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Fig. 1. (a) schematic configuration of the sandwiched struc-
ture; (b) field distributions for the TE fundamental mode in
a sandwiched waveguide (ng > n,); (c) field distributions for
the TM fundamental mode in a sandwiched waveguide

(ng > ny).
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Fig. 2. Schematic configuration of the demultiplexer struc-

ture: (a) Top view; (b) cross section of the DC waveguide.
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Fig. 3. (a) L, (b) AL,()) as a function of n(SiN,) when W, =
0.6 pm, W, = 0.7 pm, ¢, = 0.1 pm.
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Fig. 4. L. as a function of g; when (a) W, = 0.4 pm, W) = 0.6 pm, (b) Wy = 0.4 pm, W, = 0.7 pm, (¢) Wy = 0.5 pm, W, = 0.7 pm,

(d) Wy = 0.5 pm, W), = 0.8 pm.
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Table 1. Structural parameters of the polarization-
insensitive DC demultiplexer.
e 544 P gi/um  Lpc/pm
Wy =04 pm, Wy, =06 pm 0 0.08 26.5
Wy =04 pm, W, =0.7pm 2 0.08 27
Wy=04pm, W, =08pum 0 0.08 23
Wy=0.5pm, W; =0.7pm 2 0.07 26
Wy=05um, W, =08um 2 0.6 37
Wy =05 pm, Wy =09pum 0 0.07 35
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2 DCAMRHRISAR LI 2195 i % IL(dB) = —101g(Fa/Pin), (7)
Table 2.  Transmittance of the polarization-insens-
itive DC demultiplexer. CT(dB) =10 lg(Pu/Pd)7 (8)

sk SR T(1310 T(1310 T(1550  T(1550
= nm, TE) nm, TM) nm, TE) nm, TM)
Wy = 0.4 pm,
W, = 0.6 pm 0.942 0.931 0.81 0.8
Wo=0dmm. g g 0936 082 0814
W, = 0.7 pm ’ : : :
Wy, = 0.4 pm,
W, = 0.8 pm 0.977 0.964 0.93 0.84
Wy, = 0.5 pm,
W, = 0.7 pm 0.925 0.95 0.84 0.87
Wy = 0.5 pm,
W, = 0.8 um 0.96 0.964 0.907 0.848
Wy = 0.5 pm, .
W, = 0.9 pm 0.98 0.967 0.853 0.916

i b, BBHI Ly = 23 pm, W, = 0.4 pm,
W, = 0.8 um, g; = 0.08 pm, n(SiN,) = 2.7 i, A
PISCEm AR TCEI 1 x 2 DC B2 8% . it
1310 nm A1 1550 nm 2 3% K Fr R Y 2 S 1E S
TRICAS SR e 5046 WKl 6 Frs: 1310 nm
(SRR AL B T L(1310 nm) AYRE S, 281
S I 5 M H s 1 Port3 Fi i 1550 nm A9 g
PRARALH T 2 x L.(1550 nm) MUFEES, 2580 S IS
A 3 T Port2 Bt BTSRRI B T
1310 nm 1 1550 nm, HSZHL T RIR I K.

3.3 TEEESH
Xt T i 2 A, B 3B A PR RE R I A I AE

(Insertion Loss, IL) FIHHE (Crosstalk, CT), HxE
X (7) A (8) A n:

y/nm

2 7 12 17 22 27 32 37 42

x/pm

y/pm

2 7

12 17 22 27 32 37 42

z/pm

Hrp, Py 2 A%, Pyl P, ilEE
Pt U T AR H A i S b i g T 3 (1)
n, X 1310 nm K, Py A1 P, 435 Port3 Al
Port2 M thEh3). AASCRIHIRIRIEOE 1 x 2 DC
fif S AR PERES Bk 3 Fw, IL fIKE 0.1 dB,
B ISR CT K2 -26.23 dB.

SR b SGIEIEA R BAEDE, PR 275 Ok
WA ARA T SR AR R . X T R AR I
W 3 dB A vE i T . B 7 4 T 0 —fk
DR ARG R, B 7(a) AT UL, A
ey KA ARG K 1140—1430 nm B}, Port3 £
i HHOCYPRAN R A G DR —2F UL, Wl
XFF 1310 nm I B, 3 dB 7 9 1l PAIA 3] 290 nm.
[ B, & 7(b) AT 45, XtF 1550 nm % B, 3 dB
MW G AT LUA ] 200 nm. A SCEHAY DC R
FHASRIE T OUBR A = Sa kB, Jmsiz s T HAh SC
fik [11—12, 14—15).

BEAh, AT A ST a4 5 HAth DC 7Y
TR T oGt 2 2 R RE S B EL R, N3k 4 .
o TE 25 B AS [l P 85 A S B | T 9 -2
8, CT MWK FRIRAS S CT 1714
B 38X AT UL AR SRR DC BRI FH A%
AL T ImPRIC %, B RS/, A 4505
% PR A

y/nm

2 712 17 22 27 32 37 42

z/pm

y/nm

2 7

12 17 22 27 32 37 42
z/pm

B 6 WIRTES 1x2 DC i B3 A E (a) 1310 nm, TE 3%; (b) 1310 nm, TM 3%; (¢) 1550 nm, TE #; (d) 1550 nm,TM 3%
Fig. 6. Field distributions of the DC demultiplexer: (a) Quasi-TE mode, at 1310 nm; (b) quasi-TM mode, at 1310 nm; (c) quasi-TE

mode, at 1550 nm; (d) quasi-TM mode, at 1550 nm.
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%3 IR 1 x 2 DC B Ha eSS H
Table 3. Performances of the polarization-insensit-

ive DC demultiplexer.

