- -1 - Al kali metal -free al um noborosilicate gl ass and its use
- The invention relates to an alkali metal -free 5 aé@'g\w’] ]
*alum noborosilicate gl ass for use in di spl ay chnol ogy.
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' reviewed in the article “Advanced glass substrates for
flat panel displays” by J.C. Lapp, P.L. Bocko and
J.W. Nelson, Corning Research 1994. The quality of the
properties which are needed for flat glass substrates
20 and have a decisive effect on the precision of the
imaging properties of a system, is dictated on the one
hand directly by the composition of the glass and, on
the other hand, from the production, processing and
shaping method and the facility thereof to set
25 particular properties for the glasses, for example
thickness profile parameters and planarity parameters,
the applicability of the method being freguently
limited in turn by the composition of the glass or by
pfoperties of the glass.
30
Borosilicate glasses play a dominant role in a large
number of technically oriented glass applications. In
particular, they are distinguished by high stability
when presented with c¢yclic and differential thermal
35 - loads, by low thermal expansion and by good resistance
to corrosive reagents and media.

Borosilicate glasses are therefore in principle also of
interest for use as substrate glass in display
40 technology, but the display production process, for



35 loads, by |ow thermal expansion and by good resistance to corrosive
reagents and nedi a. Borosilicate gl asses are therefore in principle
al so of interest for use as substrate glass in display 40
technol ogy, but . the display production process, for

- 2- exanple for active matrix liquid displays (AM.CDs), and t he
desired application require a quite ~Fpecial property profile of
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to avoid poi soni ng t he m crostructured thin-film
transi stors by the al kal i taI di, f f usi 14.5 |nt t he
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' i0 processing and geometrical stability of the glass

during production, in particular low compaction of
the glass in the cooling phase,

- a glass composition free of alkali metals, a
15 maximum alkali metal oxide content of X R0 =
1000 ppm being tolerable in order to avoid
poisoning the microstructured thin-£film
transistors by the alkali metal ions diffusing

into the semiconductor layer,

20 )

- sufficient chemical, i.e. hydrolytic, acid and
alkali resistance, with respect to the reagents
and media used in the microstructuring process,

25 - a relatively low density, i.e. p £ 2.60 g/cm®, in

order, in particular in the case of'large screen
formats, to keep the overall weight of the display
low.

30 Furthermore, the visual quality of the glass screens,
that is to say the quality in terms of the absence of
crystalline inclusions, knots and bubbles, must be
very good.

35 This complex and extensive requirement profile 1is
fulfilled best by borosilicate glasses from the
alkaline-earth metal aluminoborosilicate glass
subfamily. The known commercially available glasses for
TFT AMLCD applications belong to this type of glass:



and nedia used in the mcrostructuring process, 25 - arelatively | ow

density, i.e. p [err] 2.60 g/cnferr], in order, in particular in
the case of | arge screen formats, to keep the overall weight of

t he displ ay | ow. 30 Furthernore, the visual quality of the glass,
screens, that is to say the quality in terns of the absence of

crystal I I ne I ncl usions, knots and bubﬁl%s nmust be very good. 35
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applications still have di ,sadvant ages and do not neet 5 the full list of
requi renents: ys PphBeRat ehj5®6 508 18sdedibesbesheimalint | \stsidlel eaadd

i spl ay ol ass. "R keeRiEy° gps AEARHC bbREE  ORRe( bty YRERES IEF. ang
the relatively [U$® SFQ%‘F'F]dlspl#év@?-%ss(4@056%30‘1“@ gésdde figh pB0s type

are not 10 contents of 10% or more and the relatively low SiO:
levels (46-56%), glasses of this type are not
sufficiently resistant to hydrochloric acid.

Furthermore, their resistance to solutions. containing
hydrofluoric acid is.only moderate. The matching of the
15 thermal expansion to polycrystalline silicon is
insufficient. The processing .temperatures V, of less
than 1150°C are too léw to make it possible to use
drawing methods such as the microsheet down-draw method
and the overflow fusion method as alternatives to the
20 float process. Furthermore, the specified strain points
of 642°C or less are too low to ensure that there is

little compaction.

European Patent EP 510 544 Bl describes alkali metal—.

25 -free glasses which can be made in the float process
and, amongst other things, are used as a Substrate for’
a variety of displays and photographic masks. The
glasses are free of BaO and MgO and have only low
levels of B303. At 4.5-6.0 x 10°%/K, their thermal

30 expansion is no longer sufficient to meet the
requirements of high-quality TFT display glasses which
are very well-tailored to polycrystalline silicon.

