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Abstract: In this paper, an optical fiber humidity sensor based on acrylate AB adhesive film is studied,
and two methods—a bubbling method and a dual pressure assisted method—for preparing thin
films are proposed. The forms will make the thin film lighter and make the sensor more sensitive.
Using a glass tube to connect the acrylate AB adhesive film to the single mode optical fiber, the
humidity sensor is obtained. Through humidity response experiments, the sensor’s sensitivity reaches
167.5 pm/% RH, and the response time reaches 4.8 s/% RH. At the same time, the experiments
show that the sensor has good repeatability and stability. Finally, the influence of temperature on the
working process is analyzed, and we provide a method for improvement through FBG.
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1. Introduction

Relative humidity is a physical quantity that cannot be ignored in numerous ar-
eas of daily life and industrial production, such as human health [1], environmental
monitoring [2], industrial production [3], structural health testing [4], electronic device
manufacturing [5], and other fields. For a comfortable life and efficient production, it is
necessary to effectively monitor relative humidity through sensing devices. Compared
with traditional electronic humidity sensors, optical fiber humidity sensors have the
advantages of compact structure, high sensitivity, anti-electromagnetic interference, and
being able to work in harsh environments such as high temperature and flammability [6].
Currently, there has been a lot of research on optical fiber humidity sensors, includ-
ing optical fiber interferometer [7], Fiber Bragg Grating [8], photonic crystal fiber [9],
Resonators [10], refractive index sensitive fiber [11], etc. Among them, the interfero-
metric fiber optic humidity sensors have attracted more attention due to their flexible
design and wide measurement range. In particular, the Fabry-Pérot (FP) interferometric
humidity sensors have a simple structure and are easy to implement, and they also
show good performance in humidity detection. Changpeng Lang [12] et al. used the
tensile curing method to fabricate an optic fiber FPI (Fabry—Pérot interferometer) of
polymer microrods based on the end face of the fiber core. This humidity sensor has the
advantages of simple fabrication process, low cost, high sensitivity, and fast response.
Bo Wang [13] et al. proposed a highly sensitive humidity optical fiber sensor based on
full agar FPI. The sensor is made by coating a thin layer of humidity sensitive agar on a
single mode optical fiber using an end immersion method. The sensitivity is 4.20 nm/%
RH, and the response time is shorter than 340 ms, with excellent characteristics.

In addition, with the development of optical fiber sensing technology, optical fibers
can be combined with biochemical sensitive materials with different characteristics, such as
agar [14], chitosan [15], SnO; [16], graphene [17], and so on, to achieve the detection of more
physical quantities, and this aspect has been widely reported. Kai Ni [18] et al. proposed a
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new type of humidity sensor based on the MZI (Mach-Zehnder interferometer) principle.
The sensor is formed by fusing the waist expansion between two SMFs and is modified by
depositing chitosan on the surface of the single mode optical fiber, possessing a sensitivity
of 119.6 pm/% RH. Rang Chu [19] et al. spliced a section of dual core optical fiber with a
standard single mode optical fiber to make the splice point smaller and produced a highly
sensitive graphene oxide humidity sensor based on a side polished dual core optical fiber
Michelson interferometer. Although the measurement range is small, it has ultra-high
humidity sensitivity. Ruijie Tong [20] et al. designed a new type of MZI based on photonic
crystal fibers coated with graphene quantum dots and polyvinyl alcohol film for relative
humidity detection. As the relative humidity changes, the refractive index and volume of
the film change, and films with different thicknesses have different sensitivity and spectral
movement directions.

Acrylate AB adhesive has the advantages of low cost, simple operation, and good
stability and is widely used in daily life as an adhesive [21]. Its molecules have hydrophilic
groups [22]. The refractive index of the adhesive film changes after adsorbing water
molecules, giving it a more sensitive humidity response. Aiming at the problems of
complex fabrication and high process requirements in traditional optical fiber humidity
sensors, this paper focuses on the principle of FP interference, combining optical fiber with
acrylate AB film and fabricating an optical fiber humidity sensor. The proposed sensor has
a simple manufacturing process, stable performance, and good performance in response
time. As a humidity sensor, it has good application prospects and practical value.

