RNSHBIFHRE

. 081401(2018) Laser & Optoelectronics Progress ©2018 (H E WL ) A= kit

Fe T e i SR BT OC A T S 3
B HHE, BEE, R0, I

Y
Rt T A 2 A A s 5 ’é%’lﬁ%ﬂ%{ﬁjﬂilj—?%?‘i 7, K 030024

al
541

4

E ST R SEE TS -1 (F-P) G0, SR A% T AR A HLY R 2 FH 6G(R6G) 11 Ry 36 25 A
JT, ST BB O R A OGR4 58y 0.260 nm., TEZK I FEEJR 434043 51 1.09%6,5.9896,11.91%,
20.42% ,30.75% ,45.27 % ,51.89 % M /R [RIR A P 5 (T /K £ BEA 2588 KO vh 52 30 T BB BOt i 7= A, R IR BE &
B KR ARG R P K K K 5 RS B0 T 2K A BE AR 43 RO I 45.27 %S BARE O B9 P K T B ) A D%
Kl mEsh, FHARYE B ORI (8 2 S0 B0 T IR AV T ST R i T . 0 4 R B BT R T L /N T Y T
SEZM N 6.31 X107, M REUE K 411 nm/RIURIU Sy B4 37 565500 3% I & 0 25 2R BAR 25 8647 T 4047
KRR MORE RO, PratRmat oA B-E T O s SRR O

FESZES TN248.3 XEEARIRED A doi: 10.3788/LOP55.081401
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Abstract To achieve single-mode optical microfluidic laser, we prepare Fabry-Perot(F-P) optical microcavity with
high quality factor and use the organic dye Rhodamine 6G (R6G) dissolved in liquid as gain medium. The full width
at hall maximum of laser output is 0.260 nm. In the following experiments, the generation of single-mode lasers in
different mixed solutions (absolute ethanol and deionized water) with water molar fractions of 1.09%,5.98%,
11.91%,20.42%,30.75%,45.27%,51.89% is achieved, respectively. It is found that the center wavelength of the
single-mode laser moves toward long wavelength as water contents increasing. However, when the water molar
fraction exceeds 45.27%, the center wavelength of the single-mode laser starts to move toward the short
wavelength. Measurement of mixed solution refractive index is realized by single-mode laser wavelength movement.
It is found that with the increase of water content, the measurement and analysis of the refractive index of the mixed
solution show that the minimum measurable difference of refraction indexes is 6.31 X 10" and the measurement
sensitivity is 411 nm/RIU, in which RIU is refractive index unit. The measured refractive index results and errors
are analyzed.

Key words lasers; single-mode laser; refractive index measurement; Fabry-Perot microcavity; optical microfluidic
laser
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Fig. 1 (a) Diagram of F-P microcavity structure: (1) laser pump beam (532 nm), (2) R6G forward laser emission,

(3) R6G backwards laser emission, (4) mirror #1, (5) mirror £2, (6) inlet, (7) outlet, (8) fixture,

(9) R6G solution channel; (b) experimental setup for optofluidic laser generation
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Fig. 2 Single-mode laser spectrum in pure absolute ethanol

(water molar fraction of 0) at T=24 C
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Fig. 3 (a) Spectra of single-mode laser emission in seven kinds of mixtures with water mole fractions of 1.09%,
5.98%, 11.91%, 20.42%, 30.75%, 45.27%, 51.89%; (b) mean single-mode laser center wavelength and

corresponding error range measured in different mixed solutions

FEX GG HEAT — VRS . BEJE X 7 UCRESGIE 1y
DA HEAT SRR BT Y08 45 2 A BCE 7 Sy 52 55
I Y BRGSO . AnE 3(h) BTR L 4
TORNFHE AP BE R AR A 0oe oo B . oy
P 2 P iy - 0, BB TR A W b & K
B, o P K 43 9 R 560,148, 560,189, 560,657,
561.103,561.349,561.433,561.283 nm; &4~ 7 & b
(14 155 28 3 75 108 2 31 L BRI R R ] < B AR X T
BHE R RS . W — IR A W0 i B Pl
PR MRS ST R th T HOEE R AR TRE T S A8
T BE S BN M [R)B o3 B AN 6] IR S i W
A Y BRI OG 3E 19 FWHM., 15 31 A [F] & K &2 1R
BURF P RO R FWHM 204 0.260 nm, 5
Kl 2 (Took ZBEAE R 7D 45 256 3% ) FWHM A3
Al DUk AR (30 2 mT AT FEC ] 0 6 s /N B B
REM R 6.31 X 10, Saj w545 LA, N
3(b) AT LAF th : /K EE IR 43 B0 R 5.98 %6 B AH XF T
LO9 VB PRk K B8 31 2928 0.041 nm, /N F i/
PK R FEISA (0.260 nm) . P I % K 19 I & B A
TR A 15 22 O L T HAB IR & W B0 .