Patent EP 527 320 Bl describes flat display devices
35 having a strontium aluminosilicate glass substrate. The
glass compositions for glasses with high
devitrification stability appear to be geared
especially to the suitability for being made in the
overflow fusion draw method. The density of the glasses



sufficiently resi st ant to hydrochl oric aci d. Furt her nore,

their resistance to solutions, containing hydrofl uoric acid is only
noderate. The matching of the 15 thermal expansion to polycrystalline
silicon is i nsufficient. The processing tenperatures VA of |ess

t han 1150[err]C are too low to make it pozsrble to use drawi ng net hods

such as the m crosheet down-draw nmet hod and t he overf.l ow fusi on net hod
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poi nt s of 6J2_,£ﬁ:rr]Co | ess are too low to ensure that there is
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wel | -tailored to polycrystalline silicon. Pat ent EP 527 320 Bl
describes flat display devices 35 having a strontium al upﬁ nosilicate gl ass.
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defects owing to its inclination to evaporate from the
glass surface in the float bath and subsequently
15 condense. The possibly high TiO; content will cause a
brown tint in the glasses when conventional raw
materials are used, since the Fe“’always present in the
usual raw materials forms a brown colour complex with
Ti¥.
20 .
European Patent Application EP 714 862 Al describes
alkali metal-free glasses for use in TFT flat displays.
The illustrative embodiments exhibit very good display
characteristics, for example in terms of thermal
25 expansion, strain point or HCl stability. However, the
viscous behaviour of the glasses is unfdvourable for
the allegedly suitable production process of “floating”
as evinced by the fixed-point temperatures T (log n =
4) = 1310-1350°C and T (log nn = 2) = 1710-1810°C which
30 have a decisive technical effect on the floating as
well as melting and refining methods, and are too high.
For highly wviscous aluminosilicate glasses of this type
with high S$i0O; contents, efficient refining is
extremely problematic. The glasses do not therefore
35 meet the requisite high demands in terms of visual

quality.

EP 672 629 A2 or US 5,508,237 describe aluminosilicate
glasses for flat displays. They present a variety of



Japanese JP 8-295530 A describes alkali netal-free 5 glass .substrates
whose stability wth respect to hydrochloric acid is | owered
because of the high B203 content, (up to 15% by wei ght). PCT
applications WO 97/11919 and WD 97/ 11920 al so 10 describe al kal i

netal -free glass substrates. They are free of or-lowin MO They may
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present a vans ettheyf can be reduced readily. The same is true for the
optional glass components Taz0s and Nb,Os.

In the alkali metal—-free glass substrates for TFT AMLCD
~ from Jp 9-48632 A as well, the visual quality will not
20 be high, since merely S5iO;, B;03,. MgO and BaO are to be

present in the glass.

German Patent DE 38 08 573 C2 describes alkali metal-
free aluminosiliééte glasses which contain Sn0O;, are
25 easy to melt and can be refined economically. The
glasses exhibit high chemical stability. They are used
as photographic mask glass. At 4.0 x 107%/K, their
thermal expansion behaviour is not optimally tailored
to that of polycrystalline silicon. On account of the
30 fact that they are free of By;0; and at the same time
have high Al,0; content, the glasses have a temperature/
viscosity profile which is unfavourable for flat glass

production processes.

35 German Patent DE 196 17 344 Cl in the name of the
applicant company also describes alkali metal-free
glasses which contain Sn0O,. The (glasses have a

relatively low SiO; level and a high Al;0; content. With



- 5~ conposition ranges with different coefficients of t her mal

expansi on. These - gl asses are allegedly processable not only with
" the overfl ow fusion draw met hod but also with other flat glass

production 5 nethods. However, in.particular the glasses which have a

coefficient of thermal expansion tailored to pol ycrystal line Si

have very hi gh .0GesSi ng t enper dtures. V. i ch k K
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Sn®2, are 25 eaghe hdnd'RIf thanGpptdadanbecompinyped economically. The

gl asses exhipbjt high chem cal stability. They are used as phot ographic

mask gl ass. 4.0 x 10-[err]/K, their t her mal expansi on behaviour is
not optimally taTherasject dbH tHetimfenpdlopcrigstal proeide | gLassesOwhhicdount

f the 30 fact . f 20 . N
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profile which i smodé¢avdiFtblisHlay fdlassglsabstrates, glasses which have
a favourable processing temperature range and high

15 devitrification stability, so that a variety of flat
glass manufacturing method, such as the float method or
draw method (up-draw and various down-draw methods) can
be employed for producing them, depending on the
specific application profile for the wvarious TFT

20 display types. The thicknesses which can be produced
therefore also vary in the range between 30 pm and a
few mm. Glasses of this type need to be readily
meltable and refinable, and should therefore have
relatively low temperatures at the viscosity 10%° dPas, .

