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Abstract: Nanocrystals appear as versatile building blocks for the design of low-cost 

optoelectronic devices. The design of infrared sensors based on nanocrystals is 

currently facing a key limitation: the short carrier diffusion length resulting from hopping 

transport makes that only a limited part of the incident light is absorbed. In order to 

enhance the device absorption, we use Guided Mode Resonance (GMR). The method 

appears to be quite versatile and is applied to both PbS and HgTe nanocrystals 

presenting respectively cut-off wavelengths at 1.7 and 2.6 µm. The designed 

electrodes present a large enhancement of the material responsivity around a factor of 

≈250, reaching external quantum efficiency of 86% for PbS and 340% for HgTe. This 

increase of the response can be deconvoluted in a factor of 3 for the enhancement of 

the absorption and a factor of 80 for the photocurrent gain. The method can also be 

suited to finely tune the cut-off wavelength of the material thanks to geometrical 

parameters at the device level. The obtained devices are now only limited by the 

material noise. 
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Colloidal Quantum Dots (CQDs) have raised a significant interest thanks to their widely 

tunable optical features from the UV to the THz1,2 ranges. Their integration into 

optoelectronic devices raises another level of challenge because of the combination of 

optical properties and electronic transport. A key step in this direction relates to the 

development of ligand exchange procedures which allow to achieve stronger electronic 

coupling as well as tuning the CQD doping3–6. Thanks to ligand exchange, the mobility, 

which is a macroscopic measurement of the local CQD coupling, has been increased 

from 10-6 cm2.V-1.s-1 for CQDs capped with long ligands to 10-3-10-2 cm2.V-1.s-1with 

short organic ligands and even above one with ionic/inorganic surface chemistry7–11. 

However, in spite of these progresses, the carrier diffusion length remains limited 

typically below 100 nm, which is, at least, one order of magnitude smaller than the 

absorption depth12,13.  As a result, the design of CQD-based photodetectors results 

from a trade-off between the absorption and the charge conduction. Due to this short 

diffusion length, the thickness of the CQD-based absorbing layer remains below 500 

nm which makes that only 10 to 50% of the incident light is absorbed and the amount 

of photocarriers that reach the electrodes is even lower. This is a major challenge for 

the design of CQD-based photodetector that needs to be tackled. 

In the recent years, large progresses have been obtained for the design of short-wave 

infrared detectors14,15 using  PbS16–20 and HgTe21–26 CQDs, as a possible low-cost 

alternative to InGaAs technology. A possible strategy to overcome the low absorption 

in CQD-based light detectors, due to the limited thickness of the CQD layer, is to 

concentrate the electromagnetic field compared to its plane wave propagation. This is 

in particular possible with the introduction of plasmonic resonances27. While this field 

has been widely investigated for conventional semiconductor solar cells28,29 and 

infrared sensors30–33, far less works have been done on this question for CQD-based 

devices34–43.  

In this paper, we focus on the short-wave infrared (SWIR, λ<1.7 µm) and extended 

short-wave infrared (E-SWIR, λ<2.5 µm) ranges using respectively PbS and HgTe 

CQDs as active material. We propose to implement Guided Mode Resonance (GMR)44 

as a strategy to achieve absorption close to unity while using thin films (200-300 nm) 

and to improve photocarrier collection. We demonstrate that not only we obtain good 

qualitative and quantitative agreement with electromagnetic simulation, but also that 

GMR is a viable path to boost device performance and tune its spectral response. 
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Discussion 

We start by synthetizing PbS12 and HgTe45 nanocrystals with excitonic feature 

respectively at 1.55 µm (0.8 eV or 6000 cm-1, later called PbS 6k) and 2.6 µm (≈0.5 eV 

or 4000 cm-1, called HgTe 4k) using established methods from the literature, see 

spectra in Figure 1a and Transmission Electron Microscopy (TEM) image in Figure 1b 

and c. Both materials can be deposited onto interdigitated electrodes with 30-µm 

period to build a conductive device. In this case, in order to build thick films (typically 

200 nm), a multi-layer deposition is required. For each layer, we perform a ligand 

exchange step from long alkyl chains, oleic acid and dodecanethiol for respectively 

