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Dispersion analysis of second harmonic generation in lithium
niobate thin film waveguide
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Abstract: Based on the platform of lithium niobate on insulator, a periodically poled lithium niobate thin film wave-
guide structure was designed. By utilizing the excellent nonlinear properties of lithium niobate combined with flexible
phase matching schemes, the influences of structural dispersion on the poling period were analyzed. In addition, the dif-
ference in effective refractive index of waveguide mode varied with temperature was employed. The bandwidth of fre-
quency conversion is expanded effectively by changing the material temperature, achieving the double-frequency in the
range of 1. 5 um to 1. 6 um. Finally a normalized conversion efficiency of 562% is obtained, which provides a theoreti-
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cal basis for further research on parametric conversion of chip photonics.

Key words: lithium niobate thin film, frequency conversion, dispersion, phase matching, temperature

51

il

20 22 60 4FAX, BOBE BRI I 51 & 7ok
BORY S A, JT R T AR R AL T, Z 5
B AR DRI S AR BT TR AT
PE MR # (Lithium Niobate , LN) iy {4 PR #5858 1) 't 2%
WH, RAFR RO  HOE SR IR, PR Ot
FRETS TN T RO b . TSR

Wr#E B #5:2022- 10- 09, & [E] B #A . 2023- 02- 14

(R I 7 AR T s —— R IR B ORI BB - 28 4
e TR, 2o A TUAR] RS BB ) 6 4 3O3R ™
HIAM 7RSO ER LR, AR, f5 K - IRIR
# (Lithium Niobate On Insulator, LNOT )y & DL H: IV
A e G T RS, A S R A R A v O
TR RIS BRI N SR bR 1 B PR IR A A R
AL RAPERT, i 205 i B AR DA i s s B, /N AL

Received date:2022- 10- 09, Revised date:2023- 02- 14

BT : WALAKR ) 22 B AR 55 2% 2 50055 4 (SYKY2127) N T A SAFH# 34 1# 130 H (204001001)
Foundation items : Suppotted by the Fundamental Research Funds for the Hebei University of Water Resources and Electric Engineering (SYKY2127) , Natural

Science Foundation of Cangzhou City (204001001)

{EZ B /v (Biography) : #FFH (1994- ), 2, WTALIR & A PRI, 5, 2 4R AR 2 Mo i ot

" B AEE (Corresponding author) : E-mail : hydong2021@163. com


https://dx.doi.org/10.11972/j.issn.1001-9014.2023.03.003
mailto:E-mail:hydong2021@163.com
mailto:E-mail:hydong2021@163.com

3 S 5 BRRRAI N 5 1 U P (BB 01

LA C A B WA R TR
JHEIES S EMHR A A8 AR IR K R SRt
B mES IR O Ol E g
A AR I BRIRAS

2017 4%, Wang 55 N 32 56 1) F i 5 1) €2 151
Jo, L PR T I R A S T R A R
Ao i B VC o B T AR R AR M R AU
B AL B BN A ) R AR T3 . 25,
Chen 55 N\ FH ¥ AH A7 DCJC A 7 32 60 LN S E A 7
Jei SN P 2 T 5 A 3 2 4 (HL LB (%) R S DG FiE ok
PRl ™ F B AR TR . S IR, Luo %8 A
SRy H v AT AR A AT R SR HH TS AE A D T S5
BT v A, H e AR/ B AR Lt R B BRI
TR . A BIARLRPE M EE ) , Nitiss 55 A
TEA A SN, BT [ SE T Faaly i A a2k
AR B /NI A 2t R B BH AR 1 i 2 4 11
b7 8

by 3643 A LN AR 3 Lt 1 o, ) i 4 e
S R AR SCR F = B AR A DT TE 9 7 i
N2 A JE 53 W Wi 388 TR BOG AR AL R R ER L
J 2 1 S B A AR AR AL AR
1 St

AR SR ANE 1 (a) Irs 19 LNOL 4544 , 2 7843
I IR L 1) die AR £ 1 22 5 L, TR ) R4S B R A A
KA B M, 1 H Z-cut LNOTHE, 177 58 B w0 4 1
pm, JEERE A A 800 nm, 2|1 f 60 60° . % IEH] e O
FEAR Bt O N T )z
S IETE e 6 (W F Y quasi-TM A 20) A A AL

