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Self-Imaging-based multimode interference photonic

crystal waveguide 1 X2 splitter
Xu Xuming,Li Wei,Fang Liguang, Yue Yonglu, Yang Chunyun,Qian Xiaoxia
(Nature Science College, Nanchang University, Nanchang 330031, China)

Abstract: The coincidence characteristics of the self-imaging multimode interferences of two-dimensional triangle photonic crys-
tal waveguides are investigated by simulation and computation. A two-dimensional photonic crystal 1 X2 splitter is proposed.
On the basis of self-imaging interference effects, its characteristics are calculated and analyzed by finite-difference time-domain
method. Investigations show that the transmissivity of this splitter can be as high as 96 % because of the self-imaging effects in
the multimode interference region. which can find major potential applications in photonic crystal optical integrated circuits.

Key words: photonic crystals waveguide; self-imaging effect; multimode interference

TE R AR AL 3 v o ol T 06 i I RE B8 76
/NI B P A PR R A A R T
[ RO e ot L U i R R N AN U
RO AR A AR A O T AR I R A
JeTaR AR I B SR B T LR A
[l A As 1F o oA 1 48 e G B A% a8 LA AS [A) 45 F
HEFR A YOG T AT B R R RE B ARLK:

6 d R A A SO A DL 2B
W 7R —E 2R AF T L X 28 1 S AR I T 2 ) 22 5 A
L IF BT A B SRR AR 3 38 Y R T A A
g — e LA A RS R D RE . FRATTEE T AR
BN BETT T — PR BFE Y 12 Je T S A A A
I HAA BRI B2 23365 0 B T e i RR

1 XFREMSEXTREKSER

AT I 2 =B AL AR B A BT
P F e=3.4 1 GaAs, N4 r=0.20a,a
N E RSB E R BT 40 Rk
AR X B o A S ) HL T 3 TT A G A A T i A
TE f1 TM #&, TE $0# 3 )7 1747 T B I
), 1 TM LAY L 3% 5 18] A7 T oAk J7 el . AT
PR B 38 2% 43 0 0l 3 H BR300 7 S R X T TMSE #l

WA B 4 :2008-05-26

TE #& /)56 B ol LIS 50, %) F TM B, 3% 56+ i
WAETESG T BE , BV Bl 0. 285~0. 426 (a/A)
T 2L O 7 BR X T TE BENRAE7E . Br LR
) TAE#ER S LA TM AR B IE 0 42,

h TGS TM B AE — 4k = f B O 1 S AR b i
H R 205 800 1 N, AT T —Fh 24
Ty E, WK 1, B Wy A X TEE, 755
FE ) A ARG AR T AL RR R T 1 RS s —
HEA A R — A6 F AR AR SRR A 3 B &
5 HEA AR A B — A 5 AR 2R SR A A .

000000000000 000000000000 000000

O.....Q_.._’_Q_.'C.C...'OQ..'C.O...
o0 00 00O
o0 000 0
™ % —»

o0 00 00
o0 00000

Wy=Sa 3BT HFATRABER

0000000000000 000000000000 0000 00
000000000000 000000000000 000000
0000000000000 000000000000000000
0000000000 00000000000 000000000

Bl 5TFHALSETFTIRSGEEETER

AT IA 2 AR X 3 A S 4 A, FR T T O R
BT B 5 Fl 45 4 110 D% 5 (0 0l £k A E 3 i
| E, [ By caniE 2 fE 3 i), miE 2 Lkl
FHLEE TR R B A RS X NS

AT H JLTTA HAREE 4T H (0612043,2007GZW2547) 3 ILVE 4 HHE /T H AW H G2 7 [2006 115 %) 5 TLVE 4 BHE T H
EZ A AR (1964-) , B VTP R E N EHZ i+ FENFOL 5 E8ER Y B A EA/EHFS . Email: nexmxen@ncu. edu. cn

34



TRIBH] & FET ARG ST W RO T SRS 1 X2 22

ANBEE 0 BB LT AR L2 BB L3 BT RRN 4 BREE. iR
Bl 3 AT LUA .0 B e 2 Bir B 4 B s 0 A% 7 b .
A B0 B4 L 7 23 AT EL I 1 8 il X R AL A i
PRPE T 1 BT AL 3 i S A2 R Al 95 A7 X PR 23 A1 3
Pt 5 A A X Rk

0 01 02 03 04 05 06 07
K & (kal2m)

