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OBJECTIVE 
 

The overall objective of the IN-LIGHT project is to develop a new concept of bifunctional 

smart aircraft window combining two technologies: Electrochromism and TOLED lighting. 

× Electrochromic technology will allow the passenger to control at will the amount of sun-

light coming through the window, switching from a colourless transparent state to a deeply 

coloured transparent state.  

× A TOLED lighting system, also controllable by the passenger, will be integrated in the 

window in the shape of small designs. 

The new smart aircraft window to be developed within the 

IN-LIGHT project will add significant value to conventional 

windows and will contribute to the passenger comfort 

enabling a tailored cabin environment regarding heat 

and light transmittance as well as ambient lighting 

according to passenger preferences.  

 



Electrochromism is a phenomenon displayed by some materials of reversibly changing 

color when a direct current voltage is applied. The Electrochromism occurs due to the 

electrochemical redox reactions that take place in electrochromic materials. 

Various types of materials and structures can be used to construct electrochromic 

devices, depending on the specific applications.  

Applications 

Smart windows for energy saving 

in buildings 

Anti-glare rear-view mirrors 

Variable-transmittance flters/lenses 
Sun-roofs 

Smart  aircraft 

windows 

Displays 



OLEDs (organic light-emitting diodes) are light-emitting diodes (LED) in which the 

emissive electroluminescent layer is a film of organic compound which emits light in 

response to an electric current.  

Transparent OLEDs (TOLEDs) use only transparent or semi-transparent components 

(substrate, cathode and anode) on both sides of the device, allowing light to pass in both 

directions. 

Displays on mirrors  Transparent screens, TV 

Lighting 



Window 

integrated 

lighting for the 

cabin  

General objective 



Specific technical objectives 

ü Preparation of TOLED stack with altogether five 

functional layers (ANODE-HIL-ELM-ETL-

CATHODE) manufactured with high-throughput 

wet and/or vacuum deposition technologies and 

reaching an overall transparency > 65%. 

ü Creation of high performance TCO sheets 

(alternative to ITO) with low resistivity onto plastic 

substrates to ensure fast and homogeneous 

lighting. 

ü Scaling-up (large light surface) 

ü Development of highly transparent electrochromic 

nanostructured coatings through low temperature 

processes (< 120oC) onto the conducting plastic 

substrates. 

ü Development of suitable high transparent solid 

electrolytes with high ionic conductivity and optimal 

adhesion. 

ü Creation of basecoats and high performance TCO 

sheets (alternative to ITO) with low resistivity onto 

plastic substrates to ensure fast and homogeneous 

coloration/bleaching, mainly in large-area devices. 

ü Scaling-up (final size 30x40cm2) 
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Main achievements 

ü Objective: Development of highly transparent electrochromic nanostructured coatings 

through low temperature processes (< 120oC) onto the conducting plastic substrates. 

High temperature-processed (>450ºC) 

glass EC small windows (up to 10x10cm2) 

[and displays 

Low temperature-processed (< 200ºC), 

white background type plastic displays 

NanochromicsTM 

*NTERA Limited IP currently transferred to CROSS ATLANTIC CAPITAL PARTNERS (USA) 

ÁHigh temperature 

processing (glass) 

Á Transparent 

ÁLow temperature 

processing 

(plastic) 

Á Non-transparent NanochromicsTM 

Å Conventional methods for the preparation of 

semiconducting TiO2 nanostructured films 

involve high temperature treatments (> 400oC), 

which are not compatible with the use of plastic 

substrates.  

Å The critical point is to achieve layers with 

adequate conductivity and high active 

surface area suitable for the anchoring of 

electrochromic molecules, avoiding high 

temperature processes.  



Main achievements 

ü Objective: Development of highly transparent electrochromic nanostructured coatings 

through low temperature processes (< 120oC) onto the conducting plastic substrates. 

Achievements: 

V Novel and successful production of transparent TiO2 films, avoiding high temperature 

processes, suitable for the anchoring of electrochromic molecules and the subsequent 

fabrication of EC devices on plastic substrates. 

V Synthesis of an electrochromic compound that enables the fabrication of colourless-to-

blue EC devices on plastic substrates, by modifying the above-mentioned TiO2 layers. 