gh A 3 A s R K () O A TSR
BT AT R A a4 TR Hi Oy B R S
B AR AR RNE S P AT % n. BEE SKE
¥An, n 4 W K 1.360358, 1. 360460, 1. 361594,
1.362679,1.363276,1.363502,1.363115; & £k &R
N5 1 4 ST 38 0 158 25 Y L [ A SRR STk 18 ] e
A5 B RE 7 AT S 23, A AT ST FH BT DL T S ASORE 7K R UK 43
B9 A 1.09%, 5.98%, 11. 91%., 20. 42%,
30.75% +45.27 % ,51.89 %6 I 25 8§ F /K F1 oK 2 BE R
B VA U (AR S 56 v R 45 A ] B9 375 T L) 7 4 S5 23
7 704t 7 3 248 n, 4350k 1.360225,1.360851,

1.361684,1.362532,1.363277,1.363516,1.363249,
LA rb i 4 T 26 T R TRD I R B G LR, AR SR
e 1 AT 56 556 55 Sk (18] e R 11 4 S R 2 2% D
n—n,,BEKEEIRHECR R 5.98% I H A KK
FIPT BT R 3.91 X 10 A, HAb s &0 T A9 37 5 %
ZEAE I /NT 1.50 X 107", H 3 78 AT I 6 1) A /N AT 5
REH6.31X10 " Z N, H AT UG 1A% 52560 ) &
{E5 SRR 18 Iyl it 25 5 40 A .

= experimental
136351 1 ean value i I
= 1.3630 e measured values E
S Lagos, D Ref (1818
T 0.0002———5———
> 1.3620F .
.g 3620 < 0 R
g 136157 £ -0.0002 ;
£ 1.3610¢ -0.0004| ~
= 0 20 40 60
1.3605 i { Water mole fraction /%)
1.3600

0 5I 1I0 1‘5 ZIO 2I5 ?;0 3I5 4IO 4I5 5I0 55
Water mole fraction /%

P4 WA Y 7 RhOK R IR 23 B0 1.09 %%
5.98%,11.91%,20.42% ,30.75 % ,45.27 % ,51.89 % [ 1R &
VW AT 3 O s BB 25, 1B R R SCHRC 18] /Y

ek B, 47 ] 2 S 0 B 5 SCHR A 4 22 1A
Fig. 4 Measured refractive index (square) and
corresponding error of seven kinds of mixed solutions with
with water mole fractions of 1.09%, 5.98%, 11.91%,
20.42%, 30.75%, 45.27%, 51.89%, respectively.

The dots indicate the measured values in Ref. [18].

The illustration is the difference between the experimental

values and the literature values
WHEE 3 FE 4 i EITE SR AR TIRS
WV R 7 A ) PR 1 O U K RS Bl B BT SR
AR E L NE 5 s, Hidb gy s R g AE
LR R 0 B R LA R R RPR R R

081401-4



55, 081401(2018)

ANSHBIZFHRE

www.opticsjournal.net

N5 1 8 BCRE BB T SR 38 9 8 A T 5 | A 1 38
3, K 411 nm/RIURIU KA HTEF 5, 5 — i
BT F-P 3R BO6 19 I S5 R 00 i R B A R
SCHRCL7 Jrbil 45 47 5 % RO 514 nm/RIU,

e 561.40+ o measured value
£ —— linear fitting
T 561.05)

