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SOLAR CONTROL COATINGS WITH QUADRUPLE METALLIC LAYERS  

CROSS REFERENCE TO RELATED APPLICATIONS  

[0001]     This application claims priority to United States Provisional Patent 

Application No. 62/626,332, filed on February 5, 2018, which is 

incorporated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002]     This invention relates generally to solar control coatings with four 

metallic layers.   

Technical Considerations 

[0001]     Solar control coatings are known in the fields of architectural and 

vehicle transparencies.  These solar control coatings block or filter selected 

ranges of electromagnetic radiation, such as in the range of solar infrared or 

solar ultraviolet radiation, to reduce the amount of solar energy entering the 

vehicle or building.  This reduction of solar energy transmittance helps 

reduce the load on the cooling units of the vehicle or building.   

SUMMARY  

[0002]     A coating of the disclosure includes a coating over at least a portion 

of a substrate. The coating includes at least three continuous metallic layers 

and at least one discontinuous metallic layer. The discontinuous metallic 

layer increases the visible light absorption of the coating and, in 

combination with dielectric layers of appropriate thickness, can also provide 

the coated article with asymmetrical reflectance.  

[0003]     A coating of the disclosure includes a coating over at least a portion 

of a substrate. The coating includes at least four metallic layers alternating 

with at least five dielectric layers wherein at least one of the metallic layers 

comprising a discontinuous metallic layer having discontinuous metal 

regions.   
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[0004]     A coated article of the disclosure includes a substrate and a coating 

formed over at least a portion of the substrate. The coating includes a first 

dielectric layer formed over at least a portion of the substrate; a first 

metallic layer formed over at least a portion of the first dielectric layer; a 

second dielectric layer formed over at least a portion of the first metallic 

layer; a second metallic layer formed over at least a portion of the second 

dielectric layer; a third dielectric layer formed over at least a portion of the 

second metallic layer; a third metallic layer formed over at least a portion of 

the third dielectric layer; a fourth dielectric layer formed over at least a 

portion of the third metal layer; a fourth metallic layer formed over at least a 

portion of the fourth dielectric layer; a fifth dielectric layer formed over at 

least a portion of the fourth metallic layer; and an optional protective layer 

formed over at least a portion of the third metallic layer.  At least one of the 

metallic layers is a discontinuous layer. For example, the second metallic 

layer or the third metallic layer can be a discontinuous layer. 

[0004a]  In one aspect, the disclosure relates to a coated article having a 

tinted appearance in reflection and/or transmission, comprising: 

a substrate; 

a first dielectric layer having a thickness in the range of 300 to 525 Å 

over at least a portion of the substrate; 

a first metallic layer having a thickness in the range of 60 to 150 Å 

over at least a portion of the first dielectric layer; 

a first primer layer having a thickness in the range of 15 to 45 Å over 

at least a portion of the first metallic layer; 

a second dielectric layer having a thickness in the range of 400 to 

1,000 Å over at least a portion of the first primer layer; 

a second metallic layer having a thickness in the range of 70 to 250 Å 

over at least a portion of the second dielectric layer; 
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a second primer layer having a thickness in the range of 15 to 45 Å 

over at least a portion of the second metallic layer; 

a third dielectric layer having a thickness in the range of 100 to 600 Å 

over at least a portion of the second primer layer; 

a third metallic layer having a thickness in the range of 10 to 25 Å 

over at least a portion of the third dielectric layer; 

a third primer layer having a thickness in the range of 15 to 45 Å over 

at least a portion of the third metallic layer; 

a fourth dielectric layer having a thickness in the range of 250 to 700 

Å over at least a portion of the third primer layer; 

a fourth metallic layer having a thickness in the range of 60 to 275 Å 

over at least a portion of the fourth dielectric layer;  

a fourth primer layer having a thickness in the range of 15 to 45 Å 

over at least a portion of the fourth metallic layer; 

a fifth dielectric layer having a thickness in the range of 175 to 450 Å 

over at least a portion of the fourth primer layer; and 

an overcoat having a thickness in the range of 30 to 60 Å over at least 

a portion of the fifth dielectric layer, 

wherein the third metallic layer is a discontinuous layer, and 

wherein the article comprises a visible light transmittance (LTA) between 30 

and 45; a solar heat gain coefficient (SHGC) of 0.22 or less; and a light to 

solar gain ratio (LSG) between 1.50 and 2.50. 

[0005]     An additional coated article includes a substrate and a coating stack 

over at least a portion of the substrate.  The coating includes a first 

dielectric layer formed over at least a portion of the substrate. The first 

dielectric layer comprises a first film and a second film over the first film. A 
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first metallic layer is positioned over the first dielectric layer. An optional 

first primer layer is positioned over the first metallic layer. A second 

dielectric layer is positioned over the optional first primer layer or the first 

metallic layer. The second dielectric layer comprises a first film and a 

second film over the first film. Optionally a third film is positioned over the 

second film. A second metallic layer is positioned over the second dielectric 

layer. A third dielectric layer is positioned over the second metallic layer. 

