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Abstract: The increased interest in developing new photonic devices that can support high data rates, high
sensitivity and fast processing capabilities for all optical communications, motivates a pre stage pulse
compressor research. The pre-stage research was based on cascading single mode fiber and polarization
maintaining fiber to get pulse compression with compression factor of 1.105. The demand for obtaining more
précised photonic devices; this work experimentally studied the behavior of Polarization maintaining fiber PMF
that is sandwiched between two cascaded singe mode fiber SMF and fiber Bragg gratings FBG. Therefore; the
introduced interferometer performed hybrid interference of both Mach-Zehnder and Fabry-Perot interferometers.
The hybrid interference is resulted from the interference of the forward, backward and X,Y polarization
components of the propagating light along the cascaded fibers. In conclusion spectral pulse compression with
maximum compression factor in range of 3-6 was obtained by tuning applied stress on the shortest etched PMF
segment of the interferometer (i.e. 8cm length). Such interferometer can support fine tunable all optical band
pass filter

Key words: inline fiber interferometer, polarization maintaining fiber, HF fiber etching, Mach-Zehnder
interferometer

1. Introduction Hybrid inline fiber interferometer usually can be
built by cascading more than one type of
interpolated misalignment along the optical bath
of the fiber. such misalignment was ensured in
previous studies by both cascading different
types of optical fibers and imposing a reflective
cross-sectional surface in addition to tapering of
two or more regions along the same optical
fiber...etc. and in our previous work [6-9].
Polarization maintaining fibers PMF are
generally used to eliminate the effect of
polarization mode dispersion along optical
fibers. Polarization mode dispersion usually
alter the phase of the propagating mode along
the optical fiber [9]. Hybrid inline fiber
interferometer were implemented in pre-stage
work by sandwiching multi-mode fiber between
) RCAdG X two single mode-fiber Bragg gratings [8]a very
With these sensing 1ndlcat9rs, they achlevgd fine tuned optical filter was obtained while PMF
remarkal?le performance Wl,th large. ,d,Ynamlc sandwiched between two single mode fibers was
range, high accuracy, and high sensitivity [5]. used to build Mach-Zehnder interferometer PM-

Hybrid Inline fiber interferometers are
trending among the recent research areas due to
their attractive advantages of light weight,
compact size, immunity to electromagnetic
interference [1], signal modulation capability,
pulse compression [2], simultaneous sensing
capability of two or more measured and,
compatibility with fiber-based systems [3].
Moreover; current trends in fiber optic
interferometers is to minimize the device for
micro-scale applications. Since the
interferometers provide a lot of temporal and
spectral information, the detected signal can be
quantitatively determined by various means for
detecting the changes in the wavelength, phase,
intensity, frequency, bandwidth, and so on [4].
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MZI [10]. The introduced PM-MZI worked as
goon pulse compressor with pulse compression
factor of 1.103 compression [2],[10]. While
compression factor of 0.99 were ensured after
our pre-stage work using photonic crystal
fiber [11].

Fabry-Perot interferometer (FPI) sensors

are widely used in a variety of fields that range
from industry to biochemistry has become an
attractive choice for force and strain sensing for
their compact structure, high sensitivity,
flexibility and small cross sensitivity. Through
the strain experiment, they found that the
interferometer with a larger cavity has a higher
strain sensitivity.[12],[13],[14]
This work experimentally studied the effect of
applying mechanical stressing force on etched
polarization maintaining fiber sandwiched
between two FBG cavity to produce hybrid
Fabry-Perot ~ Mach-Zehnder  inline  fiber
interferometer. Since the two identical highly
reflecting FBG (>90%) operates as Fabry-Perot
cavity and the cascaded structure that consists
from etched polarization maintaining fiber
between two single mode fiber works as Mach
Zehnder interferometer. Five different mass
weights were used to apply mechanical stress
along the etched PMF and thus the resulted
change in optical power, central wavelength
shift and spectral width were recorded.

