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Señora 

Directora de la Dirección de Nuevas Creaciones  

Superintendencia de Industria y Comercio  

Ministerio de Comercio, Industria y Turismo 

E. S. D. 

 

 

Re.:Expediente No. NC2022/0012182 

Solicitud de Patente PCT entrada en Fase Nacional, para: “UNIDAD DE 

ACRISTALAMIENTO DE CONTROL SOLAR QUE COMPRENDE UNA 

CAPA DE NITRURO DE TITANIO” 

Solicitante:  SAINT-GOBAIN GLASS FRANCE 

 

 

RESPUESTA A EXAMEN DE FONDO 

 

 

Yo, MARGARITA CASTELLANOS ABONDANO, mayor de edad, identificada y 

domiciliada como aparece al pie de mi firma, obrando en mi calidad de apoderada 

del solicitante del asunto citado en la referencia, en atención a su oficio No. 8044 

notificado electrónicamente el 27 de mayo de 2025, y para el cual solicité 

oportunamente prórroga el pasado 25 de julio de 2025, atentamente me permito dar 

respuesta al mismo de la siguiente manera: 

 

1. Modificación a la Descripción y a las Reivindicaciones  

 

De acuerdo con lo establecido en el Artículo 34 de la Decisión 486 y en vista de las 

observaciones realizadas por el Examinador, se presenta en esta oportunidad una 

nueva descripción y un nuevo pliego reivindicatorio conformado por diecisiete (17) 

reivindicaciones. Las modificaciones introducidas son las siguientes: 

 

- Siguiendo las indicaciones del Examinador, se ha reemplazado la marca 

Planiclear® encontrada en el párrafo 61 de la descripción por su denominación 

genérica: “vidrio plano transparente”.  
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- Se ha incorporado el contenido de la anterior reivindicación 13 en la nueva 

reivindicación 1. Por lo tanto, no se incluye la anterior reivindicación 13.  

 

- Se ha modificado el contenido de las reivindicaciones, a fin de incluir las 

modalidades preferidas en reivindicaciones dependientes, permitiendo no incluir 

expresiones del tipo “preferentemente” o “preferiblemente”. 

 
- Se ha modificado el contenido de las reivindicaciones, a fin de no incluir 

expresiones del tipo “al menos”, “sustancialmente”, “opcionalmente”. 

 

- Las reivindicaciones restantes, así como sus dependencias han sido 

reenumeradas.  

 

Estas modificaciones no amplían el objeto inicialmente solicitado y se encuentran 

debidamente soportadas en la Descripción, según se allegó inicialmente. 

 

2. Pago por Nuevo Examen de Patentabilidad, por Modificación de la 

Solicitud en Trámite y por la Presentación de una Reivindicación 

Adicional 

 

Teniendo en cuenta lo mencionado en el literal d), de la sección 1.2.2.5.1., del Título 

X de la Circular Única, así como las modificaciones introducidas a las reivindicaciones 

en esta oportunidad, se presenta junto con este escrito, copia del recibo de la tasa por 

un nuevo examen de patentabilidad. 

 

Igualmente se presenta copia del recibo por concepto de modificación de la solicitud 

en trámite y por la presentación de una (1) reivindicación adicional a las dieciséis (16) 

anteriormente presentadas y pagadas.  

 

Se solicita atentamente tener en cuenta este pago y llevar a cabo un nuevo examen 

de patentabilidad.    

 

3. Sobre la Descripción y las Reivindicaciones 

 

De acuerdo con lo indicado anteriormente, tanto la descripción como las 

reivindicaciones han sido modificadas, a fin de presentar la materia más clara y 

concisa, permitiendo atender las objeciones formuladas por el Examinador. En 

particular: 



 
 
 
 
 

3 
 
 

- La descripción ya no incluye marcas comerciales. 

 

- Las reivindicaciones ya no incluyen las expresiones “al menos”, “sustancialmente”, 

“preferentemente”, “preferiblemente”, “opcionalmente”. 

 
En consecuencia, tanto la descripción como las reivindicaciones cumplen con las 

disposiciones de los Artículos 28 y 30 de la Decisión 486.  

 

4. Sobre el Nivel Inventivo 

 

El Examinador considera que los documentos D1 (WO200248065) y D2 

(FR3068032), afectan el nivel inventivo de la presente solicitud. 

 

De conformidad con lo mencionado anteriormente, la nueva reivindicación 1 

incorpora el contenido de la anterior reivindicación 13, de manera que ahora 

menciona: 

 

1. Un artículo de vidrio con propiedades anti-solares que comprende un sustrato de 

vidrio provisto de un apilamiento de capas, en donde el apilamiento comprende, 

sucesivamente desde la superficie de dicho sustrato: 

- un primer módulo M1 que consiste de una capa a base de un material dieléctrico 

de espesor e1 o por un conjunto de capas a base de materiales dieléctricos de 

espesor acumulativo e1, dicho espesor e1 comprende entre 1 y 100 nm,  

- una capa TN1 que comprende nitruro de titanio, con un espesor de entre 2 nm y 80 

nm,  

- un segundo módulo M2 que consiste de una capa a base de material dieléctrico de 

espesor e2 o por un conjunto de capas a base de materiales dieléctricos de espesor 

acumulativo e2, dicho espesor e2 comprende entre 5 y 100 nm,  

y en donde una capa intermedia que comprende, y consiste en, un elemento 

seleccionado entre silicio, aluminio, titanio o una mezcla de dos o más de estos 

elementos que se deposita entre dicha capa TN1 y dicho primer módulo M1 y/o entre 

dicha capa TN1 y dicho segundo módulo M2, teniendo dicha(s) capa(s) intermedia(s) 

un espesor de entre 0,2 nm y 6 nm, y en donde el apilamiento no contiene capas 

a base de plata, aluminio u oro. 

 

En vista de esta modificación, se establece que los documentos D1 y D2 no afectan 

el nivel inventivo de la presente solicitud, por las siguientes razones: 
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El apilamiento según el documento D1 comprende capas funcionales basadas en 

plata (véase la página 4, líneas 23-24, y los ejemplos, incluido el ejemplo 5bis) y 

capas absorbentes, estando dichas capas absorbentes hechas de un nitruro metálico 

como nitruro de titanio, nitruro de niobio, nitruro de circonio, nitruro de cromo o nitruro 

de NiCr (página 4, líneas 30-31). De esta manera, las capas funcionales descritas en 

D1 están hechas de plata y no de nitruro de titanio. En particular, la página 6, líneas 

29-33, describe la función de dicha capa absorbente, insertada en un apilamiento 

cuyas capas funcionales están hechas de plata: su función es modular la transmisión 

de la luz y no actuar sobre la radiación infrarroja, en particular la radiación térmica. 