PbS and HgTe, towards ethanedithiol to ensure a strong interparticle coupling. Both 

materials present a photoresponse as shown by the modulation of the I-V curve under 

illumination, see Figure 1d and e. For such films, the responsivity has been estimated 

to be around 1 mA.W-1 for the two materials, under 1 V of applied bias and for room 

temperature operation, see Figure S1 and S2. Such low responsivity is the result of (i) 

a weak absorption ≈ 12% considering the coefficient of absorption 𝛼 ≈ 3 × 103 𝑐𝑚−1  
13,46 for HgTe and a film thickness of 200 𝑛𝑚 and (ii) a poor charge collection due to 

the short diffusion length. These limitations come in addition with the presence of 1/f 

noise47–49, see Figure S1 and S2, to finally lead to low signal over noise ratio (i.e. 

detectivity) around 107 Jones. 

 

Figure 1 Material characterizations. a. Absorption spectra of PbS and HgTe 

nanocrystals used for this study. b. (resp. c.) Transmission electron microscopy images 
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of PbS (resp. HgTe) nanocrystals. d. (resp. e.) I-V curves under dark condition and 

under illumination (λ=1.55 µm – P=12 mW) for PbS (resp. HgTe) nanocrystal 200-nm 

thick films measured at room temperature.  

 

To address the difficulties resulting from both weak absorption and poor charge 

collection, we propose an architecture based on Guided-Mode Resonances (GMR). 

This structure not only allows the introduction of optical resonances to enhance the 

light-matter coupling but also relies on the shorter inter-electrodes spacing to reduce 

the transit time and thus achieve photoconductive gain50–52. Compared to the work 

done on non-colloidal semiconductors, the main challenge is to design a structure 

which accounts for the fragility of the colloidal materials. PbS nanocrystals can easily 

be oxidized, while HgTe nanocrystals sinter upon annealing even at relatively low 

temperatures53. Our approach is to design a structure in which all lithography steps are 

conducted before the CQD deposition, see Figure S3 for fabrication details. 

The GMR structure consists in a thin film deposited onto a grating pattern. From an 

electromagnetic point of view, the grating, via diffracted waves, aims to couple 

incoming light within a guided-mode of the thin film. Depending on the materials and 

geometries, this coupling gives rise to resonant transmission, reflection or absorption 

of light, at a particular wavelength 𝜆𝑅. Such GMR architecture has been widely used 

for band-pass filtering54 or notch filtering55, and more rarely for resonant absorption31. 

Its main advantage, particularly compared to Fabry-Perot resonators, stands in the fact 

that the resonant wavelength is tunable with the period of the grating (i.e. through a 

geometrical factor rather than by tuning a material parameter). Thus, multispectral 

patterns can be achieved on a sample with a single lithography step.56 In our study, 

grating is made of gold and the waveguide is the CQD film.  

 

Figure 2 provides a schematic of the three structures we studied: (i) the conventional 

interdigitated electrodes with a 30 µm period (Figure 2 a, d & g), (ii) the same electrode 

pattern with a back side-mirror (Figure 2b, e & h) and the micro-electrodes used to 

induce GMR (Figure 2c, f & i). The absorption of the conventional interdigitated 

electrodes corresponds mainly to one passing of the incident light through the CQD 

film (Figure 2g). The addition of the gold mirror allows reflection of the light and so, a 

second passing of the incident light through the film. Note that it is similar to the optical 

path in vertical geometry devices where metallic back electrode can also reflect the 

incident light towards the absorbing CQD film (Figure 2h). Last, Figure 2f illustrates 

light trapping in the CQD film thanks to diffracted orders. For sake of comparison, we 

calculate the predicted spectrum for the three types of electrodes. These calculations 

have been achieved with Reticolo® software57 based on RCWA (Rigorous Coupled-

Wave Analysis). Compared to conventional electrodes, the metallic mirror leads to a 

45 % increase of the absorption (Figure 2j and k). This is less than a factor of two due 

to the already existing partial reflection of the light at the CQD/SiO2 interface (Figure 2 

g). With the GMR electrodes, the absorption reaches 70% (Figure 2l) of the total 
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incident light, which is 2.9 times more than the absorption obtained for conventional 

electrodes (Figure 2j and l). We will now explain the resonant mechanisms involved in 

GMR and the basic design rules. 

