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Figure S1. Large-area uniformity of the synthesized MoS; film. a) Photograph of as-grown MoS;
monolayer, left: bare sapphire substrate, Right: fully covered MoS, monolayer on sapphire
substrate. b) Optical image of the MoS2 monolayer. c) AFM image of the obtained MoS>

monolayer. d) Height profile corresponding to the white line shown in c).
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Figure S2. a) SEM image and b) XRD pattern of the CsPbBr3 nanosheets. c) AFM image of the

obtained CsPbBrs nanosheets. d) Height profile for the white line shown in c).
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Figure S3. a) Optical image of the hybrid MoS,/CsPbBrs photodetector. b) Cross-sectional SEM

image of the coated CsPbBr3 nanosheets.
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Figure S4. Calculated band structure of a) MoS: and b) CsPbBrs3.

Our calculated results (MoS: with band gap 1.8 eV, and CsPbBr3 with band gap 2.4 eV) agree well

with those experimentally determined values®!~.
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PL lifetime of pure CsPbBrs and MoS2/CsPbBrs perovskite structure
Figure 3b shows the time-resolved PL decay transients measured at 515 nm for pure CsPbBrz and

hybrid MoS2/CsPbBrs.

The experimental curves of the PL decay could be fitted well using the biexponential functions:

A(t) = Ay + A, * exp (i) + A, * exp (‘—t) (S1)

T2
The average lifetime () is calculated from

_ YA
T= A (S2)

Table S1. PL lifetimes of CsPbBr3; and MoS,/CsPbBrs.

A 1 (ns) Az 2 (ns) R?  (ns)
CsPbBr3 5.70 2.06 0.81 13.33 0.987 7.46
MoS2/CsPbBr3 30.54 1.42 0.66 4.99 0.992 1.67
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Figure S5. Temperature dependent PL spectra of a),b) CsPbBrs, and c),d) MoS2/CsPbBrs. (e)
Temperature dependent PL intensity of CsPbBrs. f) Temperature dependent PL intensity of

Mo0S,/CsPbBrs.
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As shown in Figure S5, the PL intensity of the CsPbBrs can decrease with increasing the

temperature. The exciton binding energy can be calculated by the following equation:

lo
1+Ae~Ep/kpT

I(T) = (S3)

where, lo is the PL intensity at 0 K, ky is the Boltzmann constant, Ey is the exciton binding energy.
The calculated exciton binding energy of CsPbBrz and MoS2/CsPbBrz are 72.4 meV and 40.5 meV,
respectively. The decrease of the exciton binding energy indicates that the generated excitons in

the hybrid structure tend to separate more easily during the device operation process, which is

beneficial to increase the photocurrent of the photodetector based on CsPbBrs/MoS..
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Figure S6. Drain-source characteristic of MoS,/CsPbBrs device in the darkness and under different

illumination intensities.
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Figure S7. Electrical characteristics of MoS> transistor. a) Transfer characteristics. b) Output

characteristics with different gate voltage. ¢) Drain-source characteristic in darkness and under

different illumination intensities.

Due to the wet-transfer process, water or organic residues could exist on the surface of MoS» and
at the MoS,/Si0; interface, leading to the reduction of conductivity and large hysteresis of the

devices. This is in consistence with previous reports in literature.5*¢
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Figure S8. Drain-source characteristic of CsPbBrs photodetector in darkness and under different

illumination intensities.
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Figure S9. a) Photoresponsivity and b) EQE of CsPbBrs photodetectors with or without MoS; as

a function of illumination wavelength.
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Figure S10. Time-resolved photoresponse of the CsPbBrs photodetector under 442 nm laser
illumination. a) Photoswitching behavior of the hybrid device at different voltages and incident
optical power intensity. b) Temporal photocurrent response of the hybrid device with rising time

(62.5 ms) and decay time (18.2 ms).
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Table S2. Performance comparing of photodetectors on 2D/Perovskite.

i : Responsivity | Detectivity Rise
Device structure Incident (A/W) ) fall Ref.
150pW 4s
MoS; @261nm 880 o 7
2
MoS; 4ggg3cnmm 0.12 101 ; S8
10nW
WSe, @532nm 0.15 ; ; S9
0.66 mW cm™ 0 | 50ms
InSe 405 123 5.47>40° | AT | 510
CHaNH3Pbls/MoS,/APTES égg’gr\]’yn 211>40° | 1.38>10% ?4157: s11
] 0.14mW ; " 0.455
CH3NHaPbla/1T-MoS; @500nm 3.3%10 7x10 o | 12
i 0.14mW 1 25ms
CHsNH3Pbly/2H- MoS; @500nm 142 26101 | =T | 512
MAPbIs/Graphene @3§3§m 2,610 6 i > | s13
CHsNHsPbls/Graphene O@g)gfsmv 115 31012 - S14
CHsNHsPbPbBr2I/Graphene éﬁ%grm 6.0<10° i /%%Tnss si5
70 mW cm 5 1 2.1s
CH3aNHsPbls/WSe; @5320m 1.1x10 22510 ne | 16
CHsNHsPbls/Graphene @gggz - 180 10° /gzg:ss s17
2
CsPbBraxly/Graphene o.o(;%\g\arcnm 8.21.0° 2 4101 /%86?3 s18
—2
CHaNHsPbls/WS; 02@%&52 17 251012 /272335 S6
—2
CsPbBr3 4'6@5135m,o}’zvnfnm 0.00471 16.84x108 ﬁ'é rr?fs S2
—2
CsPbBrs/Au 4'6?®5m3}’2\’nfnm 0.01004 456108 /%'22 rr?fs S2
20pW cm2 w0 | 0.72ms | This
CsPbBr/MoS; oa12nm 4.4 25x10° | e | 0
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