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ABSTRACT

Liquid samples are often of interest for various analytical purposes, requiring rapid, precise, portable, and easy-to-use
equipment. Then, we proposed a portable system for fluorescence spectroscopy was developed, integrating an optical fiber
sensor into a single-well plate. A proof-of-concept of the system was demonstrated using two different fluorescence
samples: chlorophyll and cyanobacteria culture. The manufacturing method employed was ultrafast laser-assisted etching
(ULAE), and the optical fiber was custom-mounted for tip-endcap integration. The fluorescence analysis demonstrated an
enhancement in the signal of the liquid sample through the integration of the fiber capture system in the detector.
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1. INTRODUCTION

The analysis of liquid samples is a common task in laboratory analytical work. The methods used can be divided into three
main categories: separation methods, microscopy, and spectroscopic techniques [1]. Additionally, extraction methods are
often employed to enrich the content of liquid samples and facilitate the use of these techniques. Separation methods such
as distillation, evaporation, and filtration are time-consuming and require a high level of expertise. Microscopy imaging,
on the other hand, requires constant manipulation and typically involves expensive equipment. In contrast, spectroscopic
techniques such as absorption, fluorescence, or Raman analysis offer faster systems without the need for complex sample
preparation steps, although conventional equipment remains bulky and costly. However, some miniaturized systems have
already been proposed. However, some miniaturization systems have already been proposed [2]. In this sense, high
performance liquid chromatography has an on-chip version. This is a separation method for identification and quantification
of the sample components.

In this work, a miniaturization of a fluorescence spectroscopic system is proposed for liquid sample analysis, aimed at
improving both portability and ease of use. The system incorporates an optical fiber sensor, which is specifically designed
to collect the fluorescence light emitted by the liquid sample upon excitation. This integration allows for more efficient
light collection, enhancing the sensitivity of the system.

2. PROPOSED DESIGN

The conventional one-well plate configuration was modified to implement optical spectroscopic analysis in a rapid and
user-friendly manner. The integration of an optical configuration in a small space was conceived by integrating fiber optics
for the detection of the emitted light. Then, the distribution of multiple fibers along the well wall was considered. In
particular, a square well with 4 fibers in the centre of each side of the well was intended. Then a custom one-square-well
plate was designed to allocate fiber entries in each side center. Figure 1 shows the proposed design whose dimensions
specifications are included in Table 1.
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Figure 1. Details about design parameters. Top view (a) and side view (b) include labels whose values are given in Table 1. 3D
view is provided in (c) and (d) correspond to a photo of the first prototype.

Table 1. Dimensions of the design according to labels in Figure 1. Units are indicated in brackets.

Global sizes (mm) Lengths (mm) Heights (um)
W | 20 11| 10 h1l | 500
L |20 12| 4.9 h2 | 200
w | 0.155 13125 h3 | 400

3. MANUFACTURING PROCESS
3.1. Custom well plate

The fabrication method was Ultrafast Laser-Assisted Etching (ULAE) [3]: a two-step technique of substrative laser
manufacturing. The material selected was fused silica and a commercial glass of dimensions 20x20x1 mm from FOCtek
was used. Initially femtosecond laser pulses are focused on the glass inscribing the contour of the design to modify the
material in those localized points and then the glass is chemically etched, where the pristine material etching is 3 orders of
magnitude lower than in the processed points. Particularly, this inscription was extended in size 100 um from the glass size
to ensure identical inscription conditions and the laser inscription parameters were 9 kHz for PRR and 350 nJ for pulse
energy. Moreover, a condition of low pulses regime ensures a polarization independent inscription [4]. Then the glass was
etched in a NaOH solution (5%w), maintained at 85+2 °C and magnetically stirred at 500rpm during 5h. Finally, it was
cleaned using distilled water to remove all the extracted parts and any glass fragments.

3.2. Custom alignment structure

A custom endcap fiber was fabricated to insert the fibers from the well together. The fibers were in a stainless stain capillary
fixed in a resin mount for screw it in the fiber connected to the spectrometer. The capillary was 0.8mm ouside diameter
and 40 mm length while the resin piece was printed and then washed and cured using FormaLabs products.

3.3. Complete device assembly

Once fiber channel access in the glass was verified a 100/140 um fiber (NA = 0.28, from Corning) was fixed using optical
adhesive (Norland 601, from Thorlabs) inside each on them. In this prototype there were three free access. Then, all the
fiber ends were coupled together in the custom endcap which finally was connected to a fiber directed to the spectrometer.
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Figure 2. (a) Silica glass well with four channels for the fiber sensor assembly before ULAE manufacture. (b) Fluorescence-
based optical fiber sensor during measurements.