25 i.e. temperatures of 1600-1630°C.

The formation of highly volatile borate compounds such
as zinc borate, lead borate and barium aluminoborate,
which can impair the internal glass quality, should be

30 avoided or at least minimized.

In order to produce microsheets in the thickness range
between 30 and 50 pum using the microsheet down-draw
method (MDD method), the glasses should at the same
35 time have very high devitrification stability and

specific processing temperatures V,:



production prdcesses. 35 Cerman Patent DE 196 17 344 Cl1 in the nane of

t he appl i cant conpany al so describes alkali netal-free gl asses
which contain Sn(err]. The glasses have a relatively | ow
Sigerr] level and a high A1203 content. Wth

- 6- a coefficient of thermal expansion_of about 3.7 x 10-[err]/K

and very good chem cal stability, these gl %3ses are suitable for use in
di spl ay technol ogy. There is, however, still a need for inprovenent in

terns of 5 maki rgpitdwibeecppomessing wehperhtufémataras pehperatutes at draw
met hod, that is to say.in ter a bej "uphyersall y'iogBRef achyrabl e.
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di splay types. T elﬁu cknesses I'ch can ge pr oduced t herefore al so
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relatively low tenperatures at the vj scosit% 10[err] dPas, 25 i.e.
t enper at ur es of'mGUBJQGBGP@P}?C%n this case be no more than 10 um/h.

In order to produce glass ©panels for display
15 applications using the microfloat method, in partiéular
in large formats, the temperature at 10* dpras viscosity
should be between 1230 and 1280°C. Readily reducible
glass components such as Asy03, Sby0;, P20s, Bi;0;, PbO,
édO and 2n0O should not be contained in the glass
20 composition, because they <can be reduced to the
elementary state under the reducing conditions in the
float bath, and can produce a grey metallic surface
reflection or other microsurface defects. The
requirements of crystallization stability- are not as:
25 high here as in the aforementioned MDD method. A wvyax of
less than or equal to 30 pm/h is therefore still

- sufficient.

For the production of very flat thin glass panels with
30 thicknesses of between 0.5 and 1.1 mm in the overflow
fusion method, which is a down-draw method, the glass
should have specifically high devitrification
stability, i.e. a vy of at most 10 um/h, and
preferably even only at most 5 pum/h, and an upper
35 devitrification limit, or liquidus temperature

(T 1iquidus), that is to say the temperature at which



The formation of highly volatile borate conmpounds such as zinc borate, .
| ead borate and barium al um nobor at e, whi ch can inpair the internal

gl ass quality, should be 30 avoided or at |east mnimzed. I n order
to produce mcrosheets in the thickness range between 30 and 50 [err]m
usi ng the m crosheet down-draw met hod g( MDD net hod), the gl asses shoul d

at the same 35 tigechave vty NP deydd ribédmt i phrmdabidity asl re-
speci fic processing tenperatures VA
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In order to produce |cat|ons
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tenperature; gt 19LGEpds HEAR AR 1% therefore desirable.

Regardless of the methods described here, V, should as

far as possible not exceed 1280°C.

15 The aforementioned object is achieved by a glass

according to Patent Claim 1.

According to the invention, the three glass—forming-
components SiO;, By03 and Al,03 are present in a narrowly
defined content, and thus within a narrow - ratio
20 relative to one another as well: the 8i0; level is
relatively high, specifically at least 57% by weight,
but at most 60% by weight. The B,03 content is rather
low and is at least 6.5% by weight and at most 9.5% by
weight. Limitation to 1less than 9% by weight is
25 preferred. The Al,03 content should merely vary between'
14 and 17.5, preferably between 14 and 17% by weight.
Only in this way is it possible to achieve the desired
low coefficients of thermal expansion dgaqs300 in the
range of from 3.5 to 3.8 x 107%/K with at the same time
30 a low density p of at most 2.6 g/cm®. On account of the
mutual influence of B20; and Al,03 in the glass
structure, the desired good chemical and
crystallization stability can only be achieved in the
aforementioned narrow range of B;0; content. Lower B;0;3
35 contents make the glass more susceptible to
devitrification and increase the thermal expansion by
directly affecting the Al coordination with the number

of aluminium atoms with coordination numbers S and 6



shoul d be between 1230 and 1280[err]C. Readily reducible gl ass
conponents such as As[err]O[err], Sb[err]derr], Plerr]O[err],

