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1. Materials 
 

Material characterization 

For UV-Vis spectroscopy, diluted solutions of nanocrystals in hexane are prepared. The absorption 

spectra are acquired using a Jasco V730 spectrometer. Infrared spectroscopy is conducted using a 

Fisher IS50 Fourier transform Infrared spectrometer. The visible light source is used and shone on CaF2 

beamsplitter. An extended InGaAs detector is used. Each spectrum is averaged 32 times and the 

resolution is set to 4 cm-1. Photocurrent spectrum are acquired as the sample is biased using a Femto 

DLPCA current amplifier which role is also to magnify the current. The signal is then fed into the FTIR 

acquisition board. 

For electron microscopy imaging, a diluted solution of nanocrystals is dropcasted on a copper TEM 

grid. The grid is degassed overnight under secondary vacuum. TEM observations were performed with 

a JEOL 2010F.  

For film thickness determination, we used a Dektak 150 Veeco profilometer and FEI Magellan scanning 

electron microscope. 
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2. Transistor measurements 
 

Electrodes fabrication. A glass substrate is first rinsed then sonicated in acetone for 5 min. The wafer 

is then rinsed with acetone and isopropanol and finally plasma cleaned for 5 min. Then AZ 5214E resist 

is spin coated on the substrate and baked at 110 °C for 90 s. The resist is exposed through a shadow 

mask to UV illumination for 2 s, with black paper below the substrate. The resist is baked again at 125 

°C for 2 min and re-exposed to UV (without the mask) for 40 s. The resist is then developed using 

AZ726. The film is rinsed with water and finally dried. The remaining organic layer is removed by plasma 

cleaning. 5 nm of chromium and 80 nm of gold are evaporated and the remaining resist is removed by 

immersing the film in acetone for one hour. The electrodes are then rinsed with isopropanol and finally 

dried. The interdigitated electrodes include 25 digits, each 2.5 mm long with a 20 μm gap between 

them. The optical area of the device is 0.037 cm2. 

 

Electrolyte gating. For electrolyte gating we first mixed in a glove box 0.5 g of LiClO4 with 2.3 g of PEG 

(MW = 6 kg.mol-1). The vial is heated at 170 °C on a hot plate for 2 h until the solution appears clear.  

The electrolyte solution is warmed to around 100 °C and brushed on the top of the PbS film. 

 

Transistor measurements: The sample is connected to a Keithley 2634b which sets the drain bias, 

controls the gate bias (VGS) with a step of 1 mV and measures the associated currents IDS and IGS. A 

scheme of the setup is given in Figure S1a. The film of PbS capped with EDT, after a solid-state ligand 

exchange, present a p-type behavior, see the transfer curve in Figure S1b. The thin film of PbS capped 

with I- as ligand and obtained from an ink has a n-type character, see Figure S1c. 

 

Figure S1 : a. Scheme of the FET and connexions. Transfer curves of PbS capped with EDT (b) and PbS 
ink (c.). 

 

The photoresponse of each layer in a photoconductive geometry has been tested, see Figure S2. 
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Figure S2 : Photoresponse of PbS ink (a) and PbS capped with EDT (b) based photoconductive devices 
when excited with a 940 nm LED. 

 

3. Photodiode characterization 
 

 

3.1. Detectivity measurements 

To estimate the detectivity we have measured the responsivity ( Figure S3a) of the setup and the noise 

current spectral density ( Figure S3b). To do so, we used a Femto DLPCA current amplifier to magnify 

the current with a 109 gain. The signal is fed into SR 780 spectrum analyser. We have measured a white 

noise (i.e. no 1/f noise)1–3 in this diode. Note that we have also checked that the measured noise is 

clearly above the noise for the magnification chain. The detectivity has been estimated as the product 

of the responsivity by the square root of the optical area of the device (1 mm) divided by the noise 

spectral density. Values above 1012 Jones are obtained, see  Figure S3c. All measurements are made at 

room temperature. 
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 Figure S3: (a) I-V curve under dark condition and under illumination. The responsivity has been 
estimated to be 0.37 A/W. (b) Noise current spectral density of the photodiode and of the magnification 
chain. (c) Detectivity as a function of frequency for the photodiode. 

 

 

 

Table S 1 : Performance of the designed diode based on PbS compared to existing PbS device operating 
in photoconductive and photovoltaic mode 

 

 

 

3.2. Power dependent IV curves  

The power dependence of the photoresponse has been measured. See Figure S4a for a scheme of the 

setup and Figure S4 for the measured I-V curves. 

Operating mode 
EQE at 940 

nm 

Responsivity 
at 940 nm 

(A.W-1) 

Detectivity 
(Jones)  

Response time Reference 

Photoconductive    1050  
1.5 x 1013 at 

940 nm 

20 μs, 200 μs, 2 ms, 
7 ms and 70 ms 
(components) 

[4] 

Photovoltaic 15%       [5] 

Photovoltaic 70%     
1.4 μs (NC solution 

in DMF) 
[6] 

Photoconductive    0.6  
6.5 x 1010 at 

940 nm 
  [6] 

Photovoltaic 60-70%     91.6 μs/ 109.5 μs [7] 

Photovoltaic 45%       [8] 

Photovoltaic 20%       [9] 

Photovoltaic 50%       [10] 

Photovoltaic 26% 0.2  2 x 1010 jones  
10 ns rise time 
1 µs fall time 

This work 
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Figure S4 : (a) Scheme of the setup used to measure the IV for various incident powers from a 940 nm 
laser. (b) IV curves with different excitation powers. 

