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SUBSTRATE COATED WITH THERMALLY TREATABLE LOW-E LAYER

TECHNICAL FIELD

The present invention relates to a low-emission (low-e) coating used as thermal insulation

glass and which transmits daylight and of which the thermal treatment resistance is high and

which has infrared reflective layers therein.

PRIOR ART

One of the actors which change the optical properties of glasses is the coating application

applied on glass surface. One of the coating applications is the magnetic field supported

sputtering method in the vacuum medium . It is a frequently applied method in production of

architectural coatings which have particularly low-e characteristic. By means of said method,

the transmittance and reflection values of the coated glasses in the visible, close infrared and

infrared region can be obtained at the targeted levels.

Besides the transmittance and reflection values, selectivity is an important parameter in

coated glasses. Selectivity is defined as the ratio of visible region transmittance value to the

solar factor in ISO 9050 (2003) standard. The selectivity values of the coatings can be kept

at the targeted levels by means of the number of Ag layers thereof, the coring layer type

used, and the parametric optimizations of the layers.

In the patent with publication number US7901 781 B2, a low-e coated glass is disclosed

which is mechanically and chemically stable and which can be tempered or of which the

thermal resistance is high . The arrangement of the low-e layer, which is the subject matter of

said patent, has two silvers, and on the silver arrangements, both oxide form and the metal

form of NiCr are positioned one above the other respectively.

The low-e coating, given in the patent with publication number WO201 4 16041 4 A 1 ,

comprises a first and a second intermediate layer positioned between two reflective layers.

Said first intermediate layer comprises zinc tin oxide and the second intermediate layer

comprises zinc aluminum oxide. The layer thickness of the first intermediate layer and the

second intermediate layer is between 40 nm and 90 nm .



BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to a low-e coated glass, for bringing new advantages to the

related technical field.

The main object of the present invention is to provide a low-e coated glass of which the

angular color change is reduced and where thermal treatment is applicable.

Another object of the present invention is to provide a low-e coated glass where the infrared

reflective layers are prevented from being affected by the crystal structure of the adjacent

layers.

Another object of the present invention is to provide a low-e coated glass having a structure

which will support prevention of the discontinuity of the infrared reflective layers in thermal

treatment.

In order to realize all of the abovementioned objects and the objects which are to be

deducted from the detailed description below, the present invention is a low-e coated glass

which can be treated thermally and developed by means of accumulating onto each other on

a substrate, particularly on a glass substrate and comprising pluralities of thin films having:

• a first dielectric layer comprising Si N with a thickness between 15 nm - 22 nm

provided in a manner directly contacting onto the substrate;

• a first infrared reflective layer with a thickness between 8 nm - 15 nm positioned on

said first dielectric layer;

· a first barrier layer with a thickness between 1 nm - 2.4 nm positioned on said first

infrared layer;

• a second infrared reflective layer with a thickness between 8 nm - 15 nm positioned

on said first barrier layer and an upper dielectric structure with a thickness between

35 nm - 50 nm positioned at the continuation thereof.

Accordingly, said invention is characterized in that

• said low-e coating comprises a first coring structure having a thickness between 18

nm - 25 nm which directly contacts with the first infrared reflective layer and

positioned between the first dielectric layer and the first infrared reflective layer;

• an intermediate dielectric structure with a total thickness between 80 nm - 100 nm

having at least one dielectric layer and which is positioned under the second infrared

layer in a manner directly contacting thereto and which provides reaching of the glass,

whereon it is coated, to the targeted performance values and



• reflection a* and b* color values of the low-e coated glass on the glass side are at 60s

and lower angle and the change depending on the angled view is lower than 3 points

and in the negative region when compared with orthogonal view. Thus, by means of

the layer arrangement with the abovementioned thickness, glass of which the angular

color change is low can be obtained.

In a preferred embodiment of the invention, said intermediate dielectric structure provided in

the low-e coating has a second coring layer having a thickness between 20 nm and 30 nm .

In another preferred embodiment of the invention , said second coring layer provided in the

low-e coating comprises at least one of NiCr, NiCrO , TiO , ZnAIO , ZnO .

In another preferred embodiment of the invention, said intermediate dielectric structure

provided in the low-e coating comprises a second dielectric layer with a thickness between

20 nm - 35 nm selected from Si N , TiN , ZrN , ZnSnO , ZnAIO , SiO N , TiO , ZnO and a

third dielectric layer with a thickness between 32 nm - 47 nm.

