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Fig. 1. Flow chart of preparation of single crystal lithium niobate films by direct bonding of wafers.
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Femtosecond laser ablation

Cr and SiO; removal

(a) 7E LN £ fh R 1 DAL Cr; (b) RPN T 5 KB 5 31

Cr i 15 (c) CMP i3 B4 A KB 6 8 21 LN SRR 1 (d) M35 200 LB Cr B Si0,20

Fig. 2. Flow chart of fabricating LN microdisk using femtosecond laser micromachining: (a) Depositing metallic chromium on

LN sample surface; (b) transferring microdisk graphics onto chrome layer by femtosecond laser micromachining; (c) transferring

microdisk pattern onto LN film by CMP; (d) wet etching removes chromium film and SiO,?.
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b 91 A R RO 1 9 R d MO B S AR ik Ak

[t

Si |
Si0y |
LN |

Electrodes |

EPoling area

(a) FFIN LAY o U] LN HEBERE 5 (b) TURRARIR B AR AL H s (c) o 463 s vt A it Jon

WAL RIE; (d) FIESERLH) PPLN B IR ;5 () PPLN TR T I UL AT, TR (0870 Bk B WG S X 3 (F) 289 CMP B FIB $ R

AL FE 2 J5 (4 PPLN A b5 TW il S B 159

Fig. 3. Preparation process of PPLN ridge waveguide: (a) The a-cut LN thin film sample to be processed; (b) deposition of comb-

shaped metal polarized electrode; (c) application of polarization voltage to metal electrode; (d) the fabricated PPLN ridge wave-

guide; (e) top view of the PPLN ridge waveguide, the dark area is the domain inversion area; (f) PPLN ridge waveguide sidewall

after CMP or FIB fabricating/?.
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I, Wolf 45 7 48 i T —Fh Ak LN A Bl ek
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3£ 45 D SR AR E RO AT L ZE YR, 7 25T
5375 TR R SCHES L. 18] 4 J@os TOR[ARSR (p)
FIHLCIFE] (#,01) 2O Fe AR A5 i) BT,

(a)

10 pm
—

(b) tpol p=1.0X10* min-Pa

(Gres tpol p=1.2X 10 min-Pa
4w an ) F ool b - L -

ame s =

(d) tpol p=2.5X 10° min-Pa

Vo= 0%, SRR RO E (N T L [ e ¢ g e e

B4 (a) fUO6J5 B9 RO IR I 09 F9 5 B 23U (scan-
ning electron microscope, SEM) % {4 E{% (LN #ric A # {4
Si0, Jy K A1); (b)— (d) AS [R5 2 500 fie 4 il D' 5 2R 11
515 7

Fig. 4. (a) A SEM coloring image of polished micro-ring res-
onator (LN is yellow; SiO, is gray); (b)—(d) influences of
different polishing parameters on the final sidewall rough-

nessbB7.

T, Wang 45 BS540 4 4 0F S 45 7 F
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F v L.
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BN, SHe S YA 5 BRI | DR L R 5 3 1 i
il AR, FT LNOT Ay A L re Sl e
BRI GG, P ERE B 2 S SR b Ak =
) LN BRI EI R AL 2007 4, Guarino
6 ) 4 T8 T 7R BOB #4192 U] LN Wi |-
il B4 R Y TR S R R iR s, L @ PR AR I AR U
BATikE] 4 x 10°, JHICR AT A% 0.14 GHz/ V.
XTGBT AE— 28 R T2 B TR e,
TE—Em X FRFEEBE T LNOI I 4 DG 12
PRI REVERIF ST 0 T 315,

b5, W5 N RFE AL AT LNOL A [
VE Ry T HUS T — RS . Ren 55 19 38
it EBL 5 R Al RIE 8 A # % TR #E (&
1 dB/channel) XGHE 8 A P8 6l 7, 24z 3
il 7E 1564—1576 nm i B A B, 3200 A7 98 il 5 2=
PR 55 B B AR AT B8 (540 GHz) DA M3 IR Ay 2F

157801-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 15 (2020) 157801

(a) (b) '

Cr deposition Femtosecond laser ablation
() AN @ —
Chemo-mechanical polish Cr removal and secondary
(CMP) CMP

Saddle weight

(e)
Polishing pad Il Chromium
B LN foil
© 0O cummw o’ ° Silicon dioxide
o © ® s e ® LN substrate
LY -] (-] oo o
r..

