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1. Introduction 

Organic polymer materials have been attracted as 
considerable attention particular for cost-effective 
waveguide device, because of its ease of processing, 
controllability in refractive index, and flexibility [1]. 
However, its durability against thermal or humidity 
exposure as well as birefringence still has concern 
compared with inorganic silica materials which have been 
widely used for telecommunication. Organically modified 
silica (ormosil) is well studied for combining the both 
advantages of organic and inorganic materials, and UV 
imprinted channel waveguide with the ormosil have been 
reported[2,3]. We have demonstrated a thermally stable 
grating made of the ormosil with hot-embossing [4]. In this 
report, optical properties of planar waveguide made of the 
ormosil are presented. 

 
2. Experiments and results 
Planarization of sol-gel derived film with hot-embossing 

Sol-gel derived films were deposited with spinning 
mixture solution composed of phenyltriethoxysilane 
(PhTES), methyltriethoxysilane (MTES), ethanol, and 
catalytic hydrochloric acid solution, where the molar ratio 
was [organosilane] : [EtOH] : [H2O] : [HCl] = 1 : 0 ~1, 
2.8~4 : 0.0002. The film was plarnerized with 
hot-embossing using a planar silica mold. Since 
self-assembled monolayer of octadecyltriethoxysilane 
(OTE-SAM) has good anti-sticking property [5], the 
OTE-SAM was grafted on silica mold in accordance of [6] 
as an anti-sticking layer. Water contact angle of the 
OTE-SAM was measured to be 110° and excellent 
reproducible anti-sticking property was obtained. 

 
Stability of silsesquioxane film 

Table 1 shows comparative results of the refractive 
index by prolonged thermal or humidity exposure. No 
significant difference among them is seen, indicating good 
stability of the film. 

 
Table 1 Measured refractive indices at 0.63µm wavelength. 

TE TM
As prepared 1.489 1.489

200℃　75hours 1.489 1.493
90℃ 90%RH 100hours 1.485 1.485  

Phenyl-methyl silsesquioxane film for waveguide device 
Figure 1 shows refractive index dependence on phenyl 

contents  in the film at 0.63µm wavelength. The index 
almost linearly increases from 1.46 to 1.56 with the 
increase of the phenyl contents from 0 to 1. This wide 
range of the index tuning enables to adapt the both silica 
fiber and POF with low coupling loss. Proportional 
coefficient of the index is 1.05×10-3 Ph%-1 for the both TE 
and TM modes. Control in phenyl contents was ±0.5% 
from the target composition, thus attainable control in 
index is ±0.5×10-3. When the index difference between 
core and cladding is designed to be 0.3%, index control can 
be attained with approximately 5% of compositional 
difference. 
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Fig. 1 Index dependence on phenyl contents in the film for TE and 
TM polarization at a wavelength of 0.63µm. 

 
Figure 2 shows wavelength dispersion of the index for 

the 0.3Ph and 0.7Ph films at TE and TM modes. The index 
was measured from the three different positions on a 
sample with Metricon prism coupler. The difference at the 
position was less than 6×10-4, indicating good index 
homogeneity. In addition, birefringence was less than 
7×10-4, which is comparative to the lowest birefringence 
for the thermally stable polymers [7,  8]. Coefficients of 
Sellmeier dispersion for 0.3Ph and 0.7Ph films were 
calculated to be 0.86 and 0.77, respectively.  

Thickness control is important for waveguide design. 
Almeida [9] reported that spin-coated thickness of sol-gel 
derived silica gel linearly increased even at the rotational 
speed less than 1krpm. However, the thickness with such 
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low speed was not uniform. Thereat, we have applied 
two-step spinning, where the rotational speed of the first 
step is less than 1krpm and the second one is faster. This 
spinning significantly improved the thickness uniformity. 
Consequently, uniform thickness as high as 7µm was 
coated with single spinning with the optimization of both 
spinning and sol-gel conditions. 
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Fig. 2 Index of the phenyl-methyl silsesquioxane film for TE and 
TM modes as a function of wavelength. 
 
Planarization of the slab waveguide and propagation loss 
   Radiative striation of the spin coated sol-gel film is 
concern for waveguide application, since such striation 
causes the increase in scattering loss. Nomarski micrograph 
and surface profile for as-spun waveguide (Fig. 3 (a)) show 
distinct striation. Propagation loss of these slab waveguides 
was measured to be 1 ~10dB/cm with scattering detection 
method using He-Ne laser. Du et al.  [10] eliminated the 
striation using saturated solvent atmosphere in the spinning 
chamber. However, thickness of the resultant film was 
approximately a half of that without the method. Thus, this 
method is still concern, since undesirable multiple coating 
is requisite. We have applied hot-embossing to planarize 
the waveguide using planar mold. Nomarski image and 
surface profile of the planarized waveguide (Fig.3(b)) show 
smoother surface. Moreover, no streak pattern was 
observed, implying low scattering loss. This result also 
implies the possibility of channel waveguide with 
hot-embossing. 
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Fig. 3 Nomarski micrograph and surface profile of non-planarized 
(a) and planarized (b) waveguides. Profiling length was 500µm. 

In addition to the extrinsic absorption, intrinsic 
absorption of the material needs to be considered. 
Absorption of the PhTES and MTES at the wavelengths of 
0.65, 1.31 and 1.55µm was estimated to be 0.0, 0.3, and 
0.4dB/cm for PhTES and 0.0, 0.2, and 0.8dB/cm for MTES, 
respectively. In addition, overtone absorption due to silanol 
which is the side-reactant of hydrolysis reaction locates at 
1.38µm [11]. Propagation loss spectrum for the waveguide 
to be measured. 
 
3. Conclusions 
   Phenyl-methyl silsesquioxane film was investigated as 
waveguide application. No difference in refractive index of 
the film before and after the 90°C 90%RH exposure for 
100hours was observed. Even in good thermal stability, low 
birefringence less than 7×10-4 was obtained. This material 
showed excellent adjustability for refractive index and film 
thickness. Problematic radiative striation in spin-coated 
film was successfully eliminated with hot-embossment 
using planar mold. This result also implies the possibility of 
channel waveguide fabrication with hot-embossing. 
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