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Self-powered dynamic glazing based on

 

There is a growing interest in dynamic windows with tuneable transparency to control solar radiation and reduce energy consumption for heating and cooling as well as for lighting in buildings or vehicles. 1,2 ,3 Many switchable glazing technologies have been investigated over the past, the most advanced ones being based on electrochromic (EC), photochromic (PC), or thermochromic (TC) materials or on stimuli-sensitive liquid crystals (LC) and their composites, such as Polymer Dispersed Liquid Crystals (PDLC).

However, none of these technologies can achieve, simultaneously, high switching speed, autonomous operation, and permit user control. [START_REF] Casini | Active dynamic windows for buildings: A review[END_REF][START_REF] Granqvist | Electrochromic materials and devices for energy efficiency and human comfort in buildings: a critical review[END_REF][START_REF] Kamalisarvestani | Performance, materials and coating technologies of thermochromic thin films on smart windows[END_REF][START_REF] Nundy | Electrically actuated visible and near-infrared regulating switchable smart window for energy positive building: a review[END_REF][START_REF] Islam | Hybrid dynamic windows using reversible metal electrodeposition and ion insertion[END_REF][START_REF] Ke | Smart Windows: Elctro-, Thermo-, Mechano-, Photochromics, and Beyond[END_REF] Self-powered operation simplifies installation, improves the energy efficiency gain and is thus particularly attractive. [START_REF] Ghosh | Advances in switchable and highly insulating autonomous (sef-poweredglazing systems for adaptive low energy buildings[END_REF] While this is a build-in feature for PC or TC glazings, external power sources are required for EC and LC devices. [START_REF] Baetens | Properties, requirements and possibilities of smart windows for dynamic daylight and solar energy control in buildings: A state-of-the-art review[END_REF] Significant effort has, therefore, been devoted to coupling EC or LC glazings with energy harvesting devices. 11 , 12 , 13 , 14 , 15 Yet, the manufacturability and scalability of autonomous glazings that combine two independently operating devices, pose significant barriers for the large scale integration. Furthermore, the means of controlling the operation of smart windows create another set of challenges that differ from one technology to the other. [START_REF] Casini | Active dynamic windows for buildings: A review[END_REF] PC or TC windows for instance do not give users the ability to monitor the tint of the device in accordance with their needs.

Here we present a new concept of a switchable glazing, named Photovoltaic Spatial Light Modulator (PSLM), that overcomes some of those bottlenecks. Its operation relies on the unprecedented association of a nematic LC with a donor -acceptor bulk heterojunction (BHJ) in a single hybrid device. The former is used for its ability to be oriented by an electric field, while the BHJ forms a photovoltaic unit (PVU) capable of generating, under illumination, an electric field large enough to orient LC molecules. The PVU is in direct contact with the LC and is, therefore, also used as LC alignment layer. This configuration leads to a photo-responsive device, whose light transmittance adjusts spontaneously, within seconds, to the incident light intensity. The first generation of PSLMs presented in this work provides a proof-of-principle of the unique combination of properties made accessible by this concept and opens up a new opportunity for the development of self-powered smart windows.

Device structure and working principle

The core structure of a PSLM is illustrated in Fig. 1. It consists of a nematic liquid crystal possessing a twisted configuration, sandwiched between two glass/indium-tin-oxide (ITO) substrates. On one of the substrates, a semiconducting polymer film with an anisotropic surface texture is used as LC alignment layer (AL). The second substrate is coated with the PVU, which consists of a stack of at least three organic layers, comprising a hole transporting polymer layer (HTL), the BHJ layer and an electron transporting layer (ETL) (Fig. 1a). The BHJ is composed of electron-donor (D) and electron-acceptor (A) organic semiconducting materials and is used to absorb incident photons and generate free charge carriers. [START_REF] Yu | Polymer Photovoltaic Cells: Enhanced efficiencies via a network of internal donoracceptor heterojunctions[END_REF] The ETL and HTL are introduced to allow selective capture of both carriers. [START_REF] Kippelen | Organic Photovoltaics[END_REF] The top layer has anisotropic surface properties obtained by either aligning the HTL or by adding an additional alignment layer on top of the HTL. The ITO/ETL/BHJ/HTL(AL) multilayer structure deposited on one transparent substrate is comparable to an uncompleted organic solar cell, lacking the top metal electrode. It is connected in series with the highly resistive LC layer, which is confined in between both substrates, and therefore operates in close to open-circuit conditions.