 

Figure 2: Description of used structures. a. Optical microscopy image of the 

conventional interdigitated gold electrodes deposited on a Si/SiO2 substrate. b. Optical 

microscopy image of the interdigitated electrodes made of gold contact deposited on 

a Au/SiO2 substrate. c. Scanning electron microscopy image of the interdigitated gold 

electrodes on a Au/SiO2 substrate designed to induce GMR. d-f. Schematics of 

respectively d. the conventional interdigitated gold electrodes deposited on a Si/SiO2 

substrate, e. the interdigitated electrodes made of gold contact deposited on a Au/SiO2 

substrate and f. the interdigitated gold electrodes on a Au/SiO2 substrate designed to 

induce GMR. g-i. Schematics of the cross section of g. the conventional interdigitated 

gold electrodes deposited on a Si/SiO2 substrate, h. the interdigitated electrodes made 

of gold contact deposited on a Au/SiO2 substrate and j. the interdigitated gold 

electrodes on an Au/SiO2 substrate designed to induce GMR. Red arrows correspond 
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to light paths. j-l. Simulated absorption spectra for j. the conventional electrodes on 

Si/SiO2, k. on Au/SiO2 and for l. the electrodes on a Au/SiO2 substrate designed to 

induce GMR. For figures j, k and l the incident light is not polarized. 

 
The proposed GMR structure is given in Figure 3b. The latter is designed to achieve a 

quasi-unity absorption for the TM mode (Transverse Magnetic – magnetic field parallel 

with the slits of the grating) of a 200-nm thick film of PbS CQDs at 𝜆𝑅 = 1.55 µ𝑚. The 

determination of the geometrical parameters starts with the period p of the grating. It 

is set so that there is no diffracted orders reflected in air, but there must be diffracted 

orders in the CQD layer. Thus, the condition 𝑝 < 𝜆𝑅 < 𝑝. 𝑛𝐶𝑄𝐷 should be fulfilled under 

normal incidence (𝑛𝐶𝑄𝐷 is the refractive index of the CQDs). Then, the period value is 

set in accordance with the CQD layer thickness tCQD, so that resonance occurs at the 

wavelength of interest. Finally, the thickness of the grating tg and the width of its 

openings w are adjusted to maximize resonance. It is worth noting that only the grating 

is responsible for the resonant induce enhancement of the absorption (Figure S5). The 

back-side mirror is here to avoid loss of photon resulting from light transmission and 

induces a broad band enhancement of the light absorption. 

 

Figure 3a shows calculated absorption spectra under normal incidence, for TM 

polarization (blue curve) and for transverse electric polarization (TE – electric field 

parallel with the slits – red curve) lights. The average of TM and TE curves is 

represented in black and corresponds to an unpolarized incident light.  For a grating 

period of 1.0 µm and a CQD film thickness of tCQD= 200 nm, a single and almost total 

absorption peak (𝐴𝑡𝑜𝑡
𝑇𝑀=99.3 %) occurs for 𝜆𝑅 =1.55 µm for TM polarization, due to GMR. 

For TE polarization, a shallow peak also occurs at 1.55 μm, which is due to PbS 

absorption and a stronger peak (𝐴𝑡𝑜𝑡
𝑇𝐸  =80.4 %) occurs for λ = 1.25 μm, due to a second 

GMR. 

 
The operation of the GMR electrodes (Figure 3b) is even better revealed by the map 

of electromagnetic absorption, see Figure 3c and d. Refractive indices of involved 

materials and resultant geometrical parameters of the GMR resonator are given in 

Supplementary information, see Figure S4 and Table S1. The antinodes of the TM 

mode are mostly located on the top of the gold finger, while for TE mode they are 

localized between the fingers. This second resonance is quite interesting since it is far 

away from the metal and makes that 89% of the absorption is spatially located within 

the CQD (against 77% for the TM mode) The remaining absorption (11%) occurs in 

the metal and leads to thermal losses and have consequently to be minimized. As a 

result, absorption in the CQDs are 𝐴𝐶𝑄𝐷
𝑇𝐸 = 𝐴𝑡𝑜𝑡

𝑇𝐸 × 0.89 = 71% and 𝐴𝐶𝑄𝐷
𝑇𝑀 = 𝐴𝑡𝑜𝑡

𝑇𝑀 × 0.77 =

77% for TE and TM modes, respectively. 
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Figure 3 Electromagnetical properties of the GMR architecture. a. Simulated 

absorption spectra of the interdigitated electrodes on a gold/SiO2 substrate designed 

to induce GMRs for an unpolarized (black), TM-polarized (blue) and TE-polarized (red) 

incident light. b.  Cross section of the nanoelectrodes used to induce GMRs. c. 

