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Long-Lived Lithium Niobate: History and Progress
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Abstract : Lithium niobate is considered as a model crystal of nonlinear optics, which combines piezoelectric, frequency
doubling, electro-optic and photorefractive properties, and has shown great practical utility. Nearly a hundred years since the
birth of lithium niobate, it has played an indispensable role in the fields of national security, medical detection, high-energy
physics and industrial detection. With the development of micro-nano technology, the study of new optical effects in the
microstructure of lithium niobate has become one of international frontier hotspots in recent years, and the related research
plays an important role in promoting the generation of new micro-nano photonic devices. This paper summarizes the history of
lithium niobate around its optical properties, and introduces its recent research progress particularly in the field of nano-optics,
furthermore gives prospects for future developments.
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Fig. 1 Lithium niobate electro-optic modulator (a) Q switch for pulsed laser ( provided by Nankai University) ;

(b) fiber coupled electro-optic modulator™*’
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Fig.2 Optical frequency converter based on lithium niobate (a) lithium niobate crystal with periodic ferroelectric domain

structure’ ™ ; (b) high-power red-green-blue laser source!”!



557 o A R P R B R Iy S A TR 1187

1.3 [EHEfHE

HZEAH RSO — B8 o BRI A W B B b W e o Tz BT, BLAE 1949 4
Matthias 1 Remeika Eﬁ%%}ﬂ@%ﬂ%ﬁ%%&‘@%@ﬁ‘,Fk?&ﬁ?ﬁﬁ-ﬁﬂé%”@mm] o 1H 1964 4 Ballman | FH 2
POVE I AE KRR IS | A% T i FR B0 b AT I, S i ey T SR 2 W, (UALAS 3 30% Y B HL AR & 8K
R, GBS AT , Warner T 1965 AKX —HUEAR & 2 50% 7, BARTE I X —SHUR AR KT
PR A PR 1 (RS R T2 9 S I, R FRAE 1950 AEAUTHERE B 005 1Y PZT JE LB &t E 24
B IR T R AR BT, B AW RE RS

B7E 1960—1980 4EAX, B L IR0 SR , 2 7 1 55 f 7 0 PTG DI 2 S IR B4, LA S L
AT 5 HIFEAH AL P K R Ty 77 T8 175 9 T 90, G A B R 1 e B i i K A 34, AHER T CdS | f1 9% | BaTiO,  PZT
SRR T 5 AT KT R AR E i R X T 500 MHz ~ 5.5 GHz 5475 I 40 B CRAF I AR 1Y
EERARFE" | [ R B0 e R A 2R 8, TCTTT 1 5 T [ B DAy 8 P e R 05 A 2, B R b i 1 8%
PR &, AR 1 SAHE IR 2R A HE B (WL IET 3 (a) ) o 7 1980 4FAX, BEFE JCLk AL HOR SO AL B AR 193
Ko, BEmRARAT Jhy O I 0 R BEADRI 2 N o AR AR 2 A R sl 5 WA Y 4K, AR A RO I AY
FREE 6 B~ (1 E-f =2.54 em) fhlB,80% fe 2% Hh BUAE UL U 4 11737, 56 T PR R P ( B4R MR 4 ) 1Y 3 T U
WA RE T WL TR SRR AU, 7598 S B AR R A B (WL 3 (b)) .

T A7 1T, HE R R A TR FL A T, A LA AR i AT N B T OR IR AR A O B n T
A DR e M B S IO S AR P SRR RE A o DR R P — SRR RS 4 R A D v AR, LR RTA 600 ~
883 C, WAEBAEY HHAT M, HABR G i A PRI 7 vk X 0L 92 B S A R 5 e I, B 75 i
CME—TFBE, FAE 1970 4R, S AR AR LYY B WS BAve A Db 1 S BEEIR 7 TRk S — R T T
SO I L4 SNy HE SR A R ST, AR E T R R HAR S RSE | AN E R W S TR T
AHICHIFSE . Pl TR AR PHLEAT A s 10 i HELTL 2, e T R AT SR ] R A5 T rU R, it R0 o A i) v T B 7
BReds , Mo P 385 BOM HEARZS T o SO Ah  FE T F R |28 IR AR S U 1 A i R A B R T )
R i PR, AN, P B A U A HEAT R AR, DA R S TR o) 2 T v 1 4 2 K
BRI T R HORAENS  RER A 5 T 300 °C XA R A Bl 1 Pk . 6 [ NASA WA HE 52 00 2% (1Y)
Bar-Cohen “5{df FHHERR I AR SEBL 1 IR LIRS A A A1 ST FLAG PR AL, 188 3 1T Fit R 3y i 7™ A B 7 HILAMAIR 3, il
BRIk XA M TRERE  SEER R H AT LAZE B3k 500 °C I IREE A R TAE T

B3 FRIAERLR SHRAEAY (a) 1967 EBHFH Y A I AER LR (L0 AR ) 5 I I v B AEIR 2 % L
(b ) 728 gt 8 1 P 3 DRG0 1 D IR 10 46 41 7 o g 7
Fig.3 Acoustic wave delay line and transducer (a) comparison between acoustic wave delay line (red elements) developed

81

in 1967 and contemporaneous microwave cable delay line™'; (b) array of lithium niobate ultrasonic transducer

(made in Germany) for core-imaging of liquid metal fast reactors!””’
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Fig.4 A variety of lithium niobate crystals with different doping elements ( provided by Nankai University)
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Fig.5 Waveguide electro-optic modulator based on LNOI (a) on-chip electro-optic modulator compatible with CMOS

[135]

driving voltage ; (b) silicon/lithium niobate heterostructure electro-optic modulator'**’; (¢) reconfigurable multifunctional

photonic integrated chip™”’; (d) small-sized electro-optic modulator based on lithium niobate photonic crystal"**’
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Fig.6  Optical microcavity based on LNOI (a) Kerr comb generation and electrically tunable add-drop filter based on LNOT

microring resonator-*! ; (b) erbium-doped lithium niobate micro-disk laser!**’
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