TRANSPARENT SUBSTRATES PROVI DED W TH A STACK OF THLN-LAYERS, APRL| CATMON' T
THERVAL | NSULATI ON AND/ OR--SOLAR CONTRCL GLAZI NGS The invention relates to
transparent and in particular glass substrates covered with a stack of thin

| ayers incorporating at | east one netal |ayer able to act on the solar

radi ation and/or on the infrared radi ation of considerabl e wavel engt h.

The invention also relates to the use of such substrates for the

manuf acture of solar protection or control and/or thermal insul- ation

gl azi ngs. These gl azings are used both for equipping buildings and

vehicles, with a particular aimof reducing air
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conditioning requirenments and/or reducing excessive overheating resulting
fromthe ever-increasing size of the glazed surfaces in car bodies. A
known | ayer stack type for giving such properties to substr- ates is
constituted by at | east one netal |ayer, such as a silver layer, which is
pl aced betwegpakwpadERIresBECRARES! PAbVIAYEr f10fi AheTAEKabFOXHUR LXPERsTHI S
stack is gené?ﬁTTV“ﬁbT‘“““ﬁ“ﬁ“‘é‘?ﬁEE§§§T6ﬁ“ﬁf”ﬁéﬁﬁ§rr“‘“ﬁ”“?ﬁﬁ*ﬁur“by*a
met hod usi ABPRIGAELQR RHARMAR gAY N840 : A ]

i ng. Thus, patent application MO 90/ 02653 dlscloses a Ian1nated glaz-
I ng |ntended for cars and whose outernost gl ass substrate with respect to
the vehi cl €BBod)VRBTHPBYFAeAtRPt ROatERABRAGPDE| 9B LPaPaFSisHIREsELARES

face in coghgst Wkl EB@eEQQrGQEha§tb@ack”BEthQh nayerkaYfborpBracshacke
consi sts of two silver |ayers intercalated with three zinc _oxide |ayers,

the silver Pé§§r°necP8§é%tlFBEFhébéﬁtEP §GESPPaF§ec§PP§Fn§aPHét%P&cRnHéVan
a thick- opesgesShh@bbk¥dexeaedicngnt Bat cohstiheradtendasiehvagthayer. '

The invention also relates to the use of such substrates for the
manufacture of solar protection or controcl and/or thermal insul-
ation glazings. These glazings are used both for equipping
buildings and vehicles, with a particular aim of reducing air
conditioning requirements and/or reducing excessive overheating
resulting from the ever-increasing size of the glazed surfaces
in car bodies.

A known layer stack type for giving such properties to substr-
ates is constituted by at least one metal layer, such as a
silver layer, which is placed between two dielectric material
layers of the metal oxide type. This stack is generally
obtained by a succession of deposits carried out by a method
using a vacuum such as magnetic field-assisted cathodic sputter-

ing.

Thus, patent application WO 90/02653 discloses a laminated glaz-
ing intended for cars and whose ocutermost glass substrate with
respect to the vehicle body 1is provided with a stack of five
layers on its inner face in contact with the thermoplastic
material interlayer. This stack consists of two silver layers
intercalated with three zinc oxide layers, the silver layer
closest to the outer substrate carrying the stack having a thick-

ness slightly exceeding that of the second silver layer.

The laminated glazings according to said application are used as
windscreens, which explains why they have very high light trans-
mission values T. of approximately 75%, in order to respect the

L
safety standards in force and therefore have a relatively high
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The | am nated gl azi ngs according to said application are used as

w ndscreens, which explains why they have very high light trans- m ssi on
values T[err] of approximately 75% in order to respect the safety
standards in force and therefore have a relatively high

- 2- solar factor value SF. (It is pointed out that the solar
factor of a glazing is the ratio - 2 petween the total energy
entering the roomthrough said glazing and the incident solar

energy) .
solar factor value 8F. (It is pointed out that the solar factor

of a glazing is the ratio between the total energy entering the

room through said glazing and the incident solar energy).

The object of the invention is to develop a transparent sub-
strate carrying a stack of thin layers having two layers reflec-
ting radiation in the infrared and which are more particularly
of a metallic type, so that they have a high selectivity, i.e.
the highest possible TL/SF ratio for a given value of TL, whilst
ensuring that said substrate has an esthetically satisfactory

visual appearance in reflection.

The invention relates to g transparent substrate, particularly
of glass and having multiple thin layers, on which are success-
ively deposited a first dielectric material layer, a first layer
having infrared reflection properties and in particular based on
metal, a second dielectric material layer, a second layer having
infrared reflection properties, particularly based on metal, and
finally a third dielectric material layer. According to the
invention, the thickness of the first layer having infrared
reflection properties, i.e. that closest to the carrying sub-
strate, corresponds to approximately 50 to 80%, particularly 55
to 75% and preferably 60 to 70% of the thickness of the second
layer having infrared reflection properties. An advantageous
example corresponds toc a thickness of the first layer correspon-

ding to approximately 65% of the second.

This great asymmetry in the thicknesses of the layers having
infrared reflection properties makes 1t possible to advantage-

ously modify the values of T, and SF so as to obtain glazings

L
having a good selectivity, i.e. a good compromise between the
need for transparency and that of providing an optimum protec-

tion against solar heat rays.
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5 The object of the invention is to develop a transparent substrate

carrying a stack of thin | ayers having two | ayers reflecting
radiation in the infrared and which are nore Thip Slreet Hatl Béeh Ryplaéd a
netallic type, so that they have a high selectivity, i.

possible T[err]/SF ratio for a given value of TL, whil t said
substrate has an aestheticall y gatisfactory visual appearance in
reflection. 10 The invention relates to a multiple glazing pane or
| am nat ed gl azi ng pane, i ncorporating a transparent substrate,

parti cul ar IMpwfovgmasstiend Hdegpfmdudlplan tdeymmetry leadsaymy ssnarhenhi ch
are successj |te | r.st di ctriG teri er.,, first. layer
havi ng i nf raa&rlvggdy tr%‘e%)"“)cehcsz icooﬁtlsger dpeenr el'es%ié)ﬁtd c;l’r{nlypa@rgraqelé(’:u:ﬂar"l e%es ed oY Snsie]tsna e, ete?
second 15 obtaindiglatings emiord an |aytersc ol weooinh 4 layerp derda ne i rfadried-
refl ection r%,rt-irp : rdi X ashf | e Whdd™N Yo ~
third diel e"_f:it rc nlht eréifa e_talyoenr’. IC&il\cs%:or |€119A%/oé) L r"Tt%{ltg”ienventéldon,aéc!tlhoe

t hi ckness ofighed¥t rsrld aiiegualad R d0dncs kel ectivmapklopamdkanggd aio

that closesf, Q.4 %ét:\ﬁirtélﬁé Noh SUDSY 4 aitrfei@awfsppmwfc@%@xgl@%ﬁig £0 to

70% of the ckness of the second layer having I nfrared
refl ecti on Propered esthimh BRAANt Hidols BRI son on SRt Eite ssiRifRs t'dh e

thickness ofaddife fdf sS4 Rl 10O dBSRANG NGy d Do PRPIEXE KB Y glazings R of
t he second. Thi s, great as%/mTetry in the thjicknesses of Sé‘*he

| ayers havi®Rf itMYared 18 eckiriession of "a,changs &f €33 fsltH et
advant ageoust ye i@ di ¢/a t 1ien Ve Ugtse of acldid rdt ateh §F 5@ Bs 1eoRbng. Thdbtain
gl azings hawing, & 4004 S8 S Whadacked SO0 SPRIOM 8¢ £Ff Mo 41 nEed

is presently highly desired by building architects.

Moreover, the visual appearance of the glazing, both in reflec-
tion and transmission, can also be refined and controlled by an
adequate selection of the materials and the relative thicknesses
of the three dielectric material layers.

Thus, according to a non-limitative variant of the invention,
the optical thickness of the first layer is chosen approximately
equal to that of the third layer. The optical thickness of the
second layer is then advantageously chosen above or equal to
110% of the sum of the optical thicknesses of the two other
layers and preferably corresponding to approximately 110 to

120% of said sum.

Another variant relating to the relative thicknesses of the
dielectric material layers, which is just as advantageous, con-
sists of choosing an optical thickness of the first layer which
exceeds the optical thickness of the third layer. Thus, the
optical thickness of the first layer can correspond to at least
110% of the optical thickness of the third layer, particularly
at least 110 to 140%, especially 115 to 135% and preferably
approximately 125% of the optical thickness of the latter. In
the case of the drawing, it is recommended that the optical
thickness of the second dielectric material layer be chosen
approximately equal to the sum of the optical thicknesses of the

two other layers.



transparency and that of providing an optinmum protection agai nst sol ar heat
rays. 30 - 2a -

In both cases, such relative proportions between the optical
thicknesses of the layers makes it possible to obtain colours in
reflection and even also in transmission, which are esthetically

appreciated and in particular blue and green.

However, the second variant has a supplementary advantage com-~
pared with the first, to the extent that it optimizes the "non-
sensitivity" of the complete stack to thickness variations of
the different layers forming it. This means that slight thick-
ness variations of one of the layers in the stack does not lead
to flagrant appearance deficiencies between individual glazings
or on the surface of the same glazing. This is very important
from the industrial standpoint, where manufacture takes place of
glazings having a considerable size and/or in large numbers with
the aim of retaining appearances and performance characteristics
which are as uniform as possible between individual glazing
batches, particularly within individual zones of the same
glazing.

In terms of choice of material for said thin layer stack, it is
recommended to place on each of the lavers having infrared
reflection properties and in particular based on metal, a thin
"barrier" layer, particularly when the dielectric layers above
the same are deposited by reactive cathodic sputtering in the
presence of oxygen. Therefore said barrier layers protect the
metal layers in contact with the oxygen and themselves partly
oxidize during the deposition of the upper dielectric layer.
They are preferably based on a tantalum, titanium or nickel-

chromium alloy and have a thickness of 1 to 3 nanometres.

With regards to the layers having properties in the infrared,

good results are obtained with silver layers.

The dielectric material layers are in particular based on

tantalum (V) oxide, zinc oxide, tin (IV) oxide, niobium (V)
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Mor eover, the choice of such an asymmetry | eads to anot her advant ageous
consequence. Not only does it make it possible to obﬂ&smmghﬁgggg§ Qav ng an

attractive visual appearance, partic- ularly in refle

neutral "whitewashed” col our- ing, but said visual ap W

virtual ly unchanged no matter what the amrghe-of incidenc the
glazing is observed. This neans that a person on the outside V|emﬁng t he

facade of a building entirely equipped with such gl azings does not have a
vi sual inpofsséontmtaaxahang@)oéstaderas Aikuocéi oh obrthenl 6£ath@seon the

facade at which he.|s. I ng. This,appearance unjformty character is_very
i nteresting®* %%auéé FF ?g %r%g%ﬁfﬁ§e f&ﬁlQnaegrrggebgg%édeEﬂg SrERrERET S,
Mor eover , thEe&iByatwappeaeahnpoaédth&lgéashbgaybosh onereélieg- ofi @hnand
transm ssi can.als f a n e n, ad el ection
of the natg?Y5|gX ?ﬁg re? %ngrtﬁ c%ﬁeé%gégogag%ggth?egggg ﬁé%t#g
materi al | &gpreve Fﬁhusgtgcnerdfngheolayapa-haminatipéraaeﬁanefbécthgn‘
invention, ot hgeppEbgal shbhckpessnof1the(t) Sk1kaYEE heo60RRCPvIPBLRELM B! Y
accordance with French patent application 93/01546 filed on
11.2.1993 and European patent application 94 400 289.8 filed on
10.2.1994, or titanium (IV) oxide.

Each of the oxides given above has advantages. Thus, tin (IV)
oxide and zinc oxide have high deposition speeds when deposited
by reactive cathodic sputtering, which is of great interest
industrially. However, tantalum (V) oxide or niobium (V) oxide
make it possible to obtain an increased durability of the stack
with respect to mechanical or chemical aggresslons and in part-
icular lead to a better wetting of the silver lavers when they
are positioned below the latter. Mixed oxides can offer a com-
promise between the deposition rate and the durability and the
superimposing of two oxide layers reconciles in an optimum man-
ner the cost of the starting materials and a better wettabllity
of the silver layers.

There is also a supplementary advantage linked with the use of
tantalum (V) oxide. A glazing provided with a stack having such
a dielectric material can be blue both in reflection and in
transmission, which is appreciated from the esthetic

standpoint and is also surprising, because usually, in trans-
mission, the colour obtained is complimentary of that obtained
in reflection, when the thin layers in question are only

slightly or non-absorbent.