2. Structure and Principle

Considering the efficient measurement of optical fiber FPI and the adsorption char-
acteristics of acrylate AB adhesive, a new type of optical fiber biochemical sensor can be
developed by combining their advantages, and the connection method can be determined
based on their physical characteristics. A FP interference optical fiber humidity sensor
based on acrylate AB adhesive film is proposed, with its structural diagram shown in
Figure 1.
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Figure 1. Structural diagram of FP interference optical fiber humidity sensor based on acrylate AB
adhesive film.

A section of glass tube is welded at the end of a single mode fiber (SMF, Coring G.652. D),
and an FP cavity is formed by covering the end of the glass tube with an acrylic AB adhesive
film, forming the humidity sensor. Because the acrylate AB adhesive film is very thin, the
three-beam interference can be approximated as two-beam interference. SMF/ air is the first
reflective surface, and air/thin film is the second reflective surface. The refractive index of the
light transmission medium changes: 1, 111, 11 are the refractive indices of the SMF fiber core,
air and adhesive film, respectively. According to the Fresnel reflection effect, their reflectivity

is [23]:
2 2
m —no np—m
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Part of the light emitted by the light source is reflected at M; to form a reflected light
I1, and the light passing through M; reaches M; to form a reflected light I. There is a
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phase difference between the two reflected lights, so the intensity of the interference light I
generated by mutual interference is [24]:

4rnd
= 11+Iz+2\/1112cos(7+q)0), 2)

where 7 is the refractive index of the FP cavity, d is the distance between two reflective
surfaces, A is the wavelength of the incident light, and ¢y is the initial phase difference of
the interference beam.

When the phase difference between I; and I, meets the phase matching condi-
tion, a cancellation interference spectrum is generated, and its peak is given by the
following formula:

4rmnd
Am
where A, is the wavelength of the mth-order peak. According to Equation (3), it can be
obtained that:

+¢o=2mm,m=20,12,..., 3)

27tm — o
m 47_[_ 7
As can be seen from Equation (4), A, is only affected by the refractive index of the
sensor FP cavity n and the distance between the two reflective surfaces d. When the acrylate
AB adhesive film absorbs water molecules, the thickness and refractive index of the film
change, resulting in a shift in the interference spectrum.

nd=A m=20,1,2,..., 4)

3. Fabrication of Sensors
The sensor structure is fabricated from the platform shown in Figure 2.
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Figure 2. Sensor Manufacturing Platform.

The main body of the platform are two three-dimensional platforms that can be moved
in the XYZ axis direction. The left of three-dimensional platform 1 is fixed with a precision
electric drill bracket (AOBEN AB8101, Jinhua, China), and the right is fixed with an indus-
trial microscope camera and a fiber optic cutting knife (Fujikura CT50, Shanghai, China).

The upper end of three-dimensional platform 2 is fixed with a display screen connected
to an industrial microscope camera and an optical fiber fixing clip, which are adjusted
by knobs on the two three-dimensional platforms to align the grooves of the optical fiber
cutting knife with the grooves of the optical fiber fixing clip. The camera of the industrial
microscope camera is adjusted to the position corresponding to the optical fiber cutter, and
the length of the cutting optical fiber and glass tube can be observed on the display screen.

A desktop air pressure pump (ConST 162, Beijing, China) is placed on the left side of
three-dimensional platform 1, a section of hollow plastic pipe with a length of about 40 cm
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is selected, one end of the pipe is connected to the air outlet of the pressure pump through
solidified acrylic AB adhesive, and the handle of the desktop air pressure pump is pressed
to generate air flow in the hollow plastic pipe.

Through this platform, it is easy to achieve the cutting of glass tubes and the prepara-
tion of acrylic AB adhesive films required for experiments, thus improving the production
efficiency and success rate of sensors.

The fabrication of an optical fiber humidity sensor based on acrylate AB adhesive film
can be divided into the following 5 steps, as shown in Figure 3.

