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Abstract In this paper, we propose a photonic crystal
fiber (PCF) polarization filter based on surface plasmon
resonance (SPR) characteristics. Gold nanowire is used as
the active plasmonic material. Light into silica core
becomes coupled to gold nanowire stimulating SPR. It
splits light into two orthogonal (x-polarization and y-
polarization) polarization in the second order of surface
plasmon polarization. Numerical investigations of the
proposed PCF filter is finite element method (FEM). By
tuning the diameter of gold nanowire and shifting their
position, the performance of the proposed PCF filter is
inspected rigorously. Filtering of any polarization can be
obtained by properly placing the metal wires. The
maximum confinement loss of x-polarization is 692.25
dB/cm and y-polarization is 1.13 dB/cm offers at resonance
position 1.42 um. Such a confinement loss difference
between two orthogonal polarizations makes PCF a
talented candidate to filter devices. Consequently, the
recommended PCF structure is useful for polarization
device.

Keywords photonic crystal fiber (PCF), surface plasmon
resonance (SPR), perfectly match layer, polarization filter

1 Introduction

Photonic crystal fiber (PCF) is also known as micro-
structure lattice in which silica is a background material
[1,2]. First PCF was expanded from the fiber drawing
tower in Knight et al. [3] and it has been concerned to the
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field of optical communication. Tunable dispersion, high
nonlinearity, flexible design and high birefringence are
matchless characteristics compared to the conventional
optical fiber. It has been broadly used in many fields such
as chemistry, medicine and biology for its convenient
characteristics [4]. When light is propagates in a PCF
through metal layer, the free electrons in the metal will take
up the power of the light. The light signal in silica core
couples with surface plasmon polaritons (SPPs). When
their phases are same, surface plasmon resonance (SPR)
happens [5]. The amalgamation of PCF and plasmonics is a
promising research field in the area of light science.
Remarkably, the polarization filter has been a major
element of communication system. PCF filters are applied
widely in sensing applications as a polarizer and fiber tools
[6-16]. In 1993, Jorgenson and Yee [12] invented a PCF
which encouraged SPP modes. Nagasaki et al. [13]
accomplished a large polarization extinction ratio (ER)
by proposing a polarization filter by carefully filling metal
wires in the cladding region of PCF. Zi et al. [14] proposed
a PCF polarization filter in which communication
wavelengths was 1310 and 1550 nm by applying two
gold coated air holes [10]. Zhang et al. have initially
revealed that selective metal coating in the PCF is
practicable [11]. Zhang et al. expressed an optical fiber
which takes up polarizer by choosing coating metal on the
surface of air hole [17]. Li and Zhao have established the
operating wavelengths of optical polarizer and can be
modulated by adjusting the air hole size [18]. So
geometrical parameters of the PCF have been carefully
optimized to create the loss of one polarization mode
which is much larger than another polarized mode [19]. In
this paper, we got maximum loss in x-polarization is
692.25 dB/cm and minimum loss in y-polarization is 1.13
dB/cm at the resonance position 1.42 um.
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2 Design and numerical method

The cross segment view of the designed PCF is shown in
Fig. 1. The asymmetric PCF is modified by varying the air
holes arrangement. The gold coated air holes for the PCF
filter can divide the resonance point of x-polarization and
y-polarization. The thickness of gold layer can also
influence the resonance strength and resonance wave-
length. The resonance strength becomes weak as the
coating layer is thicker. The birefringence of the proposed
PCF is high and light can be divided into two orthogonal
polarized modes. The proposed PCF constructed of three
sizes circular shape air hole. The diameter of most common
air holes is denoted by d», the diameter of most large air
hole near the PCF core is denoted by d;. The diameter of
gold coated air holes which are placed in the horizontal
direction is denoted by d and the thickness of gold layer is
denoted by d,. The distance between two nearby air holes
is denoted by A.

The background material of the PCF is fused silica,
whose refractive index is computed by the Sellmeier
equation [20],

R)=1+>" by (1)

J=1 2
@j

where B; represents the jth resonance strength, and w;
represents the resonance frequency. The Sellmeier constant
are Bi= 0.6961663, B,=0.4079426, B;=0.8974794, A=
0.0684043, 2,=0.1162414, A3=9.896161 and where A=
2nc/w;. To achieve optimum calculation, the dispersion of
gold is also calculated and the dielectric constant of gold is
considered by using Drude—Lorentz model [21],
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Fig. 1 Model of the proposed PCF coated with gold

where the high frequency dielectric constant is &, =
5.9673; weighted coefficient is Ae = 1.09; optical angular
frequency is w; plasmon frequency is wp, damping
frequency is yp; wp/2n = 2113.6 THz; yp/2n = 15.92
THz; the oscillator strength is wy, the frequency spectrum
width is I';, and Q; /2w = 650.07 THz, and I'; /2w = 104.86
THz respectively.

