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Table S1. Air and silicon pixel amount in the designed digital metamaterials.

Air Silicon Air Silicon

2D designs

TE0-to-TE1 556 2027 TE0-to-TE2 613 1970

TE0-to-TE3 554 2029 TE1-to-TE2 628 1955

TE1-to-TE3 341 2242 TE2-to-TE3 374 2209

Diode 760 1823 Demultiplexer 1046 2923

Quasi-3D designs

TE0-to-TE1 803 1780

Diode 983 1600 Demultiplexer 834 3135

Table S2. Comparison between Ref. 1 and this work. Footprint and transmission 

efficiencies at center wavelength obtained from 2D simulations are listed for six mode 

conversions. It is noted that the distribution of refractive index (RI) in Ref. 1 had 

continuous regions, while in our design only air and silicon can be found.
Footprint TE0-to-

TE1
TE0-to-

TE2
TE0-to-

TE3
TE1-to-

TE2
TE1-to-

TE3
TE2-to-

TE3
Ref. 1 1.55λ2

Continuous RI
99.3% 98.3% 90.6% 96.8% 86.3% 80.1%

This 
work

0.645λ2

Binary RI
98.4% 96.7% 88.2% 95.3% 88.7% 85.3%



Table S3. Comparison between reported TE0-to-TE1 mode converter and this work. 

Transmission efficiencies at center wavelength obtained from 3D simulations are listed. 

Scheme Footprint TE0-to-TE1 (3D)

Ref. 2 Photonic 
crystal

~6.3μm3.2μm 3D Opt: ~80%
Quasi-3D Opt: ~60% 

Ref. 3 Taper 
waveguide

~18.6μm2.8μm 98.6%

Ref. 4 Ge/Si 
pattern

1.0μm1.55μm ~91%

Ref. 5 Digital 
metamaterial

1.1μm2.3μm
1.0μm3.1μm

57%
37%

This 
work

Digital 
metamaterial

1.0μm1.55μm 52.7%

Table S4. Comparison between reported reciprocal optical diodes and this work. 

Footprint, transmission efficiencies at center wavelength and contrast ratio (Tforw/Tback) 

obtained from 3D simulations are listed. 

Scheme Footprint Forward (3D) Backward (3D) Contrast ratio

Ref. 6 Ag splitter 4.0μm0.65μm 62% 0.3% 206
Ref. 7 Partially 

etching
7.0μm1.0μm 62% 0.53% 117

Ref. 8 Digital 
metamaterial

3.0μm3.0μm TE: 71.1%
TM: 91.1%

1.8%
3.2%

40
28.5

Ref. 5 Digital 
metamaterial

1.1μm2.3μm
1.0μm3.1μm

57%
37%

1.8%
0.9%

32
41

This 
work

Digital 
metamaterial

1.0μm1.55μm 43.1% 0.47% 91.7



Table S5. Comparison between inversely designed mode-order demultiplexers and this 

work. Channel number, footprint, insertion loss at center wavelength and contrast ratio 

obtained from 3D simulations are listed. 

Channel number Footprint Insertion loss (3D) Contrast ratio

Ref. 9 2
3

4.22μm2.6μm
6.08μm4.93μm

-0.25dB ~17dB

Ref. 10 4 5.4μm6.0μm < -1.5dB 18 dB
Ref. 11 3 3.6μm *4.8μm < -1.5dB 22dB
This 
work

2 1.55μm1.55μm -2.2dB 14.7dB

Figure S1. Designs for mode converters (TE0-to-TE1 and TE0-to-TE2) with 50nm pixels and 

corresponding magnetic fields simulated at center wavelength.



Figure S2. Contrast ratio of reciprocal optical diode with random errors. (b) Structure and 

magnetic field of a diode sample with 3% error. This sample is the one with the lowest contrast 

ratio among 8 samples with 3% error percentage.

Figure S3. Contrast ratio and transmission efficiencies of demultiplexer with random errors. 

(b) Structure and magnetic field of a diode sample with 3% error. This sample is the one with 

the lowest contrast ratio among 5 samples with 3% error percentage.
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