(@ SMF Glass tube Discharge

wi I Jﬂ_ ey ﬂ[“ r N—I]F—O

(b) Cut

a Y e !
o . el —

() (d) (e)
SMF

Glass tiibse Desktop air (B J’ SMF
5 e pressure pump Glass
(:-‘)_..—-———i _ - _ - tube

LT aE Ay R “
| / i
Acrylate AB Hollow Acrylate AB Aciylate AB
adhesive plastic tube  adhesive bubble adhesive film

Figure 3. Manufacturing steps of an optical fiber humidity sensor based on acrylate AB adhesive
film. (a) Fuse SMF and glass tube. (b) Cut glass tube. (c) Place optical fibers and acrylic AB adhesive.
(d) Bubble blow and film transfer. (e) Sensor structure.

Step 1: Select a suitable length of hollow glass tube (outer diameter and inner diameter
are 125 pum and 75 um, respectively) After burning off about 1 cm of the yellow coating,
cut the end flat and place it on the right side of the optical fiber fusion splicer. Cut the end
surface of the single mode optical fiber that has been stripped of the protective layer and
wiped clean, and place it on the left side of the optical fiber fusion splicer. Select appropriate
discharge parameters to fuse the glass tube and the single mode optical fiber together, as
shown in Figure 3a.

Step 2: Place one end of the glass tube on the optical fiber cutting knife of the pro-
duction platform, and place one end of the single mode optical fiber on the optical fiber
fixing clip, and fix it. Adjust the length of the cut glass tube by adjusting the Y-axis of
three-dimensional platform 2, as shown in Figure 3b.

Step 3: Fix the single mode optical fiber onto the precision electric drill bracket on
three-dimensional platform 1. The end of the glass tube is vertically downward, about
5 cm from the platform surface, which can prevent accidental contact and facilitate timely
contact during bubble blowing. Next, evenly mix adhesive A and adhesive B of the acrylate
adhesive in a 1:1 ratio and place them directly below the single-mode optical fiber fused
with a glass tube, as shown in Figure 3c.

Step 4: Insert a hollow plastic pipe into the acrylic adhesive and start a desktop air
pressure pump to pressurize, and an acrylic AB adhesive bubble will be generated at the
end of the plastic pipe. The generation process is shown in Figure 3d.

Step 5: Observe the generated acrylic AB glue bubbles. When the bubbles are large
and relatively stable, press down on the handle of the precision electric drill bracket to
drive the single mode optical fiber fused to the glass tube to tilt downward, so that the
glass tube probe gently touches the acrylic AB glue bubbles, which can transfer the thinnest
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film on top of the bubble to the end of the glass tube. Due to intermolecular forces, a thin
film will form on the surface of the glass tube probe, as shown in Figure 3e.

The acrylic AB adhesive bubbles generated by the bubbling method are shown in
Figure 4. When the glue of a bubble comes into contact with the gas, due to intermolecular
interactions, surface tension can be generated on the surface layer. The viscosity of the
film controls the surface tension, which effectively slows down the breaking speed of the
bubbles and helps ensure sufficient time for subsequent experimental operations.

Figure 4. Physical image of acrylic AB adhesive bubble.

The physical object of the fabricated optical fiber sensor structure based on acrylate
AB adhesive film is shown in Figure 5.

Figure 5. SMF connected to glass tube and covered with acrylic AB adhesive film.

In addition, a dual pressure assisted method can be used to more accurately control
the production of acrylate AB adhesive films, with some steps different from the above.

First, the outer diameter and inner diameter of the glass tube selected by the dual
pressure assistance method are 200 pm and 126 um, respectively. The processed glass tube
in the first step is not fused to a single mode optical fiber, but rather is directly fixed to
the precision electric drill bracket. Then, a thin film is formed at the end of the glass tube
through the bubbling method in the fourth and fifth steps, as shown in Figure 6a.

Secondly, an internal pressure system is composed of a needle tube and a spiral
micrometer. As shown in Figure 6b, a secondary pressure is applied to the acrylic AB
adhesive film at the end from the inside of the glass tube, allowing the film to expand and
become thinner, andwait for 30 min until the film is initially cured.

Finally, after the adhesive film has been cured, a processed SMF is inserted into the
glass tube from the end without a film, and the connection interface between the SMF and
the glass tube is fixed with UV adhesive to make the sensor probe structure stable and
compact, as shown in Figure 6¢.

