) 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026) 130407

FEEITR =R K E SRR S A

I gDt FphaED gy
Zaw) HENY H

FRED  HIRD SRR
£ Y HhwY

1) (WIFE TR+ S 3Be, K 410205)
2) (EBRHER 2B, Kb 410073)
3) (CEMHBM H AR, F6H  441050)
(2026 4F 2 H 21 Hilk#; 2026 4F 3 A 24 H U EEHR)

At 255388 {7 A0 L 0 VR e 0 3800 40 B P 4 T SE X IS A R . B R — SRR, AR 3 1) R A
Wit T —Fh i B0 = KR iR 4 (three-wavelength power-splitting (de)multiplexer, 3W-PSDM).
AR AN UAT LA TR) o S5 B 2 4 ROFN I 43 2 R Thi g, i HL T /E+ 96 88 35 1310, 1550 1 2000 nm J K. 4
1310, 1550 12000 nm F KAk, X 538 8 1905 A4 A FE (insertion loss, IL) 43712920 3.7, 3.6 F13.6 dB, fi &
ERIE (crosstalk, CT) 20 BI/NF-23.2, —23.4 F1-22.0 dB, 3 dB #7 5650 51204 56, 54 F1 893 nm. BbAh, 41 T T4E
AR B 06T i (A 38 UE I 4%, 5 SW-PSDM X I i 4 tH i 24 3, BB IE— 2008/ 3 dB 7 9. &5 & Xt
N7 I B AT 3 8 I #8 R, 7E 1310, 1550 Al 2000 nm ¥ < 4b, 3W-PSDM B4 B IL 435125 4 4.0, 4.8 M 4.1 dB,
P52 CT A 3/hF-19.6, -15.1 F1-26.2 dB, 3 dB 4y 55433294 2, 6 F1 8 nm.

SRSRIAL: W B, IR IR SR IR, DL AT i A

DOI: 10.7498/aps.75.20260265

1 5 =

TEARERECTFAMEE | N TR REROR S & R 1)
o b, B 5 AR E 2 IR RS
B XTI AE W 28 AR i 7 R R g
T HT T A A R B2 R E A (silicon
on insulator, SOI) ##}, T H 5 H 4b 4 )& # Ak
P IR T 2R A T R 220, © O 3
ERAERBENZOEE. EIE ST, EaEH
(wavelength division multiplexing, WDM)B4 | 15
o3 PO iR 2 T8 SRR, BRI AT A

CSTR: 32037.14.aps.75.20260265

BHRE AR IVE & . JUHIE WDM HiR, it
TE B — G T P X AS [R50 FH N i A2
H, BT T 063 05 BAEHSCR.

125 WDM R Ge v .0 a4, 53 s
RIUEH AR BOGIE SR HE ST 50 B R 5%
HRAESS, TR 98 HHUE T3> WDM R4
gt BT RZHOE T3 TR KL E
1310 F1 1550 nm # FH 38 15 i B e, (B ST
RIBSHRFE, 1310 1 1550 nm I BT 05 2
WAE TR TR BR300 15 I8k B A 3k e T
Bon e, Horp 4652 561419 2000 nm P BE, J&— M
HE AR HGEFEE D, BBk

* ERE SRR (S 2022YFF0706005) . ER AR #IAE (HbHES: 62305387, 12305268, 12075014), [E BiFHE K23k
4 (HES: ZK23-03). W4 HARBIAES (S 20237740683, 2023JJ40223, 2024JJ6184, 2023JJ30195) . R4 # & TR
WFHE4: (S 24B0575, 22B0655, 22A0435) FliidtAa A ARRIFAIE S ('S 2024AFB525) B B By IRAE.

T HEfEEH. E-mail: mahansi2024@163.com
1 BIEYE#E. E-mail: yangjunbo@nudt.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

130407-1


http://doi.org/10.7498/aps.75.20260265
https://cstr.cn/32037.14.aps.75.20260265
mailto:mahansi2024@163.com
mailto:mahansi2024@163.com
mailto:yangjunbo@nudt.edu.cn
mailto:yangjunbo@nudt.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 75, No. 13 (2026) 130407

PN CYIBEE NG N = B EU EREY ONS & S
Rouifed % 10 F] FH Z 4+ ¥ A& #% (multimode
interference, MMI) &1 T 3 £f 1550 Fl 2000 nm
WG, TEBEKT, i ABAE (insertion
loss, IL) 775247 0.14 F11.2 dB, #4] (crosstalk, CT)
/NTF-18.83 dB, fHH RS ik 293 pmx6 pm. 7E
MMI 2544 i34 I, Wang 25 15l 55| ASE 3 K
et (subwavelength gratings, SWQ), i1 1 32k
1550 1 2000 nm P43 1%, H IL /N T 0.24 dB,
CT /NF-15.2 dB, [FIBRFEAK EEARCR 34.48 pm.
AR, RS T Bt i o i i A R A R
SRR, TR RIAEG 4R AU H, 3 v 4 17 H 52 SRR
. AN, HEZS 1310, 1550 F1 2000 nm =B
BB o S e AR i =

