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S1	Schematic Concept of the Designed Smart Window
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[bookmark: _Hlk184655377][bookmark: _Hlk175069165][bookmark: _Hlk184654185]Fig. S1 (a) Scheme of the structure for Janus smart window panel; (b) The schematic illustration for the fabrication and modulation mechanism of smart windows
S2 Experimental
S2.1 Materials
The negative nematic liquid crystal GXV-7822-180 (TNI = 380.15 K, Δε = −4.4) was purchased from Jiangsu Hecheng Display Technology Co., Ltd. The liquid crystal monomers 2-methyl-1,4-phenylene bis(4-((6-(acryloyloxy)- hexyl) oxy) benzoate) (C6M) and Cyano mono-acrylate monomer (CN) were purchased from shanghai Meryer Chemical Technology Co., Ltd. IR 651 was purchased from Bide Pharmatech Ltd., Shanghai, China. Tungsten trioxide (WO3, AR, 98.0%), Potassium nitrate (KNO3, AR, 99.5%) and cesium carbonate (Cs2CO3, AR, 99.9%) were bought from shanghai Macklin Biochemical Technology Co., Ltd. Trioxide (WO3, AR, 99.0%), lithium nitrate (LiNO3, AR, 99.5%), N, N-methyl-enebisacrylamide (C7H10N2O2, AR, 99.0%) and N-isopropylacrylamide (C6H11NO, AR, 98%) were bought from shanghai Meryer Chemical Technology Co., Ltd.
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Fig. S2 Molecular structures of monomers and photo-initiators
Table S1 Compositions and reaction conditions of each sample used in this study
	Sample
	Compositions
	Weight Ratio (wt%)
	GXV-7822-180 (wt%)

	