The fabrication process of the dual pressure assisted method is more complex, but it
can help quantify the pressurization process. The film thickness produced by this method
can reach 4.44 pm so that the fabricated sensor structure has better response characteristics.
In addition, the methods of sensor fabrication through the bubble blowing and dual
pressure assisted methods are not limited to acrylic AB adhesive. They can also be applied
to other sensing materials, allowing easier and faster methods to produce sensors with
better performance.
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Figure 6. Schematic diagram of dual pressure assistance method. (a) Transfer adhesive film to glass
tube. (b) Apply pressure through the needle tube and spiral micrometer. (¢) Connect SMF to glass tube.

4. Experiments and Discussions

Measure the humidity performance indicators of the sensor proposed in this article,
such as sensitivity, response time, repeatability, and stability, and analyze the impact of
temperature on the humidity sensor.

4.1. Humidity Response Experiment
4.1.1. Experimental Device

In order to obtain reliable data and a stable humidity environment, a corresponding
humidity detection system has been designed based on experimental requirements and
detection content, as shown in Figure 7. The system includes two major parts: a modulation
and demodulation system and a humidity control system.

Reference Thermoo-
ASE hygrometer

T
i

Circulater Fhiii

9 Airl

Fd
v Humidity\\\
Serfsor Chamber  prghe

Figure 7. Structure Diagram of Humidity Detection System.

Modulation and demodulation systems include an ASE broadband light source (KG-
ASE-CL-17-5P, Beijing, China) with a wavelength range of 1528-1603 nm, an OSA (Yoko-
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RH ascending

gawa AQ6370D, Shanghai, China), whose resolution is maintained at 0.1 nm, an optical
fiber circulator, and a humidity sensor based on the acrylate AB film. During the experi-
ment, the light emitted from the ASE broadband light source passes through the circulator,
with one output SMF connected to the sensor and the other output SMF connected to
the OSA.

Humidity control systems include a hygrometer, sealed adjustable devices (humidity
boxes), humidifiers, and nitrogen cylinders. The hygrometer has a humidity resolution
of 0.1%RH with an accuracy of £1.5% RH and a temperature resolution of 0.1 °C with
an accuracy of £0.2 °C. It is used to monitor the humidity and temperature levels in the
experimental device. The nitrogen cylinders and humidifiers are connected to the humidity
box through a conduit to provide dry and wet air for the experiment. Adjusting the switch
at the connection can change the flow rate of dry and wet air, thereby controlling the
humidity in the humidity box. Through multiple measurements, it can be determined that
the humidity in the device can be adjusted to a minimum of 3% RH and a maximum of
98% RH.

4.1.2. Sensitivity

Sensitivity is one of the main indicators to measure the performance of a sensor, which
refers to the ratio of the change value of the output quantity Ay to the change value of the
input quantity Ax under the steady-state operation of the sensor:

Sensitivity = i—z, 5)

Figure 8 shows the sensor interference spectrum when the relative humidity rises from
10% RH to 90% RH in steps of 5% RH at room temperature (27 °C) for the sensor based on

acrylate AB adhesive film. As the relative humidity increases, the interference spectrum
moves towards a longer wavelength direction.
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Figure 8. When the humidity increases, the interference spectrum moves towards a longer wave-
length direction.

Figure 9 shows the scatter plot after sampling using the peak value of a wave peak
in Figure 8 and the curve obtained through exponential fitting. From the scatter diagram,
it can be seen that the interference spectrum of the sensor moves slightly with the change
in humidity when the humidity is low, and the interference spectrum movement distance
of the sensor gradually increases as the humidity gradually increases. In addition, the
calculation results of the fitting curve have supported that during the humidity rise
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process, there is an exponential correlation between the peak point of the interference
spectrum and the RH gradient rise; the variance is about 0.9994, and the RH ascending
sensitivity is 167.5 pm/% RH.
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Figure 9. Scatter plots and exponential fitting plots of sampled values at RH ascending.