Simulated cross section map of the absorption relative to the TM mode at 1.55 µm. 

77% of the total absorption occurs in the CQDs. d. Simulated cross section map of the 

absorption relative to the TE mode at 1.25 µm. 89% of the total absorption occurs in 

the CQDs. All simulation are conducted using PbS 6k as absorbing material. e. (resp. 

f.) Angle-resolved specular TM (resp. TE) absorption simulation through interdigitated 

electrodes on a Au/SiO2 substrate designed to induce GMRs, in linear color map as a 

function of 𝜎 = 1 𝜆⁄ , the wavenumber, and 𝑘𝑥
 = 2𝜋. 𝑠𝑖𝑛 (𝜃) 𝜆⁄ , the x component of the 

incident wave vector. White dashed line corresponds to the 

appearance/disappearance of one diffracted order in the air. White dot-dashed lines 

correspond to the appearance/disappearance of one diffracted order in the CQD layer. 

Blue dotted lines correspond to the absorption peaks. Sketches represent the existing 

diffracted orders which propagate in the CQD array (brown box) and in air (top of the 

brown box). 

 
The exact mechanisms of resonances can be deduced from angular dependency and 

absorption map. Figure 3e and f show calculated absorption diagram, given in linear 
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color scale. We give on the y-axis the wavenumber and on x-axis 𝑘𝑥, which is the x-

component of the incoming wavevector. 𝑘𝑥 depends on incidence angle θ and on 

wavenumber σ: 𝑘𝑥 = 2𝜋. 𝜎. sin (𝜃). First of all, in the diagrams of Figure 3e and f, in 

white (dash or dash-dot) lines show the limits where first propagative orders are 

diffracted by the grating (in air or in CQDs, respectively). As expected, we thus see 

that resonance occurs when ±1 orders are diffracted in CQD only. The wave vector of 

the guided mode in the CQD is written as 𝛽 = 𝑛𝑒𝑓𝑓 . 2 𝜋 𝜆⁄ , where 𝑛𝑒𝑓𝑓 is the effective 

index of the mode. For GMR, this mode couples with the first diffracted orders 𝑘𝑥
±1, and 

the resonance condition can thus be expressed as 𝑘𝑥
±1 = 2𝜋. 𝜎. sin (𝜃) ±

2 𝜋 𝑝 ≈ 𝛽 = 𝑛𝑒𝑓𝑓 . 2𝜋. 𝜎⁄ . At θ = 0°, we find 𝑛𝑒𝑓𝑓 = 𝜆 𝑝 = 1.55⁄ . This dispersion relation 

is plotted in Figure 3e for 𝑘𝑥
±1, and we see the superimposition with the resonant 

absorption, which demonstrates the GMR mechanism. In this diagram, we also 

highlight an absorption peak at σ = 6250 cm-1, who has no angular dependency. This 

absorption is due to intrinsic absorption of PbS at this wavelength (see Figure 1a).  

We have tested the robustness of this design toward changes of geometrical 

parameters. An increase of the film thickness leads to a redshift of the transition, see 

Figure S6. This nevertheless remains quite limited since a change by 50 nm of the 

thickness only shifts the resonance peak by its linewidth. We have also estimated how 

the spectrum is affected by the film surface topology, see Figures S8 and S9. 

Qualitatively, the conclusion remains unchanged and only a small shift (smaller than 

the peak linewidth) can be observed. Finally, angular dependence of the structure is 

discussed in Figure S10. 

A comparison between the simulated spectra and the measured photocurrent is given 

in Figure 4. Several periods close to the optimal values have been designed to balance 

possible spectral shift resulting from a change of the CQD film thickness. The first 

striking observation is that the spectral response is drastically affected by a change in 

the period compared to the one obtained with non GMR electrodes, see Figure S1. We 

observe a large increase of the absorption around 1.55 µm, whose exact energy 

depends on the electrode period. The larger the period, the redder the resonance, see 

Figure 4a and b. While the conventional interdigitated electrodes display no 

polarization effect (Figure S1b), the GMR electrodes present a clear polarization effect 

(Figure 4d), in good agreement with the estimated spectra, see Figure 4c. 
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Figure 4 Optical simulations and measurements of GMR structures. a. Simulated 

absorption and b. experimental photocurrent spectra for PbS 6k nanocrystal-based 

devices with various periods. c. Simulated absorption and d. experimental photocurrent 

spectra relative to the total absorption (black dots) and its TM (blue) and TE (red) 

componants for PbS 6k nanocrystal based devices with a 1 µm period. 