VI, 3255 TAAK RUEE I X S 38 04 R I 4%
REJy, W B I A B A B T it
THMMER, C&5ZM TR EE. e
ZIIRe KA Rt 1271, Huang 55 (9 )
B PR EIAL T RSHEN 2.4 pmx 10 pm
(SR FEXGE TE P S T &, A L 5 OGRS
G e, AT A5 S OGRS G R o3 i 52 T3
RE. FTLAE SRS B 5 ] B s Nt
R PFR RS, HULRES, BTt Jr e hh g iy I
G52 AR B3 5 HAWO G2 A 2R U BE
Sun % 16 R H 4% —EH#8 2R (direct binary sea-
rch, DBS) 3 it 7 RSN 7.8 pmx5.2 pm
18 XL B ) 32 3 o ik 52 P s, TR S8 1310 5
1550 nm P B 5 DRI R IIBE. 7E [ — 1T
RSETF, 1310 5 1550 nm KB/, —F B0
M SRR 2 S IR, &) TR —45trhas
P A D TE 4 4 i S5 4. 4R, 1310—2000 nm
(AP (BT s 700 nm, 8 3 K637 ey S A o
T I A3 Hy T A0 SRR R AR, 1 o T 2 38141
2. R, TE R4 P[] o S B K B 8 2 S
FH I =AM B SRS R S5 S, AT TGRS
HARPR.

FFXHZHREL, FIH DBS kAL T —FiiE %
B =K TR R R AR (three-wavelength
power-splitting (de)multiplexer, 3W-PSDM), %
i PEASAURT LA [ s 52 B 2 238 4 o RN o3 e 52 1Y
Thfg, i H T AR 588 % 1310, 1550 F1 2000 nm
WA, A, S0 TG T R ATH B IE R A (photonic
crystal bandpass filter, PHC-BPF), 5 3W-PSDM

Xt L ) i DR, REAEIE— 2Pl 3 dB A B
BT T ARy WDM 28 4858 31 ey 6 8 4R L B 2 12
A G A AR AR A T 1S B BRI AR 8 AT AT 52 B A8 F
S

2 WHER G BHGE
2.1 iZitER

FER R B ik, R E X AR 25 A 1Y)
BRI AR TR, 8 F A S e A
A R AR 25 R, R RE SR TR A g & X
S0 AEDR SRR AT, Y 40 R H
FERf AR 07 ARG Y 3W-PSDM & 7E:44 —Ff
KA B FE AR R i S v SR K AE )
— A BT I R AR 5, SRR AR
BN ES . T4, TTASH IR
PRI SR T AN IE 1 RS Y <GB Y Ry
SOVE R EERES R, o B e A asg sy
SIFTR Y 4 ST WA 7 A BEAS AR 0 SR T
HE— R I B R R AR S HAE Ry e 4k
AL BRI LR 5

B 1 3W-PSDM 4 th4h
Fig. 1. 3W-PSDM initial structure.
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Fig. 2. DBS algorithm flowchart.
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3W-PSDM F 7E4 1310, 1550 A1 2000 nm %
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Fig. 3. 3D schematic diagram of 3W-PSDM.
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Fig. 4. Effective refractive index of 220 nm-thick silicon waveguide: (a) Waveguide effective refractive index at 1310, 1550 and

2000 nm; (b) mode field distribution at 1310, 1550 and 2000 nm.

A3 AV ELAE R AP 5(a)—(c) Fis. 7E 1310,
1550, 2000 nm AL, X 07 #LIE I A9 05 B IL 435
2% 3.7, 3.6 F1 3.6 dB, {li & CT 43 5/hF-23.2,
-23.4 f1-22.0 dB, 3 dB #7943 29 A 56, 54 Al
893 nm. i AE FOM H bR sR L K AL H 7,
— X g IL, CT Ky o S5 v BE vE AT

42 iz
(LR

2.3 FE# 3W-PSDM

3W-PSDM 1 3 dB 4 sifiik, JLHAE 2000 nm
BB A R, A TR RGN, R
HE— A SW-PSDM f9 3 dB 7 %, 42 7E H 4%
fy £ it 3 ) R X T 98 K ) D' it AR i 8 g

2000 nm

K5 3W-PSDM fjj H.45 %

(a) BEEK M

#% (photonic crystal bandpass filter, PHC-BPF).
% PHC-BPF # 5 3W-PSDM %I )i i it i 3 B 4%
A, RGeS T8 B (W) 5 060 o it O R e —
. &4 PHC-BPF # i A E R IR PHC [
SR AL PHC FEIFREL AP BHARE, ot i
W p A s PR SR A5
A = 2nep A, (2)
Kb, A AP OB new AARATHE; A
i PHC B3 JE 11
DU H 5 Port 1 F11 Port 6 Abf) PHC-BPF
. B4~ PHC BOTHEEAEA D = 90 nm
AALRERIAE, XA HAMSET LS 3 W-PSDM
P —2 MSEPE N\ = 1550 nm A EINAE, %3 T

