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Abstract In order to realize a high-integration and high-stability three-dimensional optical chip, it is necessary to
systematically study the coupling characteristics of three-dimensional spatial waveguides. This paper mainly studies the
coupling between waveguides in three-dimensional integrated optical chips. The electromagnetic field distribution of
the waveguide array under different architectures is simulated by full-wave simulation. The coupling efficiency between
parallel waveguides and crossed waveguides is analyzed, which is related to and the waveguide spacing, the refractive
index of the surrounding medium, the working wavelength and the angle. In parallel waveguides, when the center-to-
center spacing between the waveguides on two SiO, substrates is 0. 76 pm and the coupling length 1s 72.5 um, the
coupling efficiency between the waveguides in the vertical direction reaches 0.997. In crossed waveguides, the
coupling efficiency between the waveguides is very sensitive to the angle between the waveguides. When the angle is
greater than 10°, no coupling occurs between the waveguides, so the coupling between the waveguides can be
controlled by adjusting the angle between the waveguides.
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Fig. 1 Structure diagram of integrated waveguide array. (a) Parallel waveguide; (b) spatial cross waveguide
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Fig. 2 Parallel waveguide structure and electric field distributions in different modes. (a) Cross-section diagram of parallel

waveguide structure; (b) TE mode, even symmetry; (c) TE mode, odd symmetry; (d) TM mode, even symmetry;

(e) TM mode, odd symmetry
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Fig. 3 Relationship between coupling coefficient and different parameters. (a) g | ; (b) refractive index of intermediate layer medium
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Fig. 4 Relationship between coupling efficiency and different parameters. (a) g,; (b) refractive index of intermediate layer

medium; (c) wavelength; (d) angle

e 5T e S o R N T T TR <0 2 Sl
6] i) REATAE— € B I A o I M A [l 0 5 22 (6]

15 30 T A A ] 2 S B0 A 2 T A R A
ATl 1A ACd) Sy I S 22 18] B A A R0 BE I e fA

1923001-4



HAEf 2 . AL 4(d) AT LU B, 24 3 1 78 0 BT
B, 8 G 20 B A e ff i A8 Ak T T AR Ak | 15 B S
£ HE G ROR B R AR K 5 BB e A B OR LG
SR AR ARG 5 24 e f1 KT 10. 00°RE, I 10 i) A 46
/N —20 dB, 33X 2 W 2 %3 1] 38 %R 22 (8] (1 2 £ R
T 10°m, P S RULTP AR R AR

2 SR B T T 1R 25 X RN A ORI S, BERE
WUAE ] 2a) b 0 5 0 T B DK A B R
W2 Aw AR L i AN S iR . B Sl LLFE 1,
A 205023 I A 3 0 5% 25 1) B T B AR 5 13 5 9
JEE 118 /N 6T A 5 2050 1 5 TR R T 0 5 O R A
Bt s X F TE AL, 24 % T 98 B 44 K 3. 5 nm alg # /)N
2.5 nm i, A RO B BT — 2 X T TM B, 243
S8 B 7.0 nm BE W/ 6. 5 nm I RS SRR Y
FEME—2F o 25 I, TERLAHE G 8035 bl A D 5 v B 1
ZEMIE R TM AR AIRAS PR, 32 F TE R i
Y 26 W 5 98 B O 1) (y 7 1)) AR 80, 1 TMU Y HL
A6 W 5 e B T ) (= 77 1)) 4R 2l TR O 38 0 R X
TE HL R 3 09 BR 7 F KT TM A1 B, M T 9% 5 5
JE B U X TE B BRI S Ak .