Bi[err]O[err], PbO CdO and ZnO shoul d not be contained in the glass 20
conposi tion, because they can b€ reduced to the el enentary state
under the reducing conditions in t he -fd oat bath, and can produce a grey
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bet ween 12480 and’uﬁiﬁ[éarfr]i’;“a #Ht t8 PH |orpl%ﬁ ml@ﬂn i®% af her
hi gh for gl asseposfitifies ¢§pact i roror dbe tproceszanm evenperatygeedi f Teeence
Merr]-T |iquid 2sS0WREE folll Tontains ¢ S-adiY@”B?g%‘i%h%' g @gdw ghq

processi ng tenp ratur I n¢r eases the % ener éOft b aglass
production,  %and 3p|55m‘9ﬁ(e§’e68PFo§’ifoﬁa8f the PEFFPERTOI?
weight of BaO belgg preferred, and 1 - 4% by weight of

15 Ca0 and 5 - 8% by weight of SrO. The total level of
MgO, Ca0, SrO and BaO should in this case remain
restricted to 17% by weight, since otherwise the

chemical resistance again decreases.

20 The use of SrO is preferred over BaO in order to keep
the.density'of the glasses low. If the heavy oxides BaO
and SrO were fully eliminated, or if their level were
too low,.then the glass would become more susceptible
to devitrification and the tranformation temperature as

25 well as the temperature at viscosity 10-® dpas would
decrease. At excessively high 1levels of Ba0O and SrO, -
the processidg temperature would become unacceptably
high.

30 Glasses which are free of BaO and glasses which are low
in BaO are preferably processed using the float method,
while glasses céntaining a high level of BaO are
preferably processed using the draw method.

35 Apart from unavoidable impurities, the glass is free of
ZnO and alkali metal oxides.

The glass furthermore contains 0.4 - 1.5% by weight of

Zr0O,. Zr0; improves chemical resistance. Its maximum



10 liquidus tenperature is therefore desirable. Regar dl ess of the
net hods descri bed here, VA should as far as possible not exceed
1280[err] C 15 The aforenentioned object is achieved by a gl ass
according to Patent Caim1l. According to the invention, the three

gl ass-form ng conponents Si 2, B203 Al[err]O[err] are present in a
narrow y defined content, and thus within a narrow ratio 20
relative to oneomtmittheisadimditied bheigsOlaveveplubklity. r &hat igldss hi gh,

specifically ata]&astcntBins Way ght 1% bl akefget 6820 byi®gai ghthisThe

Blerr]O[err] content,is rather 5% ht and
at nost 9.5% by""'m'm’vﬁe‘?sgh?lt'l Etrthefgf‘FSn r]ﬂ-_&n I%%Sser aﬁjtansu‘@/e l%%1]DVVE'LV\/(%{:l Yght s
25 preferred. dgheaRifisreddosid]icetet giesshoutd ﬁeletlﬂaﬂaranbélhﬁé'eﬁ-s 14

and 17.5, prefergblyy, bﬁéd\ﬁ'.edlo]rﬂ ﬁf‘d:r%?lé}ntﬂés%hgbh visibld| yavdnddtthanay is
it possible to achi eve[%thUIY ed | ow coefficients of thernal
t e

expansi on [ err]2BFIERF | s rF&r’@élB’F from3.5to 3.8 x 10-[err]/K with
at the same tine 30 a low density p of at nost 2.6 g/cnferr]. On account

of the mut ughe L ﬁ%&gl 2 ion OiflOzBer%h Q'ﬂgz, A& 11 §8rdsent id hﬁ‘le gl ass

structure, t he chem cal and crystaliization
stability can ofit§she iBcHPRRA§ ’E?l‘é"x eq&f—b%@ﬁh‘ﬁﬁ‘q otEd PEXtiFiyage of
B203 cont erto Lemcw&s b thast epise. Bywkeirtudieof ghaspresemee of

suscept i bl e n h?QAiFV MEEgﬁE' OEaiIEQléﬂ&é Cang %ﬁ@réﬂ%é@'a@gﬂas' on by

directly affect| coor di nat 1 on I um
atoms with coorHFﬁaF?—onlﬁﬂﬁbeF’QlS aﬁ696unav°1dable when customary raw