	A
	C6M/CN/651
	7.5/0/0.1
	92.4

	B
	C6M/CN/651
	6.5/1/0.1
	92.4

	C
	C6M/CN/651
	 5.5/2/0.1
	92.4

	D
	C6M/CN/651
	 4.5/3/0.1
	92.4


[bookmark: OLE_LINK15]S2.2 Synthesis of KmCsnWO3 nanoparticles
The specified quantities of tungsten trioxide, potassium nitrate, and cesium carbonate were measured and thoroughly blended in a molar ratio of n (K + Cs) / n (W) equal to 0.35. The resulting mixture was subjected to calcination at 700℃ in a hydrogen (H2) atmosphere for a duration of 40 minutes. Following this, the powders of KmCsnWO3 (KCWO) were produced upon cooling naturally to ambient temperature.
S2.3 Prepared of KPP smart window 
[bookmark: OLE_LINK11][bookmark: _Hlk175069883][bookmark: _Hlk175070216]First, LCs, monomers, photo-initiator, and spacers are mixed and uniformly coated on top of the PET/ITO layer in a specific ratio (The monomer ratio and chemical structure are shown in Table S1 and Fig. S2.). Subsequently, they are polymerized into a film in situ through ultraviolet light irradiation. Hydrophilization of PET surface with polyvinyl pyrrolidone, Afterwards, the KCWO powder obtained was dispersed in a polyvinyl alcohol (PVA) solution at a weight concentration of 5% and stirred at 45℃ for 40 minutes. Subsequently, transfer it to the PET and PE sandwich, and the polymerization reaction proceeded at 66 ℃ for 6 hours with potassium persulfate (KPS) as the initiator. After the reaction finished, the PVA-KCWO/PNIPAM dual network inter-transfer hydrogel layer was successfully prepared. Ultimately, a smart window device with electro and thermal dual responsiveness was assembled in a sandwich structure, as depicted in Fig. S1. The samples contain different concentrations of KmCsnWO3 in the hydrogel, with (KCWO) = 0.004g/mL, 0.008g/mL, 0.012g/mL, 0.016g/mL and 0.02g/mL, respectively.
S2.4 Characterization
The phase compositions of the samples were determined by X-ray diffraction analysis (XRD, Shimadzu XRD-7000S). Surface morphology of the samples was observed using scanning electron microscopy (SEM, JSM-7800). The Fourier transform infrared spectrometer (PerkinElmer Lambda FTIR-7600) was used to analyze the functional groups present in the samples. High-resolution transmission electron microscopy (HRTEM, JEM-2100) was used to analyze the microscopic morphology and lattice structure of the samples. The chemical compositions were observed using energy dispersive spectroscopy (EDS). The chemical composition and chemical environment were analyzed using X-ray photoelectron spectroscopy (XPS, Perkin-Elmer PHI 5000C). The temperature changes of a smart window surface irradiated by infrared light were determined using infrared thermography (FLIR E4). Furthermore, to assess the dimming capability of the PDLC devices, the transmission spectra of the smart window were recorded using a UV-Vis-NIR spectrophotometer (PerkinElmer Lambda 950). The integral luminous transmittance (Tlum, 380 nm-780 nm) and solar transmittance (Tsol, 300 nm-2500 nm) were calculated from the transmittance spectrum of the film using the following equations:
           (S1)                         
              (S2)   
Where T(λ) denotes the spectral transmittance, and lum(λ) is the standard luminous efficiency function of photopic vision in the wavelength range 380-780 nm. sol(λ) is the solar irradiance spectrum for air mass 1.5 corresponding to the sun standing 37 ℃ above the horizon [S1-S3]. The visible light transmittance variation (ΔTlum), and the solar light modulation ability (ΔTsol) are obtained by the following formula:
                          (S3)
                           (S4)
The photothermal and thermal insulation performance of the PDLC composite window was evaluated using a custom thermal insulation testing apparatus.
[bookmark: _Hlk185411267]The emissivity spectra within the wavelength range of 2.5 to 14 μm were examined through Fourier transform infrared spectroscopy (FTIR) utilizing the Nicolet iS50 instrument from the United States. As per Kirchhoff's law, it is anticipated that the spectral absorptivity (𝛼 (𝜆)) and emissivity (ε(𝜆)) should be equal for an object in thermal equilibrium. Consequently, the emissivity (ε (𝜆)) was calculated as ε (𝜆) = 1−(𝜆)−𝜏(𝜆), where 𝜌(𝜆) and 𝜏(𝜆) represent the reflectance and transmittance value, respectively. The values in the long-wave infrared (LWIR) region spanning from 8 to 14 μm were determined using a dual-band emissivity measurement apparatus (IR-2). For each specimen, the LWIR values were measured at six distinct locations, and the mean value was regarded as the ultimate LWIR value. The attenuated total reflection Fourier transform infrared (ATR FTIR) assessments were carried out employing a Nicolet 6700 spectrometer. 
The cooling capacity calculations for PRC films are influenced by solar irradiance and atmospheric downward thermal radiation under clear sky conditions. Heat transfer takes place between the PRC films and the surrounding environment, in line with the principle of energy conservation. The net cooling power (Pnet) can be mathematically represented by the following equation [S2-S4].
              (S5)
The variable Prad(T) represents the radiation power emitted from the surface of a radiative cooler in a specific hemisphere, and is determined through a defined mathematical formula:
                       (S6)
[bookmark: OLE_LINK6]Where   represents the angular integral across a hemisphere; The spectral distribution of thermal energy emitted by a blackbody at temperature T is denoted by . In this context, h represents Planck's constant, kB signifies the Boltzmann constant, c denotes the speed of light, and 𝜆 stands for the wavelength. The term ε (𝜆, 𝜃) refers to the spectral and angular emissivity at temperature T. A represents the surface area of the radiative cooler.
    (S7)
Patm (Tamb) represents absorbed power due to incident atmospheric thermal radiation.
  where 𝜏(𝜆) is the atmospheric transmittance in the zenith direction.
        (S8)
The Psolar value signifies the energy absorbed by the film from incoming solar radiation, where IAM1.5(𝜆) represents the standard solar irradiance. 
      (S9)
where hc is combined conduction and convection heating, which is set as 0, 3, 6, 9 and 12 W m−2 K−1 in this study.
[bookmark: _Hlk173618596]S3 Characterization of KCWO/PNIPAM Hydrogel
[bookmark: _Hlk190445938][image: ]
Fig. S3 (a) KCWO/PNIPAM composite hydroge window, (b) PVA-PNIPAM/ KCWO composite hydrogel window prepared by modifying KCWO particles with PVA
Figure S3 shows the actual photos of KCWO/PNIPAM and PVA- KCWO/PNIPAM composite hydrogel windows. It can be found that the KCWO particles in the KCWO/PNIPAM hydrogel window have precipitated after multiple phase transitions, while the PVA- KCWO/PNIPAM composite hydrogel exhibits improved stability after the KCWO particles being modified by PVA.
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[bookmark: _Hlk175305415]Fig. S4 The transmittance and reflectance of PNIPAM at full solar spectrum with different mass fractions of KCWO at 25 ℃ and 40 ℃
S4 Stability of the Composite Hydrogel Layer and PSLC Layer
[image: ]
[bookmark: OLE_LINK22][bookmark: OLE_LINK16][bookmark: OLE_LINK20]Fig. S5 (a) Response time test of the KCWO/PNIPAM composite hydrogel layer under irradiation of infrared light with different intensity; (b) the UV-Vis-NIR spectra at different temperature; (c) Cycling stability performance test at high temperature and (d) cycling stability performance test at low temperature
The low-E glass utilized in this context is ITO glass, which exhibits lower resistance compared to FTO glass, thereby facilitating a reduction in driving voltage. More importantly, employing ITO as the conductive layer enhances transmittance. Given that the KPP smart window comprises multiple layers, ITO glass is selected to ensure optimal transmittance of the window.
[image: ]
[bookmark: _Hlk190699822]Fig. S6 Comparison of Transmittance between ITO and FTO
We investigated the impact of the thickness of PSLC layer films on sunlight transmittance and the variations in internal temperature of the films under simulated sunlight exposure, as illustrated in the Fig. S7. It is evident that as the film thickness increases, the transmittance at wavelengths ranging from 300 to 2500 nm decreases. However, the radiative cooling effect is enhanced. In comparison to a 20 μm thick film, the 50 μm thick film exhibited superior cooling performance, with the internal temperature of the film decreasing by approximately 4.8 ℃ after 800 seconds of exposure.
[image: ]
[bookmark: _Hlk190701965]Fig. S7 (a) UV-Vis-NIR transmission spectra of films in different thickness; (b) The variation in indoor temperature of films with different thicknesses
Figure S8a shows transmittance variation of PSLC film during cycling test and the transmittance in the transparent and opaque states is almost constant. Then, the transmittance spectra of the film before and after the cycles were compared as shown in Fig S8b, the transmittance spectra of film after 500 cycles were almost unchanged compared to the original film, indicating good durability and switchability of the film.
[image: ]
[bookmark: _Hlk159934046][bookmark: _Hlk159934573]Fig. S8 (a) transmittance variation of PSLC film during cycling test; (b) the transmittance of the spectra of the initial film and the film after 500 cycles
[bookmark: _Hlk184909955]S5 Thermal Insulation Performance Test
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[bookmark: _Hlk186195992]Fig. S9 Window experiment simulation diagram
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[bookmark: OLE_LINK62]Fig. S10 Solar irradiance, wind speed, and relative humidity for outdoor experiment
[bookmark: _Hlk184909880]
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[bookmark: OLE_LINK9]Fig. S11 Warming curves during the day
[bookmark: OLE_LINK82]S6 Electromagnetic Shielding Properties
[bookmark: _Hlk184908059][bookmark: OLE_LINK75][bookmark: OLE_LINK74][bookmark: _Hlk184906763][bookmark: OLE_LINK67]In addition to regulating visible light, near-infrared light, and mid-to-far infrared wavelengths, the ability to control electromagnetic waves is crucial for the development of future smart windows. Therefore, the efficiency of electromagnetic shielding (Within the X-band frequency range (8.2–12.4) GHz) is investigated, and enhanced performance from 22 to 28 is achieved by modifying the transparent conductive electrode.