 

El objetivo de la presente solicitud es proporcionar un acristalamiento con la mayor 

relación TL/emisividad normal, es decir, con una selectividad mejorada, tal y como 

se indica en la descripción. 

 

En estas circunstancias, un experto en la materia no habría eliminado sin duda las 

capas funcionales de plata en favor de capas de nitruro de titanio, que se designan 

específicamente como capas que absorben la radiación luminosa y, por lo tanto, 

reducen la TL. 

 

En lo que respecta al documento D2, el Examinador afirma que dicho documento 

divulga, a partir de la superficie del sustrato de vidrio: 

 

• una capa metálica a base de cromo, níquel, titanio, niobio o una mezcla de al 

menos dos de estos elementos, estando dicha capa opcionalmente nitrurada, 

con opcionalmente una o más capas inferiores de materiales dieléctricos con 

un espesor total de entre 10 y 120 nm, 

• una capa de nitruro de titanio TiN, con 1,00 < x < 1,20, o de oxinitruro de titanio 

de fórmula general TiNxOy, en la que 0,01 < y < 0,10 y en la que 1,00 < x < 

1,20, con un espesor de entre 10 y 80 nm, 

• opcionalmente al menos una capa metálica a base de cromo, níquel, titanio, 

niobio o una mezcla de al menos dos de estos elementos, opcionalmente 

nitrurada, 

• una o más capas superiores de materiales dieléctricos, con un espesor físico 

total comprendido entre 10 y 100 nm 

 

Como se muestra en los ejemplos de la solicitud, el uso de una capa intermedia muy 

fina (espesor entre 0,5 y 6 nm) en el apilamiento entre los módulos dieléctricos M1 o 

M2 no se describe en D2, ya que permite obtener una transmisión de luz igual o 
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sustancialmente comparable a la del apilamiento de referencia sin esta capa 

intermedia, al tiempo que mejora las propiedades térmicas de la unidad de 

acristalamiento. Esto se menciona claramente en la presente solicitud (véase el 

párrafo [0069]). Se observó que la selectividad de la unidad de acristalamiento, 

medida por la relación TL/εn, mejora significativamente en las unidades de 

acristalamiento según la invención, especialmente después del templado.  

 

No existe ninguna razón objetiva para que un experto en la materia añada la capa 

intermedia mencionada en un apilamiento de capas que no contiene ninguna capa a 

base de plata, platino u oro, a partir de lo enseñado en D1 y D2.  

 

En consecuencia, la combinación de D1 y D2 no provee suficiente información clara 

que permita a un experto en la materia derivar de forma obvia la presente invención 

y además la invención provee un efecto técnico mejorado e inesperado sobre dicho 

estado de la técnica. 

 

Por lo tanto, la presente solicitud cumple con los requisitos establecidos en el Artículo 

18 de la Decisión 486. 

 

5. Patentes Otorgadas en otras Jurisdicciones 

 

Aunque se reconoce la autonomía que tiene cada oficina de patentes para llevar a 

cabo el examen de fondo de una solicitud, se desea indicar que la presente invención 

ha obtenido el privilegio de protección en Estados Unidos bajo la publicación No. 

US1188580B2 y próximamente en Europa (EP4110739 - ya se recibió la notificación 

de concesión), para un alcance muy similar al que se presenta en este caso. Es 

importante anotar que estas jurisdicciones hacen parte del Tratado Global PPH, del 

cual Colombia también hace parte. En consecuencia, los exámenes de patentabilidad 

de algunas de dichas jurisdicciones pueden ser reconocidos en Colombia, resultando 

una prueba adicional válida y pertinente de la patentabilidad de la presente solicitud.  

 

Para mejor referencia del Examinador, se anexa copia de la patente obtenida en 

Estados Unidos. 
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6. Conclusión 

 

En vista de las modificaciones introducidas en esta oportunidad y los argumentos 

que se presentan, es posible establecer que las reivindicaciones cumplen con los 

requerimientos de la Decisión 486. 

 

7. Anexos 

 

• Nueva descripción.  

• Nuevo pliego reivindicatorio conformado por diecisiete (17) 

reivindicaciones. 

• Copia de la patente US1188580B2. 

• Copia del recibo por concepto de un nuevo examen de patentabilidad.  

• Copia del recibo por concepto de modificaciones a las reivindicaciones. 

• Copia del recibo por concepto de presentación de una (1) reivindicación 

adicional.  

 

Señora Directora, 

 

 

Margarita Castellanos Abondano 

C.C. No. 39.779.654 de Bogotá 

T.P.A. No. 70.819 del C.S.J. 

Calle 117 No. 5A-35 - Bogotá, D.C. 

Teléfono: 7560770 

Bogotá, D.C. 

MCA/jms  

P5825 



To Promote the Progress	  of Science and Useful Arts

The Director
of the United States Patent and Trademark Office has received 

an application for a patent for a new and useful invention. The title 
and description of the invention are enclose. The requirements  
of law have been complied with, and it has been determined that  

a patent on the invention shall be granted under the law. 

Therefore, this United States

grants to the person(s) having title to this patent the right to exclude others from making, 
using, offering for sale, or selling the invention throughout the United States of America or 
importing the invention into the United States of America, and if the invention is a process, 
of the right to exclude others from using, offering for sale or selling throughout the United 
States of America, products made by that process, for the term set forth in 35 U.S.C. 154(a)(2) 
or (c)(1), subject to the payment of maintenance fees as provided by 35 U.S.C. 41(b). See the 
Maintenance Fee Notice on the inside of the cover.

Director of the United States Patent and Trademark Office



Maintenance Fee Notice
If the application for this patent was filed on or after December 12, 1980, maintenance fees 
are due three years and six months, seven years and six months, and eleven years and six 
months after the date of this grant, or within a grace period of six months thereafter upon 
payment of a surcharge as provided by law. The amount, number and timing of the mainte-
nance fees required may be changed by law or regulation. Unless payment of the applicable 
maintenance fee is received in the United States Patent and Trademark Office on or before 
the date the fee is due or within a grace period of six months thereafter, the patent will expire 
as of the end of such grace period.