Polishing slurry

Kl 5 CMP AN LNOL A OGP (a) BEAEISHITAR Cr M, (b) CRMBOLHUN CH & R n LE % () CMP
AR Z AR LN; (d) A Cr JB8 i) 22 B 20 il A8 L& 7k CMP i B2 (e) CMP 4 & i [ B8

Fig. 5. Schematic of using CMP technology to prepare LNOI on-chip optics: (a) Depositing Cr film on LNOI by magnetron sputter-
ing; (b) femtosecond laser processing defines the pattern to be processed; (c) CMP process to remove excess LN; (d) use Cr etchant

to remove the etching mask and secondary CMP process; (e) schematic diagram of CMP instrument/*®!.

F 1 AFEMTFRHEN LN 5 1OUFEa M E e S5

Table 1.  Main performance parameters of LN on-chip photonic devices fabricated by different fabrication techniques.

InTE%E A THA R B (P K) AT P (K /nm)
e ‘ d =50 pm — 1.5 x 106 (1551.4)
) ELISIRAES N
peial r =50 pm — 3.1 x 10° (1550)
o) r= 25 pm — 2.9 x 10° (1502)
peia r =25 um — 2.69 x 10° (1548.78)
Rl r =100 pm — 1.1 x 107 (637)
peZN AP IRBLE AR r =80 pm — ~107 (1590)
w = 750 nm
S A 1) h = 250 nm — 1.09 x 10° (1452)
a = 600 nm
TR d = 29.92 um — 9.61 x 10° (1547.8)
) ’ d = 140 pm — 1.46 x 107 (773.49)
OO T
» d=29.92 pm
XU AL — 1.35 x 10° (1528.5)
g =138 nm
AT W = 480 nm
IR 6 dB/m (635 nm) —
. H = 120 nm
B IR AR
. . W= 24 um
HIGR (2.7 & 0.3) dB/m (1590 nm) —
H=0.25 pm
T o , W= 13 pm
IR SR 0.1 dB/m (1550 nm) —
H=0.5 pum
N . . W =4 pum
HIBR T AR e 4 dB/m (1550 nm) —
=3 pum
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PR (3.5—4.5 V). Jin 4 U6 @ ik R BT
ASCH D B e, A R TR A BN 2 A
EBL /il TARZE 5 IFE, fEHIK M-Z T3AL
HOEEE T 30 dB {HYEELAIIER, ££ 15001600 nm
PG A LB ik 53 dB BTHOG I, 85 T it
T S 530 A5 - 9 ] ) R AR . Wang 55 BT A H
PECVD #{ AR5 EBL ${ RSCHL T iR #FE 1+ | LN
TV A b LN OEMERE L B M-Z +
WAL BB, [RF N SR 1] LA
BRI 5 AR, KIFERTE T S
JEHIPERE. % LN A AR BOL T A a8 F -
R B (half-wave voltage and length products)
4 1.8 Veem, BT Z N 40 Gbps. [FIH, 7EHIA

