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This work proposes a hygroscopic polymer microcavity fiber Fizeau interferometer (PMFFI) incorporating
a fiber Bragg grating (FBG) for the simultaneous measurement of relative humidity (RH) and tempera-
ture (T). The PMFFI was fabricated by attaching the hygroscopic polymer to a single-mode fiber endface
to form a low-finesse Fabry-Perot resonant microcavity. This work is the first to investigate polymer
of the Norland Optical Adhesive (NOA) series with particular porous structures that responds well to
the moisture and can thus be used in the fiber-optic sensing of relative humidity. Additionally, the NOA
materials have a high thermal expansion coefficient and so can be used in the highly sensitive measure-
ment of temperature. The adsorption/desorption of water molecules and variations in temperature both
change the optical path of the microcavity, shifting the fringes in the interference spectra. Incorporating
a general FBG that is nonreactive to RH but sensitive to T judges the variation in T. The combined sensor
supports the simultaneous measurement of both parameters RH and T by gauging of the individual spec-
tral responses of PMFFI and FBG, respectively. Experimental results demonstrate that the RH and T can be
simultaneously measured with high sensitivity and accuracy using the proposed sensing configuration.
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1. Introduction

Relative humidity (RH) is the amount of water vapor in air
relative to the amount of water vapor in saturation at a static tem-
perature (T). RH depends mainly on the T of the environment. The
simultaneous measurement of both RH and T has important appli-
cations, such as in semiconductors, food processing, and biomedical
and industrial technologies. These two physical properties of the
environment can affect the quality and yield of manufactured
products. Therefore, the simultaneous measurement of these two
parameters is becoming increasingly important. Although the RH|/T
measurement instruments that are based on the electronic devices
are the commonly used, however, they will soon be replaced by
sensors that are based on photonic structures. The reason is that
the electronic humidity sensors do not perform well in harsh envi-
ronments, such as in the presence of corrosive substances or high
temperature. The fiber optic sensors have always been regarded
as sensitive and potential candidates owing to their many advan-
tages, including non-electrical operation, tiny size, high sensitivity,
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corrosion resistance, effectiveness in remote measurement and
rapid response [1-33]. However, few all-silica-based fiber optic
humidity sensors have rarely been developed because their main
constituent material, silica, is not a favorable hygroscopic sub-
stance. Hygroscopic materials, such as agarose [1,13,20,22,24,27],
polyvinyl alcohol (PVA) [14,16,18,19,21,23,29,30], polymeric sub-
stances[2,3,5,6,9,15,26] or others [7,10,12,17,28] have been coated
onto the main elements of the fiber sensors. Optical signals are
modulated by the physical and chemical reactions of these materi-
als to the RH of the environment. In relevant studies, special fibers,
such as those with hollow cores (HCF) [12], multimode fibers (MMF)
[9,17,23,29], photonic crystal fibers (PCF) [8,13,16,18,19,22,24,27]
and plastic optical fibers (POF) [3], have been used for measuring
humidity. Regardless of the hygroscopic materials that are used
in the fibers, the sensing mechanism is usually based on very
slight variations of the refractive indices (RI) and thicknesses of
the hygroscopic materials upon the absorption of H,O molecules
[1-32]. Thus, the types of interferometric fiber sensors are espe-
cially suitable for the extremely insignificant changes of the RI and
thicknesses of the hygroscopic materials due to their miniature
size, high sensitivity and very high resolution. RH depends strongly
on T. Thus, the variations in RH can be well evaluated only if T
can be measured at the same time. Accordingly, the simultaneous
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measurement of the RH and T parameters of a system is of scientific
and technological importance. Some fiber humidity sensors that are
incorporated into fiber gratings have been developed with hybrid
structures for simultaneously sensing other physical parameters.
These works have especially focused on the simultaneous sensing
of RH and T parameters [2,11,19,24,30].

