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Fig. 1. The fabrication process of prolate microbottle resonator: (a) The single fiber is heated via electrical arc discharge; (b) the mi-

crosphere is formed; (c) another fiber is placed to align the microsphere; (d) the microbottle resonator is formed.
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Fig. 2. Geometrical schematic and basic parameters of the

microbottle resonator.
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Fig. 3. (a) Fitted result of geometric outline; (b) axial mode
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Fig. 4. (a) Angular free spectral range (FSR) with the same axial resonant mode and axial FSR with the same angular FSR; (b) the

first three order axial mode field distributions (¢ =0, ¢ =1, ¢ = 2).
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Fig. 5. The detecting system diagram for the resonant spectra characteristic of the microbottle resonators; the illustration is the mi-

croscopy enlarged graph of the coupling system consisting of the microbottle resonator and the tapered fiber.
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5 A ) B 5 FSR B g 3 5 24 U FSR,, ), = 1.238 nm WAL H A& . R &, Hhim FSR 2 LM

(No)?/2mny e, R ¥R ACA Ny = 1550 nm, ¢, = 0.97, ] FSR Z2/N, A0 b [A 48 ROT i sk i, FSR 22
RYU R, = 75 pm, 53 BS{H FSR,, = 3.625 nm, INMRZ, BA B 1/3, T H O e w6 &8 A — 4
5 B E FSR,, = (FSR,,, , + FSR,, W, 5 e RT DR 7 (8 b iy P S 4 )
+...+ FSR,, ¢)/6 = 3.705 nm IEH FF 4. i il [7) J5 2O O T TSRS A TR, T4 ) SCH
Bzl FSR BT AX FSR,, ) = (A)?Ak/2nn, ¢ R, 2. 3, 7E— FSR N, 76 R TR A
RA N = 1550 nm, 3EHALEHIFEAL = 0.0046 pm ™, Fefdosk s 2e 2, B R O ReF i S 1 HE N
S 2L FSR, = 1.213 nm, 55050855 10F2 FERIAN, B T35 5 Ok i SERBOE RS0, i3
fd FSR, = (FSR,, + FSR,, ++ FSR,4)/6 = R TIRZHm I, afisiemii (p = 2)

234203-6


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

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 23 (2020)

234203

DL K Bl = (g = 2).

T IOf E r i RiE i £, Toik o3, ﬂw
AIPEBOEER R, AR /N YE USRS T ik
Sk, B 7 gy T AR R TR TR Fﬁ'{iﬁ%‘@]
PITEIRGIE. BEE R A IR g AT, PR
KAWHHCR k. TERRG T PR R AL, PR
. 7E g = 1 pm &b, WA 7(b) FiR, AR
A —MERGE, TTH QMEIEE] T 1.78 x 108 i
ARG B BRAS, QEWAEAR WA fk, ST X
Q H MR, W BILFFra 1) Q (E#AE 107 LA L.
Bl HE A IR g AW/, #8 GRS AW R4k, 1
R A RSN, Q EEI /M. (E
PRERENE, LHAE g = 0 pm B, B GEF
T 55 RO s 2 B, B A o BRI ok
SEIRRAFAURE G . B TORAR RN 5 5 O b T
RS, IEIRBE N 5 32 2SN RIR Bl s i, F B
T T LR R o =R B 1) 7 2R B T O s 11
Hepk.

A AT EE I s b R, BRI AR RS
BN, ORISR R SRR 2, TR AL Y
ST I Ze i 2 LR, RS A A 5 A [ A5
%A Bl i SR R T R, B 8 R TARIE
ORI 5 AR AR RS T, RO A RS &
SIS BN O I R IR G . YA S A T

Microbottle

Tapered fiber

Transmission
=}
I3

) W
g="T00 nm (e)
f 0 ; ;

A—D i, R AIEIRR AL 2, (HE RS A

Mahfi a2 Fa, IO iRz de/, JoH
M s ER S, BT TR
PRI HOERE. SR RO ORI Fr B R A 1 A XY
Gy oy AR RIS, i e B i 1) A8 o AV
BTG, R ARG I L 1 OIS Hh A 57 5, o
i T BARB R U A, PR Z AR B
AR AR SRE SRS E R K, BEA TR
B, B i Tl A b, A I LA T
A BB RO B R i DX, BLANANEOLTE, ANREE
B BEAE . B, R HED AL T AN
FE L, A3 TR R BB, e B s X
AL E, TR AT R D IJH:TMU?E?& R
TS BE 1R, i HL Q (AR