2. Method and procedure

Hybrid inline fiber interferometer occurs when
interference pattern obtained along the optical
fiber due to more than one mechanism[15][16].
In this work hybrid inline fiber interferometer is
obtained from two types of interferometers in
one structure. The first type is the Mach-
Zehnder interferometer which is implemented
using 20 min etched polarization maintaining
fiber of three different lengths (8,16, and 24 cm)
sandwiched between two single mode fibers of
10 cm length. Since the polarization maintaining
fiber has a beat length Ly characteristic which
defines the length that polarization components
of the propagating light will be remained
separated along the fiber[9],[17]. The L of the
used PMF (Thorlabs- PMDCF) in this work is
equal to Smm and hence interference between
the different polarization components will be
occurred after Smm along the second single
mode fiber. In addition to polarization
components interference we have the evanescent
wave obtained on the edges of the etched region
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of the PMF which develops some unguided
waves propagating in the clad of the PMF at the
etched zone resulting from the difference of the
effective refractive index of the fiber at that
zone, these unguided more recombined as
guided modes again when they enter the second
not etched segment of the PMF[18],[19]. The
second interferometer type in this work is the
Fabry-Perot inline fiber interferometer resulted
from the interference of the forward and
backward light waves reflected between the two
identical fiber Bragg gratings applied on the
both sides of the previously mentioned Mach-
Zehnder interferometer as shown in the
experimental schematic diagram of figure (2).
The interference pattern of any interferometers
can simply be described by the general
interference formula expressed in equation
Error! Reference source not found.. The
developed phase change along each separated
Mach-Zehnder arm of this work can be
expressed by equation Error! Reference source
not found. [6],[21]-[22]
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Where [, represent the intensity of interfering
light beams as a function of wavelength and ¢
represent the phase change of the interfering
waves and it is a function of effective refractive
index change Ang, angular frequencyo,
wavelength A and optical path length L.

Beat length Ly of the polarization maintain
fiber is directly related to the birefringence B
can be calculated wusing equation Error!
Reference source not found.. The birefringence
B (if the used PMF in this work is equal to 2.5 x
10°
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Where A is the difference between the two x
and y components of wave propagation constant
along the PMF and n™ . is the effective
refractive index as a function of wavelength for
both x and y polarization component. The inline
Mach-Zehnder interferometer at this work was
designed according to phase equation (2); thus
the Beat length Smm gives phase difference
Nx75° and three PMF lengths of 8cm, 16 and
24 which gives phase difference of Nx58 ° and
Nx63°.



For hybrid interference the interference of each
type of interferometer needs to be represented
mathematically in separated formula thus the
Mach-Zehnder interference is represented by
equation (5) and the Fabry-Perot one is
represented by equation (6) [24]

2mNerflnzi
IM2211+IZ+2 Illzcos(M)........

..(5)

Irp = Ipy + Inw + 2-/Trwlgw cOS (47mef rleer ) (6)
where, I; and I, are the intensity of the core and
cladding mode, respectively. Irw and Igyw are the
forward and backward reflected light intensities
between FBGs respectively. Angy = neg o -

ne™  effective refractive index difference
between core mode and cladding mode. L,,,; and
Lgp; are the length of Mach-Zehnder
interferometer and Fabry-Perot cavity respective
which are equal to 28,36 and 44 for the MZI and
78,86,94 cm for the FPI.

The applied force on the PMF was done using
series of different weight masses laid side by

[ :[1547.32 pum, 9ms pulsed

o laser source, A=
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side along the etched zone of the PMF. Since
the etched region is very brittle therefore to
protect it from being raptured or damaged a thin
slice of glass was used to isolate the weight
mass and uniformly distribute their stressing
effect on the PMF. The applied weights with
their equivalent force in Newton are shown in
table (1)

Error! Reference source not found.): The
Equivalent force of the applied weight masses on the
PMF cross-sectional

Weight in (g) Force (N)
0 0
40 0.392266
80 0.784532
150 1.470997
300 2.941
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Figure (1): The schematic diagram of the experimental set up
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Figure (2): The spectrum of the experimental measurement output signal from the interferometer using FBGA
interrogator. A: for the CW laser source and 8cm PMF, B: for pulsed laser diode and 8cm PMF, C: CW Laser
with 16 cm PMF, D: pulsed laser and 16 cm PMF

The Experimental procedures were carried for
two different types of C-band laser sources the
first one is pulsed laser diode has central
wavelength of 1547.32um, 9ns pulse duration,
0.225nm spectral width and 1.33 mW peak
power as shown in figure (2-a). while the CW
laser has five peaks centered at 1542-1550 nm
with 2nm spacing between each two consequent
peak. The peak power obtained from the CW
laser can be tuned from 0.2 to 0.9 mW but
power of 0.7 mW was applied to the structure.
The Fabry-Perot cavity was implemented using
two identical fiber Bragg gratings of 1546.7 nm
central wavelength, 90% reflectivity, 10 mm the
grating segment length is 0.2 nm bandwidth The
used spectral visualizer was FBGA interrogator
(Bayspec) as shown in figure (2). In order to
homogenously apply mass of 40 g along the
etched region of the PMF; 4 masses of 10 g
reference value was lied side by side next to
each other along almost 4 cm of the etched
fiber. the preparation of etched segment was
explained in our previous work [7] by using HF
bath of 4 cm length and hence there is an error
percent raised from not all the clad was removed
with same amount because the manual control to
etching period is considered as source of error
besides the cleaning of the sample after etching
can take slightly different duration in seconds
range they can be the second source of error

3. Results and discussion

The resulted effect of the stressing elements
on the hybrid interferometer was investigated in
term of central wavelength, spectral width, and

Peak power variation as shown in figures (3-5)
By looking for the central wavelength shift
under the effect of stressing weight; it is obvious
that there is almost no magnificent shift. Most
cases are of nearly same central wave length
except the case of FBG- cavity with CW laser
source the fluctuation toward the shorter
wavelengths were occurring as a result of the
increasing of the applied stress.

