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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.
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HAESS, HT R 98 e T4 WDM REEH
gt BT RZHOE T TAER KL E
1310 F1 1550 nm # FH 38 15 i B, (B ST
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WAE TR T RO B, 38815 I8 B A sk e T
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R R HARHE 1 I 58 | 53 1 FO 15 5 OR S HF 1,
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 P& 485 8%, H 1L /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
SRCR, TE R 5 iU H % rh B 52 B RR
. AN, HEZS 1310, 1550 F1 2000 nm =B
BB o S e AR i =

W, 52 5 TR RUEE T XT3 10 R %
REJy, W B I A B A B T it
THBR®ER, &) Z TS &k
ZIIRe KA Rt 1271, Huang 55 (9 )
M BRI T RSN 2.4 pmx 10 pm
%) SR FE R0 T8 i 70 A 52 T A%, % e F B S O6HT
A A3, TR0 S OGRS & A A3 g 2
e, WTLAE Y, SR e e O 2k ] i NG
TR RS, HIvReT, BT r ik dn
W o1 e 5 ] i B4 5 AW 208 R U g
7. Sun %5 16 R H H 3 —JEH## &R (direct binary
search, DBS) HEE T T RSN 7.8 pmx 5.2 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 AR 3 Hy T A0 SRR R AR, 1 o T T 3812
2. R, TE R4 P[] o S B K B 8 2 S
FH I =AM B SRS R S5 S, AT TGRS
HARPR.

xRz, A DBS Bk 17— &
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
B, AR, R 7O A AT R B S (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
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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
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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

Kl 1 3W-PSDM ¥ Uh%:H
Fig. 1. 3W-PSDM initial structure.

PG W P A CRI T RE AT BR, 8 7 2
BRSBTS LUGA R HbR. AT, ¥
I BETH A 5 A A REAS 12 U = A i SR J AR
IR R, s A R BT  TBE. 2
Je 2 i, PR R B B B A 2 = A 5 2
JRySSUBCE , MATIF TR A 7 O PR, S5 BT S v
Pt | RIE AL e 2 R RORS B 4%, REASTE
PR A/ NE RIS THABE.

ARSCHEFET Y 7 S BIS U E S T AR A5 25
g, Bt 5 A H] DBS 353200 Ja il X A T B il fe bt
1AL, IR A B O 25 H B X R T 58

130407-2


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

JEIY A B, SR L (R A R R T XY
oAbt B P Y 8. DBS Bk L i fE dn 15l 2 i
IR, FE T LR T2 BE T X el 3 15 A
AME AR TR A “07 A1 <1 AR
BRI G, H ekl — MR, IHR% B
RIEPIMCRAS T #8400 5 B 7 (figures of merit,
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Fig. 2. DBS algorithm flowchart.

2.2 #TEw SW-PSDM

3W-PSDM & 764 1310, 1550 F1 2000 nm
KOBESANS, LAWK 1:1 B9 R0
%K. 8 38 3W-PSDM = 4E45 R 5 A, iZ a4
i AT Port 0, B3 X A8 A& S i B4 %1 Port
1—6 ZH . F5 5 4 T O i A% Port 0 1A
i, RS HEA S BT IR TR I 5K
Gy, B MR A0 f i e . b, 1310 nm
WBOEHR M Port 2 1 Port 5 % Hi; 1550 nm i Bt
FEH M Port 1 F1 Port 6 % Hi; 2000 nm 3 BtEH
MM Port 3 Fil Port 4 % H.

3W-PSDM #t T SOI &k it, T2k B
h 220 nm, FL)ZHER Si0,. K 4(a) B T K
43514 1310, 1550 F1 2000 nm B, P FARATER

Bl S e FE AR A 2. B TR 2 AT S AR R
ST B2, B Sl EE A2, el 4(b)
7~ Shitk, Port 0, Port 3 il Port 4 W5 ek
M 650 nm, L3R 2000 nm P KAGERULS; Port 1,
Port 2. Port 5 Fll Port 6 A% 5% & % & 500 nm, LA
T2 1310 F1 1550 nm KBRS E M50 . LAk,
HEGRAH QR T 8] K A AR, [ PRAE B X
AR AR o BB R R BT, B Port 15
Port 2, Port 2 5 Port 3, Port 4 55 Port 5, Port 5

