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Four-Waveguide-Port Perfectly Vertical Optical Interface based on

Two-dimensional Grating Structure

ZHANG Zan-yun''* CHENG Qian' LIU Hong-wei' ** LI Hong-giang'**

(1. School of Electronics and Information Engineering., Tianjin Polytechnic University, Tianjin 300387 ,China;2. School of Electronics

and Information Engineering, Tianjin Key Laboratory of Photoelectric Detection Technology and System, Tianjin 300387, China)

Abstract As an optical coupling interface between the single-mode optical fibers and silicon photonic
chips,grating couplers offer the advantages of large misalignment tolerance, flexibility in placement and
wafer-scale testability. Therefore,it is widely used in silicon-based optical coupling and optical packaging.
However,conventional grating couplers are usually designed to have a certain coupling angle of tilt to sup-
press the second-order back-reflection, which brings inconvenience to testing and packaging. Perfectly verti-
cal grating couplers are very attractive in coupling with multi-core [ibers and fiber arrays,because they can
eliminate the need for costly angle polishing process in optical packaging. In this paper,a perfectly vertical
optical interface based on two-dimensional grating and four-channel waveguide design is proposed and ex-
perimentally demonstrated. Around the center coupling wavelength of 1555 nm, the total coupling efficiency
reaches 54% and the upward optical reflection is 14% (—8.5 dB). To experimentally demonstrate the de-
vice functionality, We fabricate the device with CMOS-compatible process. The four-channel two-dimen-
sional grating coupler is used as the optical input of the test device,and four waveguide channels are opti-
cally combined into two output channels through two 1X2 MMI couplers and then output coupled by two
grating couplers. The experimental results show that the total coupling efficiency of the two-dimensional
coupler can reach 40% (single-ended output coupling loss is —7 dB). we also tested the device with arm
length difference, the optical spectrum shows strong interference patterns, which indicates that the device
has the characteristics similar to a Mach-Zehnder interferometer and is expected to find applications in the
fields of electro-optic modulation and optical filtering.

Key words optical interconnection;photonic integration technology;two-dimensional grating coupler