Patent Term Notice
If the application for this patent was filed on or after June 8, 1995, the term of this patent 
begins on the date on which this patent issues and ends twenty years from the filing date of 
the application or, if the application contains a specific reference to an earlier filed applica-
tion or applications under 35 U.S.C. 120, 121, 365(c), or 386(c), twenty years from the filing date 
of the earliest such application (“the twenty-year term”), subject to the payment of mainte-
nance fees as provided by 35 U.S.C. 41(b), and any extension as provided by 35 U.S.C. 154(b) or 
156 or any disclaimer under 35 U.S.C. 253.

If this application was filed prior to June 8, 1995, the term of this patent begins on the date 
on which this patent issues and ends on the later of seventeen years from the date of the 
grant of this patent or the twenty-year term set forth above for patents resulting from appli-
cations filed on or after June 8, 1995, subject to the payment of maintenance fees as provided 
by 35 U.S.C. 41(b) and any extension as provided by 35 U.S.C. 156 or any disclaimer under 
35 U.S.C. 253.
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SOLAR-CONTROL GLAZING UNIT
COMPRISING A LAYER OF TITANIUM

NITRIDE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. National Stage of PCT/
FR2021/050326, filed Feb. 25, 2021, which in turn claims
priority to French patent application number 2002035 filed
Feb. 28, 2020. The content of these applications are incor-
porated herein by reference in their entireties.

The invention relates to so-called solar-control glazing
units which are provided with stacks of so-called functional
thin layers, i.e. which act on solar and/or thermal radiation
substantially by reflection and/or absorption of near (solar)
or far (thermal) infrared radiation. The application specifi-
cally targeted by the invention is primarily in the construc-
tion industry, as a solar-control glazing unit. Without depart-
ing from the scope of the invention, the present glazing unit
can also be used in vehicle glazing units, such as side
windows, car roofs and rear windows.

The term “glazing unit” is understood to mean, in the
context of the present invention, any glass product com-
posed of one or more glass substrates, in particular single
glazing units, double glazing units, triple glazing units, etc.

A “functional” or “active” layer is understood to mean, in
the context of the present application, the layers of the stack
which give it the bulk of its thermal insulation properties.
Most often, the stacks of thin layers used in the glazing unit
give it significantly improved insulation properties, mainly
due to the intrinsic properties of said active layers. Said
layers act on the flow of thermal infrared radiation passing
through said glazing unit, as opposed to the other layers,
which are generally made of dielectric material and usually
mainly have the function of chemical or mechanical protec-
tion of said functional layers. The term “dielectric material”
is understood to mean a material whose solid form, which is
free of impurities or dopants, has a high resistivity, in
particular a resistivity greater than 1010 ohm·meters (Ω·m) at
room temperature (300K).

Such glazing units provided with stacks of thin layers act
on the incident IR radiation either substantially by absorp-
tion of said radiation by the functional layer(s) or substan-
tially by reflection by these layers.

They are referred to as solar-control glazing units. They
are sold and used mainly:
either mainly to provide protection of a dwelling or passen-

ger compartment (vehicle) from solar radiation and pre-
vent excess heating, such glazing units being qualified as
anti-sun glazing units in the art;

or mainly to thermally insulate a dwelling and prevent heat
loss, these glazing units then being qualified as insulating
glazing units.
The expression “anti-sun” is thus understood, in the

context of the present invention, to mean the ability of a
glazing unit to limit the energy flux and in particular the
solar infrared radiation (SIR) passing through it from the
exterior to the interior of the dwelling or passenger com-
partment.

The expression “thermally insulating” is understood to
mean a glazing unit equipped with at least one functional
layer that decreases energy loss through the unit, said layer
having reflective properties that allow it to reflect thermal IR
radiation of between 5 and 50 micrometers. The functional
layers used in this function have a high IR reflection
coefficient and are referred to as low-emissivity (or low-e).

In certain countries, standards require that glazing units
both have anti-sun properties and be thermally insulating for
glazing units in buildings.

The expression “low-emissivity” is understood to mean a
glazing unit provided with at least one functional layer
giving it a normal emissivity εn (or total emissivity at normal
incidence) of less than 50%, preferably less than 45% or
even less than 40%, the emissivity being defined by the
equation:

εn=1−Rn,

where Rn is the normal reflection factor (according to Annex
A of the international standard ISO 10292 (1994)) of the
glazing unit.

The concept of low-emissivity glazing units is described
in the reference article from Techniques De l’Ingénieur:
“Vitrages à isolation thermique renforcée”, C3635 (1999).

Generally, all the energy characteristics presented in the
present description are obtained according to the principles
and methods described in the international standard ISO
10292 (1994) relating to the determination of the energy
insulation characteristics of glazing units used in glass for
the construction industry.

These coatings are conventionally deposited by deposi-
tion techniques of the CVD type for the simplest cases or
more often at present by vacuum sputtering deposition
techniques, often referred to as magnetron sputtering in the
field, in particular when the coating is made up of a complex
stack of successive layers whose thicknesses do not exceed
a few nanometers or a few dozen nanometers.

Most often, the stacks of thin layers have solar-control
properties mainly due to the intrinsic properties of one or
more active layers, which are referred to as functional layers
in the present description. An “active” or “functional” layer
is thus understood to mean a layer that acts significantly on
the flow of solar radiation passing through said glazing unit.
Such an active layer, in a known manner, can work either
mainly in a mode of reflection of the incident infrared
radiation or mainly in a mode of absorption of said infrared
radiation.

Most often, these anti-sun layers work partly by reflection
and partly by absorption, as already explained above.

In particular, the most efficient stacks currently on the
market incorporate at least one metal functional layer made
of silver, which functions substantially by reflecting a sig-
nificant portion of the incident IR (infrared) radiation. The
normal emissivity thereof does not exceed a few percent.
These stacks are mainly used as low-emissivity (or low-e)
glazing units for the thermal insulation of buildings. These
layers are however sensitive to moisture and therefore are
exclusively used in double glazing units, on face 2 or 3
thereof, in order to be protected from moisture. The stacks
according to the invention do not comprise such silver
layers, or even gold or platinum layers, or do so only in very
negligible quantities, in particular as unavoidable impurities.

