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Abstract: We present a new procedure for protecting micro-optical fibers (tapered fibers) by using 
the 3-dimensional (3D) printing technology. A standard single-mode optical fiber was tapered down 
to the diameter of 1 m and embedded in a polymeric matrix obtained by an additive manufacturing 
routine. We show that the proposed structure protects the fiber taper against environmental humidity 
while keeping permeability to gas flow and the possibility of the realization of gas detection 
experiments. To our knowledge, this is the first time 3D printed casings were applied to protect fiber 
tapers from humidity deterioration. We envisage this new approach will allow the development of 
new fiber taper devices to better resist in humid environments. 
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1. Introduction 

Recently, the field of optic fiber sensors has 

experienced significant development, and nowadays, 

it consists of a highly active scientific and 

technological area. Thus, optical fibers have 

demonstrated themselves to be an excellent platform 

for obtaining a wide variety of sensors to probe 

parameters such as temperature, hydrostatic pressure, 

strain, and refractive index. Key advantages of 

optical fibers sensors are their inherent 

electromagnetic immunity, high sensitivity, 

compactness, and the capability of being used in 

harsh environments [1]. 

Several configurations can be used for fiber 

optics sensing activity. Microstructured optical 

fibers (optical fibers endowed with special 

arrangements of air holes which run along the whole 

fiber length) [2] assume a prominent position due to 

their vast design versatility, which allows them to 

have specific and tailorable properties [3]. On the 

other hand, standard optical fibers (without 

cross-sectional microstructures) can also be used as 

sensors if set in specific configurations, such as in 

SMS (single mode-multimode-single mode) 

configurations [4], or post-processed (for example, 

via the utilization of fiber gratings [5] and tapered 

fibers [6, 7]). 

Fiber tapers are optical fibers that have their 

dimensions reduced in a controllable fashion. They 

can be obtained by using fusion splicers [8], ceramic 

micro-heaters [9], CO2 lasers [10], or by using 

so-called flame brushing technique [11]. In the latter, 

an oscillating flame heats a well-defined region of 
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the fiber while it is controllably stretched. It entails, 

by mass conservation, an increase in the fiber length 

and the subsequent reduction of the diameter of the 

selected region of the fiber [7]. 

The use of tapered fibers has been demonstrated 

to be a very efficient route to make standard optical 

fibers sensitive to the fiber external medium. It is 

possible because the reduction of the waveguide 

diameter causes the optical mode evanescent field to 

permeate the external fiber environment [7]. This 

property allows the optical mode characteristics to 

be strongly dependent on the external medium. For 

example, it opens up the opportunity of tailoring the 

fiber taper dispersion characteristics by immersing it 

into fluids to achieve supercontinuum generation 

[12]. Additionally, this property is highly useful for 

obtaining sensing devices. Fiber tapers allow, for 

example, obtaining highly sensitive refractive index 

sensors for probing liquid samples. In these sensors, 

sensitivity figures as high as thousands of 

nanometers per RIU (refractive index unit) can be 

attained [13]. Moreover, fiber tapers can also be used 

to probe gaseous samples via the measurement of 

gas absorption lines [14]. 

Thin silica fibers can have remarkably high 

mechanical strength, which can be even greater than 

those of steel or Kevlar with similar diameters [15]. 

Nonetheless, they should be protected against 

humidity and dust to avoid degradation and 

increased optical loss. In this context, different 

techniques can be applied to protect them. One 

possible approach is to embed the tapered fiber in 

polymers such as Teflon, which allows to protect 

and stabilize it [16]. However, the optical 

attenuation is significantly increased under this 

approach [17]. Another solution is to use silica 

aerogel, which consists of nanostructured silicon 

dioxide (SiO2) with a density of 0.1 grams per cubic 

centimeter [17, 18]. In the aerogel, the pores and 

silica network are structured in the scale of tens of 

nanometers, which is much smaller than visible and 

infrared light wavelengths. Moreover, aerogel is 

permeable to gas and has a refractive index very 

close to the one of the air. Thus, silica aerogels are 

useful to protect fiber tapers without disturbing light 

propagation through it [17] and can act, together 

with fiber tapers, in gas sensing setups [19]. 

Nevertheless, silica aerogel preparation is not 

straightforward as it involves mastering its chemical 

synthesis process [20]. 

