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Abstract: Er’*-doped fluortellurite glass microspheres composed of 60Te0,-10Ge0,-20BaF,-9Y,0;-1Er,0; were
prepared by high temperature floating-powder melting method, and their quality factor (@), near-infrared laser per-
formance and temperature sensing were studied in detail. The results show that the @ factor of the microsphere cavity
can be as high as ~10°. Under excitation of a 980 nm LD, 1 607 nm laser output with the threshold of 54 wW and op-
tical conversion efficiency of 0. 050% was realized in the microsphere with the diameter of 44. 58 wm. By investigat-
ing the influence of microsphere diameter on the laser performance, it can be obtained that with the decrease of the
microsphere diameter, the laser threshold gradually decreases and the optical conversion efficiency gradually increas-
es. This is mainly attributed to the higher energy density and stronger light-matter interaction of the smaller micro-
sphere cavity. In addition, the temperature sensing property of the microsphere cavity was investigated, yielding a
temperature sensitivity of 14 pm/°C. These results indicate that the prepared Er'*-doped fluortellurite glass micro-

sphere cavity may find potential applications in low threshold lasers and high-sensitivity temperature sensors.
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(a)Microsphere preparation process. (b)Fitting diagrams of microspheres with different sizes.

gl A ALY ] i — D AR R R i, AT 42
BT LR T, A SCBE L Er 45 4% RUR IR SR 3%
A A B g MR I A FH v TR R A T AR
BRIETRIE o 45 5L R I il 25 1 ik s BA B s 1 Q
{E(~10°) . 3 980 nm G , 76 FLAZ Jy 44. 58
pm TR 3R A T B R 54 pW 62560 s80R R
0. 050% 1Y LI BeBOGH 1 o X5 AN ) B4R sk i
(4385 1 BB AT 20, /N LR A PR I A B T S LA
G AR 85 B R o3 I 2R B A 0R . A BT
TR 1 TR AL R R, R U P 14 pm/°C

2 % B

A SCR e Al T R L O o S ORI
L5 A 0 1 & SRR AN BT 1 Ca) BT o (1) F B8 B/
i e RUST < 78 305 6 AT B v 4 990 50 1 9 4 1) 403
60Te0,-10Ge0,-20BaF,-9Y,0;-1Er,0, fiff ik £k B 5%
BIF PR B AR o 22 Jim R A e SR B R e 45 7 H
SSCH) A 5 A0 o oA T, 7 3 e O T ) A A i B = e
B o (2) 15 BEB R 1 WCHR T SR B R 1 B A v
BN TCIK B SR K AT £ T FIBS 3 A5 A 1) 58
PRES AR P IBCTE VEDL , 35 G B UCTE e ), 3 vk~
150, HE FRBERIC R EFYIEE R (3)
gt X e e A R AE 2 60 TCRY i Tt
FrHEE BERE 258 TR R AR B AT
2R RO S SR T TAE T AR (4)
By AR A BEOBR - BB R R R A
900 °C, I A On FF S G 7 M o8 35 38 3 A 1 £
IR B AT TS R TR O e sh
T B AT B A AL T OT RS B R B2 A
I AEF W 5K S B9 HTE S ml sk . 2 e f e U
Wi A v i i 8 A el Bk f PR 7S 9B 3 R LA I

(b)

0.0015

0.0010
a .

0.0005

Ratio/%

80 120 160 200

Diameter/pm



5 BRAR, & Er B

T 2 £ 3 35 ol B e A RO 1 o

1AL IR ATE 5T 847

[ﬂl

BT, LRk R AA A AT, B 1(b) i
RN B;&E@K%%ﬂﬁ«ﬁﬁﬁ%@fﬁﬂlmxﬁﬁﬁ
i N R DI e AN 8 O A 3 I (1B e 2 S S
R 250063 wm) AR HE G, 7T LA & B AR
20 45~170 pm B IEK o Bl A H R8N, 3% 55 K
AR /N 25 Bk 1) AR Y L /N

3 &R 5tk

3.1 mEREF
AT R 5T H TR R B B ek i & SRR, R
MHEETHERAGFG, K20 Fin. LK
(a)

