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Table S1. Summary of performance parameters of recently developed 2D 

material-based photodetectors 

 

Device 

(substrate) 

(Bandgap in eV) 

Fabrication 

method 

Measurement 

condition 

Responsivity 

(A/W) 

EQE 

(%) 

Spectral 

window 

D* 

(Jones) 

Physical 

characteristic 

Ref. 

1L MoS2 

(on SiO2/Si) 

(1.8, DB) 

Mechanical 

exfoliation 

520 nm 

Vds = 5 V 

 

1.17 

 

280 

 

Visible- 

NIR 

 

1.5 * 107 

 

Rigid 

 

1 

1L MoS2 

(on SiO2/Si) 

(1.8, DB) 

Mechanical 

exfoliation 

Vg = 50 V  

Vds = 1 V 

 

7.5*10-3 

 

- 

 

Visible 

 

- 

 

Rigid 

 

2 

ML MoS2 

(on SiO2/Si) 

(1.2, IB) 

Mechanical 

exfoliation 

633 nm 

Vg = 3 V  

Vds = 1 V 

 

0.12 

 

- 

 

Visible- 

NIR 

 

5*107-- 

1011 

 

Rigid 

 

3 

Graphene 

(on SiO2/Si)  

(gapless) 

Mechanical 

exfoliation 

 

1550 nm  

Vg = 80 V 

 

5*10-4 

 

6-16 

 

UV-IR 

 

- 

 

Rigid 

 

4 

FL GaSe 

(on SiO2/Si)  

 (2.1, IB) 

Mechanical 

exfoliation 

254 nm  

Vds = 5 V 

 

2.8 

 

1367 

 

UV 

 

- 

 

Rigid 

 

5 

ML WS2  

(on SiO2/Si) 

(1.1, IB) 

 

PLD 

635 nm  

Vds = 9 V 

 

0.51 

 

137 

 

UV-NIR 

 

2.7*109 

 

Rigid 

 

6 

1L MoSe2 

(on SiO2/Si) 

(1.56, DB) 

 

CVD 

532 nm 

Vds = 10 V 

 

 

13*10-3 

 

- 

 

Visible 

 

- 

 

Rigid 

 

7 

1L WSe2 

(on SiO2/Si) 

(1.62, DB) 

 

CVD 

532 nm 

Vds = 5 V 

 

 

3.717 

 

860 

 

UV- 

Visible 

 

- 

 

Rigid 

 

8 

FL GaS  

(on SiO2/Si) 

(3.05, IB) 

 

CVD 

254 nm 

Vds = 2 V 

 

4.2 

 

2050 

 

UV- 

Visible 

 

10
10

-- 

10
14

 

 

Rigid 

 

9 

FL InSe 

(on SiO2/Si) 

(1.3, DB) 

 

CVD 

450 nm 

Vds = 10 V 

 

12.3 

 

3389 

 

Visible- 

NIR 

 

1.07*1011 

 

Rigid 

 

10 

MoS2/h-BN 

 (on SiO2/Si) 

Mechanical 

exfoliation 

500 nm 

Vds = 1.5 V 

 

5.07 

 

1200 

 

Visible 

 

3*1010 

 

rigid 

 

11 

ML In2Se3 

(on SiO2/Si) 

(1.3, DB) 

Mechanical 

exfoliation 

300 nm 

Vds = 5 V 

 

 

395 

 

163000 

UV- 

Visible 

 

2.26*1012 

 

Rigid 

 

12 
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FL In2Se3 

(on SiO2/Si) 

(1.26, DB) 

 

epitaxy 

 

Visible light 

Vds = 0.1 V 

 

2.5 

 

- 

 

Visible 

 

- 

 

Rigid 

 

13 

ML In2Se3 

(on SiO2/Si) 

epitaxy Visible light 

Vds = 5 V 

7.2 - Visible - Rigid 14 

FL Pb1-xSnxSe  

(on mica) 

(0.43, -) 

 

CVD 

 

473 nm 

Vds = 2 V 

 

5.95 

 

- 

 

UV-NIR 

 

- 

 

Flexible 

 

15
 

FL InSe  

(on PET) 

(1.3, DB) 

 

CVD 

633 nm  

Vds = 10 V 

 

3.9 

 

764 

 

Visible- 

NIR 

 

5.47*1010 

 

Flexible 

 

10 

FL GaS 

(on PET) 

(3.05, IB) 

 

CVD 

254 nm 

Vds = 2 V 

 

19.2 

 

9371 

 

UV 

 

- 

 

Flexible 

 

9 

FL GaTe  

(on PET) 

(1.7, DB) 

 

CVD 

473 nm 

Vds = 5 V 

 

0.03 

 

8 

 

UV- 

Visible 

 

- 

 

Flexible 

 

16 

GaSe crystals 

(on mica) 

(2.1, IB) 

 

Epitaxy 

white light 

Vds = 10 V 

 

 

0.03 

 

- 

 

Visible 

 

- 

 

Flexible, 

Transparent 

 

17 

ML In2Se3 

(on special PI) 

(1.154, DB) 

 

PLD 

532nm 

Vds = 5 V 

 

20.5 

 

4784 

 

UV-NIR 

 

6.02*1011 

 

Flexible, 

Transparent 

 

ours 

ML In2Se3 

 (normal PI) 