The scattering parameters (S11 and S12 or S21 and S22), the relative complex permittivity (εr = ε′ − jε′′) and the complex permeability (μr = μ′ − jμ′′) were measured by Agilent PNAN5244A vector network analyzer (Agilent Technologies, Inc., Palo Alto, CA, USA) within frequency range of X-band using waveguide method. All custom paper samples (22.86 mm × 10.16 mm) were fixed with copper sample clamp to ensure the connection between the waveguide flanges. The reflection coefficient (R) and transmission coefficient (T) were determined by the S parameters (S11, S12, S21, S22). There was an equilibrium between R, T, and the absorption coefficient (A), which could be calculated using the following formula [S9–S11]:
[bookmark: OLE_LINK51]R==                                (S10)
T==                                (S11)
 R+T+A=1                                    (S12)
[bookmark: OLE_LINK46]Schelkunoff's theory posits that the total electromagnetic interference scattering efficiency (SET) is the aggregate of surface reflection loss (SER), multiple reflection loss (SEM), and absorption loss (SEA) occurring within the material. This relationship can be articulated through the following equation [S27, S32–S34]:
SET (dB)=-10            (S13)
[bookmark: OLE_LINK48][bookmark: OLE_LINK47]SER (dB)=-10        (S14)
[bookmark: OLE_LINK50][bookmark: OLE_LINK52]         (S15)
There are studies that show that the SEM could be neglected when the SET > 15 dB and it could be described as [S12–S14]:
                                              (S16)
The electromagnetic characteristics of film within the X-band frequency range were evaluated using a waveguide cavity. The findings from these tests are presented in Fig. S11. Specifically, Fig. S12(a) illustrates the reflection coefficient (R) curve associated with the different transparent conductive electrode. The results of the absorption coefficient A curve of film are shown in Fig. S12(b). It can be observed that as the frequency of an electromagnetic wave increases, the absorption coefficient (A) is inversely related to the reflection coefficient. The shielding efficiency of window is calculated according to formulas (S13) - (S15). The results are shown in Fig. S12c (reflection loss SER), Fig. S12d (absorption loss SEA), and Fig. S10e (the overall shielding performance SET of ITO and Ag NWS material).
[image: ]
Fig. S12 KPP window in the X-band (a) reflection coefficient R, (b) absorption coefficient A, (c) reflection loss SER, (d) absorption loss SEA, (e) overall shielding performance SET, and (f) average EMI SE of the transparent conductive electrode material (Arrows show an overall upward trend).
[bookmark: OLE_LINK76][bookmark: _GoBack]S7 Energy-Saving Potential Simulation
[bookmark: _Hlk190465134][bookmark: _Hlk176444199][bookmark: _Hlk176444244][bookmark: _Hlk176444254]The energy consumption of the smart windows was evaluated using the Energy Plus software. A model of a 10-story office building was built for simulation testing with floor dimensions of 40 m (131 ft, L) × 40 m (131 ft, W) × 4 m (13 ft, H). The total window area of the glazing system in the building was 4,636 square meters, and the windows accounted for 40% of the total wall area [S5-S6]. The lighting control scheme in the Energy Plus model was created by a DOE built using a prototype building energy simulation model. Daylighting controls were incorporated into the lighting control model by implementing daylighting reference points in all perimeter thermal zones and core thermal zones. In addition, the average power density was set to 8.50 W m− 2 based on the zone floor area in accordance with the ASHRAE standards and guidelines [S7-S8]. The detailed optical properties of the samples used to simulate the cooling and heating energy consumption are summarized in Table S2. June, July, and August are the cooling seasons; November, December, January, and February are the heating seasons, and the other seasons are transition seasons, where 20 and 26 ℃ were adopted as the internal boundary conditions for heating and cooling, respectively. Hourly weather data for typical meteorological years (TMY) was used as the external boundary conditions. Energy efficiency is defined as the difference between various specimens and ordinary glass. This model adheres to energy efficiency codes and standards, utilizing a typical operation and occupancy schedule, standard lighting and miscellaneous loads, and HVAC systems. The electrochromic and thermal-to-chromic performances of the samples were controlled by the built-in EMS function of Energy Plus, and the energy savings per unit area were calculated based on the total floor area. 20 different cities in China were selected for the simulation, including Harbin, Shenyang, Beijing, Shijiazhuang, Jinan, Inner Mongolia, Zhengzhou, Hefei, Shanghai, Lanzhou, Xi'an, Qinghai, Chengdu, Chongqing, Changsha, Guangzhou, Fuzhou, Tibet, Kunming and Sanya, as shown in the Fig. S13-S14. (In this study, the KCWO-PNIPAM layer demonstrates two distinct emissivity values, 35 and 47, resulting from its phase transition at varying temperatures. In comparison, the emissivity value of standard glass is 89. The simulation calculations for energy savings in this research utilized the highest value of 47.)
Table S2 Optical properties for the samples used in actual building energy consumption simulation
	
