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Figure S1 (a-b) AFM image of the WSe, homo-junction and the corresponding height
profiles. (¢) The FWHM intensity maps of WSe, Raman characteristic peak. The fitting
range is 200-300cm™!. (d) Raman peak position mapping of E',, mode for the WSe;

homo-junction sample.
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Figure S2 More optical images of WSe, samples grown on sapphire substrates: (a) 880
°C, (b) 900 °C, (c) 940 °C and (d) 940 °C. (e) AFM image of the CVD-grown bilayer
‘WSe, at 940 °C.
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Figure S3 (a) Typical optical image of the CVD-grown WSe, samples at 880 °C. (b)

PL spectra at the different regions of WSe, homo-junction.



CBM

@ OO0 ) 4z
:f{‘»%@f; =

Photon energy

VBM
Bilayer =

Monolayer

Figure S4 (a) The side view model of the atomic structures for AA stacking WSe,
homo-junction. (b) Band alignments of monolayer/bilayer WSe, homo-junction with
respect to the vacuum level.! (¢) Schematic diagram of the mechanism for emission

energy shift induced by charge transfer from monolayer to bilayer WSe,.?

Figure S5 More typical SEM images of WSe, homo-junction at different morphology.
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Figure S6 (a) Typical SEM image of vertex region of WSe, homo-junction. (b)

Schematic illustration of bottom layer atomic structure of WSe, homo-junction.

Figure S7 Typical optical image of the CVD-grown WSe, samples at 900°C. The

growth time was 7 min and the WO; powder is 200mg.
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