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Asymmetrical Self-imaging Effects of MMI Devices with
Two-dimensional Confinement

JIANG Xiao-gqing MA Hui-lian MAO Hui-ling WANG Ming-hua

Department of Information and Electronics Engineering  Zhejiang University ~Hangzhou 310027

Abstract The self-imaging effects of multi-mode interference MMI  devices with two-dimensional confinement are given by using

guided-mode propagation analysis method. This paper firstly discusses the asymmetrical characteristic MMI devices with two-

dimensional confinement in detail. At the same time the three-dimensional all-vector finite difference beam propagation method

BPM is used to confirm the analytical results.
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Fig.1 Cross-section of three-dimensional waveguide

W2/W2. =p/qg=1
E TM 10

H, = Hocos( )cos(Wy) TE
E. = Eosin( )sm(Wy) ™
vV =0123 u=0123 vou

x Y
Xy

¢1zu Xy = S150951: x - ¢u y

' 2 2
2 72 2 v ur
”’u—k”f‘(Wx) ‘(Wy)

k = 271"/A0 A()

o=t~ 3 [

Wo/W3 =p/g=1u v

v=2uv -11L,
4n W? Ao
340 Poo = kne = 4w
z =0
g xy0

(/J Xy 0 = ZECUMSDUH Xy =
ECLSOU x - ECquu Y

9}

2
ECUQDI, x exp[] 71} - ”L]-
sc expl j - ML] 8
N ugpu, y p q 3L7r
8 MMI
P q q=1
3
34 8
x =3L./2
3L, 2 3L, s 3L, /N s N
N
W, =W,
MMI N
N x N
MMI
L =5 3L, /N 8
LSV v+ 2
g vy L =3Cg, « eXP[JiN ﬂ]-
.2
2Co, ¥ exp(js]:;rc) 9
s'_sp
M ~ gN 10
s M 9
x N 4 ¥y
M
1 p/q=2L=3Ln/3 10 S
=2M:3 3)(3 L:3L,r/2 S’:M
=1 2 x1 2 9 10
p/q =t NxM M<N M

t
N



255
Rsoft x =4pm y =1pm Xy
BPM ? L
BeamPROP SOI
W, =10 pm n, =
3.45 1.45 1 L, =297
Ag =1. pm 309 pm
g £
2 E R
] ,%
3 |
$ 7 3
Wil Flgngarsl Lkrec on {@®]
£ auk
2 p/q=20L=1L1a 3L/2Db x=4pm y =1pm
Fig.2 Distribution of field at L = L, a 3L./2 b under the input condition x =4 pm y =1 pm when p/q = 2
l:rul.lll O vl jar
3 p/q=32L=1~L/4a 3L/10b 3L./8 ¢
Fig.3 Distribution of field at L = L./4 a 3L./10 b 3L./8 ¢ under center-input condition when p/q = 3/2
2 py
10 L Nx M M
<NM=N M>N p/q =372
L=1.6L,/53L./2 2x35x%x52x
4 3 L 4
3
3
MMI MMI
3
Wo/ W3 =
23 /P qp
Xy MMI St

MMI



256

29

Sean M. Garner Sang-Shin Lee Vadim Chuyanov e al. .
Three-dimensional integrated optics using polymers J . IEEE
J. Quantum Electron. 1999 35 8 1146 ~ 1155

C. Wachter Th. Hennig Th. Bauer et al. . Integrated optics
towards third dimension C . SPIE 1998 3278 102~ 111
P. A. Besse H. Melchior. General self-
imaging properties in N x N multimode interference couplers

J . Appl. Opt. 1994 33 18

M. Bachmann

including phase relations
3905 ~ 3911

Lucas B. Soldano Erik C. M. Pennings. Optical multi-mode
interference devices based on self-imaging principles and
applications J . J. Lightwave Technol. 1995 13 4 615
~ 627

M. Yanagisawa T. Hashimoto F. Elisawa et al.. A 2.5
Gb/s hybrid integrated multiwavelength light source composed
of eight DFB-LD’ s and an MMI coupler on a silica PLC
platform C . ECOC’ 98 20 ~ 24 September 1998 Madrid

10

11

Spain 77 ~ 78
Torsten Augustsson. Bragg grating-assisted MMI-coupler for
add-drop multiplexing J . J. Lightwave Technol. 1998 16

8 1517~ 1522

Koji Kudo Kenichiro Yashiki Tatsuya Sasaki et al.. 1.55-
pm  wavelength-selectable microarray DFB-LD ' s with
monolithically integrated MMI combiner SOA  and EA-
modulator J . IEEE Photon. Technol. Lett. 2000 12

3 242-~244

M. Rajarajan B. M. Azizur Rahman T. Wongcharoen et
al.. Accurate analysis of MMI devices with two-dimensional
confinement J . J. Lightwave Technol. 1996 14 9 2078
~2084

E. E. Krezs three-
dimensional full vectorial beam propagation method for z-

IEEE J. Quanitum Electron.

Antonis G. Papagiannakis. A
dependent structures ] .
1997 33 5 883~890
M. J. Adams. An Introduction to Optical Waveguides M .
New York John Wiley & Sons Ltd. 1981 Chapter 6. 179 ~
182

J. Z. Huang M. H. Hu J. Fujita et al. . High-performance
metal-clad multimode interference devices for low-index-
contrast material systems ] IEEE  Photon. Technol.

Lett. 1998 10 4 561 ~ 563