4, PROTOTYPE VALIDATION: RESULTS AND ANALYSIS
4.1. Validation criteria.

A proof-of-concept of the proposed design was evaluated using two different liquid samples. First, a fluorophore was
selected: chlorophyll extraction; then, a liquid sample of a pure culture of cyanobacteria: Dolichospermum crassum specie,
labeled as UAM502 in the Department of Biology at the Autonomous University of Madrid who provided the sample. Both
samples were chosen as reference material due to their well-established behavior in fluorescence spectroscopy: chlorophyill
require UV excitation with emitted fluorescence in visible range (around 680 nm) and UAMS502 exhibits fluorescence
emission in the red spectrum, near the excitation point.

The system configuration was maintained for both cases: the excitation light source was positioned above the well, and the
emitted light was directed to a commercial spectrometer (Maya2000Pro-series from Ocean Optics). The excitation light
source was focused onto the liquid sample and the emitted fluorescence was captured using the fibers that were coupled to
the spectrometer using the custom endcap connected to a commercial fiber of 600 um (from Ocean Optics). Here below
are presented the fluorescence measurements of each case obtained when using a single fiber, a couple of them or three
fibers.

The results demonstrated fluorescence emission patterns for both samples showing intensity enhancement when combining
collection. Thus, the design was validated and its potential for liquid sample analysis in fluorescence spectroscopy was
confirmed.

4.2. Pure chlorophyll extraction sample
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Figure 3. (a) Photo of the sample of chlorophyll. (b) Spectrum of the excitation light source: ring of 3 UV-LEDs.
(c) Emission spectrum from the fluoresce measurement of the chlorophyll sample when validate the optical fiber
sensor comparing fiber integration configurations.
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4.3. Pure cyanobacteria culture
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Figure 4. (a) Photo of the sample of chlorophyll. (b) Spectrum of the excitation light source: red superLED. (c) Emission
spectrum from the fluorescence measurement of the chlorophyll sample when validating the optical fiber sensor comparing
fiber integration configurations.

5. CONCLUSIONS

A device for optical liquid sample analysis was designed and prototyped on a fused silica glass using ULAE technique.
The proposed device consists of a well plate with three fibers positioned to face the walls of the well. The proposed design
was evaluated for fluorescence spectroscopy analysis using samples of chlorophyll and pure cyanobacteria. The results
demonstrated an enhancement in the emission spectra of both liquids when the fibers were coupled together and in the
spectrometer.

ACKNOWLEDGEMENTS

This work was supported by the R+D projects INNVAL23/10, and INNVAL24-28, funded by Instituto de Investigacion
Marqués de Valdecilla (IDIVAL); C.G-G acknowledges Concepcion Arenal predoctoral fellow and J.F.A. thanks
RYC2022-035279-1, funded by MCIN/AEI/10.13039/501100011033 and FSE+; TED2021-130378B-C21, funded by
MCIN/AEI/10.13039/501100011033 and European Union NextGenerationEU/PRTR; PID2022-1372690B-C22, funded
by MCIN/AEI/10.13039/501100011033 and FEDER, UE; Plan Nacional de I+D+i and Instituto de Salud Carlos Il
(ISCIII), Subdireccion General de Redes y Centros de Investigacion Cooperativa, Ministerio de Ciencia, Innovacion y
Universidades, through CIBER-BBN (CB16/01/00430) and CIBERINFEC (CB21/13/00068), co-financed by the European
Regional Development Fund “A way to achieve Europe”.

REFERENCES

[1] Viana, J. L., Menegério, A. A., & Fostier, A. H. Preparation of environmental samples for chemical speciation of
metal/metalloids: A review of  Extraction  Techniques. Talanta, 226, 122119  (2021).
https://doi.org/10.1016/j.talanta.2021.122119

[2] Tsunoda, M. On-chip liquid chromatography. Encyclopedia, 2(1), 617-624 (2022).
https://doi.org/10.3390/encyclopedia2010041

[3] Sima, F., Sugioka, K., Vazquez, R. M., Osellame, R., Kelemen, L., & Ormos, P. Three-dimensional femtosecond laser
processing for lab-on-a-chip applications. Nanophotonics, 7(3), 613-634 (20182018). https://doi.org/10.1515/nanoph-
2017-0097

