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Abstract: In this paper the dispersion properties of thg#tlal core square-lattice PCF in a silica matexd been studied.
The dispersion curves for the fiber for differentdito-hole spacing and air-hole diameter has lsaaties extensively. It has
been shown that elliptical-core square lattice R@F small hole to hole distancA)and large-hole diameter (d) can be used
for dispersion compensation. A comparison betweliptieal PCF with square and triangular PCF haerbperformed,
taking into account the dispersion properties &eceffective area. Afinal study on the two typEBGFs is carried out when
they are single mode in the studied wavelengtioregi

Keywor ds. Photonic Crystal Fibers (PCFs), MicrostructurediGptribers (MOFs), Dispersion,
Elliptical Core: Square-Lattice

1. Introducti elliptical air-holes [13] and with asymmetric cdii4] or
- Introauction different size of air holes in cladding [15]. PCwi&h an

Photonic crystal fibers (PCFs) [1, 2] are made fronslliptical-core can also compensate chromatic dipe as

regular lattices of air holes in the backgroundsbfgle reportedin one of our earlier work [16]. _
material, usually un-doped silica. The large redfv@cindex In this paper, the guiding and the dispersion prixg=eof

variation between the background material and hectes  PCFS with an elliptical-core square-lattice hasnbetedied
in PCFs allows large dispersion over a wide wawgtlen N .dgtall. It is of some interest to study the aes of
region both in visible and near-IR region. PCFsspssthe eIhpchI-core PCF §pe§:|ally the square-lattice @amd how
attractive properties of controlling the chromatispersion they differ than their triangular counterpart. tishalready
by varying the geometrical parameters like theeholP€€N shown that the guiding properties differ dzaBy for
diameter (d) and hole to hole spacing or pithgf the air the square one than the triangular one [16] asrgqaalce
holes. Control of chromatic dispersion is essenfl PCF iS single-mode for better range than the tu&ngne
Wavelength Division Multiplexing (WDM) optical fise [16]- Square-lattice PCF has been realized angrdperty
networks as it limits the data transmission raeF®with ~Nas been studied both theoretically and experirtigit].
remarkable dispersion properties can be appliguaotical " this paper, we have studied the asymmetric B@Es
applications like optical communication systemspéision With square lattice structure with,C symmetry; the PCFs
compensation and nonlinear optics. PCFs with trtarg CONSist of square lattice air holes with two adaaeentral
arrangement of air-holes in the cladding can bed dse holes missing ina silica matrix chkground. F@);sho_ws
shifting zero dispersion wavelengths to the visibied the cross section of an anisotropic core PCF, vvtnxrhglns
near-IR wavelengths [3, 4], an ultra-flattened chatic sq_uare—lat'uce air-holes in the frequency dependlqddmg.
dispersion [5-9], whereas PCFs with square latticd S Well known that a triangular lattice PCF isually
arrangement of air holes in the cladding can atsopensate described by air-hole diamewtand pitct\ as shown in Fig.
the dispersion [10] and can be useful for ultradiapersion 1 (P)- Now, we usé as the hole to hole spacing in horizontal

[11]. Another new types of PCFs where air-holes ar8' vertical direction in the PCF with square-ladtiir holes
arranged in circular pattern around the core cao &k and d as the diameters of the air holes. We sblwegtided

modes of the present fiber by the CUDOS MOF Ugiitj18]

useful for different applications [12]. High birgfgent ; k :
that simulate PCFs using the multipole method [@P-2

PCFs or polarization maintaining PCFs can be redlissing
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Fig 1. Cross section of the studied PCF, the gray arewtiss pure silica;  gjg 5 pispersion curves of the Elliptical core squaréitee PCFs with
the white area denotes air holes. 1(a) trianguktice PCF and (b) square A=1um and dA from 0.3 to 0.7 for (a) x-polarized and (b) y-pitad
lattice PCF. component respectively.

; ; ; F From the figures (Fig. 2(a) and Fig. 2(b)) it isa that for
2. Dlspersmn Proper_tles of the Elllptlcal the lowest value of pitch ohi=1 um, the PCF all have the
Core Square'l—attlce PCFs negative value dispersion parameter in the C biaed
The dispersio for a PCF structure has been calculate(?round 1550 nm. This is because O.f the_fact thaa;r.fmller

value of core diameter, the waveguide dispersianidates

from the ny values versus the wavelength through Egn. (1)the material one [6. 12, 21]. It is also clear fréig. 2(a)
where ‘c’ is the speed of light in a vacuum aR# ‘stands ) L S . 9. '
that the dispersion parameter increases with ttease of