In the latest years, the 3-dimensional (3D) 

printing technology has appeared as a powerful 

methodology able to be applied in the fiber optics 

domain. For example, it has been demonstrated that 

optical fibers can be directly drawn from 3D printed 

preforms [20–24]. Additionally, 3D printing 

technology can be used for creating casings in which 

optical fibers can be embedded. Sensors based on 

fiber Bragg gratings (FBGs), for example, have been 

reported to benefit from this approach [25–27]. 

However, to the best of our knowledge, there is no 

report on the application of 3D printed casings to 

protect fiber tapers. 

In this framework, for the first time, we propose 

the use of 3D printing technology for creating 

housings for fiber tapers (taper cages). Under this 

approach, we show that the taper cages can be used 

to protect the waveguide against humidity while 

keeping the possibility of gas diffusion, as required 

for gas sensing. The cages were built by using a 

low-cost desktop 3D printer according to a 

layer-by-layer routine. We experimentally show that, 

by adequately tailoring the cage meshing, different 

performances regarding taper protection to humidity 

can be obtained. Moreover, we demonstrate the 

possibility of acetylene (C2H2) detection. We 

envisage that this new methodology will provide 

novel opportunities in the design of tapered fibers 

devices with increased resistance to humidity 

deterioration and is able to perform gas sensing 

activities. 

2. Device fabrication 

The taper cages were fabricated from a     
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1.75-mm-thick commercial polylactic acid (PLA) 

filament via the utilization of a desktop 3D printer 

(Sethi3D AiP). Their fabrication followed a 

procedure that involved 3D printing and manual 

accommodation of the taper inside the cage. In the 

first step (Step #1 in Fig. 1), the bottom part of the 

taper cage was created. The external dimensions of 

the 3D printed sample were set to be 13 mm ×    

13 mm × 130 mm. At the cage extremities, two slots 

were made (with dimensions 1 mm × 1 mm × 5 mm) 

for taper positioning. In the central region of the 

cage, a broader channel (with dimensions 7 mm × 7 

mm × 30 mm) was created for housing the taper 

waist. During the printing procedure, the printing 

board was kept at 50  to enhance the sample ℃

adhesion to it. In sequence, a tapered optical fiber 

(fabricated from a standard telecom single-mode 

fiber, SMF-28, and by using the flame brushing 

technique) was manually transferred from the taper 

rig to the printed sample (Step #2 in Fig. 1). In this 

process, the fiber taper was dragged by one of its 

extremities and carefully positioned on the slots at 

the cage edges. The untapered region of the fiber 

was then glued to the cage slots by using 

cyanoacrylate glue. Care was taken to keep the taper 

waist and the transition regions suspended in air 

while the untapered fiber sections were supported by 

the narrow slots of the cage.  

In the third step (Step #3 in Fig. 1), the cage 

cover was separately printed and manually glued to 

the bottom part also by using the cyanoacrylate glue. 

Here, it is worth saying that one has also tried to 

directly resume the printing routine after placing the 

fiber taper on the bottom part of the cage. Although 

efficient in terms of fabrication, this procedure 

added much loss to the taper since polymer debris 

happened to be accidentally deposited on the fiber 

taper during the cage cover printing. The gluing 

procedure, therefore, was found to be the most 

successful method to preserve the taper optical 

transmission quality. However, further 

improvements in the fabrication process (such as 

fine-tuning of the extruder temperature) would 

potentially allow the realization of direct fabrication 

of the taper cage without the need for glue 

application.  

Step #1: 
3D printing of the cage bottom part 

Step #2: 
Taper transfer to the cage 

Step #3: 
Cage upper and bottom  

parts collage 

 
Fig. 1 Schematic diagram of the taper cage preparation 

procedure. 

To characterize the increment of the taper optical 

loss due to the cage setting-up procedure, the 

microfiber optical response was measured as a 

function of the time while the cage preparation was 

being conducted. In the experiment, a super-LED 

(SLED, centered at 1 550 nm) was connected to the 

fiber input, and a power meter measured the 

transmitted signal. Figure 2 presents the measured 

data, which stands for the procedure described in the 

following. The tapering process started at 0 s and 

finished at 300 s. Between 350 s and 700 s, the taper 

was transferred from the taper rig to the cage bottom 

part, and the cover part was cast on the fiber. The 
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procedure was finished around 700 s when a loss 

value of 0.53 dB could be measured. Note that there 

was a slight decrease in the taper loss when 

comparing the end of the fabrication process (~300 s) 

and the final assembling moment (~700 s) due to the 

application of a small strain level to the taper to 

make it straight. The procedure of the cage 

setting-up, therefore, added minimum optical loss to 

the fiber taper sample. Indeed, adequate fiber taper 

handling and care during cage preparation procedure 

allow replicating fiber cage preparation with a 

typical loss of around 0.5 dB.  
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Fig. 2 Optical loss as a function of the time (taper waist 

diameter: 1 μm; taper waist length: 10 mm). Taper fabrication 
happens between 0 s and 300 s and taper cage setting-up takes 
place between 350 s and 700 s. 