 

We have then estimated how the GMR electrodes affect the detection performance of 

the CQD film. The responsivity of the GMR electrodes reaches 1 A.W-1 (corresponding 

to an external quantum efficiency of 86%), see Figure 5a. This responsivity is a factor 

of 250 higher than the one obtained for the same film (same thickness, same applied 

bias and same operating temperature) using conventional interdigitated electrodes. 

This increase of the responsivity is also much larger than the increase of the absorption 

(≈3). This clearly brings evidence that the short spacing of the electrodes leads to an 

increase of the photoconductive gain by a factor of 250/3≈80. Note that the time 

response of the electrodes remains almost unaffected with a 3 dB cut-off frequency 

around 1 kHz, see Figure 5b. The GMR electrodes also leave the nature of the noise 

unchanged, being still 1/f limited, see Figure 5c. Thanks to the improvement of the 

responsivity, the detectivity is dramatically enhanced and is close to 109 Jones at room 

temperature and is above 1010 Jones at 200 K, see Figure 5d. Regarding the effect of 

temperature, it is also worth mentioning that we observe a small redshift of the band 
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edge as the sample is cooled down, see Figure S11, but the energies of the resonance 

peaks remain unaffected. In this sense the GMR electrodes reduce the effect of 

temperature on the spectra. 

 

Figure 5 Electrical properties of GMR structures. a. Responsivity as a function of the 

incident laser beam power (λ=1.55 µm) for device based on PbS 6k nanocrystals using 

interdigitated electrodes made of gold contact deposited on a Si/SiO2 substrate, and 

interdigitated electrodes on a Au/SiO2 substrate designed to induce GMR with various 

period values. In all cases, the applied bias is 1 V. b. Responsivity as a function of the 

light chopping frequency for device based on PbS 6k nanocrystals using interdigitated 

electrodes made of gold contact deposited on a Si/SiO2 substrate, and interdigitated 

electrodes on a Au/SiO2 substrate designed to induce GMR with 1 µm period. c. Noise 

spectral density as a function of signal frequency for various applied biases at 250 K 

measured on the device with interdigitated electrodes on a Au/SiO2 substrate designed 

to induce GMR with 1 µm period. Dash line corresponds to 1/f noise decay. d. 

Detectivity as a function of temperature measured on the device with interdigitated 

electrodes on an Au/SiO2 substrate designed to induce GMR with 1 µm period. 

 

In the last part of the paper we extend the obtained results on PbS in the SWIR range 

to HgTe nanocrystals in the E-SWIR range (2.6 µm), see Figure 6. Because the exciton 
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peak is shifted toward longer wavelengths, the period of the GMR is also increased, 

typically around 1.8 µm. Figure 6a shows a comparison of the absorption spectrum for 

the three types of electrodes proposed in Figure 2, using this time an HgTe CQD layer. 

Again, we obtain a very good qualitative and quantitative agreement between the 

simulated and experimental spectra, see Figure 6c and d. 

This time, the enhancement of the absorption is even more dramatic, reaching a factor 

of ≈ 6, see Figure 6a. The spectrum of the GMR device becomes driven by the shape 

of the resonance rather than the shape of the excitonic transition. As a result, the cut-

off wavelength can be strongly tuned thanks to the geometrical parameters, see Figure 

6e and f. Tuning the period of the GMR electrodes from 1.5 to 1.9 µm shifts the peak 

cut-off wavelength from 2.15 to 2.5 µm. 

As for PbS, the introduction of the GMR electrodes dramatically enhances the 

responsivity by three orders of magnitude, see Figure 6b. Values above 1 A.W-1 are 

also reached for this material corresponding to an external quantum efficiency of 342 

%. Such values above 100% are again a clear evidence that gain plays a critical role 

in the improvement of the device performance. 
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Figure 6: Study of a GMR structure operating at 2.6 µm using HgTe nanocrystals. a. 

