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From photonic integration to electronic-photonic heterogeneously-converging
integrated circuits: a case study of wavelength locking of microrings

TAN Min"*,MING Da', WANG Zhicheng'

(1. School of Optical & Electronic Information, Huazhong University of Science & Technology, Wihan 430074,
China; 2. Wuhan National Laboratory of Optoelectronics, Wuhan 430074, China )
Abstract: Due to both physical and economic constraints, Moore’ s law, which predicates the continuous scaling of transistors, is
approaching to its end. International Technology Roadmap for Semiconductors has ceased to update since 2016, suggesting that the
research community has reached a consensus regarding the end of Moore’ s law. Meantime, new applications (e.g., [oT, artificial
intelligence, big data, etc.) are emerging rapidly, and call for devices with better performance. As Moore’ s law slows down, the
information industry is facing the energy and capacity challenges of these new applications. The gap between technology
advancement and fast-increasing demand continues to grow, creating a great challenge for the sustainable growth of the information
technology industry. Electronic- photonic convergence enjoys the advantages of both electronics and photonics and is widely
regarded as an effective solution to resolve the above energy and capacity challenges. Progress has been made regarding photonic
integration, but tight interactions between electronics and photonics have not been achieved yet. Electronic-photonic convergence is

now still in its “single-transistor” stage, and most research so far has been focused on device integration technology. This paper
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attempts to create a roadmap for developing electronic-photonic heterogeneously-converging integrated circuits by combining the
design methodology of microelectronic integrated circuits with photonic integration. Using wavelength locking of microring
resonators as a case study, we present the recent progress on the modeling, simulation, and design of electronic- photonic
heterogeneously-converging integrated circuits.

Keywords: electronic-photonic heterogeneously-converging integrated circuits; integrated circuits; device modeling; fast

simulation; feedback
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Fig.1 Evolution of electronic-photonic converged systems
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(a)Feedback diagram of the microelectronic integrated circuits

(b)Feedback diagram of the electronic-photonic
heterogeneously-converging integrated circuits
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Fig.3 Technological evolution roadmap of integrated circuits
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Fig.5 Block diagram of closed loop locking circuit of

microring resonator based on an integrated heater
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Table 2 Comparison of different wavelength control methods
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Fig.6 Wavelength locking of multiple microrings based on

pipeline time-division-multiplexing scheme
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Table 4 Comparison of wavelength locking schemes for multiple silicon micro-rings
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Fig.7 Optical mode multiplexer consisting of three single microrings
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Fig.8 4x4 optical switch consisting of two-order microring filter

4niEl 9 9 DWDM Wk #e 4ttt . H Al RE K S
WHHEKMERETNERETERARA AL,
Lit e I 8108 212 % 8 19 77 2O SRR HEAT IR B
JE , (B IS FH B PR - B e ] LR Y 77 R B I AR
FIFRER , SEEE T 4x10 Gbps FIEUHE L 5, Rt 17—
AN BRI B 38 TE AT IS AL, R TR 2D R O AR R B2
W BRHII B0, T IZ A SR B A L Yo Li i R A
(sl 77 3K I AL R 23 P B AL I T SRR T 4
NIEIE 25 Gbps B EE G M, Sun™'7E E PR _EZR 6L
T R R R R B RS, RN HY
PRS- B s ] LR 1 22 A il 77 =X SR T 118 Gbps
FA ERHE 1% 5 SR T 12 T 5% A S 2 R 2 WA I B A
] 20 T2 2 0 0 LA A T 7 IS A i 0 22 52 #|
FR A

| I P G |
11010 11010 N 11010 Y S@:n 4
nm i m | AR : KA i

fcmos IR 5
] J
RS

Mo [
Aoy Al”')\r\,"

i 5
n - nmw i
11010 EZ@ loto | i HLHE

sz E e E |

9 DWDM W % 24544
Fig.9 Architecture of dense-wavelength-division-multiplexing
(DWDM) transceiver
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