Other metal layers having an anti-sun function have also
been mentioned in the field, which comprise functional
layers of the Nb, Ta or W type or nitrides of these metals, as
described for example in WO01/21540. In such layers, the
solar radiation is mostly absorbed non-selectively by the
functional layer(s), i.e. IR radiation (i.e. with a wavelength
between approx. 780 nm and 2500 nm) and visible radiation
(with a wavelength between approx. 380 and 780 nm) are
absorbed/reflected without distinction. In such glazing units,
the values of the normal emissivity εn are generally higher.
Lower emissivity values can only be achieved when the
functional layer is relatively thick, in particular at least 20
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nm for metallic niobium. Due to the non-selective absorp-
tion of this layer, the light transmission coefficients of such
glazing units are necessarily very low, generally below 30%.
Ultimately, in view of such characteristics, it does not appear
possible to obtain from such stacks solar-control glazing
units which combine relatively low normal emissivities,
typically below 50%, and in particular of around 40% or
even 35%, while maintaining a sufficiently high light trans-
mission, i.e. typically above 30%.

The light characteristics and in particular the light trans-
mission characteristics are measured according to the pres-
ent invention according to the principles described in NF
EN410 (2011).

In other publications, it has been proposed to use a
material based on titanium nitride (TiN) as a functional
layer, which also has low-emissivity properties and is less
prone to corrosion than silver-based layers. Particular
examples include DE102014114330, DE102013112990 or
JPH05124839. The object of the present invention relates to
solar-control glazing units incorporating stacks comprising
such layers and aims more particularly to improve the
properties thereof, specifically the combined properties of
high light transmission and low emissivity of such glazing
units.

The aim of the present invention is thus to provide glazing
units comprising a stack of layers giving them solar-control
properties as described above, while having a light trans-
mission TL typically greater than 30%, preferably greater
than or equal to 40%, or even greater than or equal to 50%,
and a low normal emissivity εn, i.e. less than 50%, or less
than 45% or even less than 40%, said stack being durable
over time, in particular when it is placed directly on a face
of the glazing unit exposed to the interior or even the
exterior of the building or the passenger compartment,
without any particular precautions.

Within the meaning of the present invention, the aim is
therefore to have glazing units having the greatest TL/εn

ratio, i.e. the selectivity of which is improved; a glazing unit
withing the meaning of the present invention thus allows a
significant portion of light in the visible range to pass
through while reflecting a significant portion of the near IR
radiation after a thermal treatment such as tempering, curv-
ing, annealing, etc.

Thus, the present invention makes it possible to obtain
anti-sun glazing units capable of undergoing a heat treat-
ment such as tempering, curving or more generally a heat
treatment at temperatures above 500° C., said treatment
making it possible in particular to improve the optical and
energetic properties of said units, and in particular the
selectivity thereof.

A glazing unit according to the invention also makes it
possible to select the radiation passing through it by favoring
the transmission of light waves, i.e. with a wavelength of
between approximately 380 and 780 nm, and by limiting the
passage of infrared radiation, with a wavelength of greater
than 780 nm.

The invention makes it possible to maintain a strong
illumination of the room or the passenger compartment
protected by the glazing unit, while minimizing the amount
of heat entering it.

According to another aspect, the glazing unit according to
the present invention also has thermal insulation properties
by virtue of the low-emissivity properties of the layer used,
which makes it possible to limit heat exchanges between the
interior and exterior of the building.

According to another advantage of the present invention,
the glazing units provided with the stacks according to the

invention are simple to produce compared to other known
glazing units having anti-sun properties, in particular those
comprising a silver-based stack.

In addition, they are resistant to moisture, to scratching
and to acid attacks. In particular, the glazing units according
to the invention exhibit improved longevity, in the sense that
their initial thermal or solar insulation properties vary only
very slightly under the chemical attacks to which they are
subjected during their planned use.

They can thus be advantageously used as a single glazing
unit (only one glass substrate), the stack preferably facing
the inner face of the building or the passenger compartment
to be protected.

More particularly, the present invention relates to a glass
article having anti-sun properties comprising at least one
glass substrate provided with a stack of layers, wherein the
stack comprises and preferably consists of, successively
from the surface of said substrate:
a first module M1 consisting of a layer based on a dielectric

material with a thickness e1 or of a set of layers based on
dielectric materials with a cumulative thickness e1 of
between 1 and 100 nm,

a layer TN1 comprising titanium nitride, preferably based on
titanium nitride, or even consisting substantially of tita-
nium nitride, with a thickness of between 2 nanometers
and 80 nanometers, preferably between 4 and 70 nano-
meters, more preferably between 10 and 50 nm,

a second module M2 consisting of a layer based on a
dielectric material with a thickness e2 or of a set of layers
based on dielectric materials with a cumulative thickness
e2 of between 1 and 100 nm,

optionally a protective layer comprising or preferably based
on a titanium oxide, a zirconium oxide, or a titanium-
zirconium oxide,
According to the invention, the stack also comprises an

intermediate layer comprising, and preferably consisting
substantially of, or simply consisting of, at least one element
selected from silicon, aluminum, titanium or a mixture of at
least two of these elements, said intermediate layer being
deposited between said layer TN1 and said first module M1

and/or between said layer TN1 and said second module M2,
said intermediate layer(s) having a thickness of between 0.2
nm and 6 nm, preferably between 0.5 nm and 5 nm, and
more preferably between 1 and 4 nm.

According to preferred embodiments of the present inven-
tion, which may of course be combined with one another as
appropriate:
Said element deposited to constitute the intermediate

layer(s) is substantially aluminum. According to this
embodiment, a layer consisting substantially or simply
consisting of aluminum is therefore deposited between
said layer TN1 and said first module M1 and/or said
second module M2 to form said intermediate layer (in
particular by magnetron-assisted sputtering of an alumi-
num target in an atmosphere of a neutral gas such as
argon).

Said element deposited to constitute the intermediate
layer(s) is substantially silicon. According to this embodi-
ment, a layer consisting substantially or simply consisting
of silicon is therefore deposited between said layer TN1

and said first module M1 and/or said second module M2

to form said intermediate layer (in particular by magne-
tron-assisted sputtering of a silicon target in an atmo-
sphere of a neutral gas such as argon).

Said element deposited to constitute the intermediate
layer(s) is substantially titanium. According to this
embodiment, a layer consisting substantially or simply
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consisting of titanium is therefore deposited between said

layer TN1 and said first module M1 and/or said second

module M2 to form said intermediate layer (in particular

by magnetron-assisted sputtering of a titanium target in an

atmosphere of a neutral gas such as argon). Preferably,

titanium is at least deposited between said layer TN1 and

said second module M2 to form said intermediate layer.

According to another embodiment, a titanium layer is

deposited between said layer TN1 and said first module

M1 and a titanium layer is deposited between said layer

TN1 and said second module M2 to form two intermediate

layers on either side of the layer TN1.

