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Fig. 1. Schematic of the 8-channel mode-polarization multi-

plexer.
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Fig. 2. ADBS algorithm: (a) Flow chart; (b) pooling operator; (¢) mutation operator.
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Fig. 3. Simulated results of the TE-polarization multiplexer: (a) Top view of the initial structure; (b) top view of the final structure;

(c)—(f) simulated transmission spectra for the TE), TE;, TE,, and TE; modes, insets represent simulated light propagations in cor-

responding channels.

040401-4


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

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 4 (2026) 040401
(a) 8 pm 14.2 pm 8pum 5.2 pm 8 pm 7.2 pm 8 pm 8.8 pm
[e————>l—>] [€———>lc—>] k 3 d

Access

waveguide 0.4 pm

0.69 pm

1 pm

1.6 pm 1.695 pm 0.3 pm

0.3 pm 2.363 nm
¢ 5 0.4 pm 1 pm 3.04 pm 0.3 pm
g Bus
= waveguide
g TMo-TM; coupler TMy-TMjz coupler TMy-TM3 coupler TMo-TM4 coupler g
(b) 0 () 0
— TM-TM, — TM,-TM,
— TMo-TM1 — TM()'TMl
—12+ — TMpy-TM, _15} — TM,-TM,
% — TM-TM;3 % — TMy-TM;3
< ~
=) g
g s — ]
2 24t 2 30t
g &
- SS|NEE—— g8
= — —
o \/ S s

60 . n n
1.540 1.545 1.550 1.555 1.560
Wavelength /pm

—— . —
—14 —15F

48 . . .
1.540 1.545 1.550 1.555 1.560
Wavelength /pm

—~
o
=
o
—~
@
-
o

M M
o o
~ ~
g =}
.2 2
& —28f & —30}
g z
2 — TMy-TMy — TMy-TMs 2 -
& — TMy-TM; — TM,-TM, &
—42F  — TMy-TM, —45
— TMy-TMy — TMy-TM,
— TMy-TM; — TMy-TM;
- TMO'TM4

—60 .
1.540 1.545 1.550 1.555 1.560
Wavelength /pm

_56 . . .
1.540 1.545 1.550 1.555 1.560
Wavelength /pm

B4 TMHERERARGESR  (a) BEEEHIMIE; (b)—(e) TM,, TM,, TM; F1 TM, 45120 Ay 405 61, 415 B 4y AH N 3
b1 8 S B s g e

Fig. 4. Simulated results of the TM-mode multiplexer: (a) Top view of the final structure; (b)—(e) simulated transmission spectra for

the TM,, TM,, TM3, and TM, modes, insets represent simulated light propagations in corresponding channels.
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(2)
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(e)—(f) TMy-TM,, TM-TM,, TM-TM; Fl TM,-TM, #3454 ADC 45 #4975k SEM &%

Fig. 5. Fabrications of the 8-channel mode-polarization multiplexer: (a) Microscope image of the fabricated integrated circuit;
(b) detailed SEM image of the mode multiplexer for the TEj, TE;, TE,, and TE; modes; (c)—(f) detailed SEM images of the ADCs

for the TM-TM,, TMy-TM,, TM-TM; and TM;-TM, modes.
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Fig. 6. Measured transmission spectra of the 8-channel mode-polarization multiplexer: (a) Experimental setup for measuring trans-
mission spectra; (b)—(i) normalized measured transmission spectra for the TE, TE;, TE,, TE;, TM;, TM,, TM;, and TM, modes.
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Fig. 7. Measured eye diagrams of the 8-channel mode-polarization multiplexer: (a) Experimental setup of the high-speed data com-
munication; (b) measured eye diagram of the source modulated signal; (c)—(j) measured eye diagrams for the TE), TE,, TE,, TEs,
TM,, TM,, TM;, and TM, modes with a data modulation rate of 256 Gbps; (k) measured TDECQ values under a target SER of
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Table 1.  Performance comparisons of reported mode multiplexers.

Structure Mode number Length/pum Measured IL/dB Measured CT/dB Bandwidth/nm
DBSE 4 (TE) ~6 < 1.5 < -14.6 1510—1570
TO 4 (TE/TM) ~6 <20 <16 1500—1600
DBSI! 6 (TE/TM) ~13.8 <18 <14 1500—1600
ADCP 4 (TM) ~100 < 1.0 < -23 1540—1560
ADCI 10 (TE/TM) ~500 <18 <15 1530—1565

SWG-ADCH 16 (TE) ~1000 < 6.9 < -10.3 1550

This work 8 (TE/TM) ~100 < 1.7 <-9.3 1540—1560

AR LR 100 pm, J& HETR ST Be/MP 8 i 18
B IRE FHA%. HEZAE, £ F—2 TAE,
BT A I A5 R BB 43 e A R TR AR i S 290
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G (EAS LN 2 i
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FE xS AR M LRSI /NG L 2
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I T — R K28 8 i A iR A,
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M TE; B & R ;S 458 & H ADC
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P/ 8 T E AR IR FH AR % A A A
T2 REJE R 220 nm, Ff1)2 SiO, BN 1 pm
(%) SOI FhIEl |. 7F 1550 nm AL, Mliatid A45HE
A 9N 1.2 dB K T -12.5 dB. [F Y},
1E 1540—1560 nm P T FEI, D 4 A 451 FE F0
B4 9 NT 1.7 dB MK T 9.3 dB. 7E £
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Abstract

Mode division multiplexing technology can augment the single-wavelength capacity via orthogonal
eigenmodes within a multi-mode optical waveguide. In order to achieve the low-loss, small-size, multi-channel
mode multiplexers, an 8-channel mode-polarization multiplexer consisting of digital structures and waveguide
structures is designed, fabricated, and measured to improve the integration and transmission capacity of optical
interconnects. The digital structure optimized by a novel adaptive direct binary search (ADBS) algorithm works
for the TE,, TE,;, TE,, and TE3; modes. The ADBS algorithm can adaptively escape local convergences and
greatly reduce time costs because of the introductions of the pooling operator and mutation operator. The
waveguide structure designed by the cascaded asymmetrical directional couplers (ADCs) works for the TMj;,
TM,, TM;, and TM, modes. The ADC structure further expands the number of channels based on the digital
structure through a cascade strategy. To the best of our knowledge, the digital-waveguide structure with an
effective length of about 100 pm is the smallest 8-channel mode-polarization multiplexer. The device is
fabricated on an SOI wafer with a 220 nm-thick top silicon layer and a 1 pm-thick silica cladding. The
measured insertion losses (ILs) and crosstalks (CTs) are less than 1.2 dB and lower than —12.5 dB at 1550 nm,
respectively. At the same time, the measured ILs and CTs are less than 1.7 dB and lower than —9.3 dB from
1540 nm to 1560 nm, respectively. In addition, clear and open eye diagrams are obtained during the

transmission of 256 Gbps signals, verifying the stable and high-speed data transmission capability.

Keywords: 8-channel mode-polarization multiplexer, adaptive direct binary search algorithm, asymmetrical

directional couplers
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