Under illumination, positive charges pile-up in the HTL and negative charges in the ITO layer in contact with the ETL (OFF state, Fig. 1a), giving rise to a voltage drop across the multi-layer stack that matches roughly the open-circuit voltage (VOC) of a full solar cell.

Importantly, when both ITO layers are connected in series (ON state, Fig. -1b), negative charges will pile up on the opposite ITO/glass substrate and most of the voltage will drop across the LC layer, impacting the LC orientation. As the voltage amplitude varies with light intensity, the response of the device will depend on the illumination conditions and will be to some degree spatially resolved.

The LC orientation can be modified by an electric field (Fréedericksz transition), giving rise to a change in the device optical properties. [START_REF] Yang | Fundamentals of Liquid Crystal Devices[END_REF] The threshold voltage required for the Fréedericksz transition depends on the LC physical properties and on the LC anchoring to the confining surfaces of both substrates. In a PSLM, the alignment directions on both substrates are oriented perpendicular to each other, causing the liquid crystals to adopt a twisted configuration throughout the LC layer of the device (the so-called Twisted Nematic (TN)). [START_REF] Yang | Fundamentals of Liquid Crystal Devices[END_REF] When placed between crossed polarizers with the optical axes of the latter being parallel to the LC alignment directions, as shown in Fig. 1, the full PSLM device, which includes both polarizers, is at its maximum transmittance. Under illumination, the organic multilayer generates a voltage (or "photovoltage") which adds up to the external voltage that is eventually applied to both ITO contacts (not represented in Fig. 1). The light transmittance of the device in the ON state decreases with increasing light intensity, as a consequence of a change of the LC orientation, as soon as the total voltage exceeds the Fréedericksz transition threshold voltage. If the generated photovoltage is itself larger than the threshold value, the transmittance decreases even without external bias. As will be shown below, such a self-activated PSLM can be controlled by a simple electrical switch or variable resistor connecting the ITO electrodes of both confining substrates.

Proof-of-principle

In order to demonstrate the physical principle underlying the operation of a PSLM outlined above, we fabricated a first set of devices with a BHJ layer composed of a blend of poly(3-hexylthiophene) (P3HT) and indene-C60-bisadduct (ICBA) fullerene derivatives. [START_REF] Dang | P3HT:PCBM, best seller in polymer photovoltaic research[END_REF] Poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS) and polyethyleneimine ethoxylated (PEIE) were used as HTL and ETL respectively. [START_REF] Kim | Tailoring PEDOT:PSS polymer electrode for solution-processed inverted organic solar cells[END_REF][START_REF] Zhou | A universal method to produce low-work function electrodes for organic electronics[END_REF] A thin layer of PEDOT:PSS was applied on the second substrate and used as liquid crystal alignment layer (AL). Both substrates were mechanically rubbed to promote a preferred alignment of the adjacent LC molecules. After the assembling of both substrates, a nematic LC (HVT6897) was infiltrated by capillary action. Detailed information on materials, device fabrication and characterization are given in the Methods section and in the Supplementary Information. Crossed-polarizer intensity (CPI) measurements were performed by recording the transmitted light intensity as a function of an applied DC voltage using an AM 1.5G solar simulator equipped with neutral filters as light source.