The proposed advantage of using the FBGs
around the both ends of the PMF is to produce
the hybrid interference between forward and
backward wave with PM-MZI interferometer.
Thus Fabry-Perot cavity operation can be
obtained. Then expected behavior of such
hybrid interferometer is to increase the quality
of the signal obtained from stress detection
region along the etched PMF and obtain higher
power from the interferometer. But
unfortunately according to figures (3-5) (a) we
can see that FBG cavity decreased the power of
the  hybrid interferometer = FP-PMMZI
incredibly. However still the Fabry Perot cavity
showed feasible change to the pulse width
(FWHM) against the applies stress when it is
compared with the case of PM-MZI alone
without cavity.

The central wavelength change was very slight
in the most cases except for the 24 cm PM-MZI
and 24 cm FP-PMMZI we can see slight
obvious red-shift.

Spectral pulse compression of were obtained
with highest compression factor (FWHM;;,/
FWHM,;,) of 6.818 with the shortest cavity of
8cm PMF length but range between 1-3 spectral
compression were obtained from the whole
structure as shown in Table (2- a & b)

Table (2): The spectral pulse compression factor with respect to applied stress in case of (a) No Fabry Perot
Cavity, (b) Fabry Perot Cavity

(a) No Fabry —Perot Cavity (b) Fabry —Perot Cavity
Force (N) 8cm PMF 16 cm PMF 24cm PMF 8cm PMF 16 cm PMF 24cm PMF
0 1.44230769 0.81227437 1.53061224 | 1.65441176 0.80357143 1.70454545
0.392266 1.28571429 0.86538462 3.125 2.08333333 0.76013514 1.99115044
0.784532 3 0.74013158 1.63043478 | 4.32692308 0.76271186 0.80357143
1.470997 4.24528302 0.9 2.16346154 | 4.32692308 1.99115044 3.16901408
2.941 3.62903226 0.74013158 1.74418605 | 6.81818182 2.10280374 1.875
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The tunable spectral width of the
interferometer can be used as tunable band pass
filter that can be tuned over very fine range in
nm regime for the used laser in this study tuning
range of the spectral pulse was between 0.1-0.3
nm.
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Figure (3): The effect of stressing weights on the
8cm PM-MZI. (a) power change, (b) wavelength
change and (c) is the FWHM change with respect to
stress

28

[&]16 cm power change o cavity pulsa=d
== == 00 cavibycw
1200 cavity pelsed
1000 cavity CW
g‘ /\
Z 300
o
i 600
= 400
= 200
1] 40 80 150 300
weight (g)
[@]16 cm wavelength change ~ ~ *7 =T
1350 sy pulss
- e = e = e = = T ATREW
E 1540 i, 100 VY
z2d
T, 1548 o i 2
H o . N
"= 15347
5
= 1546
E. .
S 1545
1544 T T T T .
1] 40 20 150 300
weight (g}
5 i s 0o cavity pulss=d
s 16 cm Spectral Width change o oo i oo,
) cavity pulsad
035 1 cavity CW
el ’ﬂ\/
Z L~________'/" ~
023 4 - _ ”
el e
024 v
0.15 A
Gl T T T T 1
0 40 80 130 300
Weight (g)

Figure (4): The effect of stressing weights on the 16
cm PM-MZI. (a) power change, (b) wavelength
change and (c) is the FWHM change with respect to
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Figure (5): The effect of stressing weights on the 24
cm PM-MZI. (a) power change, (b) wavelength

change and (c) is the FWHM change with respect to
stress

4. Conclusions

This paper studied experimentally the effect of
stressing Hybrid Fabry-Perot/ Mach-Zehnder
interferometer  consists from polarization
maintaining fiber, single mode fiber and fiber
Bragg grating and in conclusion it was found
that Fabry-Perot cavity reduced the wavelength
shift that should have occurred under stress and
out power is reduced significantly. In contrast to
previous PM-MZAI [2]; this FP-PMMZI
developed temporal dispersion to optical pulse
and significant spectral pulse width compression
with tunable compression factor that increases
by increasing the applied tuning stress.
Therefore tunable all optical spectral band pass
filter was obtained.
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