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Abstract Integration of a polarization insensitive inverted taper-based fiber coupling structure with silicon 
etched V-grooves is demonstrated in CMOS silicon photonics. Coupling loss of 7.5dB are measured at 
λ=1.55µm. A spectrum broader than 70nm is observed. 
 
Introduction 
Silicon on Insulator (SOI), has stirred up a huge interest, mainly due to the possibility to achieve low cost 
mass production of photonic components and circuits by adapting Complementary Metal Oxide 
Semiconductor (CMOS) microelectronic tools to photonic industry. One of the most challenging issues in 
SOI is to get an efficient coupling to optical fiber. Large mode mismatch between optical fiber and SOI 
waveguides forces the development of efficient fiber coupling techniques. Two kinds of efficient fiber 
coupling techniques have mainly been reported in literature: vertical grating couplers [1] and horizontal 
inverted tapers [2]. These coupling structures need stronger alignment requirements as, besides achieving 
acceptable coupling loss, there is always a need for an active alignment with high alignment tolerances, 
which, of course, is not suitable when having to produce thousand and thousand of chips. For vertical 
grating couplers, large alignment tolerances of about ±1µm can be achieved [3], as well as acceptable 
coupling loss has been reported for particular designs [4]. Also, an advantage of the so obtained vertical 
orientation is that it is suitable for testing purpose at wafer level. Although special novel package concepts 
for gratings have already been realized [5-7], such vertical orientation is not easy to adapt to standard 
layouts for optoelectronics devices where, quite often, we have horizontal (in-plane) orientation. For 
existing horizontal coupling structures in literature, low coupling loss have been achieved, but small 
alignment tolerances of about ±300nm are obtained [7], which is crucial for passive chip assembly, mostly 
in the case of multiple fiber attachment. One of the solutions to improve the alignment between optical 
fiber and SOI horizontal coupling techniques is the integration of V-groove structures in the silicon 
substrate [8] for aligning the fiber passively. Here we report experimental realization on the integration of 
silicon etched V-grooves with a SOI inverted taper based fiber coupling structure fabricated with CMOS 
fabrication tools, allowing an improvement in the alignment with the fiber for future packaging. 
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Figure 1: (a) Illustration of the V-groove integration with the SOI waveguide coupling structure. (b) Detailed 

3D view of the coupling structure.(c) 3D graph of optical fiber placed in the V-groove. 

148

ThP13 
5:15 PM – 7:00 PM

978-1-4244-4403-8/09/$25.00 ©2009 IEEE



Inverted taper based coupling structure for V-groove integration 
Fig. 1a depicts an illustration on the integration of silicon V-groves with the fiber coupling structure. A 
detailed 3D view of the coupling structure is also depicted in Fig. 1b, as well as its main design parameters 
as also indicated. The 500nm wide SOI waveguide is tapered down till an inverted taper tip width of wt. 
The length of the inverted taper is Lt. At the same time the substrate etching is used for creating the V-
groove etch pattern, it can be useful for defining a fiber adapted waveguide with the SiO2 layer which is 
hanging on air. The SiO2 waveguide has a width W and a thickness H. As we will further use commercial 
SOI wafers from SOITEC with 220nm/2µm Si/SiO2 thicknesses, here H=2µm. When optical mode in the 
SOI waveguide arrives on the inverted taper, it starts delocalizing itself from the SOI waveguide core and 
excites the optical mode in the SiO2 waveguide adiabatically. Hence, optical mode in the SiO2 waveguide 
matches much better with the fiber mode, thus resulting in an efficient coupling. Design procedure is the 
same as the previously published in [8]. However, wafers to be used have a different thickness than the 
considered in [8], so Table 1 summarizes optimized design parameters and obtained coupling loss for this 
particular case. It is obtained 6dB coupling loss to 10µm mode field diameter (MFD) standard optical 
fibers, and a polarization insensitive behaviour for optimized design. It is important to remark that just 
75µm of the SiO2 waveguide are hanging on air, as it was found it was enough from simulation results [8], 
thus increasing mechanical robustness of the structure.  
 