3 Numerical simulation and discussion

All investigation is done through COMSOL Multiphy-
sics® version 4.2. Finite element method (FEM) is used to
compute the numerical characteristics of the PCF. In this
proposed PCF, we used gold as the active plasmonic
material. Core mode will couple with the SPP mode when
their transmission constants are same. The electric field
distribution of the PCF in Fig. 2(a) shows the coupling
mode of third order SPP and core mode, Fig. 2(b)
represents x-polarization of SPP mode, Fig. 2(c) illustrates
x-polarization of core mode, Fig. 2(d) shows y-polarization
of core mode.

To attain better coupling phenomenon between SPP
mode and core mode, couple mode theory is considered.
The couple mode theory equations are expresses as follows
(Egs. (3) and (4)) and it is followed by the standard article
[22],

de, . .
- = BB +ikE,, 3)

dE, . .
Ez = iB,E, + ikE,. 4)

-
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Fig. 2 Dispersion of electric field. (a) Coupled mode between the
core mode and second order SPP mode; (b) x-polarization of SPP
mode; (c) x-polarization of core mode; (d) y-polarization of core
mode at resonance position 1.42
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Here, f; and f, are the propagation constants of core
mode and SPP mode, E; is electric field mode of core
mode, E, is the electric field mode of SPP mode, z and k are
the coupling propagation and strength length respectively.
[ is the propagation constant of the coupling mode. E; and
E5 can be described as E; = Aexp(ifk) and E, = Bexp(i/z).

We can get S from Egs. (3) and (4),

Bi = Pave = & + k. %)

Here, 6= (61 — )2, Bue = (b1 + B)/2. For the core
mode and SPP mode, f; and 3, are complex and o can be
written as § = 8, + 15, The real part of transmission
constants for SPP mode and core mode are same if the
phase matching condition is fulfilled. For this, & = 0 and
get & + k* = — 67 + k. When &, > k, the real parts of 3,
and S are equal, the imaginary parts of #, and S are
different, an incomplete coupling will occur. When &, < £,
the real parts of S, and f_ are different and imaginary
parts are same then a complete coupling will occur.

The loss and refractive index dispersion graph are shown
in Fig. 3(a) with the parameter d=0.9 um, d;=1.1 pm, d,=
0.7 um, d3=0.5 um, and dy=20 nm when coupling takes
place between core mode and SPP mode at the resonance
position 1.42 um. It can be clearly observed that effective
refractive index curve of SPP and core mode of x-
polarization intersects at 1.42 um. In addition, the peak
loss is 692.25 dB/cm and 1.13 dB/cm for x-polarization and
y-polarization respectively. As the gold layer is in x-
direction and couple with core mode which progresses the
peak loss of x-polarization. The peak loss of x-polarization
is much higher than the peak loss of y-polarization which is
comparable with Ref. [23]. This filtering phenomenon can
also be described by refractive index graph. It can be seen
that the refractive index graph of core mode of x-
polarization has an instant change at resonance position
1.42 pm when coupling occurs between second order SPP
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mode and core mode. Figure 3(b) shows the loss relation of
the SPP mode and the core mode of x-polarization. The SPP
mode and core mode have same peak loss at the resonance
position 1.42 um when coupling happens. The loss of SPP
mode gradually decreases and the loss of core mode(x-
polarization) gradually increases. Finally, both (SPP and x-
polarization) get the same value at resonance position. The
loss of core mode of x-polarization achieves the maximum
while the loss of SPP mode reaches the minimum. As a
result a complete coupling happens and energy is transfer
between second order SPP and core mode.

