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Fig. 1. Schematic drawing of a coupled triple-layer-coated microsphere model: (a) Triple-layer-coated microsphere model; (b) 2D

simulation model.
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Fig. 2. Electric field distributions of the inner and outer modes and the distributions along the radial direction with a various tg.
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Fig. 3. (a) The transmission spectrum of the microsphere
when ¢p = 550 nm; (b) the outer mode (m = 148); (c) the

inner mode (m = 140).
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Fig. 4. Transmission spectra for the outer mode (a) and the inner mode (¢) with the change of the external environment RI; The re-

lationship between the shift of the resonance wavelength 8Ar and the change of the external environment RI &n for the outer mode
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SRR NG9 SRR A B9 WGM. B 5ex = 25
SEF TR AR ) B3 A0 A AT T B HE S, 15 D)
A BRICH 7R AN A rp [B] 2 IS T e I, YA
AL oA S A ey L g il 2. ) 2 J5 B B
/N, WIEBECHY BE B 5 oo R a2 | AhZ
BB, SNEEAX AR R WA 555 S
WIZE. IR T = RS M oKk I T T i 54 %
SRR I AR, B T SRS Y IM A
OM TET AR AR BE AL A I . 5 FLE5 R
B, tp =550 nm W}, PNAMECHY T3 R U 7
HLAS; ,, = 0.0168 nm/RIU, S, ,, = 102.56 nm/RIU,
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RIPEEFZN T 245 WERBE SR Sir =
~19.57 pm/K, S, = —28.98 pm/K, PIAMER [
TR REGEA RIS, X F B FIER ST
THOEREG . =2 NS AR iR i 3 3 W I Py
HME IR K 1 22 (B AT B AR IR, X e [ g
SRR t g HEATAL, t5 = 400 nm B, PrETR R
B b 75.219 nm/RIU, 4 3l #% FR DL 7] 3% #|
2.2 x 1074 RIU, $E R H /N F 3.17 pm/K. 4
SCHE ) =R L AR R s T L S PR R R AR I
VNS I R L AL E A N 2 A N N 1
AT R R I AT S A SR A B ek i B kS .
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Triple-layer-coated microspheres for refractive index sensor
with internally referenced self-compensated thermal effect”
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Abstract

Optical microcavity has an important and promising application in high sensitivity sensing, but thermal
drift hinders its practical use. In this study, we propose a triple-layer-coated microsphere resonator, which has a
high sensitivity in refractive index sensing with low thermal drift. The refractive indexes of the three layers
from the inside to the outside are high, low, and high, respectively. The two high refractive index layers can
support their own whispering-gallery modes, called the inner mode (IM) and the outer mode (OM). We study
the performance of IM and OM with waveguide coupling in refractive index sensing and temperature sensing.
The results show that when the thickness of the middle layer is 550 nm, the refractive index sensitivity of IM
and OM will be 0.0168 nm/RIU, 102.56 nm/RIU, and the temperature sensitivity will be —19.57 pm/K and
—28.98 pm/K, respectively. The sensing is carried out by monitoring the difference in resonant wavelength
between IM and OM and the sensing characteristics are optimized by adjusting the thickness of the middle
layer. Further, when ¢t = 400 nm, the refractive index sensitivity can arrive at 75.219 nm/RIU, the detection
limit can reach 2.2 x 10 RIU, and the thermal drift is reduced to 3.17 pm/K, thereby eliminating the effect of
thermal drift to a great degree. This study provides the guidance for designing and improving the microsphere

refractive index sensors.

Keywords: optical microcavity, coated layer structure, whispering-gallery modes, refractive index sensing
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