In a preferred embodiment of the invention, in the low-e coating, said second dielectric layer

and said third dielectric layer directly contact each other.

In another preferred embodiment of the invention , in the low-e coating, a surface of the third

dielectric layer contacts the second coring layer.

In another preferred embodiment of the invention , the third dielectric layer provided in the

low-e coating has an amorphous structure. Thus, the probability of affecting the

crystallization of the structure of the second coring layer and formation of undesired residue

stress are reduced. Thus, contribution is provided to the growth of the second infrared layer

in the required crystallographic orientation.

In a preferred embodiment of the invention , in the low-e coating, said second coring layer

directly contacts the second infrared layer.

In another preferred embodiment of the invention , in the low-e coating, said first coring layer

comprises at least one of NiCr, NiCrO , TiO , ZnAIO , ZnO .

In another preferred embodiment of the invention, said first coring structure, provided in the

low-e coating, comprises ZnAIOx layer with a thickness between 18 nm and 25 nm .



In another preferred embodiment of the invention, said first coring structure, provided in the

low-e coating, comprises at least two of NiCr, NiCrO , TiO , ZnAIO , ZnO .

In another preferred embodiment of the invention, said first coring structure provided in the

low-e coating comprises absorbent layer with a thickness between 0.5 nm and 1.5 nm which

is in direct contact to a surface of the first infrared layer.

In another preferred embodiment of the invention, the upper dielectric structure comprises an

upper dielectric layer comprising SiN O with a thickness between 20 nm and 35 nm and a

fourth dielectric layer comprising ZnAIOx with a thickness between 10 nm and 25 nm

positioned under said upper dielectric layer and which prevents delam ination.

BRIEF DESCRIPTION OF THE FIGURES

In Figure 1, a general view of the low-e layer arrangement is given.

In Figure 2 , a general view of the low-e layer arrangement in the alternative embodiment is

given.

REFERENCE NUMBERS

10 Glass

20 Low-e coating

2 1 First dielectric layer

22 First coring structure

221 First coring layer

222 Absorbent layer

23 First infrared reflective layer

24 First barrier layer

25 Intermediate dielectric structure

251 Second dielectric layer

252 Third dielectric layer

253 Second coring layer

26 Second infrared reflective layer

27 Upper dielectric structure

271 Second barrier layer



272 Fourth dielectric layer

273 Upper dielectric layer

DETAILED DESCRIPTION OF THE INVENTION

In this detailed description, the subject matter low-e coated (20) glass ( 10) is explained with

references to examples without forming any restrictive effect only in order to make the

subject more understandable.

Production of low-e coated (20) glasses ( 1 0) related to architecture and automotive is

realized by means of "sputtering" method. The subject matter invention essentially relates to

double silvered low-e coated (20) glasses ( 10) and the ingredient and application of said low-

e coating (20) of which the thermal treatment resistance is high and used as thermal

insulation glass ( 10) and which transmits daylight.

In the subject matter invention , a low-e coating (20) is developed comprising pluralities of

metal , metal oxide and metal nitride/oxy-nitride layers positioned on the glass ( 1 0) surface by

using sputtering method in order to obtain a low-e coated (20) glass ( 10) designed for

obtaining an acceptable angular color change and which is thermally treatable and which has

intermediate level of visible light transmittance in order to be applied onto the surface of a

glass ( 10). Said layers are accumulated onto each other in vacuum medium. As the thermal

process, at least one and/or a number of tempering, partial tempering, annealing and

bending processes can be used together. The subject matter low-e coated (20) glass ( 10)

can be used as architectural and automotive glass ( 1 0).

In order develop ideal low-e coating (20) arrangement which is thermally treatable in terms of

production easiness and optical properties, the below mentioned data are detected as a

result of experimental studies.

In the subject matter low-e coating (20), there is a first infrared reflective layer (23) and a

second infrared reflective layer (26) which transmits the visible region at the targeted level

and which provides reflection (less transmittance) of thermal emission in the infrared

spectrum . Ag layer is used as the first infrared reflective layer (23) and the second infrared

reflective layer (26), and the thermal emission of Ag layer is low.



In the subject matter low-e coated (20) glass ( 1 0), calculative methods are used through

optical constants obtained from single layer measurements where the refraction indices of all

layers are taken. Said refraction indices are the refraction index data at 550 nm .

