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A dual-core photonic crystal fiber based on total internal refraction and photonic bandgap effect
even supermodes, existence of coupling length maxima and so on. The resonance of high-index inclusion between the

simultaneously is proposed. and its coupling properties are investigated by use of a full-vector finite element method.

guiding mechanism

two cores plays an important role in the coupling. The coupling length of the fiber can be changed significantly by

It is found that the coupling between the two cores of this photonic crystal fiber is different from that of other fibers
tuning the sizes of air holes and distance between two air holes, and the locations of coupling length maxima can be

.

based on single light-guiding mechanism. This fiber presents novel phenomena such as alternative cutoff of odd and

shifted by adjusting the refractive index of high-index inclusion.

optical devices; photonic crystal fiber (PCF) ; dual-core coupling; finite element method; hybrid light-
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Fig. 1 Cross section of dual-core photonic crystal fiber

with hybrid light-guiding mechanism
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versus A/A




230 ot &

¥ 50 %

wEHEEE.

3 PCF HBMAE A/A = 2. 58 BH T « 3l 5 17
5 — A B35 3 A i 2k BB AU TE T P 2708
W FE T SRR g R IR o A S AR
AR XTFRE o 76 B8 S S0 25 A Lk A0 26 I 3 {1
(R B 43 BE F o0 A 7E P AN 2550 b L I S SR A R
JRy B 3 I B A S R o R 1Y) A T B R AR AT 2
AN R AT 5 38 M 2R 0 43 5 > 3% i R O AR A R
R 8 T S 3R e Y S 3 By B BR AT S S O B 1Y
IR, BOR R 22 1 8 A B i S B R AT A R A
F T T S SR A 1 AT O R HE SRR T S 3RO
S SO BSOS 2R B R K R R AR R
A [) P 7R R i A A Lk T 5 9 I AR X R P A B 1
N R NE B S AR o NG I N

1.0
=
&
o 05F
i)
|5
2
B L —
0 4 =
S —evenmode
= I odd mode -
E -05]
3 inclusion
region .
-1.0 : : ==
-10 -5 0 5 10
X /um

3 BAAE A/A=2.58 WA — 1k i 45 A
Fig. 3 Distributions of normalized supermode electric

fields at A/A=2.58

4 SRy £F v AR B OE AR R A /X 1 AR Ak
FEAE L A/A HUE 2 th HE,, B3 H 45 R [T 59 5 A4~
OYSEAR R, AT UL A X R R LE A/2 3. 00
AL E 4. 00 [y B ep L RER 2 ik i A A AR P AL
LA LR U AR /N ER 43 BE AT X AR ML A3 A
TE e 7 569 et v, 3R U8 3 1 43 A T8 X s A O
AR B HE,, 3L M R . 1 (8 X AR AR A
A/A=3.00 i, HAE At F B AL P AR ALk,
H 4 B R U DL 5 i IR A HE, 3 LY 43 1 JE X
(DO R = A Y B < TS By N
Z B B S I A 2 A/A=3.50
Af 3 AR G 2 R B RE B LA HE 385 PR ASE 14 7 248 X
PRI AFAE T 2 T 5 8 4% b, /N 40 B o 43 A 6 A
LR 5 B AR — 2D K T 2 1 B A R
EPT R R R B T, fEX AR kT R
AR R AR 1 JR Ja 3 e AR DR A HE, 38 R B 1Y 43 A
TE AR A8 X6 BB A5 14 Ry 3837 o0 A T2 Xl HE,, B
T HER B, | T w7 5 38 A 8 12 19 55 280y

Ej'jf‘: nes (HE ) >0 (HE ) >n (HE ;) , lﬂiﬁ*ﬁ
4 25 BT B R AR AT S K A i . AE e iR
Ak o B S5 AT S 25 R X R DN 5 HC R o I Y g AT
S AR R T  R A AR R R — B

odd supermode

(@) A /A=3.00

(b) A /2=3.39

even supermode

(c) A /A=3.50

(@) A/A=3.703

(e) A/A=4.00

00

4 FEBAAEANR A/A WAL 5 Ai &
Fig. 4 Mode fields of odd and even supermodes at
different A/A

R A B8] A S50 - B W] A RO T A A
YL F Y e I S AR A A — A B BRI T i SO fE
IR TR R TE AR HE,, L HE, Al
HE,, #57E HAH IR R Ak 458 57 1) 4 0 R 42t 2 ik 3 1
T AL i EH,,  HE,,  EHy, Fl HE, 8178 H
PRI ARAEATIIR 2 A T o3 e B AR R T R AR P, 2
P 2T S8 14 06 BE 00 46 eh A1 5 5 7% 1) i A B R AE A
IS FE TR AR AL b T Ak A R BT A R A A B
B YT R A HE,,  HE L 1 HE,, #8225 5E A
AT R B R AL EH,,  HE,  EHy, il HE;,
IR I R 73 BE ik A A e A T 5 | A 8 4 2 BT R
M2 AL /N X S BT 2 rpl A 3 O Rl 2 A 03 SR
B — 2.

