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1. Effect of the Cd content in the shell

Figure S 1 and Table S 1 show the effect of the Cd content in the shell on the LED performance based on

CdSe/CdZnS core/shell nanoplatelets.
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Figure S 1a. Current density and luminance as a function of the applied bias for the LED based on
CdSe/zZnS core/shell nanoplatelets. b. Current density and luminance as a function of the applied bias for
the LED based on CdSe/Cdg5ZnosS core/shell nanoplatelets. ¢. Current density and luminance as a
function of the applied bias for the LED based on CdSe/Cd1Zn, ¢S core/shell nanoplatelets

Table S 1 PL peak wavelength, maximal EQE and turn-on voltage for LEDs based on CdSeCdzZnS
core/shell nanoplatelets with various Cd content in the shell. The fabrication parameters are identical

except for the NPL emission.

Sample NPL PL peak EQE max Turn-on voltage
wavelength
CdSe/zZnS 605 nm 1.02 % 2V
Cdp.05ZNSp g5 620 nm 515% 1.63V
Cdp.1ZNnSo g 638 nm 3% 1.76 vV

S2



2. Angular dependence of the LED emission

We have tested the angular dependence of the NPL based LED, see Figure S 2. The emission follows a
Lambertian emission.
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Figure S 2 a. Scheme of the setup used to measure the angular dependence of the emission. b.
Comparison between the experimental data and a cosine dependence for the light emitted by the NPL
based LED.

3. Operation of the LED under high Electric field

In figure 3, we report the electrical and optical performances for the LED based on Cdg¢sZNng.¢5S core shell
nanoplatelets under low bias operation (ie below 4 V or =100 mA.cm™). Here, we expand the bias range up
to 7 V which corresponds to =1000 mA.cm? to increase the luminance. Under such condition, luminance
goes up to 35100 cd.m™. The operation of the LED under high current reveals an efficiency droop.
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Figure S 3 a. Current density and luminance as a function of the applied bias for the LED based on
Cdo.05ZNng.95S core/shell nanoplatelets. b. External quantum efficiency and luminance as a function of the
driving current for the LED based on Cd 0sZN0.95S core/shell nanoplatelets
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4. Operation of the LED with high brightness

Under a constant current and an initial luminance of 1000 cd.m, the LED half lifetime is measured to be
100 h.

L,=1000 Cd/m’
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Figure S 4 Normalized light power extracted from the LED as a function of time with an initial luminance of
1000 cd.m? The LED is driven under a constant current of 120 pA.

5. Effect of temperature on transport and emission

Figure S5 provide the I-Temperature curves of the LED based on Cdg¢sZNng.¢5S core shell nanoplatelets, in
the low bias regime and under bias above the turn on voltage.
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Figure S5 Current as a function of temperature for the LED based on Cdy05Zng.9sS core shell nanoplatelets
under the bias of 1.5V (a) and 3 V (b).
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The shift in PL of CdSe/CdZnS core/shell NPL is the consequence of the change in the band gap of NPL
with temperature, hence the band gap can be determined by the shift of the PL, see Figure S 6a and b.
Figure S 6¢ provides a comparison between the PL and EL band gap with temperature, and this shift is
compared with the shift of the luminance threshold, which is defined as the bias where the photons started
to be detected. The luminance threshold is seen to be more strongly dependent on the temperature than
both EL and PL, which suggests that it is not limited by the NPL bandgap.
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Figure S 6 a. Photoluminescence spectra of CdgsZNg.95S core shell nanoplatelets at different temperatures.
b. Normalized photoluminescence spectra of CdogsZneosS core shell nanoplatelets at different
temperatures. c. Energy which maximizes the photoluminescence and electroluminescence signal from the
Cdo.05ZNng.o5S core shell nanoplatelets as a function of temperature. We also plot the shift of the luminance
threshold as a function of temperature.

Figure S 7 provides a series of I-V curves at different temperatures for an LED structure without the NPL
emissive layer. In this structure, we can also see a shift of the threshold.
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Figure S 7 I-V curves obtained at various temperatures of the same diode structure as before, without
nanoplatelets.
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6. All-nanocrystal-based telecommunication

6.1. Large LED fabrication
For the communication setup, we have updated the size of the LED to obtain a significantly larger amount
of photon. LEDs described in the beginning of the document have a size are 1x1 mm?. For this experiment,
the size of the LED is increased up to 7x8 mm?®. The structure of the LED remains similar but the
thicknesses of the ZnO (150 nm) and PEDOT:PSS layers (50 nm) have been increased to avoid electrical
short. Also, note that this device has been prepared using Cdg1ZngeS core shell nanoplatelets with a PL
peak at 640 nm. The electrical and optical characteristics of the LED are given in Figure S 8.
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Figure S 8 a. I-V curve of the large size LED. b. Electroluminescence spectrum of the large size LED
relying on Cdg1ZngeS core/shell nanoplatelets as emitting material. ¢. Image of the LED under working
condition. A scale in cm is provided on the right.

