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Section 1: Calculation of the barrier width and built-in electric field of the Schottky barrier

It has been reported that the conduction band minimum (£.) and valence band maximum (E,)
of MAPDI; are -3.9 eV and -5.4 eV, respectively, and the work function of carbon is -5.0 eV'. From
the KPFM result, we know that the Fermi level of MAPbI3 (EF) is approximately -4.85 eV. Thus,
the built-in potential difference (¥p) is 0.15 V.

The width x, of the Schottky barrier can be calculated by the following equation:

1
2

<Zer50VD>
Xy =
¢ qN4

where ¢y is the vacuum permittivity, &, is the dielectric constant, ¢ is the electron charge, and

Ny is the acceptor concentration. N4 can be derived as:
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N, is the effective density of states in the valance bands, ko is the Boltzmann constant, and 7'

is the temperature. N, can be calculated by the following equation:
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my 18 the relative mass of holes, and 7 is the reduced Planck constant. For MAPDbI3, my is 0.29
mo, and my is the electronic inertial mass. Thus, N, is approximately 3.9x10%* cm™.

According to the above equations, the barrier width x4 of the Schottky barrier is calculated to
be 0.73 um, which is comparable to the pore size of the microporous carbon membrane. The built-
in electric field of the Schottky barrier is estimated to be approximately 0.2 V/um based on the

equation E=Vp/xa.



Section 2: Calculation of the theoretical maximum sensitivity of the X-ray detector
The following equation is used to calculate the theoretical S, value?:
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where ¢ is the photon fluence (photons/mm?), X is the dose per unit of exposure, E is the
mean energy of the X-ray photons, £ is the X-ray absorption efficiency, e is the elemental electron
charge, 7 is the carrier collection efficiency of the detector, and W, is the ionization energy. In
our experiment, the E value is ~16 keV. It has been reported that the ¢/X value reaches 3.78x10!!
photons ¢cm? Gyair'! for X-rays with a mean energy of 16 keV®. The f is calculated to be
approximately 87% for the microporous carbon/perovskite membranes according to the energy
spectrum of our X-ray source and the absorption coefficient of MAPbI3. The # value at -1 V is
estimated to be approximately 93% by comparing the sensitivity under -1 V and maximum
sensitivity. The W. value is 4.43 eV according to the empirical equation: W, =2E, + 1.43 eV.
Therefore, the theoretical S, value of the BSJ detectors at -1 V can be obtained, which is 176 uC

GYair -l Cl’Il-2 .
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Figure S1. Schematics of microporous-carbon-perovskite membrane fabrication process.

a Cross-section b Cross-section C Top view

Figure S2. Cross-sectional (a and b) and top view (¢) SEM images of thick perovskite film.
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Figure S3. a, b, Schematic of the BSJ detector under visible light (a) and under X-ray (b). ¢, EQE

of the BSJ detector under different voltages. d, Response time of the BSJ detector under visible

light and X-ray.

Normalized photocurrent (a.u.)

=
(=}

o
o

o
o

o
»

o
N

o
o

Trapped
electrons

Compact carbon

|— Visible light — X-ray

05s T

0 2 4 6 8 0 2 4 6 8 10
Time (ms) Time (s)




10°

=
(@]
=)

- —— BSJ detector dark current —o— Layered detector dark current
.E t\,lE
o o
£ 10° £ 102
> >
£ = 1
c c o
3 g ., \ 4
£ 10 z 10 $
o 4] E
5 5 1
) (@)
10® . . . -6 \ \ \ \
-1.0 -0.5 0.0 0.5 1.0 10 -20 -15 -10 -5 0
Voltage (V) Voltage (V)
c d
108 10° — 20V
. BSJ detector —-1V . Layered detector -
S -0.5V g -5V
s s
< 10° < 10°
® 1010} = 1010
c c
=) P A A AN A A AWV AN o
n n
10-11 L ' ' L 10-11 1 1 1
10 20 30 40 10 20 30 40
Frequency (Hz) Frequency (Hz)

Figure S4. Dark current density of the BSJ detector (a) and conventional layered detector (b) under

working conditions. Noise current of microporous structure detectors (c) and layered structure

detectors (d) under working conditions.
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