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Abstract: A novel and general model for light propagation in photonic crystal fibers (PCF) is
proposed. A new method for constructing supercell lattice is proposed, the transverse index profile
of PCF is represented with overlapping of two periodic structures and the modal field is decomposed
by using Hermite-Gaussian functions. The propagation constant and the mode field distribution of
the PCF can be calculated by recasting the Maxwell equations into matrix eigenvalue system. The
transmission properties of PCF including modal field distributions, dispersion properties,
polarization properties and effective area are analyzed. As a general method, it is an accurate and

efficient model for square, honeycomb lattice and elliptical-hole PCF.
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Fig.1 Schematic diagram of PCF
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Fig. 2 Construction of 2-D photonic crystal superlattice
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Fig. 3 Reconstruction of transverse refractive index profiles with parameters: A=2.3 pm, d/A=0.6, m=10. (a) 3-D

refractive index reconstruction, (b) cross section along the y=0 axis of refractive index reconstruction
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Fig. 4 Reconstruction of transverse refractive index profiles of (a) elliptical-hole

square lattice PCF, (b) honeycomb lattice PCF
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Fig. 5 Intensity of two fundamental polarized modes with A=2 pym, A=0.2, V=3 at A=1.55 pm.

The intensity contours are spaced by 3 dB

BT AR AR & A T 28 i, IR L7 R R
JEEF BB P MR IR E X R E. y TES
z FMRIR AR E,  E, WA BITH R 50 HR ns =
1. 412221,n%=1. 410228, KR THH R EZE X TR
SHTH Mg = | nd—niy | =1. 9933 X107% , ;X AENE H
Tl B RAmE A R— D EH . B THELGF RE
JEET RAE R CET B9 BRI R . by 1B R AR 7R
B BT ERORRR T KBRS A X Bt (L ZE A3 19 Sh
WG B3G50 A BT o6 S AL o B9 1B L B 77
. F—RERTEENZ E WE5K E, MR EE
TR (B R E 2 R o T R = <AL
SETEMERITHREGE, JRAW E. (Y
S HERGHEZHNET TEMEERX, A
T2 T HAE IR,

5.2 AN G
Xof F A B FL G F B R G AR, B R 1 2 XL

Proprest . AT R % Bk 7 5 A 4F F 8 5 W
8 :an=|n—ni | I BRI R EEL, & XH—1k
WK A/A. B 6 R R IR AL T df A G £F B BT S
HHE—LS R KR, B A [ 5 LIE X B [ 8
H—fE R A, A BB E M 0. 05~0.3. [ 6
R, ¥ T —ERMER V, W5 FEH — L E R A
3G R TTHE N . 78 R ARAL  BUHT 50 5% T il A3 3 1Y)
REAR XU S 386 R . 3 55 4% 8 B PRI D6 4 A [R5 Ot
FARARRBA R, XF F16 B 6 LR, XTI 7R AR
o SR AR AL R T R X RATE N TR
PR BEH—-EEHN, B TERHTHF TR ER
BRI AT DAY 2 W AT, R A bR BT A S I YE R
FRUEARUHT S 2R o 2440 38 R AR e, XoF 3 A0 IR 08 PR A '
£, B a2 IR YR, 6 T R T R B K Y
B R WD ST S ARG 5 T %o 7 0 1B L' 7 446
£ UL, Bl AT AR FRAR , A K B R T 2R [0 06 1 &



8 EERE: ST RELE M IER BRI 1135

HREETY R, B TEREP S LB RME
G B 1% 32 B (9 BT 5 MR AR T A » B LA 33 i 5 X
FHAEIEL.

0.025
0.020 AR
4=015
——4=020
£ 0.015| — =03
< SN V=3
0.010[ ™\

0.005| "N

........

elliptical-hole PCF  with
ellipticity V=3. In increasing order upwards, the
lines are for A=0.05, 0.1, 0.15, 0.2, 0.3

5.3 BHEH

AT LA = MG R LG T R R 6 S B Can B
3 P BT ST A A ) 5 B AR SCHR S BB B A3 BT O
MR M. G THESE D L
RN

Fig. 6 Birefringence for

70
60
50
4017
30[
20
10
0
-10f
-20
230 e T T
0.6 1.0 1.4 1.8 2.2 2.6
Wavelength A/um

D /ps/(nm-km)]

dr dzne

b=3a :_% a
Hip c HESHFHEE A MK 20 BT PR
MEBITHER.D, =D, o—conse HEFOEG DL K
R, T AR ZE I ERR AT BB B R F
KNRZEHS BT MO RUL, B FRAA K
#RE bR EBOR AR Y, AT R FEIT IR I AR
D,.

K7 REBARSEd/ARETREBT KR
L BAELITE R A = 2.3 um,d/A BBUEN
0.1%]0.6, B 7(a) HXFHEM A AWK 0.5 ~
2.5 pm JBEIN,d/A BR, B FRECTEHE T A
A BB B S, 2R AR AL BRI 2 AT R B, XA
AN d/A fE 2 5 R 3888 43 CT RERR 4D, fT 42
ERE AT, HBE d/A B3R F BER 4 K, I
A s, [F] Ae 75 30 3 R A f B, XA R R T
XF A F AL R BT R, B 7)) R
BT M . OO % 8RR, B8R T
F ARG EE BT B 0 B R TR RRR D . R
FA R @A B4 THE .

