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Highly sensitive temperature sensor based on polymer spherical

microcavity (invited)
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Abstract: A temperature sensor based on polymer microsphere cavity is proposed, which measures the change
of external temperature through the resonant wavelength shift and demonstrates the characteristics of high
compactness and sensitivity. The finite-difference time-domain method is firstly employed to simulate the
structure of tapered fiber coupled polymethyl methacrylate (PMMA) microspheres to verify its feasibility of
whispering gallery mode excitation. Experimental results show that whispering gallery mode with a quality-factor
on the order of 10* can be excited by evanescently coupling a polymer microsphere with a diameter of tens of
micrometers through a tapered fiber with a diameter of 1.8 um. Packaging the device by combining spot and
complete coating can keep a stable coupling state between the tapered fiber and the microsphere and protect them
from external contaminant. Red shift happens in the resonant spectrum of the microsphere cavity as the external
temperature decreases since its negative thermo-optic coefficient is larger than the thermal expansion coefficient.

When the external temperature varies in the range of 20-30 °C, the polymer microsphere demonstrates a
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sensitivity of 68 pm/°C. In comparison with the conventional optical fiber sensors, lower detection limit can be
achieved by the proposed temperature sensor with a higher quality-factor, which can be potentially used in the in-

situ temperature precise measurement in a limited space.
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Fig.1 Schematic diagram of the tapered fiber coupled microsphere

cavity
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Fig.2 (a) Resonant spectrum of the microsphere cavity obtained by the
finite-difference time-domain method; (b) Whispering gallery

mode field distribution at the resonant wavelength 1551.47 nm

A2mnr GLrp, ARG b K, r kAR,
n A TR s [l 5 BE AR 4 ST R SRS S
FSR (6.07 nm) W) & o [ 2(b) AR K 1551.47 nm
Ak iy [l BERSE O35 43 A, AT LUE SR IR B AR
B 1.8 um M RLEEGEF AT R0 & PMMA f BRI v i)
[l BEAR
A FH T AR s 2 s A 7 T A SRR, it
HE S ZT 103 345 7 0 KR 405 AH 67 DS I 25 7448 5 51 PMMA
TR i O [l BEASE . ORI I i iR e 5
AR A BT R Z 81 56 21T LA Bl 2R A :
2MNegr = MA, (1)
2t m Sy [l BER (4 A ARG A, TR I 1 1l
WK
ek B T AL ) PR I R A AR AR, SR I A
I FAOCRION FN A K A8 KT S RE A A A
AT S BRI RS R A A, AT 5 BT s 11 5
PRUEA & A RS . ORI B R D KO R R (d) 5
T AL (dT) ZIA] A5G 2R ) 367 R
da 1 dng 1 dr
aT f(n—eff'dT*;'ﬁ @)
e du/dT TR A 0 3 B R BORE A, R ORI 1
TR s mege o [0 37 BERSE 209 A 2T 99 3 dng/d T=
—1.2x107%/°C >y PMMA fi BR J# B9 #8402 50 dr/dT=
7x107/°C iy PMMA BRI (AR IK 250 WA ()
AL, BERHI O 2 BRI ik R B, U
P I i ) 7 b B A, A 1 T SR R A
SEEG b Y PMMA AEEEUA I A PR ik 3R 50R 171
PO R E AL Q), R E TR, PMMA B
BRI OGN T BOR IR P R A TR, T B2 K 2408
FHOEIRBA K EOH . BT PMMA BRI I U
Ji BN T PO R B, HOE R I BEA R BT iR
FEF e KRS

2 BwGHE

JIt 4 1) 3R G 0 ol L A% SR ey L Dl 21
45 A% A PMMA (oK s 21 A, JH: rP i S G 21 SR A
PLARIEWIAE, B B4 D648 D 35 3l SR 2T (Corning
SMF-28¢). A4 i il A EAR AN AT 2 pm BOHER L LT
ARG e, SEI R T KA I EROE LT I ] s A1) e

20220535-3



ISk A2

% 10 47

www.irla.cn % 51 %

BTG U BLHOLER . Wi R S A
K 1o B DA B r PR VRS £ 3 B A5 S BnT ol 1 RO LA
H 1~2 pm WIRLHECEF R G 25 o

RSP E R AR S B R AT R A R
1 PMMA T Bk 5 G 52 S0 15 G 40 189 52 1), SR FH 3 3
SEG BN S B 0 T B RO G RRA A
FI PMMA {0 Bk i 15 3 25 72 IR 9T 99 S I (PC 340HA)
T, PMMA TR SRR R A A B T2
FELUT A 3R, Qi 3 B (a) 45 B AT S5 3R e
J BB R STl A AL RIS R (TEC) L (b) K38 2 fin
T Rl v ) ORI EAR 2058 1.8 nm R HE G 4T [ 5E
FE TEC L, FrHE LT 04 P sty v G i 48 A KT 2R 45
b, T AT 5 R HEGEF 5 PMMA Tk i
MR EROR, 20 B D RLHE A R0 EDIR S () 3
RS A 38 1) PMMA BBk 8 91 R 1 = i % & 0%
PMMA K [l 5% 7% 2 hr il AR ARBEAL, 8 2o SR A3
BRI 5 20K PMMA sk s [ 4k 28 37 4k 62 (0 3
JEEAL 5 (d) I HT 58 SR AT K R0 Ak B AR AT 5 238 S R A 7 [
b, HEAE R AR RERS . BT PMMA
ORI A2 I3k 22 (I 0L 2 I 5 TS 1) 3k 20 T o3 728 A7
B, HI, fEH R PMMA Gk SR RS bt

(@) (b)
ST | =
© (d) :

[l 3 FHEGLT A I PMMA TR IR 250 PR B (o) HEIRAT ST
AR ETE TEC L (b) BT FETER A L (o) ¥
PMMA (R IV 56 8% 2 i 4G 27 SR A I PR S5 4 58 s Ok 1]
AL (d) FUERT S A ok A 2 B3I R

Fig.3 Schematic diagram of the tapered fiber coupled PMMA

microsphere cavity packaging process: (a) Placing a low-index
rubber gasket on the TEC; (b) Fixing the tapered optical fiber on
the gasket; (c) Transferring a PMMA microsphere cavity to the
waist of the tapered fiber and then packaging them together by

spot curing; (d) Coating and curing the whole device with the low

refractive index adhesive
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Fig.4 Schematic diagram of experimental setup for measuring the

temperature response of the PMMA microsphere cavity
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Fig.5 (a) Resonant spectrum of the PMMA microsphere with a diameter of 85 um in the range from 1535 nm to 1565 nm; (b) Resonant spectra of the

PMMA microsphere under different temperatures; (c) The details of the spectra around 1559.7 nm in (b); (d) Wavelength shift of the PMMA

microsphere with respect to temperature
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Fig.6 (a) Resonant spectrum of the PMMA microsphere with a diameter of 102 pm in the range from 1535 nm to 1565 nm; (b) Resonant spectra of the

PMMA microsphere under different temperatures; (c) The details of the spectra around 1560.5 nm in (b); (d) Wavelength shift of the PMMA

microsphere with respect to temperature
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