A first dielectric layer (21 ) is used as the lowermost layer which will contact the glass ( 1 0) in

the subject matter coating. Said first dielectric layer (21 ) comprises at least one of Si N ,

S iO N ZnSnO , TiO , TiN , ZrN layers. In the preferred application, Si N layer is used as

the first dielectric layer (21 ) . Si N layer, which is the first dielectric layer (21 ) , acts as a

diffusion barrier, and the Si N layer serves to prevent alkali ion migration which becomes

easy at high temperature. Thus, Si N layer, which is the first dielectric layer (21 ) , supports

the resistance of the coating (20) against the thermal treatment processes. The change

interval of SixN layer, which is the first dielectric layer (21 ) , is between 2.00 and 2 .10 for the

refractive index. In the preferred structure, the change interval of Si N layer, which is the first

dielectric layer (21 ) , is between 2.02 and 2.08 for the refractive index.

The thickness of the Si N layer, which is the first dielectric layer (21 ) , is between 10 nm and

30 nm . In the preferred application , the thickness of the Si N layer is between 15 nm and 22

nm. In the more preferred application , the thickness of the Si N layer is between 18 and 2 1

nm.

At least one first coring structure (22) is positioned between the Si N layer, which is the first

dielectric layer (21 ) , and the Ag layer which is the first infrared reflective layer (23).

Preferably the first coring structure (22) directly contacts the Si N layer which is the first

dielectric layer (21 ) . The first coring structure (22) comprises at least one of NiCr, NiCrO ,

TiO , ZnAIO , ZnO . The first coring structure (22) comprises at least one first coring layer

(221 ) . One of NiCr, NiCrO , TiO , ZnAIO , ZnO s used as said first coring layer (221 ) . In the

preferred application, ZnAIO is used as the first coring layer (221 ) .

In another embodiment of the present invention, as the first coring layer (221 ) , ZnAIO layer

(221 ) and an absorbent layer (222) are used together. In the preferred embodiment, the

absorbent layer (222) comprises NiCr. As the first coring structure (22), in case the

absorbent layer (222) is also used together with the first coring layer (221 ) , the thickness of

the absorbent layer (222) is between 0.5 nm and 1.5 nm. In the preferred application, in case

the absorbent layer (222) is used together with the first coring layer (221 ) in the first coring

structure (22), its thickness is between 0.9 nm and 1.2 nm .



In case preferably metallic NiCr is used as the absorbent layer (222) in the coring structure

(22) , the adhesion characteristics of the Ag layer which is the first infrared reflective layer

(23) are improved and it supports improving of the resistance of the coating (20) .

The thickness of the first coring layer (221 ) is between 15 nm and 25 nm . In the preferred

application, the thickness of the first coring layer (221 ) is between 18 nm and 23 nm. In a

more preferred application, the thickness of the first coring layer (221 ) is between 19 nm and

22 nm . The first coring structure (22) totally has a thickness between 15 nm and 28 nm . In an

application of the present invention , the first coring structure (22) totally has a thickness

between 18 nm and 25 nm. Preferably the first coring structure (22) totally has a thickness

between 20 nm and 24 nm.

There is an intermediate dielectric structure (25) positioned between the first infrared

reflective layer (23) and the second infrared reflective layer (26) and which separates the first

infrared reflective layer (23) and the second infrared reflective layer (26) from each other and

which provides reaching of the low-e layer (20) arrangement to the targeted performance.

Said intermediate dielectric structure (25) comprises at least one dielectric layer. In an

application of the present invention, the intermediate dielectric structure (25) comprises at

least one second coring layer (253) positioned in the vicinity of the dielectric layer together

with at least one dielectric layer. The second coring layer (253) comprises at least one of

NiCr, NiCrOx, TiO , ZnAIO , ZnO . Preferably ZnAIO is used as the second coring layer

(253). In the preferred application of the present invention, the intermediate layer structure

(25) comprises at least two dielectric layers selected from Si N , TiN , ZrN , ZnSnO , ZnAIO ,

SiO N , TiO , ZnO . The two selected dielectric layers contact each other. The intermediate

dielectric structure (25) comprises a second dielectric layer (251 ) ; a third dielectric layer

(252) and second coring layer (253). The intermediate dielectric structure (25) is positioned

in a manner directly contacting the Ag layer which is the second infrared reflective layer (26).

In the preferred embodiment of the present invention, ZnAIO is used as the second dielectric

layer (251 ) and Si N is used as the third dielectric layer (252).