Similarly, when the interference spectrum of the sensor is in an environment with a
relative humidity of 90% RH, the relative humidity of the environment is reduced from
90% RH to 10% RH in steps of 5% RH, and the change in the reflected interference spec-
trum is recorded. As shown in Figure 10, when the relative humidity decreases, and the
interference spectrum moves towards a shorter wavelength direction.
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Figure 10. When the humidity decreases, the interference spectrum moves towards a shorter wave-
length direction.

Figure 11 is an exponential fitting curve of the peak value of a wave peak. According
to the fitting calculation results, there is an exponential correlation between the peak point
of the interference spectrum and the RH gradient decrease during the humidity decrease
process, with a variance of 0.99984 and a decrease sensitivity of 161.3 pm/% RH.
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Figure 11. Scatter plots and exponential fitting plots of sampled values at RH descending.

We produced 33 sensors during the experiment, and they all exhibited the same
behavior, indicating that they have stable and good performance.

4.1.3. Response Time

In sensor response time measurement experiments, sudden changes in the humidity
environment are needed to reduce the impact on response time measurement. Therefore,
based on the above humidity detection system, a modified conical flask filled with different
saturated salt solutions was selected for the experiment. The improved response time
experimental detection device is shown in Figure 12.

Reference Thermoo-
hygrometer

e

Y
Sensor Probe

Figure 12. Humidity Response Time Detection Device for Sensors.

Conical flasks filled with MgCl, saturated solution, Mg(NO3), saturated solution,
and NaCl saturated solution, respectively (regarded as device 1, 2, 3), are selected to
provide three different relative humidity environments, 39.0% RH, 55.5% RH, and 76.9% RH
(measured before the experiment). In this experiment, the response time is the time required
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to rise from 5% of the wavelength difference to 95%, based on the spectral wavelength
corresponding to stabilization in two humidity environments.

. Tim€950/0 - Time5%
TimeResponse = ARH , (6)

At room temperature (27 °C), the sensor is placed in the air in device 1. After the
waveform stabilizes, the recording of the interference spectrum of the sensor begins. By
quickly transferring the sensor to device 2, it is possible to measure the response time of the
sensor from one relative humidity environment to another. After the transfer, the sensor is
placed in the environment for 5 min to basically reach a stable state, and then the sensor is
transferred to device 3 again to constantly observe the changes in the interference spectrum.
After it stabilizes, the previous operation is repeated in the order of humidity from high to
low, until it is completely stable, and the recording ends.

Figure 13 shows the humidity response time curve of the sensor. When the relative
humidity around the sensor suddenly changes from 39.0% RH to 55.5% RH, it takes about
96 s to move from the interference spectrum to stabilization. When it is stabilized in device
2, due to the impact of indoor humidity on device 2 during the transfer, the humidity is
measured and becomes 55.9% RH.

1572 1
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£
£ [
S 1570 :
[=2] |
c
(o |
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% | ! |
| ! |
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| ! |
| : |
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1567 1 96s | 144s ! 159s | 18s ' ‘
| | ! | !
. T T T L T - ‘ T T
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Figure 13. The time curve that sensor achieves stable performance after being transferred to different
conical bottle devices.

Next, the sensor is transferred to conical flask 3, and the time for the interference
spectrum to move from the beginning to stabilization is approximately 144 s. Between
spectral stabilization and the transfer sensor, there may be a shift in the interference light
due to changes in the external environment affecting the interior of the device as the
experiment progresses. After stabilization, the humidity in device 3 becomes 76.0% RH.

Then, using the same method, the sensor is transferred from device 3 to device 2, and
finally it is transferred to device 1 until it is stable. The time required for the sensor to
transfer to a stable state twice is approximately 159 s and 18 s. Based on the above data, it
can be obtained that the response time for humidity rises is 6.5 s/% RH, and the response
time for humidity decreases is 4.8 s/% RH.

The reason why the last response time is significantly different from the previous one
may be that the relative humidity in device 1 is the lowest, and it takes the shortest time to
recover from exposure to air. However, device 2 and device 3 require a certain amount of
time to recover to their original humidity environment after exposure to air. Because the
interference spectrum of the sensor varies with the humidity in the device, this process has
a certain impact on the measurement of response time.
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4.1.4. Repetitiveness

In order to evaluate the repeatability of the sensor, it is necessary to conduct a second
humidity sensitivity experiment based on the sensor sensitivity experiment in Section 4.1.2.
In this work, after completing the first sensitivity experiment, a second humidity sensitivity
detection experiment was conducted on the sensor immediately. Figures 14 and 15, respec-

tively, show the experimental results of two humidity increase/decrease experiments by
the sensor.

