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Abstract This article designs a novel type of non-bravais
lattice photonic crystal fiber. To form the nesting complex-
period with positive and negative refractive index materials
respectively, a cylinder with the same radius and negative
refractive index is introduced into the center of each lattice
unit cell in the traditional square lattice air-holes photonic
crystal fiber. The photonic band-gap of the photonic crystal
fiber is calculated numerically by the plane wave
expansion method. The result shows that compared with
the traditional square photonic band-gap fiber (PBGF),
when R/A is 0.35, the refractive index of the substrate, air-
hole, and medium-column are 1.30, 1.0, and —1.0,
respectively. This new PBGF can transmit signal by the
photonic band-gap effect. When the lattice constant A
varies from 1.5 pm to 3.0 um, the range of the wavelength
ranges from 880 nm to 2300 nm.

Keywords photonic crystal fiber, negative refractive
index, non-bravais lattice, photonic band-gap

1 Introduction

Photonic crystal fibers (PCFs) [1] are a two-dimensional
photonic crystal with a line-defect lengthwise and periodic
structure in the transverse, and the fiber core is the line-
defect that damages the periodic structure. The most
important characteristic of this photonic crystal is the
existence of a photonic band-gap (PBG), which enables
light-waves with a specific wavelength range to be limited
in the fiber core and to spread along the lengthwise direc-
tion. Negative refraction materials are artificial electro-
magnetic materials with negative permittivity (¢ < 0) and
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permeability (1 < 0) respectively, which have many new
features and attract more interest. When the electromag-
netic wave transmits in this material, the electric field E,
the magnetic field H and the wave vector k observe the left-
handed rule [2—4].

Research shows that the photonic band-gap is very
narrow and the range of the optical wavelength transmit-
ted is very narrow in the traditional square lattice air-
holes photonic crystal fiber. Usually, people study the
photonic crystal fiber based on the triangular-structure or
honeycomb-structure. In this article, by introducing a
medium cylinder with the same radius and the refrac-
tive index n = —1 in the traditional square lattice air-holes
photonic crystal fiber, a new square non-bravais lattice
photonic crystal fiber is proposed. The numerical results
show that the non-bravais lattice photonic crystal fiber can
transmit light signal by the photonic band-gap and have
excellent properties, compared with the traditional square
lattice air-holes photonic crystal fiber. When the air-holes
or medium-column filling ratio equals to a certain value,
wide ranges of optical wavelength transmitted in the non-
bravais lattice photonic crystal fiber can be obtained.

2 Experimental model and theoretical
analysis

First, we introduce the experiment model involved in this
article briefly. Figure 1(a) gives the X-Y section of a simple
square lattice photonic crystal fiber. Generally, the air-
holes with a radius R periodically distribute on the cladding
substrate, and the lattice constant is A. Therefore, the air-
hole filling ratio is / = nR?/A*. Figure 1(b) gives the X-Y
section of the square non-bravais lattice photonic crystal
fiber, which is a simple square lattice air-hole photonic
crystal fiber nesting another simple square lattice medium-
column photonic crystal fiber. The cross-section shape of
the air-holes or the medium-columns is circular, of which
one is the radius of the air-hole whose refractive index is 1,
and the other is the radius of the medium-columns whose
refractive index is — 1. The lattice constant (the centre to



240

000000 “6%°°e°°
©000000|,°°°,°°

O O O O O O
0 009aallbe°%

O O O 0O 0
©00000|0°0°0 0 0 0
evoe0e000| | °.°.°%°"
(a) (b)

Fig. 1 (a) Structure of traditional square lattice photonic crystal;
(b) structure of non-bravais lattice photonic crystal

centre of the adjacent air-hole or medium-column) is A; the
air-holes filling ratio is f; = mR?/A?, while the medium-
column filling ratio is f, = mR3/A%. By changing the value
of R;/A and R, /A or the refractive index of the cladding
structure Si0,, a good photonic band-gap will be obtained.

The plane wave method (PWM) is often used for the
numerical simulation of photonic crystals modeling [5]. By
the electromagnetic theory, when the distribution of &(r) is
periodic in a medium, Maxwell’s equations can be
expressed as

1 w?
S(V)VXH(r)— CZH(r). e

Equation (1) has solutions only in a certain frequency w,
that is, the existence of the band-gap. By the waveguide,
with implementation of guiding light with the band-gap,
the propagation constant £ needs to satisfy [6]:
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ner 18 the refractive index of the fiber core, k, is the
component of the wave vector in the direction Z, and the
implementation of the light guided by the line-defect must
simultaneously satisfy the two conditions that the light
frequency falls on the photonic band-gap and that Eq. (2) is
met.

The PWM is at nature to decompose the electromagnetic
wave into sets of plane waves in the reciprocal lattice
space, thus, the equivalent form of Eq. (1) can be

> k+Glk+G'|le ' (G-G")|
=

& e S L2
G ¢ h |
Equation (3) is a standard eigenvalue equation, and G
can be any reciprocal lattice vector. By the numerical
method, we obtain a series of eigenvalues at each special
wave vector k, and form the structure of the photonic band-

gap. The key to solve Eq. (3) is to solve £(G). We defined
Fourier coefficient in the reciprocal lattice space as [7]
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where S is the size of a unit original cell. Under the case of

the two-dimensional photonic crystal with the compound

lattice structure, Eq. (4) can be simplified as

5(6) = {eb +fi(6a—&) +o(6c~8),  G=0, -
(€a—&p)11(G) + (6.—&,)L(G), G #0,

where &,, &,, & represent the air-hole, the cladding
substrate materials and the medium-column’s dielectric
constant, respectively. We define the geometric factor as

I1(G) = é fsre*ic"dr. (6)

When we discuss the simple square lattice air-holes
photonic crystal fiber, the geometric factor /,(G) equals
(1/8)2nG 'R\J,(GR,). However, when the simple
square lattice air-holes photonic crystal fiber nests another
medium-column with a dielectric constant &, the geo-
metric factor I,(G) changes in the corner compared with
the 1,(G) [8-10]. Then, L,(G) = (1/8)2nG'R,J;(GR,)
-cosa, and & = (G, + G,)A /2. In this article, we discuss
the case of R = R, = R, thus, I,(G) = [,(G)cosa and
h=hL=1.