Figure 4 represents the confinement loss and refractive
index dispersion of the proposed PCF with different
thickness of gold layer d,= 15 nm, d, =20 nm and d, =25
nm dependent on wavelength. Figure 4(a) shows that the
peak loss of x-polarization is 633.35, 692.25 and 596.13
dB/cm at resonance position 1.41, 1.42 and 1.44 pm,
respectively but the peak loss of y-polarization is 1.67, 1.13
and 1.78 dB/cm. As with the change of d,, the refractive
index and peak loss is also changed. We consider d,= 20
nm because the peak loss difference between x-polarization
(692.25 dB/cm) and y-polarization (1.13 dB/cm) is
maximum. So we obtain highest confinement loss is
692.25 dB/cm for x-polarization and lowest confinement
loss is 1.13 dB/cm for y-polarization which is comparable
with Ref. [24]. Figure 4(b) shows that the refractive index
curve of y-polarization has no change but in x-polarization
is a sudden alternation at the resonance position 1.41, 1.42,
and 1.43 um for coupling happens between core mode and
SPP mode.

Figure 5 shows the loss and dispersion of the refractive
index with different thickness of d;=1.0 um, d;=0.9 pm,
d;=0.8 pum with the function of wavelength. Figure 5(a)
shows that the peak loss of x-polarization are 582.34,
692.25 and 600.09 dB/cm at resonance position 1.4, 1.42,
1.43 respectively but the loss in y-polarization is 1.83,
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Fig. 3 (a) Loss and dispersion of the designed PCF with the parameter d= 0.9 um, d;= 1.1 um, d>= 0.7 pm, d5= 0.5 pm, and dy=20 nm
at the wavelength of 1.42 pm. (b) Loss curve when coupling occurs between core mode and SPP mode with the parameter d= 1.1 pm, d,=
0.9 um, d,=0.7 um, d5=0.5 um, and d,=20 nm at the wavelength of 1.42 um
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1.13, 1.54 dB/cm. We got maximum loss in x-polarization
is 692.25 dB/cm and minimum loss in y-polarization is
1.13 dB/cm at the resonance position 1.42 um which is
comparable with Ref. [25]. The loss intensity of x-
polarized core mode suddenly increases because coupling
happened at 1.42 um when d;=0.9 pm. Figure 5(b) shows
the effective refractive index of x-polarization has a sudden
change at resonance position 1.4, 1.42 and 1.43 um but in
y-polarization is almost same.

Figure 6 shows the refractive index dispersion and loss
with different diameter of d3=0.5 pm and d5= 0.0 (absent)
with the variation of wavelength. Figure 6(a) shows the
peak loss of x-polarization is 692.25 and 872.13 dB/cm at
resonance position 1.42 and 1.44 pum but loss in y-
polarization is 1.13, 1.93 dB/cm. We cannot take the
confinement loss of x-polarization is 872.13 dB/cm
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because coupling wavelength is 1.42 pum. Figure 6(b)
shows the effective refractive index of y-polarization is
almost same but in x-polarization has a sudden change at
resonance position 1.42 and 1.44 pm.

From Fig. 7, we regain that the crosstalk peaks enlarge
repeatedly by the increase of fiber length. Here we just talk
about the result at the resonance position. The value of
crosstalk is 1393, 1790 and 1984 dB at the resonance
position 1.42 when the fiber length is 0.5, 1.0 and 1.5 mm
respectively.

On top of the discussion, we get the peak loss of
x-polarization is 692.25 dB/cm and y-polarization is
1.13 dB/cm. The proposed PCF filter has advantages in
terms of ease and fabrication is also simple. The fabrication
of the proposed PCF can be attained by stack and draw
method in fiber drawing tower with suitable temperature
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Fig. 4 (a) Loss of proposed PCF with the variation of wavelength and different thickness of gold layer d= 15, 20, 25 nm. (b) Refractive
index dispersion as a function of wavelength with d,= 15, 20, 25 nm
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Fig. 5 (a) Loss of proposed PCF dependent on wavelength with different thickness of d;=1.0, 0.9, 0.8 um and parameter d=1.1 pm,
d»=0.7 pm, d3= 0.5 um, and d,= 20 nm. (b) Dispersion of refractive index with the variation of wavelength and different diameter of d,=

1.0, 0.9 pm, 0.8 pm
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Fig. 6 (a) Optimization loss of the designed PCF with wavelength at d5=0.5, 0.0 pm (absent). (b) Dispersion with the variation of
wavelength with d3=0.5, 0.0 um (absent)

2000
1800
1600
1400
1200
ol /

100
80
60
40
20

crosstalk/dB

0t /
of
ol ;
0
0 .