	Normal glass
	KCWO-PNIPAM
	PSLC
	KCWO-PNIPAM/PSLC
	PSLC/KCWO-PNIPAM

	Tlum
	88.9
	20℃-83
	0V-82.7
	Hon/Eon-79
	Hon/Eon-79

	
	
	40℃-10.3
	28V-6.1
	Hoff/Eoff-6.2
	Hoff/Eoff-6.2

	Tsol
	84.2
	20℃-57
	0V-81.7
	Hon/Eon-53
	Hon/Eon-53

	
	
	40℃-42.8
	28V-54.3
	Hoff/Eoff-5.7
	Hoff/Eoff-5.7

	ELWIR-Front
	0.89
	20℃-25
	0V-95
	20℃-35
	95

	
	
	40℃-53
	28V-95
	40℃-47
	

	ELWIR-Black
	0.89
	20℃-25
	0V-95
	95
	20℃-35

	
	
	40℃-53
	28V-95
	
	40℃-47

	Rlum-Front
	6.5
	20℃-14.8
	0V-19.8
	Hon/Eon-14.2
	Hon/Eon-18.4

	
	
	40℃-34.5
	28V-34.3
	Hoff/Eoff-34.7
	Hoff/Eoff-34.7

	Rlum-Black
	6.5
	20℃-14.8
	0V-19.8
	Hon/Eon-18.4
	Hon/Eon-14.2

	
	
	40℃-34.5
	28V-34.3
	Hoff/Eoff-34.7
	Hoff/Eoff-34.7

	Rsol-Front
	6.2
	20℃-5.43
	0V-9.8
	Hon/Eon-6.23
	Hon/Eon-7.24

	
	
	40℃-9.2
	28V-14.7
	Hoff/Eoff-13.6
	Hoff/Eoff-14.92

	Rsol- Black
	6.2
	20℃-5.43
	0V-9.8
	Hon/Eon-7.24
	Hon/Eon-6.23

	
	
	40℃-9.2
	28V-14.7
	Hoff/Eoff-14.92
	Hoff/Eoff-13.6
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[bookmark: OLE_LINK10]Fig. S13 (a−i) Monthly HVAC energy consumption of normal glass, PSLC, KCWO-PNIPAM, and the KPP window in the climate conditions of Harbin, Shenyang, Shijiazhuang, Jinan, Hohhot, Zhengzhou, Hefei, Shanghai and Lanzhou, respectively.