100 pm

Normalized transmission

-8 -6 -4 -2 0 2 4 6 8
DC offset/V

I 6

EO coefficient Sp;/dB

WA 1480—1580 nm AY AT RIEEOE E T T,
ZERIETHF 6 LW T & A~ QHF
} 8000, 3-dB ¥l 45 i A 30 GHz [#)9€1H %I HL Y
T ER. & 6(a) AIE 6(b) JB/R T il 3 T38H
FEREIR LA & M-Z T3 LN iRl g,
& 6(c) R 6(d) 45 i3 T PEERNER K 5 TE S
A XL R E I 05 5 4R AR AH X 7 E A
SEM EIM&. HOGTRGIRAE LIS R (1.5 pm I K)
T, M-Z BRI TS (KEAHR 2 mm, Q
T4 8000) TGN 10 dB, FIEHIE N 9V, H
JEIHHI B (3 dB) SN 30 GHz (W1 6(e) FE 6(f)
JIi7R). 554k, Wang 45 1 I8 F| ] EBL 5 RIE £ AR
il % T AEE7E CMOS A M IK S B & N iz 1719

100 pm

-2t 0
—10
—20
—30

—40 " "
10-1 100 10!

O
S11/dB

1 1 1
101 100 10t
Modulation frequency/GHz

(a), (b) LNOI J L #a SR il 19 SEM (K115 (c) FE1E B s LRI 48 & DX ROR AT (d) BB S O6I B ROR AL (e) M-Z

T el S VA 1 2 9 05 661 5 (F) P8 TR e S A 1 25 04 L G IR R 5E (9 V, 1480— 1580 nm)! 7
Fig. 6. (a), (b) SEM images of the LNOI modulator; (c) enlarged view of the coupling area of the track modulator; (d) enlarged

view of the electrode and optical waveguide; (e) transmission spectrum of MZI modulator; (f) electro-optical bandwidth of racetrack

modulator (9 V, 1480—1580 nm) 7.
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B SRR LN RO IR g8 GRS CWEL), HIF X
HLE S 1.4V, B8 4% S #% ] 153 210 GBIt /s,
A EGF AR T 0.5 dB, 3-dB i il 45 98 i i
45 GHz. ZHE DGR G 28 o 7 BOLfF 5 5
Gl A5 5, 1 0 2 A B o) A 1 v B Oy I AOK
TR S X I [ R A 3 R T
SiO, R, W LK, YefF5 5155 iR
JEE s T LA 3 20 3 Y LN I Si0, J2 R B kN
DA, I A BRE AR R R N R S
ST AE S Z AR VC AL, e T S
A SR PR ) 1491,

EjFEraali LN RS i 2% 00 i S o8 i #5 AH L,
i LN 5 2 S R b R S o 45 - o 4 1 Fl Y 1)
il % a] LA A LN A SRR 4 A i B
JEEE RN, 2019 4F, He 55 WK I T LN (9 & 47 54
RN HE B D T 5 B A IR St H I S TR A,
i Si T E VAW RS LN 0 H AR SerE
Regh &7 —&, W& T S rEReR M-Z &% . 7£
L5 pm P, 2 il 25 00 2 i e K R R
2.2 V-cm, #&#1FE N 2.5 dB, #1F 70 GHz i
SETEHIAT 5 LK 3k 112 Gbit /s By LG RIH] HR .

AR, 3T Ahmed 45 PO 238 T —Ff i SiN
LN SRR 45A E R M-Z B 0GR E 28, Z it
PR R 2 BTG 2R B AL B, IF
H A8 % S B AR B 3h B R A9 AT RO T R AR
1550 nm KT, HE R EN 0.875 V, ¢
Wl B K BN 2.11 Veem, HGH N 30 dB, F
Ot ERFEY N 5.4 dB. Thomaschewski 25 U %
T AT LN I A 45 B TR F O A A
i, EHPATE LN S FRIBE S 350 nm Y2558
Au KRB (A0 7 ). Hirr, Au 40K
WA S I 5 AT LA R B 5 | S A Al 5 1 P S R
TN RS, I A R A BT S L 3

[ 7 LNOI F 1% 85 TP ot [ 2 5519 SEM [E{2 Y
Fig. 7. False-colored SEM image of LNOI plasma electro-
optic directional couplert!l.

