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Research progresses of microcavity lasers based on

lithium niobate on insulator (Invited)

Luo Qiang, Bo Fang, Kong Yongfa, Zhang Guoquan, Xu Jingjun

(MOE, Key Laboratory of Weak-Light Nonlinear Photonics, TEDA Institute of Applied Physics and
School of Physics, Nankai University, Tianjin 300457, China)

Abstract: Lithium niobate on insulator (LNOI) was regarded as a competitive integrated optical platform due to
the excellent optical performance of lithium niobate crystal and integration characteristics of thin-film devices. In
addition to the research on transmission and control devices, such as waveguides and modulators, significant
progress has been made in LNOI lasers recently. The research status of the rapidly developing LNOI microcavity
laser was reviewed in this paper. Firstly, the main technical schemes of rare-earth ion doping of bulk lithium
niobate and LNOI, as well as the recent exploration on the preparation of rare-earth ion doped LNOI micro-/nano-
optical devices, were introduced; Secondly, the research progresses on Erbium-doped lithium niobate on insulator
(Er-LNOI) microdisk and microring cavity lasers were summarized; Then, the working mechanism of several
common methods to realize single-mode laser in microcavity laser system were described. The research
progresses on Er-LNOI single-mode lasers utilizing "Vernier effect" and mode-loss modulation were introduced

in the following; Finally, based on the reported research results of LNOI lasers, the limitations of the current
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research and the future research directions were discussed.

Key words: lithium niobate on insulator;
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Fig.1 (a) Structure and concentration distribution of erbium doped by ion implantation””; (b) Structure and concentration distribution of ytterbium

doped by ion implantation®; (c) Schematic diagram of Er-YSO bonding doping structure®™”; (d) Schematic diagram of thulium doped structure"!
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Fig.3 (a) Schematic diagram of Er-LNOI microdisk cavity prepared by femtosecond laser photolithography assisted chemo-mechanical etching technique;

(b) Relationship between the emitted laser power and the 976 nm pump power*"

202105464



b Sk A2
%118 www.irla.cn % 50 %

(10.58 pm/mW) [ 1B it F2 o DR AT RE SR AR I T %
TR R ER A T AR RN 5l R R T R T AR R AR Y

i, 4 Cr HERRZE B LA K2 HF 183 Z0 % B 37 (142
LR RR P LI, 8 T 5 Se S A L A TR

B o I EE S R I AR E R R R S I T PO
1563 nm 4b(1% O fH 4 1.8x10°% AR R AE R I | R MR BREIZE LT 1 mol%

1) Er-LNOI a3, i 13 R A B F R UIH| T 2614 T H
£ 150 um MY B ELAR IR B AL I, O fH R 1.05%10°77,
B 5 43 S 7E 974 nm F1 1 460 nm P BEEOCE T, W
£ 1550 nm I B IO G, (5 SO R fE S TR
H5EMBMRNEZMNMA 4R, #HOEESHERY

it 976 nm PG, 1560 nm I B ] WL F
WO H I 1 BE SR 0 4R 0 T 5L B98O (&l 3(b) f
FURT7R), BRIEN 0055 1 B EAR T 400 pW, X
FEALBCR N 1.92x102%,, i 3 N Z2 i T 3, Mg %)
BWOLES M KIEER (—17.03 pm/mW) J5 205

| (a)~974 nm Pump 12.38 mW 40 @
(=}
g 35 |
=
2
£ 30 +
E
Z 25t
£
\ : L \ 5
1000 1200 1400 1600 2 o9 |
Wavelength/nm =
Q
0.4 0.04 g 15
L L — r
Linewidth (b) Linewidth (c) /S
03 0.03
E 0.12 nm 0.12 nm 10 L Threshold
> 2.99 mW Slope efficiency
02 .02 -
2 0 0.0 4.117x10°°
2 5 F
= 0.1 0.01
0 : 0 ; 0 ' ' : ' ' '
1531.2 1531.6 1532.01560.6 1560.8 1561.0 62 4 6 & 10 12 14
Wavelength/nm Wavelength/nm Pump power/mW
0
=== Pump 20.4 mW
e ~1 460 nm
10 t ¢ ) s Pump 23.3 mW 300
g ()]
A
S
2
% 400
E
. . ——— _ E 300 |
1450 1500 1550 1600 g
Wavelength/nm g
—45 8
N . 2 200 +
o ® Linewidth | —45 | (&) Linewidth |
750 L
@ 0.14 nm 0.14 nm o
ES Threshold e}
2 100 9.31 mW Slope efficiency
2 l 3.15x107
—65 ' ' L —— 0 128 R R R R R . .
1531.4 15322 1560.4 1561.2 6 8 10 12 14 16 18 20 22 24

