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m In this paper, through a brief review of silicon photonics history with an
emphasis on the successes and failures of its commercialization progress, the
importance of the ecosystem silicon photonics relies on and its impact on the
choices of technical paths and business models are analyzed. With the latest status
of silicon photonic product development in the industry, the advantages and the
challenges of current and emerging product solutions are identified.
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The Progress and Challenges of Silicon Photonics Process and Design
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m In this paper, the fundamental principles and key issues of the silicon
optical process compatible with complementary metal oxide semiconductor(CMQOS)
are described. Silicon optics faces many challenges in terms of chip design methods
and processes, including the process compatibility of CMOS and silicon photonics,
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the design of repeatable IP and the quick design of complicate chips. To achieve the
change from small scale design to the large scale integrated application, some issues
should be emphasized, including the full use of the advanced semi—conductor
equipment and process, the control of some special processes and the simulation
and design of opto—electronics devices. And the optical link simulation, behavior level
model, floor planning, placement and routing, and the layout verification are the key

factors to the maturity of silicon optical chip.

silicon photonics; design methodology; design flow; large scale

integration
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m In this paper, a new two dimensional rectangle—like waveguide mode
based on semi-vectorial complex mode—matching—method is proposed. Utilizing
one—dimensional complex modes and complex mode—matching method, the
electromagnetic filed distribution and effective index of waveguide modes can be
obtained. The one-dimensional mode distribution can be obtained by using difference
discrete in one dimension of the waveguide and the analytic relationship of the other
dimension can be solved by using the boundary condition and parity distribution
characteristic of the electromagnetic field in the waveguide. The electromagnetic field
can be derived by solving the eigenmatrix. Compared with the full vector method, the
solution we proposed has the wide application and high accuracy.
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developed rapidly in the direction of broadband, integration and array, which brings
more challenges on bandwidth, half-wave voltage and footprint of the electro—optical
modulator. In this paper, modulators based on different material system, including the
lithium niobate, indium phosphide, silicon and electro—optical polymer are analyzed,
which shows that the single material system is difficult to meet the system
application requirements. In this case, a silicon—based hybrid integrated electro—
optical modulator combining the advantages of various material systems is proposed,
which is expected to provide a strong support for the development of microwave
photon analog optical transmission links and information processing.
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Electro—Optic Modulators
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EED vennnBaiEsBsssTT misirShRil. 53 KRS
BB IEEE, BN PN SNBSS BRABIREMRT T HEMK, MEEBHN
RFREAEHRIE; BR, WTREROEACE SO CRENREREIUT
FR, BRSNS BBRATRRDE TRBRERLTE(TWE) BB 5
BN, EESAMTGETEOER L, N B RREBEB T T I
VS S AT O R IS B R o BB LB ARAEET ~ 9 dB, ¥
REBELNE Ve BEBENO VI, HILGHIBEBNBEAT 18 GHz, ASTHR
FABIET -20 dB, (TR BREBRBHEALE. SRBBEAT 4 VT, B4
S HEE T IBAF 30 GHz b I, 3+ BB STH] 66 Gbit/s B 5% 138 & (00K 1B 170
40 Gbit/s &Yy Fl18 784 %= (BPSK) 18l
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m In this paper, the design optimization and experimental demonstration of
single—drive push—pull silicon electro—optic modulators are presented. In order to
improve the modulation efficiency and lower the optical propagation loss, the PN
junction profile and doping concentrations are firstly optimized. Next, the impedance
match, phase match and microwave loss are studied, and in particular, the influence
of low—doping slab width, travelling—wave electrode (TWE) width and spacing on the
modulator performance are analyzed. Following the comprehensive theoretical
analysis and numerical simulation, the modulator performance measurements,
including the optical transmission spectrum upon single—drive push—pull tuning,
small-signal microwave signal response, and high—speed digital signal modulation are
consequently carried out. The on—chip insertion loss of the modulators is around 7 —
9 dB and the half-wave voltage is 5 V. At a bias voltage of 0 V, the optimized
modulator has a modulation bandwidth of >18 GHz. The microwave reflectivity at the
entrance of the TWE is less than =20 dB, suggesting good impedance match. \When
the reverse bias voltage is increased to 4 V, the modulation bandwidth can exceed
30 GHz, allowing for realization of 56 Gbit/s on—off keying (OOK) and 40 Gbit/s binary
phase-shift keying (BPSK) modulations.