ZI RS [ E S, A F T2 %5 @k
T SRR DI RE. #E 1550 nm KT, IS
KB 20 pm BYRLOGHFOCAT DIFE 4+ 50 V LT
SEEE 90% IR B, H A AR AT AGA
#] 0.3 V-cm.

4.2 FREMERFIREMRIEFMG

LN HABEN e gttt 245k, RHE
PR 2 M 2 fh A, T DL S an R U e AR
(second harmonic generation, SHG), Fl /2= 4 j
E (sum/difference frequency generation, SFG/
DFQG), Y&2#Z /UK (optical parametric amplifi-
cation, OPA) & B AE & PERUN . A T LA R
A AR A, A HLAE FHOIGIBE %) R 3 B8 75 2 i AH
], X — s TS A7 VEAL (phase matching, PM).
YEAI 7 VEBE (quasi-phase matching, QPM) & 5Z
B 05 (S [) 18 R 43 DG iy 2 s B e iR,
Xof S AR MG A AR e 46 28 O HE 2. Chen 45 BY
fifi F§ EBL i R fl PECVD # AR, 2 ¥k i 4 9 4%
JUf S B 7 B LN B IR 35 5 ORI 4R s
Z BN AIALVE AT . 7E PR S 3% 5 TM A,
WL BNFEHHCR N 26%- W L-cm 2 SHG (1550 —
775 nm). HAM, Luo 55 DU A ] EBL 2R il %
() LN R PR i S8 T 1550 nm i TM 2
BEE 775 nm B TMy, i B 2 18] A AR A2 IT B, 0
TS AR R 1500%- WL 38 3 I8 55 fhis 9%
K3 780 nm BB, I TAEES R PR WA 1l
{EAREL ) DFG. 15 B AT R i A T S B0k
S0 SR 4y LR A, SHG 2 —
Tt b AR e A A OGN O 12, (HRTEAE SR
LM rh, JNARME S I F] s B e 4
ORI YER SHG. 00, Luo %52 FIF LN
HURR A O S R00, B IRAE K EE R 8 mm
i LN Jy 9% (Rl H EBL # A Fl RIE $ AR il
) SCL T RIE IR (0.84 nm/K, P HINE
& 15401620 nm), MK EE T 1559.06 nm
I, W BN AR A R4 4.7 % WL Kl
779.53 nm 1) SHG % th.

AT Faettrh, b T4 2 i
R gskg b, AT 6% BE 2 RS T, JE i
G 92 2 M AR 2k O o AR B 5 RN . A
Luo %5 B3I ] 2 VIA & Q I (1.7 x 105, K
1539.65 nm) A I LN fii#% (] EBL AR M RIE
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FARS %) LT SHG il [ &S & T i (self-
parametric down conversion, SPDC) RN . HoH
I W% K R 1549.32 nm B, RIS U UK R
774.66 nm, SHG #4355 3.6 x 10° mW
M7E 774.66 nm WOL W Hhiz T, ™4/ SPDC
it 400 nm (1400 — 1590 nm), HkiHAET
xﬁ‘%ﬂﬂjfﬁﬁﬂ (A B () A e M (BEAL R A LR
43.1). J34b, Lin 5 DU AR FCRMEOGHOm T/
FIB 4 A il £ 19 Fr b LN S kB 4ig fes o [l g = A=
T YRR SHG (1547.8—773.9 nm) Fl =KW~
A, BERRCR M 9.9% - mW ! Fil 1.05%-mW 2,
Etiﬂ iz O KAE 15301570 nm 75 6 &
SLARERT, BRELA = UOE I HAE 515.9 nm
Ab, Z = YGE AT SR AT USRI 2 ()Y
PP FE. BLAR, Liu 45 B9l i U ¢SHG-DFG
RNE, 76 F b LN SR e s v S8 T A3 250 DU g
IR (four-wave mixing, FWM). &l 8(a) JE/~ T
5:1%‘%3@ 1534.9 nm W28 cSHG-DFG i FEH%
.l RS E S R, PR RS T IR
fé%%ﬁﬁ/&a‘ﬁ%ﬁ@%‘ﬂt#ﬁéﬁ, miE 8(b) frzs. &
T, Ye & P9 fifi ] FIB £ AR HF {5332 2 il B A il
1 iR SFG B8R LNOT i B ilfid ik
. H QT4 1.8 x 10° (1536.88 nm P K), 24
32 P43 3R 1529.76 A1 1543.78 nm i, 7] L
MELR 47 T 768.37 nm Y SFG g, Z IR I A Al
FEEH 2.22 x 106 mW .