The preferred embodiment of the stack according to the invention
consists of choosing a thickness of 7 to 9 nanometres for the

first metal laver and a thickness of 11 to 13 nanometres for the
second. Preferably the optical thickness of the first and third

dielectric material layers is between 60 and 90 nanometres,



equal to that of the third layer. The optical thickness of the second |ayer
I s.then advant ageously chosen above or equal to 110% of the sum of the
optical thicknesses of the two other |layers and preferably corresponding to
approximately 110 to 120% of said sum Anot her variant relating to the
relative thicknesses of the dielectric nqgerlal | ayers, which is just as
advant ageous, con- sists of choosing an optical thickness of the first

| ayer which exceeds the optical thickness of the third Iayer Thus, the

optical thickness of the first |ayer can correspond to 0@601
Che ont i calt A BSRme i e WK RFSss, At (T B 12 ieen T A0
140% espedaisalday ol te® 135%eambmrcaf1ertamcyme@ppffommtsﬁelc)bnlﬁi%y@r tihe
optical thickness of the |atter. In t he case of the draw ng, [

r ecomende PSSR He o 70 Hafometdss ’ofwrl%es%écténc?ecﬂ“{ﬂté'c‘tcﬁlc trPehcéWeails

| ayer be Cﬁ%%twe&ﬁprmlaﬂﬂ doy weauwe tre d he BUMOfpdifin @ptdnalcHdd aknesses
of the two oth %{
ptlca ness 1s defined in known manner by the product of
the real geometrlcal thickness of the layer and the refractive

index of the material forming it. As a function of the envis-
aged oxide type, the index varies between 1.9 and 2.1 for tin

(IV) oxide or tantalum (V) oxide to approximately 2.3 for oxides

of the niobium (V) oxide type.

The substrate coated with the stack according to the invention
can advantageously be incorporated into a multiple glazing and

in particular as one of the glass layers of an insulating double
glazing. 1In the latter case, the double glazing has a light
transmission value between 60 and 70% and a solar factor SF of
0.32 to 0.42, which make it completely suitable for use in buil-
dings. Moreover, it preferably has in reflection a virtually
unchanged visual appearance no matter what the vision incidence
angle, the values of a*, b* in the colorimetry system (L, a*, b¥*,

¢*) remaining unchanged, below 3 and negative.

It can also form part of a laminated glazing with in particular

a light transmission of approximately 70%.

The advantageous details and features of the invention can be
gathered from the following non-limitative examples illustrated

by fig. 1.

It is pointed out that in all the examples the successive
deposits of the layers of the stack take place by magnetic field-
assisted cathodic sputtering, but any other deposition procedure
can be envisaged provided that it permits a good control and

monitoring of the thicknesses of the layers to be deposited.
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- 3- In both cases, such relative proportions between the opti cal

t hi cknesses of the layers nakes it possible to obtain colours in reflection
and even also in transm ssion, which are esthetically appreciated and in
particul ar blue and green. However, the second variant has a

suppl enment ary advantage com pared wth the first, to the extent that it
optim zes the "non- sensitivity" of thé& @oﬁplete stack to thickness

variations of the different layers formng it. This neans that slight
t hi ck-

The substrates on which the stacks are deposited are 4 mm thick
soda~-lime~silica glass substrates, except for examples 7 to 10,
where the substrates are 6 mm thick. In double glazings, they
are assembled with another substrate identical to the first, .but
in the blank state, by means of a 10 mm space of gas, except for

the examples 7 to 8, where there is a 12 mm space of gas.

Fig. 1 shows the stack according to the invention and does not
respect proportions with respect to the thicknesses of the

layers so as to facilitate understanding. It is possible to see
the previously defined substrate 1, surmounted by a first tin
(IV) oxide or tantalum (V) oxide layer 2, a first silver layer 3,
a titanium or Ni-Cr alloy barrier alloy (partly oxidized) 4, a
second tin (IV) or tantalum (V) oxide layer 5, a second silver
layer 6, another barrier layer 7 identical to the first and fin-

ally a last layer 8 of one of the same oxides.

The deposition installation comprises at least one sputtering
chamber equipped with cathodes having targets made from approp-
riate materials under which the substrate 1 successively passes.
These deposition conditions for each of the layers are as
follows:

the silver-based layers 3, 6 are deposited with the aid of a
gsilver target, under a pressure of 0.8 Pa in an argon atmosphere,
the layers 2, 5 and 8, when based on SnOz, are deposited by reac-
tive sputtering with the aid of a tin target under a pressure of
0.8 Pa and in an argon/oxygen atmosphere, including 36 vol. %
oxygen,

the layers 2, 5, 8, when based on Tazos or Ntbosare deposited

by reactive sputtering respectively with the aid of a tantalum
target or a niobium target under a pressure of 0.8 Pa and in an
argon/oxygen atmosphere, whereof approximately 10 vol. % is
oxygen,

the layers 4, 7 based on Ni-Cr or titanium are deposited with

the aid of a nickel-chromium alloy or titanium target under the
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ness variations of one of the layers in the stack does not lead to flagrant
appear ance deficiencies between individual glazings or Oﬂmhﬁ%g urface of
the sane glazing. This is very inportant fromthe industr| ced
wher e manufacture takes place of glazings having a consi d%ﬂ d/ or
in large nunbers with the aimof retaining/appearances an
characteristics which are as uniform as possi ble between individual glazing
bat ches, particularly within individual zones of the sane gl azing. In
terns of clricedRAsomerind InravatEehiatnageheseack, it is recormended to
pl ace on each of the layers having infrared reflection properties and in
particul ar based on netal, a thin "barrier" layer, particularly when the
di el ectri cThayeswenbdemsitide sudretzaeeteppsededobytheastbyerzhe hbdare
sputtering j . pr e ygen, . Ther Sad 1 s
pr ot ect t%‘ed:ﬂl érré\;%%ll ay%?‘gz?i%grg%ér)\{agf é\‘/\ft gt ﬁég%grﬁggiﬁga%%é{h%mie%%s partly
oxi di ze duthigkndmselepositi on of the upper dielectric |ayer. They are
preferably based on a tantalum titanium or nickel - chrom um al | oy and
have a thickness of 1 to 3 nanonetres.

In all the following examples, with the exception of the last,

tantalum (V) oxide is chosen as the dielectric material for the

layers 2, 5 and 8.

EXAMPLES 1 TO 5

Examples 1, 2 and 5 are comparative examples to the extent that
in these three cases, the silver layers 3, 6 have either virtu-~
ally identical thicknesses (example 1) or different thicknesses,
but whereof the asymmetry is reversed compared with that recomm-
ended by the invention (examples 2 and 5). Examples 3 and 4 are

in accordance with the teachings of the invention.

The following table 1 gives for each of the examples the nature
'and thicknesses (in nanometres) of the layers of the stack in
question. The barrier layers 4, 7 are designated Ni-Cr, knowing
that they are in fact partly oxidized once all the layers have
been deposited.

TABLE 1
Ex. 1 Ex. 2 Ex. 3 Ex. 4 5
Glass (1) - - - - -
Ta205 (2) 36.5 34.5 32 32 32
Ag (3) 10 11.5 8 8 12
Ni-Cr (4) 2 2 2 3 2
TaZO5 (5) 77.5 4.5 77.5 72.5 77.5
Ag (6) 11 8 12 12.5 8
Ni-Cr {(7) 2 2 2 2 2

Tas05 (8) 33.5 35 33.5 32 33.5



Wth regards to the |layers having properties in the infrared, good
results are obtained with silver |ayers. The dielectric material |ayers
are in particular based on tantal um (V) oxide, zinc oxide, tin (1V)

oxi de, ni obium (V)

-4- oxide, titanium (l1V) oxigde-or a m xture of certain of
these oxides. It is also possible for one of the layers to be
constituted by two superinposed oxi de subl ayers, one bei ng of tin

(1V) oxi de mand sthe Rfhey tqulaéﬂ 20Xind FRIING It RRISIJH & HeD dYHTO & Al e s
wetting of the | ayers having infrared reflection properties, such

as tantal urﬁh(e\/)h&mdér@rnsrﬂld’cﬁ%ﬂﬂ MPLlues Ty as agpede aht agCooriden @ Wit i acre

teachi ng of. i efich Ppatante SR Acdil 11d /2 A NEWORRAYd 67507 (appendix A
233) as a percentage, the dominant wavelength values lambda—&om~t
nanometres and the associated colouring purity pt as a
percentage. Also indicated are the light reflection values Ry,
as a percentage, the dominant wavelength in reflection lambda-
dom-r and the reflection purity p.r. as a percentage, the color-
imetry measurements having been performed under normal incidence.
All the measurements relate to the substrate fitted as a double

glazing, with reference to the illuminant D65

TABLE 2

Ex. 1 Ex. 2 Ex. 3 Ex. &4 Ex. 5
TL 69 66 70 61 62
SF 42 42 42 38 38
Lambda-dom—-t 493 489 498 490 478
p.t. 2 5 2 4 6
RL 12 19 10 10 21
Lambda-don-r 561 641 486 487 574
P.Tr. 3 9 3 6 35

The following table 3 gives the values of the dominant wave-
length in reflection lambda-dom-r, the reflection purity p.r.
for certain of the preceding examples (the substrate still being
installed in a double glazing), but on this occasion measured
with an angle of incident relative to the perpendicular to the

plane of the substrate of respectively 60 and 70°.
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pat ent application EP-A-61 1213, or titanium (1V) oxide. Each
of, the oxides given above has advantages. Thus, tin (1V) oxide and zinc

oxi de have hi gh deposition speeds when dep05|ted by reactd ye 1
cathodic sputtering, which is 10 of great int e‘rhgg;\eeq

However, tantalum (V) oxide or niobium (V) 9xide make ossi bl e
to obtain an increased durability of the stack with r n| cal

or chem cal aggressions and in particul ar I o a better
wetting of the silver |ayers when TABLEthey are positioned bel ow t he

| atter. M xed oxides can offer a conprom se between the
deposition rate and the durabili tyE§nd the s er| rrp05| of t wo id(rar?
| ayers reconciles 15 in an optimim rranne & cost the st g

materials ?Qﬂb@ab-ﬁtohe-r WRbt-abi ity ,6f the si gy layersgyy

There is a suppl enentary advant age Ilnkeé with the use of tantalum (V)
oxide. A P.r. (60 ‘gl azing provided i th a stack havind -$fch a dieldectric
material can 3 ue both in 20 9reflectl%i and in %%ansn153|gq whi ch
IS appreC|aLe P m t he aesthetic standpoint and is al so

sur pri si ngLapédaademrsudl70y,) in tradni ssion,4%he col odd lobt ai ned %8s
conplinmentary  (70°) of that obtaisned in ref)ection,; wen thedhn

l ayers in question are only slightly or non- absor bent .
4 questLgn, y stiagntiy, 39 EY)

Other c¢olorimetry measurements with incidence angles 0 and 60°
were performed, on this occasion in the system (L¥*, a¥*, b*), for
examples 2 and 3, as well as for example 5, which is in all
points identical to example 3, except that the silver layers 3
and 6 were reversed and consequently falling outside the condi-
tions recommended by the invention. Table 4 groups the values
of a* and b*, as well as c¢* called saturation and eqgual to the

square root of the sum of the squares of a* and b¥*.

TABLE 4

Ex. 2 Ex. 3 Ex. b5
a* (0°) 12.2 - 0.9 - 2.2
b* (0°) 3.1 - 3.1 22
c* (0°) 12.6 3.2 22.1
a* (60°) -1 - 0.9 - 1.7
b* (60°) 2 - 3 6
c*  (60°) 2.2 3.13 6.2

The following conclusions can be drawn from this information.

Under a normal incidence angle, i.e. giving different thick-
nesses to the silver layers and solely in such a way that the
silver layer closest to the substrate is much thinner enabling

the obtaining of glazings which are blue in reflection.



25 The preferred enbodi nent of the stack according to the invention
consists of choosing a thickness of 7 torﬂsmacmp&ée@ﬁe lagé the

first netal |ayer and a thickness of 11 to 13 for t he
second. Preferably the optical thickness of the fi r gﬂmmﬂ
dielectric material layers is between 60-aid 90 nano

-5- their geonetrical thickness being in particular between 30 and 45
nanonetres. The optical thickness of the second |ayer is between 140 and

170 nanonetlteshowtlid ste infox egiearmetyr ithel gtihizdkiges acdco rddingeern thearichv@dition,
nanonetrespa%%lé%ﬂgy t%ﬂuﬁyﬁﬁhﬁ%%d%%% dielectric is tantalum (V) oxide,

are also blue in transmission.

Thus, only examples 3 and 4 have lambda-dom-r values of approx-~
imately 486 nanometres and lambda-dom-t values of 490 nanometres,
according to table 2. However, the glazings of examples 1 and 5
have in reflection a yellow shade, whereas that of example 2 is

a red-purple shade.

In addition, the colouring purity in reflection p.r. of example
2, close to 10%, is much higher than that of examples 3 and 4
according to the invention. (This value of p.r. is even higher

a

for example 5).

Moreover, the glazings of examples 3 and 4 according to the
invention have a good selectivity of at least 1.6 or 1.7 with a

solar factor remaining equal to or below 42%.

Thus, the obtaining of a favourable colorimetry according to the
invention is not to the detriment of the sclar protection per-

formance characteristics of the glazings in question.

Tables 3 and 4 make it possible to evaluate the uniformity of
the appearance in reflection of the glazings according to cert-
ain of the preceding examples. Table 3 shows that the glazing
according to example 3 in accordance with the invention retains
a blue colour in reflection, with a lambda-dom-r value remaining
virtually constant towards 486 at 0° to 481 at 70°, the purity

in reflection also remaining very moderate.