Said element deposited to constitute the intermediate

layer(s) is substantially a mixture of aluminum and sili-

con. According to this embodiment, a layer consisting

substantially or simply consisting of aluminum and sili-

con is therefore deposited between said layer TN1 and said

first module M1 and/or said second module M2 to form

said intermediate layer (in particular by magnetron-as-

sisted sputtering of a silicon target in an atmosphere of a

neutral gas such as argon). According to this embodiment,

the Si/Al mass ratio can vary between 99/1 and 1/99. In

particular, it can be between 97/35 and 75/25, in particular

between 95/5 and 80/20.

The elements deposited to constitute the intermediate

layer(s) are silicon and titanium. According to this

embodiment, a mixture consisting substantially of silicon

and titanium is therefore deposited between said layer

TN1 and said first module M1 and/or said second module

M2 to form said intermediate layer (in particular by

magnetron-assisted sputtering of a target comprising a

mixture of silicon and titanium in an atmosphere of a

neutral gas such as argon). According to this embodiment,

the Si/Ti mass ratio can vary between 99/1 and 1/99. In

particular, it can be between 97/35 and 75/25, in particular

between 95/5 and 80/20.

The elements deposited to constitute the intermediate

layer(s) are aluminum and titanium. According to this

embodiment, a mixture consisting substantially of alumi-

num and titanium is therefore deposited between said

layer TN1 and said first module M1 and/or said second
module M2 to form said intermediate layer (in particular
by magnetron-assisted sputtering of a target comprising a
mixture of aluminum and titanium in an atmosphere of a
neutral gas such as argon). According to this embodiment,
the Al/Ti mass ratio can vary between 99/1 and 1/99. In
particular, it can be between 97/35 and 75/25, in particular
between 95/5 and 80/20.

The layers based on dielectric materials constituting the set
of layers with a cumulative thickness e1 are deposited
successively and so as to be in contact with one another.

The layers based on dielectric materials constituting the set
of layers with a cumulative thickness e2 are deposited
successively and so as to be in contact with one another.

The layer TN1 and the intermediate layer(s) is (are) in
contact with one another.

The module M1, the layer TN1, the module M2 and the
intermediate layer or layers are deposited successively
and so as to be in contact with one another.

The modules M1, M2 comprise and preferably are based on
materials selected from silicon nitride, aluminum nitride,
aluminum-silicon nitride, tin oxide, mixed oxide of zinc
and tin, silicon oxide, titanium oxide, silicon oxynitride,
aluminum oxynitride or aluminum-silicon oxynitride.
More preferably, the module or modules M1, M2 are based

on materials selected from silicon nitride, aluminum-

silicon nitride, silicon oxynitride, or aluminum-silicon

oxynitride.

The first module M1 comprises and preferably consists of a

layer comprising silicon nitride or silicon-aluminum

nitride, said layer comprising silicon nitride or silicon-

aluminum nitride preferably still contacting said interme-

diate layer.

The second module M2 comprises and preferably consists of

a layer comprising silicon nitride or silicon-aluminum

nitride, said layer comprising silicon nitride or silicon-

aluminum nitride preferably still contacting said interme-

diate layer.

At least one of the modules M1 or M2 comprises or consists

of a layer comprising and preferably consisting of silicon

oxynitride and/or aluminum oxynitride, said layer com-

prising silicon oxynitride and/or aluminum oxynitride

preferably being in contact with said intermediate layer.

The refractive index at 550 nm of said silicon oxynitride

and/or aluminum oxynitride is between 1.60 and 1.99,

preferably between 1.70 and 1.95. Said index can be
adjusted in particular according to the N/O ratio in said
material.

The stack comprises and preferably consists of the following
sequence of layers, starting from the substrate surface: a
layer based on silicon nitride or based on silicon oxyni-
tride (optionally further comprising aluminum), said
intermediate layer comprising at least one element
selected from silicon aluminum, titanium, or a mixture of
at least two of these elements, said layer TN1, optionally
a second intermediate layer comprising at least one ele-
ment selected from silicon aluminum, titanium, or a
mixture of at least two of these elements, a layer based on
silicon nitride or a layer based on silicon oxynitride
(optionally further comprising aluminum), and optionally
a protective layer selected in particular from oxides of
titanium, zirconium or a mixture of titanium and zirco-
nium.

The stack comprises and preferably consists of the following
sequence of layers, starting from the substrate surface: a
layer based on silicon nitride or based on silicon oxyni-
tride (optionally further comprising aluminum), option-
ally another intermediate layer comprising at least one
element selected from silicon aluminum, titanium, or a
mixture of at least two of these elements, said layer TN1,
said intermediate layer comprising at least one element
selected from silicon, aluminum, titanium, or a mixture of
at least two of these elements, a layer based on silicon
nitride or a layer based on silicon oxynitride (optionally
further comprising aluminum), and optionally a protective
layer selected in particular from oxides of titanium, zir-
conium or a mixture of titanium and zirconium.

Said stack comprises, starting from the substrate surface, the
following layers in succession, each layer being succes-
sively in contact with the next one:

SiNx or SiON/Al, Si or Ti or SiAl/TiNx/optionally Al, Si, Ti
or SiAl/SiNx or SiON,

or
SiNx or SiON/optionally Al, Si or Ti or SiAl/TiNx/optionally

Al, Si, Ti or SiAl/SiNx or SiON,
in which
SiNx is a layer comprising or based on silicon nitride,
SiON is a layer comprising or based on silicon oxynitride,
Al, Si or AlSi is a layer respectively obtained by deposition

of aluminum, silicon or a mixture of aluminum and
silicon,
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TiNx is the layer TN1 comprising or based on titanium
nitride.

The stack comprises a plurality of layers comprising tita-
nium nitride TN1, TN2 . . . , in particular two layers (TN1

and TN2) comprising titanium nitride, each layer com-
prising titanium nitride being separated from the next one
in the stack by a layer based on a dielectric material or by
a set of layers based on dielectric materials and optionally
by an intermediate layer comprising at least one element
selected from silicon, aluminum, titanium and mixtures
thereof.

The stack does not contain any layers based on silver,
platinum, gold or copper.

The glass substrate is made of clear glass. Without departing
from the scope of the invention, it is also possible to
deposit the stack on a substrate made of glass that is tinted
or colored in its body. The expression “colored in its
body” is understood to mean that the substrate comprises
elements in its glass composition which are intended to
give it a coloration (i.e. different from that of so-called
“clear” glass), in particular elements such as cobalt, iron,
selenium, or chromium, which may also be intended to
reduce its light transmission.