I, ST AR A7 VE G PPLN 5 09 R
AR A AR e i AR AR DGR RIS T
— R, Wolf 25 b7 o Yk 4l T FH
RIE Fl CMP 45 & M AR 419 PPLN L%
IR, JFSCOl TR AR 9 x 107! mW !

B SHG (1551 — 775.5 nm). fifi/5, Chen 55 P8 fifi
FH EBL Fl & F R Z1 0 AR i 4 7 PPLN 7 | 3U

YR O R I, ST 230000% WL 1Y SHG
%%ﬁuﬁz% (1545.56 — 772.78 nm). BifiJ5, Lu &5 [
FH EH 8 B8 (piezo-force-microscopy, PFM)
% T2 1AL 1 PPLN F I 3L 4R 1 3R s 4k
i, SEBLT A 250000%-W ! ) SHG (1617.43 —
808.715 nm) FEHRK. WA, Hao 55 00 75 i 4%
HPCZIA RIE SFH0AR 4519 PPLN f F il e
S T B R 2.2 x 10 mW ! /Y SHG
(1546.7 — 773.4 nm). ¥, Hao 55 OV L iz 38 1
i ] PFM il £ A2 1 il 4k PPLN i F i iR
Jis . S T INARZ I B IR E ) Q 2R 8 x 10¢
(1550 nm 1<), SHG FAfsieh 1.44 x 105 mW !
(1541.8 — 770.9 nm). Sua % 02 HF3l T 76T k%l
P PPLN fr B TR S N G cSHG-
DFG, J-7E sb S Al W22 37k 98 i i 14 THz 1)
OPA, # 4 1 S, C Ml L & EMiBe, kS miy
%54 38.3 dB (1550.6 nm # ). 4k, 78 PPLN
B g5, Rao 45 P RIE T 7E PPLN 4 I
BIL TP SEEE 4600%-W e 2 (9 R ARG R
Pk R SHG. Hilt, Niu 45 93 L PPLN
W h s AR, e TR E R 6 mm. AL
W14 4.3 um W EEIRIES:, SCEUER %% S 0]
DITEIRLE S BB U425 3061% W L-cm 2
f) SHG.

4.3 Stk

JCHIULR RERS A MBS T L SFTRI BRI
I IR G —E AR B2 A R el 2
E I, HORG AR R oK, i) 1

1.0

| (a)

Power/dBm

60 : \ \ \
1520 1525 1530 1535 1540
Wavelength/nm

K8 (a) ZRlkid L,

Hodr il 32 P K B 2 7 1534.9 nm, 5 5

(b)

0.8
z ?
E 0.6 F @ Experimental data
= —— Theoretical fitting
g 04f
g
=]
= 02}

0 L L
1550 0 1 2 3 4 5 6

Input power/mW

6K 2 BT T 1541.8 Al 1548.9 nm; (b) LN £ 4% 7 A %% i

FWM 372, FW IRSOE S RAK B E MBS L4, (5 5 6 R E 5 mWd)

Fig. 8. (a) Spectrum of the cascade process: the pump wavelength is fixed at 1534.9 nm, and the signal wavelength is at 1541.8 and