The third dielectric layer comprises a first film and a second film over the 

first film. Optionally, a third film (of the third dielectric layer) can be 

positioned over the second film. A third metallic layer is positioned over the 

third dielectric layer. A fourth dielectric layer comprising first film and a 

second film over the first film is positioned over the third metallic layer. 

Optionally, a third  
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film (of the fourth dielectric layer) can be positioned over the second film. A 

fourth metallic layer is positioned over the fourth dielectric layer. An 

optional fourth primer layer is positioned over the fourth metallic layer. A 

fifth dielectric layer comprising a first film and a second film positioned over 

the first film is positioned over the fourth metallic layer. At least one of the 

metallic layers is a discontinuous layer having discontinuous metallic 

regions. For example, the second metallic layer or the third metallic layer is 

a discontinuous layer having discontinuous metallic regions. 

[0006]     A method of making a coated article including providing a substrate. 

A first dielectric layer is applied over at least a portion of the substrate. A 

first metallic layer is applied over at least a portion of the first dielectric 

layer. An optional first primer layer is applied over at least a portion of the 

first metallic layer. A second dielectric layer is applied over at least a portion 

of the optional first primer layer or the first metallic layer. A second metallic 

layer is applied over at least a portion of the second dielectric layer. A third 

dielectric layer is applied over at least a portion of the optional second 

primer layer or the second metallic layer. A third metallic layer is applied 

over at least a portion of the third dielectric layer. A fourth dielectric layer is 

applied over at least a portion of the optional third primer layer or the third 

metallic layer. A fourth metallic layer is applied over at least a portion of the 

fourth dielectric layer. A fifth dielectric layer is applied over at least a 

portion of the optional fourth primer layer or the fourth metallic layer. At 

least one of the metallic layers is a discontinuous layer having 

discontinuous metallic regions. For example, the second metallic layer or 

the third metallic layer is a subcritical metallic layer having discontinuous 

metallic regions. The optional primer immediately over the discontinuous 

layer can be absent. 

[0007]     Another example of the disclosure is an architectural transparency. 

The transparency has a first ply having a number 1 surface and a number 2 

surface and a second ply having a number 3 surface and a number 4 

surface. A coating, as described herein, is positioned over at least a portion 

of the number 2 surface or the number 3 surface. 
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[0008]     Another example of the disclosure is a method of making an 

architectural transparency. The method includes providing a first ply having 

a number 1 surface and a number 2 surface, and a second ply having a 

number 3 surface and a number 4 surface. Either the number 2 surface of 

the first ply or the number 3 surface of the second ply have a coating as 

described herein. The first ply and the second ply are assembled so that the 

number 2 surface faces the number three surface and that there is a space 

between the number 2 surface and the number 3 surface. The space is filled 

with a gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009]     The invention will be described with reference to the following 

drawing figures wherein like reference numbers identify like parts 

throughout. 

[0010]     Fig. 1 is a side view (not to scale) of an insulating glass unit (IGU) 

having a coating of the invention; 

[0011]     Fig. 2 is a side, sectional view (not to scale) of a subcritical metal 

layer with a primer layer; 

[0012]     Fig. 3 is a side, sectional view (not to scale) of a further coating of 

the invention.  

[0013]     Fig. 4 is a sectional view (not to scale) of a coating of the invention. 

[0014]     Fig. 5 is a sectional view (not to scale) of the coating of the 

invention. 

[0015]     Fig. 6 is a sectional view (not to scale) of the coating of the 

invention. 

[0016]     Fig. 7 is a sectional view (not to scale) of the coating of the 

invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0017]     As used herein, spatial or directional terms, such as “left”, “right”, 

“inner”, “outer”, “above”, “below”, and the like, relate to the invention as it is 

shown in the drawing figures.  However, it is to be understood that the 

invention can assume various alternative orientations and, accordingly, 

such terms are not to be considered as limiting.  Further, as used herein, all 
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herein, the term “film” refers to a coating region of a desired or selected 

coating composition.  A “layer” can comprise one or more “films”, and a 

“coating” or “coating stack” can comprise one or more “layers”.  The term 

"asymmetrical reflectivity" means that the visible light reflectance of the 

coating from one side is different than that of the coating from the opposite 

side.  The term "critical thickness" means a thickness above which a coating 

material forms a continuous, uninterrupted layer and below which the 

coating material forms discontinuous regions or islands of the coating 

material rather than a continuous layer.  The term "subcritical thickness" 

means a thickness below the critical thickness such that the coating 

material forms isolated, non-connected regions of the coating material.  The 

term "islanded" means that the coating material is not a continuous layer 

but, rather, that the material is deposited to form isolated regions or 

islands. The term “LTA” means visible light transmittance. 