(1.154, DB) 

 

PLD 

532nm 

Vds = 5 V 

 

45.2 

 

10558 

 

UV-NIR 

 

1.6*1012 

 

Flexible 

 

 

ours 

ML In2Se3 

 (on sapphire) 

 (1154, DB) 

 

PLD 

532nm 

Vds = 5 V 

 

27.9 

 

6525 

 

UV-NIR 

 

4.88*1011 

 

Transparent 

 

ours 

ML In2Se3 

 (on SiO2/Si) 

 (1.154, DB) 

 

PLD 

532nm 

Vds = 5 V 

 

22.96 

 

5366 

 

UV-NIR 

 

5.13*1011 

 

Rigid 

 

ours 

DB and IB represent the direct and indirect band gaps, respectively. 1L, FL and ML mean 

monolayer, few-layer and multilayer, respectively. 
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Figure S1. Size distribution histogram of the as-prepared In2Se3 film and 

corresponding Gaussian fitting curve of the grain size, which eveals that the average 

diameter of grain size of the as-prepared In2Se3 film is 34.01 nm. SD represents 

standard deviation. 
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Figure S2. (a) Optical image of the In2Se3 sample deposited on PI substrate, in which 

many scratches were made with a plastic sheet for AFM measurements. (b) AFM 

image at the edge of a scratch in (a). The corresponding height profiles along the red 

dotted line and blue dotted line are demonstrated in (c) and (d), respectively. The 

thickness of the In2Se3 sample is deduced to be ~22.9 nm. 
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Figure S3. Raman spectrum of the as-prepared In2Se3 film. 
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Figure S4. (a) UV-Vis-NIR diffuses reflectance absorption spectrum of the In2Se3 

film and (b) the corresponding Tauc plot, which presents a direct bandgap of 1.154 eV 

for the as-prepared In2Se3 film. 
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Figure S5. Voltage dependence photoresponse at different bias voltages Vds. (a) 

Photocurrent under 532 nm light illumination with power density of 20 mW/cm
2
 as a 

function of bias voltage, showing a linear dependence on the bias voltage. (b) Time 

dependence switching behavior at different bias voltages Vds from 0.2 to 5 V. Power 

density: 532 nm and 20 mW/cm2. (c) The working principle of bias voltage 

dependence photoresponse.  
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Figure S6. Transmittance and responsibility evolved with the thickness of the In2Se3 

active layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S7. Photoswitching curves of the device before and after exposing to ambient 

environment for a month. 
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Figure S8. Greater details depict the transient current characteristic for this device: (a) 

rise, (b) decay. Here, the time interval between each point is 8.2 ms, and the rise/fall 

time was defined as the current increased/decreased from 0/100% to 80/20% of the 

stable current. 

 

(a) 

(b) 



11 
 

Figure S9. I-V curves of four contacts (left) indicating the successful contact of four 

electrodes on the In2Se3 film. Final Hall results of the multilayer In2Se3 film measured 

at room temperature (right) revealing an n-type behavior with mobility (μ) of 76.8 

cm
2
 /Vs. 
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Figure S10. (a) I-V curves under ambient and vacuum conditions. Light power 

density: 20 mW/cm
2
. (b) Temporal photoresponse of the In2Se3 device at Vds = 0.2 V.  
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Figure S11. The In2Se3 film deposited on the conventional SiO2/Si substrate and its 

corresponding optoelectronic properties. (a) The optical images of the deposited 

In2Se3 film (green part). (b) I-V characteristics of the In2Se3 photodetector in the 

presence and absence of light (λ = 532 nm, power density = 20 mW/cm
2
). (c) 

Time-dependent switching behavior of the photodetector under 0.2 V bias voltage. (d) 

Illumination intensity dependent photocurrent (black squares) and responsivity (blue 

squares) at Vds = 5 V. The power laws of Iph ~ P
0.453

 was calculated from fitting the 

measured photocurrents. 
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Figure S12. The In2Se3 film deposited on the commercial PI substrate and its 

corresponding optoelectronic properties. (a) The optical images of the deposited 

In2Se3 film (white part). The inset is in a flexed state. (b) I-V characteristics of the 

In2Se3 photodetector in the presence and absence of light (λ = 532 nm, power density 

= 20 mW/cm
2
). (c) Time-dependent switching behavior of the photodetector under 0.2 

V bias voltage. (d) Illumination intensity dependent photocurrent (black squares) and 

responsivity (blue squares) at Vds = 5 V. The power laws of Iph ~ P
0.471

 was calculated 

from fitting the measured photocurrents. 
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Figure S13. The In2Se3 film deposited on transparent sapphire substrate and its 

corresponding optoelectronic properties. (a) The optical images of the deposited 

In2Se3 film. Its transparency is revealed by the visibility of the flower placed beneath 

the transparent devices. (b) I-V characteristics of the In2Se3 photodetector in the 

presence and absence of light (λ = 532 nm, power density = 20 mW/cm
2
). (c) 

Time-dependent switching behavior of the photodetector under 0.2 V bias voltage. (d) 

Illumination intensity dependent photocurrent (black squares) and responsivity (blue 

squares) at Vds = 5 V. The power laws of Iph ~ P
0.453

 was calculated from fitting the 

measured photocurrents. 
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