Absorption spectra for device based on HgTe 4k nanocrystals using interdigitated 

electrodes made of gold contact deposited on a Si/SiO2 substrate (dark blue), 

interdigitated electrodes made of gold contact deposited on a Au/SiO2 substrate (blue) 

and interdigitated electrodes on a Au/SiO2 substrate designed to induce GMR (light 

blue) with a period of 1.8 µm. b. Responsivity as a function of the light signal frequency 

for device based on HgTe 4k nanocrystals using interdigitated electrodes made of gold 

contact deposited on a Si/SiO2 substrate, and interdigitated electrodes on a Au/SiO2 

substrate designed to induce GMR with various period values. The light source is a 

blackbody at 980 °C. The incident power is calculated to be 200 µW for conventional 

interdigitated electrodes and 1.7 µW for electrode inducing GMR. c. Simulated 

absorption and d. experimental photocurrent  spectra relative to TE mode (red), TM 

mode (blue) and unpolarized (black) absortion for HgTe 4k nanocrystal based device 

with a 1.8 µm period. e. Simulated absorption  and f. experimental photocurrent spectra 

for HgTe 4k nanocrystal based device with various periods. 

 

To conclude, we have proposed a new geometry of electrodes for the design of infrared 

photodetectors based on CQD film in planar geometry. Thanks to the introduction of 

GMR, near-unity absorption can be achieved at least along one polarization. At the 

device scale, this corresponds to an increase of the absorption by a factor of 3 to 6 

compared to what can be obtained with similar films deposited on conventional 

interdigitated electrodes. An excellent agreement between simulation and experiment 

is obtained thanks to a design of electrodes which takes into account the fragility of the 

CQDs. The enhancement of the responsivity can be as high as a factor of 1000 for 

HgTe CQDs. Beyond the increase of the absorption (x 3-6) the electrodes designed 

for the GMR introduce gain which is typically responsible for a factor of ≈100 in the 

increase of the response. This strategy is quite versatile and can be applied to several 

colloidal materials especially in the infrared range. The overall performance of the 

device becomes fully noise-limited. 

 

Methods 

Chemicals for nanocrystal synthesis. Mercury chloride (HgCl2, Strem Chemicals, 

99%), tellurium powder (Te, Sigma-Aldrich, 99.99%), trioctylphosphine (TOP, Cytek, 

90%), oleylamine (OLA, Acros, 80-90%), dodecanethiol (DDT, Sigma-Aldrich, 98%), 

lead chloride (PbCl2, Afla Aesar, 99%), sulfur powder (S, Afla Aesar, 99.5%), oleic acid 

(OA, Afla Aesar, 90%), 1,2,ethanedithiol (EDT, Fluka, 98.0%), lithium perchlorate 

(LiClO4, Sigma-Aldrich, 98%), polyethylene glycol (PEG, Mw = 6 kg.mol-1), chloroform 

(VWR), ethanol absolute anhydrous (VWR), methanol (Carlo Erba, 99.8%), acetone 

(VWR), n-hexane (VWR), toluene (Carlo Erba, 99.3%), N,N-dimethylformamide  (DMF, 

Sigma Aldrich), mercaptoalcohol (MpOH, Merck, >99%), Methylisobutylketone (MIBK, 

VWR, >98.5 %). All chemicals are used as received, except oleylamine which is 
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centrifuged before use. Mercury and lead salts are toxic, handle them with great 

care. 

 

1 M TOP:Te precursor. In a three-neck flask, 2.54 g of Te powder is mixed in 20 mL of 

TOP. The flask is kept under vacuum at room temperature for 5 min and then is heated 

up to 100 °C and kept under vacuum for 20 more minutes. The atmosphere is changed 

to Ar and the temperature is raised to 275 °C. The solution is stirred until a clear orange 

coloration is obtained. Then the flask is cooled down and the color switches to yellow. 

The flask is degassed again for 10 min at room temperature. This solution is finally 

transferred to an Ar-filled glovebox for storage. 

 
PbS CQD Synthesis. In a three-neck flask, 300 mg of PbCl2 and 7.5 mL of OLA are 

degassed, first at room temperature and then at 110 °C for 30 min. Meanwhile 30 mg 

of S powder is mixed with 7.5 mL of OLA until full dissolution and an orange clear 

solution is obtained. Then under Ar at 160°C, this solution of S is quickly added to the 

flask. After 15 minutes, the reaction is quickly quenched by addition of 1 mL of oleic 

acid and 10 mL of hexane. The nanocrystals are precipitated with ethanol and 

redispersed in toluene. This washing step is repeated one more time. The solution is 

then centrifuged to remove the unstable phase. The supernatant is precipitated with 

methanol and redispersed in toluene. Finally, the PbS CQD solution in toluene is 

filtered through a 0.2 µm PTFE filter.  