The CPI response of a PSLM (Fig. 2) follows closely that of a standard twisted-nematic liquid crystal (TN-LC) light valve: it is highest and almost constant at low voltages and drops rapidly above a given threshold value towards zero, when the electric field is strong enough to induce a homeotropic orientation of the LC. [START_REF] Schadt | Voltage-dependent optical activity of a twisted nematic liquid crystal[END_REF] However, unlike standard light valves, the response of the PSLM is strongly dependent on light intensity and on the polarity of the applied voltage. Indeed, at 100 mW/cm 2 , the transmittance drops by 10% at a positive threshold voltage "V10" of 1.6 V, the substrate without photovoltaic layer being grounded, while the same drop occurs at -3.0 V for the opposite polarity. Moreover, when the incident light intensity is decreased by three orders of magnitude, the threshold value shifts to 2.3 V (absolute value) independently on polarity. The latter value is close to the threshold value V10 expected for the HVT6897 LC (2.2 V, Supplementary Table 2).

The 0.7 V shift occurring between the highest and lowest intensities nearly equals the VOC delivered by a solar cell with the same BHJ under one sun (Supplementary Fig. 11). These results can be understood by considering that the voltage drop across the LC layer is set by both, the applied DC voltage and the photovoltage. In case of a positive bias, both voltages sum up and therefore reach the threshold value at a lower applied voltage, whereas the opposite is true for a negative bias. To further cross-check this assertion, we investigated a "reference" device in which the ETL has been replaced by an HTL. Indeed, as in this case the organic multilayer is symmetric (HTL/BHJ/HTL), the photo-generated charges are not separated and thus not leading to any photovoltage. As expected, the CPI of such a device (Fig. 2b) is independent on voltage polarity and in accordance with the 

Self-activated PSLM devices

Although the above results corroborate the anticipated physical mechanisms behind the PSLM operation, the photovoltage remains below the Fréedericksz transition voltage and does not allow a self-powered change in transmittance. To achieve a self-activated device, different routes can be followed: (1) using a photovoltaic multilayer that produces a larger photovoltage, and/or (2) select a LC with a lower threshold voltage. We followed both routes simultaneously by exploring two BHJ configurations to increase the photovoltage and by selecting a commercially available LC with a low threshold voltage (QYTN004, V10 = 0.64 V, see Methods and Supplementary Table 3). One option for increasing the photovoltage involved using two ETL/BHJ/HTL multilayers in series. Solar cells based on such "tandem" structures can reach a VOC almost twice as high as that delivered by a single structure. [START_REF] Ameri | Organic tandem solar cells: a review[END_REF] The second option involved selecting a D/A blend capable to produce a higher VOC. [START_REF] Elumalai | Open circuit voltage of organic solar cells: an in-depth review[END_REF] Tandem PSLMs were fabricated using two identical P3HT:ICBA BHJ layers (Supplementary Fig. 7), previously optimized in solar cells to yield a VOC of 1.45 V under 1 sun (Supplementary Fig. 12). For the second option, we selected a blend of PBDB-T-2F (a fluorinated low band-gap polymer also known as PM6) and ICBA. [START_REF] Zhang | A large-bandgap conjugated polymer for versatile photovoltaic applications with high performance[END_REF] Solar cells based on PM6:ICBA blends were found to yield a VOC close to 1 V under AM 1.5G illumination (Supplementary Fig. 13). Note that for the low threshold LC, P3HT has been used for the alignment layers in order to yield a high-quality LC alignment (see Methods and Supplementary Fig. 78). The average visible transmittance in the OFF state of these devices, is currently limited to 15% due to the crossed-polarizer configuration and to photon absorption by the PVU, AL and polarizers (Supplementary Fig. 910), but can be increased by selecting or designing materials with optimized optical properties (see last section).

The transmittance of PSLM devices based on a tandem P3HT:ICBA BHJ as a function of light intensity is depicted in Fig. 3a. In parallel, the photovoltage delivered by the organic multilayer was estimated by measuring the voltage drop occurring between the ITO electrodes on both substrates in the OFF state. The transmittance is seen to drop rapidly as soon as the light intensity exceeds 2 mW/cm 2 , while the photovoltage increases, as expected, almost logarithmically with light intensity. Above 2 mW/cm 2 it is larger than The normalized transmittance of a PSLM based on a single PM6:ICBA BHJ measured under similar conditions follows a similar evolution (Fig. 3b). A decrease in transmittance is observed as soon as the light intensity reaches 0.7 mW/cm 2 , corresponding to a photovoltage close to ≈ 0.6 V. The slightly lower threshold value observed in these devices, in comparison to tandem PSLMs, could be due to different LC anchoring strengths on both PVU layers. Also, the slightly more pronounced scattering in the response of tandem devices may be associated with the larger number of organic layers that need to be deposited, making the device preparation procedure more difficult to control.

