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Figure S1. Optical characterization of the ML-MoS2/BFO heterostructure. (a) Optical microscopy
image of a representative ML-MoS: flake wet-transferred on a BFO thin film surface. (b) PL and (c)
Raman spectra measured from the ML-MoS: flake in (a).
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Figure S2. Poling effects on the ML-Mo0S2/BFO heterostructure. PFM images of (a) the ML-MoSz on
a BFO thin film whose left and right half areas are polarized in the Pt and P states by the poling
process with Ve of 12V, respectively, and (b) vice versa. (c,d) PL peak area maps of the identical ML-
MoS: were scanned after poling processes of (a) and (b), respectively. (e f) PL peak area maps of the
identical ML-MoS2 were acquired after poling processes of (a) and (b), respectively. (g) PL spectra
measured from the spots in the Pt and P, regions on the same ML-MoS: flake whose positions are
marked in (d). X and X- denote the emissions of neutral and negatively charged excitons, respectively.
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Figure S3. Microscale PL modulation of the ML-MoS: driven by the domain-engineered BFO thin
film. (a) PFM image of the ML-MoS:z on a BFO thin film poled in the stripe pattern. The bright and
dark areas indicate the regions in the P1 and P states, respectively, and were achieved by applying
Vr of £12 V. Maps of (b) PL peak area (c) PL peak position of the identical ML-MoS: in (a) scanned
after poling process.

53



(a) (b) ..

102

54 32-1012 3 45
Vg (V)

Figure S4. Field-effect-transistor characteristics of the ML-MoS2/PZT heterostructure device. (a)
Optical microscopy image of field-effect-transistor (FET) device based on a single ML-MoS: flake on
a PZT thin film. (b) FET characteristic curve of drain current (Ip) vs. gate voltage (Vc) measured at the
source-drain voltage (Vsp) of 1.0 V. The leakage current (Ic) vs. Vs is also plotted as the dashed line.
Note that the absolute values were taken for the negative data values of Ip in the off-state and Ic.
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Figure S5. Electric field screening effects of the ML-MoS: on PZT. PFM images of a ML-MoS: flake
on a PZT thin film scanned (a) as-prepared before poling and after poling with the Vr of (b) -8 V and
(c) -10 V, respectively. Up to Vr of -8 V, the area of the PZT thin film beneath the ML-MoS: flake was
not poled fully as can be seen from the many unpoled spots (bright dots) representing that a ML-MoS:2
flake prevents the field penetration into the PZT thin film somehow.
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