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Abstract- We have fabricated and characterized a relative humidity (RH) sensor, by tapering the mid-region
of a piece of multimode-fiber (MMF) and coating it with a layer of silica-gel as the sensing layer. The
experimental results show that the device sensitivity depends on the presence of silica-gel layer. The sensor
response to the fluctuations of relative humidity in the environment is determined through measuring the
changing in fiber transmission power. The experimental results also show that the device sensitivity increases
as the diameter of the fiber, in the tapered region, decreases down to a certain size. The same results show that
the highest linear sensitivity of 0.39 dB/%RH can be achieved for a tapered region of the MMF with 4-um
waist diameter coated with silica gel.
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1. Introduction

Optical fiber sensors have been studied for their
potential in sensing and received significant
attention in the past decades. Some of the
advantages these devices enjoy as compared to the
conventional ~ sensors are  immunity to
electromagnetic fields, long-distance operation,
real-time monitoring, and compact size. Numerous
researches have been devoted to the development of
optical fiber sensors for use in chemical- and bio-
sensing. Among various applications, relative
humidity (RH) sensors are used in the industrial
field, food processing, human breath detection, and
environment monitoring [1].

Many researchers have focused on developing and
improving the humidity sensors, using the single-
mode  side-polished  multimode-single-mode
(SSPMS) fibers coated with gelatin [2], silica-gel
coated microfiber coupler humidity and temperature
sensor [3], humidity sensor for monitoring human
breath based on etched single-mode coated with
MoS; layer [4]. Some researchers have shown that
a tapered multimode fiber (TMMF) can be used as
a refractive index (RI) sensors, whose sensitivity
increases as the tapered region diameter decreases.
Nonetheless, they have demonstrated that there is a
trade-off between the sensitivity, measurement
range, and the sensor mechanical stability [5]. Some
others have also used a TMMFs for sensing
humidity, coating the tapered region with polyvinyl
alcohol [6].

In this paper, we fabricate and characterize humidity
sensors by coating the tapered regions of the
prepared TMMPFs with layers of silica-gel. Note that
recent studies have demonstrated that silica-gel is
sensitive to humidity and is transparent to the
optical signal [3]. We have studied the effect of the
diameter of the waist of the tapered region on the
resulting sensitivity.

2. Sensor Fabrication

The aim of this work is to fabricate inexpensive and
reliable RH sensors. Hence, we have chosen the
TMMEF as the sensor foundation and the silica-gel
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as a sensing layer. Figure 1 illustrates a schematic
of a fabricated sensor in which the tapered region of
a TMMF is coated by a layer of silica-gel.
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Fig. 1: Schematic of a TMMF coated with silica-gel

For preparing the required TMMFs, we used the
well-known microheater brushing technique [5]. In
this technique, a 1-m long multimode fiber (MMF)
is passed through a microheater and pulled in the
opposite directions, by two linear motorized stages
from both sides. The results show an adiabatic taper
MMF due to the small angle of the transition region.

Then, we employed the sol-gel technique by labor
constitution [7] to synthesize the silica-gel solution,
required for uniformly coating the surface of the
tapered region of each TMMF (see Fig. 1). The
thickness of the coating layer can be increased, by
repeating the coating process. For synthesizing a
silica-gel solution with suitable viscosity, we mixed
20 ml of tetraethylorthosilicate (TEOS) with 10 ml
of ethanol in a beaker, using a magnetic stirrer for
20 minutes at room temperature. Then we added 3
ml of H,SO, (0.1 mol/L) to the solution and stirred
it for 150 minutes.

Next, for coating the tapered region of each TMMF,
we passed it through a drop of silica-gel for four
times. Then, for dying the silica-gel coats, we
hanged the silica-gel coated TMMFs by a plastic
holder in the air at room temperature for 3 days.
Figure 2 shows a microscope image of a fabricated
sensor.

\— 20.0 um

Fig. 2: Microscope image of a sensor

3. Results and Discussion

We used a fiber fusion splicer, a broadband light
source (BBS) and an optical spectrum analyzer
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(OSA) to characterize the sensor. The sensor was
placed into a chamber of ~2 L volume with two
inputs. One of the chamber inputs was connected to
a humidifier and the other to an argon gas cylinder.
The sensor was connected to the BBS and OSA.
During the Characterization, we used the SHT20
sensor to indicate the RH percentage (RH%) and the
chamber temperature. The chamber temperature
was set to 26 °C. Figure 3 shows a schematic of the
characterization setup.
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Fig. 3: Schematic of the characterization setup.