However, the glazing according to example 1, where the silver
layers approximately have the same thickness, passes from a
vyellow colour in reflection under normal incidence to a blue and

then violet colour at 60 and then 70°.



optical thickness is defined in known manner by the product of the real
geonetrical thickness of the layer and the refractive index of the nmateri al
forming it. As a function of the envis- aged oxide type, the index varies
between 1.9 and 2.1 for tin (1V) oxide or tantalum (V) oxide to

approxi mately 2.3 for oxides of the niobi-uthi( ) oxide type. The substrate
coated with the stack according to the invention can advant ageously be
incorporated into a nultiple glazing and in particular as one of the glass
| ayers of dablesd atonfd. roheubiha iglcadiyn@x almp ltehe8 |aatctoard icas g0 tthe dowtdneion

gl azi ng ha |lJght tr 1 Ssi on \a| b d 70% al

factor SF %fa .s3gqt § 0&%&%’@ e\/\/r?lochqnangik%eﬁ %é“%g&%csﬁsuﬁ% ad)b%qif garp%uesa?ﬁnﬁ: €
bui | - di ngsin Mefdeedrion tnopmeftdreablshatad Hen imgfiidegtceomng M r thealduse the
unchanged i3yl ARPE ARGE O JEHLLE Whali NG URphJdf] dNGRAdR e
val ues of a*, b* in the colorinetry system(lL, a*, b*,” c*) remaining .

unchanged, W&ltd®wn3 cdnd negati ve. It can also formpart of a | am nated
glazing with in particular a light transm ssion of approxinmately 70%

This is not the case with the glazings of examples 2 and 5,

where the values of a* and b* change completely as a function of
the incidence angle. Thus, the value of a* passes, for the glaz-
ing of example 2, from a very high positive value of 12.2 at 0°

to a very low negative value of ~1 at 60°.

Thus, only the examples according to the invention reconcile the

selectivity and appearance uniformity.

EXAMPLES 6 AND 7

These two examples use as the dielectric material tin (IV) oxide
and not tantalum (V) oxide and use for the barrier layers

either titanium (example 6) or Ni-Cr (example 7).

The following table 5 indicates the thickness values in nano-

metres used for each of the stack layers:

TABLE 5

Ex. 6 Ex. 7
Glass (1) - -
sn0, (2) 34 32
Ag (3) 8 8
Ti or Ni-Cr (4) 1 1.5
Sn0, (5) 77 74.5
Ag (6) 12 11.6
Ti or Ni-Cr (7) 1 1.5
Sno, (8) 35 33

This Sheet Has Been Replaced
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is pointed out that in all the exanples the succes of the

| ayers of the stack take place by magnetic field- odic
sputtering, but any other deposition proecedare can be enV|sag provi ded
that it permts a good control and noni toring of the thicknesses of the
| ayers to be deposited.

The thus coated substrates were installed in double glazings, as

The advant ageous details and features of the invengiqn can be gat hered
fromthe followng non-limtative exanples illustr ﬁemi ciRgplackd - It

explained hereinbefore. The photometric measurements on the
double glazings appear in table 6 (measurements under normal

incidence).

TABLE 6

Ex. 6 Ex. 7
TL 66 75
SF 38 39
RL 10.4 9.4
Lambda~dom-r 511 484
p.Ir. 2 2
a* - - 0.5
b* ~ - 1.1

These glazings, like those of examples 3 and 4, reveal no sign-
ificant modification of their visual appearance in reflection,
no matter what the measurement angle. In reflection they have

a colour towards the greens for example 6 and towards the blues
for example 7, but these colours remain very neutral, in view of
the very low purity values associated therewith.

Laminated glazings incorporating the covered substrates of the
stack according to the invention retain the favourable colori-
metry observed in the case of monolithic substrates or sub-

strates installed in double glazings.

Thus, the substrate covered with the stack according to example
3 was assembled with another substrate of the same type, but
without a layer, using a standard, 0.3 mm thick, polyvinyl

butyral film.

The following table 7 gives for said laminated glazing the
already explained values of TL’ p.t. lambda-dom-t, a* and b* in
connection with the appearance in transmission, as well as the

corresponding values RL, p.r. lambda-dom-r, a* and b* concerning



- 6- The substrates on which the stacks are dep05|ted are 4 mm t hi ck
soda-1inme-silica glass substrates, except for exanpl d&isph eﬂl émedthe
substrates are 6 mm thick. In double gl azi ngs, they ar

anot her substrate identical to the first,.but in the rreans
of a 10 mm space of gas, except for the exapples 7 to 8 V\/nere there s a
12 nm space of gas. Fig. 1 shows the stack according to the invention and
does not respect proportions with respect to the thicknesses of the |ayers
so as to fa@hé|é@ﬁ@aﬂi‘@@éSi@nﬂéﬂgeciioﬂxsoﬂoﬁﬁébéﬁdéooﬁe@héhguﬁéﬁyé@@S' y
defined substrate 1, surnounted a first tin (1V) oxide or tantal um ( Vg
oxi de IayerPQOV%d$¢r%%t%|F@%rSFﬁgéroé layversahfame ovnhrs (psahenyinbef oee
alloy (partly oxidized) 4, a second tin (IV) or tantalum (V) oxide |ayer 5,
a second silver layer 6, another barrier |layer 7 identical to the first and
fin- ally a last layer 8 of one of the d&#&F¥ des.

Ty, 70
p.t. 1.2
lambda-donm-~-t 502

a* - 3.27
b* 0.52
Ry, 14
pP.T. 8
lambda~dom~r 483

a* -~ 2.2
b* - 4.4

Table 7 shows that the incorporation of substrates covered in
accordance with the invention in a laminated glazing structure
leads to no deterioration of their esthetic colorimetry. The
thus obtained laminated glazing remains in the blues or greens,

both in transmission and in reflection.

Examples 3, 4 and 6 according to the invention relate to its
"first variant" mentioned hereinbefore, i.e. respecting a choice
of relative thicknesses between the three oxide layers 2, 5 and
8 which is specific and approximately as follows. The thickness
of the layver 2 is approximately equal to that of the layer 8 and
the thickness of the layer 5 (in the centre) is slightly greater
than the sum of the thicknesses of the two other layers 2 and 8
(in these examples reference can be made to either the geomet-
rical thickness or the optical thickness, because the three

layers are made from the same oxide).

The "second variant” according to the invention will now be



The deposition installation conprises at | east one sputtering chanber
equi pped with cathodes having targets nmade from approp- riate materials
under which the substrate 1 successively passes. Th?ﬁ?g@&@ﬂ§$®n&wh“d

conditions for each of the layers are as foll ows: Iayers
3, 6 are deposited with the aid of asi_l\fgr _target, %%MB eof 0.8
Pa in an argon atnosphere, the |layers 2, and 8, wh on SnJerr],
are deposited by reac- tive sputtering with the aid of a tin target under

a pfeSSUfﬁlﬁﬁschtédP%yaeﬂe'?o§@o§mﬁgné§éxg BsabgBspheLe akEfEHQhP@y36 vol..

% oxygen, the layers 2, ased on Ta[err] 0 err
Nb[ er r] O[ 8RARPA4Fe8depddi tBdS VBYiaBhet Fhe SPUEKBEFRgTRE4PECPRYERPNWERA t he

aid of a panhal yayerkanges grhqagnhebi 4MiEAEAG! nBAdE ea, p&ﬁaseb%lealotﬁleﬁ-
and in an argon oxygen at nosphere, whereof a prOX|nater 10 vol. %is

oxygen, DeRE PAy&hs dayerbdsdaises Misuifdeant Ani dAvAr Bigbpssihes whah
the aid ohracBChkabaehom gReabheycql thidRhdest dFgeheundgert Be(or the

sum of the optical thicknesses of the different sublayers form-
ing it) is here approximately equal toc the sum of the optical
thicknesses of the two other layers 2 and 8§.

EXAMPLE 8

The substrate according to example 8 is covered with a stack
similar to that described for example 7, the layers 2, 5 and 8

being of tin (IV) oxide, but of different thicknesses.

The following table 8 gives the thickness values in nanometres

of all the lavers of the stack in question.

TABLE 8

Ex. 8
Glass (L) -
$no0, (2) 41
Ag (3) 8
Ni-Cr (4) 1.5
Sno0, (5) 74.5
Ag (6) 12
Ni-Cr (7) 1.5
Sn032 (8) 33

The substrate is fitted in a double glazing. The photometric
measurements performed on the double glazing are given in table

9 (measured under normal incidence).



-7- sanme pressure and in an argon atnosphere. The power densities and
travel speeds of the substrate 1 are adjusted in known manner so as to

obtain the desired | ayer thicknesses. In all the follomﬁng exanples, with
the exception of the last, tantalum (V) oxide is chosep.ag.d s sdiftpnriddi c
material for the layers 2, 5 and 8. - 15 - \“m““ m“ m
TABLE 9
Ex. 8

TL 75

SF 39

RL 9.1

Lambda-~dom-r 486

D.T. 1

a* - 0.7

h* - 0.5

Comparing these results with those obtained in example 7, it can
be seen that identical values of T and SF are obtained. The

appearance in reflection is also in the blues, with an even more
neutral colour, because the purity is approximately 1% and the
values of a* and b* are both well below 1. Another advantage of
the stack type according to example 7 is that it more easily
parmits slight thickness variations in the stack lavers, from
one point to the other of the substrate, without giving rise to

noticeable modifications of its visual appearance.

Thus, on performing measurements of a* and b* in reflection at
different points of the substrate according to example 8 fitted
in a double glazing, it is found that the value differences
remain below 1, i.e. differences which cannot be noticed by the
human eye, even 1f each of the layers has local thickness vari-
ations of +/- 4%. This is very important from the industrial
standpoint, because it makes it more easlly possible to obtain
glazings which are both uniform, i.e. having no local appearance
modifications, and reproducible, i.e. having an identical appear-
ance between individual glazings or hetween individual glazing
batches. This means that for a given production line, which
has its own performance limits, particularly with regards to the

regularity of the layers obtained, such a stack will be less



EXAMPLES 1 TO 5 Exanples 1, 2 and 5 are conpar %lisg exanples to the

extent that in these three cases, the silver |ayer ot Has egacedher- virt u-

ally identical thicknesses (exanple 1) or differed ﬁ but

whereof the asynmmetry is reversed conpared with t ed by the

i nvention (exanples 2 and 5). Exanples 3 -and 4 are in accordance with the

t eachi ngs of the invention. The following table 1 gives for each of the

exanpl es the nature and thicknesses (in nanonetres) of the layers of the

stack in questmisdt.ivEne thamr iagrhdray dros thickness dadiigidicaad NE @he Kaowingg

égggsit Pgé. airm% o's%df Ebgrt t%aer tll i%eoxalnctjil Zw%.cl 10 Q:Co% sae.ﬁl lﬁﬁtngelfl Efya%res ah Veeizterb%e;)q: ical
quality.

Conversely, on imposing a given optical quality, it is possiﬁle
with this type of stack, to use a production line under less
draconian conditions or to use a production line having slightly
inferior performance characteristics.

It is also advantageous from the industrial standpoint for the
layer 5 to have a thickness roughly equal to the sum of the
thicknesses of the layers 2 and 8. Thus, it is then sufficient
to use two targets, here of tin, whereof it is possible to regu-
late the power values supplied "once and for all" in their
regspective deposition chambers. The layer 2 is then obtained by
the passage of the substrate under one of the targets with set-
tings permitting the deposition of a predefined adequate thick-
ness. ILn the same way, the layer 8 is obtained by the passage
of the substrate under the second target with settings making it
possible to obtain the deposition of a previously defined
adequate thickness. The layer 5 is obtained by consecutive pass~
ages of the substrate under each of the targets, so that on the
substrate are superimposed a layer thickness corrresponding to
that of the layer 2 or 8 and then a layer thickness correspon-
ding to that of the layer 8 or 2, i.e. the sum of the thick~
nesses of these two layers is formed without calling on a third
target.

EXAMPLES 9 TQ 12

The aim of these examples is to optimize the wettability and
therefore the performance characteristics c¢f at least one of the
silver layers. They follow the teaching of European patent
application 94 400 289.8.

In the case of examples 9 and 10, the layers 2 and 8 are once



Ex. 1. Ex. 2 Ex. 3 Ex. 4 5 d ass (1) -

- - - - Ta[err]Jerr] (2) 36.5

34.5 32 32 32 Ag (3) 10 11.5
8 8 12 Ni - Cr (4) 2 2 2

3 2 Ta[err]O[err] (5) 7197 . 94.5 77.5

72.5 77.5 Ag (6) 11 8 12 12.5
8 Ni -Cr (7) 2 2 2 2 2

gg?grr]o[egéLin 0%8%in (IV)3§x§de, but %ge laye§8§ iQBSgbdividedB%nto two
superimposed sublayers, the first 5 being of tin (IV) oxide and
the second 5 bis of tantalum (V) oxide (for example 9) or
niobium (V) oxide (for example 10). A thin metallic sublayei
can be optionally provided below the silver layer 6 and which is
of NiCr or Smn.

