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[bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK141][bookmark: OLE_LINK144]Fig. S1. SEM image of the CVD-grown diamond particles on substrate with different coverage (calculated in the area of 30 µm × 40 µm).
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Fig. S2. a The Hamming interdistance (normalized) of the corresponding binary encoding matrix shown in Fig. 3c. b Uniformity of the binary keys generated from 100 labels.
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[bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK153]Fig. S3. Numerical calculated scattering spectra of diamond microparticles with different a shapes (on Si substrate), b sizes (on Si substrate), c substrates, and d crystallinity (D: double crystals, T: triple crystals).
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Fig. S4. The distribution of the PL intensity (photon counts: cps) in the measured area shown in Fig. 4b.
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Fig. S5.  SEM image of the CVD-grown diamond particles after the 4 rounds of air oxidation in the selected area in Fig. 5a for time-dependent encoding.
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Fig. S6. SEM images of the multigenerational microstructures of the diamond microparticles after air oxidation.
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Fig. S7. SEM images of the marked CVD-grown diamond particles after the stability treatments shown in Fig. 6a
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Fig. S8. SEM image of the CVD-grown diamond particles after the stability treatments in the measured area of confocal fluorescence image in Fig. 5d
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