F29% Heil
2009 4F 8 A

DL S
ACTA OPTICA SINICA

Vol. 29, No. 8
August, 2009

CE ST 0253-2239(2009)08-2099-05
7% 1) 28 S S 5 P 20 i

A-d TEE RRU IHA!

CWHLRAER SR T LR AR, WL UM 310027; 2w ETHE 2B e 5o T RH B . Wil AT 310018)

WE WA S A2 X 0 6 T 2 Y A T 38 SO S 5 AR S ) T R S O 40 R A L I BRSO IR UK
L EEMAG R RMEEMSG L/ T E S A E OGS AR BT, 8 W — P 45 808 37 T e 7%
G AT A5 (A1 A SR A R . IR IS 09 35 23 A B R IR X FR DG R 3 40 A BB . R TN A X3 43 A I 3R
ik, B [ 50 O S ARG K, IF I S 4E 2 R G B f e Ik 720 A 45 3 . K PR 7 vk BT A5 19 =5 1) 228
NPT A REMRIE, BRREN 1.2%., FHIRER 0.9% ., HRBWIZFYR G ILR L R G E R 25
TP AL AL 2 T S A1 38 P 19 = A 4R O S A8 R 09 B TR 43 A B 41 B R

KR SEESOEE SRS SR ITE L FA R

hESES TN256 XERFRISAS A doi: 10.3788/A0520092908. 2099

Coupling Characteristics of Spatial X-Crossing Waveguides
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Abstract Spatial X-crossing waveguides consist of two vertically stacked waveguides crossed in an X type shape.
These kinds of devices can be served as vertical couplers, vertical coupler filters, vertical optical switches and optical
add/drop multiplexers. Based on the perturbation theory. a technique named equivalent field matching method
(EFMM) is presented for analyzing the coupling characteristics of spatial X-crossing waveguides. The field profile of
the rectangular waveguide is treated as a perturbation to radially symmetric fiber. and more accurate calculation of
the coupling lengths of the spatial X-crossing waveguides is presented with the effect of corner regions taken into
account. And the three-dimensional full-vector beam propagation method (3D-BPM) is used to verify these analytical
results. Comparison of the coupling lengths obtained by the 3D-BPM and EFMM shows that the maximum relative
error is 1.2% , and the average relative error is 0.9% . Results show that this proposed method is more convenient
compared with other numerical methods. The equivalent field matching method is extremely useful in the accurate
design of three-dimensional integrated optical devices based on spatial X-crossing waveguides.

Key words three-dimensional integrated optics; spatial X-crossing waveguides; equivalent field matching method;
coupling characteristics
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Fig. 1 Spatial X crossing waveguides (a) Perspective
view, (b) top view
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Fig. 2 Cross section of planar waveguides (a) and spatial

x-crossing waveguides (b)

HEMARORC &Ik 9320 VLR,
FEIE W T 5500 A @ FUE AR 50 3 W e 2 A0 2%
Tt
Vig+Lkini(x,y) — ]y =0, (O
K n, (oo ) HHTE R ST 001, ke HEZS H
I E A B BCS BUEAE H O AL I AR (E 7

H’fjiﬂz‘/”
H = Vit Ekini(x,y), (2)
(Z)T*ﬁ:fﬁHT'ﬁﬁE%?‘IH *ﬂﬁfTH mAn, Bp
H=H,+H. (3)

H, k% 5O6EF B3 R B 4% . HASE B8 o0 oA
fE{E B W R LAF AR {77
Hogo = B » 4
TES ST . SL8F H AT LB U 5L Ho (19
Tern
I:I’:kﬁnf(x,y)*kﬁnz,(x,y), (5)
GYF T, (s ) T S OB LR W9 97 5 340 1, Bk
SR S I S R O AT AT S 2
I, R4 T KB4 4 2 KV R B Z.
XA 1 AT AR 2 43 40 3 s
B jk%(n% —nd),
ok —n. X2
Folt oy o 430 KR 2 P % i
PEF VA D 5 00 145 380 B RO L LR

kﬁj[ﬂ% (xyy) — 0 (xsy) J¢gi (xay)ds

X35 1
A (6)

B =B+

b

J(/Jé(x,y)ds

D



8 1 IN—SR%E . A A B U SR A R A A 2101
Ny Kl2 —
2 \g .
we,(n} *nﬁ)ReJ E{7 (x,y) « E;(x,y)dady
n WG1
4 b
1 1

(12)
/H\:EFI E, (Iay)ﬂ] Ez(x»y)ﬁ%uf‘]{ﬂigji 1 *ﬂ{ﬁ“?ﬁ 2 $‘
2 ) B AR I — K00 35 40 A 8 5 P 8027 10

&l 3 HH TV U 5 B A5 80 £F 1 48 T &
Fig. 3 Cross section of rectangular waveguide

and its equivalent optical fiber
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Fig. 4 Spatial waveguides simulated by the

BeamPROP software
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Table 1 Coupling length obtained from 3D-BPM and EFMM

0/(* 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Le/pm 507 510 515 518 523 534 548 575 588 628 660
(3D-BPM) 7 - .
Lo
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