3. Humidity protection and gas detection 

3.1 Taper cages for humidity protection 

Three different samples were prepared to test the 

proposed taper cages for humidity protection. In 

each sample, different meshing was employed 

during the cage upper part fabrication. It entailed 

distinct material filling densities in each sample 

(ratio between the volume of the plastic material 

used in the upper part of the cage and the whole 

volume of the latter). Figure 3 shows pictures of the 

three samples we employed herein, each one with 

different material filling densities, namely 30%, 

50%, and 70%. In all samples, the bottom part of the 

cage had the same fabrication parameters. Also, the 

fiber tapers parameters were the same in all tested 

samples (1 m diameter and 10 mm length). 

(a) 30% (b) (c) 50% 70%

Optical fiber 
 

Fig. 3 Pictures of the taper cages with (a) 30 %, (b) 50 %, 
and (c) 70 % material filling densities. 

The taper cages were placed inside a chamber 

(with an approximate volume of 45 cm3) to check 

the humidity protection potential of the proposed 

technique. A hygrometer and a portable ultrasonic 

humidifier were also included. In the experiment, 

the taper optical loss was monitored as a function of 

the time while the humidity generator was 

sequentially turned on and off. 

Figure 4 shows the results of the optical loss as a 

function of the time for tapers inside cages with 

material filling densities of 30%, 50%, and 70% 

(purple, blue, and green lines, respectively). 

Additionally, Figure 4 shows the loss of a bare fiber 

taper as a function of the time. Data in Fig. 4 refer to 

the procedure described in the following. The 

portable humidifier was maintained turned off for 

100 s and then turned on for 50 s. This cycle was, 

then, sequentially repeated (periods of 

humidification in the ON state are represented in  

Fig. 4). The relative humidity was measured to be 

between 90% and 95% while the humidifier was 

maintained turned on. For the periods in which the 

humidifier was kept turned off, a decrease in the 

relative humidity values was measured, reaching 

values between 75% and 80%. Additionally, it is 

worth mentioning that, after turning on the 

humidifier, water condensation has been observed 

inside the chamber where the taper cages were 
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tested. 

The black curve in Fig. 4 represents the bare 

taper time response. It is seen that the optical loss 

increased to 24 dB as soon as the humidifier was 

turned on (at 50 s). Moreover, one can observe that 

this loss level was maintained up to the end of the 

experiment (even in the periods when the humidifier 

was set to off mode).  
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Fig. 4 Time evolution of the optical loss of tapered fibers  

(1 μm diameter) embedded in 3D printed cages with 30% 
(purple curve), 50% (blue curve), and 70% (green curve) 
material filling densities. Data for the bare fiber taper are shown 
in black. 

For the case in which the 30% filling density 

cage was tested (purple line in Fig. 4), an increase in 

the taper loss was also observed. However, it was 

not as immediate as in the bare taper case. For the 

taper in the 30% material filling density cage, the 

loss started growing around 30 s after the humidifier 

has been turned on. Additionally, it is remarkable 

that, differently than the bare fiber case, the taper 

loss was dramatically reduced during the periods in 

which the humidifier was maintained turned off. 

One possible explanation for this observation would 

be to assume that the lower optical loss of the taper 

in the cage was generated by a lower amount of 

water than that in the bare taper case (since the cage 

prevents part of the water molecules from achieving 

to the fiber taper). This lower amount of water 

would be, therefore, more easily detached from the 

fiber taper via evaporation during the periods with 

lower relative humidity. Moreover, it should be 

noted that, although low loss figures were measured 

during the periods in which the humidifier was off, 

they have slightly grown as a function of the time 

(0.02 dB at 200 s; 0.09 dB at 375 s and 0.24 dB at  

550 s). It can be explained by the accumulation of 

water molecules on the taper during the on-off 

humidity cycles. 