FEIE 2 APl AN [ 33T 14 2 23T i R (AR
AR, AT LSRG PCF A K E L B A/A
MAEML S FR AR 5 TR . AR 4 ARROW RIS,
PR R0 B AL 1 = AN BOR i el s 3 S R A R
(19 47 Bt 7 B i 2 15 PR v R 5 il 2 v 7
JEXTRL A o Lo 8BRS BTN SE BE AR B 1 K
RS AE AN IR b BRI 0 3% 14 348 K T ik
JAN o RS A ST R 2 ) BN 2SR T IR R
BB ARG KRN R L7
G R BT AR 1 WA TR ZUAE A S K S A
173 25 MUK 4 1Al BRAS A k. SR 2 A




1 R A

RA T IEHLEDE T S AL BUSHE & BT 231

SIS Rl 0, BE & T AR W 3K, & I 59 4
SR Z IR REL, 5 B 2 8L, P ERE A
KEEMZR s 202 . AR A IR 99 114 3% 22 b f gt 4
B0 2% 08 Nz R A e PLE PCF T/
TEARAT At BN AR08 B N B8/ A K EE A
F TG AR /N, LT ¥ E EXTE 5 F iR
B — AN BN R A AT T

4000
£ 3500}
<. 3000}

~
£ 2500;
& 2000(
§1500-
glooo-
© 500f
0

...... a—polarization
— y-polarization

2 3 4 5 6
Normalized frequency A /A
K5 ROE PCFABAKE Lo Bl A/A LR R
Fig. 5 Coupling length L. of dual-core PCF versus A/A
3.2 AEAXASHMAAREKENRN
FEEF ) AT S AR X PCE RUE [ MRS & &
FEMEM . O T RE— 2 T T S AR A B X
TR G KR X d=2.0 ypm, A=4. 0 pm,
ny =1 A4 YT IR n AR B BUESG LT BEAT % %8 &4
Wk 6 fras. w6 Ay L ] — Dt T B A 2 B
A n WG RIMT 1 K P RT5 10 2 8l e 2T R K BER R
L 1437 Bt il 2 1) R T 1 B 8l o AR DR L R s
/e R BRI L 2R W OR (B 22 3 B — R
3 R W KA AT AR I — M DA i el B, 24 2ol 2k
AR YT R I S3 n XOREF RS K R AT A
I AR O B A IR KRN i K A
n PR ORI B8 D /D 5 R B I BEE G I R X ak
ARSI BEREE » B3R RGO . X TR 4
i 58 I YCET » Al L i B2 IR L L 3 55 ) B AR

1400+ n=1.52 - _x—po%arization 1
- —y-polarization
£ 1200 n=1.56 ]
1000 n=160
w 800 ! NG
g
o 6007
=
= 400 ¢
g
S 200¢
0 1 1 1 1 1 1 1
08 10 12 14 16 18 20
Wavelength 4 /um

K6 fEKE L FEAFEITH R 2 TR MR R
Fig. 6 Coupling length L. versus wavelength with

different n

T FAE AT G AR AT 2 T 5
O e o R

B 1 OGET ) s T S R AR 2o R R AR
BRI A 23 AL Y ) B R A A 2 B A DG 2T 1Y
A&7 45 T OB TE B M S HORE )
TOLT » AR 2 ALY T BE A RS A 1 R Rl K 1Y
KA HAN30 pm HRF] 4.0 pm 13T FR
W OLE AT B B AR R AN E L BEE A /Y
BERBHTIG R XL T A B3R AL M 2F
T 1 B 2 394 A o 2 505 1) A9 R 5 6 B ek 5 5 A . [
ISR A BEORAAE A L O 21 A i 4 PR 2 18] A R
I ZE A A BT 3 3 R 3K 2 5 A [ A AR A 1Y
Or 5 AR BN T IR 2 A 1 BT A R Y L (B
NCET RGN BN A AT D/ R
£ i IR A 1 o

BXCLF RS

1000 |
g - - -x—polarization
28001 —y-polarization |
EU
%, 600
=
&
20400
=
£ 200 PN
3 77 A=3.0 um -

0

12 14 16 18 20
Wavelength A /um
B 7 MEKE L EAFEZESILEE A THEKW
ALK R
Fig. 7 Coupling length L. versus wavelength with
different A

8 JRLL L LT A K E Lo 7EA [A) 25 <AL
HAEd THEBEK AR FR . WE 8 1T LIFE .ot
FABRIINL EAE d N 2.0 pm 3] 3.0 pm (19728 A i
R PR W RO Lo BEF o B3 R/ X2

' ' " __ _x-polarization
EIOOO r =20 pm —y—golan'zation )
<800+
=
p 600
£
&
UED 400
=
3200t
&
O 1 1 1 1 1
1.2 14 1.6 18 2.0

