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Figure S1 – Cyclic voltammograms of self-passivated GQDs, and PEI modified GQDs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The onset - potentials of the oxidation and reduction peaks related to electron and hole injection into the 

conduction and valence bands were used to determine the EHOMO (from Eox, onset) and ELUMO (from Ered, onset) 

using the following two equations: 

𝐸𝐻𝑂𝑀𝑂 = −𝑒(4.75 + 𝐸𝑜𝑥,𝑜𝑛𝑠𝑒𝑡) (𝑒𝑉) = −6.02 𝑒𝑉    (1) 

𝐸𝐿𝑈𝑀𝑂 = −𝑒(4.75 + 𝐸𝑟𝑒𝑑,𝑜𝑛𝑠𝑒𝑡) (𝑒𝑉) = −3.28 𝑒𝑉    (2) 
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Figure S2 – X-ray diffraction patterns of the bulk Si, SiNWs and GQDPEI coated SiNWs. 
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Figure S3 – Optimization steps based on photodetection performance analysis: 

(a) SiNWs length test - heterostructures fabricated by loading 4 types SiNWs substrates with 1, 2, and 

3 layers of GQDPEIs; 

(b) GQDPEIs concentration test – heterostructures fabricated by loading on SiNWs substrates 1 layer 

of GQDPEIs using colloidal solutions with different concentrations. 
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Figure S4 – Schottky heterojunction parameters. 
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Figure S5 – Photo to dark current ratio as function of incident power at 1V (a) and 10 V (b) biases. 
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Figure S6 – Responsivity (a), detectivity (b) and external quantum efficiency (c) of the devices at 1V and 

10 V bias, respectively. (d) EQE Enhancement of SiNWs based photodetectors integrated with GQDPEI 

layer in comparison with reference SiNWs device at 1V and 10 V bias, respectively. 
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Figure S7 – Figure of merit for ITO/6L-GQDPEI/p-SiNWs/Al heterostructure: (a) responsivity, (b) 

detectivity, (c) external quantum efficiency as function of the operation voltage, and (d) dynamic 

response measured with a bias of 4 V. 
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Table S1. Summary of the reported performances photodetector device with similar structures. 

 

 

 

Device structure 
Operating 

voltage (V) 
Illumination conditions 

Responsivity 

(A/W) 

Detectivity 

(cm·Hz1/2/W) 

EQE 

(%) 
Rise/fall times Ref. 

6L-GQDPEI/SiNWs 

1 
AM 1.5 G solar simulator  

(5 µW/cm2 -100 mW/cm2)  

5 2.35 x 1012 818 - 
This 

work 
4 25.3 9 x 1012 4200 78 / 73 ms  

10 40.6 11.9 x 1012 8150 - 

horizontally aligned 

SiNWs onto a substrate 
1 

808 nm laser (0.1 W/mm2, 

3Hz optical chopper) 
- - - 10.96 / 19.26 ms [1] 

ITO/SiNWs 
0.5 

150W halogen lamp, pulsed 

405 nm laser  
0.55 - 70 4.3 / 10 µs [2] 

RGO/SiNWs 1 

532 nm laser (218 mW) 0.33 - - 10.6 / 6.7 s 

[3] 
1064 nm laser  (317 mW) 0.44  - - 14.4 / 3.3 s 

10.6 µm CO2 laser   1.65  - - 27.0 / 25.5 s 

119 µm gas laser 0.62  - - 21.4 / 23.3 s 

CdS/SiNWs 1 Xe lamp (100 mW/cm2) 1.37 0.44 x 1012 243 - [4] 

CdTe/SiNWs 
2 

AM 1.5 G solar simulator (85 

mW/cm2)  
0.5 9 x 1012 80 < 1 s [5] 

ZnO:N/SiNWs 5 500 W Hg (Xe) – arc lamp 0.98 - - - [6] 

TiO2_NPs/SiNWs 
1 

He-Ne laser (632.8 nm, 0.95 

mW) 
0.801 2.44 x 1010 157.01  [7] 

PAA/SiNWs 
1 

He-Ne laser (632.8 nm, 0.95 

mW) 
0.604 2.23 x 1010 - - [8] 

CQDs/CuAlO2 0.1 Xe lamp (100 mW/cm2) - - - 95 / 85 ms [9] 

CQD/ZnO_nanorods 2 365 nm UV light, 1 mW/cm2 0.003 8.33 x 1012  21 / 13 ms [10] 

CQD/SiNWs 
0.1 

600 nm pulsed light, 100 

mW/cm2 0.353 3.79 x 109  20 / 40 µs [11] 
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Figure S8 - Variation of the capacitance with the applied voltage for (a) 0, (b) 3, (c) 6, (d) 9 and (e) 12 

layers - GQDPEIs/SiNWs based photodetector measured at 5 kHz, 10 kHz, 50 kHz, 100 kHz and 200 kHz 

applied frequencies. 
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Figure S9 – Mott-Schottky analysis and the corresponding carrier concentration profiles as function of 

the applied voltage for (a) 0, (b) 3, (c) 6, (d) 9 and (e) 12 layers - GQDPEIs/SiNWs based photodetector, 

highlighted for the depletion region. 

 

 

The carrier concentration variation inside of the depletion region was analyzed using the equation: 

𝑁 =
−2

𝑞𝜀0𝜀𝑟𝐴2 [
𝑑(𝐶−2)

𝑑𝑉
]

−1

       (1) 
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Figure S10 - Carrier concentration - N (a), and built-in voltage - Vbi (b) plots as function of frequency 

obtained from the fits of reverse-bias C-2 –V curves of the photodiodes at 300 K under dark conditions. 
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Figure S11 – Photoluminescence excitation (PLE) spectra at 580 nm emission peak, experimental data 

recorded for GQDPEIs/SiNWs heterojunction and theoretical prediction of GQDPEIs PLE behavior 

under SiNWs light trapping effect. 
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Figure S12 – Fluorescence decay profiles of solid-state GQDPEIs measured at room temperature, 

deposited on planar and Si nanowires substrates, respectively.  

 

 

 

                                                                  

 

 

 

 

 

 

 

 

 

Table S2.  Fluorescence decay times of GQDPEIs films deposited on planar and Si nanowires substrates, 

respectively. 

 

 

 

                                                                  

 

 

 

 

Sample   1 [ns]    a1[%]   2 [ns]    a2[%]   < 𝝉 > [ns]    

GQDs film   0.51          45    1.84     55    0.83 

GQDs  on SiNWs substrate   0.46          67    1.93      33    0.61 
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