for the real part of the refractive index obtaindm X . o
simulations. The chromatic dispersion of the backgd air-hole diameter. So fod/A values of <0.5, that is with

material silica has been taken into account throughmall values of air-hole diameter, the dispersiarameter is
Sellmeier's equation. The influence of the georsetri@ll negative in the wavelength range considered. the
parameters d and has been investigated considering themallest value of air holeise. for d/A=0.3, the dispersion
PCFs with three layers of air holes in the claddig have Values become minimum and then the slope of the
followed the same way Boudt el [10] have done in their dispersion increases. FdfA=0.4, the dispersion slope is
study of the dispersion properties of the squatieéaPCFs. always positive in the whole wavelength considerEde
We have considered five values of hole to hole isgac other elliptical core PCFs witld/A>0.5 has negative
which are 1um, 1.5pm, 2 um, 2.5um and 3um andd/A  dispersion slope, so they can be used as dispersion
have been varied from 0.3 to 0.7 in the stepsf 0. compensating fibers. When the pitch becomes lather,
effect of waveguide dispersion decreases and rahteri
(1) dispersion dominates the dispersion for both ragula
c  dA? triangular lattice PCFs [6, 21] and for squaredatPCF [10]
and circular lattice PCFs [12]. The same is condidnfor the
Figure 2 (a) and Fig. 2 (b) shows the dispersicamater elliptical core square-lattice PCFs in Fig. 2(byl &fig. 2(c)
D of the elliptical-core square-lattice PCF farandy as we increasA values to 2um and 3um respectively. The
polarized component respectively with differentuesl of  dispersion parameters for these PCF all becomeiymsi
d/A values forA=1 um for the wavelengths range betweenindependent of thé/A values. It is also interesting to notice

__Ad*Reln,]

1200 nm to 1600 nm. that, as we increase the value of pitch the dispesdope of
50 the curves all becomes more positive as that ofegelar

e dihe0 7 square-lattice PCFs. Moreover, a changedtdf values

'H"‘“‘E—x.hh —e—dih=06 causes only a small difference for higher values of
409 e diA=05 dispersion parameter for higher valueg\ef3 um. It is also
T h&“‘\_'_jﬁ:g: interesting to notice that, for smaller valuesdif\, like
% i T — d/A=0.3, 0.4 and 0.5, the dispersion curve is quiteféir the
£ s whole wavelength range considered A2 um.

2 404 \\\\ Figure 4 shows the variation of the dispersion pater
R — as we change the pitch values for a fixed valu#idf which

R S is taken to be 0.7 for our study, although theguatare the

same for all possible values@/f\ studied. Most remarkable
120 . . feature of the graph is when we change/thealues from 1

Waveleng%hdl(micro me%é?) Lo um to 1.5um the dispersion parameter changes significantly.

The dispersion slope is negative farlum whereas the
dispersion slope becomes positive for thecase for both

1.2 13

(a)
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the polarizations as shown in Fig. 4(a) and Figh) 4( 1o —
respectively. For all values oA>1.5, the slope of the s //__,/—/4‘——
dispersion curve is always positive. Fovalues of 3m, the 1
slope increases initially and then starts decrgasinhigher 04
wavelengths. iz
E 75
5
- % 04 ——A=10 pm
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Square-L attice Elliptical PCF with B s
Triangular-L attice Elliptical PCF 1t ~ — - |
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3.1. (A) Dispersion Properties

(a)

We have made a comparison between the elliptiaa-co
square-lattice PCFs and Elliptical core trianglddtice
PCFs for the guiding and dispersion properties. this
purpose, we have taken three air-hole rings andsémee
value ofA andd/A, which are um and 0.7 respectively for
both the triangular-lattice and square-lattice PCBsth
fibers can be used for dispersion compensatinf@srsin
Fig. 5(a) and Fig. 5(b) respectively. As can bendeam the
figure, the triangular-lattice PCFs have higheruealof

negative dispersion in comparison to the squatiedat -100 : : :
PCFs. So, we need to have a longer length of sdatiee L2 o avelemgth onie e mstes) 1
PCF than the triangular one to completely compente )]

dispersion at any length, especially of the NZDFL&50  Fig 4. bispersion curves of the elliptical-core squarttie PCF with dA
nm. The most interesting fact is that the squatteeéaPCFs 0.7 for different values of (a) x-polarized component and (b) y-component

can better compensate the positive dispersionNi@F in  respectively.
a wide wavelength range because of its lower valfie
dispersion slope around 1550nm.
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Fig 3. Dispersion parameter of the studied structure &r4=2um and (b)  Fig 5. Comparison of the dispersion parameter for theasettiattice PCF
/=3um respectively for df values varies from 0.3 to 0.7. with triangular-lattice PCF with dA=0.7 and/1I=1um.
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3.2. (B) Effective Area Properties Comparison