Figure 4 shows the transmission spectra through the
sensor with =9 mm and d 4 um for different
RH%, measured in the first communication window
(820<A<880 nm). Here, | is the length of the tapered
region and d is the waist diameter.
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Fig. 4: Transmission spectra through the sensor
with | =9 mmand d 4 pum for different RH%

The sensor response to the fluctuations of the RH%
is represented by wvariation in the power
transmission through it. We calculate the average of
the sensor transmission on the interval 820<A<880
nm. To emphasize the effect of the silica gel coating
on the sensor performance, we have compared the
power loss through two TMMF sensors with the
same dimensions (i.e., I= 9 mm and d=4 um), but
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one without coating and the coated four times with
silica gel. The solid circles in Fig. 5 represent the
response of the sensor with no coating and solid
squares show a similar response measured for the
one coated four times with silica gel. As this
comparison illustrates, the influence of the silica gel
coating on the sensor functionality is significant.
This phenomenon can be explained by the fact that
water molecules diffuse into the silica gel coat
where they are absorbed [3]. This absorption
increases the coating layer effective refractive index

nonlinearly, increasing the transmission loss
through the sensor accordingly.
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Fig. 5: Comparison of the sensor response for an
uncoated TMMF (circles) with those of similar
TMMFs coated with silica gel (diamonds: | = 8
mm, d=15 pm). The lengths and diameters of the
waist regions of both sensors were | = 9 mm and
d=~4 pm.

Next, we have investigated the effect of the tapered
region waist dimensions on the sensor response.
The solid diamonds in Fig. 5 show the response of a
TMMF sensor with a thicker and shorter tapered
region (i.e., d & 15 pm, and |1 =8 mm) that is also
coated with silica gel for four times. A comparison
of the latter sensor’s response with the one
represented by the solid squares reveals that the
coated sensor with a thinner waist region is more
sensitive to the environment humidity. However, its
detection range drops from 80% to 72%. This result
shows the trade-off between the sensitivity and
detection range. Hence, there is a trade-off between
the sensitivity and the sensing range. This can be
attributed to an effectively larger volume of the
silica gel coating the waist of the tapered region of
the corresponding sensor. Nonetheless, this
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significantly higher sensitivity is achieved at the
expense of a large decrease in the fiber output power
level. Moreover, as can be observed form the solid
squares in Fig. 5, the response of this particular
sensor in the range of RH >55% varies almost
linearly. This behavior is demonstrated by the solid
linear line fitted into the data in that region. The
slope of the loss response (S =d(loss)/d(RH%))
determines the sensor sensitivity. According to this
definition, the sensitivity of the TMMF sensor with
a thinner waist in the linear region is & =—0.39
dB/RH%.

Finally, to evaluate the sensor response time (tres)
and recovery time (zec), We have measured the
power loss versus time, when the chamber humidity
is changed from 40% to 60%. Figure 6 illustrates
this characteristic of the sensor with the | =9 mm
and d=4 um. From this figure, one can see zes~ 10
s and tec~ 8 S.

Loss (dB)
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Time (5)

Fig. 6: Time characteristic for the sensor with the
I =9 mm and d=4 um

Table | compares the characteristics of our sensor
with those of others'.

Table I. Comparison of this work with others.

Structure Sensitivity Tres (S) | Trec (S) Ref.
TMMF 0.39 dB/RH% 10 8 This work
SSPMS 0.14 dB/%RH 1 - [2]

Etch-fiber — 0.066 | 2.395 [4]
TMMF | 1.994 pW/%RH 2 - [6]

Conclusion

We have fabricated and characterized a humidity
sensor based on a TMMF whose tapered region is
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coated by a layer of silica-gel. We have
demonstrated the effect of the size of the waist
diameter of the tapered region on the device
sensitivity. The experimental results have shown
that the sensitivity in the linear region for the sensor
with [=9 mm and d= 4 um equals $~0.39 dB/RH%.
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