This work develops a very simple, easy, and flexible probetype
polymer micro-cavity fiber Fizeau interferometer in which is incor-
porated a general FBG for the simultaneous measurement of RH
and T. The simultaneous measurement is based on the different
responses of the PMFFI and the FBG to the RH and T. The PMFFI is
coated with a layer of Norland Optical Adhesive (NOA) polymer by
a convenient and efficient UV-cured method, as presented in Fig. 1.
In this work, for the first time, materials form the NOA series are uti-
lized in the fibers with favorable hygroscopic properties [31,32] and
strong responses to T [33]. The NOA that is used herein is an opti-
cal gel whose porosity causes physical adsorption and desorption
of water molecules from and to the surroundings [34]. Therefore,
the optical path of the Fizeau cavity varies owing to H,O adsorp-
tion and desorption as the humidity changes. Hence, the proposed
device can be expected to be a good humidity sensor. The NOA 61
also has a high sensitivity to T owing to its high thermal expansion
coefficient (TEC) 0f2.2 x 10~4°C~1[35] and has much higher Rl than
that of fiber, so it is more suitable for use in our device. Besides, it is
designed to give an excellent bond to glass surfaces and may be pol-
ished after UV-curing [36]. Thus, the polymer surface can be treated
as smooth mirror so the surface roughness is ignored. By incorpo-
rating a simple bare FBG that is almost unaffected by humidity and
so exhibits a spectral shift only with a variation in T, allows the
simultaneous measurement of both RH and T and the individual
responses of the sensor to both parameters to be evaluated.

2. Sensing principle

The Fizeau interferometer is a Fabry-Perot interferometer (FPI)
whose cavity has a low reflectivity. Thus, sensing principle using
the proposed PMFFI exploits the characteristics of the low-finesse
fiber FPI. The polymer coating of the NOA series on the SMF swells or
shrinks in response to ambient RH/T changes, affecting the optical
length of the Fabry-Perot cavity as well as the phase difference
between the consecutively reflected light beams. Monitoring the
variation of interference fringes that are reflected from the two
interfaces yields obtain the information about the changes of RH|T
from the ambient space. Most importantly, this work is the first in
which hygroscopic characteristics of the porous structures of the
NOA series of materials are exploited to sense changes in RH and T
[31-33].

In the configuration of the sensor that is shown in Fig. 1, when
the Fresnel reflectivity of the interfaces is low, the behavior of
the cavity can be approximated using a two-beam interferometric
model, given by the equation,

r=rq 41y £ 2713 cos(¢p) (1)

Polymer NOA61

SMF

Fig. 1. Configuration and operating principle of PMFFI.

where r is the reflected intensity of the interference signal; r; and
r, denotes the intensities that are reflected at the interfaces, and ¢
denotes the optical phase of the interferometer, given by Eq. (2).
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where nis the refractive index of the medium NOA 61 that is formed
as the Fizeau cavity and A is wavelength of the light source. The
phase difference between both interference beams depends upon
the optical path nL, where L is the thickness and n refractive index
of the cavity. The periodicity of the spectral fringes of the spectra
can be expressed using the free spectral range (FSR),

)Lm)\-m-H
2nL 3
FSR= Am+1 —Am, where m is an integer and A, and Ap.q are
the central wavelengths of the two peaks/dips adjacent to the mth
dip in the spectrum. Changes in the cavity that are caused by
RH|T variations cause phase shifts in the interference signal that
can be retrieved by tracking the wavelength shift of the interfer-
ence spectrum using an optical spectrum analyzer (OSA). Thus, the
mth wavelength (A;) of the spectral minimum with the condition
@ =2mu is given by the expression of Eq. (4).
When the PMFFI sensor is exposed to the different RH/T levels,
the NOA 61 cavity expands/shrinks, changing the optical length (nL)
of the cavity, shifting the A, which satisfies,
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The incorporated FBG whose grating written in the core of SMF
is insensitive to humidity but sensitive to T. Owing to the high sen-
sitivity of the PMFFI to T, T and RH can be simultaneously measured
using the combination of the PMFFI and the FBG. If the T and RH
change, the wavelength shifts that are caused by both the FBG and
the PMFFI can be respectively estimated by using the following
equations.