1548.9 nm. (b) Effective FWM process in LN microdisk, FW idler power dependence and theoretical fitting, the signal power is

maintained at 5 mWP?,
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R I VS N o0 TR R B =S R =N - R
i E R AL R B T EEAER. 3
HRTA 1k, FEmis i S & 75 A8 kL
P2 M T S IR B 2R A T R AR R i
AL SRR AR R 55— Fh O I R BRI A B
A Kerr FEG B2 0t i G 24 PR A vl o € i
A HAT, XA EECAE LN Lot
TEAS LA B SEB T FE A0 A A A i
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WM e IR TG0 AL 6 i A R B, il
ZAF 1 [ B A 5 A LG . (A 98 T 48 4 8
o 1.2m), BEARAERIFE (0.004 dB/coupler) . 347
FITIC S A6 DL R e i B B R ). SEgR
A5 B H AR O 7 15 1 48R L 38 15 I B 1 A%
Y (2T 900 &Mt Ze, [HFRZY 10 GHz), Jf H
AT 8 o RS ) AT DL S A AR S AR Y
Fr. A5RRM, £ A L LN ORI AR
7 SEAE H A RE R AR ETE. K 9(a) JEIR
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RFOCEAE 9(b) FIR.
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38 o (I B AR S 1 Kerr MR AR, P
FHTT % Add-drop JEUE AR BE— A5 My, SCLET
VERL 1A 5% 52 A ) 101, [&] 10(a) &L 10(b) /R T
AR R 80 pm, THFFEE N 1.3 pm Y LN i |
A TRE iR i v B 0035 A0 R A 7 A, AR £ T B
295 2 nm. Hofr JUASAG TM i 47 650 5 1% 56 24
300 nm (WA 10(a) FT7R), TE IR R R0 P
JE RIS 1400 —2100 nm JEEE (40 10(b) fzR).
R TS PR YRR H IR R, 12 AR AT S
T2 Add-drop U8 & 5 055 & AR SR AR B0 =X
Hrf Add-drop JE% #% H 59 /b— LN /L3R
R I B (AR 10(c) B ), H @ H o ig s
(free spectral range, FSR) 2 b il R M A& A 4% K
1%, HREMLER FSR A Vernier %00 1] LLFE
BTN B P RS, AT S
DEPE AR /SR BT, REE KA 1 6T R
FI) Y€ W 4% B9 drop/through ¥y [T M T 52 B 6 S
WAs SR . S5 46, B LN i LR a5
G R A AR A, T A H A0 R A A e 1
D A ARt A DA S S B A A 5 Y
I 6],

Signal

Ground

100 pm

(b) C-band _L-band >
o
5% g
Es|
25 i
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Sm ‘Wavelength /na “
Il
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o

RN ”L"

(=}
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o
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K9 (a) LN BOEREIRIE A DB, RIS 26U T, 360 XU S il (b) ARCER I IR 1™ A2 19 O B3 A< 47 1 i H 4t
B, ZEA B ROR T LA A B EORIEL, Bt Z [ D AR 295 0.1 dB, A IR R T LA R 98 11 95 % (8) 1938 S5O ik 04

Fig. 9. (a) Photograph of the LN microring resonator, the black line is an etched optical waveguide, and the yellow area is a gold

electrode. (b) The output spectrum of the EO frequency comb generated from the micro-ring resonator. The left illustration shows

an enlarged view of several comb teeth. The power variation between the comb teeth is about 0.1 dB. The right inset shows the

transmission spectra of several different modulation indices (3)!
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(c) LN J E4AKSE 72 [0l B B SEM [ {4 (6