The thicknesses and structures of dielectric layers of said intermediate dielectric structure

(25) are optimized separately, and the glass ( 10) side and the coating side create greater

number of options in obtaining the values targeted for the reflection and color values. The

sandwich form of the intermediate dielectric structure (25) provides optimization of the

reflection and color values, and moreover, it is required for improving the opto-electronic

characteristics of the Ag layer which is the second infrared reflective layer (26).



In other words;

In case the intermediate dielectric structure (25) is formed by a single and thick layer, the

probability of the intermediate dielectric structure (25), aimed to be amorphous, showing a

crystalline structure partially and/or completely by means of the effect of the thermal

treatment is increased. While the layer, used as coring and which is in direct contact with Ag

which is the second infrared reflective layer (26), grows on the layer which contacts the other

surface thereof, it is preferred that this layer has an amorphous structure in order for the

layer not to be affected by the crystallization in an unfavorable manner. In the invention , Ag

layer which is the second infrared reflective layer (26) and ZnAIO which is the second coring

layer (253) are in direct contact. Si N , which is the third dielectric layer (252) and which has

an amorphous structure, contacts the other surface of ZnAIO which is the second coring

layer (253). Thus, a problem of incompliancy of the crystalline and thus, the risk of affecting

the crystallization of the second coring layer (253) structure and the risk of formation of

undesired residue stress can be reduced. The sensitivity in the second coring layer (253)

provides growing of the second infrared layer (26) in the required crystallographic orientation.

The intermediate dielectric structure (25) has a total thickness between 75 nm and 105 nm.

In the preferred application, the intermediate dielectric structure (25) has a total thickness

between 80 nm and 100 nm . More preferably, the intermediate dielectric structure (25) has a

total thickness between 88 nm and 98 nm .

An upper dielectric structure (27) is positioned on the second infrared reflective layer (26) .

Said upper dielectric structure (27) comprises a second barrier layer (271 ) positioned in the

vicinity of the Ag layer which is the second infrared reflective layer (26) ; a fourth dielectric

layer (272) and an upper dielectric layer (273) . The fourth dielectric layer (272) comprises at

least one of ZnSnOx, ZnAIOx, SiOxNy, SiOx, SixNy, TiOx, ZnOx. In the preferred

application, ZnAIO is used as the fourth dielectric layer (272). The thickness of the ZnAIO

layer which is the fourth dielectric layer (272) is between 10 nm and 25 nm. In the preferred

application, the thickness of the ZnAIO layer which is the fourth dielectric layer (272) is

between 13 nm and 20 nm. In the more preferred application, the thickness of the ZnAIO

layer which is the fourth dielectric layer (272) is between 15 nm and 18 nm. The total

thickness of the upper dielectric structure (27) comprising at least three layers coated onto

each other is 35 nm and 50 nm . Preferably, the total thickness of the upper dielectric

structure (27) is between 38 nm and 48 nm .

The thickness of the ZnAIO layer which is the second dielectric layer (251 ) provided in the

intermediate dielectric structure (25) is between 20 nm and 35 nm. In the preferred



application, the thickness of the ZnAIO layer which is the second dielectric layer (251 ) is

between 23 nm and 3 1 nm. In the more preferred application, the thickness of the ZnAIO

layer which is the second dielectric layer (251 ) is between 26 nm and 29 nm. The refraction

index range for ZnAIO used as the first coring layer (221 ) , the second dielectric layer (251 ) ,

the second coring layer (253) and the fourth dielectric layer (272) is between 1.98 and 2.08.

In the preferred embodiment, the refraction index range for ZnAIO used as the first coring

layer (221 ) , the second dielectric layer (251 ) , the second coring layer (253) and the fourth

dielectric layer (272) is between 2.0 and 2.06.

At least one of the layers Si N , TiN , ZrN is used as said third dielectric layer (252). In the

preferred application, Si N layer is used as the third dielectric layer (252) . The thickness of

the S i Ny layer which is the third dielectric layer (252) is between 32 nm and 47 nm . In the

preferred application, the thickness of the Si N layer which is the third dielectric layer (252)

is between 35 nm and 45 nm. In the more preferred application, the thickness of the Si N

layer which is the third dielectric layer (252) is between 37 nm and 4 1 nm.