Ahmpe 1 0A
— L O AT BARH = AAT + BARH 5a
Apc A OT (52)
Adpyrr _ 10d b AR CAT 4 DARH (5b)
APMFFI dor

where A, C and B, D are the temperature and humidity sensitivity
coefficients of the PMFFI and the FBG, respectively; d and A denote
the cavity of the PMFFI and grating period of the FBG, respectively.
The coefficients A, B, C and D can be determined by measuring the
responses of spectral sensitivities of the PMFFI and the FBG in the
combined device to variations in T and RH, respectively. Then, the
matrix inversion method is used to obtain the variations of tem-
perature (AT) and relative humidity (ARH) simultaneously from
the wavelength shifts of the PMFFI (AApyer) and the FBG (AXgge),
respectively. The relationship between the above parameters is as
follows.

[ Al
(AT>=(A B) EBG )
ARH C D A)"PMFFI
“APMEFFL
Eq. (6) can be simplified as,

-1

( AT > A B Alrpe (7)
ARH ¢ D AApyMFF

where A, C, B and D’ are the normalized coefficients of the sen-

sitivities of the FBG to T and RH and of the PMFFI to T and RH,

respectively. As aresult, the obtained variations of the center wave-
length of the FBG (AXgpc) and the shifts of peaks/dips of the PMFFI
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(AMpymrr) can easily and simultaneously yield the changes of RH
and T.

3. Experimental
3.1. Fabrication of PMFFI

The configuration of the sensor is based on the simple two-beam
interferometric mechanism. The polymer NOAG61 acts as a micro-
cavity that generates low-finesse interference by reflecting from its
first and second interfaces, as presented in Fig. 1. When the sensing
probe is placed in the testing environment, the interference spectra
were changed by the adsorption and desorption of H,O molecules.
To fabricate the PMFFI, a sensor probe was formed by manually
depositing a layer of NOA 61 on the endface of an SMF28 fiber and
the deposition process was monitored by using a CCD microscope.
The NOA 61 is a clear, colorless, liquid photopolymer that is cured
by exposure to ultraviolet (UV) light. The curing process trans-
forms the liquid NOA61 into a full solid and a well-bonded polymer
structure. The adhesive force between the SMF and the polymer is
strong when the latter is fully cured. In the experiment herein, the
NOA 61 on the endface of the SMF becomes fully solid upon expo-
sure to UV light with an intensity of around 5 mW/cm?2 for 30s
at room temperature. However, in this situation, the NOA 61 does
not reached its optimum adhesion to glass, even with complete
curing. Therefore, the aging process was executed herein to form
chemical bonds between the glass and the NOA 61 polymer [36].
Accordingly, the good adhesion, improved solvent resistance and
an ability to withstand temperatures of up to 200 °C are achieved.
These superior characteristics are very important in the fabrication
of high-quality optical devices and the achievement of long-term
performance in a changing environment. For most humidity fiber
sensors that are listed in the references, the preparations of the
hygroscopic materials are complicated and the coatings of these
hygroscopic materials on the fibers are difficult. In contrast, the
NOA interferometric sensors developed herein are fabricated using
easily and rapidly technique by manually overlaying a NOA layer
on the endface of a fiber with a convenient and efficient UV-curing
method.

3.2. Measurement setup
Fig. 2 shows the proposed fiber-optic multiple-sensing system.

The measurement system comprises an optical spectrum analyzer,
OSA; a broadband light source, BLS; the proposed PMFFI and a

(a) Polymer NOA61
PMFFI i

~ BLS

FBG | THCC

SMF

Fig. 2. Experimental setup for simultaneously measuring RH and T. Insets (a) and
(b) schematically depict sensor heads of (a) PMFFI and (b) FBG, respectively.
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Fig. 3. Spectral responses of fabricated PMFFIs with different types of NOA materials
of (a) NOA 61, (b) NOA 65, and (c) NOA 87.