Tunable
laser

Biconical SiO, fiber taper

J

AR B AL v TR N PR BT 2F (SMEF28) 11
— /NI 3 A S LA A 2D i AL B T
TEROCEFHE (E AR R 1~3 wm) |, R 5 38 3 1638 37 A
HAE R AHDCIRR A B ROE o ROR R HEE
ST AR X A0 B R LA G = 2R A A SO o T
I 38 i ot 2 R AN SO S . D R R B
BRI IR 18 B G O~ AT T 458 2F 4l A 2 1 T
BRAE I X 8O A A B EHEA & . B 2(b) R T 1
20y 91k 44.58,50. 64,61.92 wm B T EROG ¥ W
TR R, AT LU T il 28 1 ok 5 A Ol T i 2R T
R A A BRI TE B, 31X A B T 52 B 5 14 0 3[R

Microsphere

-~

Detector

._

&l 2

(a) Bk Q fE I
7T

(a) Schematic diagram of the experimental setup for the () factor measurement. (b) Optical micrographs of the micro-

3 (d) () (k) 7 Sk BT 4 B 80K &R i 26 o
Fig.2

Oscilloscope
| (o) (d) 1.0 0=3.55x10°
=]
0.8
%OMVWWWWWr ;
g - | £ 060
% -0.02 ‘ | g 0.4F
g { 5 0
2 -0.03 ' | ‘ I \ ‘ S o
= -0.04 N
= = L
_0.05 1 \ 1 1 g 0 1 1 1
1540.88 1540.90 1540.92 1540.94 = 1540.6977 1540.6980 1540.6983
A/nm z A/nm
(e) O'OIL. 'l () 1.0 0=3.58x10°
0
e ‘ WW}”I v M IN! £ 08
T -oo1f \| 0 \ i s
2 | = 061
Sl 0
E 003 Co | E
E oo L[ ey
- -0.05 1 \ 1 Té} o 1 |
1540.88 1540.90  1540.92 3 1540.9065 1540.9071
A/nm A/nm
(g) 002 (h) 1.0 0=3.66x10°
1 = .
e 0ﬁ|‘zﬂrﬁtlk‘“lﬁ“’*l«lﬁp“”w" £ o0
= — - ld | I .2 : 0.
: 0.02 I [ wi\ Il “ t. ‘1' £ o4 FWHM: 0.421 pm
B -0.04t ‘ | | z
2 ~ i | | ! [ g 0.4r
E —0.06 | | 5 on
=} 5 v o
E -0.08 ' 3
= = L
-0.10_ ! . £ o, . .
1540.67  1540.69 154071 S 1540.9066  1540.9070  1540.9074

SR E I (b) BAR Sl 44.58,50.64,61.92 wm FOIER G272 AR A5 (e) L (e)  (g) X R 11

spheres with the diameters of 44.58, 50.64, 61.92 um. (¢), (e), (g)The corresponding transmission spectra. (d), (f),

(h)The magnified views pointed by arrows and the fitting curves.



848 K b/

¥R 44 &

B PERE R WO o Y E AT HER 1B
Bl Rk DL R 155 2 4 #fE Rk 1S U i 22 ] %) A 37 DT
Fic > £ e #8580, DT AT 850 8 R TR v — R
I WCM. Bl 2(c)  (e) . (g)Frm 12 A B
TR 1Y) 3% SR o FR T A [ e R g s [ Ol
Al LA 3 7 22 e R s X, 5 B3 1 LA 1 540. 70,
1 540.91, 1 540. 91 nm >~ H0s Fe 3R 06 (21 {0 &7
KPrdg)  ad e oM. MBEHE T Q
DL FH SR il R WO S8 1 TR s R iy e R A )
Shy AL A PN OB 1 B it AR 1 BB T R B[]
e L, AR A
A

Q= H’
Ho xR I, AL R g TR AR Q
43 9 A 3.55%10°%, 3. 58%10°, 3. 66x10°, 4% H &
7, B GIOR RS R 38, Q B H 3. 55%10° 3 in 2]

(1)

(O 77 4458 pm
;0 wm
P sy
o
=
: &
= \3
- z«‘\ 100
St
QQ 70
qﬁ\ i
1540 1560 1580 1600 1620 1640 1660
A/nm
3

Fig. 3

on the pump power.
N T — P RR BRI ROT X BOEERE Y 52
W, F AT T A )RR BB A OO .
4(a) AT YR 165 pW B OL T 25 ]

(a) [ 44.58 um
50.64 pm
—61.92 pm

Intensity/a. u.

