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METHOD

One-dimensional diffusion equation was solved numerically using the Crank-Nicholson 

algorithm. 

                            (S1)

       txntk
x
txnD

t
txn ,,,

2

2










For convenience, the  appearing in the following text is all replaced by , and the constant 𝑛(𝑥, 𝑡) 𝑛

 is replaced by . Discretize the Equation (S1), which can be obtained:𝑘(𝑡) 𝑘
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Move  on the left side of the Equation (S2) to the right side of the equation, then: ∆𝑡
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Note: , , Substituting  and  into Equation (S3), then: 22 x
tD
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Move the item containing  in Equation (S4) to the left side of the equation, and the item 𝑛𝑗 + 1

containing  to the right side of the equation, it can be seen,𝑛𝑗

  (S5)    j
i

j
i

j
i

j
i

j
i

j
i nnnnnn 11

1
1

11
1 2121 





  

Matrix Equation (S5), then:

                                 (S6)       CnBnA jj 1
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Figure S1. Top-view SEM images of undoped and doped perovskites. (a) pure PVK, (b) PVK(I), 

(c) PVK(PCBM). The size bar is 1 m.

Figure S2. UV-visible absorption spectra of the perovskites. Note: absorption of substrate was not 

removed. 



 

Figure S3. Hall effect measurement results. (a) Sample structure. The thickness of the perovskite 

film is 300 nm, the sample size is 1.5 cm × 1.5 cm, and four metal electrodes are grown by physical 

vapor deposition around the sample, and the electrode size is 0.3 cm × 0.3 cm. (b) pure PVK (c) 

PVK(PCBM). (1), (2) and (3) represents sample parameters, variable field measurement and result 

information, respectively.



Figure S4. Structure schematic of the perovskite based MOS capacitor.

Figure S5. Lithography pattern of interdigitated electrodes based MSM structure.



Figure S6. I–t characteristic curves of photodetectors illuminated with a light intensity of 5 mWcm-

2 obtained by ON/OFF switching at 5 V. (a) pure PVK based MOS structure photodetectors. (b) 

PVK(I) based MOS structure photodetectors. (c) PVK(PCBM) based MOS structure 

photodetectors. (d) pure PVK based MSM structure photodetectors. (e) PVK(I) based MSM 

structure photodetectors. (f) PVK(PCBM) based MSM structure photodetectors.



Figure S7. Cross-section SEM image of Si (heavily doped)/SiO2/perovskite MOS structure.

Figure S8. High frequency capacitance versus gate voltage (Al electrodes) of three kinds of 

perovskite based MOS capacitors.



Table S1. Table summarizing the parameters obtained from fits to the time-resolved 

photoluminescence data in Figure 1 using functions of the form B1exp(-t/τ1) + B2exp(-t/τ2). 2 

represents the reduced chi-squared value, the closer this value is to 1, the more accurate the fit.

Perovskite Temperature (K) B1 1 (ns) B2 2 (ns) 2

300 558.139 9.5659 2093.061 66.8681 1.095Pure PVK

77 0.2632 7.94 1.1820 37.82 1.125

300 16.480 0.3855 2162.319 8.5740 1.616PVK (I)

77 0.1903 7.27 1.3515 35.93 1.004

300 810.303 8.5299 1937.089 49.2816 1.069PVK 

(PCBM) 77 0.3379 19.48 0.7284 56.14 1.085



Table S2. The mobilities of perovskites with different measurement methods under different 

conditions in previously other's reports.

Sample configuration Method Conditions Mobility (cm2/Vs) Ref.

PCBM-doped MAPbI3

undoped-MAPbI3

Hall Effect 300 K 35.5

16.9

1

MAPbI3 (TiO2 or Al2O3) TRMC 300 K, 23 GHz 67.5  7.5 2

MAPbI3 (TiO2 or Al2O3) THz

TRMC

TA

300 K

300 K, 8.45 GHz

300 K

16.25  8.75

2  1

25

3

MAPbI3-xClx THz 300 K, 10 THz

 77 K, 10 THz

∼27  3

∼150  17

4

MAPbI3 TRMC 300 K, 12 GHz

165 K, 12 GHz

6.2  0.7

16.0  1.7

5

MAPbI3-xClx FET 300 K µe: 1.0  0.1, µh: 1.3  0.1 6

MAPbI3 FET 78 K 7.210-2, 2.110-2 7

MAPbBr3 Hall Effect 300 K 60 8

MAPbI3

MAPbI3/PCBM

TPC 300 K 1.910-3

2.410-3

9

MAPbI3 single crystal SCLC

TOF

300 K µh: 164  25

µe: 24.0  6.8

10

MAPbI3 single crystal TOF

Hall Effect

SCLC

300 K 115

40  20

2.5  0.3

11

MAPbI3-xClx

MAPbI3

TRPL 300 K µe: 1.6  0.6, µh: 2.1  0.8

µe: 0.7  0.4, µh: 0.4  0.3

12

MAPbI3 TA 300 K µe: 1.38, µh: 0.85 13

MAPbI3 FET 300 K

100 K

µe: 0.5  0.2

µe: 5  1

14



Table S3. Table summarizing the parameters obtained from fits to the rise and fall time of the MOS 

structure photodetectors and the MSM structure photodetectors in Figure 2 using the exponential 

decay equation. 

Rise time (ms) Fall time (ms)Perovskite Structure

r1 r2 f1 f2

MOS 1.820.02 8.020.02 2.490.01 6.090.01Pure PVK

MSM 1.190.01 2.520.01 1.430.01 3.410.01

MOS 4.290.03 13.510.03 6.880.02 15.260.02PVK (I)

MSM 1.670.02 11.330.02 1.010.02 2.680.02

MOS 0.720.02 1.590.02 1.280.02 2.230.02PVK (PCBM)

MSM 0.560.03 1.770.03 0.960.03 1.950.03
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