general FBG sensing probe. A chamber with controlled tempera-
ture and humidity and a 2 x 2 optical fiber coupler are also used.
The light that is emitted from the BLS is firstly coupled into a cou-
pler and divided into two parts. One beam of light propagates to
the fabricated PMFFI and the other is incident on the FBG probe.
The PMFFI generates quasi-sinusoidal interference patterns over
a very wide range of wavelengths. The light from the FBG probe
with a specific central Bragg wavelength is reflected. These two
reflected spectra are collected by the coupler and detected by the
OSA. An Advantest Q8384 OSA is used to record the optical spectra.
The OSA has a wide dynamic range of 60 dB and a high wavelength
resolution of 0.01 nm. The used BLS of the type OLSWB-OESCLU-
FA is from the Opto-Link Corporation Ltd. It comprises a series
of superluminescent light emitting diodes whose power was syn-
chronously monitored during the experiment to ensure stability.
The great merit of the proposed interferometric sensing scheme of
the fiber sensor is that it does not require alignment of the prop-
agated optical light. The sensing system also does not need to be
operated on an optical table since the sensor developed herein can
be easily packaged in a commercial fiber U-groove and was stable
even under vibrations or in flowing air conditions.

3.3. Characteristics of the PMFFIs

The main advantage of the proposed PMFFI is that its structure
can be easily modified by controlling the amount of the attached
NOA. There are many types of NOA series with specific features [36].
NOA 61 (np =1.56), NOA 65 (np = 1.524), and NOA 87 (np = 1.52) are
typically used in the fields of optics and fiber communications. The
RI of NOA 61 is much higher than those of the silica fiber and air
and consequently the NOA-microcavity can produce higher Fres-
nel reflections; it is therefore more suitable for use in our device
proposed herein. Fig. 3 presents the optical spectra of three NOA-
based sensors with the same structure (cavity length). Sensor (a)
with high fringe visibility was realized using the material of NOA
61. Hence, the material of NOA 61 was chosen to fabricate the pro-
posed sensor. Fig. 4 shows different structures of the PMFFIs can
be fabricated for particular applications. The Fig. 4(a) shows side-
view of the microphotographs of the sensor endface with different
microcavity of the polymers. The arc shape of the fabricated poly-
mer surface is created by the cohesive force of the NOA61 liquid.
The results of Fig. 4(a) demonstrate that the thin polymer film with
a thickness from 10 pm to 42 pm can be effectively attached to the
endface of the SMF. The corresponding interference patterns of the
fabricated PMFFIs in Fig. 4(a) are measured and plotted in Fig. 4(b).
Two Fresnel beams from the interfaces of the polymer micocavity
can yield pure sinusoidal interference patterns. The spectral inter-
ference fringes reveal that a longer cavity has a denser interference
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Fig. 4. (a) Microphotographs and (b) spectral responses of fabricated PMFFIs with cavity lengths, L of (1) 10 wm, (2) 15 wm, (3) 27 wm and (4) 42 pm.

pattern and a shorter free spectral range over a given range of wave-
lengths. The overall insertion loss is in the range 7-14 dB for PMFFIs
with different values of d. The fringe visibilities also vary with the
value of d of the device. Several factors influence the visibility of the
fringes from the devices, such as the quality of fabrication (manu-
ally coating and UV-curing), the geometry of the NOA 61 polymer
cavity and the RI of the NOA materials. The first factor does not need
to be discussed owing to the uncertainties associated with human
skills. The second factor is considered to be the most important to
affect visibility when the NOA materials are specified. According to
Eq. (1), the interference performance is optimal and the fringe vis-
ibility is maximal when the intensities of two interference beams

are equal. The Fresnel reflection from the first interface, fiber/NOA,
is weaker than that of the second interface, NOA/air. Theoretically,
when an optical beam propagates from an SMF into a NOA-polymer
zone, its mode field expands. The expanded beam was reflected
from the second interface, NOA/air, and some of the light is received
by the acceptance cone of the SMF, re-entering into the fiber core.
Therefore, the amount of r, that re-coupled into the core is strongly
related to the visibility of the fringes of the interference spectra. In
the Fig. 4(a) and (b), sensor (1) has a very thin cavity and poor fringe
visibility because most of the r; is re-coupled to the core. The long
cavity with the long propagating optical path in sensor (4) yields
weaker visibility because very little of the r, can be received by the
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Fig. 5. Interference spectra of L=27 wm PMFFI in response to only (a) RH and (b) T
variations.