NS

«Qo 160 W
S 165 uW
167 uW
1

1560 1575

1 1 1
1590 1605 1620

A/nm
& 4
Fig.4

3.66x10°, 3% B2 TR RS 19 sk i 2 A
A58 7IN 1 T A R S AR
3.2 LiKE#t4aE

B 1) RO T8 3 RS 85 19 Q A 1 T A5
PERERYBOCH L . AT E SEIAE T HAE N 44,58
wm BRI B OB PERE . WA 3 (a) TR, £E 980
nm OEFH T, 24 5 T 35k B0 B E R 4R
BT R 1607 nm Lk B #EOCH H I+ B ok
B 5 B A S DR B b . R 3(b)
71N ) 2 SO B T SR RN O 1 (2 v 9 (FWHM)
SR YR MMOCFR o BT 45 4 ) SR
S TR G N, A B 2 54 W, e
B WOR 29 0.050% . LA, FWHM 78 22 3 B {5
BRI SR /N IF Y T R R #) 113 W i
PE— 2 FEAR 2 0. 025 nm. HF 55 A 4 1Y 72 R
HE— B UL T Ok s rh SE BT O R R

(b) 0.30

g
n
T

g
=
T

I

I

I

I

I
A

Ju—
n
T

FWHM/nm

Output power/nW

=)
T

e
o
T

PPN

20 40 60 80 100 120
Pump power/pW

(a) HAZ N 44.58 pwm B BURBOE K 5535 5 (b) WO I B D14 RO W o 98 5 R DRI K &R
(a) Laser spectra of the microsphere with a diameter of 44.58 wm. (b)Dependence of the laser output power and FWHM

TR (Y ot B SR BE L T UL SR B B 2 1A Y
TG B B R IR 55 . ELAR N 44. 58 pm ERAY
FOG i H B 2 & B AR 50. 64 pm A1 61. 92 pm

(b) 3.5

@44.58 pm
3.0k 50.64 pm
: o 961.92 um
2.5k &
& S
T 20k N
= 1.5
=
s S
s Lor
0.5F
O | 1 1 1 2% 1 1 1

1
40 60 80 100 120 140160 180 200 220
Pump power/nW

(a) AN TR) AR TR B O Ha G 5 (D) BOLH D R SR IR LR .

(a)Laser output spectra of the microspheres with varying diameters. (b)Laser output power as a function of pump power.



311

%55 BRI, 45 Ex™ 45 2 G0 198 Hh 3R Rk M 1) SOV e B FG i B2 A% IR F 5 849

C

PAERAY 1. 415 R0 1. 97 fiF . I 4(b) R THERE . ES(a) Bon T EREOE G 1S 5 5 R A9 4 56
WOLH IR R G5 EM IR Z MM R A £, HMENTE, YR 25 CHEE ) 75 CHEL 06
S, BE A IO AR 00 0 2 (S S Y WM 1611, 10 nm A E 1 611. 83 nm Ak, XJEH
PO 54 ~ 150 wWW ), 171 2 B 45 55030 ) 522 B0 AH J2 T IS5 T T S Bk M PN A TR T Bk
k3 (M 0.050% 5 0.016%) . XJEH FHK  BEIERFUL AR . SN 2 AR BRI
RRSH B SR A B, /N RS 9 sk 2L A B 1 DI S 26 AR I 00 25 5 R ek s AR A 4k, —
Reit %, REBOC S B Z M A EAE R, N F LR A R R R i D K B . I 5(b)

T BE A% S B0 A 2800 380 By o JE IO TR IR 06 1 0 KAV A% 5 TR A A 1 2 R B
3.3 BEEEARMe A BFRAE 0. 014, IR R (AAAT) 14

T E B AR R BRI R BOE pm/°CL AR TSCHR[251(4. 7 pm/K) F1[26]1(6. 57 pm/K)
etk RATHE— 20050 7 HOR AL R RE . 000 il i Ex B 2% i R R SRADL Lk R 0 1Y B ek, %
AR R RO O 2T HERS G R TR E T A F3CHK[271(30 pm/°C) FI[28](35 pm/°C) H Fi il £ Y
A BE I AR 5 o DA RO AR R R B TR BB AR IR SR B R Ok

(a) - () 1612.0
—25C Slope: 0.014
1.0 53 :C ope
45 C 1611.8F
. 0.8 —55C
= —65C
5 o6 75 °C 1611.6f °
=
& :
S 04 < 1611.4F
o
g
s 02
z 1611.2f
0
. . . . 1611.0 . . . . .
1610.5 1611.0 16115 1612.0 1612.5 1613.0 20 30 40 50 60 70 80
A/nm T/°C

Bl 5 Ca) Bl ek ol i (07 Bt L8 AR A2 A 5 (b)) SO A H 51 5 3 B2 A PR RO 2R

Fig.5 (a)The change of the laser wavelength with temperature. (b)The laser wavelength as a function of heating temperature.

