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Fig. 1. Schematic diagram of the microbottle resonator optical frequency comb.

034202-2


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

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 3 (2024) 034202

D (z) = Dy {1 - %(Ak : 2)2] , (1)

Forp, 2 U OO R B, Ak RIS ET B ith
R AESERARRNERN 51 K U PR (FWM) 77 A=
SLORICHIUT Y [, GOSN A2 P & S (SRS,
ARS) e &R, MO AR AR R AL T4
1 A5 O PR M A A B (S R
PRSI, K 1w, HERDL T, 0w
M wa AARFRE ST, v ARECT, 200w
M was 730 AT FE O T RN E 7ot 1.

PHOLIR (19 0 B 22 R O S5 48 (B
J. BB EIUR: o 2R RS I A T S R A2 1l
SRR, ATLGE R GRS (GVD) Rl io,
AR 22015

M A\2
Avpgr & WGVD (2)
—A9%n ST NI B
/ﬂ\:':'j, GVD = 7@, CIEEQ'#E‘J?%I%, AFEIR

W, Ry ORI BB no ik Ko
HIA BT R, — i Sellmeier 77 Rk 26 A,
Al LARN A
2
n?=1+Y" Aff&w (3)
Forpr A F1 B J2 AR R 1 R 5L % (3) X
fRA GVD Hoif AR Bl 545, 7T A2 /6
[ GEEZ EREN S
THORLIE A 2540 (L BN SZ I RO S 8805
W32 HL PR A Bl i AR T BRI RO =2
TP e o o o A BRI 5 A SO 1)
A REAE AR T LA IR 7 T H%, IR G
W PR BRI AE AN FET L Ze (DR IR AL 4, Hok

1/2
Zczi{Aém <q+;>] . (4)
MCUTE AR AL A R I, 0% %l a)
IR RBR T IR, 2 A0 EESRST- E%E

TR, 0k i Bl i X, S i R i
PRAE A A . ORI T RS AT AR

Sy 17
Un > 1
-m - ) AE,
(%) +(e+3)

H, Up=m+ ay(m/2)"* + (3/20)a2(m/2)""/*,

1/2
) (5)

C

' =
21ng

ap N Airy BRELR p AR, XM p =1, 2, 3B, o =
2.3381,4.0897,5.5205; AE,, =4U,,Ak/Dy; m A
I i R EL g il UG no MR N
o IR S5 358,

P T € IR AR SO 1 A 8O XA S R B
PR AR A AR T O, PR MG B0 S %) 25 /) €,
FTLAN (5) AR AR TR A5 A 3 1 28 A p 135 1
. MRS CEYE S, OIS 1 A B A B OGS
0 R FNZE G AT AR

FSR,, = Vs, — Vin—1, (6)

AvEp = Vi1 + Vm—1 — 2V, (7)
Mg A (2) 25 (6) 2, 7T LS B RO /Y S £
oA R
AVFSR = AVI{%R + AVIS;SR' (8)
WidssE (5) X5 (7) X, WO B i L
ETv)
1 Avpsr

ﬂ? = 747'52Rb FSR?n . (9)
HEE T, B @ suk ] IRR A
2
D= 72”;”" Bs. (10)

T EEARBATS B2 < 080D > 0, ATLL
SR AL T R i A, T B (e A R B R
T At = B i, (H S B L VR N RE % 22 15
X m B A T B R AR TR R AR R w,, H IR R )
WHRURTF, FTLASRIEH U R s B oA
Fih A 1;

wy =wo + Dyp+ %MQ +Y %ui
>2
=wo+ D1+ Dine (1), (11)
Horr ) p @A o m ERNEG Dy, Dy,
Dine (1) 53 & RALROMRNE B OGS E . B
[ OWENLNGUE 28

T ARACTION S B 2 B AL T B (0 X %
IEEAHL, A SCR A RIGE (FEM) X AL EE i
VRO IS CEBGHA TS I R A 09, Al 2 FFows, EA
FRICR g A B OB IRAR AR | @ A 2l
AR v, A BT R R AR, X H B
A BT LA B OB . O ORI R
3R 1) R I RA5H EHL, X PR e & /Y

034202-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 73, No. 3 (2024)

034202

RTS8, WAL R i — RINE RN 2) [A]H %
JEMPRHE TR ZE G (B, B b — PSR AR R PR A%
A Sellmeier FEH, A ARSI, K

Jii 22 U ARSR A A BURS B R R % 3) W
T2 HIORN 5 #4) €TI0 M AR TR VS IR A1 3R R 1 7 0
Bk 3, R B s

Eigenfrequenc
8 d Y leperslon data

]
Refractive index Sellmeler (3
D FEM solver equation
(2)

Effective mode
refractive index

B2 oK

Fig. 2. Dispersion solving process.
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Fig. 3. (a) Dispersion distribution for different bottle axis lengths; (b) axial mode field distribution of the microbottle resonator for

q=0.
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Fig. 4. Dispersion distribution with different maximum radii: (a) Second order dispersion; (b) total dispersion.
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Fig. 5. (a) Dispersion distribution of different axial modes; (b) axial mode field distribution for ¢ = 40.
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Abstract

Optical frequency comb has shown great potential applications in many areas including molecular
spectroscopy, RF photonics, millimeter wave generation, frequency metrology, atomic clock, and dense/ultra-
dense wavelength division multiplexed high speed optical communications. Optical frequency comb in the
microresonator supporting whispering-gallery mode has attracted widespread interest because of its advantages
such as flexible repetition rate, wide bandwidth, and compact size. The exceptionally long photon lifetime and
small modal volume enhance light-matter interaction, which enables us to realize intracavity nonlinear
frequency conversions with low pump threshold. With the advantages of small size, low power consumption,
wide spectral coverage and adjustable dispersion, the magnesium fluoride microresonator optical frequency comb
has potential applications in optical communication and mid-infrared spectroscopy.

In this work, the spectral characteristics of the optical frequency comb generated by a magnesium fluoride
whispering-gallery mode microbottle resonator platform are investigated. In order to optimize the spectral
distribution of the optical frequency comb of the magnesium fluoride microbottle resonator, the second-order
dispersion and higher-order dispersion of the bottle resonator structure under different curvatures and axial
modes are solved iteratively by the finite element method, and the spectral evolutions of the optical frequency
comb under different axial mode excitations are simulated by solving the nonlinear Schrodinger equation
through the split-step Fourier method. The results show that near-zero anomalous dispersion tuning can be
achieved in a wide bandwidth range by exciting low-order axial mode at an optimal radius of curvature, while
the high-order axial mode will lead the microbottle resonator to present the weak normal dispersion. The
weaker anomalous dispersion in the lower-order axial mode broadens the bandwidth of the optical comb,
demonstrating that the third-order dispersion and the negative fourth-order dispersion can broaden the Kerr
soliton optical comb; the weak normal dispersion in the higher-order axial mode suppresses the generation of the
Kerr optical comb, and the Raman optical comb dominates. The selective excitation of Kerr soliton combs and
Raman combs can be achieved by modulating the axial mode of the microbottle resonator under suitable
pumping conditions. The present work provides guidance for designing the dispersion in magnesium fluoride
microresonator and the experimental tuning of broadband Kerr soliton optical combs and Raman optical combs.

Keywords: optical microresonator, microbottle resonator, axial mode, dispersion, optical frequency comb
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