The effective area for the elliptical core squarttide
PCFs are still small, being lower tharu#? in the entire
whole wavelength considered for both polarizatiaascan
be seen from Fig. 6 (a) and Fig. 6 (b) respectivly this
value is still higher than the triangular latticeeo For
example the effective area for the square-latteee dvalue
approximately 22% greater than the triangular omexf
polarized one and 21% for thepolarized one at the
wavelength of 1550nm.
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Fig 6. Comparison of the effective area of the (a) x-comept and (b)
y-component respectively for the square-lattice R@H triangular-lattice
PCF for d/1=0.7 andA=1um.

The difference can be explained from the air-fglin
fraction f,=(md?)/(4A?)=0.785{d* IN?) for the
square-lattice which is almost 86% than that ofttizegular
one whosef, = (7rd?)/(2v/3A?) = 0.9064d* 7).

As a consequence of the filling fraction, the sgdattice
PCFs provide higher values of average refractigdexnof

DsgpeiProperties of the Square-Lattice Elliptical-<€BCFs

3.3. (C) Single Mode Properties Comparison

A final analysis on the properties of both type®&fFs is
reported in Fig. 7 and Fig. 8 for different valwés\ values
namely 1um and 2um. We have taked/A values to be 0.3
for our study such that both the elliptical coreF8@emains
single-mode in the whole wavelength considered.efaiti
study of the single mode properties has been disclis our
previous work [16]. Elliptical core is single mode-to a
d/A value of 0.29; whereas the elliptical core tridagu
PCFs is single-mode fod/A value up-to 0.25. Cut-off
normalized frequency/NJA) for elliptical core triangular
PCF and square—lattice PCF are 1.785 and 2.04i/f¢0.3
respectively. An interesting fact can be seen ftoafigures
(Fig. 7(a) and Fig. 7(b)) that square-lattice P@t higher D
values than triangular one for smaller valueé@fe. 1 um)
and lower D values for larger values/efi.e. 2 um) before
cross-off and vice versa after cross-off.

The dispersion slope has been affected with the
geometrical characteristics of the lattice. Witk thcrease
of the A\ values to 2um, the slope almost vanishes as we
move towards the higher wavelength ranges and the
dispersion parameter is always positive in the whol
wavelength range. PCFs with square-lattice alwagsgeh
higher effective area than triangular one for hatbhes.The
fundamental component of the electric field hastsewn
in Fig. 9. The tight confinement of the field footh type of
the PCFs are clearly visible from the figures (Bida) and
Fig. 9 (b)).
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the cladding that means a lower step index WhiCﬁig 7. Comparison of the dispersion properties for theasg-lattice PCFs
subsequently results in a lower field confinement. with triangular-lattice PCF with dA=0.3, for /I=1xm andA=3um.
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5. Conclusions and Discussions

We have made a detailed analysis of the guiding and
dispersive properties of the elliptical-core sqdattce
PCFs with silica background. Different values of
hole-to-hole values and air-hole diameter has been
considered, in order to show how the PCF propednes
influenced by the geometric characteristics of Iditice.
The properties of both thepolarized component and the
y-polarized component are discussed and it is shivah
their properties are almost same for the aspeeely
dispersion and effective area, considered in theepat is
shown that elliptical core square-lattice PCFs \gitinaller
values of pitch\ (1 um) and highd/A (0.6 and 0.7) can be
used as dispersion compensating fiber. For highkreg of
A, the dispersion parameter is always positive i th
wavelength range considered. Dispersion parambgarges
drastically if we increase the values from Jum to 1.5um
for a fixed value ofl/A. A comparison has been performed
between the triangular-lattice PCFs and squarieda®CFs.

EEm- A longer length of square-lattice PCF is requirkdnt the
%14_ triangular-lattice PCF to compensate positive disipe
= occurred in the normal fibers. A square-lattice P&
24 better compensate the dispersion as it has lovepediion
10 slope around 1550 nm wavelength. Effective area for
. square-lattice PCF is always higher than that o th
12 13 14 15 16 triangular-lattice PCF one. Finally, the fundaménta

Fig 8. Comparison of the effective area for the squardatPCFs with

triangular-lattice PCF with d/1=0.3, for A/=1xm andA=3um.

b}

component of the magnetic field for both type & BCFs at
1550 nm wavelength foh=2 um andd/A=0.3 are shown,
which clearly indicates the tight confinement fathb type
of PCFs.
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