fiber core. If the amount of r, that is re-coupled into the core is
much greater or much smaller than that of ry, the visibility is low.
On the other hand, structures of the sensors (2) and (3) make the
r, approaching to their r; that would obtain better visibility.

4. Experimental results and discussion

Owing to the favorable hygroscopic capability of the NOA series
of polymers, as revealed in our previous studies, the proposed
PMFFI is employed to measure the surrounding RH to evaluate the
effectiveness of the sensing scheme. The device is placed inside a
temperature and humidity-controlled chamber (THCC), which was
a closed space in which the RH was increased from 20% to 90%
with T fixed at 25°C, as displayed in Fig. 5(a). The used polymers
with structures effectively adsorbed water molecules. In such the
porous polymer systems response to the increase in humidity are
caused by two processes: (1) the increase of the volume due to
polymer swelling and (2) lowering of the refractive index due to
the increased number of water molecules in the polymer. Each
of these processes affects the interference pattern. The proposed
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Fig. 6. Spectral responses of fabricated PMFFIs with (dashed line) and without (solid
line) an FBG, respectively. Central wavelength of the FBG is 1545 nm.

PMFFl is also highly sensitive to variations in T. The highly sensitive
dependence of the polymer on T arises mainly from the high TEC
of the polymer, although the fact that some closed pores is filled
with a few molecules of air and water vapor. The air and water
vapor molecules inside the polymer are many fewer than the poly-
mer molecules. To demonstrate this phenomenon, experiments are
performed, yielding the results in Fig. 5(b), which indicates high
sensitivity to T from T=10°C to 50°C at a fixed RH of 20%. These
results demonstrate that the spectral responses of such polymer-
based fiber optic sensors are strongly correlated with T and RH.
The measurement system may easily compensate for the T cross
sensitivity by using an additional bare FBG that is not RH sensi-
tive. Therefore, to measure simultaneously RH and T, the PMFFI is
integrated with a general FBG, as described above. Fig. 6 plots the
spectral responses of the fabricated PMFFIs with L=27 pm with
and without an FBG. The central wavelength of the FBG is around
1545 nm. The FBG herein is important in judging the variation in T
becauseitisinsensitive to the RH. The combined PMFFI + FBG sensor
was tested in response to variations in RH and Tin the chamber over
an RH range of 20% to 90% and a Trange of 10 °C to 50 °C. The wave-
length shifts of the interference fringes were recorded when the
chamber reached equilibrium at every humidity and temperature.
Fig. 7(a) shows changes of the reflection spectra for the combined
sensing probe as RH was increased. Insets (1) and (2) in Fig. 7(a)
reveal the peak wavelength shifts of the FBG and PMFFI, respec-
tively. A significant phase-shift of the interference fringes of PMFFI
toward longer wavelengths is observed. The red-shift of the inter-
ference fringes at fixed T=25°C indicates slight expansion of the
NOAG61 polymer that causes changes in the optical path. However,
the center resonant peak of the FBG is almost fixed, reflecting its
insensitivity to RH. The linear curve fitting yields sensitivity to RH of
0.0545 nm/%RH during both desorption and adsorption. The result
verifies the reversibility of RH measurement by the proposed PMFFI,
which is shown in Fig. 7(b). The fitted lines reveal a proportional
relationship between the wavelength shifts (AX)and RH, indicating
that PMFFI responds linearly over the studied RH range. In contrast,
the wavelength peak of the FBG is nearly fixed so the corresponding
sensitivity is zero.
The integrated sensor was also utilized to sense T to study
its thermal behaviors. Fig. 8(a) plots the relationships between T
and the spectral responses at wavelengths region from 1500 nm
to 1600nm. The results demonstrate that the PMFFI and the
FBG are both sensitive to T when the RH is fixed at 20%. Insets
(1) and (2) present the peak wavelength shifts of the FBG and
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(b) Sensitivities of proposed PMFFI and FBG to RH during adsorption and desorption
processes.

