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Spectroscopy and Spectral Analysis
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Fig. 2 Schematic of the integrated spectrometer
based on EDG"*!
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Fig. 4 (a) Schematic of the spectroscopy setup using a SOI

AWG spectrometer with a single external detector;

(b) Design layout of the AWG!?"]
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Fig. 5 Spectrometer design and response""

(a): Schematic including input switch matrix and integrated photodiodes; (b): Measured speckle pattern p(x; w) at three different positions;

(¢): Mean autocovariance of p(w); (d): Micrograph of fabricated chip; (e): Mask view of the bus waveguide; Waveguides that are not part of

the device under test are lighter in color; (f): Mask view of the fan in/out; The multimode input/output enters at left, tapers out, and is butt-

coupled to 12 single mode waveguides
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Fig. 6 Schematic of the waveguide spectrometer formed

by arrayed Mach-Zehnder interferometers
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Fig. 8 On-chip Fourier transform spectrometer

(a): Schematic of a MZI with integrated metal micro heaters on silicon-on-insulator (SOI) platform; (b): Device cross-section illustrating the
quasi-TE mode (energy density) of the strip silicon waveguide and the heated area (light red) when current flows through the micro heater;
() : Optical micrography of the experimental device with a total footprint of 1 mm?; (d): Dark field optical micrography of the MZI arm under-

neath the heater trails; (e): SEM image of the broadband power splitter/combiner
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Fig. 9 (a) Block diagram illustrating the generic structure of a dFT spectrometer with j switches and K= j/2—1 repeated stages in-

dexed by k€[ 1, K]; (b) Top-view optical micrograph of the 64-channel dFT spectrometer after front-end-of-line silicon
fabrication, showing the interferometer layout, the thermo-optic switches and waveguide-integrated germanium photodetec-
tor; (¢) Photo of the fully-packaged. “plug-and-play” dFT spectrometer with standard FC/PC fiber interface and a ribbon

cable for control and signal read-out"*’
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BS: Beam splitter; M: Mirror
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based on cascaded MZI and AWG
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Research Progress of On-Chip Spectrometer Based on the Silicon
Photonics Platform

WANG Wei-ping'* , JIN Li*
1. Information Science Academy of China Electronics Technology Group Corporation, Beijing 100086, China
2. 38th Institute of China Electronics Technology Group Corporation, Hefei 230088, China

Abstract  Optical spectrometers have become an indispensable tool in various fields that involve optical spectrum analysis. Its ap-
plication ranges in many areas, such as biochemical sensing, food and drug testing, medical treatment and environmental monito-
ring. The application of traditional spectrometers is greatly limited due to the size, high power consumption and price, difficult
secondary development. With the development of micro processing, miniaturized spectrometers have been developed. Compared
to the traditional spectrometers, miniaturized spectrometers have the advantages of low cost, small volume., low power consump-
tion and easy secondary development, which expands the application. However, miniaturized spectrometer, which is usually
based on discrete optical components, doesn’t have high integration and flexibility. As the requirement of portability becomes
higher and higher, further miniaturization and integration has become a trend of spectrometer. On-chip spectrometers, with ap-
parent Size, Weight, and Power (SWaP) advantages, have unprecedented impact on applications ranging from unmanned devices
to intelligent platform. Among the methods to realize on-chip spectrometers, silicon photonics offers an approach to realize an in-
tegrated and cheap spectroscopic system because of its mature processing and integration. During the last few years, on-chip
spectrometers have become an enormously active area, resulting in significant progress. In this review, it summarizes the princi-
ple of the silicon based on-chip spectrometer, and introduces the developments of the dispersive spectrometers including spec-
trometers based on the etch diffraction grating, arrayed waveguide grating and multimode waveguides, and Fourier transform
spectrometers including spatial heterodyne. stationary wave, thermos-optic. digital and MEMS Fourier transform spectrome-
ters. We analyze the characteristics and applications of these spectrometers. Our research has also been demonstrated. By com-
bining the mach-zehnder interferometer spectrometer and the arrayed waveguide grating spectrometer, the large spectral range
and high resolution have been simultaneously achieved. At the end, we also discuss the future challenges and prospects in this

field, which can give some reference for the research of on-chip spectrometers.
Keywords Silicon based; On-chip spectrometer; Dispersion; Fourier transform
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