electro—optic modulator; silicon photonics; high—speed transceiver;
optoelectronic devices
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m In this paper, various silicon photonic devices designed for wavelength/
mode/polarization multiplexing/demultiplexing are proposed, including arrayed
waveguide grating (AWG) and etched diffraction grating (EDG), mode Mux/DeMux
devices, polarization splitting grating coupler, and polarization splitting rotating device.
With these novel devices, the following results can be achieved: (1) AWG could be
formed by single step etching process; (2) EDG insertion loss is greatly reduced; (3)
mode splitting device bandwidth increases, while the insertion loss is reduced; (4) the
coupling efficiency of the polarization splitting grating coupler is effectively improved;
(5) the insertion loss and bandwidth of the polarization splitting rotating device are
also significantly improved. It is believed that the Mux/DeMux technologies on
dimensions of wavelength/mode/polarization will be strongly supported by these
silicon photonic devices, which are compatible with complementary metal oxide
semiconductory (CMOS)-180 nm processing technologies.
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Narrow Linewidth Single Frequency Fiber Laser Based on High-Q
Silicon Nitride Microring Reflector
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m A single frequency erbium-doped fiber laser with an on—chip high—-Q
silicon nitride (SizNs) micro—ring reflector is demonstrated in this paper. As a result of
the narrow bandwidth of the micro ring cavity, longer gain media can be employed
and single—frequency lasing can still be realized, which is also beneficial for better
linewidth performance. In our demonstration, the compact laser cavity is composed
of an on-chip micro ring with a Q value of up to 2.5 x 10°, a 12 centimeters erbium
doped fiber and a fiber Bragg grating (FBG). The linewidth of the laser output is about

8 kHz.

fiber laser; integrated optics devices; micro ring; narrow linewidth
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m The laser drive circuit in 65 nm complementary metal oxide
semiconductor (CMOS) is proposed in this paper, which can be used for 100 G direct
modulation optical interconnection system. This circuit can drive distributed feedback
(DFB) laser diodes (LD) to operate in differential forms at a rate of 25 Gbit/s. To
suppress the data reflection due to discontinuous loading impedance, a shifted pulse
pre—emphasis technique is proposed, which precisely generates the pulse from a
tunable delay line, and delivers it to the load through capacitive coupling. Linear
continuous time linear equalization (CTLE) and inductive shunt peaking are adopted to
further extend the signal-path bandwidth. Measurement results show that the driver
can provide 60 mApp modulation current with additional 60 mA direct current (DC)
bias to the laser, which leads to 1.2 m\W optical output power, and 480 m\W power
consumption. The 25 Gbit/s clean eye—diagrams is also observed, with 4.4 dB
extinction rate (ER) and 2.9 ps jitter.
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The explosive growth in telecommunication capacity promotes the
development of silicon photonics. To break the bottlenecks (power consumption,
bandwidth and volume) of current information networks, several outstanding
advantages of silicon photonics including low power consumption, high speed and
very compact size are introduced in this paper. Comparing with the development of
the microelectronics industry, the features and the major challenges of silicon
photonics are analyzed, and the opportunities in the future are also pointed out.
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mmiven by its advantages, market demand and national strategy, silicon
photonic technology is developing rapidly, and approaching the opportunity of large—
scale marketization. In this paper, the key problems of silicon photonics in silicon
multi-materials system, massive information technology, and new type of coupling
and packaging are analyzed, including active devices and heterogeneous integration,
ultra—high integration for silicon—based information system, efficient coupling and
packaging. Bridging the gap between scientific research and market product and
boosting the collaboration of cutting—edge scientific research and industrial

application are solutions to these problems.

silicon photoelectric integration; multi—-materials system; photoelectric
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Co-Design of Sensing, Communication and Control for the Smart Factory
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m Deeply integration of informatization and industrialization is an inevitable
trend of future industrialization. The industrial network based on combining sensing,
communications and control is beneficial for global scheduling, process optimization
and feedback control. In this way, the high—product—quality, low-energy—
consumption and small-batch—production smart factories foundation can be built.
Moreover, an architecture of smart factory is proposed, the challenges of traditional
factories and the key issues in realizing the smart factory are analyzed.

smart factory; industrial network systems; co—design of sensing,

communication and control
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