PMFFI, respectively. The optical spectral shifts of the FBG and
the PMFFI owing to the thermal expansion of the silica and NOA
61 are 0.78nm and 10.8 nm, respectively over the T range of
20°C~50°C. The PMFFI is highly sensitive to T because of NOA 61
has a high thermal expansion coefficient. Fig. 8(b) plots the fitted
linear wavelength shifts for the FBG and the PMFFI in response
to variations in T. As T was increased and reduced, both PMFFI
and FBG responded reversibly. The measured linear sensitivities
of the PMFFI and FBG to T are determined to be 0.2695 and
0.0195nm/°C, respectively. Based on the above experimental
results, the aforementioned matrix inversion method is used to
perform simultaneous measurement of RH and T. The sensitivities
of the PMFFI and the FBG to RH are 0.0545 nm/%RH and 0 nm/%RH
over an RH range 20-90%. The corresponding sensitivities to T
are 0.2695nm/°C and 0.0195 nm/°C, respectively, over the range
of 20-50°C. The normalized sensitivity parameters A’, C' and B,
D’ are the T and RH sensitivity coefficients of the sensor, which
are estimated to be 0.0195, 0.2695, 0 and 0.0545, respectively.
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Fig. 8. (a)Reflection spectra of L=27 pm PMFFI that incorporates FBG as T increases.
Insets (1) and (2) present shifts of peak wavelengths of FBG and PMFFI. (b) Sensitiv-
ities of proposed PMFFI and FBG to T in heating and cooling.

Therefore, the following equations provide the basis for using the
proposed PMFFI + FBG to measure simultaneously changes in T and
RH once the AArg; and AApyrr have been obtained.

AT\ (00195 0 \ ' [ Ahmc (8)
ARH / ~ \ 0.2695 0.0545 AApmrri

AT 1 0.0545  0.000 Ahrsc 9)
(ARH) T 1.06275 x 103 (—0.2695 0.0195) Y-

To demonstrate the accuracy of the Eq. (9) for the developed
sensor, T and RH were simultaneously varied from their initial val-
ues of Tp=20°C and ambient RHy=50% to the three cases of (a)
T=30°C,RH=70%,(b) T=10°C, RH=40%, and (c) T=40°C, RH=35%.
Table 1 presents the simultaneous measurement of T and RH under
various conditions. Under the given condition of (a), the measured
wavelength shifts of the FBG and the PMFFI are AAggs =+0.188 nm
and AApyrr = +3.75 nm, respectively. Based on the achieved Eq. (9),
the variations of T and RH are readily obtained as AT=+9.64°C
and ARH=+21.15%, respectively. Thus, the measurement of the
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(b) T=10°C, RH=40% (c) T=40°C, RH=35%

Table 1
Simultaneous measurement of T and RH under various conditions.
Parameters Conditions
(a)T=30°C,RH=70%
AApp (nm) +0.188
AXpmrr (nm) +3.751

