B55E HSH HLP R R 4R Vol. 55 No. 5
2026 %9 H Journal of University of Electronic Science and Technology of China Sep. 2026

BIRAKR: Xk, fkisl, 5k B, & AHOETEDEHRE [J]. B FRHER 53R, 2026, 55(5): 707-728.
Liu Yong, Zhang Shangjian, Zhang Zhiyao, et al. From microwave photonics to optoelectronic fusion[J]. Journal of University of Electronic Science and
Technology of China, 2026, 55(5): 707-728. (in Chinese)

MRS FRISCEmM S

x| OA", KM, KEE, ANEA, BBE, wTE
. BFRHERSOE AL S TSR, WAL 611731 2. AP REE RO TFH R, K 3003500

WHE: pokaTFEAESPRRFETN, KPTRTEFREMHGFTR. BHas T, mEE TR 2R E
LA A BHE AR, TR AALE SR, X ER ML T A EK, Rk, MEERET R, X— e
ROt E S N B G TA B 6) G B B B AR R A, R SOA T A K LA S TAR SRR A B A TAE S, B
X—BRAMIE I NEBOREER: ERAGE, NEBRALIRGE. LIRS A TSR T LR RES AR TE
FRA, EIIEE, TR AR TR @G NERAER, G350 R AIEIZAIED 5 6D, X2 B4 A G AN ET
Ry EMAE, NB BRSO ESE KB TOEA, AR S HERGIRN B RHIEFEZ LR, 3N ETHLFR
B d bbb bR AR B, B LA EROBERAR, LRTHAE B4 EN REROFRE S TG AT 6.

FEHER: MR, bhwakd: BAaSsh:, S4ky

hESHES: TN256 NEkFRERD: A DOI: 10.12178/1001-0548.2026144

From microwave photonics to optoelectronic fusion
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(1. School of Optoelectronic Science and Engineering, University of Electronic Science and Technology of China, Chengdu 611731, China;

2. Institute of Intelligent Photonics, Nankai University, Tianjin 300350, China)

Abstract: In the processing of high-frequency broadband signals, microwave electronics has long been
constrained by the bandwidth, transmission loss, and electromagnetic interference of electronic devices.
Modulating signals onto optical carriers for generation, transmission, and processing can effectively circumvent
these limitations, which constitutes the core paradigm of microwave photonics. In recent years, driven by the
increasing demand for integration, this concept of “optoelectronic fusion” has been extending from the system-link
level down to the chip, device, and material levels. Taking the research work of related teams from the School of
Optoelectronic Science and Engineering at the University of Electronic Science and Technology of China (UESTC)
as examples, this paper reviews the key technologies across three levels along this trajectory: At the system level, it
introduces how optoelectronic oscillators (OEOs), optical frequency combs (OFCs), and photonic analog-to-digital
converters (photonic ADCs) achieve low-phase-noise signal generation and broadband signal sampling. At the
supporting level, it discusses the characterization and testing challenges faced by high-speed optoelectronic chips,
including wafer-level non-invasive probing and frequency response decoupling, which are essential prerequisites
for transitioning devices toward engineering applications. At the material level, it highlights the applications of
two-dimensional (2D) sliding ferroelectric materials in in-memory computing devices, as well as multi-dimensional
optical field photodetectors for capturing multi-parameter information such as polarization. Collectively, these three
levels reflect the technological evolution of optoelectronic fusion from links to devices and from discrete
components to integrated systems, while indicating that intrinsic fusion at the material and device levels will be a
critical direction for future breakthroughs.
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