-9- materials' are used, are reduced. This avoids the
occurrence, otherwise commonplace with glasses
15 containing TiO;, of the yellow coloration which impairs
transmission and is due to a Ti complex containing Fe’*.
Glasses are thus obtained which, when used as substrate
'glasses for display devices, ensure that the image will
be very bright even after relatively long use.
20 _
Besides the aforementioned Sn0O; content, the presence
of 0.1 - 0.5% by weight of CeO, is essential to the

invention:

25 By the combination of Sn0O, with Ce0O;, the Sn0,/Sn0O redox
equilibrium is stabilized and an extraordinarily good
refining effect is aéhieved for aluminoborosilicate
glasses, so that the glasses according to the invention
exhibit the requisite high visual quality. Futhermore,

30 SnO; and CeO; in combination with 2ZrO, stabilize the
chemical resistance of the glasses. At higher CeO;
contents, the UV-absorption increases and the
absorption cut-off shifts into the VIS range.

35 Amongst other things, because it is thus possible to
eliminate the use of the refining agents As;03 and Sb,0;,
and the glasses are, apart from unavoidable impurities,
free both of these components and of other readily

reducible constituents, these glasses can be processed



increasing. If the Blerr]O[err] and Al[err]O[err] content is too high,

the resistance to hydrochloric acid is reduced. Al kal i ne-earth netal

- oxides are present in the glass at 5 a total of at |east 15% by wei ght. At
a |lower |evel, the tenperatures at the viscosities required for
mel ting and shaping woul d be too high. A_Rglanced ratio bet ween small
cations and large cations of the, al kal i ne- earthg) net akla%oxi es, wth
the proviso t haatheondY ni¥B8F A IREFPL¥atdfonSreaRodISFeE Spr it AafP, has
a positive effieet the ttheapr meensdngshewperitairiattirre methogl @og be

t herefore contains.5. .- 8% ight of d - S¥sby; Wed 0 of
BaO, the presenceén%&oyfd-’ Béé%}é’\ﬁ;QQ é)l\/\a/leél\é};];1:}tnéi'~‘gf cé’é%aggi nlgp p(r{%f elr\rfg%,,ggnd
4% by wei ght of WES.ghtaOPANdR:20s” 83RO ReiShRPs R SSr 8FdFHECRZY ot e fdPdinIof
MyO, CaO, Sr@ angdda@syhoutd ip tdisw CpsesiARi o addr esi5% cbpd welight17%
by weight, since, ot Wi t chenm cal i stka gai reases.
20 The use of Sreﬁﬁhs op’gr‘I gler?g%roeg?m a 1.:2”](:)1?%(3;5?&% _é}éeggélza) “t hEg 33%& ty of
t he gl asses | ow.examplige dreathe ofpyrs cBaGaFz) Hd 89 whERr f BKRRPLE| dPnat ed, -
or if thgi r |eV€ﬂhé’\§f&c_n{ of _tsa:std.,@w, Thge?ﬁhh?fghfe%s,mﬂzdsbecm z{‘mraeld -
suscepti bl e to,deyitrification an e trapfor ion erature as
wel | as the tenpste(%“at L#‘é’u&fi'v SWELFF( 1% r‘ixccﬁ-'?éis1 l\ﬁgl%?%y weggggfease. At
excessivel y 9 gh I evel s of BaO and SrQ t he processing tenperature

woul d becone unagceftdlitd ve emBb8iments89 G asses which are free of BaO and
gl asses which are | ow in BaO are preferably processed using the float
nmet hod, whi | e gl asses containing a high | evel of BaO are preferably
processed usi ng Glesshsawenst med.ted 3B Sifet cfuoiblamviordaldtan venhidngles,

the glass is fregWinateridl@ a fbxedd, "BAR! mOXt d@8s refined for one

15 and a half hours at this temperature, then poured into

1 -

inductively heated platinum crucibles and stirred for

30 minutes at 1550°C to homogenize them.