—— 1310 nm
- 1550 nm
2000 nm

I Silicon [ Silica

Kl 3  3W-PSDM =44k H R & &l
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.
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5 Port 6 BYEIEEH) A 500 nm, Port 3 5 Port 4
1y [ B A 700 nm. B A g8 R BT XU T
6 pmx6 pm, #ZHCH 50 pixel x50 pixel IR E
MR, BAAME R BT A/ R 120 nmx 120 nm. {32
FATE R U RS TR REARL, <O IR NEAE <17
AR G 20— AN ELARS 90 nm, =24 220 nm
MBI, JFEIZ B NI A Si0, ML (R HITHY
RGPS IRENBGELRBF B T L 2L R SaH
femsoKk, Hot 2 ms A e im T 1.2,

DBS . ik X 15 11 X 3k 9 47 08 fk B, R A
ANSYS Lumerical {7 LA i s R 22 4355
LT G RITE. EAa R h AR
dz = 30 nm, dy = 30 nm, dz = 30 nm. 3W-PSDM
) FOM pREE L

3

3
FOMZQZ)\ij—(l—a)Z/\ija (1)

ij=1 ij=1
i=j i#j

L, o WAGERF; A R Bt KR E
B XT 3W-PSDM, Ai1, Az, Ais 2091 1550 nm,
1310 nm, 2000 nm P . FERALSREH, BT X
KT 5 R LXK, R AT DASEI e 36
() 11 DIy o, T LR PRI 33 02 2 3 ik
. 2t Ak, SW-PSDM By & 454 . 63
G3 AR A BZE R & 5(a)—(c) Uizs. 7E 1310,
1550, 2000 nm AL, XF N 5L IE 1405 B 1L 435
25 3.7, 3.6 Fl1 3.6 dB, {ii . CT 43 5l/hF-23.2,
-23.4 F1-22.0 dB, 3 dB 47 95 43 5 £ 4 56, 54 il
893 nm. 13 k2 FOM Hbr k% L S A E K,

Kl 5

3W-PSDM fjj & 4%

W BEHE— 25 X g IL, CT Ky 58 S8t B kA7
Py
2.3 FH 3W-PSDM

3W-PSDM [ 3 dB sk, JLHAE 2000 nm
W B A, AR TR B RGN . A
PE— A% 3SW-PSDM 4 3 dB 5 58, $&H7E 4%
iy g 11 43 91 2 B ) VL 9% K ) PHC-BPF. 4%
PHC-BPF ¥ 5 3W-PSDM X Jij % H1 i 5 B 4240
i, e S8R (W) 50 g R AR — 2
£4~ PHC-BPF i PR PHC B3
A . PHC PRI E AT BR AR, Hol i gk
FH A A PR SR A5
A = 2ned, (2)
A, AP OB new AARATHNE; A
Sk PHC B3 JE 391
DL S Port 1 1 Port 6 4bf) PHC-BPF
. PHC B e HAE N D = 90 nm Y4
bk B AL, X AR H 250 28007 DL 5 3W-PSDM
13430 WSz N\ = 1550 nm HHEIIRE, BT T
ARSI A =1500 nm 1 A\, = 1600 nm (1)
B PHC FES1, & SHG6IE 51 E 6(a) FE 6(b)
Fis. 4P PHC FEEI R 3 A = 315 nm
Ml Ay = 353 nm, HEAMHITEN N, = N, = 30
A, A PR X R 1500 AT 1600 nm, 38 A4
FEAT 29Ny 28.4 F123.7 dB. HH_FRPIAHFH PHC
FEFNGRER, PIARLH L 1550 nm ) PHC-BPF,

893 nm

—10
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Transmission/dB

—30

—40 . . .
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0

(a) AL ; (b) XA ; (c) BH LK

Fig. 5. 3W-PSDM simulated results: (a) Final structure; (b) optical field distribution; (c) transmission spectra.

130407-4


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

¥ 12 F R Acta Phys. Sin. Vol.