Lt wt W H Coupling loss to 10µm MFD standard fibers (TE and TM) 
400µm 200nm 8µm 2µm 6dB 

Table 1: Optimum simulation parameters for λ=1.55µm. 
Fabrication 
The test circuits with inverted tapers were fabricated in SOI wafers with a 220nm silicon layer and 2um 
buried oxide (BOX). First, passive silicon structures containing the waveguides and inverted tapers were 
defined in a 193nm deep UV (DUV) lithography step. Second, waveguides and tapers were etched 
220nm, and then covered with 750nm of SiO2. A new hard-mask based process was then developed to 
fully open the 2.75um of SiO2 as etch pattern for definition of the V-grooves. Fig. 2a depicts a scanning 
electron microscope (SEM) image of window in the oxide for definition of the V-grooves. 

 
Figure 2: a) Edge of window in the oxide for definition of the V-grooves. b) Optical microscope and c) SEM 

images of fabricated samples. 
 
The fabrication of small 3D silicon structures such as V-grooves requires very precise micromachining 
technologies like anisotropic etching of monocrystalline silicon, since passive alignment of fibres are 
addressed. Aqueous KOH is widely used in this technique. The controlling the involved physical and 
electrochemical processes are challenging. For device fabrication, these issues are of great economical 
importance. It should be ensured that the etching behaviour is stable and predictable. In particular the 
anisotropy ratio (etch depth divided by the lateral underetching of the mask) should be reproducible with 
high accuracy and the etched surfaces should be smooth. To understand mechanism involved in 
anisotropic KOH etching process a model was proposed to explain and to calculate the microscopic 3D 
shapes [9]. Based on the theoretical and experimental investigations [10] a controllable process for three 
dimensional structuring by means of anisotropic KOH etching was developed. Fig. 3b and Fig. 3c depict 
optical and scanning electron microscope (SEM) images of fabricated V-grooves, respectively. As known 
from former detailed experimental investigations [9,10] silicon dioxide etch masks are not the best etch 
mask material due to a not negligible etch rate as can be seen in Figure 3b and 3c. Such underetching 
caused by the etch mask material and some possible misalignments of the etch mask with respect to the 
{100} silicon crystal direction cause uncertainties of V-groove width. In order to avoid geometrically 
constrains regarding to the fiber diameter we only controlled the etch depth by etching time and used and 
oversized V-groove. 
 
Measurements 
Fig. 3a depicts experimental measurements for transmission spectrum and TE polarization of fabricated 
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samples. A top view image of optical fiber placed in the V-groove while measuring the samples is also 
shown in Fig. 3b. We obtained 7.5dB coupling loss at λ=1.55µm. Obtained experimental results slightly 
differ from those previously obtained theoretically mainly due to small differences in dimensions of the 
structures. Fig. 4 depicts two different SEM images showing actual section dimensions of SiO2 waveguide 
after fabrication. We measured a waveguide width of 6.7µm as well as a waveguide thickness of 
1.689µm, whilst design values were 8µm and 2µm, respectively. By changing polarization at the input of 
the structure, we also obtained a small variation of ±0.5dB on results depicted in Fig. 3a. So, we also can 
corroborate that our coupling structure is polarization insensitive, as expected from simulation results. 
Moreover, obtained spectral response is almost flat in a wavelength bandwidth higher than 70nm, as 
shown in Fig. 3a. It is important to notice that lower coupling loss (~1-2dB) may be achieved by adding a 
6-7µm uppercladding layer on top of the SOI wafer, better mode matching to optical fiber mode.  
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Figure 3: a) Transmission spectrum of the fabricated samples. b) Top view image of optical fiber placed in 

the V-groove while measuring the samples. 
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Figure 4: SEM images about detailed view of actual section dimensions of the SiO2 waveguide. 

 
Conclusions 
In conclusion, the demonstration of the integration of an inverted taper-based fiber coupling structure with 
silicon etched V-grooves is reported. Fabrication has been carried out using CMOS fabrication tools, thus 
allowing low cost mass production. Coupling losses of 7.5dB are measured for fabricated samples at 
λ=1.55µm. We also found a broadband spectrum higher than 70nm as well as insensitivity to polarization. 
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