Nevertheless, for both types of PSLMs, a fully self-powered modulation of their transmitted light intensity is demonstrated.

To explore further the possible user-controlled operation of a PSLM, we inserted a variable resistor Rs between both ITO electrodes of a PM6-based PSLM and measured its transmittance as a function of light intensity for various Rs values (Fig. 3c). Increasing Rs from 0 to 2 MΩ causes the transmittance curve to shift toward higher light intensities. This behavior can be understood by considering that the resistor is connected in series with the LC layer and forms a voltage divider bridge. Under these conditions, only a given fraction (set by Rs) of the photovoltage is dropped across the LC layer and affects the LC orientation.

The response time and reversibility of a self-activated PM6-based PSLM were investigated by recording its transmittance while switching from the OFF to the ON state, and vice versa, under a constant illumination. As shown in Fig. 1c, the transmittance decreases from its maximum to its minimum value within less than a second. Similarly, a rapid, though slightly slower increase was observed for the opposite switching direction.

A further illustration of the device dynamics and of its spatially resolved response is given by the Supplementary Video 1 showing the tandem PSLM illuminated by a moving laser pointer. To our knowledge, this sub-second response time makes PSLM devices the fastest self-activated user-controlled dynamic glazing system reported to date.

Finally, it is important to note that the transmittance of a PSLM is modulated only in the wavelength range covered by the polarizers. In other words, the spectral response of a PSLM can be tuned by selecting polarizers with a specific spectral window of operation. This is illustrated by the differences observed in the transmittance modulation of a PM6based device upon changing the polarizers (Supplementary Fig. 10). In particular, the use of polarizers that operate in the infrared allows the PSLM to autonomously attenuate the infrared component of the solar spectrum by a factor of about 20 when switching from the OFF to the ON state. This property is of particular interest for smart windows to reduce solar heating and improve the energy efficiency of buildings or vehicles.

Towards smart windows applications

The PSLM devices offer an unprecedented combination of features that make them attractive for dynamic glazing applications. However, a number of issues such as clear state transparency, device stability and compatibility with the production of large-area devices still need addressing before the concept can be fully applied to smart windows. [START_REF] Davy | Pairing of near-ultraviolet solar cells with electrochromic windows for smart management of the solar spectrum[END_REF][START_REF] Ullbrich | Emissive and charge-generating donor-acceptor interfaces for organic optoelectronics with low voltage losses[END_REF] Note that to be effective in a PSLM, the photovoltaic material does not need to yield a high-power conversion efficiency, only the VOC is of importance. This greatly expands the choice of organic semiconductor materials suitable for PSLM devices.

Moreover, for smart windows applications, the polarizers don't need to possess a very high dichroic ratio. Rather, a high transmittance to the polarized light (limited to 35% for the polarizers used in this study, supplementary Fig. 9) is crucial. Also, polarizers that operate in a narrow wavelength range (for instance in the NIR while being highly transparent in the visible) would be of considerable interest as they should increase the average transmittance while restricting the intensity modulation to the wavelength range of interest. This is illustrated by the spectral response of a PSLM integrating polarizers composed of doped oriented P3HT films (Supplementary Fig. 10d). The latter lead to an increase in visible transmittance while allowing a small but significant modulation in the infrared. Finally, it should be noted that polarizer-free electrooptical effects in guest/host liquid crystals employing dichroic dyes could also be considered.

The long-term stability of a PSLM is another critical issue for successful applications.