Wavelength A /um

K8 MEKE L EAREIILER Jd THERKWN
A KR

Fig. 8 Coupling length L. versus wavelength with
different d



232 ot &

¥ 50 %

o T2 AL I RO B 2 PR 2
JZ 2 AL AL A G 25 X0 L T D6 27 X0ES 8] Y =i 37
S AR B A A A USRI 0] 1) 52 B BRSO
A2 B3 9 38 R 3 B WU 18] R A 5 2 1) H8 0 3
T SO S K BRI . 518 7 I R L 7R S
LR d/A BUEMFE B0 T e e K
L. X2 AL A B 28 A0 B AUk

FT DL 2% PR 2T LA S o i DR A )
M BB /N T v i PRS0 3 1 BE S 1P ff I
5 4 B2 1Y 22 A W O (L PR 0 32K B e R Bt A
RS A S B ) 0 % L R R 2 AR )
G RER N RN R NP (1 P O (58 N N £ B U
A B % 2x T BUAT O R 5 AR BE Y BBl . DA K
21 B 7 B B A AR A £ O R 5 R T R

4 %k 18

38 6 A TR A S e L BUE PCF #i A
FEPE I A0 AT S e B T WA £F 505 [B) a1 7 S o3 R 0 R A
MIAEAE R B T OCEF TP B S8 Bk O & K AF
TEAR KA SE I G 1) 2 A B S 1) 8 Lk R 5 v 3T 5
FHMIERME -2, 8T HIERE S OEHLH NS
PCF $RAF 8 /N G K BE W32 U /N 1) 23 < fL 1)
BEANAL K2 AL BLAR  FF G TR I KK
)7 BRI

& F X M
1P. St. J. Russell. Photonic-crystal fibers [J]. J. Lightwauve
Technol. , 2006, 24(12) . 4729~4749
2 T. A. Birks, J. C. Knight, P. St. J. Russell. Endlessly single-
mode photonic crystal fiber [J]. Opz. Letz. . 1997, 22 (13):
961~963
3 J. C. Knight, J. Broeng, T. A. Birkset al.. Photonic band gap

guidance in optical fiber [ J]. Science, 1998, 282 (5393):
1476 ~1478

4 N. M. Lichinitser, S. C. Dunn, P. E. Steinwuzel e al..
Application of an ARROW model for designing tunable photonic
devices [J]. Opt. Express, 2004, 12(8); 1540~1550

5 A. Cerqueira S. Jr., F. Luan, C. M. B. Cordeiro et al..
Hybrid photonic crystal fiber [J]. Opt. Express, 2006, 14(2)
926~931

6 K. Saitoh, Y. Sato, M. Koshiba. Coupling characteristics of
dual-core photonic crystal fiber couplers [J]. Opt. Express.
2003, 11(24) . 3188~3195

7 Z. Wang. T. Taru. T. A. Birks e al.. Coupling in dual-core
photonic bandgap fibers: theory and experiment [ J]. Opt.
Express, 2007, 15(8): 4795~4803

8 J. Laegsgaard. Directional coupling in twin-core photonic
bandgap fibers [J1. Opt. Lett. , 2005, 30(24) ; 3281~3283

9 Xiwen Sun. Wavelength-selective coupling of dual-core photonic
crystal fiber with a hybrid light-guiding mechanism [J]. Opr.
Lett. , 2007, 32(17): 2484~2486

10 S. Selleri, L. Vincetti, A. Cucinotta et al.. Complex FEM
modal solver of optical waveguides with PML boundary conditions
[J]. Opt. Quant. Electron. . 2001, 33(4): 359~371

11 Gong Taorong, Yan Fengping, Wang Lin et al.. Analysis of
properties of high birefringence photonic crystal fibers [ ] ].
Chinese J. Lasers, 2008, 35(4);: 559~562
ROk, RO, £ Bk . mXUITAOEF RO R S T
[J]. P E#k. 2008, 35(4): 559~562

12 Wei Yan, Chang Deyuan, Zheng Kai et al.. Numerical simulation
of temperature properties of photonic crystal fibers [J]. Chinese
J. Lasers, 2007, 34(7). 945~951
Tk, AR, A Bl AE. 6T R AOGER AR AR EUE A
[J]. # @ik, 2007, 34(7): 945~951

13 Qian Xiangzhong. Effect of temperature on transmission
properties in photonic crystal fibers infiltrated with liquid crystal
[J]. Acta Optica Sinica , 2008, 28(5): 988~991
BRI TR XHROR B R T S RO A e (], K
33, 2008, 28(5): 988~991

14 T. T. Alkeskjold, J. Lagsgaard, A. Bjarklev. All-optical
modulation in dye-doped nematic liquid crystal photonic bandgap
fibers [J1. Opt. Express. 2004, 12(24); 5857~5871

15 T. T. Larsen, A. Bjarklev. Optical devices based on liquid
crystal photonic bandgap fibres [ J]. Opt. Express, 2003,
11(20): 2589~2596