The thickness of the ZnAIO layer which is the second coring layer (253) is between 20 nm

and 30 nm . In the preferred application, the thickness of the ZnAIO x layer which is the second

coring layer (253) is between 2 1 nm and 28 nm. In the more preferred application , the

thickness of the ZnAIO x layer which is the second coring layer (253) is between 23 nm and

27 nm .

In order to obtain transmittance and reflection values aimed for the low-e coated (20)

products regarding the subject matter architectural use, the thicknesses of the first infrared

reflective layer (23) and the second infrared reflective layer (26) are between 7 nm and 17

nm. In the preferred application, the thicknesses of the first infrared reflective layer (23) and

the second infrared reflective layer (26) are between 8 nm and 15 nm . More specifically, in

order to obtain the targeted performance value and in order to obtain low inner and outer

reflection values in the visible region and the desired color properties, the thicknesses of the

first infrared reflective layer (23) and the second infrared reflective layer (26) are between 10

nm and 12 nm. In order to reach the targeted selectivity and optical performance, the product

shall have two separate infrared reflective layers comprising silver. The ratio of the thickness

of the first infrared reflective layer (23) and the second infrared reflective layer (26) is

between 0.7 and 1.4. Preferably, ratio of the thickness of the first infrared reflective layer (23)

and the second infrared reflective layer (26) is between 0.8 and 1.2.



The visible region transmittance value prior to thermal treatment is preferred to be between

45% and 65% where the targeted performance value is for the usage of 6 mm lower glass

( 1 0) as single glass ( 10). More preferably, it shall be between 50% and 60%, in a more

preferable structure, it shall be between 52% and 58%. For usage of 6 mm lower glass ( 1 0)

as single glass ( 10), the direct solar power transmittance value prior to the thermal treatment

is preferred to be between 20% and 40%. More preferably, it shall be between 24% and

34%, and in a more preferred structure, it shall be between 26% and 33%. Moreover, this

performance shall be supported to be obtained by means of the optimization of all other

dielectric layers.

In the subject matter low-e coating (20), there is a first barrier layer (24) and a second barrier

layer (271 ) . Said first barrier layer (24) and said second barrier layer (271 ) comprise at least

one of NiCr, NiCrOx, TiOx, ZnAIO layers. In the preferred application, NiCrO is used as the

first barrier layer (24). Again preferably, NiCrO is used as the second barrier layer (271 ) .

The thickness of the NiCrO layer which is the first barrier layer (24) is between 1.0 nm and

2.4 nm . In the preferred application , the thickness of the NiCrOx layer which is the first

barrier layer (24) is between 1.4 nm and 2.0 nm . The thickness of the NiCrOx layer which is

the second barrier layer (271 ) is between 1.2 nm and 2.6 nm . In the preferred application, the

thickness of the NiCrOx layer which is the second barrier layer (271 ) is between 1.6 nm and

2.2 nm .

NiCrO layers, which are used as the first barrier layer (24) and as the second barrier layer

(271 ) , are used for not affecting the Ag layers by the process gases used for production of

layers coming after Ag layers which are the first infrared reflective layer (23) and the second

infrared reflective layer (26). At the same time, NiCrO layers eliminate probable adhesion

weakness prior to thermal treatment by providing structural compliancy in metallic and

dielectric passage between dielectric layers which will come after Ag layers. Moreover,

NiCrO layers prevent Ag layers from being oxidized and from being subjected to structural

deterioration in the thermal treatment and/or tempering processes.

The final layer of the low-e coating (20) is an upper dielectric layer (273). In case SiO layer

and TiO layer are used together as the upper dielectric layer (273), the mechanical

resistance of the low-e coating (20) is weakened after thermal treatment, and micro-

scratches occur on the surface of the low-e coating (20).



In case SiO N layer is preferred as the upper dielectric layer (273) and in case it is used so

as to be in direct contact with NiCrO which is a second barrier layer (271 ) , the NiCrO layer

and the SiO N layer show incompliant behavior with each other, and delamination occurs

after thermal treatment. For this purpose, a fourth dielectric layer (272) is added between

SiO N , which is the upper dielectric layer (273), and NiCrO layer, which is the second

barrier layer (271 ) provided in the subject matter low-e coating (20), and the adhesion

performance between the layers is increased. ZnAIO layer is used as the fourth dielectric

layer (272).