75, No. 13 (2026) 130407

(a) Op SO G, 7
S Ve
_sh
an)]
e
<
g
8
£ —16t
g
0
g
g
=
_o4t
— A =315
— A =309 — A=318
— A=312 — A=321
_39 . . .
1.40 1.45 1.50 1.55 1.60
Wavelength /pm
K 6

®) 0 rEEETERTY
oYY
_8 L
M
o
~
=]
2
& —16}
g
n
=}
g
& — A=347
—24r _ p=350 /
— A=353
— A =356
—— A =369
_39 ; , ,
1.50 1.55 1.60 1.65 1.70
Wavelength /pm

(a) 1500 nm # B PHC K5 (4935 54 5%18%; (b) 1600 nm ¥ FH PHC BE 5 32 51 ok 1%

Fig. 6. (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. Simulated results of 1550 nm band pass PHC-BPF: (a) Schematic diagram; (b) optical field distribution; (c) transmission
spectra.
# 1 PHC-BPF 2%
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 315 353 90 30 30 500

Port 2/Port 5 1260 1360 1310 242 274 90 38 32 500

Port 3/Port 4 1960 2040 2000 451 485 90 40 40 650

Rt Rz B oA s g s mlanEl 7(a)—
(c) iz, 453, 1500 5 1600 nm K95 H 2L
JSF, 100 1550 nm K AT S 8 fL 4. gD g oL
W KSR 1550 nm, H IL 294 0.5 dB; £ 1455—
1543 nm 5 1557—1645 nm FHA7 G BN, IL ¥k
F 25 dB, 3 dB # %4 6 nm.

Fe ORI SEURS, AT 58 LA H i X R
PHC-BPF Z8liAk, BAAZE S E0n3 1 prs.
Hrp, Port 25 Port 5 4bf% 1310 nm 47 1@ PHC-
BPF 1 H.0 BEAT 3% K 1260 nm F1 1360 nm Y P

41 PHC FEFIR K, FIAS 5124 242 nm F1 274 nm,
[B #E P43 518 38 A1 32; Port 3 5 Port 4 4k
i 2000 nm 71l PHC-BPF i fv.o AR K 1960
12040 nm 1Y I 4 PHC [ 5k 5%, J5 39 40 59 A
451 nm A1 485 nm, [RIFEBATTEI N 40.

i id 454 3W-PSDM il PHC-BPF 1] D) 52 8
3 dB A5 e IR/, 5 R NE 8(a) Fian, HIR ST
6 pmx47 pm. ZEEH R0 A S SO o
HanrE 8(b)—(e) iz, 7E 1310, 1550, 2000 nm
oAb, XTI HE T A 05 L IL 430 2928 4.0, 4.8
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Fig. 8. Simulated results of 3W-PSDM connected with PHC-BPFs: (a) Schematic diagram; (b) optical field distribution; (c)—

(e) transmission spectra.

4.1 dB, HE CT Z51/NF-19.6, —15.1 F1-26.2 dB,
3 dB 543 LN 2, 6 F1 8 nm. 5 RN PHC-
BPF ) 3W-PSDM A kb, BRI ST Fi#Ef
FIrsE N, fHJ2E 3 dB 5 S5 214 3B

3 3t i
3.1 mMIBE

IR R A AR M, T 70 40 RSP
il P BEALIR 22, JF RN T.28 22 531 #E 1310,
1550, 2000 nm %K F, 3W-PSDM 1 REF 1% % 2
TERNAEA I B - A 9(a)—(c) B, M4
F AT RASFAE-5—5 nm J5 B NS S, % g
AEF= AR MY H /)N, 4E 1310, 1550, 2000 nm 7 K
Ak, X HL3E B ()45 B IL AT 53 51/ TF 6.5, 6.4 F
4.2 dB, rfA @B R H CT &/ T-12.6 dB.
I, FER R IT HARAAAE—E T & M 2E ST,

3W-PSDM KR GEMS AR FRAI XS e i TERE R B, B
ARSI T &R

3.2 EEEXTEE

FEY B Z T b, AR5 AL B AT FE B ] L PR
Wik | 23 R AR PR A2 19, Horp ) e 52 AR
Sk AR 2 B A B FE LR, BB S AN IR
KAG5mME HSE HIhe. W3k 2 g, Rouifed
LG A SWG 454, #it T —Fp 3 FRF 1550 Fil
2000 nm XEE TAERB S g, RoTR 2 pmx
34.48 pm. RAE/NEEIRST, Wu S5 19 R T30 35
TR, AR B RS AL 7.2 pmx12 pm /Y
6 W IE I o B AR, i A EE Y IL B8 T 2.5 dB.
)R 3 33 ) BT %, Deng 45 200 jF— 2504 T 4k
BB REZE 2000 nm, SEH T RSFR 3 pmx3 pm
K 2 3EIE P E RS, A EER IL #/hF 1.2 dB.
BEAN, W F AR A AT DL S A A Rl L
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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
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
shows 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. The 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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