A ER- G

Chinese Optics B

PERRER WA R A DTS HE R

XEEE FEA R P A

Research progress of lithium niobate thin-film modulators

LIU Hai-feng, GUO Hong-jie, TAN Man-qing, LI Zhi-yong

FIUHASLE:

X, SRR, TG, 228 5. PERR B A 2% r b e HE ()], vh EDEA, 2022, 15(1): 1-13. doi: 10.37188/C0.2021-0115
LIU Hai-feng, GUO Hong-jie, TAN Man-qing, LI Zhi-yong. Research progress of lithium niobate thin-film modulators[J].
Chinese Optics, 2022, 15(1): 1-13. doi: 10.37188/C0.2021-0115

TEZL AL View online: https://doi.org/10.37188/C0.2021-0115

T BRI A HAB S TR

Articles you may be interested in

W X TCA LR F B U RISt
Research progress of the blue area of inorganic thin film electroluminescent material

FRE DG 2017, 10(1): 13 hitps://doi.org/10.3788/C0.20171001.0013
FEF 2 DGR G4 O E BT S A

Tomography technology based on spatial light modulator
HRE Y. 2019, 12(6): 1338 https:/doi.org/10.3788/C0.20191206.1338

1o DG A MO LB T 2 R
Research progress in laser damage of high reflective optical thin films

FRE DG 2018, 11(6): 931 hitps:/doi.org/10.3788/C0.20181106.0931
A BRI AR ZL D% ShAS VR A A o b

Recent progress in terahertz dynamic modulation based on graphene

HHEDG2E. 2017, 10(1): 86 https://doi.org/10.3788/C0.20171001.0086
LR B HCO, O A S BT
Experimental research on acousto—optic deflection rapid tuning pulsed CO, lasers

HRE Y. 2019, 12(2): 355 hitps://doi.org/10.3788/C0.20191202.0355

T B2 A 0] 45 s A gl S e I RS A 2 i 5
Influence of temperature variation on polarization characteristics of silver thin film mirror

T2, 2018, 11(4): 604  https://doi.org/10.3788/C0.20181104.0604



5% 1 th DA Vol. 15 No. 1
20224 1 H Chinese Optics Jan. 2022

NEHRE 2095-1531(2022)01-0001-13

PR R BRI H SRR AR

X, BERY?, BHEY, 2L F!
(L. PERFERFSEFRI ER AR TFFEXELALEE, 4L 100083;
2. HERERAE HRAE S LEEAFR, I 100049)

FEEE: SRR MR H R BAT ARBUN e P B R AR RS, AR IR A A (4 B B S FHAMA, SR
AR TR RN o A ORI T PR AR e R ) AS A i 2540 . RS 25 L ARG ISR S, 45 T LN IR S
4 T2, IFRAI T A RIS TR #SrrEfE . FET SO Ml LNOI 454y, Wi H 2§52 8L T V,L<2 Vecm, WAHETERES
TSI T # A IFE<0.5 dB/facet, 17 AR S5 SCBL T Il ¥i>100 GHz. SRR AL HEIE H 25 1M R R 250 ik
F B AT AR A A, BEE I T T IR, W O AR AR I T B . B xR R R AR Y
SR AT ST TR,

X HEOIEARBRAZEE; LNOL &b AR B

FEDHES:TN29 RRFR AR A doi: 10.37188/C0.2021-0115
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Abstract: Electro-optic modulators based on lithium niobate (LiNbOs, LN) thin-film platforms are advant-
ageous for their small volume, high bandwidth and low half-wave voltage. They have important application
prospects in the field of optical fiber communication and optical fiber sensing, and thus have became a heav-
ily researched topic in recent years. In this paper, the research progress of the waveguide structures, coupling
structures and electrode structures of LN thin-film modulators are reviewed in detail. The fabrication process
of a LN thin-film waveguide is summarized, and the performances of different modulator structures are ana-
lyzed. Based on SOI and LNOI, a platform modulator is realized with V,L<2 V-cm, a bilayer inversely
tapered coupling scheme achieves a coupling loss <0.5 dB/facet , and a traveling wave electrode structure
achieves a modulation bandwidth >100 GHz. Thin-film LN modulators are better than commercial LN modu-

lators in most aspects. It can be predicted that in the near future, with the further improvement in waveguide
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technology, thin-film LN will become a popular scheme of LN modulators. Finally, the potential directions

for the future of their research are proposed.

Key words: lithium niobate thin-film; LNOI; electro-optic modulator
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Fig. 3 Light intensity distribution diagram of the output port of the resonant cavity structure waveguide!'®. (a) Microring

structure; (b) photonic crystal structure. The blue line is the optical characteristic change curve of the waveguide after

an electric field is applied
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Fig. 4 (a) Tapered coupling model™; (b) inverse tapered coupling model!™; (c) grating coupling model!™; (d) evanescent

coupling model!™!
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Fig. 5 Optical fiber and modulator integration scheme®.

(a) Modulator structure; (b) waveguide structure

when light propagates in an optical fiber; (c) wave-

guide structure when light propagates in a wave-

guide
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Tab.1 Summary of different coupling schemes
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Fig. 6 Electrode basic structure of LN modulators. (a) The

electric field direction is parallel to the waveguide
core; (b) the electric field direction is perpendicular

to the waveguide core
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Fig. 7 (a) Lumped electrode structure; (b) traveling wave

electrode structure
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Tab.3 Comparison of loss of different loaded materials
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Fig. 11 The light field change diagram of the output port
of the modulator. (a) PM; (b) MZM; (c) MIM; (d)
MRM,; (e) PHCM
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[70]  Rib Etch on LNOI MZM 1.75 2021
[25] Rib Etch on LNOI MZM 2.36 2021
[62] Rib load on LNOI MZM 2.112 2020
[71] Rib load on LNOI MZM 3.12 2020
[72] Rib Etch on LNOI MZM 2.47/2.325 2020
[73] Rib Etch on LNOI MZM 22 2020
[74] Rib Etch on LNOI MZM 1.6 2019
[75] TFLN on SOI MZM 2.55 2019
[13] TFLN on SOI MZM 2.225 2019
[76] TFLN on SOI MIM 12 2019
[64] Rib load on LNOI MZM 3.6 2019
[64] Rib Etch on LNOI MZM 4.9 2019
[47] PE&APE on LNOI MZM 10.2 2019
[77] Rib Etch on LNOI MIM 1.4 2019
[12] TFLN on SOI MZM 6.7 2018
[49] Rib Etch on LNOI MZM 1.8 2018
[57] Rib Etch on LNOI MZM 2.8/2.3/22 2018
[78]  PE&APE on LNOI PM 6.5 2016
x5 ANFEMEE
Tab.5 Tunability summary
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[79] Rib Etch on LNOI PHCM 16 2020
[80] Rib Etch on LNOI MRM 9 2020
[65] Rib load on LNOI MRM 2.9 2019
[81] Rib Etch on LNOI MRM 3 2019
[49] Rib Etch on LNOI MRM 7 2018
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