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Abstract Dispersion of fiber may broaden the pulse width and lead to error, which must be avoided in optical
communications. Using the finite element method (FEM) and considering the material dispersion of SiO, . the mode
field, the effective index of fundamental mode and the dispersion property of double-cladding photonic crystal fiber
(PCF) with circular arrangement are numerically simulated. Results show that the distance between large air holes
and small air holes of the first layer and the diameter of large air holes determine the shape of dispersion curve when
the distance and diameter of small air holes are unchanged. As some dispersion-compensating fiber, the effctive mode
refractive index has a transition at a wavelength, thus flattened dispersion can be realized. For example, when
diameter d;=3.1 pum, d, =1 pm, distance A, =5 pm and A, =4 pm, within the wavelength range of 1.22~
1.6 pm, the difference between the maximun and minimum of dispersion is less than 4 ps/(nme<km).
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Table 1 HE,; mode of step fiber analyzed by FEM and the relative error to the theoretical values

A /pm Theory 8 /m ™! Theory n FEM n.¢ Relative error /%
1.0 9.40905X10° 1. 497497 1. 497498 7.886428X10°°
1.1 8.55102X10° 1.497031 1.497028 1.879277X10~*
1.2 7.83624X10° 1.496612 1. 496527 0.005653
1.3 7.23083X10° 1.496069 1.495998 0.004748
1.4 6.71206 X 10° 1. 495561 1.495442 0.007926
1.5 6.26296X10° 1. 495172 1.49486 0.020838
1.6 5. 86859 X 10° 1. 494424 1.494256 0.011253
1.7 5.52109X10° 1. 493805 1. 49363 0.011708
1.8 5.21173X10° 1.493051 1. 492985 0.004398
1.9 4.93575X10° 1. 492543 1. 492321 0.014882
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Fig. 1 Cross section of double-cladding PCF
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Fig. 2 Variation of (a) effective mode refractive index and (b) ~(d) total dispersion with wavelength when d; =3 pm,

d>=1 pm, A;=4 pm and different values are chosen for A,
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A1 =5 pm, d>=1 pm, A, =4 pm and different values are chosen for d,

A 3 b R R 2 HOR A B 1B 3 (b)) iR
W et 2, 7] LUE 2] BE & 5936 HeE 35k
BA®%. B3 d =31 pm B /A 2L 78
1.22~1. 6 pm P AR5 F 1, H 0 HCE
Dy — Dyin << 4 ps/(nm+ km), 3(d) 4 d, =
3.2 pmi B2 AE 1. 0~1. 3 pm P K Y5 FI A
SEAPIE HAAHUE Do — Daia<<3 ps/(nme+km) H
D iIBE) T/hF 1 ps/(nm « km) [ B G(H .

145 T RFL A =5 pm.d, =3.2 pm H /)
fL A,=4 pm,d, =1 pm B L EWH K 1.0,1. 4

L9 pm ARG BE e A . R U B 7R
KBS R R P NS X H 2B
SR 2 18 RN AL 37 1) — 30 0 DU A S X
I3 —Hh o e O A AE 2 — BN AL AN s
AL Z AL B 3 7 B 1 O R A5 37 1) RE R o8 4
oA T — /N AL s AL Z L A
ESHAETERY 7 AT DL 200 o T DR O X — AL A A AE
RS AT BT 3B AR AL KA PR AL 3 P 15 21 1A
P T £ FR A 2K

0806010-4



O

AL JZ 0 O TG i A 25 1 BB A UL S 0 i

(®)

©

4 A1:5 pms, d1 =3.2 ‘z/.mHAZZZL pm, d2:1 pm Ej‘s%é?é}%”if A=1 pm (a), A=1.4 pm (b)ﬂl 2=1.9 pm
(o) I 37 fe 1 43 A5 14
Fig.4 Magnetic-energy distributions at (a) A=1 pm (b) 2=1.4 pm and (¢) 2=1.9 pm in the double-cladding PCF when

A =5 pm, d;=3.2 pm and A, =4 pm, d, =1 pm

4.3 WERAEE A MNEKAEE & HRE
3t EE D K
T /N SALIEEE A, AN SILER d 1Y
AR D B, B 5 () A =5 pm.d, =
3 pm,d, =1 pm B fE A, AR O TG B0
801 @
60

D /[ps/(nmekm)]

1.0 12 14 1.6 1.8
Wavelength A /um

OB K 19251 5 B 5 (b)Y 2 A, =5 pmad) =
3 Ay =4 pm B 7E do A A O T 564 o
BB B AL 0E L T LU i s /s AL T
B A, RN AL AR do S 4 MDA 2 6 T
V5 2T £ 5 B s B

90} )

[=2]
(=]
—T

D /[ps/(nmekm)]

1.0 1.2 14 1.6 1.8
Wavelength A /um

5 () A=5 pm. dy =3 pm. dy =1 um I JEEFLE A, RRIOTSF B @BEIEK LR () A =5 pm.
dy =3 ym, A, =4 pm B SELFTE do AR A B F 6 R K 1 AR 1 36

Fig. 5 Variation of total dispersion with wavelength (a) when A, =5 pm, d, =3 pm, d, =1 pm and different A, ;

