53 6 2004 6 Vol.53 No.6 June 2004

1000-3290/2004/53 06 /1856-06 ACTA PHYSICA SINICA ©2004 Chin. Phys. Soc.
12+ 1 1 1
! 100044
2 071002
2003 6 6 2003 10 31
PCF PCF
PCF . PCF
PCF

PACC 4280M 4270Q 4225B

B PCF
1.
PCF "
photonic crystal fiber PCF PCF
microstructured fiber . PCF
holey fiber . 1996  PCF'
ber 0000,
rer O000Q
PCF O000O0 4
OO0Oo OO0
OO0 00O
= 00000
ONONORO®
PCF 0.37dB/km ° -
PCF PCF
7—11
2. PCF
beam propagation method
multipole method . PCF PCF 1
PCF
. . PCF
PCF PCF
. A dlA PCF
? PCF PCF 1

"E-mail guobin _ ren @ yahoo. com. cn



6 1857
A R
E xyz =le, xy +e; vyl
1
B e, x y =ex + 4
ey e x y B; J
1 PCF
e, Xy e &y
15
2 2 3
v @ 2 2 _ @( olnn olnn ) .
( t ﬂ.] + k n )ex ax e, ax + e}. ay
2 2
v @ 2 2 _ @( olnn alnn)
(V? B+ kn )e}, 3y & oy t O oy |- .
2
2 Hermite-Gaussian
F-1
e, X Y = Z Ejlbebﬂ x (/)b Yy
a b=0
F-1
e, x y = eada X Py ¥ 3 n
a b=0
. 2rn/n n
F ;s i=ab s=xy c
Hermite-Gaussian "
& PCF n? " m/n
C
lnn2 ny
PCF PCF 6
14 16 . 3 !
Hermite-Gaussian 3 Co. - PCF Co.
5 17 peR 3
[[[z}wd + k2 Iaicd + [a/j:(‘rlx Ia;)‘rdx ]
] alid) ] a;)al + kz ] nind + I a/‘:’cdy
e)f 2 e.t
1ol 4
e, e,
A 4
] ]
/’v : : ,f'
" /6 /6 /2 I | /2 /2 n/6 ~""7/6
L Lo PP loeean pl—  p <o i
r=1 p=2 p=3 p=4 p=5 p=6 p=17 p=8
2 Cs, 8
2 Ce, 8
P=12738 e, =0
P=34 P=56 h. =0.



0=0

0 =m/6 3

1858 53
P=1278 /6 bopar 4 et P
P=34 P=56 Degeneracy A n label
/2
i - p An
1 1.44882484 4
2 4.104x 1077 HE},
2 1.44882443 3
15 3 1.43674688 2 1 TEg,
i o) 4 1.43637588 5 .
e, = 55 H\BVie -] kxV, hy. 2 2.347x10°5  HEy
kn” - B €9 5 1.43635241 6
5 6 1.43622158 1 1 My,
Meclsaac " C, 7 1.42177752 8 1 HE3y,
Fourier 8 1.42112856 3
2 4.397x 1073 EHy,
5 9 1.42108459 4
e, =0 10 1.41946985 7 1 HE;),
e, =@e€ h, =0 11 1.41542537 4 5 |07k 10-6  HEp
~ 12 1.41542357 3
e =re,
13 1.408653 3
PCF 7 2 2.134x 1073 EHy,
14 1.40863244 4
1.48
1.45} 4+ 4.1.
Eeﬁ: Ladr FOT
% 143} 4
X
B} tas 4
" PCF . 6=
1. 41 B Ea]
0 4 b g 4 c
1. 40 R X A
0 5 10 15 20 25 r 0=mn/2 4 b
BRARS 4 ¢ 0
3 PCF A=23um d/A=0.8 633nm 4 b e p=4p=3
24
PCF 4 a
4. PCF e H
: An 14
-7
PCF dl A 10
7
: PCF 4.2.
A=23um d/A=0.8 633nm.
PCF 24 1 6
14 10 1.43674688 1.43637588 1.43635241
14 Mo 1.43622157
p An 5 4



1859

4 PCF a

TEy,

10
g
E Cﬁu
HE311
6 HE, 2dB 8
10°°
8
4.3.
3 EH,,

2dB

1 1
7
HE,,
HE,,
PCF
10 PCF
HE,,
HE,,, 1.
7 10
2.307674 x 107°
9 4.396536 x
HE,,, EH, HE,

HE311

PCF
HE;),



53

1860

x/um

2dB

EH, d

HE;;, b HE;, ¢

EH;; a

PCF

PCF

PCF

PCF

m n

HE3m n EH3

HE;,

PCF

. PCF

PCF

PCF

PCF
633nm

EH;,

=0.9

2.3um  d/A

EH3 m n

3m n

HE

PCF

PCF



6 1861

1 Night J C et al 1996 Opt. Lett. 21 1547 11 White TP et al 2002 J. Opt. Soc. Am. B 19 2322

2 Eggleton B J et al 1999 Opt. Leit. 24 1460 12 Omenetto F G et al 2001 Opt. Lett. 26 1158

3 Furusawa K et al 2001 Opt. Exp. 9 714 13 Efimov A et al 2003 Opt. Exp. 11910

4 Kakarantzas G et al 2003 Opt. Leit . 28 158 14 Wang Z et al 2003 Opt. Exp. 11 980

5 Wadsworth W J et al 2003 Opt. Exp. 11 48 15  Snyder A W 1983 Optical waveguide theory New York Chapman
6 Tajima K Zhou J Nakajima K and Sato K 2003 OFC PD1 and Hall

7 Birks T A et al 1997 Opt. Lett. 22 961 16  Ren G B et al 2004 Acta Phys. Sin. 53 484 in Chinese

8 Johnson S G and Joannopoulos J D 2000 Opt. Exp. 8 173 2004 53 484

9 Fabrizio Fogli et al 2002 Opt. Exp. 10 54 17 Mclsaac P R 1975 IEEE Trans. Microwave Theory Tech . MTT-23
10 Monro T M et al 2000 J. Lightwave Technol . 18 50 421

Study on mode degeneracy in photonic crystal fibers

Ren Guo-Bin' 27 Wang Zhi'  Lou Shu-Qin'  Jian Shui-Sheng'
Institute of Lightwave Technology — Beijing Jiaotong University — Betjing 100044 China
2 Physics and Technology College Hebei University ~Baoding 071002  China

Received 6 June 2003  revised manuscript received 31 October 2003

Abstract
A novel full vector model is applied to analyze the photonic crystal fibers PCF . From symmetry analysis of modes of a
waveguide we classify the modes of PCF into nondegenerate or degenerate pairs according to the minimum waveguide sectors and
its appropriate boundary conditions. We present the modes of PCF that can be labeled by its step index fiber analogs. It is shown
that these modes either exhibit the full waveguide symmetry and nondegenerate or occur in degenerate pairs that support this
symmetry only in combination. The doublet of the degenerate pairs in which both have the same symmetry as PCF will be split

into two nondegenerate modes.
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