The blue line in Fig. 4 shows the loss of the taper 

in the 50% filling density cage as a function of the 

time. For this one, loss values higher than 0.1 dB 

were only seen in the second humidity cycle. As 

expected, an increase in the material density in the 

cage meshing entailed improved protection to 

humidity. In the third humidity cycle, the loss 

reached 25 dB. However, it strongly dropped after 

the humidifier was turned off. At 550 s, the loss level 

was measured to be 0.24 dB.  

Finally, one tested the taper in the 70% material 

filling density cage. For this sample, very low loss 

values (< 0.01 dB) were measured in the whole 

experiment (green line in Fig. 4). Indeed, in all tests 

using the 70% filling density cage, the taper loss 

was inferior to 0.01 dB, which indicates that the 

results are robust and consistent. One can conclude, 

therefore, that embedding the fiber taper in the 

3D-printed taper cage is an efficient approach to 

avoid taper signal deterioration due to humidity. 

3.2 Gas detection 

As described in the last section, the use of taper 

cages avoids taper loss deterioration due to humidity. 

As an additional feature, since the cage is permeable 

to gas diffusion due to its tailorable meshing, these 

structures can be used in gas detection experiments. 

It would not be the case, for example, if a fully 

closed box was used to protect the tapered fiber. To 

illustrate this operation, we prepared three taper 

cages with material filling densities of 30%, 50%, 

and 90%. In all cages, the taper samples were again 

1-μm thick and 10-mm long.  
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For the gas detection measurements, the taper 

cages were inserted in a gas chamber where 

acetylene (C2H2) could be injected. A manometer 

allowed the verification of the acetylene pressure 

inside the chamber. A SLED with emission centered 

at 1 550 nm was used as the light source, and an 

optical spectrum analyzer (OSA) accounted for the 

transmitted signal. By observing the transmitted 

spectrum, acetylene absorption lines could be seen, 

and gas detection measurements could be 

performed. 

Figure 5 presents the normalized transmitted 

power as a function of the wavelength for the 

different taper cages when subjected to an acetylene 

pressure of 2 bar. The normalized power values were 

calculated by comparing the transmitted spectra 

before and after acetylene injection in the chamber. 

Data in Fig. 5 show that the acetylene absorption 

lines could be observed when measuring the fiber 

taper transmission in all samples. The experiment 

was performed at room temperature, and no 

considerable temperature variations took place 

during the measurements. 
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Fig. 5 Normalized transmitted power for the tapered fibers 

inside the taper cages (with material filling densities of 30%, 
50%, and 90%). 

In the experiments, the maximum contrast of the 

absorption lines was measured to be 0.56 dB. It is 

noteworthy, however, that the contrast of the 

absorption lines is smaller for the taper inside the 

cage with 90% material filling density. It is expected 

because the denser meshing in the 90% material 

filling density taper cage entails diminished 

acetylene diffusion through the cage. Here, it should 

be underlined that the spectra in Fig. 5 can be 

compared since they were accounted at similar time 

intervals between the moment when acetylene was 

inserted in the chamber and the moment of the 

spectral measurement itself. It is an essential aspect 

because, in our measurements, the device response 

time was seen to be dependent on the material filling 

density of the taper cage (due to the different gas 

diffusion rates in cages with distinct meshing 

densities). The results allow observing that the 

utilization of the proposed cages keeps the 

possibility of using fiber tapers as gas detection 

devices. 

4. Conclusions 

In this paper, we propose the utilization of 3D 

printing technology for the protection of optical 

fiber tapers. To the best of our knowledge, this is the 

first time that 3D printed cages were used to prevent 

taper optical transmission deterioration due to 

humidity. The method used herein is more 

straightforward than other taper protection 

techniques because it avoids the need for chemical 

processes as it is wholly based on the production of 

taper cages in a commercial 3D printer. 

Here, we showed that the taper cage preparation 

added very low loss to the fiber taper sample    

(0.5 dB). Moreover, we analyzed taper cages with 

different meshing and demonstrated that its taper 

protection ability could be tailored by suitably 

choosing the material filling densities in the cage. 

Additionally, we performed gas detection 

experiments to illustrate the potential of the 

application of the 3D-printed taper cages for sensing 

applications.  
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We understand that this novel approach provides 

a new avenue for the design of fiber taper-based 

devices able to better resist in humid environments 

while keeping their gas sensing capabilities. 
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