For the LED fabrication compatible with the large area, the max EQE is independent of the pixel size , see
Figure S 9
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Figure S 9 a. Maximum EQE as a function of pixel area. b is the associated table reporting EQE of three
pixels with different sizes.
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6.2. Solar-cell design
To detect the light from the LED, we use a PbS quantum dot solar cell as a broad band visible light
detector. The structure is inspired by ref . The exact diode structure was described by Ramade et al.?

Chemicals: Octadecene (ODE, Acros Organics, 90%), Lead oxide (PbO, Strem Chemicals, 99.999+%-),
Oleic acid (OA, Alfa Aesar 90%), Hexamethyldisilathiane (TMS,S, Sigma Aldrich, synthesis grade), Ethanol
(VWR, >99.9%), n-Octane (SDS, 99%), n-Heptane (Merck, >99%), n-Hexane (VWR, 99%), Toluene (Carlo
Erba, >99.8%), N,N-Dimethylformamide (DMF, Sigma Aldrich), Hydrochloric acid (HCI, Mieuxa, 25%)
Ammonium iodine (NH4l, Alfa Aesar, = 99%), 1,2 Ethanedithiol (EDT, Fluka, 98%)

PbS nanocrystal synthesis: The procedure is inspired from Hines et al.*> 0.9 g of PbO are introduced in a
100 mL three neck flask with 3 g of OA and 47 g of ODE. The flask is degassed under vacuum at 120 °C
for 2 hours. Meanwhile, in an air free glove box, a mixture of 420 yL of TMS,S and 10 mL of ODE is
prepared in a 20 mL vial, then introduced into a 20 mL syringe. The atmosphere of the flask is switched to
Ar and the temperature is set equal to 90 °C. The TMS,S solution is quickly injected and the solution turns
dark while the temperature drops to 80 °C. After 8 min at 80 °C, the reaction is stopped by removing the
heating mantle and prompt cooling of the flask by addition of a mixture of heptane and OA. The
nanoparticles are then precipitated by addition of ethanol. The formed pellet is redispersed in toluene. A
second step of cleaning is repeated. Finally, the pellet is redispersed in toluene with a 50 mg.mL™
concentration. The solution is centrifuged to remove any colloidally unstable material. Finally, the solution is
filtered on a 0.22 um PTFE filter.

PbS Ink: A solution of NH,4l at 60 mg.mL™ in DMF (w/v) is prepared. 1 mL of this solution is added in 1 mL
of PbS nanocrystal solution of concentration 50 mg.mL™. The two phases are then mixed and we observe a
phase transfer. The clear non-polar phase is discarded and the DMF solution is cleaned three times using
hexane. Finally, the particles are precipitated by adding ethanol. After centrifugation the formed pellet is
redispersed in fresh DMF with a concentration of 350 mg.mL™. The solution is finally centrifuged to discard
any unstable material.

TiO, film deposition: TiO, films are prepared from a commercial solution (SOLARONIX Ti-Nanoxide HT-
L/SC) by spin-coating on clean patterned ITO at 5000 rpm during 45 s. Prior to the spin-coating, the ITO
substrate is heated at 110 °C in order to improve the solution wetting. The resulting ITO/TiO, sample is
then annealed at 450 °C for 30 min on a hot plate in air.

PbS ink deposition: A 350 mg.mL'solution of PbS ink is used for the active material layer. 50 pL of this
solution is deposited on the ITO/TIO, substrate and spin-coated at 500 rpm during 300 s followed by 4000
rpm during 30 s.

p-doped PbS: 50 pL of a 30 mg.mL™ of OA capped PbS in toluene is deposited on the ITO/TiO,/n-doped
PbS substrate and spin-coated at 2000 rpm during 60 s. A solid-state ligand exchange is then performed by
dipping the substrate in 1% EDT (v/v) solution in ethanol fort 30 s. After that the substrate is rinsed in
ethanol. This procedure is repeated twice.

MoOs/Au deposition: After the deposition of PbS layers, the device is transferred from a glovebox to an
evaporator. The evaporations of a the MoO; hole transport layer (10 nm) followed by one of a gold layer (80
nm) are then performed.
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The absorption of the PbS nanocrystals and the photocurrent spectra of the solar cell are provided in
Figure S 10a. The I-V curve is given in Figure S 10b, while the time response of the device is shown in
Figure S 10c.
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Figure S 10 a. Absorption spectrum of the PbS nanocrystals and photocurrent spectrum of the solar cell
based on the PbS nanocrystals. b. |-V curves in the dark and under illumination (940 nm laser source with
56mW.cm™) at room temperature. c. Time response of the PbS nanocrystal based solar cell to a 1 ns pulse
of laser at 355 nm. Turn-on time is around 10 ns while turn-off is around 1 ps.

6.3. Transmission of a binary signal
We have tested the potential of our setup to transmit a signal beyond a simple sine wave. To do so, we
binarized the signal “OCN” and used it as input for the LED. The obtained signal matches the input signal
as seen in Figure S 11.
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Figure S 11 Input of the NPL based LED signal to transmit binarized “OCN” message and the output
measured on the solar cell at a distance of 1 m.
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