The device stability may be impacted by chemical or physical degradation of various organic materials (liquid crystals or semiconductors) and interfaces. A full assessment of the device stability lies beyond the scope of the present paper. However, we briefly assessed the level of stability of a single-junction PSLM device by tracking its transparency under 100 mW/cm 2 illumination while periodically switching the device between ON and OFF states (Fig. 4a). The results show that the device response remains stable during at least 150 ON/OFF cycles, corresponding to a total duration of 45 minutes, a promising prerequisite for further developments. The eventual influence of ionic contamination on the PSLM performance is another issue that needs to be considered. It is indeed well known that under a DC bias, residual ions in the LC of standard LC devices tend to accumulate at the AL/LC interface, screen the electric field and degrade the device operation. [START_REF] Garbovskiy | Review: Nano-Objects and Ions in Liquid Crystals: Ion Trapping Effect and Related Phenomena[END_REF] We evaluated the possible impact of ions on the PSLM operation by recording the response of the device in the ON state, under different light intensities, over longer times. The results (Fig. 4b) show that the transmittance in the ON state is stable over extended times (2100 s) despite the fact that the device is based on a commercial LC of medium purity (Supplementary Tables 4 and5, Fig. 5). Note that at the lower light intensity, when the drop in transmittance is not yet at its maximum, the transmittance is expected to be most sensitive to any change in the electric field in the LC caused by residual ions. Yet, no significant interference of ions with the device response was observed over the investigated time range. To fully understand this encouraging behaviour, in-depth investigations of the PSLM response as a function of ionic contamination are ongoing and will be reported elsewhere.

It is worth to mention that the voltage delivered under open-circuit conditions is known to be the most stable parameter of organic solar cells. [START_REF] Zhang | Comparative indoor and outdoor stability measurements of polymer based solar cells[END_REF] Thus, the magnitude of the photovoltage, on which the PSLM response is primarily based, can be expected to be stable over time. Also, in the event of a slow and irreversible drift of the photovoltage, it is in principle possible to restore the initial sensitivity of the device by changing the magnitude of the variable resistor connecting the two electrodes (Fig. 3c). Finally, to highlight the compatibility with large area devices, we fabricated a 5 x 5 cm 2 PSLM devices (≈ 15 cm 2 active area) based on either P3HT:ICBA tandem BHJ or PM6:ICBA single BHJ and examined their response under natural sunlight. The manufacturing procedure was similar to that of the small area devices (see Methods), including spin-coating of the organic layers on non-structured glass/ITO substrates and mechanical rubbing of the alignment layers. No additional steps were needed to achieve fully working devices. As shown in the Supplementary Videos 2 and 3, the devices respond spontaneously, and reversibly, to natural sunlight, although with a longer response time. The latter is expected since the RC time constant should increase with the device dimensions. After more than 12 months of shelf-storage, the device based on a tandem PVU showed no noticeable degradation (Supplementary Video 2).

Conclusion:

The results presented here demonstrate a proof-of-principle of a new concept for switchable glazing, with an unprecedented combination of self-activation, sub-second response, and straightforward user-control. Unlike previously reported selfpowered windows that associate semi-transparent solar cells with switchable glazing, a PSLM does not rely on a fully operating solar cell to power up the device. Rather, the photovoltaic effect occurs within a build-in, non-structured, organic multilayer thin film.

The latter is used to align the liquid crystal molecules and to generate an electric field that changes the liquid crystal orientation under illumination. The optical transmittance of a PSLM device adjusts spontaneously to ambient light with a tunable sensitivity. Selfactivation is possible when the photovoltage produced by the organic layer exceeds the voltage threshold value, specific to the LC. A sub-second response time was demonstrated for small area devices, making the PSLM the currently fastest, self-activated and tunable, switchable glazing. The device response was shown to be reversible over a large number of cycles and the first assessment of the device stability led to the promising results reported here. Finally, although a number of technical challenges need still to be addressed before this concept can be applied to large area smart windows, we have highlighted the main routes to overcome them.

Methods.

Materials. Glass/ITO substrates of either 2 x 2 cm 2 or 5 x 5 cm 2 , from Lumtec, were used as transparent substrate and electrode. The electron donor polymer of the BHJ layer was either P3HT (from Solaris Chem) or PM6 (synthesis procedure described in the Supplementary Information), while ICBA (from Solenne B.V.) was used as electron acceptor. For the ETL and HTL, we used polyethyleneimine ethoxylated of PEIE (diluted at 0.4% in isopropanol) was spin-coated at 5000 rpm on top of the ITO and thermally annealed under nitrogen atmosphere at 100°C for 10 minutes.

