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Figure S1: Schematic representation of the fabrication process of the MoS2-perovskite microcrystalline films. 
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Figure S2: Absorbance spectrum of the stock solution prepared for crystallization of MoS2-MAPbBr3 heterostructures (inset: picture of the stock solution).
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Figure S3: Photoluminescence emission spectra (excited at 419 nm) of the stock solution prepared for crystallization of MoS2-MAPbBr3 heterostructures.




XPS figures
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Figure S4: XPS survey scan of control MAPbBr3 powders. The sample was pressed onto a high-purity indium substrate, as evidenced by the presence of In XPS peaks in the spectrum. 
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Figure S5: XPS survey scan of MoS2-MAPbBr3 powders. Also in this case, indium was used as substrate.
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Figure S6: High-resolution XPS spectra of control MAPbBr3 (top) and MoS2-MAPbBr3 (bottom) powders.
Table S1: Ratios of Br, N and Pb in control and MoS2-MAPbBr3 samples
	Sample
	Br 3d r %
	N 1s r %
	Pb 4f r %
	Br/Pb
	N/Pb
	N:Pb:Br

	Control MAPbBr3
	59.9
	24.0
	16.2
	3.7
	1.5
	1.5:1:3.7

	MoS2-MAPbBr3
	63.7
	19.0
	17.3
	3.7
	1.1
	1.1:1:3.7























Table S2: Results of the PL decay fitting with the sum of two exponential functions, as well as the intensity-averaged lifetime.
	Sample
	 / ns
	A1
	 / ns
	A2
	Intensity averaged lifetime / ns

	control_PSK_glass_1
	49.9
	0.06
	822.3
	0.94
	819.3

	control_PSK_glass_2
	16.9
	0.04
	1047.1
	0.96
	1046.4

	MoS2_PSK_glass_1
	29.5
	0.1
	569
	0.9
	566.0

	MoS2_PSK_glass_2
	23.3
	0.16
	509.1
	0.84
	505.0



The time-resolved PL decay curves were fitted using a biexponential function of the form:

where and  are the fast and slow decay components, and  and  are their respective amplitudes. The intensity-averaged lifetime was calculated according to:
.
The first (fast) component shows a relatively low contribution to the overall PL decay, while the second (slow) component dominates the emission dynamics. Both lifetime components become shorter in the MAPbBr3/MoS2 heterostructure, while the relative amplitudes remain nearly unchanged. According to previous reports on metal halide perovskites, the fast component  is typically attributed to radiative recombination of free excitons or free carriers, whereas the slower component  originates from delayed recombination involving shallow trap states.1,2 In the case of single crystals, these two components are often further distinguished as surface-related (fast) and bulk-related (slow) recombination processes.3,4 Although a detailed discussion of the individual recombination pathways is beyond the scope of this work, the simultaneous shortening of both components and consequently of the intensity-averaged lifetime in the heterostructure indicates the presence of an additional non-radiative decay channel. This is further corroborated by the decrease in PL intensity reported in Figure 2d. We therefore attribute this new channel to the interfacial electron transfer from MAPbBr3 to MoS2.
Table S3: Summarized Hall effect measurement comparison of MAPbBr3 and MoS2-MAPbBr3 microcrystalline films.
	Sample
	Hall voltage
	Current
	Magnetic Field
	Type
	Mobility
	Carrier concentration

	
	V (V)
	I (A)
	B (T)
	
	µ (cm2V-1s-1)
	n (cm-3)

	MAPbBr3
	0.036
	4×10-8
	1
	P
	150
	0.8×109

	MoS2-MAPbBr3
	-0.001
	4×10-8
	1
	N
	346
	1.9×1012
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Figure S7: Contact potential difference (CPD) of a) Au, b) ITO, c) MAPbBr3 (control), and d) MoS2-MAPbBr3.
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Figure S8: Band alignment of device based on ITO/MAPbBr3 (control)/EGaIn (a) before and (b) after contact. The presence of hole barrier on both interfaces of MAPbBr3 suggest it exhibit unipolar electron only transport.
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Figure S9: Band alignment of device based on ITO/MoS2-MAPbBr3/EGaIn (a) before and (b) after contact. Upshifted WF of MoS2-MAPbBr3 facilitates electron transport to EGaIn and hole transport to ITO.

Table S4: A comparison table of device performance, including the control, the hybrid, and previously reported state-of-the-art photodetectors.
	Perovskite material
	Device structure
	Trap density (cm-3)
	Detectivity (Jones)
	R (A/W)
	Rise/fall time (ms/ms)
	Ref.

	MAPbBr3
	lateral
	2×1011
	1013
	4,000
	0.025/0.025
	5

	MAPbBr3
	lateral
	--
	--
	2.2
	--
	6

	FAPbI3
	lateral
	7.5×1011
	--
	300
	--
	7

	FAPbBr3
	lateral
	6.9×1011
	1014
	4000
	0.67/0.75
	8

	MAPbCl3
	lateral
	--
	1012
	18
	1/1
	9

	CsPbBr3
	lateral
	4.5×1012
	1013
	6×104
	0.5/1.6
	10

	CsPbBr3
	Vertical
	2.8×1012
	4.8×1012
	0.172
	0.14/0.12
	11

	CsPbBr3
	Vertical
	--
	1014
	150–300
	100/20
	12

	Cs2AgBiBr6
	Vertical
	--
	1.72×1011
	1.58
	--
	13

	CsPbBr3 NCs/monolayer MoS2
	lateral
	--
	3.38×1011
	640
	92
	14

	MAPbI3BP/MoS2
	lateral
	--
	1.3×1012
	11
	0.15/0.24
	15

	(PEA)2SnI4/few-layer MoS2
	lateral
	--
	8.09×109
	1100
	34/38
	16

	MoS2/MAPbI3
	vertical
	--
	--
	68.11
	205/206
	17

	MoS2/MAPbI3
	lateral
	--
	--
	28
	356/204
	17

	MoS2 few-layer/Cs2CuBr4
	lateral
	--
	1.6×1011
	0.137
	∼32/∼79
	18

	MoS2/MAPbI3
	lateral
	--
	4.28×1013
	1.08× 104
	<45
	19

	MAPbI3/MoS2 
heterostructure
	lateral
	--
	1018
	1.2
	0.178/0.212
	20

	MoS2-MAPbBr3
	Vertical
	5.72×1010
	2×1011
	2.2
	48/20
	This work



Table S5: Mean and Standard deviation for performance-determining parameters of multiple MoS2-MAPbBr3 devices at constant optical power and fixed bias.
	Device No.
	Average thickness (µm)
	Rise (ms)
	Decay (ms)
	R (A/W)
	EQE(%)
	D*(Jones)

	1
	

170 ± 30
	42.6 ± 2.1
	21.7 ± 3.9
	2.1 ± 0.10
	541.5 ± 10.6
	3.1×1011 ± 6.10×109

	2
	
	44.7 ± 1.2
	19.7 ± 2.1
	2.0 ± 0.20
	508.6 ± 36.9
	2.9×1011 ± 2.10×1010

	3
	
	41.0 ± 2.7
	22.3 ± 4.1
	2.1 ± 0.10
	525.5 ± 11.9
	3.0×1011 ± 6.89×109

	4
	
	41.0 ± 1.0
	22.7 ± 3.2
	2.2 ± 0.01
	562.2 ± 1.10
	3.3×1011 ± 6.93×109



ReferencesFigure S10: Operational stability of the MAPbBr3 (control) photodetector.
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