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Galerkin Algorithm for Investigating the Photonic Crystal Fibers
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Abstract The photonic crystal fiber is a kind of microstructured optical fiber with a 2-D periodial dielectric profile
constructed by air/silica. There are a few models to investigate the mode characteristics. For the TIR PCF, as an
example, the index profile can be considered as the construction of a pure center defect and a perfect 2-D photonic
crystal with the periodic air-hole lattice, which can be expanded with the normalized Hermite-Gaussian basis set and
cosine function respectively. From the electromagnetic wave equation, the mode eigen equation can be obtained with
the algorithm when the transverse electric field is also expanded as the series of the Hermite-Gaussian basis. All
elements in the eigen equation are evaluated analytically based on the orthonormality and some identities of the
Hermite-Gaussian function. The propagation constant and the mode field distribution of the PCF can be calculated,
hence the mode characteristics, the dispersion properties and the polarization properties can also be investigated with
this algorithm.
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Fig. 1 Cross section of the PCF

(a) cross section; (b) effective index profile
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Fig. 2 Schematic of the way in which the transverse

refractive index profile is decomposed

R TE K- 155 307 oK B50RN = £ BRI 40 1E 32 58 6 1
AR, OFHRIFREH
Co = (n& —nk,) » ICa,,
— Inn?,) - (9a)
P, =n% « IPP +n% P(Z)
P% = lnn%, « IPY +1Innf - IPY 9b)

K10, = [| gu(@¢(3)dady

r=d/2

In

= (Inng

o 2nazx cos 2nby

IPY = s = 7 dxdy
z ¥

2y :r<d/2

2nax
IPP = cos === cos

2y 1d/2<r<d/2 ll

ENTRIES WA AR R X IR N B R R4, 5 TAE
BRTK. B, FR-GEWEETREEE, T
B K AR, R MR YE Sellmeyer 20 XMV 3+ H
ns» AR F LR, X0 1R 5 BUE TR
HMARIEH A
2.4 FAEEEH

K MmIT R RIF R G, (D, ORABS)
J7 AR (4) , AT LAFS B 56 F 8 0 A A9 4P 4E J7 72

a 2 7(2) ¥
dEOEM[Iabcd + kI + abcdzj —stab

@dxdy
ly

F
€y ZOEiz[Ic(d}c)d +k2 If,z?c)d ;Iffj’] = ,Bileab (10)

cyd=
He
190 = [ 4. @0 () V[0 (@) g () Jdzdly

@ —
Iabcd -

0 g, (), () ¢ (2 g () daedy

Ann?

198 = [T g @p ) 5 [¢<x>¢d<y) ]dxdy

lnn’

~ [T @p o 2 [¢c<x>¢d<y> ]dxd
(11)
Kira 2 RO RA L, IFF A K-

1 30T B 0 6 4 56 R R A5 R AR Ay 4 KU, LD

Al LAE B AT R
19, =— Ma - Su
a)
VI LD 5 v+ V24D 5 | s+
M2<b+2163~2(2b+1)()1‘_(%_1Jr
V2(a +21)(2a+1) Y (122)
w

P
I,(,f)d — 2 cf I<22)I(22)+ 2 Pfgl}ﬁi)zléﬁ)y
fi8=0

(12b)
I;g‘_)dz :_f% Oclﬁgl;ﬂ)léﬁ) — 2 Pln I<32)11(21)y
18=
(12¢0)
I;gc)dy :_f % Oc?;]}i?)](&l) _ 2 Pln I}ch)xluz)y
1 8=
12d)
Hrp
120: = [ cos(2riys/1) g, (D s, ()ds,
(s = x,y) (13a)



5 #4 T B % BTFRENTH Galerkin Bk 607

122, = [T g, (D¢, (D, (Dds (13b)
oo d ; s) d i S

Ieh, =7 ¢£Q ¢£”@J@@ (130)

325 [T aCOS(Zil'ilS/lz) a‘/JiZ (5) ) ]