1555
B RH ascending(First time)
— Exponential fitting of RH ascending(First time)
€ RH descending(First time)
— Exponential fitting of RH descending(First time)
1550

Wavelength (nm)
7
&
1
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1535 : . - . - . - - -
0 20 40 60 80 100
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Figure 14. Scatter plots and exponential fitting results of the first sensitivity experiment.
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Figure 15. Scatter plots and exponential fitting results of the second sensitivity experiment.



Photonics 2023, 10, 873

12 of 17

From the results of two humidity rise and fall experiments, we can see that the sensor
always maintains a good exponential response to the relative humidity of the external
environment. Comparing the two experimental results, this brings up the important fact
that the proposed sensor has a relatively good repeatability in humidity detection, which
further verifies the reversibility of the sensor.

4.1.5. Stability

An experiment was developed to detect the stability of the sensor using the system
in Figure 12. Under normal temperature (27 °C) and pressure, in the above device 1, 2, 3,
the stability of the proposed sensor was tested in a humidity environment with relative
humidity of 39.1% RH, 57.1% RH, and 76.9% RH (measured during the experiment),
respectively. After placing the sensor in the current humidity environment for 5 min to
ensure that the humidity environment within the device reaches a stable level, the recording
begins. the interference spectrum is recorded every 10 min, with a total recording time of
210 min and a total of 22 records. The experimental results of the stability experiment are
shown in Figure 16.

1573
1572 -
_ 15714 —u— MgCl
£ ] —e— Mg(NO;),
= 1570 - NaCl
o
5 —0—-0—-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0
o 1569 -
>
]
=
1568 -
s-m-m-m-m-0-0-8-"-p-p-m-m-m-B-B-E-E-E-E-E-E
1567 -
1566 T T T T T T T T T T

1
0 20 40 60 80 100 120 140 160 180 200 220

Time (min)
Figure 16. Stability experiment of sensor.

According to the experimental results, when the humidity environment is almost
constant, the interference wavelength remains within a certain range. In different humidity
environments, the maximum fluctuation of the humidity sensor within 60 min is 0.1 nm,
which exhibits good stability.

Due to the limitations of experimental conditions, it is impossible to completely avoid
small disturbances caused by changes in environmental conditions during the experimental
process, such as changes in room temperature, and changes in three humidity environments
experienced during sensor transfer. However, through the analysis of sensor sensitivity,
response time, repeatability, reversibility, and stability, it can still be seen that the sensor
has excellent performance in humidity sensing.

4.2. Temperature Impact Analysis

In humidity response experiments, it can be observed that changes in ambient temper-
ature have an impact on the sensor. Therefore, through the temperature detection system
shown in Figure 17, we further explored the impact of temperature on the sensing process.
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Tumble dryer

Figure 17. Temperature Detection System.

In the temperature response experiment of the sensor, another sensor with the same
structure is used for temperature detection experiment. The humidity is maintained at 30%
RH, and the temperature increases from 25 °C to 45 °C. The interference spectrum changes
with the ambient temperature as shown in Figure 18.
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Figure 18. Temperature response curve of the sensor.

This picture sets forth the important fact that as the temperature increases, the interfer-
ence spectrum moves towards a longer wavelength direction. Because we conducted the
experiment in an environment with low humidity, we can basically eliminate this interfer-
ence. The increase in temperature causes a change in the refractive index of the material,
resulting in a shift in the interference spectrum. the peak point of the leftmost wave peak
is taken, and a plot of the interference spectrum change when the temperature rises from
25 °C to 45 °C is obtained, as shown in Figure 19. From the curve, it shows that the moving
range of the interference spectrum is 1531.2 dB to 1536.1 dB, and the temperature sensitivity
of the sensor is 245 pm/°C.
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Figure 19. The sensor interference spectrum moves towards a longer wavelength as the tempera-
ture increases.