[0018]     For purposes of the following discussion, the invention will be 

discussed with reference to use with an architectural transparency, such as, 

but not limited to, an insulating glass unit (IGU).  As used herein, the term 

“architectural transparency” refers to any transparency located on a 

building, such as, but not limited to, windows and sky lights.  However, it is 

to be understood that the invention is not limited to use with such 

architectural transparencies but could be practiced with transparencies in 

any desired field, such as, but not limited to, laminated or non-laminated 

residential and/or commercial windows, insulating glass units, and/or 

transparencies for land, air, space, above water and underwater vehicles.  

Therefore, it is to be understood that the specifically disclosed exemplary 

embodiments are presented simply to explain the general concepts of the 

invention, and that the invention is not limited to these specific exemplary 

embodiments.  Additionally, while a typical “transparency” can have 

sufficient visible light transmission such that materials can be viewed 

through the transparency, in the practice of the invention, the 

“transparency” need not be transparent to visible light but may be 

translucent or opaque.      
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WHAT IS CLAIMED IS: 

 

1. A coated article having a tinted appearance in reflection and/or 

transmission, comprising: 

 a substrate; 

 a first dielectric layer having a thickness in the range of 300 to 525 Å 

over at least a portion of the substrate; 

a first metallic layer having a thickness in the range of 60 to 150 Å 

over at least a portion of the first dielectric layer; 

a first primer layer having a thickness in the range of 15 to 45 Å over 

at least a portion of the first metallic layer; 

a second dielectric layer having a thickness in the range of 400 to 

1,000 Å over at least a portion of the first primer layer; 

a second metallic layer having a thickness in the range of 70 to 250 Å 

over at least a portion of the second dielectric layer; 

a second primer layer having a thickness in the range of 15 to 45 Å 

over at least a portion of the second metallic layer; 

a third dielectric layer having a thickness in the range of 100 to 600 Å 

over at least a portion of the second primer layer; 

a third metallic layer having a thickness in the range of 10 to 25 Å 

over at least a portion of the third dielectric layer; 

a third primer layer having a thickness in the range of 15 to 45 Å over 

at least a portion of the third metallic layer; 

a fourth dielectric layer having a thickness in the range of 250 to 700 

Å over at least a portion of the third primer layer; 
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a fourth metallic layer having a thickness in the range of 60 to 275 Å 

over at least a portion of the fourth dielectric layer;  

a fourth primer layer having a thickness in the range of 15 to 45 Å 

over at least a portion of the fourth metallic layer;  

a fifth dielectric layer having a thickness in the range of 175 to 450 Å 

over at least a portion of the fourth primer layer; and 

an overcoat having a thickness in the range of 30 to 60 Å over at least 

a portion of the fifth dielectric layer, 

wherein the third metallic layer is a discontinuous layer, and 

wherein the article comprises a visible light transmittance (LTA) 

between 30 and 45; a solar heat gain coefficient (SHGC) of 0.22 or 

less; and a light to solar gain ratio (LSG) between 1.50 and 2.50. 

 

2. The article of claim 1, wherein the first primer layer, second primer 

layer, third primer layer and/or fourth primer layer is selected from 

titanium, silicon-aluminum alloys, nickel alloys, alloys containing 

nickel and chromium, cobalt alloys, alloys containing cobalt and 

chromium, copper, aluminum, silicon, nickel-chromium alloy, 

zirconium, mixtures thereof, and alloys thereof. 

 

3. The article of claim 1 or 2 wherein the first primer layer, second 

primer layer, third primer layer and/or fourth primer layer is 

deposited as a metal and subsequently oxidized. 

 

4. The article of any of the claims 1-3, wherein the discontinuous layer 

comprises silver or copper. 
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5. The article of any of the claims 1-4, wherein the second dielectric 

layer, or the third dielectric layer comprises a zinc oxide layer, and a 

zinc stannate layer over the zinc oxide layer. 

 

6. The article of any of the claims 1-5 wherein the third metallic layer 

has a thickness of less than 20 Å. 

 

7. The article of any of the claims 1-6 wherein the article comprises only 

one discontinuous layer. 

 

8. The article of claim 1 comprising a solar heat gain coefficient (SHGC) 

of between 0.170 and 0.200; and a light to solar gain ratio (LSG) 

between 1.70 and 2.25; more preferably between 1.75 and 2.15; most 

preferably between 1.82 and 2.05. 

 

 