In case SiO N layer is used as the upper dielectric layer (273) instead of the Si N layer,

since the refraction index of the SiO N layer is lower than the Si N layer, the same optical

behavior can be obtained by means of a thicker SiO N layer. Thus, by using a thicker upper

dielectric layer (273), the mechanical resistance of the coating is increased. The thickness of

the SiO N layer which is the upper dielectric layer (273) is between 20 nm and 35 nm . In the

preferred application, the thickness of the SiO N layer which is the upper dielectric layer

(273) is between 2 1 nm and 30 nm . In a more preferred application, the thickness of the

SiO N layer is between 23 nm and 28 nm.

Table 1. Glass ( 10) side (Rg) color values measured in different view points after

thermal treatment of the low-e coating (20) realized onto the lower glass (10) with

thickness of 6 mm

As a result of application of the low-e coating (20) onto the 6 mm glass ( 1 0) surface obtained

by means of the above mentioned layer arrangement, the color values obtained after thermal

treatment are given in Table 1. In Table 1, the Rga* and Rgb* codes show the glass ( 10) side

color values. The example, where said low-e coating (20) is applied onto the 6 mm lower

glass ( 10), can be obtained within this invention in the negative region including 60 degrees

depending on the calculated reflection a* and b* values by taking into consideration the

measurement made by means of the glass ( 1 0) (through the uncoated surface) after thermal

process. The change of the reflection color a* and b* values of said glass ( 1 0) side



depending on angled view is under 3 points and in the negative region in accordance with

orthogonal view.

The protection scope of the present invention is set forth in the annexed Claims and cannot

be restricted to the illustrative disclosures given above, under the detailed description. It is

because a person skilled in the relevant art can obviously produce similar embodiments

under the light of the foregoing disclosures, without departing from the main principles of the

present invention .



CLAIMS

A low-e coated (20) glass ( 1 0) which can be treated thermally and developed by

means of accumulating onto each other on a substrate, particularly on a glass ( 10)

substrate and comprising pluralities of thin films having :

• a first dielectric layer (21 ) comprising Si N with a thickness between 15 nm - 22

nm provided in a manner directly contacting onto the substrate;

• a first infrared reflective layer (23) with a thickness between 8 nm - 15 nm

positioned on said first dielectric layer (21 ) ;

• a first barrier layer (24) with a thickness between 1 nm - 2.4 nm positioned on said

first infrared layer (23) ;

• a second infrared reflective layer (26) with a thickness between 8 nm - 15 nm

positioned on said first barrier layer (24) and an upper dielectric structure (27) with

a thickness between 35 nm - 50 nm positioned at the continuation thereof,

said invention is characterized in that

• said low-e coating (20) comprises a first coring structure (22) with a thickness

between 18 nm - 25 nm which directly contacts with the first infrared reflective

layer (23) and positioned between the first dielectric layer (21 ) and the first infrared

reflective layer (23) ;

• an intermediate dielectric structure (25) with a total thickness between 80 nm -

100 nm having at least one dielectric layer and which is positioned under the

second infrared layer (23) in a manner directly contacting thereto and which

provides reaching of the glass ( 10), whereon it is coated, to the targeted

performance values and

• reflection a* and b* color values of the low-e coated (20) glass ( 10) on the glass

( 1 0) side are at 60s and lower angle and the change depending on the angled view

is lower than 3 points and in the negative region when compared with orthogonal

view.

A low-e coated (20) glass ( 1 0) according to claim 1, wherein said intermediate

dielectric structure (25) provided in the low-e coating (20) has a second coring layer

(253) having a thickness between 2 1 nm and 28 nm .

3. A low-e coated (20) glass ( 1 0) according to claim 2 , wherein said second coring layer

(253) provided in the low-e coating (20) comprises at least one of NiCr, NiCrO , TiO ,

ΖηΑΙΟχ , ZnO .



4. A low-e coated (20) glass ( 1 0) according to claim 1, wherein said intermediate

dielectric structure (25) provided in the low-e coating (20) comprises a second

dielectric layer (251 ) with a thickness between 23 nm - 3 1 nm selected from SixN ,

TiN , ZrN , ZnSnOx, ZnAIOx, SiOxN , TiOx, ZnO x and a third dielectric layer (252) with

a thickness between 35 nm - 45 nm .

5. A low-e coated (20) glass ( 1 0) according to claim 4 , wherein in the low-e coating (20),

said second dielectric layer (251 ) and said third dielectric layer (252) directly contact

each other.

6. A low-e coated (20) glass ( 1 0) according to claim 5 , wherein in the low-e coating (20),

a surface of the third dielectric layer (252) contacts the second coring layer (253) .