Chlorobenzene solutions of either P3HT:ICBA (1:0.7 weight ratio, total concentration of 20 mg/ml) or PM6:ICBA (1:1 weight ratio, total concentration of 15 mg/ml) were deposited by spin-coating (at 4000 rpm) under nitrogen atmosphere on top of the ETL to form the bulk heterojunction. The P3HT:ICBA thin films were further annealed at 150°C for 15 minutes. For this BHJ, the HTL was formed by a 100nm thick layer of PEDOT:PSS (CPP105D) deposited by spin-coating at 4000 rpm and annealed at 150 °C for 15 minutes.

In the case of PM6:ICBA, a thin layer of P30, followed by a HTL-Solar PEDOT:PSS layer,

were subsequently deposited at 4000 rpm and annealed at 100°C for 5 minutes.

Glass/ITO substrate with a tandem photovoltaic unit: For tandem PSLM devices, an additional BHJ and a HTL were deposited on top of the single junction PVU using the same deposition conditions than for the first junction.

x cm² PSLM device:

The structure of a PSLM (without polarizers) is the following: glass/ITO/PVU(single or tandem)/AL/LC/AL/ITO/glass. The alignment layer (AL) is either PEDOT:PSS (for PSLMs using HVT6897 LC) or a thin layer of P3HT (for QYTN004 LC). The latter is deposited by spin-coating a 5 mg/ml chlorobenzene solution of P3HT at 4000 rpm and annealed at 100°C 10 minutes. The AL are gently rubbed using a commercial rubbing equipment (Holmarc) and a velvet cloth. The PSLM devices were fabricated by assembling the glass/ITO/PVU/AL substrate with a second glass/ITO/AL substrate using an UV curable adhesive mixed with 7.75 µm SiO2 spacers (Cospheric). The alignment directions of both ALs were kept perpendicular to each other so as to establish a twisted-nematic LC configuration. Finally, the cells were filled with the LC by capillarity action, shortly heated into the isotropic phase and slowly cooled to room temperature.

With the exception of the rubbing and assembly steps, the entire fabrication process took place in a nitrogen-filled glove box.

x cm² PSLM device:

The structure and fabrication process are the same as for the 2 x 2 cm² device, except that the layers were deposited in an ambient atmosphere. The large devices require a considerable amount of solution to cover the entire substrate during spin coating. This releases a significant amount of solvent vapors which can affect the sensors in the glove box and can also influence the properties of the film (by solvent annealing). To minimize solvent accumulation, the deposition of the layers and thermal annealing were carried out in ambient atmosphere. After the deposition of AL on both PVU and glass/ITO substrates, the samples were annealed at 100° for 10 minutes in the glove box. The rubbing process, substrate assembly and filling of LC are the same as for the 2 x 2 cm². Finally, the PSLM is sealed with an Araldite epoxy.

Device characterization:

The cross-polarizer intensity measurement set-up is composed of a light source (AM 1.5G solar simulator), two wire-grid polarizers (Thorlabs WP25L-VIS as polarizer and WP25M-UB as analyzer) oriented perpendicularly, a Silicon photodiode and a current preamplifier. The light intensity on the PSLM devices was varied over three orders of magnitude by inserting neutral density filters between the solar simulator and the device.

The pre-amplifier output is monitored by an oscilloscope, while a DC voltage generator is eventually used to drive the LC cell (for non-self-activated PSLMs). For the demonstrator devices (Supplementary videos) linear polarizing films (AP42-008T-PSA from American Polarizer Inc) were used. Additional material properties are provided in the Supplementary Information.

Fig. 1 |

 1 Fig. 1 | Working principle. Schematic illustration of PSLM in the (a) OFF state and (b) ON state. (c) Time dependent response of the normalized transmittance of a PSLM when the electrical switch is flipped between ON and OFF states. The figure inserts illustrate the transmittance of a self-activated tandem PSLM (see below) in both states under natural sunlight, with a tree in the background. A video of the device response is provided in the supplementary information.

