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Figure S1.  (a) Drain current (Id) – voltage (Vd) output characteristics with varying gate voltage (Vg) in the 

back-gated configuration corresponding to the inset device schematic. The results show a negligible FET 

gate response, confirming the strongly metallic nature of the 2D PtTe2 layers. (b) Id–Vg transfer 

characteristics of the same FET, further confirming Vg-independent metallic transport. 

 

 

 

Figure S2.   DFT calculations showing the electronic band structure (left) and the atom-projected density 

of states (DOS)(right) of 2D PtTe2 tri-layers. Metallic dispersion characteristics are observed, which is 

attributed to the strong interlayer coupling within the 2D layers due to the pronounced hybridization of 

Pt and Te atomic orbitals around the Fermi level. 



 
Figure S3. IV characteristics from (a) only-p-Si and (b) only-PtTe2 using Au electrodes.  

 

 

 

Figure S4. (a-b): Electrical and photovoltaic characteristics of a device prepared with Pt of ~0.3 nm.  (a)   

I-V curve in a linear scale as well as its corresponding semi-log plot (inset). (b) J-V curves in dark (red) 

and under illumination (blue). (c-d): Electrical and photovoltaic characteristics of a device prepared with 

Pt of ~13.5 nm. I-V curves in (c) linear- and (d) semi-log scales.  For both cases, the extracted PCE is < 1 

%. 



 

Figure S5. Photo-responsiveness at zero bias under the low illumination intensity of 0.1 mW/cm2.  

 

 

 

 

 

 

 

 

 

Figure S6.  Side view of Si (100) bulk and slab configurations having one of 144 Si atoms replaced by a 

boron atom to obtain p-doping.  

 



Computational method: We performed first-principles calculations using density functional theory (DFT) 

adopting the projector augmented wave method1, 2 as implemented in the Vienna Ab-initio Simulation 

Package (VASP)3. In our simulations, we used trilayer PtTe2 as a representative system to model few 

layer PtTe2. For the exchange-correlation potential, we employed the non-local optB86b-vdW density 

functional4, 5 to account for the van der Waals interactions between the layers with a plane-wave energy 

cutoff of 420 eV. A gamma-centered Monkhorst-Pack 16×16×1 k-mesh was used for self-consistent 

calculation. For the iterative solution of the Kohn-Sham equations, an energy convergence of 10-6 eV and 

a force convergence of 10−3 eV/Å was achieved. Moreover, due to the constituent heavy elements in 

PtTe2, the effects of spin-orbit coupling were taken into account in our calculations. We also used a 15 Å 

thick layer of vacuum on top of few layer PtTe2 to exclude any spurious interaction between periodic 

images in the out-of-plane direction as three-dimensional periodic boundary conditions were applied. 

The Raman spectrum in Figure 1(b) was obtained by calculating the derivative of the macroscopic 

dielectric tensor with respect to the mode coordinates using VASP assisted python package.6 To obtain 

the work function of few layer PtTe2, we converged the electrostatic potential with respect to the 

vacuum level (Evac) and calculated the planar average potential in the out-of-plane (001) direction. For 

the Si work function computation, a 3×3×2 supercell of Si(100) using bulk and non-passivated slab 

configurations - both with 144 Si atoms - was used by adopting the electrostatic potential lineup 

method7, whereas the experimental bandgap of Si (1.10 eV) was used to derive the conduction band 

offset. The simulation of p type Si was achieved by replacing one Si atom with a boron (B), which results 

in less than 1% doping concentration.  

 

 

 

 



 

Figure S7. Plots of (a) dV/d(Ln J) vs I, and (b) H(I) vs I for 2D PtTe2 layers prepared with Pt film of ~4.5 nm. 
 