159 = [ F o ¥ (Dds,
(s=x,y) 13d)

W5 ERgE R, R A0 IR

Me* = e’y (s = x,y) (14)

ﬁEFUMS — I(l) +k21<2) +I(3)s’%_/l\mgﬁmé,m
BAHF+DX(F+DX(F+1)X(F+1),¢ 2—
AN E NN (F+1) X (F41) S5 M flie’
A LATE o 8 B T AR AR e 43 AR S 4 (F + 1D? X
(FHD BB —4E(F+1)? MR R &, 2 ik

0.06
0.05 -
0.04 -
0.03
0.02
0.01 -
0.00 -

JEHIFEREATH M Fie® R, Bl
My <M [(a—1F+b,(c—1DF+d]
eue[(c— DF +d] (15)
A (L4) BT 9 B B 45 26 F JE K- 47 R B0
BT R, T HRITH RRIF R G EK
AR HRH G PR TR, H D06 T 5 A
SRR ER TR SR AT EER AT,
FEFE M RREEAR (F+ D2 4, KA EEY)
B S0, 7 BOARYE R AL (B AY R/ R 5 8 O T dR 14Ot
g%*ﬁﬁﬂ@{%%ﬁﬁ ,B:neff < ,8//@ < ng ,ﬁqﬂ Ns; j‘j
TAR B B A0 JEHT 3 2R nee T SRR R AL
Pror R 5 5 RO L A RRAE 1) B B AT AR
G RITX G BREKX R .

6
0.06 4|
0.05 |
0.04 - 2r - \\&
0.03 - ! : \(77 N/
~ | SPINETC 2 ) (
0.02 or /i 3““““\‘\_ . \H\ | \ |
( { )/ ]
0.01 S |
0.00 ‘ \
6 4
-6 .
-6 -4 -2 0 2 4 6
(b) x
B3 o

() | E |2 #I(b) | Ey |2 M= 4es A R R R E
Fig. 3 Modul field distribution

(a) intensity distribution and contour of | E; | 2; (b) intensity distribution and contour of | E, | ?

3 BUE T

3.1 HESWTR

HRE B R B e i 72, FH Matlab 955 2 7,
LT Galerkin B3k, LRt B I BE RN, KB
HE R, AN NS EOTR L EENEK L, T 5

BT RT .
D SEMEWRE T RIEELS, HESEKT
%B@ ‘/§' Iﬁi *Rﬁ’ @J 1"53 Ici]iz ,IPE]li)Z b PQ) 91?21)'5 b

iy ? Tiyiyiy
G0, IS0, IS0 IS

2) MAEEMERK, -H‘%:ﬁn—F%%ﬁ:ciliz 9Pi1i2 ’
Ci‘;‘l.z GPIR, IR I

1ty i3ty



608 2l =5}

b X 31 %

3) HEHERE M, KR RRAEAE B AN XT L YRR ALE 4]
B, IFHERREHELH TR Y T/AERKY
553 A5 » WA 135 43 70 R AIE 23 B B K A A i e 1

4) SR TE BRI [F] A B B % e 1 R
B ER 2 3) 15 BA [F P B A9 15 4% 5 %0, BP
A A6 F SRR B BRI .

3.2 HEER

EIEWSE: A =2.3 ym, f=d/A = 0.2,
MZIEF AL HATEENA R Y TIEEK A =
1. 55 pemn B, 45 2 B 0 A B 25 X B A9 A =X 7 S
RAY B K n, =1.4334645, n, =1. 4335334, X F
MR IRZS Z B B I | ne —n, [ <7 X107, 3CHk
(14] 85, BA Z W DL iese X Rtk i ot il & A 77
FEARE ZOWLAT 5, B I, BOE T [ n, — | BN,
R ZA R ERERE . RER LT &k
O £F S I i i A 1 5 O T B FL A A L IR L
HXRRE, HRIC A MBI 107° LU & BT
5\-1-[15,16]o