“ Tz R RE U8 LL 14 pm/°C 1Y R HRE HE AT HOR
s o g AR RIT I A 0 RUR 1 B R AT 2
FAT R FH e Ul 0 R R IR R A T QM I T AR O # R e R R I A R A A
7 38 ~10° /Y Ex™ 45 2% 96 Bl B2 5 D38 Ok kS, JOF 78 EUSC
980 nm PG N E T AL E 54 wW B LK
Bogotim i o BEE WORKE BARRSE, FW BE ARSCR ZOH R L R AR A N R Sk
U = T AR ROCR R W AR, X F R TR http://cjl. lightpublishing. cn/thesisDetails#10. 37188/
NERCER BT B R A RE S . BRSO  RATIESE CJL. 20220401.

Z % X #:

[ 1 J]LIAZ, ZHANG ] Q, ZHANG M, et al. Effect of Tm®" concentration on the emission wavelength shift in Tm“-doped sili-
ca microsphere lasers [ J]. Opt. Lett. , 2018, 43(18): 4325-4328.

[ 2 ] HARRIS J S Tunable long-wavelength vertical-cavity lasers: the engine of next generation optical networks? [J]. IEEE
J. Sel. Top. Quantum Electron. , 2000, 6(6): 1145-1160.

[ 3 ] MORI A. Tellurite-based fibers and their applications to optical communication networks [J]. J. Ceram. Soc. Japan,
2008, 116(1358): 1040-1051.

[ 4 ] ZHANG C R, DUANJJ, QIN F F, et al. CsPbBr; interconnected microwire structure: temperature-related photolumines-
cence properties and its lasing action [J1. J. Mater. Chem. C, 2019, 7(34): 10454-10459.

[ 5] &4, MATTHIEU L, FRANGOIS B, % . "KEBEOGIH # AE L A0 MR A I PEg R a5 M I [J]. #ok b ke



850 % Jt Eivd 844 B

3

F &, 2022, 59(15): 1516001-1-9.
CAO J, MATTHIEU L, FRANCOIS B, et al. Orientable nonlinear optical crystals and periodic nanostructure by femto-
second laser irradiation [ J]. Laser Optoelectron. Prog. , 2022, 59(15): 1516001-1-9. (in Chinese)

[ 6 ] AVINOS, KRAUSE A, ZULLO R, et al. Direct sensing in liquids using whispering-gallery-mode droplet resonators [J].
Adv. Opt. Mater. , 2014, 2(12): 1155-1159.

[ 7 ] BASHAR S B, WU C X, SUJA M, er al. Electrically pumped whispering gallery mode lasing from Au/ZnO microwire
Schottky junction [J]. Adv. Opt. Mater. , 2016, 4(12): 2063-2067.

[ 8 ] CAT M, PAINTER O, VAHALA K J, et al. Fiber-coupled microsphere laser [J]. Opt. Letr. , 2000, 25(19) : 1430-
1432.

[ 9 ] SANDOGHDAR V, TREUSSART F, HARE J, et al. Very low threshold whispering-gallery-mode microsphere laser [ J].
Phys. Rev. A, 1996, 54(3): R1777(R)-1-4.

[ 10 ] FERRARIJ L, LIMA K O, MAIA L J Q, et al. Broadband NIR emission in sol-gel Er**-activated Si0,-Ta,05 glass ceram-
ic planar and channel waveguides for optical application [J]. J. Nanosci. Nanotechnol. , 2011, 11(3): 2540-2544.

[11] SEDDON A B, TANG Z Q, FURNISS D, et al. Progress in rare-earth-doped mid-infrared fiber lasers [J]. Opt. Express,
2010, 18(25): 26704-26719.

[12] #m, 228, RN, F. PLOIMG BRI ML [J]. Ak 5k, 2022, 43(11): 1705-1720.
YINPW, LIY C, ZHAO W K. et al. Mid-IR rare earth doped tellurite glass and optical fiber [J]. Chin. J. Lumin. ,
2022, 43(11): 1705-1720. (in Chinese)

[13] FUSJ, ZHU X S, WANG J F, et al. L-band wavelength-tunable Er'*-doped tellurite fiber lasers [J]. J. Lightw. Tech-
nol. , 2020, 38(6): 1435-1438.

[14] WANG W C, ZHOU B, XU S H, et al. Recent advances in soft optical glass fiber and fiber lasers [J1]. Prog. Mater.
Sei. , 2019, 101: 90-171.