In the case of examples 11 and 12, the layer 2 is also sub-
divided into two superimposed sublayers, the first 2 being of
tin (IV) oxide and the second 2 bis of tantalum (V) oxide (for
example 11) or niobium (V) oxide (for example 12). An optional,
thin metallic sublayer can be provided beneath the silver layer
3.

Thus, in the case of examples 9 and 10, the wettability of the
second silver layer 6 is optimized, whereas in the case of
examples 11 and 12, the wettability of the two silver layers 3,
6 is optimized.

Table 10 gives the thicknesses in nanometres of the layers

present.
TABLE 10
Ex. 9 and 10 Ex. 11 and 12
Glass (1) - -
Sn02 (2 41 30 -~ 31
Ag (3) 8 8
Ni-Cr (4 lL.5 1.5
SnO2 (%) 64 64
Ta205 or Nb205(5bis) 10 10
Ag (67 12 12
Ni-Cr (7) 1.5 1.5
Sn02 (8) 33 33
This Sheet Has Been Repl
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The following table 2 indicates for each of the above exanples the |ight
transm ssion value TL as a percentage, the solar fac- tor SF cal cul ated
according to DIN standard 67507 (appendi x A 233) as a percentage, the

dom nant wavel ength val ues | anbda-domt nanonetres and the associ ated
colouring purity pt as a percentage. Al solisndi cated are the |ight
reflection values RL as a percentage, the dom nant wavelength in reflection
| anbda- domr and the reflection purity p.r. as a percentage, the color-

i metry neaguiee®rilss dhan ikt toeeid refdnainted ountar sullaralc doticdenes £ odmaricle

neasur enents rel h r fi | | h
ref erence tczlatr%éaﬁtq%lltﬁ%ﬁ?asﬁtosu%ﬂﬁr ?St%‘:kstte 0%590%6%%9:11% Qa‘Sa}ezI‘ﬁg,‘”‘V%dtesTABLE

2 known for Bheik hardﬁ@sé& such B¢ tIntalum B¢ dobium EOY) Dxide,
helps to optimize the durability of the overall stack and in
particular its mechanical durability. This mechanical strength

increase is particularly pronounced for examples 1l and 12.

In conclusion, the glazings according to the invention have both
a good selectivity of approximately 1.70, a uniform visual
appearance which is attractive to the eye (particularly a blue
or green colour in reflection and optionally also in transmis-
sion), as well as a range of light transmission values making
them suitable for use as solar control glazings in buildings,
particularly in the form of double glazings, the stack of thin
layers preferably being on face 2 (the faces are conventionally

numbhered from the outside to the inside of the room in question).

The substrates covered with layers according to the invention

can also be used with advantage for producing laminated glazings.

een Replaced
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Tlerr] 69 66 70 61 62 SF
42 42 42 38 38 Lanbda-domt 493
489 498 490 478 p.t. 2 5

2 Rl err] 12 19 10
10 561 19641 486 487
574 p.r. iﬂﬂ ﬁlﬂ &m M 3 6 35
The follomnng val ues of the dom nant wave- length in

refl ecti on Ianbda domr,

precedi ng exanples (the substrate stil
gl azi ng),

the reflectiogLpuIMsy p.r. for certain of the

( : being installed in a double
but on this occasion neasured wth an angle of incident relative

to the perpendiranlspartemtt sabsglrate dfl )t,haoneb staratie udfa nlgs pdctghasisy 8@ and

70[err].

having multiple thin layers on which are successively deposited:
a first dielectric material layer (2),

a first layer (3) having infrared reflection properties, partic-
ularly based on metal,

a second dielectric material layer (5),

a second layer (6) having infrared reflection properties,
particularly based on metal,

a third dielectric material layer (8),

characterized in that the thickness of the first layer (3)

having infrared reflection properties corresponds to approxi-

mately 50 to 80%, particularly 55 to 75% and preferably 60 to
75% of that of the second layer having infrared reflection prop-
erties (6).

2. Transparent substrate (1) according to claim 1, character-

ized in that the optical thickness of the second dielectric
material layer (5) is equal to or greater than 110% of the sum
of the optical thicknesses of the two other dielectric material
layers (2, 8) and preferably corresponds to approximately 110
to 120% of said sum.

3. Transparent substrate (1) according to claim 2, character-
ized in that the optical thicknesses of the first dielectric
material layer (2) and the third dielectric material layer (8)
are approximately equal.

4. Transparent substrate (1) according to claim 1, character-
ized in that the optical thickness of the first dielectric
material layer (2) is greater than the optical thickness of the
third dielectric material layer (8) the optical thickness of the

first layer (2) corresponding to at least 110%, particularly at

This Sheet Has Been Replaced
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TABLE .3 EX. 1 Ex. 5

Labda- d (60) IhszheetHas dr faced ( 60 1)
= n?rRE%{L”f?(’[eHlllI!!m i
481 -498 : er 453 0.8
Rl err] (70[err]) 36

least 110 to 140% and preferably approximately 125% of the
optical thickness of the third layer (8).

5. Transparent substrate (1) according to claim 4, character-
ized in that the optical thickness of the second dielectric
material layer (5) is approximately equal to the sum of the
optical thicknesses of the first and third dielectric layers
(z, 8.

6. Transparent substrate (1) according to any one of the prece-
ding claims, characterized in that each of the layers having
infrared reflection properties (3, 6) is surmounted by a thin,
partly oxidized, "barrier" metal laver (4, 7), particularly
based on titanium or a nickel-chromium alloy and preferably
having a thickness of 1 to 3 nanometres.

7. Transparent substrate (1) according to any one of the prec-
eding claims, characterized in that the layers (3, 6) having

infrared reflection properties are based on silver.

8. Transparent substrate (1) according to any one of the pre-
ceding claims, characterized in that at least one of the three
dielectric material lavers (2, 5, 8) is based on tantalum ( V)
oxide, tin (IV) oxide, zinc oxide, niobium (V) oxide, titanium
(IV) oxide or mixtures of said oxides, or is constituted by a
first tin (IV) oxide layer surmounted by a second layer of
tantalum (V) oxide, niobium (V) oxide or titanium (IV) oxide.

9. Transparent substrate according to any one of the preceding
claims, characterized in that the thickness of the first layer
having infrared reflection properties (3) is between 7 and 9

nanometres.

10. Transparent substrate (1) according to any one of the pre-
ceding claims, characterized in that the thickness of the second
layer having infrared reflection properties (6) is between 1

and 13 nanometres.



Ot her colorinetry measurenments w th incidence angl es 0 and 60[err] were
performed, on this occasion in the systen1(L* for exanples 2 and
3, as well asfoUmmmm ﬁ hisin all acqdy éxanpl e 3,
except that the m 'ﬁnd 6 were reve uently
falling outside the tordi * tisons recomrended by TabI e 4
groups the values of a* and b*, as well as c* called saturation and equal
to the square root of the sum of the squares of a* and b*.

TABLE 4 11. Transparent substrate (1)EMccdrding to ahby. o&e of the prex. 5
g 1 (0[errLé1ng3c}alms, ch%%acteiézeg ln(ﬁ@@?rffe optical thlckffs (OQerr])
3.2 the fir22. 12) aal th6@den®])) dielectric matkrial layer is Be@ween
- 1.7 b*_.(60QLetk] 2 - .3 . 6, ,C*
(60[err])60 anh bb %ano&gires and In thg;lghe optical t&%fkness of tﬂ%

second dielectric material layer (5) is between 140 and 170

nanometres.

12. Laminated glazing, characterized in that it incorporates
the substrate according to any one of the preceding claims and

in that it has a light transmission TL of approximately 70% and

a colour in external reflection in the blues or greens.

13. Multiple glazing, particularly double glazing, characterized
in that it incorporates the substrate according to any one of
the claims 1 to 1l and in that it has a light transmission (TL)
between 60 and 70% and a solar factor (SF) of 0.32 to 0.42.

14. Multiple glazing, particularly double glazing, characterized
in that it incorporates the substrate according to any one of

the claims 1 to 11 and it has a colour in external reflection in
the blues and optionally also in transmission, particularly when

the layers (2, 5, 8) are of tantalum (V) oxide.

15, Multiple glazing according to claim 14, characterized in
that its optical appearance in external reflection remains virt-
ually identical no matter what the incidence angle, the values
of a* and b* in the colorimetry system (L, a*, b¥*, c¢*) remaining

unchanged and below 3 and having a negative sign.

16. Application of the substrate according to any one of the
claims 1 to 11 to the production of multiple insulating glazings,

such as double glazings or laminated glazings.



The foll ow ng concl usions can.
I nci dence angle, i.e.
| ayers and solely in such a
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giving different' thick-

gy that the silver |ayeraclosest to the
substrate is nuch thinner enag

blue in reflection.

ing the ob&arhing of gtazings which are
> 100

' YL
TRANSPARENT SUBSTRATES PROVIDED WI&ﬁ A STACK OF THIN LAYERS,
APPLICATION TO THERMAL INSULATION AND/OR SOLAR CONTROL GLAZINGS

The invention relates to transparent and in particular glass
substrates covered with a stack of thin layers incorporating at
least one metal layer able to act on the solar radiation and7or
on the infrared radiation of considerable wavelength.

The invention also relates to the use of such substrates for the
manufacture of solar protection or control and/or thermal insul-
ation glazings. These glazings are used both for equipping
buildings and vehicles, with a particular aim of reducing air
conditioning requirements and/or reducing excessive overheating

resulting from the ever-increasing size of the glazed surfaces
in car bhodies.

A known layer stack type for giving such properties to substr-
ates is constituted by at least one metal layer, such as a

silver layer, which is placed between two dielectric material

layers of the metal oxide type. This stack is geneérally

obtained by a succession of deposits carried out by a method

using a vacuum such as magnetic field-assisted cathodic sputter-
ing.

Thus, patent application WO 90/02653 discloses a laminated glaz~

ing intended for cars and whose outermost glass substrate with
respect to the vehicle body is provided with a stack of five
layers on its inner face in contact with the thermoplastic

material interlayer. This stack consists of two silver layers

intercalated with three zinc oxide layers, the silver layer

closest to the outer substrate carrying the stack having a thick-
ness slightly exceeding that of the second silver layer.

The laminated glazings according to said application are used as
windscreens, which explains why they have very high light trans-
mission values TL of approximately 75%, in order to respect the
safety standards in force and therefore have a relatively high

e drawn fromthis information. Undgpi3as
nesses to the silver
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It should be noted that the glazings according to the invention
particularly when the chosen dielectric is tantalum (V) oxide

bl ue in transm ssion. Thus, only exanples 3 and 4 have | anbda-domr

val ues of approx- imately 486 nanonetres and | anbda-domt val ues of 490
nanonetres, according to table 2. However, the glazings of exanples 1 and 5
have in reflection a yell ow shade, whereas that of exanple 2 is a

red- pur pl e shade. I'n addition, the_cglouring purity in reflection p.r. of
exanple 2, close to 10% [

i's much higher than that of exanples 3 and 4
according to the invention. (This value of p.r. is even higher for exanple
5). Mor goyet , fddrghazuagsy of (erx.amal gsﬁ:-.wobxﬂ: ataer dh8gséTad FacikBYeEnt i on
have a goog Se|f%g!VI& ?g at Ieaﬁa 1.7 with a solar factor
r emai ni ng qﬁaf 1 e ﬁ/ﬂi& etween the total energy entering the
room through said glazing and the incident solar energy)

are al so

The object of the invention is to develop a transparent sub-
strate carrying a stack of thin layers having two layers reflec-
ting radiation in the infrared and which are more particularly
of a metallic type, so that they
the highest possible TLIS? ratio
ensuring that said substrate has
visual appearance in reflection.

have a high selectivity, {.e.
for a given value of TL' whilst
an esthetically satisfactory

The invention relates to a transparent substrate, particularly

of glass and having multiple thin layers, on which are success-~
ively deposited a first dielectric material layer, a first layer
having infrared reflection properties and in particular based on
metal, a second dielectric material layer, a second layer having

infrared reflection properties, particularly based on metal, and

finally a third dielectric material layer. According to the

invention, the thickness of the first layer having infrared
reflection properties, i.e. that closest to the carrying sub-
strate, corresponds to approximately 50 to 80%, particularly 55

to 75% and preferably 60 to 70% of the thickness of the second

layer having infrared reflection prdperties. An advantageous

examnple corresponds to a thickness of the first layer cCOorTespon~
ding to approximately 65X of the second.

This great asymmetry in the thicknesses of the layeré having
infrared reflection properties makes it possible to advantage-
ously modify the values of T

L and SF so as to obtain glazings
having a good selectivity,

i.e. a good compromise between the
need for transparency and that of providing an optimum protec-
tion against solar heat rays.