FERETT A 4 25 X DL A9 3% 43 Fa A0 3 BT .
TR E A WA 5 W 0y BIANJ7 18] D 4 14 A6
KGoamga KA. FREE AT EGRS T8
RERHEER NEHEKE LFEI  BrEELES
A&, FEE RALZE AR A &, 7 L Gk
T8 BT b, S B 7S AR R R B AT 5 4 A
1% #®

T HUE K- 155 397 bR BRI AR 5% R O 2 N R |
JEEE T SR ARG ER 1Y A A R I S R R IF, [F A3
370 PTG K -5 30 BB B8 I 5 DA B 375 1 i 3 7 7R
R 1B KT & JRIT 2R Hiy 48 4 A S =X A 4 AR J7 72
BT A3 B F A ARG AT 19 1% 1 % BB 0 A . BF
REW, YSPEWMEEN, ZBEEE R, M
HitE B th, 5 T ER PCHL B, #
PGB B, AT Lt — 25 B 50 06 7 d R G 4 i A X Ay

P BRI R IR

s £ X #

1 Jes Broeng, Dmitri Mogilevstev, Stig E. Barkou e al..
Photonic crystal fibers; a new class of optical waveguides [J].
Optical Fiber Technology, 1999, 5:305~330

2 T. A. Birks, D. Mogilevtsev, J. C. Knight et al.. The
analogy between photonic crystal fibres and step index fibres
[C]. OFC’98, FG4, 114~116

3 T. A. Birks, J. C. Knight, P. St. J. Russell. Endlessly
single-mode photonic crystal fiber [J]. Opt. Lett., 1997, 22
(13):961~963

4 T. A. Birks, D. Mogilevtsev, J. C. Knight et al.. Single
material fibres for dispersion compensation [C]. OFC’ 1999,
FG2-1~FG2-3

5 Anders Bjarklev, Jes Broeng, Kim Dridi ¢ al.. Dispersion
properties of photonic crystal fibres [CJ]. ECOC98 (Madrid,
Spain) , 135~136

6 T. M. Monro, D. J. Richardson, N. G. R. Broderick et al..
Modeling large air fraction holey optical fibers [ J7]. J.
Lightwave Technol. , 2000, 18(1) ;50~56

7 Stig E. Barkou, J. Broeng, A. Bjarklev. Dispersion properties
of photonic bandgap guiding fibers [C]. OFC’98, FG5, 117~
119

8 J. D. Joannopoulos, R. D. Meade, J. N. Winn. Photonic
Crystals: Molding the Flow of Light [ M]. New York:
Princeton University Press, 1995

9 T. M. Monro, D. J. Richardson, N. G. R. Broderick et al..
Holey optical fibers: an efficient modal model [J7]. J.
Lightwave Technol. , 1999, 17(6):1093~1102

10 T. M. Monro, D. J. Richardson, N. G. R. Broderick.
Efficient modelling of holey fibers [C]. OFC’99, FG3, 111~
113

11 A. W. Snyder. Optical Waveguide Theory [ M]. New York:
Chapman and Hall, 1983

12 Isidoro Kimel, Luis R. Elias. Relations between Hermite and
Laguerre Gaussian modes [J]. IEEE J. Quantum Electron. ,
1993, 29(9) :2562~2567

13 I S. Gradshteyn, J. M. Ryzhjk. Table of Integrals, Series
and Products [M]. New York: Academic, 1994

14 M. J. Steel, T. P. White, C. Martijn de Sterke et al..
Symmetry and degeneracy in microstructured optical fibers [J].
Opt. Lett., 2001, 26(8) :488~490

15 K. Suzuki, H. Kubota, S. Kawanishi e al.. High-speed bi-
directional polarisation division multiplexed optical transmission
in ultra low-loss (1. 3 dB/km) polarisation maintaining photonic
crystal fibre [J]. Electron. Lett., 2001, 37(23):1399~1401

16 Stig Barkou Libori, Jes Broeng, Erik Knudsen et al.. High-
birefringent photonic crystal fiber [C]. OFC’2000, TuM2