~ D, + D, ), (10)

100

El

4

£

3

=

o) /
A A . .
0.8 1.2 1.6 2.0 24

Wavelength A/um

Fig. 7 Waveguide dispersion (a) and total dispersion (b) of triangular lattice PCF

5.4 BHHER
AMEREHENCTIFLREMEZRR. 58
B/ ARERFE R I ET, 25EEK
SREAERMERNL . FAMEME R R E T BE AR
NA, BB FE L, R s B ket . B A 2m M
EAFRITTHEESE. AT ANEHE XN

oo oo

[J J |ECx,y) \zdxdy]z

— (1D

oo oo

Aeff =

J J | ECx,y) |*dzdy,

—oo—o0

Hrp ECz,y) FEE PR B 508 K G AR
ALRBVESR i BT RABET A ME R, & 8 H
=AML T RAGE CNE 3 iR 3T 5t R4

50
45 :-_—_g/g\=0.2
40 =04
L35t
g 30
V:"f: 25¢

20t - b
s e T
P

o8 12 16 20 24

.Wavelen.gth Aum

Fig. 8 Effective area of triangular lattice PCF with

parameters: A=2.3 pm, d/A=0.2, 0.3, 0.4, 0.6
TORMAREREGREKERR . BT RASGET L
ZRBW:A=2.3 ym,d/A=0.2,0.3,0.4,0. 6, X4
E G5 BIOE T B ROGET L A ST AR BE B K A T



1136 )t 2

¥

H 24 %

BRI O, 3 S PR D i T8I 38 R X 37 K o T
T AL SR LA OE T R R B R IR B
KBRS EET RAEEEYT R, R BT A R R
MR, X F—EMFLEE A MK, W LE d/A
PeE T AR R/ X LR d/A MR, 6T
R R JGET B9 ELJZ IX B 3T S 3R IR, (6 0 2 R
P T T R AL BT R  BUEA R AR

LB b Xk AR R B AR X ALAR /AL BT RO
SFHLEE A BB WA BE R KD, fLE A
KABHRMBER. RTREE, AHHHER,

B R T RAOLE WSS BILE A4
XL d/ A, T 3RAR A% GEOL T B A BE AR B A9 B R B
BUMRA R AR , [F I AR 170 T 8 RO £F i B A
FRRTE. BT R D AR BOL AR L IR L S TT R
THRIELR.

B ASCRI T —Fa ot 7 @ O £F B9 R3S B
BART . R —FB B e A T T ik, e T
st AR T BB 1 317 3 23 R e J 0 1 45 4 1) 2 B R
7R > AT R B SR K AR A T4 1 T kO T b A
JOEF R F 3T B R AR AT R B W R RS . fF
BB H - R ERTT. FIRIER R
BB PR R 4 R B U 3 O R A O S B A AL R IR
B SRS PI MR AL R o B X R O vk T LA
BT &AW T AL, T 44 e
S5 Bt B TG F dR RO ET . B A IR BB 5T
T WRIBIFL = A 454 061 i (A B T BB 37 20 A AR
SR, LUK B FL =M S5 06 T S AR L 4F 1 G R
A E . BESTEREN, X E—FEA .
A ERR B R T A6 T SR AL RO .

& £ X W
1 Knight J] C, Birks T A, Russell P S J & al.. All-silica
single-mode optical fiber with photonic crystal cladding.
Opt. Lett., 1996, 21(19): 1547~1549

2 Knight J] C, Russell P S. New ways to guide light.
Science , 2002, 296(5566) : 276~277

3 Cregan R F, Mangan B J, Knight J C et al.. Single-mode
photonic band gap guidance of light in air. Science, 1999,
285(5433): 1537~1539

4 Farr L, Knight ] C, Mangan B J et al.. Low loss photonic
crystal fiber, Proc. ECOC2002, PDI. 3

5 Eggleton B J, Westbrook P S, Windeler R S e al..
Grating resonances in air-silica microstructured optical
fibers. Opt. Lett., 1999, 24(21): 1460~1462

6 Kakarantzas G, Ortigosa-Blanch A, Birks T A e al..

Structural rocking filters in highly birefrigent photonic
crystal fiber. Opt. Lett. , 2003, 28(3): 158~160
7 Wadsworth W J, Percival R M, Bouwmans G et al.. High
power air-clad photonic crystal fibre laser. Opt. Ezxp. ,
2003, 11(1): 48~53

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

9 Barkou S E, Broeng J, Bjarklev A. Dispersion properties
of photonic bandgap guiding fibers. Proce. OFC98, FGS5,
117~119

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

11 Ferrando A, Silvestre E, Miret J J e al.. Full-vector
analysis of a realistic photonic crystal fibers. Opt. Lett. ,
1999, 24(5) . 276~278

12 Ren Guobin, Lou Shuqin, Wang Zhi et al.. Study on
dispersion properties of photonic crystal fiber by effective-
index model. Acta Optica Sinica (F % F#]), 2004, 24
(3): 319~323 (in Chinese)

13 Monro T M, Richardson D J, Broderick N G R et al..
Modeling large air fraction holey optical fibers. J.
Lightwawve Technol. , 2000, 18(1): 50~56

14 Guo Albin S,
implementation for photonic crystal calculations. Opt.
Exp., 2003, 11(2). 167~175

15 Snyder A W, Love A D. Optical Waveguide Theory.
New York: Chapman and Hall, 1983

16 Gradshtein I S, Ryzhik I M., Tables of Integrals, Series
and Products. New York: Academic, 1994

17 Dyott R B. Ellipitical Fiber Waveguides. Boston, MA:
Artech House, 1995

Shangping , Simple plane wave