The glass substrate provided with said stack has undergone
a heat treatment after the deposition of said stack, and in
particular has been tempered, annealed or curved.

The thickness e1 of the first module M1 is between 1 nm and
100 nanometers, inclusive, and in particular between 10
and 70 nm, inclusive.

The thickness e2 of the second module M2 is between 5 nm
and 100 nanometers, inclusive, and in particular between
20 and 70 nm, inclusive.

The glass article comprises two glass substrates joined by a
thermoplastic film, in particular consisting of polyvinyl
butyral PVB, at least one of said substrates being provided
with said stack of layers, said stack being arranged
preferably on a face of a substrate facing the inside of said
glazing unit, or in contact with the thermoplastic film.
Preferably, the functional layers according to the inven-

tion are based on titanium nitride or preferably consist
substantially of titanium nitride.

A layer based on titanium nitride (or another material)
comprises for example at least 50% by weight of titanium
nitride (or said other material), or more than 60% by weight
of titanium nitride (or said other material), or even more than
80% by weight (or said other material), or even more than
90% by weight of titanium nitride (or said other material).

The titanium nitride according to the invention is not
necessarily stoichiometric (Ti/N atomic ratio of 1) but can be
over- or under-stoichiometric. According to one advanta-
geous embodiment, the N/Ti ratio is between 1 and 1.2.
Also, the titanium nitride according to the invention can
comprise a minor amount of oxygen, for example between
1 and 10 mol. % oxygen, in particular between 1 and 5 mol.
% oxygen.

According to a particularly preferred embodiment, the
titanium nitride layers according to the invention have the
general formula TiNxOy, in which 1.00<x<1.20 and in which
0.01<y<0.10.

The dielectric materials, once deposited in thin layers, can
however comprise additional elements which significantly
increase their electrical conductivity, and are useful for
example to improve the sputtering efficiency of the precur-
sor material constituting the magnetron target. The dielectric
layers of the modules M1, M2 according to the invention can
be layers based on a material selected from silicon nitride,
aluminum nitride, tin oxide, a mixed oxide of zinc or tin,

silicon oxide, titanium oxide and silicon oxynitride, and the

modules M1 and M2 preferably consist of a single layer and

this layer is based on silicon nitride. A material based on

silicon nitride, tin oxide, mixed oxide of zinc and tin, silicon

oxide, titanium oxide or silicon oxynitride is, for example,

a material which consists predominantly and preferably

substantially of such a compound, but which may also

contain other minority elements, in particular as a substitute

for cations, for example in order to promote the deposition

thereof in the form of thin layers by the conventional

techniques of magnetron sputtering as described above. By

way of example, the layers according to the present inven-

tion of silicon nitride or silicon oxynitride, or of silicon

oxide, in particular those deposited by magnetron, usually

comprise elements of the type Al, Zr, B, etc. in proportions

of, for example, up to 10 at. % or even sometimes up to 20

at. %, based on the silicon content of the layer. Similarly, the

titanium oxide layers can comprise other minority metal

cations such as zirconium as a substitute for titanium,

without departing from the scope of the present invention.

The glazing unit according to the invention can be a
simple glazing unit in which the stack of thin layers is
preferably arranged on face 2 of the simple glazing unit
when numbering the faces of the substrate from the exterior
to the interior of the building or passenger compartment
provided with said unit.

The intermediate layers according to the invention depos-
ited from metal targets consisting of Ti, Si, Al or a mixture
of at least two of these elements can comprise nitrogen or
oxygen, even before any heat treatment.

Thus, SIMS (secondary ion mass spectrometry) analyses
have shown that said layers comprise a minor amount of
such heteroatoms, even in the absence of nitrogen or oxi-
dizing gas during their deposition by sputtering (in particular
in an atmosphere of 100% argon), without it being possible
to determine the exact amount thereof in the layer in
question by the techniques which are currently available.
The same applies to the glass articles according to the
invention.

According to another embodiment, the glazing unit
according to the invention can be a laminated glazing unit,
comprising two glass substrates joined by a thermoplastic
film, in particular a polyvinyl butyral or PVB film, said
glazing unit being provided with a stack of layers as
described above. The stack is preferably deposited on the
face of the substrate facing the inside of the laminated
structure, in particular on face 2 of the glazing unit, and even
more preferably it is in contact with the thermoplastic film.
Alternatively, it can be deposited on the inner face of the
laminated glazing unit, i.e. on face 4 of the glazing unit, the
faces being conventionally numbered from 1 to 4 from the
outside to the inside of the glazing unit.

The substrates described above can, of course, be ther-
mally tempered and/or curved after the deposition of the
stack according to the invention.

A method for producing an article according to the
invention comprises, for example, at least the following
steps:
a glass substrate is introduced into a sputtering device,
at least one underlayer of a dielectric material is deposited

in one or more first compartments,
in another compartment, a titanium target is sputtered by

means of a plasma generated from a gas comprising
nitrogen, preferably in mixture with a rare gas such as
argon, under conditions for obtaining a titanium nitride
layer,
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at least one overlayer of a dielectric material is deposited in

one or more further compartments.

According to the present invention, in a compartment
comprising a target consisting of aluminum, silicon, tita-
nium or a mixture of at least two of these elements, in
particular silicon and aluminum, located immediately before
and/or after the compartment equipped with the titanium
target, a thin layer of 1 to 6 nm of aluminum, silicon,
titanium or a mixture of at least two of these elements, in
particular silicon and aluminum, is deposited by sputtering
said target in the presence of a neutral gas, for example
exclusively argon.

The term “overlayer” in the present description refers to
the respective position of said layers relative to the func-
tional layer(s) in the stack, said stack being supported by the
glass substrate. In particular, the overlayer is the outermost
layer of the stack, facing away from the substrate.

The thickness of a layer within the meaning of the present
invention is understood to mean the actual geometric thick-
ness of the layer, as can be measured in particular by
conventional electron microscopy or other techniques.

The invention and its advantages are described in more
detail below by means of the following non-limiting
examples according to the invention. In all examples and the
description, unless otherwise specified, the thicknesses
given are geometric.

The properties and advantages of the glazing unit accord-
ing to the invention are illustrated by the following
examples:

In a well known manner, in the following examples the
different successive layers are deposited in successive dedi-
cated compartments of the sputtering device, each compart-
ment being provided with a specific metal target consisting
of Si, Ti, Al, Al-Si, selected for the deposition of a specific
layer of the stack, and being supplied with a specific gas
composition of the desired composition for each layer.