B2 shFaRmEFHmeseRbinE

LT

-2 0 2-20 220 2-20 2-20 29
0 m-42 1 A 2 prAg 3 Ak 4 mr-AE

A3 5hAFREREFERE a/A=0.4 4
5 AKX 69w 3 0% B A A

2 SRTHEHRBTTESN

HAFPN = =0 Wb BEAZE )5, LA BA
BT R B A 1 i K 31X 3 RS (B 0,2 4 By
BOTE ZBLX K AT . 51 L i S 7E 2B IX I H
oA AT B S 37 B W AR 0 22 EE AR A 2 A X )
WIVESS R oAl . MR Z BT B0 [ VR BT
A Gl LUR T B A7 e S A AR 3 2

n—1
G(z,2) = D cip (a)e e, (1
i=0

K o WM REG o (e P ik w8 B, 1)
By 50 R BB & IR (i =0,1,2, s n—
D, TEf i = = L &b, B T2 A AR 7 A2 O [m] 4
B &N o A UL R

= icigo,-(:r)efj“ . (2)

i =0

KOWETHTE =L b afi. vl T2
A S A T80 63 T8 OB /Y 43 A o BE B TE S
[E4] £ 53 A 175 0 B AH T BT A AR AR Ak . AR ¢ W R

¢o(L,x) =¢0,2) , (3
M A BRI AE L &b, i T8 4 A iy %

S[J(L 7x)

PR FRATRT LAAS 3] AR A7 B0 4
L=2kn/(B —B) » k=1,2,3,, (4)

[ 3, FRATT A AT DA A 380 00 R AR A 1 43 A

L=Qk—Dn/B —L)s k=1,2,3, ., (5
Ko, po FB 4300k O BRI 2 B ASE 4% 45 8 4K

& 2 AT, IR 1 454 o Rl O T AR
AR A a =0. 62 pm, ASTEK A=1.55 pm B, 0
R 2 B A ) A% 15 5 50 B, RN B 43912 0. 515 X 2
m /a F0.389 X 2n/a, MR (4) XA LIFG 3| L
B 1R BAE 8a ML 5, BUERES 1 I B A
4. 1a M7 AN AC) 7R . B ACa) B AR AR O BT 1
Xof 107 4 7 TR A A o A i €8 3 7R T 3 B st Ok X
N PR . T 4 Ch) S A R T 125 R Y 3 I R B
WA R,

8a

1.0 1.00

P ooosh—
;0 90
| 5085
0.80
I 0.75

036 038 040 042
0 I 5 (/M)

(a) 3PP F K& (b) EHFHEME TG X Z
B4 AN EE D ESATA—1.55 pm &

ANFREBR 1 EE PRI SR T
XS EE SR E
AT P T 45 44 1 A W08 B R AR = L OF B
WRTE 0. 4(a/2) BB SR ] &3k 95. 9%,

3 ETERBGHAIRIT TM 573kRH

B 5 s A BATBT B —Fh 4T R R BT
IrRAR AR R T B A O R AL T A A

0000000000000 O0CCCOOOTOOOTOOOCOCOOCOTOTOCTOTDT
00000000000 0000O0C0O0CQOCCOCCOCOCOCOCOCOCTOCITOCONTCOTS
0000000000000 0C0CCCFCOCRCOOCFOCOCOOTOCOOTCTOITOTS
0000000000000 00CCFCOCOCCOOIOOIOOITOIOOOITOGITOTDO
0000000000000 0000000000000O0CO0CO0CCROCTCFD
0000000 )
000 0000 « »>0000000000
708 16 a 00000000
.OQ.QQO..Q

N K
00000
0000000
..............O..O..OOOO0.0.0000.
0000000000000 0000000C0COCCFCOCOCTOCOFTOCTOCTOITOITS
0000000000000 0000000C0CO0CFCOCCOCTOCOCTOTOCFTOGITCTS
0000000000000 O0COCCOCOCOCTOCIOCOOOOOITOIOONOITOIITODL
000000000000 000000000000000000000

BS5 AFahrkEsHRcER
(%%Q‘k xLM =16a)
W G DRI A BAABE R L I S A B A IX B K
JER Ly =16 a. LI TM A 3808 B ik o 4 S A5
LR A =1.55 pm, FRATH A FR AT 3822 2 1543
BT IX AR B . R T 45 R A R BRE A S I A ey

35



38 A5 WF T

2008 4 5 6 M1 ELER 150 M

f7 B AR 2O S DX A 2 5 M1 E 1 D A 4 Y A
By AR XS FR Y . & 6 vk AR AR X 45 R 5 Y =S
()57 B, 10 oL 3 5 38 R/ A3 B 5 O o 0 A 5 A
BIEOARXIIL . ML 6 Y FL 375 5 2 R B 52 5% 6k o A
PRI LA, 3 ol 70 SRS B9 79 A i i 1 Y o
SF iR e S8 e AN AR R OF ELE ST R AT ik 96 04