The tables show glasses according to the invention with
20 their compositions and their most important properties
in examples 1 to 5 (Table 1), and the glasses not
according to the invention in comparative examples A to
J (Table 2). The various chemical resistances are given
as follows: Glass plates measuring 70 mm x 50 mm x 2 mm
25 and polished on all sides were treated for the
indicated period of time at the indicated temperature
with the respective solution, and the weight loss
(erosion) was determined and indicated in mg/cm®.

30 H,0 Treatment with water for 24 hours at 95°C.

HCl =~ Treatment with 5% strength hydrochloric acid
for 24 hours at 95°C.

35 NaOH Treatment with 5% strength soda lye for 6 hours
at 95°cC.
“BRF" Treatment with 10% strength hydrofluoric acid

solution for 20 minutes at 20°C.



The glass furthernore contains 0.4 - 1.5% by wei ght of ZIr@. Zr2

i nproves chem cal resistance. Its nmaxi num )

"~ -10- content is limted by its low solubility. The gl ass al so
contains 0.4 - 1% by weight of TiQ2. This m nimzes the

ot herwi se often observed susceptibility -12-°f al um noborosilicate gl asses
to solarization, that is 5 to say reduction in transm ssionin visible
wavel engt hs because of UV-VIS radiation. The conbination Ti 2
with Sn(Jerr], vvmgfbri&awt%&a&ttlice hhalcateglﬁés tie SUIPAVIAday to

equilibrium is .ar | ff 's eof t he
presence of %Plﬁéé % at%o scgg% T'ajf ddg‘?lt dﬁ 1otrH er r],
the Fe[err] ionstelgiast @rt@bl}ﬁa\ta* axsl éhﬂhéhq%%‘#fon%ﬁ“}?erréwure armft etrhl%l S

are used, are ragdscRiim BHystalogdswiherate WEEUrrence, ot herwi se

comonpl ace  with gl asses 15 containing Ti 2, of the yellow coloration
which inpairs

[err] t r ansrThsi tempenhtivreguean wistosidipkel 0tbht dPas nglPl dPas@ asses

gre t hus obt ai nepbwhl abaswhqwumlsasawaﬁb* aaﬁasb ar%l aééf'o%écﬂlﬂ' HleaY
evi ces, ensure e | er, r ven -after

relati veI y | ong g’ an_% él’dt 18het f’o%l r%rft a{)’% Edr nd err] content,
the presencd0® of 0.1 - 0.5% by wei ght of Ce® is essential to the

I nvention: 25 iy ARSI Atd Y QlesSNEGE Witk ssEQe $¢'i‘x gr 1 lranO

r edox cequiliprium,is, stabilized and an extraprdi naril
refining effect Jr%é’aﬁﬁﬁ & eP¥or §ﬁﬁm TFBISESFPRELPR tempérdture Tq,

coefficient of thermal expansion daz/300 [10°%/K] and
density p [g/cm’].
15



gl-asses, so that the glasses according to the invention exhi bit the
requi site high visual quality. Futhernore, 30" SnQ2 and CeQ2 in conbination

with ZrQ2 stabilize the chem cal resistance of the glasses. At
hi gher CeQ2 contents, t he UV- absor ption i ncreases and the
absorption cut-off shifts into the VI.§3.ange. 35 Anopngst ot her things,
because it is thus possibl 8 to ~ elimnate the use of the refining agents
As[err]O[err] and Sb[err]Cgerr], and the gl asses are, apart from
unavoi dabl e i nmpuriti es, g free both of these conponents and of other
readily reduci bl e conspi tuents, ®hesé& gbasses cam be prosessed
not only using a variety of draw ffethods 2 $uk alisé o ocusing the float
‘met hod. Should the | atter &ethod not be enpl oyed, then the gl ass my
contain up to 1.5% by Reight of As[err]O[err] and/or Sb[err]derr]
as additional refining ® agent(s). It is also possible to add 1.5% by
wei ght each of Cl- (f exanple in the formof BaC [err]), F-(for
exanple in the form of CaE“) or SO[err]- (for exanple in t he form of
BaSO err]). The sumof As[err]O[err], Sb[err](Jerr], Cl-, F and
SO[ err] shoul d, however, not, exceed 1.5% by weight. 10 [llustrative
enbodi nent s: d assesfvere nel tedd 0 SEOR, chugi hl eg {4 o conventi onal
raw materials at 1620[err] €, the meld ymssrgfiped forgoge d5; and a hal f
hours at this tenperature, & hen pour®d i it o i nductively Reat ed pl ati num
. crucibles and stirred for @ 30 minutes at 1550[err]C to honpgeni ze them
. 3 :
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The tabl es show gl asses according to the invention with 20 their
.conpositions and their nost inportant properties in exanples 1 to 5
(Table 1), and the gl asses not according to the invention in
conparative exanples Ato J (Table 2). The various chem cal resistances
are given as follows: dass plates neasuring 70 nmx 50 mMmm x 2 mm 25
and polished on all sides were trgated for the i ndi cat ed period
of time at the indicated tenperature with the respective solution, and
t he wei ght | oss (er05|onynmﬁstﬂeﬁemﬂl Ned! ap dwlﬁﬁlgaked\lw ng/cn[err]