12

=~ =
o o o

Coupling efficiency
=
R

-60 -45 -30 -15 0 15 30 45 60
Aw /mm

K5 AR AwiRR

Fig. 5 Relationship between coupling efficiency and Aw

4 N FHZE )

R 275 3715 19 43 A AT A0, % B U1 22 T R R S
Sk e iy AR AR AR AR, BIVES B 0 S AR AR AR R 4
SO A 0% 5 R AR AR, B IT DUAR 9 S 2
7R i P ' R R ) B D S TR A X o 1D 6 Ol X R U
S (g, =0.9pum, L=200 pm) ¥ TE £ i) #§ & 3 %
B e f AR A il 22 o DB 6 0T LA 21, 24 3 S 1) Y
Je 1 O B, BB A R0 fic K Y kR 1R e M 29
0. 350 , M B ACR T —F , RIER5E LR 0.7
W S T8] A9 S AR 240 R 3. 000, B S 6] JLSF- K & A H
Ao Ak Hr Al LK B S K LR,

£ 585 £ 19 H1/2021 £ 10 B /M5B FZHE

=
(=]

Coupling efficiency
o o o
~ > S

S
o

(=]

(=)

2 4 6
Angle /(%)

F6 TERMAGEES MR
Fig. 6 Relationship between coupling efficiency and angle in
TE mode

R A 803 1) 2 W 4 0 /N, o el U . S5 B
RGN G5 AN B 5 A B S m Y A 3h
X, G O ) R PR g R ok I U R 2 0
b oL 8

28 SUYE T 1 RS A AT LA 7R % 2 18] 1) 38 46 A0
fetirb . JGZ BB S AR N K 7 TR o JE)R ALY
L LR E bR R R, o R R A
S, NEZES R, A X, TERE T
2T Z 0 KA 2 ORI A TM B &R ARG .
H T 0 5 22 8] R A RIOR T e AR SRR, B L A
FERE A XS b U 2 DS A T AT 1
TLTEMA &K AEMMA . B b Stk S0 58 f & 5
S35 K 0. 50 wm F1 0. 22 pm , P 5 ] 5 A0 ] BE Ky
0.68 pm, 25 i T 892480 3 um, W& 7 5 28 HE BT
N A DAY K RE R 39,5 pm . 3 S R 48 3 AT
3 TE B0 38 U A R 2920 0. 96, TM A5 11 385 1 R
2974 0. 86, et 5C B TE #8219 )2 4] 28 4 Al TM AR
20 J2 100 B 5

7GR ] B A

Fig. 7 Exchange structure between optical layers

1923001-5



£ 58% £ 1981/2021 ££ 10 B/HAEXBFEHE

5 4 e

AR S A A S S YR OG0 R S 22 ]
EOE s RSl P Y o s o | B 1 )
FRA R, IR M1 A7 T R0 28 U 0] A R 6 L
B 1 N SN il IR 7 O (=05 S B o el
KR, EFATHE ST, Y g, =0.76 pm Fl L=
72.5 pm B, 3 B W 1S 22 0 RS G ROR A F
0.997, 7E28 i, IS 2 ) S R0 3 X i
S AR, 2 I f KT 10°8, I 5 ()OS & 2R
A, T LA S R IS 101 e o 4 o i S 22 TRl Y
A BLah KUk 2 a) B RS A RICR T S e £ A
JE I R 1 7 O S TR A R v 3 O 2 8] A 58 4
1t 235 K)o 52 R ' 2 A% i A xR )2 ) 22 46 )2 ]
B B . BSR4 SR XA O E S ik A &
B R X,

2 £ X M

[1] ChenY T, Wang J W, Chen W J, et al. Reciprocal
waveguide coupled mode theory[J].
Sinica, 2020, 69(15): 154206.
ik, &4, PR, 5. 15 a4
WB[I]. MIFEER 2020, 69(15): 154206.

[2] Xie Y W, Yin Y L, Zhang M, et al. Ultra-dense

Acta Physica

dual-polarization waveguide superlattices on silicon
[T]. Optics Express, 2020, 28(18): 26774-26782.

[3] Su R Z, Tang D H, Ding W Q, et al. Efficient
transmission of crossing dielectric slot waveguides[J].
Optics Express, 2011, 19(5): 4756-4761.