1.42 pm, 1984 dB !
1
142um, 1790dB [\

142 um, 1393 dB /|

h

1
1
l‘

1.30 1.35

1.40 1.45
wavelength/um

1.55

Fig. 7 Crosstalk of the proposed PCF when the fiber length of
0.5, 1.0, 1.5 mm with parameters d=1.1 um, d;=0.9 pm, d,=0.7
um, ds=0.5 um, and d,=20 nm

management. Using chemical vapor deposition technology
with force supported or spray technology, the coating of
gold film can be attained. Finally, in order to corroborate
the methodical authenticity of our work, we contrast the
results with the SPR based PCF filters previously stated in
Table 1.

A PCF filter based on SPR is reported [26] where peak
loss is 508 dB/cm in the y-polarized direction. Since the
thickness of gold is 40 nm so it is fabrication is expensive.
Reference [27] has proposed a PCF filter which peak loss is
292.8 dB/cm at the wavelengths of 1.55 pum in y-
polarization and peak loss 4.6 dB/cm in x-polarization.
The difference of losses between two orthogonal polariza-
tions is too small. Another filter [28] is proposed where
they used different sizes air holes which is very difficult to
fabricate. A filter which used a single gold coated air hole
[29] which cannot create strong coupling. In this paper, we
proposed a simple asymmetric PCF filter which very easy
to fabricate and the loss difference between two orthogonal
polarizations is high shown in Table 1.

Table 1 Comparison with SPR based proposed PCF filter with previously published filters

PCF filter bandwidth resonance resonance strength extinction (L =1 nm)/dB structural diagram
/nm wavelength (dB-cm™)
Ref. [26] 20 1.31 um (y-pol) 508.00
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(Continued)
PCF filter bandwidth resonance resonance strength extinction (L =1 nm)/dB structural diagram
/nm wavelength (dB-cm™)
Ref. [27] 88 1.31 um (y-pol) 244.90 208
Ref. [28] 60 1.31 um (y-pol) 231.60 240
0,0
5989
00
o35 O )
o0
050
Ag 050
0”0
o0
0989
0989
0”0
°6006
£
x-pol
Ref. [29] 750 1.48 pum (y-pol) 417.21 38
our works 830 1.42 pm (x-pol) 692.25 253
4 Conclusion Acknowledgements The authors are very grateful to those who partici-

In summary, a gold coated PCF polarization filter is
proposed. Second order of SPP mode is stimulated owing
to gold layer. Finally second order of SPP mode and core
mode of x-polarization produce coupling altogether. The
peak loss of x-polarization is 692.25 dB/cm due to the gold
coated air holes are in x-direction. Besides, peak loss of y-
polarization is 1.13 dB/cm. The peak loss in x-polarization
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In addition, the difference of peak loss between two
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filtering.

pated in this research work. There is no financial support for this research
work.

References

1. Chakma S, Khalek M A, Paul B K, Ahmed K, Hasan M R, Bahar A
N.Gold-coated photonic crystal fiber biosensor based on surface
plasmon resonance: design and analysis. Sensing and Bio-Sensing
Research, 2018, 18(4): 7-12

2. Russell P S. Photonic-crystal fibers. Journal of Lightwave
Technology, 2006, 24(12): 4729-4749

3. Knight J C, Birks T A, Atkin D M, Russell P S. Pure silica single-



10.

1.

13.

14.

15.

16.

19.

Md. Nazmul HOSSEN et al. Single polarization photonic crystal fiber filter based on surface plasmon resonance

mode fibre with hexagonal photonic crystal cladding. In: Proceed-
ings of Optical Fiber Communication Conference. San Jose: Optical
Society of America, 1996, paper PD3

. Russell P. Photonic crystal fibers. Science, 2003, 299(5605): 358—

362

. Zhang X, Wang R, Cox F M, Kuhlmey B T, Large M C J. Selective

coating of holes in microstructured optical fiber and its application
to in-fiber absorptive polarizers. Optics Express, 2007, 15(24):
16270-16278

. An G, Li S, Qin W, Zhang W, Fan Z, Bao Y. High-sensitivity

refractive index sensor based on D-shaped photonic crystal fiber
with rectangular lattice and nanoscale gold film. Plasmonics, 2014, 9
(6): 1355-1360

. Chen H, Li S, Ma M, Li J, Fan Z, Shi M. Surface plasmon induced

polarization filter based on Au wires and liquid crystal infiltrated
photonic crystal fibers. Plasmonics, 2016, 11(2): 459464

. Lee HW, Schmidt M A, Tyagi H K, Sempere L P, Russell P S J.

