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Full-vectorial analysis of the directional couplers in vertical
multiple-slotted silicon wires with trapezoidal cross-section

XIAO Jin-Biao, LI Wen-Liang, XIA Sai-Sai, SUN Xiao-Han
(School of Electronic Science and Engineering, Southeast University , Nanjing 210096 ,China)

Abstract: A directional coupler composed of two vertical multiple-slotted silicon wires with trapezoidal cross-section is
characterized using a full-vectorial finite element method in terms of the electric fields, where the perfectly matched layer
absorbing boundary conditions are adopted. The effects of the structural or material parameters including the sidewall an-
gle, the gap between the coupled waveguides, and the width and index profiles in the slot regions on the behaviors of the
directional coupler are taken into account. The effective indexes of the even and odd modes and the corresponding cou-
pling length, both in quasi-TE and quasi-TM modes, are presented. The strongly-hybrid nature of the guided-modes is
effectively demonstrated. The results show that polarization-independent directional couplers can be realized by properly
choosing the structural and material parameters.
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Fig.1 Cross section of the directional coupler in vertical tri-
ple-slotted silicon wires with trapezoidal cross section

TAEPA A =1.55 pm, AR ATBR R 57 103 B =1
B RAERBERMT T/E HHEHA N X, =3.0 um,
Y, =2.0 wm( & PUJE PML 2, JELEERH 1.0 wm) , 5
A B I8 B —BHRA = one B R R
LA SR 085 A, 320 85 38t 5 DX ) >R PR 60 0 445
XAFEFRITEREERFEOT , IRE IR K 2
AP RIS, BT ES T y BIXTFR,
SEhRiHE R AR BB B —F B x =0 B2 <0 1)
X5,

H eI B =R S E AR G AR R R
S n o KGR I, BE IR ¢ B R, H
RS RE [ EXN:

A

ERETCOOEC DN @
R ng (nig') R 1 HEA A5 7R B A quasi-TE 5§
quasi-TM f (&) W EMRITHE B3 HBT
quasi-TM 1l quasi-TE 1 /) {H 4% (even mode,
BE) FI#EHAR (odd mode, YiE B AR ) AT F n g, I
MEKE [, AR ¢ )RR Z, Hrh i
BE(GIAR 6 = 5°, /9% h, = 15 nm BT STR 0, = 1.49.

B2 FV-FEM B a5 % &l o
Fig.2 Mesh for the FV-FEM mode solver

MERFT LA Y, B R A EE g i3 K, quasi-TE
5 quasi-TM A T 5 R W0, w83 K,
BB ZE ng" - ng | W/, BG4 IS B
FELE AT R, WEI S, # A RE MR
55, A LA ZWE. BAEE B = AT quasi-TE 5 quasi-TM
BAMITIHRIE Angy =1 ngg —ngg | BF]0.0515, %
TREHR MR BT 55 RURE. I iR W & i, X T
quasi-TE 5 quasi-TM &, KA S KB [, FERK S EEE
g HIHG R EIEHIEIC, Al W, 3% S A BE X 5%
LKA ERE MR K.

Kl 4 2 quasi-TM 5 quasi-TE { #8447 5
%3 N4 (g =900 nm) KA KE l,(g =450.900 nm)
BEMIEEf 0 AR R R, HBEIHTR S KRR 3. WA
4(a) /LA H, HEE D BEAS A B35S K, quasi-TE 5
quasi-TM ff \ FFBLH A AT R EW/ , B quasi-TE
R RCTET R quasi-TM X £ B 28 1k Uk IR 4
(b) B, quasi-TM 5 quasi-TE #HHEKE [, b
B FMEEMT AR 0 3 KW/, FIAE quasi-TE X5 M
BEARALAURR , JUHR I R (AT A KA. A I 5 1)
B g =900 nm U BEMH AR 6 =5. 5°0F, I R A FE S
A VPR IRS T RS KBRS, Jy 1, =83.6 pum,
UG ERE P RE G A8 AT FE MR AR TC IR 0 T TAE. IR, @
1A BRI T O BE A A B S S5 SR, TSI
FE 1] # B A R TC OGP 1

501 quasi-TE 5 quasi-TM &G K JF [,
BETERE b, XAEPTHT R n, AR, N 5 B,
K 5(a)ly 6=5°.2=900 nm.n, =1.49 &{4F, qua-
si-TE 5 quasi-TM #EAHEE K BE 1, BEREIE b, 724K
KR AL, B W SHTE b, 99K, quasi-TE
5 quasi-TV S OREA K BE 1, #9001, B quasi-TE 4

1.80 10
————even mode quasi-TE mode
——cimede | Qi TN e

103

1.75

quasi-TM mode
1.70

g £
=165 Ang=0.0515| | 3 10
N
1.60 quasi-TE mode 10tE
1.55
00 05 10 15 20 00 05 10 15 20
g/pm g/pm

@ (®

B3 B FRAMITHER ng(a) BRI L, (b) 5§
TR g ALK R
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the waveguide spacing g(b)
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