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A non-contact temperature sensor for tiny-point-heat
source based on micro-junction thermo-optic effect

Liu Mei"?,Bai Xin', Wang Jiacheng' ,Zhou Xiaotong' , Wang Zhiming'

(1. School of Mechanical and Elecirical Engineering and Automation, Shanghai University, Shanghai 200444, China; 2. Key Laboratories
of Sensing and Application of Intelligent Optoelectronic System in Sichuan Provincial Universities, Dazhou 635000, China)

Abstract: Traditional temperature measurement methods for point heat sources include thermocouples, resistance temperature detectors
(RTDs) , and infrared thermometers. However, these techniques are often limited by their relatively large size, slow response time, or
difficulty in achieving precise measurement in small areas. To address these limitations, a temperature sensor based on a photonic
waveguide cross-junction and the thermo-optic effect is designed and developed, enabling non-contact temperature measurement of small-
sized point heat sources. Photosensitive resin junctions with various morphologies are fabricated using 3D printing. A laser beam is
directed at the cross-junction, which disperses the light into its branched structures. An alumina ceramic heating plate serves as the point
heat source, providing a small-range, constant temperature, with adjustable temperature control via a variable power supply. The heat
emitted from the source alters the refractive index of the micro-junction material (i.e. , the thermo-optic effect), thereby changing the
intensity of the light emitted from the branches. The change in light intensity is detected in real-time using a photodiode. Experimental
results confirm the sensor’s temperature sensitivity and linear response characteristics. The results show that the sensor exhibits excellent
measurement accuracy within a small temperature range (330°C ~554°C ) , with good stability and repeatability. In the temperature range
of 465°C ~554°C, the sensor shows a strong linear relationship, with a detection sensitivity of =9.4 mV/°C , and the repeatability error
(6,) ranges from 1.41% to 2. 11%. This scheme presents a novel method for temperature detection of micro-nano point heat sources
with a simple structure and low cost, providing a new approach for the design of miniaturized, highly sensitive, and non-contact

temperature sensors. The methodology exhibits substantial application potential specifically in temperature monitoring for healthcare,
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laser processing, and 3D printing.

Keywords : optical waveguide junction; temperature sensor; point heat source; thermo-optic effect; photodiode
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Fig. 1 Diagram of light scattering effect at optical

waveguide junctions
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Fig.2 Point heat source sensor based on waveguide junctions

?EUEB?IEI

TEWE A5 AL, T B S O 18 o 00 TR A
PG IFUTHALAE . NIRRT, e SRR PSR
RABUE YT NOCRIRR S RO R A, TS | R
e e 1 1 S D' P A AR A e 22 R AR I i 1 '
S SR Rl B A PR L S R RN R
SR IE R B AR A T A G = 1 v SR BB
AGTHPENE , REAE S B INE FEIELEE A Aot 5 00 £

2 fEREEHIMES KIRIEIE

2.1 ZEEH&E

SR HIE DGR ARV A SR, RO IR B
H YT IHR ARISCFE RN S Ab BRARPE |3 T 1 1 N
T, Bt s iy BRAR AL R, R H A R
FIFAOE ZR B, B R i 1 T B AL B AR i R e s . T
il £ 8 S RO IR S B0 R 1 frs ., dl it 3D $TER I
YET 78 T A X A Y Y 4 RORETE SR SE S, 52
2 mm, KB 30 mm (A 55k 90° 45°) . LA He-Ne #

Ye#% ( Thorlabs HNL150LB) 1E S A ST G I, I K N
632. 8 nm, UK 15 mW

®1 ABWEELESY

Table 1 Basic parameters of photosensitive resin

S ZHUE
W 1.09 g/cm®
A EE 226 cps
i 1.5~1.54
HOLRH -1.5x107*C
P TER 50°C
P fihae B2 49.76 MPa
U 65. 84 MPa
2.2 HBRHYRWIE

S MEEHOL AL 45 45 P DR S AL SR 00, 4
Kl 3 R,

(a) H&B T

(a) Linear waveguide

(b) 4FhFERIZ, KL

(b) Four types of junctions

K3 oS EOR
Fig.3 Laser coupling effect



o553 M X1

g 45 T 45 R OO, (Y AT PR R Ak GO A2 R 291

WE 3 (a) FiR, MHOGH B R AR TS
LT b AREBNHOCAE B4 32 R o A
S5 16 55 I S T Y e A A R (90°) OB TEIEAE R LA
2 RIS T A4 5 e OGRS 225 s S L R
WE 3(b) Bz, 43 5O RS 2 528 X AL T ALY
T 4 Fhsh 5 BOREA S I, 45 5 A AEAE O Hh RE % IR
FIRRE 2 v, PR BB A 76 43 3 I AR i WL 3 52 B8

X T[] — O i A SR, B 43 SOR I 9 i A5 5
BRI 5E BE 48 A STEOE R D 4 SRR Y
SEREA S B SR R T S AT AR A, BRI, 5 ASRT
DMEA OGS i M #S S A A XRS5 2 AR IR
VR RS TR OG5 I R AT HE R R X
A F T AR EME S LA AR SRR R 2T
2.3 REHLEEEEHRE

ST IR AR LB R G, RGO B R R
S AL O P IR L R AR 5 A ASHEO
BOSREE . ANIEL 4 F7R S8 U R Y S B OG B R
SERDCHOR AR 45 a1, 7643 3K o ] PIN DG i b 4%
(SGPIN42MR-R 4 A1) #4102,

B4 A R R G L

Fig. 4 Temperature sensing experimental system and circuit
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