More precisely, the layers based on silicon nitride are
deposited in compartments of the device from a silicon
metal target (comprising 8% by weight of aluminum), in a
reactive atmosphere containing argon and nitrogen accord-
ing to well known techniques. The silicon nitride layers
therefore also contain aluminum.

The layer based on silicon oxynitride is deposited in a
compartment of the device from the silicon metal target
(comprising 8% by weight of aluminum), in a reactive
atmosphere containing argon, nitrogen and oxygen. The
respective flow rates of the gases introduced into the com-
partment are 20 sccm (standard cubic centimeters per min-
ute) of Ar, 5 sccm of O2, and 100 sccm of N2. The refractive
index at 550 nm measured for this material is 1.88.

The titanium nitride layers are deposited in other com-
partments of the device from a pure titanium metal target in
a reactive atmosphere containing nitrogen and argon.

The aluminum or aluminum-silicon alloy layers were
deposited from the sputtering of a target of the same
composition in a neutral argon atmosphere.

The titanium layers were deposited from a pure titanium
metal target in a neutral argon atmosphere.

The conditions for magnetron deposition of such layers,
in particular for obtaining a desired thickness of each layer
of the stack, are technically well known in the field.

EXAMPLE 1

According to reference example 1, the glass substrate is
successively covered with a stack of layers comprising an
underlayer (layer M1) based on silicon nitride (hereinafter

noted for convenience as Si3N4 even if this is not necessarily

the actual stoichiometry of the layer), a functional layer

based on titanium nitride, and an overlayer (layer M2) also

based on silicon nitride (hereinafter noted for convenience

as Si3N4 even if this is not necessarily the actual stoichi-

ometry of the layer).

EXAMPLES 2 AND 3

According to examples 2 and 3 according to the invention,

an intermediate layer of aluminum (example 2) or of a

silicon-aluminum alloy comprising 8% by weight of alumi-

num (example 3) are deposited on top of the titanium nitride

layer (i.e. between the TiN layer and the Si3N4 overlayer) in

the stack of reference example 1.

EXAMPLE 4

According to example 4 according to the invention, a

two-nanometer intermediate layer of titanium metal is

deposited between the TiN layer and the Si3N4 underlayer in

the stack of reference example 1.

EXAMPLE 5

According to example 5 according to the invention, a

one-nanometer intermediate layer of titanium metal is

deposited between the TiN layer and the Si3N4 overlayer and

another one-nanometer layer of titanium metal is inserted

between the TiN layer and the Si3N4 underlayer.

EXAMPLE 6

According to comparative example 6, an intermediate

layer of nickel-chromium (80% by weight nickel, 20% by

weight chromium) is deposited between the TiN layer and

the Si3N4 overlayer in the stack of reference example 1.

EXAMPLE 7

According to comparative example 7, a 2 nm thick

intermediate layer of niobium nitride is inserted between the

TiN layer and the Si3N4 overlayer in the stack of reference

example 1.

EXAMPLE 8

In this example, the silicon nitride overlayer constituting

the module M2 in example 2 was replaced by a layer of

silicon oxynitride with a refractive index at 550 nm of 1.88.

All substrates are made of 4 mm thick clear Planiclear®

glass sold by Saint-Gobain Glass France. All layers are

deposited in a known manner by magnetic-field-assisted

sputtering (often referred to as magnetron sputtering).

The deposition conditions were adjusted according to

conventional techniques for magnetron deposition in order

to obtain different stacks of which the succession of layers

and the thicknesses thereof (in nanometers nm) are reported

in table 1 below:
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TABLE 1

Type of

Si3N4 TiN Si3N4 deposition

(M1) IL* (TN1) IL* (M2) IL

Example 1 30 — 20 — 30 —

(reference)

Example 2 30 — 20 2 30 Al

(invention)

Example 3 30 — 20 2 30 Si—Al

(invention)

Example 4 30 2 20 — 30 Ti

(invention)

Example 5 30 1 20 1 30 Ti

(invention)

Example 6 30 — 20 2 30 NiCr

(comparative)

Example 7 30 — 20 2 30 NbN

(comparative)

Example 8 30 — 20 3 30** Al

(invention)

*IL: intermediate layer

**silicon oxynitride SiON with a refractive index of 1.88 at 550 nm.

All the glazing units thus obtained according to examples

1 to 8 are then subjected to a heat treatment at 650° C. for
10 minutes.

A—Measuring Characteristics of the Glazing Units
The thermal and optical characteristics of the glazing

units before and after tempering were measured according to
the following principles and standards:)

1°) Optical Properties:
The measurements are made in accordance with the NF

EN410 (2011) standard mentioned above. More precisely,
the light transmission TL is measured between 380 and 780
nm according to the illuminant D65.

2°) Thermal Properties:
The normal emissivity εn was measured according to the

ISO 10292 standard mentioned above.
B—Results
The results obtained for the monolithic glazing units

according to the examples described above are compiled in
table 2 below:

TABLE 2

TL εn TL/εn

Example After tempering After tempering After tempering

1 (ref.) 54.1 40.6 1.33

2 (inv.) 54.5 37.9 1.44

3 (inv.) 55.5 38.0 1.46

4 (inv.) 52.7 34.8 1.51

5 (inv.) 50.7 32.6 1.56

6 (comp.) 48.5 35.8 1.35

7 (comp.) 52.5 49 1.07

8 (inv.) 53.5 34.9 1.53

Examples 2 and 3 are examples according to the present
invention. For these two examples, after tempering, a light
transmission of around 55% is observed, which is surpris-
ingly higher than that of the same stack without the inter-
mediate layer of aluminum or of an Si-Al alloy according to
the invention. According to an advantageous characteristic,
the emissivity at normal incidence is also significantly
reduced compared to reference example 1.

Examples 4 and 5 according to the present invention show
a slight decrease in light transmission but also a much
decreased emissivity compared to the reference stack.

Ultimately, the use of the intermediate layer in the stack
according to the invention thus makes it possible to obtain
a light transmission equal to or substantially comparable to

that of the reference stack, while improving the thermal

properties of the glazing unit.

Ultimately, it is observed that the selectivity of the glazing

unit, as measured by the TL/εn ratio, is significantly

improved for the glazing units according to the invention,

especially after tempering.

The comparative glazing unit according to example 6,

comprising an intermediate layer made of an NiCr alloy, has

a substantially reduced light transmission compared to the
reference example and the examples according to the inven-
tion, and ultimately a selectivity that is substantially equal to
the reference glazing unit.