NP —
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Thus, the obtaining of a favourable colorinmetry according to the invention
Is not to the detrinment of the solar protection per- formance
characteristics of the glazings in question. Tables 3 and 4 nake it
possible to evaluate the uniformty of the appearance in reflection of the
gl azi ngs according to cert- ain of the precedi ng exanples. Table 3 shows
that the glazing according to exanple 3 in accordance with the invention

retains a blue colour in reflection,,yth a | anbda-domr val ue remaini ng
virtually constant towards 486 at O[err] to 481 at 70[err], the purity in

reflection also remaining very noderate. However, the gl azing according
t 0 exanpl ®otpovite| ectichehsiibwesf suclyansaappmetatyitieaky bavenddirsane '

e dence 0HERERPeAS DeeeakBht O WEcOdhk by | ST HRCESoHIT o
obtain glazings having an attractive visual appearance, partic-
ularly in reflection, i.e. having a neutral “whitewashed" colour-
ing, but said visual appearance remains virtually unchanged no
matter what the angle of incidence with which the glazing is
observed. This means that a person on the outside viewing the
facade of a building entirely equipped with such glazings does
not have a visual impression of a change of shade as a function
of the location on the facade at which he is looking. This
appearance uniformity character is very interesting, because it
is presently highly desired by building architects.

Moreover, the visual appearance of the glazing, both in reflec-
h tion and transmission, can also be refined and controlled by an

adequate selection of the materials and the relative thicknesses
of the three dielectric material layers.

Thus, according to-a non-limitative variant of the invention,

the optical thickness of the first layer is chosen approximately

equal to that of the third layer. The optical thickness of the

second layer is then advantageously chosen above or equal to
110% of the sum of the optical thicknesses of the two other

layers and preferably corresponding to approximately 110 to
120% of said sum.

Another variant relating to the relative thicknesses of the

dielectric material layers, which is Just as advantageous, con-
sists of choosing an optical thickness of the first layer which
exceeds the optical thickness of the third layer.
optical thickness of the first layer

110% of the optical thickness of the third layer, particularly

at least 110 to 140%, especially 115 to 135% and preferably

approximately 125% of the optical thickness of the latter.
the case of the drawing,

Thus, the
can correspond to at least

In
it is recommended that the optical

thickness of the second dielectric material layer be chosen

approximately equal to the sum of the optical thicknesses of the
two other layers.
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-11- Table 4 confirms that only exanple 3 according to the invention
makes it possible to naintain an identical

col oured appearance in
reflection no matter what the incidence angle,

because the val ues of a* and
b* remain virtually unchanged, as does the sat-

uration c*. This is not
the case with the gl azings of exanples 2 and 5, where the values of a* and

b* change conpletely as a function of the incidence angle. Thus, the val ue
of a* passes, for the gl az- -3 -

In both cases, such relative proportions between the optical
thicknesses of the layers makes it possible to obtain colours in

reflaction and even alsc in transmission, which are esthetically
appreciated and in particular blue and green.

However, the second variant has a supplementary advantage com~
pared with the first, to the extent that it optimizes the "non~-

sensitivity" of the complete stack to thickness variations of

the different layvers forming it. This means that slight thick-

ness variations of one of the layers in the stack does not lead

to flagrant appearance deficliencies between individual glazings

or on the surface of the same glazing. This is very important

from the industrial standpoint, where manufacture takes place of
glazings having a considerable size and/or in large nunmbers with
the aim of retaining appearances and performance characteristics
which are as uniform as possible between individual glazing

batches, particularly within individual zones of the same
glazing.

In terms of choice of material for said thin layer stack, it is
recommended to place on each of the layers having infrared

reflection properties and in particular based on metal, a thin
“barrier" layer, particularly when the dielectric layers above

the same are deposited by reactive cathodic sputtering in the

presence of oxygen. Therefore said barrier layers protect the

metal layers in contact with the oxygen and themselves partly
oxidize during the deposition of the upper dielectric layer.

They are preferably based on a tantalum, titanium or nickel-

chromium alloy and have a thickness of 1 to 3 nanometres.

With regards to the layers having properties in the infrared,
good results are obtained with silver layers.

The dielectric material layers are in particular based on

tantalum (V) oxide, zinc oxide, tin (IV) oxide, niobium (V)

REPLACFMENT SHEET
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ing of exanple 2, froma very high positive value of 12.2 at O[err] to a
very | ow negative value of -1 at 60[err]. Thus, only the exanpl es
according to the invention reconcile the selectivity and appearance
uniformty. EXAMPLES 6 AND 7 These two exanples use as the dielectric
material tin (1V) oxide and not tantalum (V) oxide and use for the barrier

| ayers either titanium (exanple 6) or_N-Cr (exanple 7). The foll ow ng
table 5 indicates the thickness values In nano- netres used for each of the
stack | ayers: TABLE 5

titanium (IV) oxide or a mixture of certain of these

It is also possible for one of the layers to be consti-
tuted by two superimposed oxide sublayers, one being of tin
{1V) oxide and the other of an oxide making it possible to
improve the wetting of the layers having infrared reflection
properties, such as tantalum (V) oxide or niobium (V) oxide in
accordance with French patent application 93/01546 filed on

11.2.1993 and European patent application 94 400 289.8 filed on
10.2.1994, or titanium {IV) oxide.

oxide,
oxides.

Each of the oxides given above has advantages. Thus, tin (IV) -

oxide and zinc oxide have high deposition speeds when deposited

by reactive cathodic sputtering, which is of great interest

industrially. However, tantalum (V) oxide or niobium (V) oxide

make it possible to obtain an increased durabllity of the stack
with respect to mechanical or chemical aggressions and in part-

icular lead to a better wetting of the silver layers when they

are positioned below the latter. Mixed oxides can offer a com-

promise between the deposition rate and the durability and the
superinposing of two oxide layers reconciles in an optimum man-

ner the cost of the starting materials and a better wettability
of the silver layers.

There is also a supplementary advantage lihked with the use of
cantalum (V) oxide. A glazing provided with a stack having such
a dielectric material can be blue both in reflection and in
transmission, which is appreciated from the esthetic

standpoint and is also surprising, because usually, in trans-~

mission, the colour obtained is complimentary of that obtained

in reflection, when the thin layers in question are only
slightly or non-absorbent.

The preferred embodiment of the stack according to the invention
consists of choosing. a thickness of 7 to 9 nanometres for the
first metal layer and a thickness of 11 to 13 nanometres for the
second. Preferably the optical thickness of the first and third
dielectric material layers is between 60 and 90 nanometres,
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Ex. 6
(2)
8

(5)
11.6
(8)

- 12 -

Ti

Ex. 7 d ass (1) - Sn( err]
34 32 Ag (3) 8
or Ni-Cr (4) 1 1.5 Sng err]
77 74.5 Ag (6) 12
Ti or N-Cr (7) 1 1.5 Sng err]
35 33 s

their geometrical thickness being in particular between 30 and

45 nanometres. The optical thickness of the second layer is

between 140 and 170 nanometres, whilst its geometrical thickness
is between 70 and 80 nanometres. .It is pointed out that the:
optical thickness is defined in known manner by the product of

the real geometrical thickness of the layer and the refractive

index of the material forming it. As a function of the envis-

aged oxide type, the index varies between 1.9 and 2.1 for tin

{IV) oxide or tantalum (V) oxide to approximately 2.3 for oxides
of the niobium (V) oxide type.

The substrate coated with the stack according to the invention
can advantageously be incorporated into a multiple glazing and

in particular as one of the glass layers of an insulating double

glazing. In the latter case, the double glazing has a light

transmission value between 60 and 70% and a solar factor SF of
0.32 to 0.42, which make it completely suitable for use in buil-
dings. Moreover, it preferably has in reflection a virtually
unchanged visual appearance no matter what the vision incidencg

angle, the values of a*, b* in the colorimetry system (L, a*, b*,
c*) remaining unchanged, below 3 and negative.

It can also form part of a laminated glazing with in particular
a light transmission of approximately 70%. '

The advantageous details and features of the" invention can be

gathered from the following non-limitative examples illustrated
by fig. 1.

It is pointed out that in all the examples the successive
deposits of the layers of the stack take place by magnetic field-
assisted cathodic sputtering, but any other deposition procedure
can be envisaged provided that it permits a good control and
monitoring of the thicknesses of the layers to he deposited.
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The thus coated substrates were installed in double glazings, as explai ned
her ei nbef ore.

The photonetric nmeasurenents on the doubl e gl azi ngs appear

in
table 6 (nmeasurenments under normal incidence).
TABLE 6 Ex. 6 Ex. 7 T[err]
66 75 SF 38 39
10. 4 9.4 Lanbda-domr 511 484 p.r
2 2 a* -6 - - - 0.5 b*

- - 1.1 These glazings, like those of exanples 3 and 4,
reveal no sign- ificant nodification of their visual appearance in
refl ecti orfhe substrates on which the stacks are deposited are 4 mm thick

soda-lime-silica glass substrates, except for examples 7 to 10O,

where the substrates are 6 mm thick. 1In double glazings, they

are assembled with another substrate identical to the first, .but
in the blank state, by means of a 10 mm space of gas, except for
the examples 7 to 8, where there is a 12 mm space of gas.

Fig. 1 shows the stack according to the invention and does not
respect proportions with respect to the thicknesses of the

layers so as to facilitate understandins.' It is possible to see

the previously defined substrate 1, surmounted by a £irst tin
(IV) oxide or tantalum (V) oxide layer 2, a first silver layer 3,
a titanium or Ni-Cr alloy barrier alloy (partly oxidized) 4, a
second tin {(IV) or tantalum (V) oxide layer 5, a second silver

layer 6, another barrier layer 7 identical to the first and fin-
ally a last layer 8 of one of the same oxides.

The deposition installation comprises at least one sputtering
chanber equipped with cathodes having targets made from approp-~
riate materials under which the substrate 1 successively passes.

These deposition conditlons for each of the layers are as
follows?

the siiver-based layers 3, 6 are deposited with the aid of a
silver target, under a pressure of 0.8 Pa in an argon atmosphere,
the layers 2, 5 and 8, when based on Sn0O,, are deposited by reac-
tive sputtering with the aid of a tin target under a pressure of
0.8 Pa and in an argon/oxygen atmosphere, including 36 vol. %
oxygen,

the layers 2, 5, 8, when based on Ta,0g5 or szos are deposited

by reactive sputtering respectively with the aid of a tantalum
target or a niobium target under a pressure of 0.8 Pa and in an
argon/oxygen atmosphere, whereof approximately 10 vol. % is
oxygen,

the layers 4, 7 based on Ni~Cr or titanium are deposited with
the aid of a nickel-chromium alloy or titanium target under the
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no matter what the nmeasurenent angle. In reflection they have a col our
towards the greens for exanple 6 and towards the bl ues for exanptngh
these colours remain very neutral, in view of the very oW ;
associ ated therew th. Lam nat ed gl azi ngs incorporati
substrates of the stack according to the invention retaj the favog&ab\
colori- nmetry observed in the case of. popolithic substrat sO&r JARG?
strates installed in doubl e glazings. Thus, the substtrate QE%ELEELJL
t he stack according to exanple

3 was assembl ed with ahottrer=8tibstrate o
the sanesty@eprdnsure wnthbutam drgper atwespljere st andard, 10. 3 _nmm Lhi

pol yvi nyl butyral film The following table 7 gives for said
| am nat ed_ gl azi ng t he al ready expl.ai ned val ues of TL, p.t. |anbda-domt,
a* and bmthp°w%¥)rﬁFé@ti1t&ﬁs\/\PF1’1 trvedy posedacet | the %ﬁf’é&f*oh ALk wel | as
t he

coradgapoadi g kalwmcnakRherrgo 4 reo bambdﬂ.EMHndesnfédamdybf concer ni ng
thicknesses.

-

In all the following examples, with the exception of the last,

tantalum (V) oxide is chosen as the dielectric material for the
layers 2, 5 and 8.

EXAMPLES 1 TC 5

Examples 1, 2 and 5 are comparative examples to the extent that
in these three cases, the silver layers 3, 6 have either virtu-
ally identical thicknesses (example 1) or different thicknesses,

but whereof the asymmetry is reversed compared with that recomm-

ended by the invention (examples 2 and 5). Examples 3 and 4 are

in accordance with the teachings of the invention.

The following table 1 gives for each of the examples the nature

and thicknesses (in nanometres) of the layers of the stack in
question. The barrier layers 4, 7 are designated Ni-Cr, knowing
that they are in fact partly oxidized once all the layers have
been deposited.

TABLE 1
Ex. 1 Ex. 2 Ex. 3 Ex. 4 5

Glass (L) - - - - -
Ta,04 (2) 36.5 34.5 32 32 _ 32
Ag (3) 10 11.5 8 8 12
Ni-Cr (4) 2 2 3 2
TaZOS (5) 77.5 94.5 77.5 72.5 77.5
Ag (6) i1 8 12 12.5

Ni-Cr (7 2 2 2 2 2
Taq05 (8) 33.5 35 33.5 32 33.5



-13-

TABLE 7

t he appearance in reflection on the side of th
wth the stack of

| ayers (sanme units as herei nbefore)
TL 70 06 JAN 1997

RERLAFMENT HERT

The following table 2 indicates for each of the above examples
the light transmission value T; as a percentage, the solar fac-
tor SF calculated according to DIN standard 67507 (appendix A
233) as a percentage, the dominant wavelength values 1ambda~§om—t
nanometres and the associated colouring purity pt as a
percentage. Also indicated are the light reflection values Ry,

as a percentage, the dominant wavelength in reflection lambda-
dom-~r and the reflection purity p.r. as a percentage, the color-
imetry measurements having been performed under normal incidence.