30 H20 Treatment with watef fror 524 hours kat g errECo o HCl
Treatment with 5% strength hydrochloric acid for 24 hours at
95[err] C. 35 NaCH Treatnment with 5% strength soda |ye for 6 hours

at 95[err]C " BHF" Treatnment with 10% strength hydrofluoric acid

solution for 20 m nutes at 20'C
-12- The characteristics indicated for the susceptlblllty to

crystallization (susceptibility to devitrification), or rel evant
stability are the Iiquidus tenperature and the 5 nmaxinmumcrystal growth
o

o~
rate v[err]. B8 o8y eSeodeoo
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gl asses from the conparative exanpl es

- 17 -

The glasses from the comperative examples
respectively have some very good individual

' properties as well, but unlike the (glasses

according to the invention, none of the comparison
glasses meets the entire requirement profile of a
display substrate glass for TFT applications: B03
levels which are too low reduce the devitrification
stability and increase the thermal expansion
{examples A, ‘C - H). Too high a By03 and
Al,0s;content reduces the resistance to hydrochloric
acid (example. B). Example I and example J
illustrate the need for a balanced ratio of small
alkaline-earth metal ions to large ones: with a
“correct” total amount of alkaline-earth metal
oxides, but too 1little Mg0 and too much BaO
(example 1I), the proéessing temperature is very
high, and especially is too high for float
processing. If there is a lack of both Ba0 and Sx0
(example J), Vpax 1S very high and the liquidus
temperature is above the processing temperature.

Conversely, the glasses according to the invention,
with a narrowly defined composition range, combine
together all the properties which. have been
discussed:

. Their coefficient of thermal expansion djo/300

is very well matched to polycrystalline

silicon.
. Their density is very low.
. Their chemical resistances are outstanding.
. They have sufficient solarization stability.
. They have favourable processing temperatures

(Va £ 1280°C)



respectively have sonme very good . individual properties as well,
but unlike the glasses 5 according to the invention, none of the

conpari son gl asses neets the entire requirenent profile of a

di spl ay substrate glass for TFT applications: B203 | evel s which are too
| ow reduce the devitrification Stabl|lt¥ and increase the thernal
expansion 10 (exanples A, C - H. Too high a B203 and
Al[err]O[err]content reduces the resistance to hydrochloric acid
(example B). Exanple IheaRdmp8¥at®te ad vischéitisticht e tdrasnead dor a
bal anced ratio of small Ig;&;ne earth netal ions to |arge ones: with a
15 "correct" total amb§AFt Gf kaline-earth netal oxi des, but too
little MgO and t oo nmuch BaO (exanmple 1), the processing tenmperature is

very high, agd gspecigl! ¥1585490 40 Frdelloff bORb1i mePEDEESSING. |f
there is a lack of both BaO and SrO 20 (exanple J), V[err] is very high

and the |iquidus tenperature i s above the processing tenperature.
Conversely, the gl asses Zbeorglasse thlasei nveryi geod crystaliizatiow y
defi ned conposition ranggtagggptge 25 together all the properties

whi ch have been di scusse Their coefficient of thermal -
expansi on [err] 20/ 300 is very well mtched to polycrystalline
30 siliconp e Becalbei of delnsit ytamperartyriedwiscosity. profitks r

chem cal resistances are tsta 35 ) fici
afid n&%e hase favoBl]r%;t%\l)élpq:i'3L ?li‘d& o

sol arization stability. rocessi ng
t enper at ur es (VFEVFFaFé%?TtHQBO[EP?]Q}asses may, as 1°ng as

they are free of readily reducible
constituents, be processed both using the

15 various draw methods and using the float
method. It should however, be understood thgt,
because of its quite special property profile,
one specific glass from the composition range
according to the invention is even more

20 suitable for one method than for another. It
is straightforward for the person skilled in
the art, on the basis of the indications given
here, to select the glass which is optimum for
the relevant application and special needs.