[15] MAAOUI A, HAOUARI M, MOHAMED N B H, et al. Removal of hydroxyl groups from Exr**/Yb* codoped flurotellurite
glasses [J]. Mater. Res. Bull. , 2017, 93 325-332.

[ 16 ] NAZABAL V, TODOROKI S, NUKUI A, et al. Oxyfluoride tellurite glasses doped by erbium: thermal analysis, struc-
tural organization and spectral properties [J]. J. Non-Cryst. Solids, 2003, 325(1-3);: 85-102.

[17] CHE K J, YANG Y D, HUANG Y Z. Mode characteristics for square resonators with a metal confinement layer [J].
IEEE J. Quantum Electron. , 2010, 46(3) : 414-420.

[ 18 ] BRAGINSKY V B, GORODETSKY M L, ILCHENKO V S. Quality-factor and nonlinear properties of optical whispering-
gallery modes [ J]. Phys. Lett. A, 1989, 137(7-8): 393-397.

[ 19 ] BORSELLI M, JOHNSON T J, PAINTER O. Beyond the Rayleigh scattering limit in high-Q silicon microdisks: theory
and experiment [J]. Opt. Express, 2005, 13(5): 1515-1530.

[20] FUX P, FUX H, CHEN Y Y, e al. Optically pumped monolayer MoSe, excitonic lasers from whispering gallery mode
microcavities [J]. J. Phys. Chem. Lett. , 2020, 11(2): 541-547.

[21 ] FERNANDEZ-BRAVO A, YAO K Y, BARNARD E S, et al. Continuous-wave upconverting nanoparticle microlasers
[J]. Nat. Nanotechnol. , 2018, 13: 572-577.

[22] GRIVASC, LICY, ANDREAKOU P, et al. Single-mode tunable laser emission in the single-exciton regime from colloi-
dal nanocrystals [J]. Nat. Commun. , 2013, 4. 2376.

[23] CARMON T, YANG L, VAHALA K J. Dynamical thermal behavior and thermal self-stability of microcavities [J]. Opt.
Express, 2004, 12(20) : 4742-4750.

[24] #hme B, Wid R, BREMH, F . CFHERE N HOCEN H T EE SR (1] £F %k, 2020, 49(3):
0314004-1-10.

LIN X Y, LIN D Q, LIAO T D. er al. Thermo-optic effect of optical microsphere cavity for temperature sensor research
[J]. Acta Photon. Sinica, 2020, 49(3): 0314004-1-10. (in Chinese)

[ 25 ] PEREZ-RODRIGUEZ C, LABRADOR-PAEZ L, MARTIN I R, et al. Temperature response of the whispering gallery
mode resonances from the green upconversion emission of an Er’*-Yb™ co-doped microsphere [J]. Laser Phys. Lett. ,
2015, 12(4): 046003-1-7.

[ 26 ] PAZ-BUCLATIN F, PERERA-SUAREZ Y, MARTIN 1 R, et al. Experimental and numerical validation of whispering



%55 HRRR, 4%

Ex’ 45 2% TR TR 5 34 58 TR 1 1 0O 1 R T G, 8 122 SRR 5%

851

gallery resonators as optical temperature sensors [ J]. Sensors, 2022, 22(20): 7831.
[27 ] DING H Z, HUANG Q, BAISC, et al. Er’%—doped fluorotellurite glass microsphere lasers with ultra-low threshold [Jl.

Infrared Phys. Technol. , 2022, 125: 104294.

[ 28 ] PENG X, SONG F, KUWATA-GONOKAMI M, et al. Temperature dependence of the wavelength and threshold of fiber-
taper-coupled L-band Er'*-doped tellurite glass microsphere laser [ J]. Appl. Phys. Lett. , 2003, 83(26): 5380-5382.

BBARAR (1996-) , 2, L 5K Z H A
HF T A, 2020 4 T ALK AR 3R AR A
B VAN SN R SR S B
TR OGS AL By BT

E-mail: nbushaoyuxin@163.com

B = (1990-), % Wbk & 10 A 1l
+,2020 4F T AL B BT K 25 345 1+

Nom o Wy S RO R B
-— PEROBESE

E-mail: kangshiliang@nbu.edu.cn

PROE M (1984-) , 5 Wi LR MO, B
+, WY 5L, 2010 48 T RO TR A
AAF UG A2 A, 2 BN R A g I8 b
LY Ty B R B H A8 A (AL 36 B3
fn AL HLEE O T e 38 3 B 5 b et 21 4b
Y 5B ORL kT B R B 1 41 00 2
ARG ) WS

E-mail: linchanggui@nbu.edu.cn