Glass 
Plastic 

9% light transmittance in the colored state 

(target: 2%) 



Main achievements 

ü Objective: Development of highly transparent electrochromic nanostructured coatings 

through low temperature processes (< 120oC) onto the conducting plastic substrates. 

Achievements: 

V Enhancement of the EC devices performance by optimizing, through a systematic study, 

the most influencing parameters such as the thickness and porosity of the TiO2 films, the 

content of complementary redox species and the grafting time of the electrochromic 

molecules on the TiO2 nanoparticles surface. 

V Development of a new procedure for the preparation of EC nanoparticles and films, that 

provides an excellent performance, while being easier to scale-up and less expensive than 

other traditional methods. 



Specific technical objectives 

ü Preparation of TOLED stack with altogether five 

functional layers (ANODE-HIL-ELM-ETL-

CATHODE) manufactured with high-throughput 

wet and/or vacuum deposition technologies and 

reaching an overall transparency > 65%. 

ü Creation of high performance TCO sheets 

(alternative to ITO) with low resistivity onto plastic 

substrates to ensure fast and homogeneous 

lighting. 

ü Scaling-up (large light surface) 

ü Development of highly transparent electrochromic 

nanostructured coatings through low temperature 

processes (< 120oC) onto the conducting plastic 

substrates. 

ü Development of suitable high transparent solid 

electrolytes with high ionic conductivity and optimal 

adhesion. 

ü Creation of basecoats and high performance TCO 

sheets (alternative to ITO) with low resistivity onto 

plastic substrates to ensure fast and homogeneous 

coloration/bleaching, mainly in large-area devices. 

ü Scaling-up (final size 30x40cm2) 

 



Main achievements 

ü Objective: Development of suitable high transparent solid electrolytes with high ionic 

conductivity and optimal adhesion. 

Achievement: 

 
V Development of a transparent solid electrolyte accomplishing the above-mentioned 

characteristics, enabling the assembly of all-solid flexible electrochromic devices. 

Despite their extensive use, liquid electrolytes are not exempted from several 

disadvantages, such as solvent leaking, presence of bubbles or complicated 

industrialization due to solvent-related safety issues. 

 

Solid electrolytes are not fully transparent. Unlike batteries, all components in the 

electrochromic devices are visible => highly transparent solid electrolyte is required.  
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Main achievements 

ü Objective: Preparation of TOLED stack with altogether five functional layers (ANODE-

HIL-ELM-ETL-CATHODE) manufactured with high-throughput wet and/or vacuum 

deposition technologies and reaching an overall transparency > 65%. 

Achievement:  

Production of a TOLED stack by printing methods with very high transmittance 

 (75% at 550nm) 
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Main achievements 

Achievement:  

Highly transparent (83% of transmittance in the visible range) aluminium-doped zinc oxide 

(AZO) layers with very low resistivity (31 ohm/sq) have been developed on flexible plastic 

substrates (beyond currently commercially available transparent conductors on plastic 

substrates) 

Objective: Creation of high performance TCO sheets (alternative to ITO) with low 

resistivity onto plastic substrates 

Indium Tin Oxide (ITO) drawbacks: 

Indium is becoming a scarce and expensive resource 

Brittleness (device failure due to ITO cracking when ITO-coated flexible substrates are bent) 

The new AZO coated-substrates are: 

ü Compatible with the TOLED system 

ü Compatible with the EC system only if a TiO2 protective layer is applied. 
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Main achievements 

Achievements: 

V Preparation of nanostructured TiO2 films on flexible ITO/PET substrate in a R2R pilot 

coater. 

V Production of all-solid flexible EC devices 30x40cm2-sized 

ü Objective: Scaling-up of EC devices (final size 30x40cm2) 
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Main achievements 

Achievements: 

V Development of a method based on R2R 

assembly of gravure-printed layers to create 

patterned and flexible light-emitting surfaces, 

enabling significantly larger light areas and 

expanding the usage possibilities of the 

technology. This type of light-emitting plastic film 

and processing in ambient atmosphere has not 

been created before on this scale. 

ü Objective: Scaling-up of TOLED devices (large light surface) 

© VTT 

© VTT 

V Production of a pilot printed TOLED 

stack 190 m long by the above-

mentioned method: Interconnected 

module with four directly 

interconnected devices:  

 Luminance 100 cd/m2 at 43 V, 

 max. luminance 216 cd/m2 at 56 V. 

 Transparency: 72%  


