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Design of High Efficiency Grating Coupler for Vertical Coupling
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Abstract: A high-efficiency grating coupler is designed for vertical coupling between silicon-on-

insulator waveguides and single-mode fibers.

The reflection characteristics of reflector grating

and distributed bragg reflector are employed to obtain a high reflection from the right side and

bottom of the coupler.

The reflected light is interfered destructively to reduce the negative

second-order reflection by selecting a reasonable spacing between the reflector grating and the

coupler grating when the coupler grating is in the vertical coupling. The coupler is optimized

using eigenmode expansion-based simulations.

The highest coupling efficiency of 89% at a

wavelength 1 550 nm is achieved by simulation. The results provide some useful references for

the fabrication of the actual vertical coupling grating coupler.

Key words: Grating coupler; Silicon-on-insulator; Eigenmode expansion; Coupling efficiency

0 51§

AR 5 A 2 4 8 A e A AT A AT A
TR A FDEU T AT, S BE S Y S
AT 8, KRB 7RG M REH . d P
LR R v 1 NITRS B v BT D ) N N A )
BT AR ARAIL - AT D6 /)N BRE 2 T T o 1) 5 5 4t
FE. e LA A AR 5 A 3l o A B ) B — B

3 5 000, S BRI ELA G (ELIR] I ey A7 A B 3 19 1
TR T AR T AT R R S I
S B L5 1 A R IR X T G A5 R
WEREE A5 - o 1ok St BRGSO SR AR AR
BEAR . 30 75 R G R AR LA - ThD % 38 0 1] 46

BETOTAE A SR IX I T 4 5 25 0 o 25 11y
MERE . [H AT 0 ZEREAT 3 ELA S (0 AR 5 A% 1 3

T BU/N 0 BB i i . X, Chen 58 A il

EEWHE  FZKMFH R 728 (No. 61222501 F1755 4 2 4 27 B} i L BURHIT 2 4 (No. 20111103110019) ¥ B)
F—EE RAEQT9—), T PRI LB A AT T 10 2 5 OGB48 R S AR 1F P B Email: wh1125@126. com
SR GERAEE ) BE 974 —) A BUER L L BRBET T W2 O R T 88 R L Email: guo@bjut. edu. en

Y FE B H:2013-03-18; % A B #A:2013- 04— 09



778 n F

EE ¢ 12 %

T I 3 7 | R BB AE Shy SE AR 5 2 7 — 38 2y
R BRARG B S LR Al G R BB 4 2R AR
Thimcm 4220 FR G AR, LRI &Y 3425 ). B.
Yang 55 ANMSR H T N GRS A #, Ea —oe
it A 1R 5 1 R B ARA AR A 1 252 2 T T R 2 A AN A TN
WERCR s P AT 5 0y b e AR KRG B B 3 — i T
TR b R A RO RE R T B X 2.
T $ AR A R RS AR B e 65 20 AR A AL
2 ;Roelkens G 45 AWk AR X BR G M 2548 . 76
U 225 A 1 T i 22 o — 150 S M AR Dl B S B R 41 i 972
B AT AT G AR 1 5 Sl o3 T AT A
LG5 e 6526 1 802 I A 8k %5 B. Wang %
PSSR A Oy v, R SRR 5 T T S
22 [B) 7 2 1H T LA RS A A7 TR (9 0 FR A ) A, R
B o) A S O 20 00 B A I O T T A AR S 1] Y
A R E S SR AN AR 2 ) 56 o3 Sl AR A 5 40 25
AR 66. 8201 80. 1% KRR A RUK.

AR SCAE 53 B 52 Wi 2 ELAS G ORI R i SE
TS G G A4 7 — B A 56 2800 S B T AR I Y 5
FLR A R S5 2O M ) 25 2k 88 5 e il 1) 3 59
PEAT RS AU Si/SiO. 4B AY 4 A A w4 S
4% (Distributed Bragg Reflector, DBR) X} fit 4 & %
JU&J7 1] DG HEAT v B A s 3 At 3 3R B S O Al
FRAG DM Y (R BE S PR 2 DG Y B S O 2 s AT T
o NIIRIEN SR/ 2 BB 100 7 P - 2 i £ s R
24K ik (Silicon-On-Insulator, SOD) 3 & i S 5 B
BOGET Z 0] 5¢ 42 3 A A OGS & & . ik
JEH B AR AE S i, B 1 AE 1 550 nm PR A
15 3 (1 Je = AR 5 AR 89 0.