3.3 Fano R4S

K9 s Tl e HE S BRI
WIRIEHE, 1K 9(a)—I&1 9(d) 41945 2 1 YGEFHEL
SHBEp=4pum, p=6um, p=8 pum, fl p =
10 pm PRSI AR, IXSEIE IR T AT
PRIISACZE LR BT IR, BT R R OLET e B AR
R, 52 ARKIFRE Fano 1HRZAL. & H]
BT 1—6 tnic T ARTFRAY Fano ISR AL, BEE
JCETHENC T BARE R, ORI IR R 40

1.0
0.5
g=300 nm (1)

Q=7.28x107

Transmission

- 1.0 W g 1.0 o 1.0
e} ) 2

Z osl . g 05 £ 0.5

g Q=1.78x108 g Q=5.83x107 2

g /t g=1 nm (b) | g =600 nm (f) =L\ 9= 200 nm ('])
I e s el - o= : 7 o= '

10 4 1.0

g 2

2 [}

2 £

g 05f £ 05y

g Q Q=1.24x108 E

g 9900 nm < g=100 nm (k)
& — P e e = . . 1

Transmission
o —
o =}
R
Iy
Lw
L So©
w
E x
oy
(=}
2
—~
L oo L
Z

=] = =
] e R
wn wn 0
g 05F g 05 g
2 Q Q 9.75 X107 2 2
) - A 0 ) N R O P
1550 907 1550 947 1550 987 1550.907 1550.947 1550.987 1550.907 1550.947 1550.987
Wavelength/nm Wavelength/nm Wavelength/nm

F7 OREEDIRAS TR AR [R5 18] BR AT 2 A1 ot 3

(a) LHARAMER B (b)—

(1) 2 8 e A 45 ) B S0 A% P A e 1

Fig. 7. The resonance spectra for different coupling gaps in fine scanning: (a) Schematic diagram of experimental operation; (b)—(1) the

resonance spectra with the gradually changing gap.
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Abstract

Optical microresonators supporting whispering-gallery modes have been intensively studied in past decades
due to their practical applications ranging from fundamental science to engineering physics. Among such
microresonators, microsphere resonators have been demonstrated to possess ultra-high quality (Q) factor,
however, their shapes usually become non-standard spherical body, leading to irregular resonant spectra.
Microring resonators have unique potential in integraibility on chip, but the fabrication imperfection limits their
Q-factor only to 10%. In addition, the free spectral range (FSR) just depends on their radius. Due to the
advantages of high @Q-factor, standard shape, slender mode field distribution, the microbottle resonators are
demonstrated to possess excellent performance in cavity quantum dynamics, nonlinear optics, high-sensitivity
sensing, and micro-laser.

In this paper, we carry out a systematic study on the spectral characteristics of prolate microbottle
resonator theoretically and experimentally. First, theoretically, the field distribution theory of the microbottle
resonator is studied in detail based on Helmholtz equation. Experimentally, prolate microbottle resonators are
fabriated via arc discharge technology. Second, the radial modes and axial modes of the microbottles are
efficiently excited with the help of a coupled tapered fiber waveguide. By adjusting the coupling gap between
the microbottle and the waveguide, The controlling of three cupling states i.e. undercoupling, critical coupling
and overcoupling are realized. In our experiment, the whispering-gallery modes excited are identifiable and
recognizable. The resonant mode with an ultra-high Q-factor of up to 1.78 x 10® is achieved. The characteristic
of ultra-high @-factor makes the microbottle hold great potential in biochemical sensing, nonlinear optics, and
micro-laser. The tuning stability is enhanced by keeping the waveguide in touch with the microbottle. We
investigate the selective excitation of whispering-gallery modes by adjusting different coupling points. As a
result, clean spectra with robust coupling are observed. The stable device is suitable for improving the sensing
performance. Finally, Fano resonance effect is obtained by choosing the diameter of the tapered fiber
waveguide. The results presented in this paper will be of great significance for enhancing the sensing, nonlinear
optics and cavity quantum dynamics.

Keywords: optical microresonator, microbottle resonator, whispering-gallery modes, mode selection, Fano

resonarnce
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