Polarization-dependent coupling to plasmon modes on submicron
gold wire in photonic crystal fiber. Applied Physics Letters, 2008, 93
(11): 111102

. An G, Li S, Zhang W, Fan Z, Bao Y. A polarization filter of gold-

filled photonic crystal fiber with regular triangular and rectangular
lattices. Optics Communications, 2014, 331: 316-319

Schmidt M A, Sempere L P, Tyagi H K, Poulton C G, Russell P S J.
Waveguiding and plasmon resonances in two-dimensional photonic
lattices of gold and silver nanowires. Physical Review B:
Condensed Matter and Materials Physics, 2008, 77(3): 033417
Akowuah E K, Gorman T, Ademgil H, Haxha S, Robinson G K,
Oliver J V. Numerical analysis of a photonic crystal fiber for
biosensing applications. IEEE Journal of Quantum Electronics,
2012, 48(11): 1403-1410

. Jorgenson R C, Yee S S. A fiber-optic chemical sensor based on

surface plasmon resonance. Sensors and Actuators B, Chemical,
1993, 12(3): 213-220

Nagasaki A, Saitoh K, Koshiba M. Polarization characteristics of
photonic crystal fibers selectively filled with metal wires into
cladding air holes. Optics Express, 2011, 19(4): 3799-3808

ZiJ, Li S, Chen H, Li J, Li H. Photonic crystal fiber polarization
filter based on surface plasmon polaritons. Plasmonics, 2016, 11(1):
65-69

Zhang W, Li S G, An G W, Fan Z K, Bao Y J. Polarization filter
characteristics of photonic crystal fibers with square lattice and
selectively filled gold wires. Applied Optics, 2014, 53(11): 2441—
2445

Zhang X, Wang R, Cox F M, Kuhlmey B T, Large M C J. Selective
coating of holes in microstructured optical fiber and its application
to in-fiber absorptive polarizers. Optics Express, 2007, 15(24):
16270-16278

. Islam M I, Ahmed K, Asaduzzaman S, Paul B K, Bhuiyan T, Sen S,

Islam M S, Chowdhury S. Design of single mode spiral photonic
crystal fiber for gas sensing applications. Sensing and Bio-Sensing
Research, 2017, 13: 55-62

. Li P, Zhao J. Polarization-dependent coupling in gold-filled dual-

core photonic crystal fibers. Optics Express, 2013, 21(5): 5232—
5238
Liu B, Lu Y, Yang X, Yao J. Surface plasmon resonance sensor

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

163

based on photonic crystal fiber filled with core-shell Ag-Au
nanocomposite materials. Optical Engineering (Redondo Beach,
Calif.), 2016, 55(11): 117104

Geng P, Zhang W, Gao S, Zhang S, Zhang H, Ruan J. Orthogonal
single-polarization single-core photonic crystal fiber for wavelength
splitting. IEEE Photonics Technology Letters, 2012, 24(15): 1304—
1306

Hassani A, Skorobogatiy M. Design criteria for microstructured-
optical-fiber-based surface-plasmon-resonance sensors. JOSA B,
2007, 24(6): 1423-1429

Wang G, Li S, An G, Wang X, Zhao Y. Design of a polarization
filtering photonic crystal fiber with a big gold-coated air hole.
Optical and Quantum Electronics, 2016, 48(10): 457

Zhou X, Li S, Cheng T, An G. Design of offset core photonic crystal
fiber filter based on surface plasmon resonance. Optical and
Quantum Electronics, 2018, 50(3): 157

LiH, Li S, Chen H, Li J, An G, Zi J. A polarization filter based on
photonic crystal fiber with asymmetry around gold-coated holes.
Plasmonics, 2016, 11(1): 103-108

Li M, Peng L, Zhou G, Li B, Hou Z, Xia C. Design of photonic
crystal fiber filter with narrow width and single-polarization based
on surface plasmon resonance. IEEE Photonics Journal, 2017, 9(3):
1-8

Xue J, Li S, Xiao Y, Qin W, Xin X, Zhu X. Polarization filter
characters of the gold-coated and the liquid filled photonic crystal
fiber based on surface plasmon resonance. Optics Express, 2013, 21
(11): 13733-13740