TR g i

A KT AR AR AL & - (Eigen Mode Expansion,
EME) J7 & fE AT, 75 195 I8¢ 5 S 1 Ak SR A% =X
VERCTT v, R G Y R BV S A B AR — RS =
4% 7 1] 14 VP Ao e J2 D5 B8 8 1) i 5 R T A,
Bl S U = Jr AT i RS JOIRE BT X L S
HAFAE 3 00 A A T B

E(x,y,2)=E(x,y)e #
H(x,y,2)=H(x,y)e ¥*
X DR B R F AR, gAML
R TEMCT AT A FRAS B O SRR TE IR 2
A ESE R SR, AR S A — R A N — 21 5 &
TEASHE , TR P AR 3 20 A B R 5 SR 1] 4% B
ARAEAE NG [ AL FEAMER A R LA S, R

@y

JE(I,_’)},Z) Zkﬁl(aﬁ’ e B +ay ) A E, (2, y)
. (2)
EH(x,y,z)zk;(aﬁ)e B —ay ) Y H, (x4 y)
s B 5 b DANMER L (A8 U5 B0 1Y 1% 7
Wi, ar ) Mlar 43 5 3R HI W) A% # A AR B =R
Ja AR AR R IR, X FZRMA I, R
M 28 H ., N2 T UUEAEEE W
Hr 5 7 AR WORG o
L J2 GRS & 25 I S5 M B HY , hy sk A 1 — B
SHRAFE . 72 SOT A6 IS A ik 25 11 21 1ekoR 5 S A 1)
P3N T R S T 07 AR AR A BT P
S Y 220 e R EE AR ). Sy B AR S D Al 1 A IS 7 1]
HYAT S AR . TR S 450 1Y RS T 3 I Si/SiO,
Bi, T SIO. M St Z LN 2. 03 BT R %, 4
JZ Y JEEFEI A/ An (A S ETE B B A o AR
BT3B 268 nm A1 111 nm, 3R F A fE & IF
J5 w8k A FH WS S/ SiO, J2 2 S A7 EARAL X 1550 nm
W B A SG S5 23R8 B 95 %6, 1 2 4 B AR o T
PRG35 R 1 58 56 DL L )22 (Perfectly Matched
Layer, PML) i1 5t 24, i G0 25 A 1 B 2000
Ry T A G 2T S T RS A R AEL H A S A b 3R T
B — ¥ HF R UL AL 2 (Index Matching Layer,
IML)Y L & 1 o i 7R (4 3T 56 36 02 1 55 v R I
Ko 1550 nm YR 38. SBIRMNZE B AL, X
AR P H—46 o 1. FEEH R . B e A
BEAGER I SBT3 R FE 3 T, SR )5 #E47 V) 4%
iRt Em SR EEWITE. BT
A DA A ROR, RATHEADER AR
10. 4 pm B & HOCHRRBRDGLF X, 5oL ny il
GRR FE PR 58 O A HEAOGER
DG FE R G OO I A2 32 S S TP T - Y O 2
E U ) ELP SRR A TR A RN P e B S E K ]

AT T 5 0 Y6301 5 H .
I
I
IML.1,=1.46

Coupler grating Reflector grating

Si,n,=3.476
Si0,.n,=1.444

1 I_Si/SiOz DBR

Si n,=3.476
PML

Bl BEBOEHE e ARl

Fig. 1 The structural model of grating coupler used in

simulations
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Fig. 2 Coupling efficiency versus coupler grating period without

the reflector grating and the DBR bottom mirror
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Fig. 4 Coupling efficiency versus spacing between the

coupler and reflector grating
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