PERESHL IL/dB CT/dB
1310 nm, TE 0.1 20.92
1310 nm, TM 0.16 -21.62
1550 nm, TE 0.32 -26.23
1550 nm, TM 0.76 -24.2

0 p—— —
—5F

—20

— —Port3, TE

H—fefhisn& /dB
[
&

—— Port3, TM
_925} — — Port2, TE
—— Port2, TM
N N R
1150 1200 1250 1300 1350 1400
A/nm

I — — Port2, TE
—— Port2, TM
—95}— — Port3, TE

H—{ekiiihsh# /dB
[
&

—— Port3, TM A
o L) ) )
1450 1500 1550 1600 1650
A/nm

Kl 7 Port2 #1 Port3 4 i I I — fb i i 5t 2 A Bl 3 B
AL (a) 1310 nm #HE; (b) 1550 nm P B

Fig. 7. Output powers (normalized to the input power)
from Ports 2 and 3 as the wavelength varies: (a) 1310 nm
band; (b) 1550 nm band.

F# 4 DC BMRIRICARE T HERE S B ER
Table 4. Comparison of performances of the polar-

ization-insensitive DC demultiplexer.

WA (Lpo/MBY)/(wm/um?) L /dB  CT /dB
£ 23 0.335  —23.24
SCHR[14] 40 x 25(E5 iS4 1) 0.33 22.1
SCHK[15] 48.2 0.225 -21.25
4 # #®

ARSCBETET —FhEL T SigN, /SiN,/SisN, ¢ J2
LR MIE I 1 x 2 DCFE S, T8

1310 nm F1 1550 nm AN, B 810 T anfar
FIFH SisN,/SiN,/SisN, R 458 L IwARICC, 53
M 7T RS E, LB g B ER, &K
FRi g WA G RERE g, PTLMIR L\, TE) =
L(A, TM), AT S a4 B R R TS OGS J5 X 4
ISR A B DI REIEAT T1E, A TRFEZS 1
SRS, BRI RS RO i S8 brixt e, B T 24
SR Ly = 23 pm, Wy, = 0.4 pm, W, = 0.8 um,
g = 0.08 um, n(SiN,) = 2.7 i, BAPA 5
ANTrl e 9 e A b, R R IE SE T I B TG O
Ff 52 FHIIRE. fJa M MEREEST T 20 b, 2
T SigN,/Si0, P A R I T &5 58 1) Pk
PERE, BARYN T a0 RS % 52 AR 1)
DC P FHIK A 23 pm, 7£ 1310 nm(1550 nm)
TAEWRKT, TE#S TM B9 L 4514 0.1 dB
(0.32 dB) 55 0.16 dB(0.76 dB), il CT 43
S2-20.92 dB(-21.62 dB) 5-26.23 dB(-24.2 dB).
SRS R, PERELEE, FERTBAE BOLF R G
LA AE R R HANMA.
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Design of polarization-insensitive 1 X2 directional coupler
demultiplexer based on sandwiched structure”

Wang Jing-LiV"  Chen Zi-Yu'  Chen He-Ming?

1) (College of Electronic and Optical Engineering & College of Microelectronics, Nanjing
University of Posts and Telecommunications, Nanjing 210023, China)

2) (Bell Honors School, Nanjing University of Posts and Telecommunications, Nanjing 210023, China)
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Abstract

An ultra-compact 1x2 demultiplexer based on directional coupler (DC) waveguide is proposed to separate
the 1310 nm wavelength from 1550 nm wavelength, in which a new Si;N,/SiN,/SizN, sandwiched structure is
used to realize polarization insensitivity. Firstly, the new sandwiched structure is designed to be polarization-
independent. The coupling lengths of two orthogonal polarization modes at the same wavelength versus the gap
between two parallel SiN, waveguides g, are calculated with several groups of structure parameters of the
demultiplexer. The result shows that the coupling lengths for the two orthogonal polarization modes at the
same wavelength can be identical by choosing the proper g;. Then, how to realize the function of wavelength
separation is studied. When one wavelength propagates at even multiple of coupling length and the other
wavelength propagates at odd multiple of coupling length, and vice versa, the two working wavelengths will
output from different output ports, thereby the two wavelengths are successfully separated. Under the premise
of satisfying such conditions, a comparison of size and performance among the devices with different groups of
structure parameters is given to find the best one. The demultiplexer based on SisN,/SiO, platform has a
compact structure, easy integration and good tolerance. Three-dimensional(3D) finite-difference time-domain
method is used for simulation, and the results show that the length of the DC waveguide is only 23 pm; the
insertion loss and crosstalk are as low as 0.1 dB and—26.23 dB respectively; a broad 3-dB bandwidth of 200 nm
is achieved. To demonstrate the transmission characteristics of the demultiplexer, the evolution of the excited
fundamental mode in the demultiplexer is also given. The novel demultiplexer is polarization-independent and
can work at 1310 nm and 1550 nm wavelengths simultaneously. It has a potential application value in future

integrated optical circuits.

Keywords: directional coupler, SisN,/SiO, platform, polarization-insensitive, sandwiched structure
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