=1

e

[}

=3

< L

g 560.70

—

&

& 560.35-

13617 1.3626 13635
Refractive index n

1.3608

5 D 3T 5 35 BB L P G R
Fig. 5 Relationship between the measured refractive index

and the center wavelength of single-mode laser

SRR EIE A e B 7 T S 0 S W )
3¢ v T A B DL AT AN, RSB 10 8 10 P AT 9
SRS R (E P NS R R G R LN AN R =T
S5 A P AT S BRI R A b, Bk T AR
G T IR AT ST R AL A AT A H) 1008 1009
SRR AR IR 2 BB RG B SR AR i A
S MAF S R G TG S R RO 0 AR
it B — B 7E 10 1 ~10 ° RIUP ; 5T [] 35 i
AR B B AR A L R A AR T B R T — gt A
10 °~10° RIU, {H [n] ¥ BE AL 09 55 A F Tk
G R A DL RS = O ik R AN ROk
T, G AT R A O SR AR D A R RS . AR
W2 R BT 7 B B ™ A2 OGRS 1E ok {5
SR AR AT BRI . SR A F-P R Rl
A7 MR B O S s BRI 4 B
K, 5 A 45 A R I T X R R Y
G G 0 44 B AT AR 2 L 40 T OS2 50 2 B T B
43 3 FH X R AR L Ak 2R 0 T G SR A T R
ETHOOLIER ., T2 T EE A
FH A T — 25 B AR 8] L3R BT 28 R A 5 i 5] /2 1
P15 A KRS B W R — P AR m T A R
0 K
45 i

O O O A A ) Ak 2 A B TH A A
FH B C R O N T 2R A 2 A% B ST AR R TR
ZWFGEE NI — G DT . ARSI T
fn O PR R 38 88 HLA 1 I RS %) 1 F-P k22 i

AR KA 3.5 pm; RITA IR R6G 1EH
W35 AE 532 nm #HIZ G AO/E A T SE L T B AR
WOCR A s B S ST AN RN A Wi W (oK 2 BE
FNE B /K0 BBLEOG I 7 Az D o K o3 BT 2% B o
JINET IR AT B R 25 A R 6.31 X 10, I 4 R B
411 nm/RIU, A4 RAHOE K A 3 SE il 1
X VR A A VR S 23R A 0 A I X T ) 2 AR R i 25
HEAT T M. AT 2 B0, RSOk > TR
AEg A, A E SR, 3T 505
2 0) F-P Ok SABOE RO OG . T — 2 TAEIE T 52
BT VRAR 53— W B 45 A £

2 % X #

[1] KeL D, Chen W Y, Zhang Y, et al. Optimizing
design for sensitivity improvement of refractive index
sensors based on photonic crystal waveguide [J].
Laser & Optoelectronics Progress, 2014, 51 (5):
052304.

AR, BR TN, skVE, 5. BTN Rk e a9
SRR RBUE A BT[] e S e 72
HERE, 2014, 51(5): 052304.

[2] Rong M, Zhang L S. Liquid content measurement
with fiber Bragg grating sensor [J]. Laser &
Optoelectronics Progress, 2008, 45(5): 65-68.
SRIG, TRIEAK . DGR 6 M A% 8% 4 R D W 1 vk 2 LT
BOLHOLH T2 #E R, 2008, 45(5): 65-68.

[3] White I M, Fan X. On the performance quantification
of resonant refractive index sensors [J]. Optics
Express, 2008, 16(2): 1020-1028.

[4] Zhang DY, Zhao L, Wang X X, et al. A refractive
index sensor based on composite structure of
dielectric grating with metal films[J]. Acta Optica
Sinica, 2017, 37(11): 1124001.

AR, B, Embt, . R TN BOUH &R
R AL 45 K Y T S R AR R (] OB AR, 2017,
37(11): 1124001.

[5] Reynolds T, Riesen N, Meldrum A, et al.
Fluorescent and lasing whispering gallery mode
microresonators for sensing applications [J]. Laser
and Photonics Reviews, 2017, 11(2): 1600265.

[6] Francois A, Riesen N, Hong J, et al. Polymer based
whispering gallery mode laser for biosensing
applications[J]. Applied Physics Letters, 2015, 106
(3): 60-82.

