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Abstract: The rapid advancement of fluorescence microscopy technology has increased the need for better
excitation light sources, particularly for multi-wavelength lasers coupled in single mode fiber. This article
explores the technology of coupling multi-wavelength lasers into single mode fibers within the spectral
range of 400—680 nm. To enhance the coupling efficiency of different wavelengths, a triplet lens is de-
signed to effectively reduce chromatic aberration. Moreover, a fiber coupling component structure and a
quick and easy coupling adjustment method was developed to address the challenges of fiber coupling align-
ment. Fiber coupling experiments involving four commonly used laser wavelengths in fluorescence microsco-
py (405, 488, 561, 638 nm) have demonstrated a coupling efficiency of over 65% for all four wavelengths.
These results validate the effectiveness of the multi-wavelength lasers coupler designed in this study. Further-
more, due to its simple adjustment and low cost, the coupler holds significant commercial value and estab-

lishes a solid foundation for the localization of multi-wavelength lasers coupled in single mode fiber.
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Fig. 1 Optical fiber coupler
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Tab.1 Parameters of SM fiber

Fiber model PM-S405-XP

Operating wavelength 400~680 nm
Core NA 0.12
(3.3+0.5) pm@405 nm
(4.64+0.5) pm@630 nm
(125.041.0) pm

Mode field diameter

Cladding diameter

Core diameter 3 pm
Coating diameter (245+15) pm
Core/clad offset <0.6 pm

Coating concentricity <5.0 pum
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Fig. 5 Decay curves of coupling efficiency with adjustment errors between coupling lens and fiber end face

2.2 MAEXATGHNEHIETE

A G 25 BB 0 2 % B A A DU 4R R Y
FH O 24 0 A 2R A P9 L2 @12 mm (1 18] FL , R
GO TS Z A w55 E BT A 2 A )
14 (81 A T2 45 k), 00 G 37 55 RO 2F 4 Sk B AE
(] AT L P O 9 95 4p R85 3 5 5 ' £ i 1T 1Y) A X
A7 E o R 5 I 5 AN G £ s T B RE X AL O Y
e KB ME SN, — O TR TR R R, U R
XY Bl g #% 2 EAR I AE 0.2 pm AN 5 05 — 5
T, A8 G 6 27 R R BUAR /I, — S0 kG B Yy
F BNk &) M DU A o AR SC i i [#
JE A 07 G 460 R R VT O F v T Y 7,
S VTR A 2 5] AR 2 1 R AR DG B
NINTR- A R VS e S o C R O]
W 6 it 7s A4 5 55 41 AT I 22 2% 2 [ A Y
AP HE PR O3 3k e B T E Ol £F 42 3k DA T A
A BNHE | 7E B & 4 50 09 1 o A 3 AN T0 22 &
Wi 25 475 S0 DA T 25722 Ol & i 1D 8 08 Y A B
370008 5 Ui A — P /N 5 B P R G B A7 0 B A -
Be A T 22 985 o AE S8 BUE 5 I, AE 18 RE TR A HE
AT TUAS /N T L R U e 5 6 25 422 3k, i
PRGSO T AR e T .

FR B O £ 50 1) 28 2 0ok 7R R EAN B kS
KSW, FEZFAWANLE, BN L RERE

Adjusting screw
Coupling lens Fiber end face

- Fiber pigtail
Cylindrical support

6 B EIFa

Fig. 6 Structural of coupling component
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Fig. 7 Assembly and adjustment of fiber coupling component
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Tab.2 Calculation result of coupling efficiency ( %)

X-axis light intensity ~ Y-axis light intensity

Wave- o o
distribution distribution
length/
Within Within Within Within
nm
3.6 pm 4.8 pm 3.6 pm 4.8 pm
405 69 81 69 81
488 63 75 67 78
561 66 76 69 80
638 60 60 62 74

3.2 HBANTEHEEAZLE
SIS RGN 9 R, 1 FH 488 nm SO HE AT
¥4 , H Thorlabs 2 ] A9 56 Zh i (# sk # 5

S120C, £ 3k A5 PM100D) S 32 A 5t s 84 ' 2
L FCE BDOGER b IO EE . A
3 o DY A e 0 3 X R A E A B 2RSS B
41, PR 34T 22 B F A R D Al B s R
J& T 25 R T 7 R — 4L RS A
PR T 22 %2 Ty S (8 fe e, OB R ART Y B B R
ARHE Tt Rt A 1 Y Y 2 A Ok I R
kg I H B AR R S . W S e ROk
£F 5 HMIE 22 8] B9 A X 67 B, Zh SR O
RO EHASCR, ME 3R 4R KA
RWORAE 6820 ~T200 N A G RBOR R FF 8w HARXT
FasE K

Digital optical power
and energy meter

K9 HES G M

Fig. 9 Assembly and adjustment of coupling devices
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Tab.3 Coupling efficiency test result

Wave-  Power before  Power after ~ Coupling ef-

length/nm  coupling/mW  coupling/mW  ficiency/ %
405 37.8 25.8 68.3
488 38.5 26.6 69. 1
561 41.2 29.3 71.1
638 39.4 28.1 71.3
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Tab.4 Coupling efficiency test
Wave-  Power before  Power after ~ Coupling Ef-
length/nm  coupling/mW  coupling/mW ficiency/ %
405 54.0 35.3 65.4
488 53.3 35.0 65.7
561 53.6 37.2 69.4
638 51.2 34.5 67.4
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