TS 53 AT A I B R A IR 1) AT U A
T A3 A A O, L 1(b) | (o) s, Bl i sk 3Ros
SRR 5 . AT LAE B, B A AR AR 4 s PR i
FEWE T, UL IZ S A R AR R A M
TLE (o) iR 775 nm Ak TV B A 5% 4T 55 5%
(Effective Refractive Index, n_)# K, £ 2 & H LN
AR TE 0 B A, A58 g 3 S 3B s A
ST AR L 1550 nm 22/, 150 I8 5 % 1 A0 0 11 PR il
PR o J3Ab =38 0 n ASAH S X 23 ™ 552 M 43
BRI A SCR PR A DR BC J7 v DA SE 3R
TR AT 3 B 4

R B v AR A7 DT B B8 , X5 F m By A A DT B, He
T PN W CIE-ZWF

Ak =k, -2k —k =k, -2k - 27

A (D)

2mn,,

Kk, = (i=1,2;j=w,2w),k, A, 705 K

W5 A AT DR G P, my AR AT 53T
2 m AR S B, Hom R ARG A A A B
5 Ak = O I AT 3 DG B 26 P I 7778 45
9%
mA,

A= 2 - 1) - 2

— UL, S m = 1B R R ROR
FRAE SCHR [ 17 1, 3 — A FE 30T 2R A
20°(x™) ., AkL
Moor = SOCSne(f[fnifzSW sin c’( 2

K w S IR ' S AR e B B A
A R, c R B T RDEEE Lo R RKE

[JJEZ’ (x’Y)dxdyT”Eim (x, y)dxdy

[ o )E: (oo Bty |

SIS PP A P T R S B AR, B (x, y) JEAH A
A FL 7 1 T R AT ) 20 A, d (o, ) S U —
AR LML R B T A R i B — AR DN
BNER I & ST Ly

AN FARBARE , 5 09 n AL RERAT
b5 H S A BB . I, B Al R S 2= B 4G
WSRO . Rl AR B AT AL
SR 5 S T BA R — S

2 ERHSHEITIR

2.1 ZEFgEExt R B EAR R0

anlE 2(a) firs  SEARFEIEE 2N S EA
T3 2 (2) B XS B AR AL R 3 o o T LN AR (6 20
WO AT 0, > 0, > 0, > 0, FIAER B R
Ho + o0 — e RIILHELHT, n, 2 5/, A5 25K AY
WAk 5 ,— B RAE BRI AT X Tre + e — e DEEL A
Wb, BRI n, 2 A B T 4 o 285 BN AL JH]
1, IXRE Y /N 308 S B AT A AR PR AR, AR ST
KT 3BAAL, B m = 3, 5 ¢ Jii 00 i 4 58 g 22 722 A
WnE 2(b) Frzn o 2 AT R , SR i T ) g
JI

HE— 2553 B P 2 (b) ] LU & 3, B Ak o 19 B
JEE 8 P B4 52 2 P 4 n o R DG PE 28 BT ] 4 B
JE A AR R BARSE, e + e — e NI T
Bro s 2Ce) B, BRI 15,1, RIS
JERRSUE 1 nm 2351 AL A4 15. 1 nm, T 4

) . (3)

I HE T

of =



302

EANP/NES AP ST =K 14

9%

2
o

$i0,

sio,
vy

(@

Waveguide height /m

300 nom

K1
Fig. 1

1550 nm TM,

2.5
‘Waveguide length /um

(b)

775 nm TM,

‘Waveguide height /m
©  Normalized optical intensity

25
‘Waveguide length /um

(0)

5.0

(a) LNOT i S s B8, (b) & () 439l SRy 40 I8 A 45130 ' 3 i VA — 4k A A
(a) Cross-section schematic of the LNOI thin film waveguide, (b) & (¢) the normalized distribution of optical fields at

the fundamental frequency and the second harmonic frequency, respectively
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e + e — ematching and the first-order poling period of o + 0 — ematching with the height of waveguide, (c) the relationship be-
tween the width and height of LNOI thin film and the poling period.
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