[image: ]
[bookmark: OLE_LINK40]Fig. S14 (a−i) Monthly HVAC energy consumption of normal glass, PSLC, KCWO-PNIPAM, and the KPP window in the climate conditions of Xi’an, Qinghai, Chengdu, Chongqing, Changsha, Guangzhou, Fuzhou, Lhasa and Kunming, respectively.
[image: ]
[bookmark: OLE_LINK78]Fig. S15 Monthly HVAC energy consumption of normal glass, PSLC, KCWO-PNIPAM, and the KPP window in the climate conditions of Sanya.
[bookmark: OLE_LINK80]S8 Evaluation Criteria for Smart Window Technologies
[bookmark: _Hlk184908570]To illustrate the advantages of this study, a comprehensive comparison of electrochromic, thermochromic, and liquid crystal-based smart windows is presented from six perspectives: NOM, ASSR, AE, ΔTlum, SR, and ES. Compared to reported smart window technologies, this study demonstrates superior performance across multiple aspects, as shown in Fig. S15, with specific parameters detailed in Table S3. In summary, this research highlights the integration of optical performance and electromagnetic shielding functionality, which is of significant importance for the comprehensive application of smart windows in multifunctional fields.
Number of Optical Modes (NOM): This standard assesses the control modes of smart windows. Devices that support active control, passive control, and can achieve multi-level dynamic control are awarded 3 points, reflecting their adaptability to various environments. Devices with one control mode receive 1 point, while those with two control modes earn 2 points.
Adjustable solar spectral range (ASSR): This standard is utilized to assess the effectiveness of smart windows in managing the solar spectrum. A maximum score of three points is awarded for the ability to control the entire spectrum, including ultraviolet, visible, and near-infrared light. This score reflects the window's capability to regulate the solar spectrum comprehensively. A dual-band control capability receives 2 points, while a single-band control capability is awarded 1 point.
Adjustable Emissivity (AE): This standard assesses the radiative cooling capability of smart windows. It awards three points for successfully achieving dynamic adjustment of emissivity within the atmospheric window (8-13 μm) and assigns zero points for failing to achieve such dynamic adjustment.
Visible light transmittance variation (ΔTlum): This standard evaluates the capability of smart windows to regulate visible light. A ΔTlum(%) percentage exceeding 75 is deemed excellent, earning three points. A score of two points is awarded for a range of 65 to 75, and one point is given for a range of 55 to 65. Scores below 55 are recorded as zero points.
Switching Speed (SR): Given the importance of responsiveness for user convenience, this metric evaluates the time required for a smart window to transit between states. Fast-switching devices, operating at millisecond levels, are regarded highly with a score of 3. Devices with second-level switching speeds are scored at 1, acknowledging their slower response times. Intermediate speeds are awarded a score of 2.
Electromagnetic shielding effectiveness (ES)：This standard assesses the shielding effectiveness of smart windows against electromagnetic waves. An electromagnetic shielding (ES) efficiency greater than 30 is awarded 3 points, an ES efficiency between 10 and 30 receives 2 points, and an efficiency of less than 10 is assigned 1 point.
[bookmark: _Hlk184729747]
[bookmark: _Hlk184737980][image: ]
[bookmark: _Hlk184737998]Fig. S16 Current status analysis of multispectral smart windows
Nano-Micro Letters
EC, Electrochromic smart window; LC：Liquid crystal material system; P-LC, Polymer-liquid crystal material; TC: thermochromic smart window; TC/EC: electro- and thermochromics smart window;TESW,Transparent electromagnetic shielding window.
S18/S20
[bookmark: OLE_LINK81][bookmark: _Hlk184737898]Table S3 Typical smart windows with adjustable optical functions and microwave shielding capabilities. Symbol "-" indicates the terms that have not been concerned or targeted in the study
	[bookmark: _Hlk157773122]type of window
	Optical function manipulation
	Microwave shielding function
	Refs.

	
	Number of optical modes
	Adjustable solar spectral range
	Emissivity at atmospheric windows
	ΔTlum(%)
	Response time
Ton/toff
	Switching conditions
	Electromagnetic shielding effectiveness
(dB)
	Effective microwave shielding range(GHz)
	

	PSLC/KCWO-PNIPAM
	3
	Vis/Nir
	0.42-0.95
	78
	30ms/2.5ms
	0V-28v
35℃
	28.9
	8.0-12.5
	This
work

	EC 
	1
	Vis
	-
	68
	0.5 s/0.2 s
	-2.5 V- +2.5 V
	Not touched
	[S15]

	EC
	1
	Vis
	-
	73
	11.5 s/6 s
	-1 V- +1V
	Not touched
	[S16]