7. A low-e coated (20) glass ( 1 0) according to claim 6 , wherein the third dielectric layer

(252) provided in the low-e layer (20) has an amorphous structure.

8. A low-e coated (20) glass ( 1 0) according to claim 2 , wherein in the low-e coating (20),

said second coring layer (253) directly contacts the second infrared layer (26) .

9. A low-e coated (20) glass ( 1 0) according to claim 1, wherein in the low-e coating (20),

said first coring layer (22) comprises at least one of NiCr, NiCrOx, TiOx, ZnAIOx, ZnO x.

10. A low-e coated (20) glass ( 1 0) according to claim 1, wherein in the low-e coating (20),

said first coring structure (22) comprises ZnAIO x layer (221 ) with a thickness between

18 nm - 23 nm.

11. A low-e coated (20) glass ( 1 0) according to claim 1, wherein in the low-e coating (20),

said first coring structure (22) comprises at least two of NiCr, NiCrOx, TiOx, ZnAIOx,

Ζηθχ .

12. A low-e coated (20) glass ( 10) according to claim 1, wherein said first coring structure

(22), provided in the low-e coating (20), comprises an absorbent layer (222) with a

thickness between 0.5 nm - 1.5 nm which is in direct contact with a surface of the first

infrared layer (23).

13. A low-e coated (20) glass ( 10) according to claim 1, wherein said absorbent layer

(222) comprises NiCr.



14. A low-e coated (20) glass ( 10) according to claim 1, wherein the upper dielectric

structure (27) of the low-e coating (20) comprises an upper dielectric layer (273)

comprising SiN O with a thickness between 2 1 nm - 30 nm and a fourth dielectric

layer (272) comprising ZnAIO with a thickness between 13 nm - 20 nm positioned

under said upper dielectric layer (273) and which prevents delamination.

15. A low-e coated (20) glass ( 10) according to claim 1, wherein the ratio of the

thicknesses of the first infrared reflective layer (23) and the second infrared reflective

layer (26) in the low-e coating (20) is between 0.8 and 1.2.





A . CLASSIFICATION O F SUBJECT MATTER

INV. C03C17/36
ADD.

According to International Patent Classification (IPC) o r t o both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

C03C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2014/272354 Al (DING GUOWEN [US] ET AL) 1-15
18 September 2014 (2014-09-18)
paragraphs [0009] - [0012] , [0083] ,
[0084] ; f i gure 6

US 2016/207827 Al ( UI LLAUME FRANCIS [US] 1-15
ET AL) 21 July 2016 (2016-07-21)
paragraphs [0018] - [0029] , [0034] ;
f i gure 1; exampl e 1

DE 10 2011 087967 Al (ARDENNE ANLAGENTECH 1-15
GMBH [DE] ) 13 June 2013 (2013-06-13)
paragraphs [0001] , [0065] - [0089] ;
c l aims 1-19 ; f i gures 1-8

□ Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date o r priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application o r patent but published o n o r after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot b e considered to involve a n inventive

"L" documentwhich may throw doubts o n priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation o r other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve a n inventive step when the document is

"O" document referring to a n oral disclosure, use, exhibition o r other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

30 Apri l 2018 09/05/2018

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
N L - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Wrba, JLirgen



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2014272354 Al 18-09-2014 CN 105408271 A 16-03-2016
EP 2969993 Al 20-01-2016
RU 2015143940 A 20-04-2017
US 2014272354 Al 18-09-2014
US 2018099903 Al 12-04-2018

O 2014159640 Al 02-10-2014

US 2016207827 Al 21-07-2016 CA 2922140 Al 12 -03 -2015
CN 106232352 A 14 -12 -2016
EP 3041676 Al 13 -07 -2016

P 2016538229 A 08 -12 -2016
KR 20160048835 A 04 -05 -2016
RU 2016112323 A 09 -10 -2017
US 8940400 Bl 27 -01 -2015
US 2015118465 Al 3 -04 -2015
US 2016207827 Al 21 -07 -2016
US 2017129808 Al 11 -05 -2017

O 2015034798 Al 12 -03 -2015

DE 102011087967 Al 13-06-2013 CN 103987675 A 13-08-2014
DE 102011087967 Al 13-06-2013
W0 2013083827 Al 13-06-2013


	abstract
	description
	claims
	drawings
	wo-search-report