[4] Ochoa, M., Roldan-Varona, P., Algorri, J. F., Lopez-Higuera, J. M., & Rodriguez-Cobo, L. Polarisation-independent
ultrafast laser selective etching processing in fused silica. Lab on a Chip, 23(7), 1752-1757 (2023).
https://doi.org/10.1039/d31c00052d

Proc. of SPIE Vol. 13639 13639A0-4



	FrontMatter
	P.1
	P.2
	P.3
	P.4
	P.5
	P.6
	P.7
	P.8
	P.9
	P.10
	P.11
	P.12
	P.13
	P.14
	P.15
	P.16
	P.17
	P.18
	P.19
	P.20
	P.21
	P.22
	P.23
	P.24
	P.25
	P.26

	13639-190
	P.1
	P.2
	P.3
	P.4

	13639-191
	P.1
	P.2
	P.3
	P.4

	13639-193
	P.1
	P.2
	P.3
	P.4

	13639-201
	P.1
	P.2
	P.3
	P.4

	13639-214
	P.1
	P.2
	P.3
	P.4

	13639-215
	P.1
	P.2
	P.3
	P.4

	13639-216
	P.1
	P.2
	P.3
	P.4

	13639-217
	P.1
	P.2
	P.3
	P.4

	13639-219
	P.1
	P.2
	P.3
	P.4

	13639-224
	P.1
	P.2
	P.3
	P.4

	13639-228
	P.1
	P.2
	P.3
	P.4

	13639-231
	P.1
	P.2
	P.3
	P.4

	13639-239
	P.1
	P.2
	P.3
	P.4

	13639-245
	P.1
	P.2
	P.3
	P.4

	13639-246
	P.1
	P.2
	P.3
	P.4

	13639-247
	P.1
	P.2
	P.3
	P.4

	13639-249
	P.1
	P.2
	P.3
	P.4

	13639-254
	P.1
	P.2
	P.3
	P.4

	13639-257
	P.1
	P.2
	P.3
	P.4

	13639-284
	P.1
	P.2
	P.3
	P.4

	13639-288
	P.1
	P.2
	P.3
	P.4

	13639-294
	P.1
	P.2
	P.3
	P.4

	13639-296
	P.1
	P.2
	P.3
	P.4

	13639-301
	P.1
	P.2
	P.3
	P.4

	13639-311
	P.1
	P.2
	P.3
	P.4

	13639-318
	P.1
	P.2
	P.3
	P.4

	13639-320
	P.1
	P.2
	P.3
	P.4

	13639-324
	P.1
	P.2
	P.3
	P.4

	13639-326
	P.1
	P.2
	P.3
	P.4

	13639-338
	P.1
	P.2
	P.3
	P.4

	13639-344
	P.1
	P.2
	P.3
	P.4

	13639-346
	P.1
	P.2
	P.3
	P.4

	13639-347
	P.1
	P.2
	P.3
	P.4

	13639-348
	P.1
	P.2
	P.3
	P.4

	13639-349
	P.1
	P.2
	P.3
	P.4

	13639-350
	P.1
	P.2
	P.3
	P.4

	13639-351
	P.1
	P.2
	P.3
	P.4

	13639-354
	P.1
	P.2
	P.3
	P.4

	13639-358
	P.1
	P.2
	P.3
	P.4

	13639-360
	P.1
	P.2
	P.3
	P.4

	13639-361
	P.1
	P.2
	P.3
	P.4

	13639-364
	P.1
	P.2
	P.3
	P.4

	13639-366
	P.1
	P.2
	P.3
	P.4

	13639-389
	P.1
	P.2
	P.3
	P.4

	13639-396
	P.1
	P.2
	P.3
	P.4

	13639-399
	P.1
	P.2
	P.3
	P.4

	13639-400
	P.1
	P.2
	P.3
	P.4

	13639-414
	P.1
	P.2
	P.3
	P.4

	13639-416
	P.1
	P.2
	P.3
	P.4

	13639-417
	P.1
	P.2
	P.3
	P.4

	13639-421
	P.1
	P.2
	P.3
	P.4

	13639-428
	P.1
	P.2
	P.3
	P.4

	13639-431
	P.1
	P.2
	P.3
	P.4

	13639-437
	P.1
	P.2
	P.3
	P.4

	13639-441
	P.1
	P.2