Determined data by Eq. (9)
Measured T, and RH;,

AT=+9.64°C, ARH=+21.15%
Tm=To+AT=29.64°C,
RHm =RHo + ARH=71.15%

Terror = |(Tm - T)/T| Terror =0.0120

-0.189

~3.085

AT=-9.69°C, ARH=—8.68%
Tm=To+AT=10.31°C,

RHm =RHo + ARH=41.32%
Terror =0.0310

+0.379

+4.486

AT=+19.44°C, ARH=-13.80%
Tm=To+AT=39.44°C,

RHp, =RHo + ARH=36.20%
Terror =0.0140

RHerror = |(RHm — RH)/RH| RHerror =0.0164 RHerror =0.0330 RHerror =0.0343
(a) . : 49 40 %RH e———> 80 %RH 100
15489 I Tof25°C 1 ";O ***** ~
\ Poo N
~ . | N .
~ 15473000 000000000000 000 ¢ = 4.6 \ 80
E 2 \ S
= 5} \ >
S 15457 g \ g
o0 ‘9000000000000 0000007 £ 43h \ 160 £
2 = \ =
[ g AN e
% o AN o
31544-1Iooooooooooooooooou & \ &
Q - <
® 80 %RH ® 50 %RH ® 20 %RH o 4 IO
1542.5 - . ”
0 120 240 360 5 sec
(b) 1ss4 3'70 5 10 s 230
RH of 30 % . i
Time (sec)
PRI S S A L N
g Fig. 10. Response transient of the sensor (dashed line) to increases in RH from 40%
=
; to 80% (soild line) at a fixed T of 25°C.
Eﬁ 154834 A A A A A A A A A A A A A Aaaranrng
(5]
g is shown in the solid line of Fig. 10. The response of the optical sig-
B IS45TYY VY VYYVYYVYVVYYV VY] nal was acquired using an optical power meter (Hewlett Packard
, o a o o 8153A Light wave Multimeter) and was plotted in the dashed line.
40°C 30°C Y 20°C . .
. ) The steep slope of the response verifies the effectiveness of the sen-
15420 120 240 360 sor. The response transient of the sensor is defined as the interval
Time (min) between reflections of 0.9 and 0.1. In the experiment, T is fixed

Fig. 9. Wavelength of spectral dip for various conditions of (a) RH and (b) T values
based on long-term measurement.

T and RH in case (a) are measured as T;; =20+9.64=29.64°C and
RHp, =50+21.15=71.15%, respectively. The simultaneously mea-
sured values of T,; and RH,, are close to the actual values under
condition (a), with only slight errors. The errors in T and RH are
1.2% and 1.6%, respectively. One can see other cases in Table 1,
cases (b) and (c), the good performances of simultaneous sensing
of the sensor have been achieved, with measurement errors of
below 3.5%. The above evaluation demonstrates the feasibility of
the proposed sensor. To examine the efficiency of the device, the
stability and response time of the proposed polymer-sensor were
measured. The proposed PMFFI was packaged and placed in the
RH and T controlling chamber with various conditions of fixed RH
and T for long-term measurement. The chamber included a com-
pressor and two circulation fans to ensure that RH and T were
uniform throughout the space. Therefore, mechanical vibrations
and circulating airflows from the surroundings were present. The
experimental results indicate the fixed interference dips of optical
response that at various situation of RH and T for 6 h. The maxi-
mal variations in the wavelength dip in the various surroundings
are averagely +0.02 nm to demonstrate the operational stability of
sensor, as displayed in Fig. 9(a) and (b).

In order to investigate the response transient of the NOA to the
RH, the sensor was placed in the chamber again and subjected to
rapidly changing RH from 40% to 80%. The curve of the change for RH

at 25°C and a response time of 5s to an RH variation of 40% is
obtained. The favorable response time may be attributed to the
very tiny layer of the porous polymer on the fiber endface, which
allows fast diffusion by the moisture molecules.

5. Conclusion

An optical fiber sensor that consists of a PMFFI and an FBG
for the simultaneous measurement of RH and T is proposed and
experimentally demonstrated. The optical gel, polymer NOA61,
was utilized as a sensing material in an optical fiber humid-
ity/temperature sensor that was based on a low finesse Fizeau
interferometer. Owing to the strong hygroscopic characteristic of
the porous polymer, a variation in RH affects the amount of water
molecules that are adsorptive by it, varying the optical length
of the cavity. The consequent wavelength shifts in the reflected
interference pattern are proportional to the variations in RH and
T. Experimental results reveal that the proposed sensor instanta-
neously detects both the T and RH of the surroundings. Owing to
the miniature size of sensor, the response time to an RH change
of approximately 40% is around 5s. The results reveal that this
simultaneous measuring device has many potential applications.
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