Transmission/dB

1.2 1.6 2.0 2.4 2.8
Wavelength /pm

i (b) A5 (o) BALIE

Fig. 5. 3W-PSDM simulateded results: (a) Final structure; (b) optical field distribution; (c) transmission spectra.
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Fig. 6. Simulateded results of 1500 and 1600 nm band stop PHC arrays: (a) Transmission spectra of 1500 nm band stop PHC array;

(b) transmission spectra of 1600 nm band stop PHC array.
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Fig. 7. Simulateded results of 1550 nm band pass PHC-BPF: (a) Schematic diagram; (b) optical field distribution; (¢) transmission

spectra.
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# 1 PHC-BPF 3%
Table 1. PHC-BPF parameters.

Parameters Ap/nm Ap/nm Az/nm A;/nm Ay/nm D/nm N, N, W/nm
Port 1/Port 6 1500 1600 1550 353 90 30 30 500
Port 2/Port 5 1260 1360 1310 274 90 38 32 500
Port 3/Port 4 1960 2040 2000 485 90 40 40 650

0
() — Port 1
2 nm
-9
as)]
o
T —18f
.2
7
1310 nm é‘
2 —o7t
@
=
1550 nm —36
—45 . .
1.26 1.28 1.30 1.32 1.34 1.36
Wavelength /pm
() 0
— Port 1 0 Port 6
-9
Jas] as]
o )
T -8l T -18
2 2
& g
g 27t g —27
8 &
= =
—36 —36
—45 —45

1.50 1.52 1.54 1.56 1.58 1.60
Wavelength /nm

K 8 %% PHC-BPF ) 3W-PSDM )4} EL 4%

1.95 1.97 1.99 2.01 2.03 2.05
Wavelength /pm

(a) 3LEMR B (b) S35 ; (c)—(e) BH LI

Fig. 8. Simulated results of 3W-PSDM connected with PHC-BPFs: (a) Schematic diagram; (b) optical field distribution; (c)—

(e) transmission spectra.
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W | 23 AR PR o2 B 08, Ho ) e o 52 AR
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KAFSWME S MEHIIRE. ik 2 5, Rouifed
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(a) 0 (b) 0 () 0
Port 1 m — Port 1
8t — Por _8tL — Por —_9k _
% — Port 2 % — Port 2 % Port 2
? —— Port 3 ? — Port 3 ?
4% = Port 4 % = Port 4 -%
£ -16 o Port 5 2 =16 e Port 5 =
7 + Port 6 : « Port 6 g
g g g
: : g
B _ogt B _ogtf 2
—32 . . . —32 : . . —36 ' X :
—10 -5 0 5 10 —10 -5 0 5 10 —10 -5 0 5 10
Wavelength /pm Wavelength /pm Wavelength /pm
K9 3W-PSDM I TE24H  (a)—(c) #FHEREREIR R S oo /MW AR 1k
Fig. 9. 3W-PSDM fabrication tolerances: (a)—(c) Device performance varies with rib thickness and pixel size.
2 P e AR EREXT L
Table 2.  Performance comparison of wavelength division multiplexers.
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Abstract

Multiplexing technology has rapidly developed due to its ability for parallel information transmission. In

particular, wavelength division multiplexing (WDM) technologies significantly improve the information

transmission efficiency by effectively multiplexing and demultiplexing different wavelengths in a single optical

waveguide. As the core device in the WDM system, the wavelength “division multiplexer undertakes the

key task of accurately combining and separating optical signals of different wavelengths. Its working bandwidth

directly determines the transmission capacity of the entire WDM system. To address the challenge that
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conventional wavelength division multiplexers cannot effectively utilize the spectrum due to limited traditional
communication band resources, an ultra-compact three-wavelength power-splitting (de)multiplexer (3W-PSDM)
is designed using an inverse design algorithm. The device not only performs power splitting and wavelength
division multiplexing simultaneously, but also operates at 1310, 1550, and 2000 nm. The simulated insertion
losses (ILs) for the corresponding channels are about 3.7, 3.6 and 3.6 dB at 1310, 1550 and 2000 nm,
respectively. The simulated crosstalks (CTs) are lower than —23.2, -23.4, and —22.0 dB, respectively. The 3 dB
bandwidths are about 56, 54, and 893 nm, respectively. In addition, photonic crystal bandpass filters operating
at different wavebands are proposed, which can be connected with the corresponding output waveguides of
3W-PSDM to reduce 3 dB bandwidths. When combined with photonic crystal bandpass filters, 3W-PSDM
exhibits that the simulated ILs are about 4.0, 4.8 and 4.1 dB at 1310, 1550, and 2000 nm, respectively. The
simulated CTs are lower than —19.6, —15.1, and —26.2 dB, respectively. In addition, 3 dB bandwidths are about

2, 6, and 8 nm, respectively.

Keywords: inverse design algorithm, three-wavelength power-splitting demultiplexer, photonic crystal

bandpass filters
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