Wafer The film has been deposited at

250C for 10min.

The purity of SiO: film deposited at 250C was
analyzed by using a secondary ion mass spec—
troscopy. The result shows the film is basically
composed of Si and O elements. At 250C, SiO: film
of good quality can be deposited by using this
TEOS-source CVD system, whose refractive index
is proved to be in agreement with the constant of
1.453 at the deposition temperature more than
250°C.

The uniformity of deposited SiO: film is im-
portant, including the uniformity of both the re-
fractive index and the thickness. SiO2 films used in

the planar waveguide integrated devices are re-
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quired totally uniform. T he measurement of refrac—
tive index and thickness of SiO:2 film deposited on a
50mm wafer is taken by using an ellipsometer. T he
refractive indexes are in the range of 1.453 £
0.001, which has no apparent change across a
Slmm wafer (shown in Fig. 4). The refractive in—
dex measurement of SiO: film is restricted to the
precision of the ellipsometer. The Si0: film in the
center is thicker than that at the edge. The varia—

tion in thickness is less than £1. 5%, as is shown

in Fig. 5.
Combining TEOS-PECVD technique with
1. .
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FIG. 5  Thickness Uniformity Across 5lmm
Wafer The film has been deposited at 250°C for
10min.

high-temperature annealing, we have developed a
Si02 thick film deposition technique, with which, a
15-um-thick SiO: film has been successfully de-
posited on the Si substrate. The cross—=section of
thick SiO: is shown in the Fig. 6. The deposition of
Si0:z thick film is often used in the fabrication of

Si02-based waveguide devices.

4 Conclusion

Silicon oxide film has been prepared by plasma
enhanced CVD from TEOS and H20, which shows
excellent refractive index uniformity (~ 1.453)
and thickness uniformity. The variation in thick-
ness across Slmm wafer is less than £1.5%. The
deposition rate decreases with the substrate tem-
perature. The silicon oxide films at the deposition
temperature of 250°C have good quality; while
films with better quality can be obtained at a high-
er temperature. Combining TEOS-PECVD tech-
nique with annealing, we have developed a SiO:
thick film deposition technique, with which, a
15pm-thickness SiO2 film has been successfully de—

posited on the Si substrate.

4pm

FIG.6
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