	P.3
	P.4

	13639-447
	P.1
	P.2
	P.3
	P.4

	13639-456
	P.1
	P.2
	P.3
	P.4

	13639-461
	P.1
	P.2
	P.3
	P.4

	13639-463
	P.1
	P.2
	P.3
	P.4

	13639-466
	P.1
	P.2
	P.3
	P.4

	13639-481
	P.1
	P.2
	P.3
	P.4

	13639-482
	P.1
	P.2
	P.3
	P.4

	13639-484
	P.1
	P.2
	P.3
	P.4

	13639-486
	P.1
	P.2
	P.3
	P.4

	13639-497
	P.1
	P.2
	P.3
	P.4

	13639-498
	P.1
	P.2
	P.3
	P.4

	13639-509
	P.1
	P.2
	P.3
	P.4

	13639-514
	P.1
	P.2
	P.3
	P.4

	13639-526
	P.1
	P.2
	P.3
	P.4

	13639-537
	P.1
	P.2
	P.3
	P.4

	13639-538
	P.1
	P.2
	P.3
	P.4

	13639-539
	P.1
	P.2
	P.3
	P.4

	13639-540
	P.1
	P.2
	P.3
	P.4

	13639-546
	P.1
	P.2
	P.3
	P.4

	13639-549
	P.1
	P.2
	P.3
	P.4

	13639-553
	P.1
	P.2
	P.3
	P.4

	13639-554
	P.1
	P.2
	P.3
	P.4

	13639-560
	P.1
	P.2
	P.3
	P.4

	13639-563
	P.1
	P.2
	P.3
	P.4

	13639-571
	P.1
	P.2
	P.3
	P.4

	13639-577
	P.1
	P.2
	P.3
	P.4

	13639-7
	P.1
	P.2
	P.3
	P.4

	13639-21
	P.1
	P.2
	P.3
	P.4

	13639-26
	P.1
	P.2
	P.3
	P.4

	13639-28
	P.1
	P.2
	P.3
	P.4

	13639-31
	P.1
	P.2
	P.3
	P.4

	13639-34
	P.1
	P.2
	P.3
	P.4

	13639-38
	P.1
	P.2
	P.3
	P.4

	13639-46
	P.1
	P.2
	P.3
	P.4

	13639-49
	P.1
	P.2
	P.3
	P.4

	13639-55
	P.1
	P.2
	P.3
	P.4

	13639-59
	P.1
	P.2
	P.3
	P.4

	13639-70
	P.1
	P.2
	P.3
	P.4

	13639-73
	P.1
	P.2
	P.3
	P.4

	13639-74
	P.1
	P.2
	P.3
	P.4

	13639-83
	P.1
	P.2
	P.3
	P.4

	13639-89
	P.1
	P.2
	P.3
	P.4

	13639-91
	P.1
	P.2
	P.3
	P.4

	13639-95
	P.1
	P.2
	P.3
	P.4

	13639-101
	P.1
	P.2
	P.3
	P.4

	13639-107
	P.1
	P.2
	P.3
	P.4

	13639-108
	P.1
	P.2
	P.3
	P.4

	13639-116
	P.1
	P.2
	P.3
	P.4

	13639-117
	P.1
	P.2
	P.3
	P.4

	13639-121
	P.1
	P.2
	P.3
	P.4

	13639-123
	P.1
	P.2
	P.3
	P.4

	13639-126
	P.1
	P.2
	P.3
	P.4

	13639-133
	P.1
	P.2
	P.3
	P.4

	13639-134
	P.1
	P.2
	P.3
	P.4

	13639-135
	P.1
	P.2
	P.3
	P.4

	13639-160
	P.1
	P.2
	P.3
	P.4

	13639-162
	P.1
	P.2
	P.3
	P.4

	13639-163
	P.1
	P.2
	P.3
	P.4

	13639-171
	P.1
	P.2
	P.3
	P.4

	13639-180
	P.1
	P.2
	P.3
	P.4

	13639-181
	P.1
	P.2
	P.3
	P.4

	13639-183
	P.1
	P.2
	P.3
	P.4

	13639-189
	P.1
	P.2
	P.3
	P.4

	13639-212
	P.1
	P.2
	P.3
	P.4

	13639-227
	P.1
	P.2
	P.3
	P.4

	13639-230
	P.1
	P.2
	P.3
	P.4

	13639-232
	P.1
	P.2
	P.3
	P.4

	13639-233
	P.1
	P.2
	P.3
	P.4

	13639-235
	P.1
	P.2
	P.3
	P.4

	13639-236
