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ABSTRACT

Since many process parameters of FHD(Flame Hydrolysis Deposition) are involved in forming multi-component amorphous silica film
(5i0,-B,05-P,05-Ge0,), it has not been easy to predict the optical, mechanical and thermal properties of deposited film from the simple
process parameters, such as source flow rate. Furthermore, the prediction of final composition of film becomes even more difficult after
sintering at high temperature due to the evaporation of volatile dopants. The motivation of the study was to clarify the quantitative
relationship between simple process parameters such as the flow rate of source gases and resulting chemical composition of sintered film.
Hence, the compositional analysis of silica soot by FTIR(Fourier Transformation Infrared Spectroscopy) and ICP-AES(Inductively
Coupled Plasma-Atomic Emission Spectrometry) under the control of the amount of dopant was carried out to obtain the quantitative
composition. By measuring spectrum of absorbance from FTIR, the compositional change of B-O, Si-O, OH(H,O) in silica film was
measured. The concentrations of these dopants were also measured by ICP-AES, which were compared with the FTIR result. The final
quantitative relationship between simple process parameters and composition was deduced from the comparison between two results.
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Fig. 1. FTIR absorption spectrum of FHD soot at various BCl;
flow rate.
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Fig. 2. FTIR absorption spectrum of FHD film at various BCl,
flow rate after eliminating Si wafer.
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Table 1. Comparison between Reference FTIR Data and Result of Experimental FTIR Data

1,8-12)
1

Fundamental band Silica glass [cm

Silica for optical
fiber cladding [cm™]*

FHD soot [cm™]  FHD film [cm ]

H,0 band 3410

SiO4(S,5**)band 850—800
SiOy(R***)band 468—450
2V(Si0y), Vas2(SiOy) + VR(Si0y)* 1633
V4s,1(8102) + r(Si0y)* 1873
Vo(Si07) + V. 2(Si0y)* 1990

34173 3434.65-3430.79 -

808.04—802.25

B-0O-Si band -
B-O Overtone band -

79454 815.75-813.82
466.7 474.41-472.48 468.62-460.91
1627 - -
1870 - -
1995 - -
- 916.13-914.1 916.03
- 673.04 -

* SiOx(A,S*) : Asymmetric Stretching band
* Si0,(S,S**)band : Symmetric Stretching band
* Si0,(R***)band : Rocking Motion band
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Fig. 3. Absorption spectrum and absorbance of B-O stretching
band at the various BCl; flow rate.
(a) B-O band absorption spectrum of soot (b) B-O band
absorption spectrum of sintered film (c) Normalized B-
O stretching band absorbance of soot and sintered film.
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Fig. 4. Absorption spectrum of Si-O Asymmetric stretching
band at the various BCl; flow rate.
(a) Si-O Asymmetric stretching band spectrum of soot
(b) Si-O Asymmetric stretching band spectrum of
sintered film.
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Fig. 5. Boron concentration of sintered films measured by ICP-
AES as a function of BCl; flow rate (Line is a guide for
eye and has no scientific meaning).
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