 

 

Extraction of Schottky barrier diode parameters: 

According to the thermionic emission theory,7,8 the current, I, through a Schottky diode can be 

expressed as  

𝐼 = 𝐼0 𝑒𝑥𝑝(
𝑞(𝑉−𝐼𝑅𝑠)

𝑛𝐾𝑇
 )       (1) 

Furthermore, Io is the reverse saturation current which can be modelled as:   

𝐼0 = 𝐴𝐴∗∗𝑇2𝑒𝑥𝑝(
−𝑞𝛷𝐵

𝑘𝑇
 )     (2) 

Here, q is the charge of an electron, A** is the Richardson constant for Si, and A is the active diode 

surface area, T is the absolute temperature, k is the Boltzmann constant, Rs is the series resistance, and 

V is the voltage applied across the diode. The diode equation can be re-expressed as; 9 

𝑑𝑉

𝑑(Ln 𝐽)
= 𝐼𝑅𝑠 + 𝑛(

𝑘𝑇

𝑞
)     (3) 

Where J = I/A,  

𝐼𝑅𝑠 + 𝑛𝛷𝐵   = 𝑉 − 𝑛 (
𝑘𝑇

𝑞
)  ln (

𝐼

𝐴𝐴∗∗𝑇2)   (4) 

The ideality factor, n, can be extracted from the linear plot of dV/d(Ln J) in Eq. (S3) and it is identified to 

be ~1.95 from Figure S7(a).  Also, an auxiliary equation is defined as   



H(I) = 𝑉 − 𝑛 (
𝑘𝑇

𝑞
)  ln (

𝐼

𝐴𝐴∗∗𝑇2)     (5) 

and 

H(I) = 𝐼𝑅𝑠 + 𝑛𝛷𝐵      (6) 

Using the linearity of the plot of H(I) vs. I from Eq. (S6), the Schottky barrier height, 𝛷𝐵, can be extracted 

from the y-axis intercept of the plot. Figure S7(b) presents a plot of H(I) vs. I for the 2D PtTe2 layers 

prepared with Pt film of ~4.5 nm, which yields height 𝛷𝐵 ~0.78 eV.  

 

 

 

Figure S8. (a) Schematic of measurement set-up. A glass slide coated with a hydrophobic 

polydimethylsiloxane (PDMS) film is placed on the active area of PtTe2/Si and the light is illuminated 

from the top side of the integrated water droplet. (b) I-V characteristics under identical illumination with 

(red) and without (blue) water droplet integration. 

 

 

 

 

 

 

 

 



Table 1: Comparison of key parameters of this study with previously reported 2D/3D Photodetectors 
 

Device 
Structure 

Fabrication 
Method 

Active 
Area 

Measureme
nt condition 

EQE 
(%) 

Photoresponsivity 

(𝒎𝑨 𝑾−𝟏⁄ ) 

Detectivity 
(Jones) 

Response 
Time 
Rise 
time 

(𝝉r)/Fall 
time (𝝉f) 

Referen
ce 

MoTe2/ Si Pulsed Laser 
Deposition 

0.42 cm
2
  V=0V, 

λ=980 nm 
24 190 6.8 × 1013  150 ns/350 

ns 
 

10
 

PtSe2/Si 
 

Chemical 
Vapor 

Deposition 

0.0126 
cm

2
 

V=0V, 
λ=808 nm 

80 520 3.26 
×  1013 

 

55.3/170.5 
μs  

11
 

PtSe2/Ge Chemical 
Vapor 

Deposition 

0.06 cm
2
 V=0V, 

λ=1550 nm 
48.2% 602  6.31 ×

 1011  
7.42/16.71 

μs  

12
 

PdSe2/Per
ovskite 

Chemical 
Vapor 

Deposition 

0.08 cm
2
 V=0V, 

λ=808 nm 
~ 50% 313  2.72×

 1013  
3.5/4 μs  

13
 

PdSe2/Si Chemical 
Vapor 

Deposition 

0.01 cm
2
 V=0, 

λ=780 nm 
- 300.2 1×  1013 38/44 µs 

14
 

Graphene
/Silicon 

Chemical 
Vapor 

Deposition 

0.1 cm
2
  V=0V, 

λ= 890 nm 
~ 57% 730 4.08 × 10

13
 320/75 μs 

15
 

GaSe/Si MBE - V=0V, 
λ= 532.8 nm 

~23.6
% 

100 - 60/20 μs 
16

 

PtTe2/Si Chemical 
Vapor 

Deposition 

0.5 V=0V, 
λ= 625 nm 

42.2 
%. 

213 2.66×  1013 1.68/1.58 
µs 

This 
work 
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