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Abstract— We present an experimental study on feasibility and 
tolerance of the interconnection of Silicon-on-Insulator photonic 
circuits via vertical grating couplers using standard ePIXfab 
building blocks. Chip to chip coupling efficiency of 2.6dB has 
been found. 

SOI, Silicon-on-Insulator, Integrated photonics, Vertical 
Grating Coupler (VGC) 

I.  INTRODUCTION  
During the last years Silicon-on-Insulator (SOI) technology 

has emerged as one promising platform for integrated optics 
due to the high refractive index contrast between the core and 
the cladding of the waveguides. In recent years, the large 
mismatch in the mode size and mode shape between a SOI 
waveguide and optical fibers appeared to be one of the main 
drawbacks of SOI photonics. It has led to extensive research on 
efficient fiber-to-chip coupling methods. The most accepted 
solution for this is the employment of Vertical Grating 
Couplers (VGCs) [1]. They can be placed anywhere on the 
chip without the necessity of complex back-end process i.e. 
end-facet polishing. Standard VGCs are already offered as 
building blocks by foundries, like ePIXfab. [2]. The principle 
of operation of VGCs, however, is beneficial for other 
applications too such as vertical stacking of Photonic 
Integrated Circuits (PICs) [3], as it would help in increasing the 
integration density. 

In this paper such possibilities are discussed by presenting 
results from the experimental measurements on coupling 
efficiency between two SOI PICs via standard VGCs. 
Tolerances to misalignment are also provided in the three 
spatial dimensions. 

II. EXPERIMENTAL SETUP 
The experiment envisaged the use of two identical chips 

containing standard SOI waveguides. The light injection and 
extraction were carried out by the means of VGCs connected at 
both ends of high-confinement waveguides by tapers. The 
same VGCs were used for chip-to-chip and fiber-to-chip 
coupling. The VGCs are made up of 25 sections of 630 nm 
period, 70 nm etched gratings on a standard ePIXfab SOI 
process [1]. Waveguides at this point are 10-um wide and 
coupled via tapers to 440 nm wide waveguides. The area of the 
grating is therefore 10 × 15 µm2. A standard SMF was aligned 

to the grating at an optimum incident angle of 8 degrees. 
Afterwards, the fiber was attached to the chip with the aid of a 
polymer cube to increase stability and resistance of the 
junction, as can be seen in figure 1. Both the fiber and the cube 
are glued to the chip; the fiber end remains immersed in the 
glue after drying up, avoiding transitions trough air and 
reducing the differences between the refractive indices. 

The photonics chips were placed horizontally facing each 
other. This means light has to go through 3 grating interfaces: 
fiber-to-chip, chip-to-chip and chip-to-fiber. As shown in 
figure 1, the lower chip was fixed, while the upper one was 
attached to a six-axis micro-positioning system. Although such 
system does not allow measurement of the exact position, it 
was optimized to obtain the maximum coupling efficiency 
between the chips and tolerances were measured in the 
correspondent range around it. The light of a tunable laser at 
1550 nm was used to excite the chips using a polarization 
controller, since VGCs have high polarization dependence. 

 

Figure 1.  Experimental setup 

In order to extract the effect of the chip-to-chip coupling 
from the whole transmission response, the chips were 
characterized separately. A multimode fiber (radius of 
62.5 µm) was aligned to the output VGC of each chip. The area 
of the fiber core is much wider than the area of the grating that 
is about 15×10 µm2, being capable of collecting most of the 
light coming out of the chip. Losses from the SMF input fiber 
to the multimode fiber showed 14.3 dB and 10.6 dB insertion 
losses, respectively. These values are used later as a reference 
to extract the chip-to-chip coupling efficiency. 

III. MEASURED TOLERANCES 
The minimum loss achieved for the whole system (from the 

input to the output fiber) was 27.5 dB; which, according to the 



losses measured for each fiber-to-chip interface, leaves a chip-
to-chip coupling efficiency of – 2.6 dB. The following 
measurements are referred to this optimum alignment. 

A. Lateral displacement 
Figure 2 shows the variation of coupling efficiency with 

respect to the lateral displacement of the upper grating; in other 
words, when it is horizontally shifted in the direction across the 
waveguide axis. 

 

Figure 2.  Variation of coupling efficiency with respect to lateral 
displacement. 

As expected, the response is essentially symmetrical and 
remarkably flat in a range of about 1 micrometer around the 
maximum. A 3 dB tolerance allows up to 2 µm misalignments 
in both directions, still symmetrical and gets irregular only for 
lateral shifts beyond 4 µm. 

B. Longitudinal displacement 
Figure 3 shows the variation of coupling efficiency with 

respect to displacements of the upper grating along the axis of 
the waveguide. Negative displacement means increasing the 
area where the two chips are overlapped. On the other hand, 
positive displacement means horizontally separating the chips. 

 

Figure 3.  Variation of coupling efficiency with respect to longitudinal 
displacement 

The same displacement implies less overlap reduction 
between VGCs here than in previous measurement, for this 

reason, the longitudinal response decays slowly, giving a 3-dB 
tolerance of ± 4 µm. 

It must be noted here that 0 displacement does not mean 
that the VGCs are completely overlapped; it just refers to the 
optimum alignment, which may be achieved at a certain 
longitudinal offset. 

C. Distance between VGCs 
First measurements on vertical displacements did not 

provide sufficient resolution, since the coupling efficiency 
showed a periodic response with respect to the separation 
between the two chips, with a period of about 1 µm. Further 
investigation was made with the aid of piezoelectric 
transducers and the result is presented in Figure 4. 

 

Figure 4.  Variation of coupling efficiency with respect to vertical 
displacement. 

The coupling efficiency is clearly sensitive to the 
displacements in the vertical direction. However, its deviation 
stays within a range of 2.5 dB, which may be affordable for 
some applications. 

IV. CONCLUSION 
We have measured chip-to-chip coupling efficiency via 

VGCs on similar waveguides fabricated on standard SOI 
process. It turns out to be substantially better than the fiber-to-
chip coupling since it does not have to deal with mode 
mismatch between the rectangular waveguides and the circular 
core of the fiber. We also provide tolerance to misalignments in 
the 3 dimensions, which will be useful for the future studies of 
different chip interconnects. 
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