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Figure S1. Photograph of a centimeter-sized 2D a-IZTO thin film on the SiO,/Si substrate.

6.5F

6.0

55k

5.0

Thickness

45}

4.0}

35

IZTO

Figure S2. A statistical chart of the thickness (7 samples, two points for every sample).
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Figure S3. a) TEM image of the EDX element mapping in Figures 2e. b) XRD image of a-

IZTO films annealed at 300 °C. ¢)XPS wide scan results for the a-IZTO thin films.
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Figure S4. a) Iy - Vg, curves of the IZTO-based FET from -30 V to 40 V. b) I - V, curves of
the [ZTO-based FET under different V. c,d) Scatter plot and histogram of the mobility of 43

different devices.
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Figure S5. a) The I - Vg curves of the device in the dark and 255 nm - 780 nm light sources.
b) The I4- V4 curves of the device in the dark and under 255 nm light with various light
illumination intensity at Vg = 0 V. ¢) Stability and repeatability of the current for the

photodetector under the irradiation of 365 nm wavelength.
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Figure S6. a, b) I - T curves and current obtained with various V4 under an excitation

wavelength of 255 nm and a P;,cof 1.1 mW c¢cm™2.
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Figure S7. a-c) R, D* and EQE as functions of varying V4 under 255 nm (1.1 mW cm™2)

illumination.
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Figure S8. Fitting curve of slope S-Vy;. First, the variable temperature output characteristic
data (lgs - Vgs) of the device is obtained (Figure 4g). Then, draw Arrhenius curve and calculate
the slope value: The classical Arrhenius curve is drawn with 1000/T as the horizontal axis and
In (14s/T?) as the vertical axis. However, the classical Arrhenius formula is developed from the
contact between 3D semiconductor and metal. For the contact between 2D semiconductor
and metal, In (I4/T32) is used instead of In (I4/T2) as the vertical axis. Therefore, with 1000/T
as the horizontal axis and In (I4/T3/2) as the vertical axis, multiple curves under different V.
were drawn. And find the slope of each curve S. Finally, The S - V4 curve was fitted to obtain
the Schottky barrier: according to a series of S - V4 values, linear fitting was carried out to
obtain the ordinate intercept Sg=-1.9 K. The Schottky barrier @y could be obtained as

163.8meV, according to the formula. !
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Figure S9. The noise spectral density of a-1ZTO film.
Calculation of the D*

Since the illumination state is maintained during measurement, we believe that the

frequency independent shot noise dominates the total noise of the device under this

condition. According to Schottky’s theorem, the spectral density of shot noise is defined as
S1(F) = 24(I) (1)

where (I) is the average value of the electrical current. 2 Under this assumption, the current

noise power spectral density in dark at 1 Hz bandwidth (PSD) is proportional to the square

root of the dark current,

- _\248f
~ NEP (2)
and can be written as formula (3). 3
o _ VAR

Yf2eldar 3)
where A is the device area, Af is its bandwidth, NEP is the minimum illumination power that
delivers a unity signal-to-noise ratio at 1 Hz band width, R is responsivity of device, lqa is the
dark current. According to our measurements and calculations, A is about 657.96 um?, R is
7.57x10% A/W, lgarc is 12.2 nA. D* is calculated as 4.00 x 10% Jones.
However, the electrical noise of photodetectors includes thermal noise, shot noise,
generation-recombination noise, and 1/f noise. 2% In order to consider the influence of
frequency related noise, we calculate D* with Formula 3. Firstly, we measured the current of
the device for 108 seconds in the dark, and obtained the noise spectrum density of the
device by Fourier transform, >the noise spectral density of a-1ZTO film is shown in Figure S9.
According to the calculation results, PSD is calculated to be about 2.09x1012 A Hz'/2, PSD is
the noise level per unit bandwidth (1 Hz) of the detector. According to the formulas



D* =
NEP )
and ©
NEP PSD
R “4)

according to our measurements and calculations, A is about 657.96 um?, Af is 1 Hz, PSD is
2.09 x 1012 A Hz'Y/2, Ris 7.57 x 10* A/W. D* is calculated as 3.37 x 105 Jones, which is
slightly smaller than the previous results.
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