3.3. Impedance measurements 

We have measured the capacitance and the resistance of the diode, in dark condition, as a function of 

signal frequency, see Figure S5a and Figure S5b respectively. The RC time constant is also given in 

Figure S5c. 

 

Figure S5 (a) Capacitance as a function of frequency for the photodiode. (b) Resistance as a function of 
frequency for the photodiode. (c) RC product as a function of frequency for the photodiode. 
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3.4. Contrast-resolved measurements 

I-V: curves: I-V curves are measured with a Keithley 2634B sourcemeter which controls the drain bias. 

For I-V curve under illumination, we use either a 940 nm LED or a 940 nm laser diode. For the laser, 

the power is tuned by adding optical densities.  

 

We have measured the intensity of the scattered light after its reflexion on different surface, see a 

scheme of the setup in Figure S6. 

 

Figure S6 Scheme of the setup used to measure photocurrent provided by diffusive materials when 
shone by a 940 nm laser at 0 V bias. 
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4. Electromagnetic simulation 
 

Electromagnetic simulations were implemented using a frequency-domain modal method known as 

the Rigorous Coupled Wave analysis (RCWA). We use RETICOLO,11 a code written in MATLAB language. 

In this study we have chosen 100 Fourier order for the calculation. 

 

For each stack (PbS, PbS onto an ITO/Tio2 substrate and full device) the thickness of all layers is given 

in table S1. 

 

Table S 2: Layer thicknesses for each stack 

Layer PbS PbS onto a substrate Full device 

ITO -- 190 nm 190 nm 

TiO2 -- 120 nm 120 nm 

PbS 200 nm 200 nm 200 nm 

MoO3 -- -- 10 nm 

Au -- -- 80 nm 

 

The last input needed for these calculations is the complex refractive index of each layer. For the ITO,12 

the TiO2
13 and the gold14 we used previously reported refractive index. For the Molybdenum oxide we 

used n=2 and k=0. For the real part of the PbS refractive index we used the value of 2 which is 

commonly used for nanocrystal thin film. For the imaginary part we used the shape of the absorption 

feature. To give an absolute value we calculated Im(n) at the band edge using Moreel’s paper.15 Using 

(1) and (2) it is possible to calculate the absorption coefficient at the band edge and to deduce the 

Im(n) at that point using (3).  

 

(1)                      𝐸0 =
1

0.016𝑑2 + 0.209𝑑 + 0.45
 

 

(2)                      𝜇 =
1.85 ∗ 10

𝑑2
  (𝑐𝑚−1. 𝑚𝑒𝑉)       

Where 𝐸0 is the band edge energy, 𝑑 the particle diameter and 𝜇 the integrated absorption coefficient. 

(3)                                     𝑘 =
𝛼𝜆

4π
                               

With 𝑘 = 𝐼𝑚(𝑛), 𝜆 is the wavelength and 𝛼 is the absorption coefficient (cm-1).  

Using those formula, we calculated Im(n)=0.025 at the band edge. The wavelength dependency of k is 

given in Figure S 7a.  In these device configurations there is no difference between TE and TM (Figure 

S 7b). The absorption map is deduced from the electric field at each point:  

𝐿𝑜𝑠𝑠 =
𝜋

𝜆
∫ 𝐼𝑚(𝜀(𝑀))(|𝐸𝑦|

2
)𝑑𝑆

 

𝑆

, 𝐼𝑛 𝑇𝐸 𝑝𝑜𝑙𝑎𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛 

 

𝐿𝑜𝑠𝑠 =
𝜋

𝜆
∫ 𝐼𝑚(𝜀(𝑀))(|𝐸𝑥|2 + |𝐸𝑧|2)𝑑𝑆

 

𝑆

, 𝐼𝑛 𝑇𝑀 𝑝𝑜𝑙𝑎𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛 

 

Where 𝑆 is a surface, 𝜀(𝑀) is the permittivity at a point 𝑀(𝑥, 𝑦, 𝑧). 
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In the code the losses are calculated at each point of the map. There is a point every nanometer along 

the z-axis and a point every two nanometers along the x axis. 

 

Figure S 7 : (a) Imaginary part of the refractive index as a function of the wavelength. (b) Absosrption 
of the full device for TM and TE polarizations 

 

Electromagnetic simulation of the photodiode for a 300 nm thick film of PbS is given in Figure S 8. 
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Figure S 8 (a) Photocurrent  of the full device red) and absorption measured in transmission mode of 
the glass/ITO/TiO2/PbS stack (black) spectra of the device. (b) Simulated absorption of a PbS layer on 
glass (black), a PbS layer on ITO/TiO2/glass (blue) and the device (red). (c) Absorption ratio of the device 
(red) and PbS on ITO/TiO2 (black) over PbS film absorption. Figures (d), (e), (f) correspond to the 
modelized layers (left figure) and absorption distribution over the layers (right figure) under top 
illumination. 
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