(a) &3 3% £
BH6 MAMRNREZSESHA=1.55 pm 8

NG A Z A o R B P 642 1R A
WerE R0 A

(b) 3o+ X%

4 ZERIF

A SCE T RS T 4 = R T ik
W H R Z R T W RS RerE . 20 —Fh 4
T An Ry AR L A BRI 3 22 40 vk 3% 00 A 2 Y R
PEHEAT T8O TH S R Ay B, S5 R R W], A G
A=1.55 pm, A KE R 16a B, X Fh 4> 48 19 5
SR AT =35 96 V0, 1 K P B 52 1 ) 3 D5 PR R £ A
T DX B SRR X Rl A R 2 BT W AE T
s 1A I 27 B R H It v BT ORI W A N AN (B

S E 30k

[1] Yablonovitch E. Inhibited spontaneous emission on
solid-state physics and electronics [J] . Phys. Rev.
Lett. ,1987,58:2 059-2 062.

[2]  Yu Tian-Bao, Jiang Xiao-Qing, Yang Jian-Yi, e al.
Self-imaging effect of TM mode in photonic crystal
multimode waveguides only exhibiting band gaps for
TE modes [J]. Physics Letters A.,2007,369:167-
171.

[3] YuT B,Wang M H,Jiang X Q. e al. Coupling char-
acteristics of electromagnetic wave in parallel three
photonic crystal waveguides and its applications [J].
Acta Phys. Sinica. ,2006,55:1 851.

[4] Yu T B,Wang M H,Jiang X Q. et al. Ultracompact
and wideband power splitter based on triple photonic
crystal waveguides directional coupler [J]. J. Opt.
A: Pure Appl. ,2007,9:37-42.

[5] Chen CC, Chen C Y, Wang W K, e al. Photonic
crystal directional couplers formed by In AlGaAs
nano-rods [J]. Opt. Express. ,2005,13:38-42.

[6] Liu T, Zakharian A R, Fallahi M, et al. Design of a
compact photonic-crystal-based polarizing beam split-
ter [J]. IEEE Photon. Technol. Lett. , 2005, 17;
1 435-1 439.

[7]1 Zhu Zhihong, Ye Weimin, Yuan Xiaodong, e al.
Photonic crystal waveguide directional coupler []].
Acta Optiica Sinica. ,2003,23:1 237-1 240.

[8] Ward A J,Pendry J B. Calculating photonic Green’s
functions using a nonorthogonal finite-difference time-
domain method [J] . Phys . Rev. (B).,1998,58:
7 252-7 259.

BB DR RRRDRDRRDRNRDNRNRNNRDNRDNNNNRNNRNNRNNDRNRNNRNNRNNRDNNDNNNNNNNNNNNIN

(E#% 16 7

WHE IR AT . 0 S 43X b B it 1 0 A Ry e 3R
{H . Fie FRZ BT HE S R 3 4% G R B30 IR 4 % 0 1) 0
LFEE AR PMD (AR #E 0.1 T, WL LB RS
BETT At BEoROG4F 4% 5 1) PMID {E A M3 0.1 T,k
i DGD {E AL 0.3 T,

FESC bR T AR BT b, 42 B L A o AT DL e A
BUORAG B RS R PMD il DGD A BRI — k=%
A, R 2 iR,

k2 KRk FERAEH R % PMD 4= DGD % FR
2.5 Gbit/s 10 Gbit/s 40 Gbit/s

DGD % [ /ps

120 30 7.5
(1 dB o &R
PMD % [} /ps
10 2.5

(1dB g R4 ,107°)

3 % it

BT R b, PMD A @il & 51
Jok wh R S . AR (0 G R AS AN 52 SRR S R L H )
36

RACH AR AR L T PMD 32 9% A% 4 75 U A
PR M AR I Sl AR 2 IR A2 1 L 6 2R 4 9 32 T
MELUAG T, H PMD #4 %0{H FE (& B2 @ B0 LA B
G, HM R GEERE R I ZF) 10 Gbit/s DL EA 1
BWIE A S X @R @B PMD /35
FE T TS TR A AR i 2R e ) R BRSO 20 A
AL RN RGBT —E RS BN

S E 30k

[1] Agrawal G PCE) . B{IAR T REIL ). LML
SRR A [MO. JE . i ol A . 2002, 22-
50.

[2] Agrawal Govind P. Fiber-optic communication sys-
tems [ M]. New York: Wiley Interscience publication,
1997. 50-51.

[3] Ciprut P, Gisin B. Second-order polarization mode dis-
persion: Impact on analog and digital transmission
[J]. Lightwave Tech. , 1998, 16(5): 758-770.

[4] Foschini G J, Poole C D. Statistical theory of polariza-
tion dispersion in single mode fibers [J]. Lightwave
Tech. . 1991, 9(11):1 439-1 456.



