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Fig. S1. (a) g-C3N4, MAPbI3 powders and XRD diffractogram patterns of 2D/3D wafers. (b) UV-Vis 
absorption spectra of MAPbI3 and g-C3N4. Band gap energy calculation (Tauc plots) (c) MAPbI3, and 
(d) g-C3N4.



Fig. S2. (a) Scanning electron microscopy (SEM) images of the MAPbI3 powder. (b) Grain size 
statistic of MAPbI3 powders.



Fig. S3. Microstructure of perovskite and g-C3N4 double-layer wafer. (a, b) The cross-sectional 
thickness of the double-layer wafer and position of morphological enlargement. (c, d) 
Microstructure of the bottom of the perovskite layer. (e, f) Microstructure of the middle of the 
perovskite layer (g, h) Microstructure of the top of the perovskite layer. (i, j) Microstructure 
between the perovskite layer and the g-C3N4 layer.



Fig. S4. Micro-regional elemental analysis of wafer cross-sections (a) Picture. Elemental 
distributions (b) I, and (c) Pb elements.



Fig. S5. The plane microstructure of the pellets. Scanning electron microscopy (SEM) images of the 
pristine 3D pellet (a, b), 1% 2D/3D pellet (c, d), 2% 2D/3D pellet (e, f), 4% 2D/3D pellet (g, h), and 
8% 2D/3D pellet (i, j).



Fig. S6. Schematic diagram of wafer thickness.
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Fig. S7. Resistivities of 3D, 2D and 2D/3D wafers.



Fig. S8. Current time profile on the wafers at the beginning of the phase. Applying a voltage of 10 
V. (a) 3D. (b) 4% 2D/3D. The mixed region in the diagram refers to the coexistence of both ionic 
and electronic conductivity. The electron region is where electron conductivity is dominant.



Fig. S9. Photoconductivity of 3D and 2D/3D wafers. Fitting lines for the μτ product were shown.



Fig. S10. The time-dependent PL mapping of (a) 3D wafer and (b) 4% 2D/3D wafer under 40 V bias 
and excitation of 405 nm laser.



Fig. S11. Summary of response currents under different bias voltages and X-ray dose rates. (a) 3D, 
(b) 1% 2D/3D, (c) 2% 2D/3D, (d) 4% 2D/3D, and (e) 8% 2D/3D wafers.
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Fig. S12. 4% 2D/3D pellet response current and current drift at 60 V bias voltage.



0 100 200 300 400 500 600 700 800

0.0

5.0x10-3

1.0x10-2

1.5x10-2

2.0x10-2

2.5x10-2

3.0x10-2  GO

C
ur

re
nt

 d
en

si
ty

 (A
 c

m
-2

)

Electric field (V cm-1)

2.80×104 Ω·cm

5 μm

(e) 1% GO

0 300 600 900 1200
6500

7000

7500

8000

8500

C
ur

re
nt

 (n
A

)

Time (s)

 1% GO/MAPbI3

Under 10 V bias

0 300 600 900

6000

8000

10000

C
ur

re
nt

 (n
A

)

Time (s)

 4% MoS2/MAPbI3

Under 10 V bias

0 50 100 150 200 250 300 350

0.0

5.0x10-2

1.0x10-1

1.5x10-1

2.0x10-1

2.5x10-1

3.0x10-1

3.5x10-1

4.0x10-1

1.04×103 Ω·cm

 MoS2

C
ur

re
nt

 d
en

si
ty

 (A
 c

m
-2

)

Electric field (V cm-1)

(c) (d)

(a) (b)

Fig. S13. Current-time curves for different 2D/3D mixed wafers at 10V bias. (a) 1% GO/MAPbI3. (b) 
4% MoS2/MAPbI3. Resistivities of the 1% GO/MAPbI3 wafer (c), and 4% MoS2/MAPbI3 wafer (d). 
The cross-sectional microstructure of the pellets. Scanning electron microscopy (SEM) images of 
the 1% GO/MAPbI3 pellet (c), and 4% MoS2/MAPbI3 pellet (d).



Fig. S14. X-ray image of the key obtained with a bias voltage of 10 V. (a) Dose rate of 11.57 μGyair 
s-1. (b) Dose rate of 5.698 μGyair s-1.
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Fig. S15. The current-time curve of the imaging process.



Table S1. Summary of the dark current drift for reported perovskite-based X-ray or γ-ray 
detectors under different applied electric fields.

Materials Applied electric field
(V cm-1)

Dark current drift
(nA cm-1 s -1 V-1)

References

3D MAPbI3 single crystal 100 1.4×10-4 1

3D MAPbBr3 single crystal 20 1.2×10-3 2

3D CsPbBr3 single crystal 2000 1.9×10-4 3

3D MAPbI3 crystal with DPSI 270 1.2×10-5 4

2D (PEA)2MA3Pb4I13-3D MAPbI3 
double-layer film

333 1.88×10-2 5

3D MAPbI3 film with PbI2-DMSO 
powders

166.7 1.31×10-4 6

2D BA2PbI4-3D MAPbI3 bulk 
heterostructure pellet

125 4.84×10-5 7

BiOBr passivated 3D Cs2AgBiBr6 film 5000 7.4×10-5 8

2D (F-PEA)2PbI4 single crystal 1333 4.9×10-8 9

2D (BDA)PbI4 single crystal 4545 6.06×10-9 10

4% 2D g-C3N4-3D MAPbI3 bulk 
heterostructure pellet

126.6 4.02×10-4 This work

8% 2D g-C3N4-3D MAPbI3 bulk 
heterostructure pellet

126.6 4.87×10-5 This work

3D MAPbI3 polycrystalline pellet 126.6 1.13×10-2 This work



Table S2. Summary of the sensitivity and LoD for reported perovskite-based X-ray detectors 
under different applied electric fields.

Materials Applied electric 
field

(V cm-1)

Sensitivity
(μC Gyair

−1 cm−2)
Detection 

limit
(nGyair s-1)

References

3D MAPbI3 wafer 2000 2.5×103 N/A 11

3D MAPbI3 film 2400 1.1×104 N/A 12

3D MAPbI3 single crystal 1000 7.1×105 1.5 13

3D MAPbI3 crystal with DPSI 417 2.9×106 5.7 4

3D MAPbI3 microcrystalline 1700 9.3×103 N/A 14

2D (PEA)2MA3Pb4I13-3D 
MAPbI3 double-layer film

333 1.9×104 480 5

3D MAPbI3 film with PbI2-
DMSO powders

500 1.6×104 410 6

2D BA2PbI4-3D MAPbI3 bulk 
heterostructure pellet

125 2.0×103 111.76 7

4% 2D g-C3N4-3D MAPbI3 bulk 
heterostructure pellet

759.4 1.8×105 27 This work
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