Fig. 2 |

 2 Fig. 2 | Crossed-polarizer intensity measurements. Normalized transmittance versus DC voltage of (a) a PSLM based on a single PVU with P3HT:ICBA, under various light intensity at positive and negative DC voltage polarities and, (b) of a device with a symetric HTL/BHJ/HTL structure for two polarities under 1 sun.

Fig. 3 |

 3 Fig. 3 | Transmittance versus incident light intensity. (a) Normalized transmittance (black line), measured in the ON state, and photovoltage amplitude (red line), measured in the OFFs tate, of PSLM devices based on a P3HT:ICBA tandem structure as a function of incident light intensity. (b) Similar to (a) but on PSLM devices based on PM6:ICBA single junctions. In both figures, error bars correspond to 90% confidence intervals estimated from the response of five independent devices. (c) Normalized transmittance of a PSLM based on PM6:ICBA as a function of light intensity, with various resistors being inserted between both ITO contacts.

  photovoltaic materials have led to the design of a very large number of organic compounds covering a wide range of absorption profiles and open circuit voltages. High band-gap polymers designed to achieve semi-transparent solar cells with high opencircuit voltages should allow us to increase significantly the PSLM transparency and sensitivity.[START_REF] Davy | Pairing of near-ultraviolet solar cells with electrochromic windows for smart management of the solar spectrum[END_REF][START_REF] Ullbrich | Emissive and charge-generating donor-acceptor interfaces for organic optoelectronics with low voltage losses[END_REF] Note that to be effective in a PSLM, the photovoltaic material does not need

Fig. 4 |

 4 Fig. 4 | Response reversibility and stability. (a) Normalized transmittance of a PSLM based on a PM6:ICBA PVU during periodic switching from the ON to the OFF state during 45 minutes, with a 18 s period. (b) Transmittance of the same device under two different light intensities recorded while switching from OFF to ON state with a prolonged duration in the ON state.

Fig. 3-4 and Table 4-5) Device preparation.

  

					(PEIE) from
	Sigma-Aldrich	and	poly(3,4-ethylenedioxythiophene)	polystyrene	sulfonate
	(PEDOT:PSS), respectively. The commercial organic materials were used as received.
	Depending on the active layer, three types of PEDOT:PSS formulations were used:
	PEDOT:PSS blended with nanoparticles of MoO3 (P30) from Avantama, HTL Solar and
	CPP105D from Heraeus. A commercially available low threshold liquid crystal QYTN004,
	from Qingdao QY Liquid Crystal Co. was used for the self-powered devices. A high
	purity, low conductivity liquid crystal (HVT6897) was provided by HighVisTec. The ionic
	purity of the Liquid crystals was assessed by impedance spectroscopy and residual DC
	voltage measurements (Supplementary Glass/ITO substrate with a single photovoltaic unit: The main building block of PSLM devices
	with single BHJs has the following structure: glass/ITO/ETL/BHJ/HTL, with the
	ETL/BHJ/HTL layer sequence forming a single junction photovoltaic unit (PVU). The
	glass/ITO substrates were first cleaned in an ultrasonic bath at 40°C in the following order:
	soap, deionized water, acetone and isopropyl alcohol, during 15 minutes each, and

subsequently exposed to UV Ozone during 30 minutes. For the ETL, a thin layer (< 10 nm)

Acknowledgments

The authors acknowledge the C3-Fab (ICube laboratory) technical platform for access to the equipment and Nicolas Zimmermann for technical support. They also thank Dr

Nina Podoliak, and Prof. Giampaolo d'Alessandro for their helpful insights on LC devices. L. Komitov and M. Ibn Elhaj acknowledge Prof. P.Kula and Prof. W.Piecek for fruitful discussions.

The authors further acknowledge financial support from the Agence Nationale de la Recherche (ANR-19-CE05-0036 contract) and from SATT CONECTUS (contract n°189094).