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For realizing compact infrared absorption sensing device, a 

gas-cell-utilizing optical waveguide is attractive due to the 

possibility of long optical path integration[1]. The higher optical 

power portion out of the waveguide (we define this portion as 

"Γair") is the key feature for the infrared absorption[2]. We 

evaluated the optical field profile and Γair of the waveguide 

eigen-mode by using finite element (FEM) electromagnetic field 

analysis. The optical field profile depends on the waveguide 

geometry, in particular on the width w and the etching depth in 

the lower cladding layer d, and therefore Γair needs to be 

estimated depending on these parameters. 

As is shown in Fig. 1(b), the core layer of the strip waveguide 

is formed on top of the lower cladding layer. The required 

etching depth is sufficient with only the core layer thickness. 

Therefore, this waveguide structure offers a benefit of relatively 

simple processing compared with the high-mesa waveguide 

shown in Fig. 1(c). For instance, in the case of using Si for the 

core and SiO2 for the cladding, as is shown in Fig. 1, the typical 

etching depth of the high-mesa waveguide approximately reaches 

to 1.6μm, while an etching depth of 300nm is sufficient for the 

strip waveguide. However, one critical issue remains in the strip 

waveguide for sensing applications. As shown in Fig. 1(b), the 

optical field profile is more strongly concentrated in the substrate 

due to its refractive index configuration[3]. To overcome this 

problem, here, we newly propose a strip high-mesa waveguide, 

as shown in Fig. 1(a). In the strip high-mesa waveguide, of 

which a part of the lower-cladding layer was etched down 

slightly, most of the optical field comes out of the waveguide, 

and the optical field becomes similar compared to the high-mesa 

waveguide shown in Fig. 1 (c). 

We examined the dependence on the waveguide width w. 

Figure 3 shows the results. Here, we use Si for the core layer 

with a thickness of 260nm and a refractive index of 3.48 at λ 

= 1550nm, SiO2 for the cladding layer with a refractive index 

of 1.44 at λ = 1550nm, and the etching depth in the lower 

cladding layer d = 500nm for the strip high-mesa waveguide. As 

shown in the figure, Γair exceeds approximately 71% at the 

waveguide width w = 290nm. This value was higher than that of 

the high-mesa waveguide of 56%. 

In addition, an excess loss at waveguide bending was also 

estimated by using finite difference time domain method (FDTD 

method). Figure 3 shows the result. The estimated excess loss at 

the micro-bending was almost similar compared to the high-mesa 

waveguide. We could successfully confirm that the micro 

bending of the curvature radius below 10µm can be exploitable 

in case of the strip high-mesa waveguide, as well as the high-

mesa waveguide. 

From these result, we could successfully confirm the potential 

of utilizing strip high-mesa waveguide especially for infrared 

absorption sensing.  
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Fig. 2. Γair, defined as optical power portion out of the 
waveguide, as a function of waveguide width w. 
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Fig. 1. Schematics of waveguide cross section and the 

simulated optical profiles. 
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Fig. 3. Excess loss at waveguide bends. 
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