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Fig. S1 Schematic diagram of the synthesis of polymeric microspheres. a) P1, and b) P2.
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Fig. S2 Raman spectrum of polymer solutions from five different batches. a) P1, and b) P2.
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Fig. S3 The corresponding Raman spectra of polymer solutions in 96-well plates with digital
information “430072” hidden.



Fig. S4 The corresponding Raman spectra of polymer solutions in 96-well plates with digital
information “6937147252044” hidden.
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Fig. S5 Characterization and optical properties of the polymer inks. a) Raman spectrum, b) size
distribution spectrum, and c) SEM image of P1 ink. d) Raman spectrum, e) size distribution
spectrum, and f) SEM image of P2 ink.
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Fig. S6 Raman spectrum of the printed paper before and after PEI film covering.
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Fig. S7 The corresponding spectra of each pattern pixels on “WHU” pixel pattern.
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Fig. S8 The corresponding spectra of each pattern pixels on “N” pixel pattern with different

decoders.
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Fig. S9 The corresponding spectra of each pattern pixels on “N” pixel pattern with decoder 1
after 90 days storing under ambient conditions.

Fig. S10 Photographs of the four pixel patterns which formed the cherry blossom pattern,
printing with different inks. The pixel pattern was printed with a) “black” ink, b) “pink” ink, c)

“red” ink, and d) “green” ink.
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Fig. S11 SEM images of the paper with different inks printed. a) “black” ink, b) “pink” ink, c)
“red” ink, and d) “green” ink.
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Fig. $12 Raman spectrum of randomly selected ten points on the same pixel with different
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inks printed. a) “black” ink, b) “pink” ink, c) “red” ink, and d) “green” ink.
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Fig. $14 SEM images of the microporous membrane filter after the process of double printing.
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decoder single printing double printing

Fig. S15 Photograph of the decoder (left), single printing sample (middle), single printing
sample (right) in the progress of screen printing. The contrast of the images has been adjusted
to show the print clearly.
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Fig. $16 Raman spectrum of different information dots on the square contains the digital
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Fig. S17 Raman intensity ratio diagram of each numeric information.
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Fig. S18 Diagram of the typical example in the fitting process.
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