Temperature calibration is achieved by splicing a section of fiber Bragg gratings (FBG)
onto the fiber of the sensor [25]. The sensitivity matrix is as follows:

{ AArBG } _ |:SRH_FBG ST_PBG:| { ARH } %

AApp Sr_rp ST_pp | [ AT [
where Sry rpg and Sgy_rp are the relative humidity coefficients of the fiber Bragg grating
and the FP cavity; St rpg and St _rp are the temperature coefficients of the fiber Bragg
grating and the FP cavity; ARH and AT are changes in relative humidity and temperature;
AArpc and AApp are the wavelength shifts of the fiber Bragg grating and the FP cavity,
respectively. The variation of the interference spectrum of the improved sensor at different
ambient temperature is shown in Figure 20.

1
(0]
1

Increase temperature ———

—
=
1

Interference spectrum (dB)
2 G
1 L

=25 4

1530 1540 1550 1560 1570 1580 1590 1600
Wavelength (nm)

Figure 20. After improving the sensor structure, the interference spectrum shift decreases as the
temperature increases.

Similarly, as the temperature increases, the interference spectrum moves towards
a longer wavelength direction. The variation curve of the interference spectrum with
temperature rise obtained by taking the peak point of the leftmost wave peak is shown
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in Figure 21. is the curve supports the fact that the interference spectrum of the sensor
with FBG has a moving range of 1537.6 dB to 1540.4 dB, and its temperature sensitivity is
140 pm/°C.
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Figure 21. Temperature response curve of sensor with FBG.

The improved structure of the sensor greatly reduces its sensitivity to temperature,
making it more suitable for use in daily environments.

This work is the first time that acrylate AB adhesive has been used for humidity sensor
research. From the results, it can be seen that the sensor has good performance in sensitivity,
stability, and response time, indicating that acrylate AB adhesive has great potential in
humidity sensing.

4.3. Performance Comparison

In Table 1, we compare the performance of some fiber optic humidity sensors based on
FP interference in recent years. Though they have different humidity-sensitive materials,
the sensors mentioned in this article still perform outstandingly.

Table 1. Performance Comparison of Fiber Optic Humidity Sensors Based on FP.

The Structure of

Sensors Material Range Sensitivity Time
FPI Agar film 25-95% RH 4.2nm/% RH 2018 [13]
FPI Agarose 43-63% RH 22.5pm/% RH 2016 [25]
FPI agarose gel 16-85% RH 22.5pm/% RH 2017 [26]
FPI Chitosan 35-95% RH 280 pm/% RH 2016 [27]
FPI polyimide 20-90% RH 22.1 pm/% RH 2020 [28]
FPI PI film 20-90% RH 22.07 pm/% RH 2018 [29]
FPI PVA film 46-75% RH 248.9 pm/% RH 2021 [30]
FPI GQDs-PVA  13.47-81.34% RH 117'2121?1“‘/ " 2019 [31]
FPI CAB film 8.8-88.1% RH 307 pm/% RH 2013 [32]
FPI Acrylate AB glue 10-90% RH 172.5 pm/% RH our work

In addition, Acrylic AB adhesive is cheap and has good stability, its adhesive perfor-
mance can optimize the production process, and it has potential in humidity sensing.
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5. Conclusions

A method of fabricating an FP cavity through acrylate AB adhesive film using a
bubbling method and a dual pressure assisted method is proposed. These methods can
quickly and efficiently fabricate ultra-thin film structures. In addition, the dual pressure
assist method not only pressurizes the acrylate AB adhesive to generate bubbles, but also
inflates and pressurizes the film, which can make the film thinner and make the structure
more sensitive. Then, through humidity response experiments, various characteristics of
the sensor are verified, and the sensitivity of humidity rise and fall is 167.5 pm/% RH and
161.3 pm/% RH, respectively. The response time for humidity rise is 6.5 s/% RH, and
the response time for humidity drop is 4.8 s/% RH. In addition, as a humidity sensitive
material for FP cavities, acrylate AB film exhibits good repeatability and stability. Finally,
the temperature response detection is completed, and the structure is improved.
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