For the two-dimensional photonic crystal, we usually
assume that the distribution of the dielectric constant is
periodic, and is uniform in the direction Z. According to
the assumptions above, the dielectric constant in the
reciprocal lattice space for Fig. 1(b) structure can be
simplified as

E00 = & + (8, Ep) +f(E.—8p), G =0,
_ J1(GR) J1(GR)

6.6, = (Ea—&p)f" GR + (e.—&)f" GRCOs% G #0,

(7

where G, and G, are the components of G along the

directions X and Y, respectively, and G’s value equals to
G].

3 Simulation results and discussion

First, we defined r as R/A in the following band-gap
diagram, where R is the radius of the air-holes or medium-
columns. Figure 2(a) gives the band-gap diagram of the
traditional square lattice air-holes photonic crystal fiber,
where R/A = 0.48, n, = 1.0, n;, = 1.48, and the cladding
number is 5. Figure 2(b) gives the band-gap diagram of the
non-bravais lattice photonic crystal fiber, where R, /A =
R,/A =035, n,=1.0, n, =1.30, n, = —1.0, and the
cladding number is 5. n,, n;, and n, are the refractive index
of air-hole, the cladding substrate, and medium-column
respectively. We know that the transmittable optical
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wavelength range is the overlap of the band-gap and the
air-line in the PBG-PCFs. It is clear that the transmittable
optical wavelength range of the traditional square lattice
PBG-PCFs is very small, while that of the non-bravais
lattice PBG-PCFs has a great one. Figure 3 gives the band-
gap diagram of the non-bravais lattice photonic crystal
fiber with different refractive index of the cladding
substrate. We find that the band-gap structure shifts to
the right, where R;/A=R,/A=0.35 n,=1.0,
n. = —1.0, and n;, = 1.40, 1.30, respectively. Figure 4
gives the band-gap diagram of the non-bravais lattice
photonic crystal fiber with different R/A. It is found that
the change of the value of R/ A has a great influence on the
band-gap structure.
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4 Conclusions

In this article, based on three different refractive index
materials, we put forward a novel kind of PBG-PCEF, i.e.,
the square non-bravais lattice photonic crystal fiber
constituted by the periodic arrangement of the air-hole n =
1 and the negative medium-column n = —1 ordering on
the cladding substrate with » =1.30. We study the
photonic band-gap of the PBG-PCF, and compare it with
the traditional square lattice air-holes PBG-PCF. The
simulation results show that this square non-bravais lattice
PBG-PCF has a wide range of optical transmittable
wavelength and adjustable characteristics. Besides, it can
create conditions for the realization of the full-band single-
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Fig. 2 Band-gap diagram of photonic crystal fiber. (a) Traditional square lattice; (b) band-gap of non-bravais lattice PCFs
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Fig. 3 Band-gap of non-bravais lattice PCFs with different refractive index of substrate. (a) n;, = 1.30; (b) n, = 1.40
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Fig. 4 Band-gap of non-bravais lattice PCFs with different R/A. (a) R/A = 0.33; (b) R/A = 0.35

mode working, lay theoretical foundations for an all-
optical communications transmission system in the future,
and also demonstrates that breaking the symmetry of the
photonic crystal will result in a broader photonic band-gap.

Re

L.

4.

ferences

Russell P St J, Knight J C, Birks T A, Mangan S J, Wadsworth
W J. Recent progress in photonic crystal fibres. In: Proceedings
of Optical Fiber Communication Conference 2000, 2000, 3:
98-100

. Veselago V G. The electrodynamics of substances with simulta-

neously negative values of ¢ and u. Soviet Physics Uspekhi, 1968,
10(4): 509-514

. Zhang Z M, Fu C J. Unusual photon tunneling in the presence of a

layer with a negative refractive index. Applied Physics Letters,
2002, 80(6): 1097-1099
Smith D R, Kroll N. Negative refractive index in left-handed

materials. Physical Review Letters, 2000, 85(14): 2933-2936

. Guo S P, Albin S. Simple plane wave implementation for photonic

crystal calculations. Optics Express, 2003, 11(2): 167-175

. Chen HM, Zhang L, Rong J X. A study on the air guiding condition

of lightwave in photonic bandgap fibers. Journal of Nanjing
University of Posts and Telecommunications, 2004, 24(4): 67-70
(in Chinese)

. Wang J L, Chen H M. Study of complete photonic band gap in two-

dimensional chessboard of non-Bravais lattice. Acta Physica Sinica,
2007, 56(2): 922-926 (in Chinese)

. Wang R, Wang X H, Gu B Y, Yang G Z. Effects of shapes and

orientations of scatterers and lattice symmetries on the photonic
band gap in two-dimensional photonic crystals. Journal of Applied
Physics, 2001, 90(9): 43074313

. Anderson C M, Giapis K P. Larger two-dimensional photonic band

gaps. Physical Review Letters, 1996, 77(14): 29492952

. Agio M, Andreani L C. Complete photonic band gap in two-

dimensional chessboard lattice. Physical Review B, 2000, B61(23):
15519-15522



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8
	bmkcit9
	bmkcit10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