Wavelength/nm

Wavelength/nm

Pump power/mW

&l 4 (a)~(c) 974 nm I N WL RN HOLE S 5L 5% (d) WOEYR 974 nm E i IR R G MR AL 00 T o RS,
(e)~(2) 1460 nm ZEili F WEL R MO ES S54R5%; (h) MOLTIZRH 1460 nm TRV Z (Al WELH WG 6, IEHEGEIZ)BY

Fig.4 (a)-(c) Observed laser signal and linewidth with the 974 nm pump; (d) Relationship between the emitted laser power and the 974 nm pump power

(Inset: the observed green up-conversion fluorescence); (e)-(g) Observed laser signal and linewidth with the 1 460 nm pump; (h) Relationship

between the emitted laser power and the 1 460 nm pump power (Inset: the observed green up-conversion fluorescence)™!
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power of ~1 mW (Inset: the observed green up-conversion fluorescence); (c) Power and (d) linewidth of the signal mode under different pump

powerst’!
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Fig.8 (a) Spectral evolution of the Er-LNOI racetrack microring resonator with increasing input pump powers; (b) Relationship between the emitted

laser output power and the input pump power; (c) Laser signal wavelength by varying the electric voltage between =300 V and +300 V!
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Fig.10 (a) Single mode emission of Er-LNOI optical molecules in the range of 1500-1560 nm under different pump powers; (b) Output power and mode
linewidth of single-mode laser at different pump powers; (c) Observed high side-mode suppression ratio signal (~26.3 dB) at a pump power of
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Fig.11 (a)-(b) Schematic diagram of Er-LNOI dual cavity structure and vernier effect*”; (c) SEM of prepared Er-LNOI single microring cavity;

(d) Mode field distribution of the first four modes supported in microring cavity waveguide!*”
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Fig.12 (a) Spectra of the output power of the Er-LNOI single mode laser at different pump powers; (b) Optical micrograph of the square lasing modes at

1 546 nm wavelength (Inset: the optical micrographs of the square modes of the up-conversion fluorescence around 550 nm wavelength (Left)

and the pump light (Right))"**

20210546-11



ISk A2

%114 www.irla.cn % 50 A
& 1 SH LNOI Bz H 2R RE S HT EL
Tab.1 Comparison of performance parameters of the reported LNOI microcavity lasers
Structure Pump wavelength/nm  Threshold Conversion efficiency Maximum power Linewidth Model References
974 2.99 mW 4.117x107% ~40 nW 0.12 nm Multimode
Mierodisk 1460 931 mW 3.15%10°% ~500 nW 0l4nm  Multimode )
Microdisk 976 <400 pW 1.92x107%% ~140 nW 0.024nm  Multimode [34]
Microdisk 974 292 uW 6.5%10°% ~0.4 nW ~0.0l nm  Multimode [36]
Microring 974 ~20 pW 6.61x107% ~0.1 nW ~0.0l nm  Multimode [37]
Microring ~980 ~3.5 mW 4.38%x107°% ~35nW - Multimode [38]
Coupling microrings 977.7 ~200 pW 7x107% ~50 nW 348 kHz  Single mode [40]
Coupling microrings 979.6 ~200 pW 4.4x107% ~40 nW ~0.005 nm  Single mode [41]
Coupling microrings 1484 13.54 mW 1.45x107°% 0.31 pW 1.2MHz  Single mode [42]
Microring 1484 14.5 mW 1.2x107% 2.1 yW 1.27 MHz  Single mode [43]
Microdisk 968 ~25 uW 1.3x107% 2 uW 98 Hz Single mode [44]
5 QE 'L /[é (LNOI) for micro-photonic devices [J]. Laser & Photonics
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