All the measurements relate to the substrate fitted as a double
glazing, with reference to the illuminant D

TABLE 2

Ex. 1 Ex. 2 Ex, 3 Ex. &4 Ex. 5
TL 69 66 70 61 62
SF 42 42 42 38 38
Lambda-dom-~t 493 489 498 490 478
p.t. 2 S 2 4 6
RL 12 19 10 10 21
Lambda~dom-r 561 641 486 487 574
pP.T. 3 9 3 6 35

The following table 3 gives the values of the dominant wave-
length in reflection lambda-dom~r, the reflection purity p.r.

for certain of the preceding examples {(the substrate still being

installed in a double glazing), but on this occasion measured

with an angle of incident relative to the perpendicular to the
plane of the substrate of respectively 60 and 70°.

ed



p.t. 1.2 | anbda- dom t
ar

- 3.27 b*
0.52 Rl err] 14 p.
8 | anbda- domr 483 a*
- 2.2 b*

- 4.4 Tabl €
I ncorporation of substrates covered ing accordance wth

| am nat ed gl azing structure |eads to no deterioration

502
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colorinetry. The thus obtained | am nated gl azing rema
greens, both in transm ssion and iPAB [3ection

ns in the bl ues or

according to the invention relate to its

"first variant" nentioned
herei nbefore, i.e. respecting axhaice gx. 2 Ex. 3 Ex. 5
Lambda-dom-r (60°) 470 569 480 . 571
p.r. (60°) 5.4 3 4.68 8
RL (60°) 19 28 20 27
Lambda~dom~-r (70°) 462 490 481 ~498
p.x. (70°) 4.3 4 3.0 0.8
RL (70*) 32 39 34 36

Other colorimetry measurements with incidence angles ¢ and 60°
were performed, on this occasion in the system (L*, a*, b*), for
examples 2 and 3, as well as for example 5, which is in all
points identical to example 3, except that the silver layers 3

and 6 were reversed and consequently falling outside the condi-~

tions recommended by the invention. Table 4 groups the values

of a* and b*, as well as c* called saturation and equal to the
square root of the sum of the squares of a* and b*.

TABLE 4

Ex. 2 Ex. 3 Ex. 5§
a* (0.) 12-2 - 0.9 - 2.2
b* : (0.) 3.1 - 3.1 22
c* (0°) 12.6 3.2 22.1
a* (60.) - 1 - 0.9 - 107
b* (60°) 2 -3 6
c* (60°*) 2.2 3.13 6.2

The following conclusions can be drawn from this information.

Under a normal incidence angle, i.e. giving different thick-

nesses to the silver layers and solely in such a way that the
silver layer closest to the substrate is much thinner enabling
the obtaining of glazings which are blue in reflection.

Exanples 3, 4 and 6



of relative thicknesses between the three oxide |ayer
specific and approximately as follows. The thickness RFDEme“1ayer§2“T§
approxi mately equal to that of the |layer 8 and the tRhiGkress—of--the | ayer
5 (in the centre) is slightly greater than the sum of ﬁzébﬁq¥@g§se of
the two other layers 2 and 8 (in these exanpl es refierie gﬁn’ﬁe d

5 and o] \Ahip'] |S

—+

e to
ei ther the geonet- rical thickness .ongthe optical tihilckness, becauseithe
t hree | ayers are nade fromthe sanme oxide). ThHe "second vari ant’
according to the invention will now be : '

It should be noted that the glazings according to the invention,

particularly when the chosen dielectric is tantalum (V) oxide,
are also blue in transmission.

Thus, only examples 3 and 4 have lambda-dom-r values of approx-

imately 486 nanometres and lambda-~dom-t values of 490 nanometres,

according to table 2. However, the glazings of examples 1 and 5

have in reflection a yellow shade, whereas that of example 2 is
a red-purple shade.

In addition, the colouring purity in reflection p.r. of example
2, close to 10%, is much higher than that of examples 3 and 4

according to the invention. {(This wvalue of p.r. is even higher
for exanple 5).

Moreover, the glazings of examples 3 and 4 according to the
invention have a good selectivity of at least 1.6 or 1.7 with a
solar factor remaining equal to or below 42%.

Thus, the obtaining of a favourable colorimetry according to the

invention is not to the detriment of the solar protection per-
formance characteristics of the glazings in question.

Tables 3 and 4 make it possible to evaluate the uniformity of

the appearance in reflection of the glazings according to cert-

ain of the preceding examples. Table 3 shows that the glazing

according to example 3 in accordance with the invention retains
a blue colour in reflection, with a lambda~dom-r value remaining
virtually constant towards 486 at 0°® to 481 at 70°, the purity
in reflection also remaining very moderate.

However, the glazing according to example 1, where the silver
layers approximately have the same thickness, passes from a

vellow colour in reflection under normal incidence to a blue and
then violet colour at 60 and then 70°.
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illustrated by the foll ow ng exanpl es and nore @aLIJPHlarIv
exanpl e 8. ' '

, the thickness ratios betweerfRE¥EA Q%pﬂ@quy§r$
2, 5 and 8 are slightly nodified, [

the-ayet7
being significantly (25% higher than that of the |ayer {8

thi ckness of the layer 5 (or the sumof the optical thick?e§2§§ﬁ§$§$ﬁe
different sublayers form ing it)

i's hegle approx| mat el y jequal.to._the sum pf
the optical thicknesses of the two othe
substrate according to exanple 8 is covered with a stack

descri bedpf e eXatRESrds E0E: | ANG SxdmpPe LR RBLAG 0 dild1bh¥he@¥hde, but
of different thicknesses

In this variant
the optical thick- negs

|ayers 2 and 8. EXAMPLE 8 Th

[4%)

CsTmHar—+e—t-hat

makes it possible to maintain an identical coloured appearance
in reflection no matter what the incidence angle, because the

values of a* and b* remain virtually unchanged, as does the sat-
uration c¥*,

This is not the case with the glazings of examples 2 and 5,

where the values of a* and b* change completely as a function of

the incidence angle. Thus, the value of a* passes, for the glaz-

ing of example 2, from a very high positive value of 12.2 at 0°
to a very low negative value of -1 at 60°.

Thus, only the examples according to the invention reconcile the
selectivity and appearance uniformity.

EXAMPLES 6 AND 7

These two examples use as the dielectric material tin (IV) oxide
and not tantalum (V) oxide and use for the barrier layers -
either titanium (example 6) or Ni-Cr (example 7).

The following table 5 indicates the thickness values in nano-
metres used for each of the stack layers:

TABLE 5

Ex. 6 Ex. 7
Glass (1) - -
8n0, (2) 34 32
Ag (3> 8 8
Ti or Ni-~Cr {4) 1 1.5
$n0, (3) 77 74.5
Ag (6) 12 11.6
Ti or Ni-Cr (7 1 1.5
Sno, (8) 35

33



The followi ng table 8 gives the thickness values in nanoREFr&SEUH NG LHERP
| ayers of the stack in question. - FABLEB

Ex. 8 3 ass (1) - r dob-

05 S A (3) ¥ kR b7

Ni -Cr (4) 1.5 Snderr] (5)

74.5 Ag (6) - 12 - 12 Ni -Cr (7)
1.5 Sng err] (8) 33 The “stubstt+ate—ts—F+t+t

in a double glazing. The photonetric nmeasurenents performed on the
doubl e gl §gé Nghil RoAt¥BNshPsdAfUel wePe (IBASHIRE YRAGbuBN NPlazingkdense) .

explained hereinbefore. The photometric measurements on the

double glazings appear in table 6 (measurements under normal
incidence). '

TABLE 6

Ex. 6 Ex. 7
TL 66 75
SF 38 39
RL 10.4 9.4
Lamnbda~dom-x 511 484
pP.T. 2 2
a* - - 0.5
b* - - 1.1

These glazings, like those of examples 3 and 4, reveal no sign-

ificant modification of their wvisual appearance in reflection,

no matter what the measurement angle. In reflection they have

a colour towards the greens for example 6 and towards the blues
for example 7, but these colours remain very neutral, in view of
the very low purity values associated therewith.

Laminated glazings incorporating the covered substrates of the
stack according to the invention retain the favourable colori-

metry observed in the case of monolithic substrates or sub-
strates installed in double glazings.

Thus, the substrate covered with the stack according to example
3 was assembled with another substrate of the same type, but

without a layer, using a standard, 0.3 mm thick, polyvinyl
butyral £film.

The following table 7 gives for said laminated glazing the
already explained values of TL’ p.t. lambda-dom~t, a* and b* in

connection with the appearance in transmission, as well as the

corresponding values R p.r.

L’ lambda~dom~r, a* and b* concerning



39

15
8

TABLE 9 A O AT o1 e
Herr 2 s#REPLACEMENT SHEET
Rl err] 9.1
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the appearance in reflection on the side of the substrate

provided with the stack of layers (same units as hereinbefore).

TABLE 7

Ty, 70
p.t. 1.2
lambda-dom-t 502

a* - 3.27
b* 0.52
Ry 14
pP.T. 8
lambda~-dom~-r 483

a* - 2.2
b - 4.4

Table 7 shows that the incorporation of substrates covered.in
accordance with the invention in a laminated glazing structure
leads to no deterioration of their esthetic colorimetry. The

thus obtained laminated glazing remains in the blues or greens,
both in transmission and in reflection.

Examnples 3, 4 and 6 according to the invention relate to its
“first variant®™ mentioned hereinbefore, i.e. respecting a choice
of relative thicknesses between the three oxide layers 2, 5 and
8 which is specific and approximately as follows. The thickness
of the layer 2 is approximately equal to that of the layer 8 and
the thickness of the layer 5 (in the centre) is slightly greater
than the sum of the thicknesses of the two other layers 2 and 8
(in these examples reference can be made to either the geomet-

rical thickness or the optical thickness, because the three
layers are made from the same oxide).

The "second variant” according to the invention will now be



Lanbda- domr 486 p .r 1

a* - 0.7 b* REPLACEMENT SHERT|-
0.5 Conparing these results with those obtained in exgnmpte7 1t e
seen that identical values of T and SF are obtai ned. The

apReARAET |
. . . . }
reflection is also in the blues, with an even nore nedtrial “co our’’'be¢adise

the purity is approximtely 1% and the_ val ues of a* and ib*.are_both wel
bel ow 1. Anot her advantage of the stécl&“t?pe accordi nq to exanple 7 is fhat
it nore easily permts slight thickness variations in tte-stack—t+ayetrs;

fromone Rkt Prdd®yokRE! £811dNGgS RERPAES atd Q! pHEVIAGL 4I5S 1O
noti ceabl e m)d#f |é:at 1,oNs gf I ts. Vi suaé\ﬁagﬁgaﬁance. - hUﬁ on upehf orm ng
measur enefF828te &« afd FPIPRVIR Ay i® GRS FACL88i ReEFenT the

substr at e oxdder Hayers @eRanpiled Sard tslddhitdy anebifdled ,gltaizi aptidal itdifbund
t hat tgeb‘@sﬁeo?'éﬂ@rﬁ%‘%s 2' 80BhY DAY itant1f () HigReeScid Ghagannot be
notice >gé t%e layer 8. The optical thickness of the layer 5 (or the

sum of the optical thicknesses of the different sublayers form-

ing it) is here approximately equal to the sum of the optical
thicknesses of the two other layers 2 and 8.

EXAMPLE 8

The substrate according to example 8 is covered with a stack
similar to that described for example 7, the layers 2, 5 and 8
being of tin .(IV) oxide, but of different thicknesses.

The following table 8 gives the thickness values in nanometres
of all the layers of the stack in question.

TABLE 8

Ex. 8
Glass (1) -
Sno, {2) 41
Ag (3) 8
Ni-Gr (4) 1.5
Sn0y (5) 74 .5
Ag (6) 12
Ni-Cr (7) 1.5
Sn02 (8) 33

The substrate is fitted in a double glazing. The photometric

measurements performed on the double glazing are given in table
9 (measured under normal incidence).



human eye, even if each of the |layers has |ocal thickness vari- ations of
+/- 4% This is very inportant fromthe industrial standpoint, because it
makes it nore easily possible to obtain glazings which are both uniform

i .e. having no | ocal appearance nodifications, and reproducible, i.e.
havi ng an identical appear- ance between individual glazings or between

I ndi vi dual gl azi ng batches. This neangsthat for a given production |ine,
which has its own performance limts, particularly with regards to the
regularity of the l|ayers obtained, such a stack will be E§§1AC5MFNTQH3FT
"sensitive" than others to thicknesEABRE| @tions of the |ayers+rposed -y’

the line and will consequently have a better optic&%hﬂﬂ?L%ﬁy.
: N T

Ex. 8
TL 75
S¥ 39
B, 9.1
Lambda-don-~r 486
P.T. 1
a* - 0.7
b*

- 0.5

Conmparing these results with those obtalned in example 7, it can

be seen that identical values of T and SF are obtained. The

appearance in reflection is also in the blues, with an even mors

neutral colour, because the purity is approximately 1% and the

values of a* and b* are both well below 1. Another advantage of

. the stack type according to example 7 is that it more easily
permits slight thickness variations in the stack layers, fronm

one point to the other of the substrate, without giving rise to
noticeable modifications of its visual appearance.

