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Abstract: The purpose of this study is to demonstrate a simple high sensitivity vapor sensor for propanol
((CH3),CHOH). A free space gap was employed in two arms of a Mach-Zehnder interferometer to serve
as the sensing mechanism by adding propanol volume (0.2, 0.4, 0.6, 0.8, and 1) ml and to set the phase
reference with a physical spacing of (0.5, 1, 1.5, and 2) mm. The propagation constant of transmitted
light in the Mach-Zehnder interferometer’s gap changes due to the small variation in the refractive index
inside sensing arm that will further shift the optical phase of the signal. Experimental results indicated
that the highest sensitivity of propanol was about 0.0275 nm/ml in different liquid volume while highest
phase shift was 0.182x10° in liquid volume 0.2 ml for spacing 1 mm.

Introduction

Environmental sensor has recent global
research, the optical fiber sensors are being
employed for various sensing applications, e.g.
optical fiber sensors are used for detecting the
presence of air pollutants in the atmosphere [1-
3], as well as being employed in the biomedical
field [4, 5]. Since1980, a lot of research in
optical fibers has been devoted to sensing, and
then found applications in chemical field [6].
Chemical sensing technology has become
important in a wide variety of areas, including
industrial plants, research labs, the home, and
various military applications [7, 8]. A chemical
transducer and an optical fiber are the two
components that constitute an optical fiber
chemical sensor. The optical fiber is the medium
which propagates the light from the source to
the chemical transducer and guides the light
again from the transducer to the photo detector.
A chemical parameter is then measured in the
form of light modified by the transducer [9]. A
chemical sensor can be defined as a portable
miniaturized analytical device which can deliver
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real-time on-line information on the presence of
specific compounds or ions in complex samples
[10]. In this work, a kind of Mach-Zehnder
interferometer (MZI) of propanol vapor sensor
is fabricated based on air gap using optical fiber
coupler (3 dB). The system is designed for 1550
nm wavelength regime, as this is a common
wavelength with easily available and low cost
components. The optical transmission of the
proposed sensor is observed and then measured
the sensitivity of propanol for different volumes
and different spacing.

Experimental setup

Figure 1 displays the set-up of the proposed
system utilizing light source which is a diode
laser with wavelength of 1550 nm, two optical
couplers (3 dB) types of single mode fiber, two
chambers are a Parallel Rectangle-shape sealed
chambers, fabricated from Polyvinyl chloride
(PVC), and finally optical spectrum analyzer
(OSA). The MZI is fabricated using 3dB
couplers, with the common port of one 3 dB
coupler connected to the diode laser and the
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common port of the other 3 dB coupler joined to
the OSA (YOKOKAWA, Ando AQ6370).

Fig.1: Experiment set-up for chemical sensor using
MZI.

Theoretical concept

In this paper, a fabricated MZI with different
distance of air gap (0.5, 1, 1.5, and 2) mm that
under controlled conditions, the length of both
arms are the same. A propanol fluid for different
liquid volumes (0.2, 0.4, 0.6, 0.8, and 1) ml was
injected in sensing chamber while the reference
arm is consisted of only air.

The sensor of the two MZI arms causes the
phase shift when change the length of spacing of
air gap for arms and injected the propanol
volumes in the sensing arm therefore the
variation in the refractive index inside the
chemical chamber causes a phase disparity in
the MZI, due to the dissimilar phase velocities.
Since the phase velocities and the phase
deference are wavelength dependent, the
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propagating wavelength along the two different
arms of the MZI creates a superposition pattern.
The separation between two peaks in two-modes
interferometer is defined as [11]:

M= @)

Where A represents the wavelength, L is the
MZI length and Ane is the effective difference in
the refractive index between the two MZI arms.
The changes in the RI in the MZI’s sensing arm
can now be defined as [12]:

A@ = AB.L. Ane = (2/AL). L. Ane @)

Where Ao is the phase shift and AB is the
difference between the travelling signal’s initial
and instant propagation constant (2/Ane 1),
which is taken before as well as after the change
in the RI respectively.

Results and Discussion

The relationship between the wavelength and
power of the transmission spectrum which was
measured by OSA are shown in figure 2 when
the distance of air gap are (0.5, 1, 1.5, and 2)
mm for both chambers, one of the chamber’s
contained propanol volumes with (0.2, 0.4, 0.6,
0.8, and 1) ml. Depending on the equation (1),
when the distance increased this will lead to
blue shift in the transmission spectrum.
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Fig. (2): (a), (b), (c), and (d) Transmission spectrum of air gap at distance (0.5, 1, 1.5, and 2) mm respectively.

From the equations (1) and (2) the effective
different in refractive index and the phase shift
are calculated. It is presented indicated in the
table (1) for propanol. The effective different in
refractive index is inverse proportion with
wavelength  shift, the wavelength  shift
increasing with decreased the effective

refractive index change for air-gap distances.
The obtained results could be interpreted as the
variation is effective refractive index between
MZI arms resulting to the change in wavelength
in the air-gap region while the frequency inside
the optical fiber still constant with change in AB
value.

Table (1): The values of calculated effective different in refractive index and the phase shift.

Air-gap Liquid volume AL Ane AB Age
distance (ml) (nm) (nm?1)x103 x10°
0.2 0.074 0.016 0.084 0.0026
0.4 0.138 0.008 0.045 0.0007
0.5 mm 0.6 0.210 0.005 0.029 0.0002
0.8 0.257 0.004 0.024 0.00019
1 0.329 0.003 0.019 0.00011
Liquid volume Al Ane AB A@®
(ml) (nm) (nm?1)x103 x10°
0.2 0.009 0.131 0.697 0.182
1 mm 0.4 0.013 0.091 0.483 0.087
0.6 0.019 0.062 0.330 0.040
0.8 0.024 0.049 0.261 0.025
1 0.031 0.038 0.202 0.015
Liquid volume AL Ane AB Age
(ml) (nm) (nm™1)x10® x103
0.2 0.096 0.012 0.065 0.0015
1.5mm 0.4 0.158 0.007 0.039 0.00054
0.6 0.228 0.005 0.027 0.00027
0.8 0.310 0.004 0.020 0.00016
1 0.372 0.003 0.016 0.00009
Liquid volume AL Ane AB A@®
(ml) (nm) (nm1)x103 x10°
0.2 0.032 0.035 0.196 0.013
2mm 0.4 0.112 0.010 0.056 0.0011
0.6 0.189 0.006 0.033 0.0003
0.8 0.245 0.004 0.025 0.0002
1 0.341 0.003 0.018 0.0001
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The measured sensitivity for changing in the
wavelength shift of propanol volume for each
different of air gap distance is shown in the
figure (3). The relationship between the
wavelength shift and propanol volume is linear,
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and represented the sensitivity when the liquid
volume increase the sensitivity will increase too,
and the highest sensitivity of propanol is 0.0275
nm/ml for spacing 1 mm at different liquid
volume
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Fig. (3): Sensitivity of propanol vapor sensor.

Conclusion

In this work, a simple, and high sensitivity
single mode MZI propanol vapor sensor was
performed. The experimental results of propanol
vapor show the blue shift of transmission
spectrum with increasing for each air gap
distance. The value of shift was increasing with
increased of propanol volumes. At air-gap
distance 1 mm, highest phase shift was
0.182x10° and also highest sensitivity was
0.0275 nm/ml.
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