Fig. 10. (a), (b) Generation of a broadband frequency comb: The frequency comb spectrum is generated when the pump power is
300 mW and the input signal resonates with the (a) TM mode and the (b) TE mode; (c) SEM image of nanophotonic circuit on LN

filml63],

FIH BRSSO - R I S TiF 2 5 T
FEHAR B R 156 28 C L. EFXTIE, Yu &5 66 )
F LN 2% B 59 — B Fi = B AR 2ot e 2a 80, 7
M EBL £RF1 RIE RS9 LN @B R
B2 T AT ELLE. #E 100 pJ Gk MK
Jt (1506 nm ) ML T, % TAETE 0.5 cm K
() LN B2 ey R S8 1 e 3 i o 5 A AR 1Y
B [RVAS, 38 Ak X ) S AT LSS AR T
HBIELETE R SHG Z [ A5 E &, AT AT LA
BRI E A B - A TR (fopo)-

4.4 SENFEMFEXEEIRGE

1% (cavity optomechanics) ZEVT A IE
B RS RFIEE, EARR TR T
NN SR AR Z M EE-. BT
LN [F] i B A B B (29 3.5 eV) R R AR
PG 5 e, RO R RS T Ao
V-5, IFH T B DL R g AR A
AL T R EE. Fln, Jiang A1 Linl $% 38 T 766 H
EBL HORFINEE 2] ] 25 19 7 b LN SR 4R 15
HSEZE 3.6 % 1012 (1498 nm P K) HIEEI0R- 5 T
HFRM (f-Q). MAM, LN Y&T ARG B A 4%
AR, (HH RN A6 5 8 i
AIHILGZ 20 AT SE AR SR G ) 8 &, Liang 45 1
FEFI A B PR ZI ) LN B E 67 SR
SEPR T ERIA 1.47 x 10'2 (1511 nm P K) (9 f-Q.
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R OCAHE. ERTACEE T, B
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Fig. 11. (a) Micrograph of M-Z interferometer type and (b) resonator type acousto-optic modulator; (¢) SEM image of the optical

waveguide; (d) SEM image of the IDT region/®.
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Fig. 12. (a) SEM image of single mode tapered fiber®; (b) SEM image of bilayer tapered mode converter/?.
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Abstract

Lithium niobate (LiNbOs, LN) crystals have excellent electro-optical and nonlinear optical properties, and
they have been regarded as one of the most promising materials for constructing the multifunctional photonic
integrated systems. Due to the excellent optical properties of LN crystal, the emerging LN thin film technology
has received great attention in the research of integrated photonics in recent years. With the help of advanced
micro-nano fabrication technologies, many high-performance lithium niobate integrated photonic devices have
been realized.

Integrated photonic platform can incorporate high-density, multi-functional optical components, micro-nano
photonics structures, and optical materials on a monolithic substrate, which can flexibly implement a variety of
photonic functions. At the same time, it also provides a low-cost, small-size, and scalable solution for
miniaturizing and integrating the free-space optical systems. Photonic chips based on LN have been widely used
in fast electro-optic modulation, nonlinear optical frequency conversion and frequency comb generation. In
particular, periodically poled lithium niobate (PPLN) based on quasi-phase matching has gradually become a
mature integrated photonic platform and has been widely used in the field of nonlinear optics.

As wafer bonding technology is matured, the lithium-niobate-on-insulator (LNOI) thin films made by the
“smart-cut” process have been commercialized. The thickness of the LN film on a Si or SiO, substrate can reach
several hundred nanometers, and good uniformity in film thickness at a larger size (3 inches) can be ensured.
With the development of micro-nano fabrication technologies, the quality and functions of photonic devices on
LNOI chips have been significantly improved in recent years, and research on integrated photonic devices based
on LNOI has also been developed rapidly in recent years.

In this article we briefly review the development of LNOI technology, introducing the applications of
several advanced micro-nano fabrication techniques and summarizing their applications in the micro-/nano-
fabrication of on-chip photonic devices based on LNOI wafers. In addition, in this article we also summarize the
latest advances in the functionality of LNOI on-chip photonic devices and give a short prospective on their

future applications in integrated photonics.
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