Thus, on performing measurements of a* and b* in reflection at
different points of the substrate according to example 8 fitted
in a double glazing, it is found that the value differences
remain below 1, i.e.-differences which cannot be noticed by the
human eye, even if each of the layers has local thickuness vari-

ations of +/~ 4%. This is very important from the industrial

standpoint, because it makes it more easily possible to obtain
glazings which are both uniform,

modifications, and reproducible,
ance between individual glazings
batches. This means that for a

i.e. having no local appearance
i.e. having an identical appear-
or between individual glazing

given production line, which
has its own performance limits, particularly with regards to the
regularity of the layers obtained, such a stack will be less



Conversely, on inposing a given optical quality, it isrmgfsm ‘Blecw thy RS
type of stack, to 5 use a production |ine under Iess—dracé |an,
conditions or to use a production |ine having g eé%idinr_lferl(r
performance characteristics. It is also advgn § ifomit he

I ndustrial standpoint for the layer 5 to have a thickne roughly
equal to the sumof -the thicknesses of géhe |layers 2 and 8. Thus, 1t TS then
10 sufficient to use two targets, here of tin, \}vhefcof Lt is possible
to regulate the power val ues supplied "once and for all” in their

respect i VeseRsiddve! ohhthAHheTs, tohehigknassy variations qfs theehavmensmi ned by

the passagfpéfed b§ SHESLL#d Qandnaian1 0oen &fquldhR 15hG6E Sa Wddh esCbhi NS
permtti ng t{le dep05|t|on of a predefined adequate thickness. In the sane
way, the | ayer 8 is obtained by the passage of the substrate
under the second target with settings 15 making it possible to obtain

t he deposh&h@é‘réﬁlﬂ Bhe!hﬁé@iﬁg dxefgli‘ieﬂ éﬁl@ﬁﬁt %uh".ﬂh.‘e‘%neﬁs -is possible The
| ayer 5 |s o{l)talP p% nsecuibl ve ggssage ?5{) t:t he ig bstr te nger each of
t he Y gsetg s8%t ABTC o WOnUSELASRTUME tAPR SOPRY @58 | ayer
t hi cknessdracerigmrdinddtions or to usehat pmdumcﬂnayénezhmu& &idghbbn a
| ayer thigkeessof GdrgoRaadt 80charddtakigtitde | ayer 8 or 2, i.e.
Lhe sum et B8 A4S GAREIsR0uE W bR LANELSr 4 RLHEROLAL Y 58! i ng on
layer S5 to have a thickness roughly equal to the sum of the
thicknesses of the layers 2 and 8. Thus, it is then sufficient
to use two targets, here of tin, whereof it is possible to regu-
late the power values supplied “once and for all" in their
respective deposition chambers. The layer 2 is then obtained by
the passage of the substrate under one of the targets with set-
tings permitting the deposition of a predefined adequate thick-
ness. In the same way, the layer 8 is obtained by the passage
of the substrate under the second target with settings making it
possible to obtain the deposition of a previously defined
adequate thickness. The layer 5 is obtained by consecutive pass-
ages of the substrate under each of the targets, so that on the
substrate are superimposed a layer thickness corrresponding to
that of the layer 2 or 8 and then a layer thickness correspon-
ding to chat.og the layer 8 or 2, i.e. the sum of the thick-

nesses of these two layers is formed without calling on a third
target.

EXAMPLES 9 TO 12

The aim of these examples is to optimize the wettability and
therefore the performance characteristics of at least one of the

silver layers. They follow the teaching of European patent
application 94 400 289.8.

In the case of examples 9 and 10, the layers 2 and 8 are once

This Sheet Has Been Rep

P

i



EXAMPLES 9 TO 12

wettability and therefore the perfornmance 25

| east one of the silver

pat ent application EP-A-611213.
10, the layers 2 and 8 are once 30

| ayers.

- 17 -

The ai m of these exanples ig_ + APl

-sti:
They follow the teachingiof European

In the casejof
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again of tin (IV) oxide, but the layer 5 is subdivided into two
superimposed sublayers, the first 5 being of tin (IV) oxide and
the second 5 bis of tantalum (V) oxide (for example 9) or

nioblum (V) oxide (for example 10).

A thin metallic sublayer

can be optionally provided below the silver layer 6 and which is

of NiCr or Sn.

In the case of examples 11 and 12, the layer 2 is also sub-
divided into two superimposed sublayers, the first 2 being of
tin (IV) oxide and the second 2 bis of tantalum (V) oxide (for

example 11) or niobium (V) oxide (for example 12).
thin metallic sublayer can be provided beneath the silver layer

3.

An optional,

Thus, in the case of examples 9 and 10, the wettability of the
second silver layer 6 is optimized, whereas in the case of
examples 11l and 12, the wettability of the two silver layers 3

6 is optimized.

Table 10 gives the thicknesses in nanometres of the layers

present.
TABLE 10

Ex. 9 and 10
Glass (1) -
Sn0, 41
Tay05 or NbyQs5(2bis) 0
Ag {3) 8
Ni~Cr {4) 1.5
SnOz {5 64
Tazos or NbZOS(Sbis) 10
Ag (6) 12
Ni-Cr (7) 1.5
SnOz (8) 33

Ex.

11 and 12

30 - 31
10
8
1.5
84
10
12
1.5
33



- 17 - again of tin (1V) oxide, but the layer 5 is sulfdirvi ded:into:twn !
superi nposed subl ayers, the first 5 being of tin (1V) oX el Eid Ihe.sécqﬁé
5 bis of tantalum (V) oxide (for exanple 9) or niobiun1(\0 OXIde gfor i §

exanple 10). A thin netallic sublayer can be optionally o Pak B%Momntme
silver layer 6 and which is of NCr or Sn. In the case f exanples 11;and

12, the layer 2 is also sub- divided Ln{gp two superinposed sublayers, the
first 2 being of tin (IV) oxide and the second 2 bis of ! j

(for exanple 11) or niobium (V) oxide (for exanple 12). An optional, thin
metal lic suhbiyesrs Caarsmghprwﬂm&d&ameabhcmhescajalrvebntﬁyﬁrp&fommas, in

the case ofpgXaIPLas Qcande Lohs LI MGL ARLLLLVeL! il u8E0oRdaldayer Taver ©
S optlnlze ereas
known for their hardness, such as tantalum or niobium (V) oxide,
helps to optimize the durability of the overall stack and in
particular its mechanical durability. This mechanical strength
increase is particularly pronounced for examples 11 and 12.

O'CJ

In conclusion, the glazings according to the invention have both
a good selectivity of apbroximately 1.70, a uniform visual
appearance which is attractive to the eye (particularly a blue

or green colour in reflection and optionally also in tranﬁnis-
sion), as well as a range of light transmission values making
them suitable for use as solar control glazings in buildings,
particularly in the form of double glazings, the stack of thin
layers preferably being on face 2 (the faces are conventionally
numbered £rom the outside to the inside of the room in guestion).

The substrates covered with layers according to the invention
can also be used with advantage for producing laminated glazings.



exanples 11 and 12, the wettability of the two silver layers 3, 6 is
optim zed. '

Tabl e 10 gives the thicknesses in nanonetres of the |ayers
present. TABLE 10
Ex. 9 and 10

e e | !\l\\Mﬂ\\f\i\ﬂ\m Gass Dy,

Ta[err]OEerr] or

- 19 - 10 Ag (3
(4) 1.5

1.5 SnO[ err] _ (5) 64 64 Ta[err]Jerr]

or No[err]O[err](5bis) 10CLAIMS 10 Ag

(16)5 12 12 N-Cr (7) 1.5

Snglerfgansparent sugggrate (1), ﬁgre particularly of é%%ss and
having multiple thin layers on which are successively deposited'
a first dielectric material layer (2),

a first layer (3) having infrared reflection properties, partic-
ularly based on metal,

a second dielectric material layer (5),

a second layer (6) having infrared reflection properties,
particularly based on metal,

a third dielectric material layer (8),

characterized in that the thickness of the first layer (3)
having infrared reflection properties corresponds to approxi-
mately 50 to 80%, particularly 55 to 75% and preferably 60 to

75% of that of the second layer having infrared reflection prop-
erties (6).

2. Transparent substrate (1) according to claim 1, character-

ized in that the optical thickness of the second dielectric
material layer (5) is equal to or greater than 110% of the sum
of the optical thicknesses of the two other dielectric material

layers (2, 8) and preferably corresponds to approximately 110
to 120% of said sum.

3. Transparent substrate (1) according tc claim 2, character-

ized in that the optical thicknesses of the first dielectric

material layer (2) and the third dielectric material layer (8)
are approximately equal.

4. Transparent substrate (1) according to claim 1, character-

1zed in that the optical thickness of the first dielectric

material layer (2) is greater than the optical thickness of the
third dielectric material layer (8) the optical thickness of the
first layer (2) corresponding to at least 110%, particularly at

oo ' L T e SR
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- 18- There is a slight inprovenent to the solar control performance
characteristics of the stacks. Moreover,

t he use of oxides known for their
har dness, s um or niobium (V) oxide, helps to optimze the
durability gmlﬁ%m&amgmack and in particular its mechani cal
durability. 'S

s strength increase is particularly pronounced
for exanples 11 and 12. - 20 -

least 110 to 140% and preferably approximately 125% of the
optical thickness of the third layer (8).

5. Transparent substrate (1) according to claim 4, character~

ized in that the optical thickness of the second dielectric
material layer (5) is approximately equal to the sum of the

optical thicknesses of the first and third dielectric layers
(2’ 8).

6. Transparent substrate (1) according to any one of the prece-

ding claims, characterized in that each of the layers having
infrared reflection properties (3, 6) is surmounted by a thin,
partly oxidized, “"barrier" metal layer (4, 7), particularly

based on titanium or a nickel-chromium alloy and preferably
having a thickness of 1 to 3 nanometres.

7. Transparent substrate (1) according to any one of the prec-

eding claims, characterized in that the layers (3, 6) having
infrared reflection properties are based on silver. '

8. Transparent substrate (1) according to any one of the pre-

ceding claims, characterized in that at least one of the three
dielectric material layers (2, 5, 8) is based on tantalum ( V)
oxide, tin (IV) oxide, zinc oxide, niobium (V) oxide, titanium
(IV) oxide or mixtures of said oxides, or is constituted by a
first tin (IV) oxide layer surmounted by a second layer of
tantalum (V) oxide, niobium (V) oxide or titanium (IV) oxide.
9., Transparent substrate according to any one of the preceding
claims, characterized in that the thickness of the first layer

having infrared reflection properties (3) is between 7 and 9
nanometres.

10. Transparent substrate (1) according to any one of the pre-
ceding claims, characterized in that the thickness of the second

layer having infrared reflection properties (6) is between 1
and 13 nanometres.
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I n concl usion, the glazings according to the invention have both a good
sel ectivity of, approxinately 1.70, a uniformvisual appearance which is
attractive to t artlcularly a blue or green col our

in reflection
and optionally mm sion), as well as a range of |ight
transm ssion va*u suitable for use as solar control glazings
I n buil di ngs, partlcula

y in*the for f_doubl e gl azi ngs, the stack of
thin layers preferably being on face 2 (the faces are conventionally

nunbered fromthe outside to the inside of the roomin question). The
substrat eg1CopedRfbadiehd bayetfatC QANJabgot@iidd RWYNbhENEL Ahellpre-be used
wi th adva@%&ﬂ&éfé¥aﬂm%ngﬁgpgkééygil%tgq ghgéipﬂé'optical thickness of

the first (2) and third (8) dielectric material layer is between

60 and 90 nanometres and in that the optical thickness of the

second dielectric material layer-(S) is between 140 and 170
nanometres.,

12. Laminated glazing, characterized in that it incorporates
the substrate according to any one of the preceding claims and

in that it has a light transmission Ty, of approximately 70% and
a colour in external reflection in the blues or greens.

13. Multiple glazing, particularly double glazing, characterized
in that it incorporates the substrate according to any one of
the claims 1 to 1l and in that it has a light transmission (T,)
between 60 and 70% and a solar factor (SF) of 0.32 to 0.42.

14. Multiple glazing, parti;ularly doudble glazing, characterized

in that it incorporates the substrate according to any one of
the claims 1 to 11 and it has a colour in external reflection in
the blues and optionally also in transmission, particularly when
the layers (2, 5, 8) are of tantalum (V) oxide.

15. Multiple glazing according to claim 14, characterized in
that its optical appearance in external reflection remains virt-
ually identical no matter what the incidence angle, the values
of a* and b* in the colorimetry system (L, a*, b*, c*) remaining
unchanged and below 3 and having a negative sign.