	P.1
	P.2
	P.3
	P.4

	13639-238
	P.1
	P.2
	P.3
	P.4

	13639-241
	P.1
	P.2
	P.3
	P.4

	13639-250
	P.1
	P.2
	P.3
	P.4

	13639-252
	P.1
	P.2
	P.3
	P.4

	13639-255
	P.1
	P.2
	P.3
	P.4

	13639-256
	P.1
	P.2
	P.3
	P.4

	13639-258
	P.1
	P.2
	P.3
	P.4

	13639-261
	P.1
	P.2
	P.3
	P.4

	13639-265
	P.1
	P.2
	P.3
	P.4

	13639-267
	P.1
	P.2
	P.3
	P.4

	13639-268
	P.1
	P.2
	P.3
	P.4

	13639-275
	P.1
	P.2
	P.3
	P.4

	13639-277
	P.1
	P.2
	P.3
	P.4

	13639-279
	P.1
	P.2
	P.3
	P.4

	13639-282
	P.1
	P.2
	P.3
	P.4

	13639-285
	P.1
	P.2
	P.3
	P.4

	13639-290
	P.1
	P.2
	P.3
	P.4

	13639-302
	P.1
	P.2
	P.3
	P.4

	13639-307
	P.1
	P.2
	P.3
	P.4

	13639-310
	P.1
	P.2
	P.3
	P.4

	13639-323
	P.1
	P.2
	P.3
	P.4

	13639-329
	P.1
	P.2
	P.3
	P.4

	13639-330
	P.1
	P.2
	P.3
	P.4

	13639-337
	P.1
	P.2
	P.3
	P.4

	13639-339
	P.1
	P.2
	P.3
	P.4

	13639-345
	P.1
	P.2
	P.3
	P.4

	13639-352
	P.1
	P.2
	P.3
	P.4

	13639-353
	P.1
	P.2
	P.3
	P.4

	13639-355
	P.1
	P.2
	P.3
	P.4

	13639-356
	P.1
	P.2
	P.3
	P.4

	13639-368
	P.1
	P.2
	P.3
	P.4

	13639-371
	P.1
	P.2
	P.3
	P.4

	13639-376
	P.1
	P.2
	P.3
	P.4

	13639-382
	P.1
	P.2
	P.3
	P.4

	13639-390
	P.1
	P.2
	P.3
	P.4

	13639-410
	P.1
	P.2
	P.3
	P.4

	13639-419
	P.1
	P.2
	P.3
	P.4

	13639-420
	P.1
	P.2
	P.3
	P.4

	13639-424
	P.1
	P.2
	P.3
	P.4

	13639-440
	P.1
	P.2
	P.3
	P.4

	13639-445
	P.1
	P.2
	P.3
	P.4

	13639-452
	P.1
	P.2
	P.3
	P.4

	13639-471
	P.1
	P.2
	P.3
	P.4

	13639-473
	P.1
	P.2
	P.3
	P.4

	13639-479
	P.1
	P.2
	P.3
	P.4

	13639-485
	P.1
	P.2
	P.3
	P.4

	13639-487
	P.1
	P.2
	P.3
	P.4

	13639-489
	P.1
	P.2
	P.3
	P.4

	13639-490
	P.1
	P.2
	P.3
	P.4

	13639-492
	P.1
	P.2
	P.3
	P.4

	13639-495
	P.1
	P.2
	P.3
	P.4

	13639-502
	P.1
	P.2
	P.3
	P.4

	13639-512
	P.1
	P.2
	P.3
	P.4

	13639-516
	P.1
	P.2
	P.3
	P.4

	13639-518
	P.1
	P.2
	P.3
	P.4

	13639-521
	P.1
	P.2
	P.3
	P.4

	13639-542
	P.1
	P.2
	P.3
	P.4

	13639-544
	P.1
	P.2
	P.3
	P.4

	13639-547
	P.1
	P.2
	P.3
	P.4

	13639-552
	P.1
	P.2
	P.3
	P.4

	13639-556
	P.1
	P.2
	P.3
	P.4

	13639-558
	P.1
	P.2
	P.3
	P.4

	13639-566
	P.1
	P.2
	P.3
	P.4

	13639-572
	P.1
	P.2
	P.3
	P.4

	13639-573
	P.1
	P.2
	P.3
	P.4

	13639-575
	P.1
	P.2
	P.3
	P.4

	13639-576
	P.1
	P.2
	P.3
	P.4

	13639-578
	P.1
	P.2
	P.3
	P.4