	EC
	1
	Vis
	-
	75
	6.4 s/7.2 s
	-1 V- +1V
	Not touched
	[S17]

	EC
	1
	Vis
	-
	70
	12s/6.7s
	-1 V- +1 V
	Not touched
	[S18]

	EC
	1
	Vis
	-
	74.7
	7.28s/6.4s
	-1 V- +1 V
	Not touched
	[S19]

	EC
	1
	Vis
	-
	73
	8.26s/5.3s
	-1 V- +6 V
	Not touched
	[S20]

	EC
	1
	Vis
	-
	25
	[bookmark: OLE_LINK7]22.18s/8.4s
	-1 V- +8 V
	Not touched
	[S21]

	EC
	1
	Vis 
	-
	55.9
	1. 8s/3.4s
	-1 V- +5 V
	Not touched
	[S22]

	 P-LC
	2
	[bookmark: OLE_LINK4]Vis
	-
	75
	40 ms/-
	0 V-50 V
	Not touched
	[S23]

	 P-LC
	2
	Vis/Nir
	-
	76
	55 ms/-
	0 V-55 V
	Not touched
	[S24]

	 P-LC
	2
	Vis/Nir
	-
	74
	100 ms/-
	0 V-34.2 V
	Not touched
	[S25]

	 P-LC
	2
	Vis
	-
	76
	84 ms/-
	0 V-40 V
	Not touched
	[S26]

	 P-LC
	2
	Vis
	-
	77
	1 ms/0.47 ms
	0 V-30 V
	Not touched
	[S27]

	 P-LC
	2
	Vis/Nir
	-
	79
	21 ms/6 ms
	0 V-40 V
	Not touched
	[S28]



	[bookmark: _Hlk157773136]type of window
	Optical function manipulation
	Microwave shielding function
	Refs.

	
	Number of optical modes
	Adjustable solar spectral range
	Adjustable Emissivity 
	ΔTlum(%)
	Response time
Ton/toff
	Switching conditions
	[bookmark: OLE_LINK8]Electromagnetic shielding effectiveness
(dB)
	Effective microwave shielding range(GHz)
	

	LC
	1
	Vis
	-
	~70
	-
	0 V-20 V
	Not touched
	[S29]

	LC
	1
	Vis
	-
	~70
	-
	0 V-40 V
	Not touched
	[S30]

	LC
	1
	Vis
	-
	~70
	-
	0 V-20 V
	Not touched
	[S31]

	LC
	1
	Vis
	-
	~70
	10 ms/100 ms
	0 V-112 V
	Not touched
	[S32]

	LC
	1
	Vis
	-
	~70
	6.43 ms/44.2 ms
	-
	Not touched
	[S33]

	LC
	1
	Vis
	-
	~70
	-
	0 V -12 V -40 V
	Not touched
	[S34]

	TC
	1
	Vis/Nir
	0.35-0.68
	~78
	100s
	~35℃
	Not touched
	[S35]

	TC
	1
	[bookmark: OLE_LINK5]Vis/Nir
	0.1-0.8
	~72
	100s
	~35℃
	Not touched
	[S36]

	TC
	1
	Vis/Nir
	-
	~75
	100s
	~35℃
	Not touched
	[S37]

	TC/EC
	2
	Vis/Nir
	-
	~78
	12s/6.7s
	-1 V- +1 V
	Not touched
	[S38]

	TC/EC
	2
	Vis/Nir
	-
	~78
	22.18s/8.4s
	-1 V- +5 V
	Not touched
	[S39]

	TESW
	0
	-
	Not touched
	32
	8.2-12.4
	[S40]

	TESW
	0
	-
	Not touched
	25
	8.2-12.5
	[S41]

	TESW
	0
	-
	Not touched
	37.5
	8.2-12.4
	[S42]


[bookmark: OLE_LINK1]ΔTlum, the visible light transmittance variation; EC, Electrochromic smart window; LC：Liquid crystal material system; P-LC, Polymer-liquid crystal material; TC: thermochromic smart window; TC/EC: electro- and thermochromics smart window;TESW,Transparent electromagnetic shielding window.
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