[4] Liu H, Han D L, Zhang T, et al. Analysis of wide-
angle crossed waveguide by wide-angle finite-difference
beam propagation method based on the Douglas scheme
[J]. Acta Optica Sinica, 2004, 24(4): 456-459.

XI5, ik, sk, AF T IEAR B A% =1 TE A
A B 22 53 5t AL A 1 3 i IR BE 2 U (0], O
24, 2004, 24(4): 456-459.

[5] Jin G L, Mizumoto T, Pu G S, et al. All-optical
switching in intersecting waveguide[J]. Acta Optica
Sinica, 1995, 15(11): 1590-1593.

SER, KA, #WEME, & ZXE P rAEL
P4 TF R [T]. JeE 4, 1995, 15(11): 1590-1593.

[6] Jia Y B. Coupling among three nonparallel waveguides
[J]. Acta Optica Sinica, 2005, 25(9): 1161-1165.
PR . SRR AT MR A (T] oA,
2005, 25(9): 1161-1165.

[7] Liang Z H, Huang H B, Chen S E, et al. Study of

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

1923001-6

silicon-based optical interconnection network[J]. Optical
Communication Technology, 2016, 40(10): 4-7.
DML, WD, BREEJL, 55 . Rk AEOG L I% W 45 1 iF
FEI]. Gl fEHA, 2016, 40(10): 4-7.

Song G F, Feng X, Huang B J, et al. Annual report
on investigation of integratable Si-based optical
interconnect technology[J]. Science and Technology
Innovation Herald, 2016, 13(8): 173-174.

KREWE, WL wdbs, A5 42 Y ik RO T % B
ARBFFE[T]. BHELRH S48, 2016, 13(8): 173-174.
Wan Z J, YuanJ, Wu Y M, et al. Research on loss
and crosstalk of cross-waveguide in planar lightwave
circuit[J]. Semiconductor Optoelectronics, 2008, 29
(4): 475-477.

TIMZE, 2, R, SF IO B T 2E SR Y
RGBT 5T (], T RO L, 2008, 29(4):
475-4717.

Xia Q, Li K, Pang F F,
characteristics of multimode crossing optical waveguides
2013,  34(6):

et al. Transmission

[J].  Semiconductor
966-970.

HAE, R, Ve &, A5 32 U BOG I 5 A ek
RIS ROE L, 2013, 34(6): 966-970.

Sun Y L, Jiang X Q, Yang J Y, et al. Characteristic

Optoelectronics,

analysis of spatial multiwaveguide system based on
weakly coupled-mode theory[J]. Acta Optica Sinica,
2006, 26(12): 1781-1786.

Ph—8, TLE, a3, & BT MG
23 0] 22 9% S M A A PE I ST [T Dt 4, 2006, 26
(12): 1781-1786.

Sun Y L, Jiang X Q, Yang J Y, et al. Coupling
characteristics of spatial X-crossing waveguides[J].
Acta Optica Sinica, 2009, 29(8): 2099-2103.

Ph—40, VLIRS, Mk X, AF . s ] 22 PR S
P BI[I]. S22 4, 2009, 29(8): 2099-2103.

Zhou HF, YangJY, Wang M H, et al. Propagation
characteristic analysis and applications of spatial four-
waveguide system[J]. Acta Optica Sinica, 2006, 26
(12): 1772-1776.

JEl U A A SO, EWTAE S s (] DO S 9 A% R
Pk 23 M 5 B2 [J]. 65 2= 4, 2006, 26(12): 1772-
1776.

Saleh B E A, Teich M C. Fundamentals of photonics
[M]. 2nd ed. Singapore: John Wiley &. Sons Inc, 2007.
Huang H, Liu K, Qi B, et al. Re-analysis of single-
mode conditions for silicon rib waveguides at 1550 nm
wavelength[J].
2016, 34(16): 3811-3817.

Journal of Lightwave Technology,



	1　引言
	2　波导耦合的理论分析
	3　模型模拟的结果与分析
	4　应用举例
	5　结论