(b) when A, =5 pm, d; =3 pm, A, =4 pm and different d,

5 4% 18

& B BRI, %) B 4 Hh 9 BB XU = PCF 1Y
SO B SR S B R AT T B T A
L AR RN A a5 AL )RR B AR o H o it 2k
HA T AH R s AL — Rl s AL ] R AR
FLAY B AR 60 15l 2 00 T e PEAE . A ) 3
S BAMEDGET — A A RO T S R S TSN R AL
TE L T 52 B M A BN, Y d = 3. 1 pm,
d»=1 pm, A, =5 pm,A, =4 pym B}, 7€ 1. 22~1.6 um
PAFEE A HAHAE Dy — D <<4 ps/(nmekm) ;
M d =3 pym.d, =1 pm, A, =5 pm.A, =4 pm B}, 7
1.22~1.9 pm 88 58 A8 B A BUIE D — D <<
10 ps/ (nmekm) . FA7 33 B 40 [6] €4 BOR 2 6 27 8 37
(1) € OV A5 R AN [6] 7 AAE I G O OB EF L /] o

DL A 4 {5 D6 £ B BT A ) T B Y
R

Z & X #t

1 Li Shuguang, Liu Xiaodong, Hou Lantian. Numerical simulation
and analysis on photonic crystal fiber with closing to zero and
flattened chromatic dispersion [ J]. Chinese J. Lasers, 2004,
31(6): 713~717
AUESE, XA, (R M. He ik 2 @00 @807 18 7 Rk 6
HRBUARAL S 400 [J]. F Bk, 2004, 31(6): 713~717

2 Chi Hao, Zeng Qingji, Zhao Huandong e al.. Analysis on
dispersion characteristics of photonic crystal fiber [ J]. J.
Infrared Millim. Waves, 2003, 22(2): 149~153

3 Liu Jie, Yang Changxi,Claire Guet al.. A novel photonic crystal
fiber with high nonlinearity and flattented dispersion [J]. Acta
Optica Sinica, 2006, 26(10) . 1569~1574
X, HEE, Claire Gu 58, — Bl B 5 AR L M o BOP 30 +
SR ], k5 $ R, 2006, 26(10); 1569~1574

4 Dai Nengli, Li Yang. Peng Jinggang et al.. Development of

0806010-5



2 M

dispersion-flattened photonic crystal fibers [ J 1. Laser &
Optoelectronics Progress, 2011, 48(1): 010602
HREA . 2 W RN S @ECTHDE T RO RIS R
[J]. k5 bd 753, 2011, 48(1): 010602

5 Wu Jingqing, Xue Wenrui, Zhou Guosheng. Dispersion property
analysis of square-lattice varying microstructured optical fiber
[J]. Acta Optica Sinica, 2005, 25(2): 174~178
RN BESCH . A EA S5 I T W AR a5 AL A /DG 21 /Y 6 K
Fide L], e 44, 2005, 25(2); 174~178

6 Liu Zhaolun, Wang Wei, Zhao Xingtao et al.. Modified design
and characteristics analysis of broadband flat dispersion photonic
crystal fiber [J]. Semiconductor Optoelectronics, 2007, 28 (1) ;
104~107
XJeAE, £ A, BN S S GRUT DT R AR iR 1L
B SR AT [J]. F 4888, 2007, 28(1): 104~107

7 Guo Lixia, Wu Yanrong, Xue Wenrui e al.. Dispersion
properties of photonic crystal fiber with composite hexagonal air
hole lattice [J]. Acta Optica Sinica, 2007, 27(5); 935~939
SR, AL, BEOCH . E AN E S SO F A O
R EBAFES AT R F SR, 2007, 27(5): 935~939

Yuan Jinhui, Hou Lantian, Zhou Guiyao et al. . Investigation of a

oo

step-structure photonic crystal fiber with flattented dispersion
[J]. Acta Optica Sinica ., 2008, 28(6); 1167~1171

SUANE, GRS, RS S5 —Fh B BR 4 R Y 6 BOE HOE T A
JeLFBFIEL]. k& F 4R, 2008, 28(6): 1167~1171

9 Hou Yu., Zhou Guiyao, Hou Lantian e al.. Analysis of
dispersion properties of octagonal structural photonic crystal fiber
with double cladding [ J]. Chinese J. Lasers, 2010, 37 (4).
1068~1072
g, JAAERE, BRI SE. GRTE B 206 T A RO A (R
HHLI]. P Esk, 2010, 37(4): 1068~1072

10 Guo Yuan, Ruan Shuangchen. Analysis on the dispersion
properties of photonic crystal fiber with an air-hole defect core
[J]. J. Shenzhen University Science and Engineering, 2010.
27(4) . 386~390

11 Hu Minglie, Wang Qingyue, Li Yanfeng. Analysis of the
microstructure fiber by the finite element method [J]. Chinese J.
Lasers, 2004, 31(11) . 1337~1342
IS, £ . SRR, MG A Roc Pt ar (],
FE @k, 2004, 31(11): 1337~1342

12 A. W. Snyder, J. D. Love. Optical Waveguide Theory[ M].
London: Springer, 1983

13 Wu Chongqing. Optical Waveguide Theory [ M ]. Beijing:
Tsinghua University Press, 2000
RER. OLM S [M]. Jbat iR R A A 2000

0806010-6