16. Application of the substrate according to any one of the

claims 1 to 11 to the production of multiple insulating glazings,
such as double glazings or laminated glazings.
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CLAI VE5: 1. Mul ti pl e glazing pane or |am nated gl azi ng pane,

i ncorporating a transparent substrate (1), notably of glass,
having thin rmultiple filns on which are deposited, in 5 successi on:
[err] a first coating of dielectric material (2), [err] a first
film(3) having reflective properties in the infrared, notably based upon
nmet al , [err] a second coati .of dielectric material (5), 10
[err] a second film(6) having reflecfive properties in the infrared,

not abl y based upon net al , [err] a third coating of

dielectric material (8), characterAQSQRAEWthat t he thickness of the
first filmhaving reflective properties in the infrared (3), that is to say

that which is nearest the supporting substrate, corresponds
to from50 to 70% and notably 65% 15 of that of the second film
havi ng ref | ERANSPARENOPSUBSTERBATES tHROVIIBEDaWRTH (K5)STACK OWCMHEN LAYERS,

way that the visual appearance of said glazing pane in external reflection
remai ns APPLICATION TOyTRERMAL yINHEATLION ANRA %e%Q#A%Iﬂ9N§ﬁ8LeG¥ﬁzﬁﬁﬁﬁ dence,
the values of a* and b* in the colorinetric system (L, a*,

b*, c¢*) remaining unchanged and of negative sign.

The invention relates to a transparent substrate (1), more part-

icularly of glass and having multiple thin layers on which are
successively deposited:

a first dielectric material layer (2),

a first layer (3) having infrared reflection properties, partic-
ularly based on metal,

a second dielectric material layer (5),

a second layer (6) having infrared reflection properties;
particularly based on metal,

a third dielectric material layer (8),

characterized in that the thickness of the first layer (3)
having infrared reflection properties corresponds to approxim-
ately 50 to 80%, particularly 55 to 75% and preferably 60 to

75% of that of .the second layer having infrared reflection prop-
erties (6). '

FIGURE 1

[
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20 2. d azi ng pane according to claim1l1, characterized in that
the optical thickness of the second coating of dielectric
material (5) is greater than or equal to 1 10% of the sum

of the
optical thicknesses of the other two coatings (2, 8) of dielectric
material, and preferably corresponds to 1 10-120% of said sum
25 3.

A azi ng pane according to claim?2, characterized in that
the optical thicknesses of the first coating of dielectric
material (2) and of the third coating &/ Mielectric material (8)
are equal . 4. d azi ng pane according to claim1l
characterized in that the optical thickness of 30 the first coating
of dielectric material (2) is greater than the optical thickness of the

third coating of dielectric material (8), the optical thickness of the-
first coating (2) :

- 20-
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correspondi ng, notably, to at |east 110% notably at |least 110 to 186564478’

preferably to 125% of the optj_ cal thickness of the third
coating (8). 5. G azi ng pane according to claim 4,
characterized in that the optical thickness of 5 t he second coating

of dielectric material (5) is equal to the sumof the optical

t hi cknesses of the first and third dielectric coatings (2, 8).

6. G azi ng pane according to one of the preceding clains, characterized
in that solar facteeaale &F. t(fitds poinnsl dwavhan thersefar &atornod apylavivey isitksratin t he
infrared (3, 6) is overlain by a 1 artly oxidized 'barrjer"” fine
mtall e {1 baesn the ot sherdy ghsRug hepom ekt Rhirgand the Toldel sog ov o
titanium aggdepyeferably having a thickness of | to 3 nanometres.

7. 3 azi ng gane according to one of the preceding clains, characterized
in that the films (3, 6) having reflective properties in the

I nfrared ar

BT T T R - R G
layers having two layers reflecting radiation in the infrared and which are more
particularly of a metallic type, so that they have a high selectivity, i.e. the highest
possible T1/SF ratio for a given value of Ty, whilst ensuring that said substrate has an
aesthetically satisfactory visual appearance in reflection.

10
The invention relates to a multiple glazing pane or laminated glazing pane,
incorporating a transparent substrate, particularly of glass and having multiple thin
layers, on which are successively deposited a first dielectric material layer, a first layer
having infrared reflection properties and in particular based on metal, a second

15 dielectric material layer, a second layer having infrared reflection properties,
particularly based on metal, and finally a third dielectric material layer. According to
the invention, the thickness of the first layer having infrared reflection properties, i.e.
that closest to the carrying substrate, corresponds to approximately 50 to 70% of the
thickness of the second layer having infrared reflection properties. An advantageous

20 example corresponds to a thickness of the first layer corresponding to approximately
65% of the second.

This great asymmetry in the thicknesses of the layers having infrared reflection
properties makes it possible to advantageously modify the values of Ty and SF so asto
25 obtain glazings having a good selectivity, i.e. a good compromise between the need for

transparency and that of providing an optimum protection against solar heat rays.
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| east - one of the three coatings of dielectric material (2, 5, 8) is based

upon tantal um oxi de, tin oxide,.4zinc oxide, niobium oxide,
titanium oxide or a m xture of said oxides, or again is
constituted of a first filmof tin oxide overlain by a second film of
tantal um 20 oxi de, ni obium oxide or titanium oxide. 9.

A azi ng pane according to one of the preceding clains, characterized in
that the t hi ckness .of the first filmhaving reflective properties

in the infraxde tigniym g5V )petideais mixture of certaig of these axidpget Jt issalsopppssible for
10. dazi ' ' ' i zed
2L e SRS LR A0 Pl U ERA SaEh Mo FREG AL 20

in that the ness o VI ng refﬁ
properties itin @Ngokidkmad ¢itk ¢t6yr dflaaoxbizt meddng it possible to ihfroaathehdettiag ofidier es.
30 11. azi ng, pape .according to one of the precedi ng .cl.ai :
characteri zéﬂyﬁrﬁ%‘ﬂ% “&_ e reﬂef’tm“ ProgfiFt &HCh #3 BRY F%}O’f’&"eo‘?r?‘i”‘]%@”{n@) and
thirdg8) coakddid%cldrddh@! Wil tHeGed Rl df¥reddnGratdd® FRERD701475 and European

patent application EP-A-611213, or titanium (IV) oxide.

Each of the oxides given above has advantages. Thus, tin (IV) oxide and zinc oxide
have high deposition speeds when deposited by reactive cathodic sputtering, which is
10 of great interest industrially. However, tantalum (V) oxide or niobium (V) oxide make
- it possible to obtain an increased durability of the stack with respect to mechanical or
chemical aggressions and in particular lead to a better wetting of the silver layers when
they are positioned below the latter. Mixed oxides can offer a compromise between the
deposition rate and the durability and the superimposing of two oxide layers reconciles
15 in an optimum manner the cost of the starting materials and a better wettability of the

silver layers.

There is also a supplementary advantage linked with the use of tantalum (V) oxide. A
glazing provided with a stack having such a dielectric material can be blue both in
20 reflection and in transmission, which is appreciated from the aesthetic standpoint and is
also surprising, because usually, in transmission, the colour obtained is complimentary
- of that obtained in reflection, when the thin layers in question are only slightly or non-

absorbent.

25 The preferred embodiment of the stack according to the invention consists of choosing
a thickness of 7 to 9 nanometres for the first metal layer and a thickness of 11 to 13
nanometres for the second. Preferably the optical thickness of the first and third

dielectric material layers is between 60 and 90 nanometres,
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-21- - 60 and 90 nanonetres and in that the optical thickness of

the second coating of dielectriggmaterial (5) lies between 140 and
170 nanonetres. 12. G azi ng pane, notably doubl e gl azing pane,
according to one of claiml1 to 1 1, 5 characterized in that it has a
light transm ssion (TL) of from60 to 70% and a sol ar factor (FS)
of 0.32 to 0.42. 13. A azi ng pane, notably doubl e glazing
pane, according to one of clains 1 to 11, characterized in that it

has a col ouf‘sénsitiye? anatheretd thickness variatidng dbkthedsyeas iinpused by the lalesmd hoill
in transm ssion n the .c gs (2, 5, 8) are of tantal um oxide.
14. d azi ﬁ% Sﬁgheé‘?@{?@éégawgem&“&%ﬂus ceding claim in which the val ues of
a* and b* remain less than 3
Conversely, on imposing a given optical quality, it is possible with this type of stack, to
5 use a production line under less draconian conditions or to use a production line having

slightly inferior performance characteristics.

It is also advantageous from the industrial standpoint for the layer 5 to have a thickness
roughly equal to the sum of the thicknesses of the layers 2 and 8. Thus, it is then

10 sufficient to use two targets, here of tin, whereofit is possible to regulate the power

-~ values supplied “once and for all” in their respective deposition chambers. The layer 2

is then obtained by the passage of the substrate under one of the targets with settings
permitting the deposition of a predefined adequate thickness. In the same way, the
layer 8 is obtained by the passage of the substrate under the second target with settings

15 making it possible to obtain the deposition of a previously defined adequate thickness.
The layer 5 is obtained by consecutive passages of the substrate under each of the
targets, so that on the substrate are superimposed a layer thickness corresponding to
that of the layer 2 or 8 and then a layer thickness corresponding to that of the layer 8 or
2, i.e. the sum of the thicknesses of these two layers is formed without calling on a third

20 target.

~ EXAMPLESSTO 12

The aim of these examples is to optimize the wettability and therefore the performance
25 characteristics of at least one of the silver layers. They follow the teaching of European

patent application EP-A-611213.

In the case of examples 9 and 10, the layers 2 and 8 are once

30
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CLAIMS:

L. Multiple glazing pane or laminated glazing pane, incorporating a transparent

substrate (1), notably of glass, having thin multiple films on which are deposited, in

succession:

o a first coating of dielectric material (2),

» afirst film (3) having reflective properties in the infrared, notably based upon
metal,

¢ asecond coating of dielectric material (5),

» asecond film (6) having reflective properties in the infrared, notably based upon
metal,

¢ athird coating of dielectric material (8), characterized in that the thickness of the
first film having reflective properties in the infrared (3), that is to say that which is
nearest the supporting substrate, corresponds to from 50 to 70%, and notably 65%,
of that of the second film having reflective properties in the infrared (6), in such a
way that the visual appearance of said glazing pane in external reflection remains
virtually identical, whatever the angle of incidence, the values of a* and b* in the

colorimetric system (L, a*, b*, ¢*) remaining unchanged and of negative sign.

2. Glazing pane according to claim 1, characterized in that the optical thickness of
the second coating of dielectric material (5) is greater than or equal to 110% of the sum
of the optical thicknesses of the other two coatings (2, 8) of dielectric material, and

preferably corresponds to 110-120% of said sum:.

3. Glazing pane according to claim 2, characterized in that the optical thicknesses
of the first coating of dielectric material (2) and of the third coating of dielectric

material (8) are equal.

4. Glazing pane according to claim 1, characterized in that the optical thickness of
the first coating of dielectric material (2) is greater than the optical thickness of the

third coating of dielectric material (8), the optical thickness of the first coating (2)
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corresponding, notably, to at least 110%, notably at least 110 to 140%-and-preferably-to——
125%, of the optical thickness of the third coating (8).

5. Glazing pane according to claim 4, characterized in that the optical thickness of
the second coating of dielectric material (5) is equal to the sum of the optical

thicknesses of the first and third dielectric coatings (2, 8).

6. Glazing pane according to one of the preceding claims, characterized in that
each of the films having reflective properties in the infrared (3, 6) is overlain by a
partly oxidized "barrier" fine metallic film (4, 7), notably based upon a nickel-chrome

alloy or titanium , and preferably having a thickness of I to 3 nanometres.

7. Glazing pane according to one of the preceding claims, characterized in that the

films (3, 6) having reflective properties in the infrared are based upon silver.

8. Glazing pane according to one of the preceding claims, characterized in that at
least one of the three coatings of dielectric material (2, 5, 8) is based upon tantalum

oxide, tin oxide, zinc oxide, niobium oxide, titanium oxide or 8 mixture of said oxides,
or again is constituted of a first film of tin oxide overlain by a second film of tantalum

oxide, niobium oxide or titanium oxide.

9. Glazing pane according to one of the preceding claims, characterized in that the
thickness of the first film having reflective properties in the infrared (3) lies between 7

and 9 nanometres.

10. Glazing pane according to one of the preceding claims, characterized in that the
thickness of the second film having reflective properties in the infrared (6) lies between

11 and 13 nanometres.

11. Glazing pane according to one of the preceding claims, characterized in that the

optical thickness of the first (2) and third (8) coatings of dielectric material lies between
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60 and 90 nanometres and in that the optical thickness of the second coating of

dielectric material {5) lies between 140 and 170 nanometres.

12.  Glazing pane, notably double glazing pane, according to one of claim 1 to 11,

characterized in that it has a light transmission (Ty) of from 60 to 70% and a solar

factor (FS) of 0.32 to 0.42.

13. Glazing pane, notably double glazing pane, according to one of claims 1 to 11,

characterized in that it has a colour in external reflection in t

he blues and possibly also

in transmission, notably when the coatings (2, 5, 8) are of tantalum oxide.

14.  Glazing pane according to any preceding claim, in w

b* remain less than 3.

hich the values of a* and

T A OYTR AT T~ YTy ‘
" SR R | L
R& .?,."‘-.k Chviimdy i Ez‘}‘T

{
Q2007 269

L B3 18R A St