FanZ, LiS, Chen H, Liu Q, Zhang W, An G, LiJ, Bao Y. Numerical
analysis of polarization filter characteristics of D-shaped photonic
crystal fiber based on surface plasmon resonance. Plasmonics, 2015,
10(3): 675-680

An G, Li S, Yan X, Yuan Z, Zhang X. High-birefringence photonic
crystal fiber polarization filter based on surface plasmon resonance.
Applied Optics, 2016, 55(6): 1262-1266

Liu Q, Li S, Chen H. Two kinds of polarization filter based on
photonic crystal fiber with nanoscale gold film. IEEE Photonics
Journal, 2015, 7(1): 1-11

Md. Nazmul Hossen completed B.Sc
(Engg) degree in information and commu-
nication technology from Mawlana Bha-
shani Science and Technology, Banglad-
esh. His research interests are biopho-
tonics, machine learning, deep planning.

Md. Ferdous completed B.Sc (Engg)
degree in information and communication
technology from Mawlana Bhashani
Science and Technology, Bangladesh. His
research interests are photonics, optical
fiber communication, sensor design.



164 Front. Optoelectron. 2019, 12(2): 157-164

Kawsar Ahmed received the B.Sc. and
M.Sc. Engineering degrees in Information
and Communication Technology (ICT) at
Mawlana Bhashani Science and Technol-
ogy University, Tangail, Bangladesh. He
has achieved gold medals for engineering
faculty first both in B.Sc. (Engg.) and
M.Sc. (Engg.) degrees from the university

for his academic excellence. Currently, he
is serving as an Assistant Professor at the same department. Before
that, he joined as a lecturer at the same department and software
engineering department in Daffodil International University. He has
more than 100 publications in IEEE, IET, OSA, Elsevier, Springer,
ISI and PubMed indexed journals. He has published two books on
bioinformatics and photonic sensor design. He is research
coordinator of Group of Biophotomatiy. He is also member of
IEEE, SPIE and OSA. He holds top position at his department as
well as university and 4th top researcher in Bangladesh, 2017
(Scopus indexed based). His research group received SPIE travelling
award and best paper award in IEEE WIECON ECE-2015
Conference. His research interests include sensor design, biopho-
tonics, nanotechnology, data mining and bioinformatics.

Md. Abdul Khalek received the B.Sc.
Eng. degree in information and commu-
nication technology from the Mawlana
Bhashani Sciense and Technology Uni-
versity, Bangladesh, in 2016. His research
interests include surface plasmon reso-
nance, bio-photonics, terahertz communi-
cation; bio-informatics, data mining,

photonics.

¥ Sujan Chakma completed the B.Sc.Eng.
in information and communication tech-
nology from Mawlana Bhashani Science
and Technology University, Bangladesh.
He has authored over one publication and
co-authored over four publications. His
research interest includes surface plasmons
resonance (SPR), photonics, sensor design,
biophotonics, nano-technology and bio-
informatics.

Bikash Kumar Paul received the B.Sc
Engineering degree in 2017 in information
and communication technology (ICT) at
Mawlana Bhashani Science and Technol-
ogy University, Tangail-1902 Bangladesh.
That same year, he joined as a faculty
member in Department of Computer
Science and Engineering at Ranada Prasad
Shaha University, Narayangong. Currently
he is working as a fulltime faculty member in the Department of
Software Engineering at Daffodil International University, Dhaka.
As an active research member of “Group of BiophotomatiX”, his
current research interests are the development of surface plasmon
resonance (SPR) based sensor, fiber-optic sensors, biophotonics, low
loss Terahertz (THz) waveguide. He has authored and co-authored
more than 25 international scientific papers and conference
presentations. He is also a member of Institute of Electrical and
Electronics Engineers (IEEE), Society of Photographic Instrumenta-
tion Engineers (SPIE) and Optical Society of America (OSA).



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit15
	bmkcit16
	bmkcit12
	bmkcit13
	bmkcit14
	bmkcit10
	bmkcit11
	bmkcit17
	bmkcit18
	bmkcit19
	bmkcit20
	bmkcit21
	bmkcit22
	bmkcit23
	bmkcit24
	bmkcit25
	bmkcit26
	bmkcit27
	bmkcit28
	bmkcit29