The comparative glazing unit according to example 7,
comprising an NbN intermediate layer, has a degraded
selectivity compared to the reference example.

The glazing unit according to example 8, in which a
silicon (and aluminum) oxynitride layer is used in contact
with the intermediate layer, also has improved selectivity
compared to the reference example.

When considering the TL/εn selectivities of the glazing
units according to examples 1 to 8, as reported in table 2, it
can be seen that the glazing units according to the invention
have the best selectivities, after having undergone a thermal
treatment.

According to other complementary examples, it is sought
to determine what thickness of aluminum, used to constitute
the intermediate layer, is optimal for selectivity by varying
said thickness in the stack described according to example 2
above. The results obtained are compiled in table 3 below:

TABLE 3

Al layer TL After εn After TL/εn After

Example thickness (nm) tempering tempering tempering

1 (ref.) 0 54.1 40.6 1.33

2 2 54.5 37.9 1.44

2a 1 54.7 40.1 1.44

2b 3 54.9 34.1 1.61

2c 4 52.9 32.8 1.61

2d 5 51.3 32.9 1.56

The analysis of the data reported in table 3 shows that the
best results and compromises are obtained when the thick-
ness of the aluminum intermediate layer is between 2 and 4
nm.

The invention claimed is:
1. A glass article having anti-sun properties comprising at

least one glass substrate provided with a stack of layers,
wherein the stack of layers comprises, successively from a
surface of said at least one glass substrate:

a first module M1 consisting of a layer based on a
dielectric material with a thickness e1 or of a set of
layers based on dielectric materials with a cumulative
thickness e1, said thickness e1 being between 1 and 100
nm,

a layer TN1 comprising titanium nitride, with a thickness
of between 2 nanometers and 80 nanometers,

a second module M2 consisting of a layer based on a
dielectric material with a thickness e2 or of a set of
layers based on dielectric materials with a cumulative
thickness e2, said thickness e2 being between 5 and 100
nm,

wherein an intermediate layer is deposited between said
layer TN1 and said first module M1 and/or between said
layer TN1 and said second module M2, said interme-
diate layer between said layer TN1 and said first module
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M1 and/or between said layer TN1 and said second
module M2 having a thickness of between 0.2 nm and
6 nm,

wherein said intermediate layer is deposited by sputtering
and is selected from a layer consisting of aluminum,
titanium, silicon and any combination thereof, and

wherein the stack of layers that is in contact with the glass
article does not contain any layers based on silver,
platinum or gold.

2. The glass article according to claim 1, wherein the
intermediate layer is a metallic layer consisting of alumi-
num.

3. The glass article according to claim 1, wherein the
intermediate layer is a layer consisting of silicon.

4. The glass article according to claim 1, wherein the
intermediate layer is a layer consisting of a mixture of
silicon and aluminum.

5. The glass article according to claim 1, wherein the
intermediate layer is a metallic layer consisting of titanium.

6. The glass article according to claim 1, wherein the
modules M1 and M2 comprise materials selected from sili-
con nitride, aluminum nitride, aluminum-silicon nitride, tin
oxide, mixed oxide of zinc and tin, silicon oxide, titanium
oxide and silicon oxynitride.

7. The glass article according to claim 1, wherein the first
module M1 comprises a layer comprising silicon nitride or
silicon-aluminum nitride, said layer comprising silicon
nitride or silicon-aluminum nitride contacting the interme-
diate layer.

8. The glass article according to claim 1, wherein the first
module M2 comprises a layer comprising silicon nitride or
silicon-aluminum nitride, said layer comprising silicon
nitride or silicon-aluminum nitride contacting the interme-
diate layer.

9. The glass article according to claim 1, wherein at least
one of the modules M1 or M2 comprises a layer comprising
silicon oxynitride and/or aluminum oxynitride, the layer of
silicon oxynitride and/or aluminum oxynitride contacting
the intermediate layer.

10. The glass article according to claim 1, wherein the
stack of layers comprises the following sequence of layers,
starting from the substrate surface:

said first module M1 comprising a layer based on silicon
nitride or based on silicon oxynitride,

said intermediate layer selected from a layer consisting of
aluminum, titanium, silicon and any combination
thereof,

said layer TN1,
optionally a second intermediate layer selected from a

layer consisting of aluminum, titanium, silicon and any
combination thereof,

said second module M2 comprising a layer based on
silicon nitride or a layer based on silicon oxynitride,
and

optionally a protective layer selected from oxides of
titanium, zirconium or a mixture of titanium and zir-
conium.

11. The glass article according to claim 1, wherein the
stack of layers comprises the following sequence of layers,
starting from the substrate surface:

said first module M1 comprising a layer based on silicon
nitride or based on silicon oxynitride, titanium, or a
mixture of at least two of said elements,

optionally another intermediate layer selected from a
layer consisting of aluminum, titanium, silicon and any
combination thereof,

said layer TN1,

said intermediate layer selected from a layer consisting of
aluminum, titanium, silicon and any combination
thereof,

said second module M2 comprising a layer based on
silicon nitride or a layer based on silicon oxynitride,
and

optionally a protective layer selected from oxides of
titanium, zirconium or a mixture of titanium and zir-
conium.

12. The glass article according to claim 1, wherein the
stack of layers comprises a plurality of layers comprising
titanium nitride, each layer comprising titanium nitride
being separated from the next one in the stack by a layer
based on a dielectric material or by a set of layers based on
dielectric materials, and optionally an intermediate layer
selected from a layer consisting of aluminum, titanium,
silicon and any combination thereof.

13. The glass article according to claim 1, wherein the at
least one glass substrate is made of clear glass.

14. The glass article according to claim 1, wherein said
glass substrate or substrates provided with said stack of
layers are tempered or curved.

15. The glass article according to claim 1, wherein the
module M1, the layer TN1, the module M2 and the interme-
diate layer between said layer TN1 and said first module M1

and/or between said layer TN1 and said second module M2

are deposited so as to be in contact with one another.

16. The glass article according to claim 1, wherein said
thickness e1 is between 10 and 70 nm.

17. The glass article according to claim 1, wherein the
thickness of the layer TN1 is between 10 and 50 nm.

18. The glass article according to claim 1, wherein the
thickness e2 is between 20 and 70 nm.

19. The glass article according to claim 1, wherein the
intermediate layer between said layer TN1 and said first
module M1 and/or between said layer TN1 and said second
module M2 has a thickness of between 1 nm and 4 nm.
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