[7] Wienhold T, Kraemmer S, Wondimu S F, et al.
All-polymer photonic sensing platform based on

whispering-gallery mode microgoblet lasers[J]. Lab

081401-5



55, 081401(2018)

ANSHBIZFHRE

www.opticsjournal.net

(8]

(9]

[10]

[11]

[12]

[13]

on A Chip, 2015, 15(18): 3800-3806.
Afshar V' S, Henderson M R, Greentree A D, et al.
Self-formed cavity quantum electrodynamics in
coupled dipole cylindrical-waveguide systems [J].
Optics Express, 2014, 22(9): 11301-11311.

Liang H Q, Liu B, Chen J, ez al/. High sensitive
elliptic side core surface plasmon resonance refractive
index sensing characteristics based on dual-core
photonic crystal fiber [J]. Laser & Optoelectronics
Progress, 2017, 54(9): 090601.

o), XM, B & BT REOLT RO
1o 2 FICRE A 15 00tk o T 468 T A S IR AT S R AL R
P, #Ot5em F2AHE R, 2017, 54(9): 090601.
Zhang X H, Liu C, Liang C, et al. Microlens array
applied for laser induced fluorescence detection[]J].
Laser & Optoelectronics Progress, 2017, 54 (8):
080402.

g, X, B, L NH T EOE RSO0
MIRUGE B [T]. WOt 5ot F 23R, 2017, 54
(8): 080402.

Shi S X, Yang Q W, Ouyang X P, et al.
Measurement technique of signal noise ratio based on
resonator oscillation for femtosecond single-shot pulse
[J]. Chinese Journal of Lasers, 2016, 43 (9):
0904001.

AR, R PRAR, BRBH/ANT, 4. iR iR 5 2 e
YK £ T L I BB R [T P E O, 2016,
43(9): 0904001.

He YL, ChenZ Y, WuF T. Effects of coherent and
incoherent light sources on resolution of bessel beam
imaging system [J]. Laser & Optoelectronics
Progress, 2016, 53(9): 090301.

falsaph, BRET, REB. T REHE TR IR X 0l %
IR AR R G HR s m [J]. Wt S e 74
PR, 2016, 53(9): 090301.

D, Quake S R, Yang C.

through  the

Psaltis Developing

optofluidic  technology fusion  of

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

081401-6

microfluidics and optics [J]. Nature, 2006, 442

(7101): 381-386.
Chen Y, Lei L,

Zhang K, et al. Optofluidic

dye-lasers and biosensors [ J ].
Biomicrofluidics, 2010, 4(4): 043002.

Gather M C, Yun S H. Single-cell biological lasers
[J]. Nature Photonics, 2011, 5(7): 406-410.

Lee W, Li H, Suter ] D, et al. Tunable single mode

microcavities:

lasing from an on-chip optofluidic ring resonator laser
[J]. Applied Physics Letters, 2011, 98(6): 061103.
Lahoz F, Martin I R, Gil-Rostra J, et al. Portable

IR dye laser optofluidic microresonator as a
temperature and chemical sensor [ J]. Optics
Express, 2016, 24(13): 14383-14392.

Rioboo R J, Philipp M, Ramos M A, et al.

Concentration and temperature dependence of the
refractive index of ethanol-water mixtures: influence
of intermolecular interactions [J]. The European
Physical Journal E, Soft matter, 2009, 30(1): 19-
26.

NgS P, Loo F C, WuS Y, et al. Common-path
spectral interferometry with temporal carrier for
highly sensitive surface plasmon resonance sensing
[J]. Optics Express, 2013, 21(17): 20268-20273.
Jagerska J, Zhang H, Diao Z, et al. Refractive index
sensing with an air-slot photonic crystal nanocavity
[J]. Optics Letters, 2010, 35(15): 2523-2525.
Igbal M, Gleeson M A, Spaugh B, et al. Label-free
biosensor arrays based on silicon ring resonators and
high-speed optical instrumentation [ J].
IEEE Journal of Selected
Electronics, 2010, 16(3): 654-661.

Zhang M, Peh J, Hergenrother P J, et al. Detection
binding using a self-
biosensor [ C].
Journal of the American Chemical Society, 2014, 136
(16): 5840-5843.

scanning

Topics in  Quantum

of protein-small molecule

referencing external cavity laser