 
HgTe CQD Synthesis. In a 100 mL three-neck flask, 543 mg of HgCl2 and 60 mL of 

oleylamine (OLA) are degassed at 110 °C for an hour. The atmosphere is then 

switched to Ar and the solution is cooled down to 80 °C. A solution containing 2 mL of 

TOP:Te (1 M) and 10 mL of OLA is quickly added to the flask after warming it up with 

a heat gun. After 3 minutes, the reaction is quickly quenched by addition of a mixture 

of 1 mL of DDT and 9 mL of toluene. The nanocrystals are precipitated with ethanol 

and redispersed in toluene. As a second step of cleaning, the nanocrystals are 

precipitated with methanol and redispersed in toluene. The pellet is eliminated and the 

supernatant is washed one more time. Finally, the HgTe CQD solution in toluene is 

filtered through a 0.2 µm PTFE filter.  

 

Infrared spectroscopy is conducted using a Fisher IS50 Fourier transform Infrared 

spectrometer. To measure CQD absorption, we use the spectrometer in ATR 

configuration. A drop of CQD solution is dried on the diamond cell. The source is a 

white light and the detector is a DTGS ATR. Spectra are typically acquired between 10 

000 cm-1 and 2000 cm-1 with a 4 cm-1 resolution and averaging over 32 spectra. To 

measure a film absorption, an extended InGaAs detector is used and the source is a 

white light. In case of extended SWIR device, the visible light is switch to a globar 

source combined with a DTGS detector. Each spectrum is averaged 32 times and the 

resolution is set to 4 cm-1. Photocurrent spectra are acquired as the sample is biased 

using a Femto DLPCA 200 current amplifier which role is also to magnify the current. 

The signal is then fed into the FTIR acquisition board. 
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For TEM pictures, a drop of a diluted CQD solution is drop-casted on a copper grid 

covered with an amorphous carbon film. JEOL 2010F is used at 200 kV for acquisition 

of picture. For device characterization, a FEI Magellan scanning electron microscope 

is used. 

 

For SEM pictures, a Zeiss Supra 40 scanning electron microscope is used. The 

acceleration bias is set a 10 kV and the aperture at 20 µm. 

 

DC Transport. The sample is connected to a Keithley 2634b, which controls the drain 

bias (VDS) and measures the associated current (IDS). This measure is carried out in 

the dark or under illumination using 1.55 µm laser diode. 

 

Responsivity measurement. For PbS 6k, the source is a laser diode at 1.55 µm placed 

at 20 cm of the sample. The total spot power is measured to be 0.15 mW. The spot 

size is 1.6 mm², corresponding to irradiance of 9.4 mW.cm-2. The flux is chopped form 

1 Hz to 10 kHz. The photocurrent is measured using Zurich Instruments MFLI lock-in 

amplifier at 1 V bias. For HgTe 4k, the source is a black body at 980 °C placed at 20 

cm of the sample. A germanium filter is used to suppress the high energy part of the 

blackbody spectrum. The total power is measured to be 200 µW for interdigitated 

electrodes (2.5 mm²) and 1.7 µW for nanoelectrodes. The flux is chopped form 1 Hz to 

1 kHz. The photocurrent is measured using Zurich Instruments MFLI lock-in amplifier 

at 1 V bias. 

 

Noise measurement. Current from the device (at 1 V bias, kept in the dark) is amplified 

by a Femto DLPCA-200, then fed into a SRS SR780 signal analyzer. 

 

Detectivity determination. The detectivity (in Jones) of the sample is determined using 

the formula: 𝐷∗ =  
𝑅√𝐴

𝑆𝐼
, where R (in A.W-1) is the responsivity, SI is the noise (A/√𝐻𝑧) 

and A the area of the device (cm²). 

 

 

 

SUPPORTING INFORMATIONS 

Supporting Information is available from ACS website. They include photoconduction 

characterization of the materials, details relative to fabrication of the GMR electrodes, 

input used for electromagnetic simulation and discussion about the robustness of the 

GMR structure. 
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