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ELECTROCHROMIC DEVICES, METHODS OF MANUFACTURING AND 

OPERATION THEREOF 

TECHNICAL FIELD  

[0001] The present invention relates to electrochromic materials, devices, methods of their 

manufacturing and methods of their operation. 

BACKGROUND 

[0002] Electrochromism is the physical phenomenon found in certain compounds, compositions or 

assemblies which can reversibly change optical properties such as color or light transmittance due to 

electric current arising with an application of a voltage called a control voltage. Electrochromism 

provides the basis for operation of various electrochromic devices, such as smart glass in the form of 

windows, mirrors and displays. Various types of optical materials and structures can be used to construct 

compositions with electrochromic properties, with the specific structures being dependent on the 

specific purpose of the electrochromic device. 

[0003] A variety of patents and patent applications disclose electrochromic materials and devices. Such 

patents and patent applications include, for example, US 2015/0353819 describes electrochromic 

compositions and devices; RU2642558C1 describes manufacturing and operation of organic 

electrochromic devices manufactured by UV-curing of polymer matrices containing organic active 

electrochromic materials; US 6262832, US 6433914, US 6445486, US 6710906, US 7031043 and US 

8294974 disclose various electrochromic materials and devices. A review article discloses all-in-one 

gel-based electrochromic devices. See Alesanco et al., Materials 2018, 11, 414, pp. 1-27. 

[0004] However, there is a continuing need for electrochromic materials, devices, methods of their 

manufacturing and methods of their operation. 

SUMMARY OF THE DISCLOSURE 

[0004a] In an aspect, the present disclosure refers to an electrochromic device (100) comprising: 

a first electrode (126a), second electrode (126b) and an electrochromic composition including one or 

more electrochromic materials; 

wherein at least one of the one or more electrochromic materials undergoes electron exchange only at 

either the first electrode or at the second electrode, 

wherein the electrochromic device (100) further comprises a selectively permeable membrane (270) 

within the electrochromic composition and disposed between the first (126a) and second electrode 

(126b), wherein the membrane (270) has a center portion and a peripheral portion, characterized in 

that the center portion has a permeability higher than that of the peripheral portion. 
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[0004b] In an example, the present disclosure refers to an electrochromic device comprising: a first 

electrode, second electrode and an electrochromic composition including one or more electrochromic 

materials; wherein at least one of the one or more electrochromic materials undergoes electron 

exchange only at either the first electrode or at the second electrode. 

[0005]  Examples of the present disclosure include electrochromic devices and components thereof and 

systems and methods for controlling electrochromic devices. Additional examples of the present 

disclosure include electrochromic materials, electrochromic compositions and electrochromic layers.  In 

certain examples of the present disclosure, the electrochromic composition and layers can be in the form 

of a gel.  The present disclosure also provides exemplary methods to fabricate electrochromic devices 

and components thereof, electrochromic compositions, layers and gels. 

[0006] Additional advantages of the present invention will become readily apparent to those skilled in 

this art from the following detailed description, wherein only the preferred embodiment of the invention 

is shown and described, simply by way of illustration of the best mode contemplated of carrying out the 
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WHAT IS CLAIMED IS: 

1. An electrochromic device (100) comprising: 

a first electrode (126a), second electrode (126b) and an electrochromic composition including 

one or more electrochromic materials; 

wherein at least one of the one or more electrochromic materials undergoes electron exchange 

only at either the first electrode or at the second electrode, 

wherein the electrochromic device (100) further comprises a selectively permeable membrane 

(270) within the electrochromic composition and disposed between the first (126a) and second 

electrode (126b), wherein the membrane (270) has a center portion and a peripheral portion, 

characterized in that the center portion has a permeability higher than that of the peripheral portion. 

 

2. The electrochromic device (100) of claim 1, wherein either or both of the first electrode (126a) 

or the second electrode (126b) comprise a semiconductor material at an interface with the 

electrochromic composition. 

 

3. The electrochromic device (100) of claim 1, wherein the first electrode (126a) includes a 

material that is different than a material of the second electrode (126b). 

 

4. The electrochromic device (100) of claim 1, wherein the electrochromic composition is 

disposed between and in contact with the first electrode (126a) and second electrode (126b) and 

configured to change light transmission from one state to another state in response to an input signal 

between the electrodes. 

 

5. The electrochromic device (100) of claim 1, wherein the electrochromic composition is 

configured to change light transmission from one state to another state in response to an input signal. 

 

6. The electrochromic device (100) of claim 1, wherein the electrochromic composition is 

configured to change visible light transmission from one state to another state in response to an input 

signal. 

 

7. The electrochromic device (100) of claim 1, wherein the electrochromic composition includes 

a cathodic compound and an anodic compound as the one or more electrochromic materials and 

wherein either or both of the first electrode (126a) or the second electrode (126b) selectively allows 
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reducing and oxidizing substantially only the cathodic compound and/or its reduced forms, while 

substantially prohibiting reduction and oxidation of the anodic compound. 

 

8. The electrochromic device (100) of claim 1, wherein the electrochromic composition includes 

a cathodic compound and an anodic compound as the one or more electrochromic materials and 

wherein either or both of the first electrode or the second electrode selectively allows reducing and 

oxidizing substantially only the anodic compound and/or its oxidized forms, while substantially 

prohibiting reduction and oxidation of the cathodic compound. 

 

9. The electrochromic device (100) of claim 1, wherein the first electrode (126a), second 

electrode (126b), and electrochromic composition define a variable transmittance layer (VTL) (120), 

and wherein the VTL (120) has electrical properties that are different in a central portion of the VTL 

(120) than in a periphery of the VTL (120). 

 

10. The electrochromic device (100) of claim 1, wherein the electrochromic composition is in the 

form of a gel. 

 

11. The electrochromic device (100) of claim 10, wherein the electrochromic layer (121) in the 

form of the gel has electrical properties that are substantially different in different areas of the gel in a 

lateral direction of the gel. 

 

12. The electrochromic device (100) of claim 1, further comprising a controller (110) to apply the 

input signal, wherein the controller (110) is electrically connected to the first and second electrodes 

(126a, 126 b) by distributed, multi-point electrical connections (112a, 112b) to minimize ohmic drops 

across the electrodes and/or wherein the controller (110) is configured to operate both electrodes at 

ion-transfer limiting conditions of the electrochromic composition. 

 