25

. Because of their balanced combination of

constituents, in particular refining agents,
the glasses have very good visual quality.



The tenperature at viscosity 10[err] dPas is at | east

650[err] C 5 * The gl asses are free of alkali netals. . The
gl asses have very good crystallization stability. 10 *
Because of their tenperature/viscosity profile and their

| ow susceptibility to crystallization, the glasses may, as
| ong as t hey are free of Féadily reduci bl e
constituents, be processed both using the 15 vari ous draw nethods
and using the float met hod. It should however, be understood

t hat , because of its_quite special property profile, one
specific glass fromEﬂEﬁﬂE&Eﬁ&é&éion range according to the
invention is even nore 20 suitable for one nethod than for another.
It I's straight fonyang fﬂétéi]efz%eér nguﬁﬁﬁénl!a@f{)éfllcate ?laﬁé"e art,
on the basis of f'he Ti'ndications give , to select i ass

which is optinum for which thf?é rfé'}%v%ﬁﬂtl%mgi CARRAT AR S & Préeds.

25 : Because of Wdight bhskanerdoxidei nati on of
constituents, in particular refining agents, _ t he gl asses have very
good visual quality. '
Si0; 57 - 60
10 B203 . 6.5 - 9.5
Al,0; 14 - 17.5
MgO ' 5 -8
Cao 1 -4
Sro 5 -8
15 Bal 0 - 3.5
with MgO + Ca0 + SxO + BaO 15 - 17
Zr0, : 0.4 - 1.5
TiO, 0.4 -1
CeO, 0.1 - 0.5
20 $no; S 0.2.-1
2. Aluminoborosilicate glass according to Claim 1

which can be produced on a float system,
characterized in that, apart from unavoidable
25 impurities, it is free of arsenic oxide and

antimony oxide.

3. Aluminosilicate glass according to Claim 1,

characterized in that it also contains:

30
As,0; 0 - 1.5
Sb,03 0 - 1.5
cl” 0 - 1.5
F 0 - 1.5

35 S04%” 0 - 1.5

with As;0;3 +Sby03 + C1™ + F~ + S0% < 1.5

4. Aluminoborosilicate glass according to at
least one of Claims 1 to 3, which has a

AL



-19- PATENT CLAIMS 5 1. Al kali netal -free

al um noborosilicate gl ass, whi ch has the foll ow ng conposition
(in % by wei ght based on oxi de): Si Q2

57 - 60 10 Blerr]O[err] 6.5 - 9.5

Al[err]O[err] ' 14 - 17. 5 _20- MO 5- 8
CaO 1- 5- .8 15 "~ BaO
0- 3.5 with Ng@effezseeptsmh fhgymal mxpppsion  &zorz0z; Bfer ]
0.4 - 1.5 TIC{Qkﬁheen 3.5 and 3084x-1075/K, a tempEgekare] at

0.1 - 0.5 20 Sng 1852
Al um noborosilicate gl ass hacc lsc’i':osj‘ttyo 181 d}?Lasl of at fea t ﬁso an’ bé
produced on a fl oat systémmperature aéhatihet evimllﬁ?tﬁeﬁ gdpast. PEom

unavoi dable 25 5 | MmpuUnizgiofs, dtdéssiteep OBfara&enn@stoxzdeoargdrcm
antimony oxide. . and a weight loss of at most 1.0 mg/cm? after
24 hours of treatment in 5% “strength

hydrochloric ‘acid at 95°C.
10 5. Use of the aluminoborosilicate glass according

to at least one of Claims 1 to 4 as a
substrate glass in display technology.

O g



3. Aluminosilicate glass according to Claima1, characterized in

_that it also contains: 30 - As[err]derr] 0- 1.5
Sb[err]derr] 0- 1.5 d 0- 1.5
F- 0- 1.5 35 SO[err] 0- 1.5
with As[err]O[err] +Sb[err](err] + - + F- + SO[err][err] 1.5 4. :
Al um noborosilicate glass according to at | east one of Cains
1 to 3, which has a -21- - 20- _
coefficient of thery X iLo_ri!,R[ﬁ:rrA]L IﬁBBBEzOSILgCAPg EERF@e” 3.5 and 3.8
x 10[err]/K, a tenperature a e \éktSCOS' y [err] dPas of at
| east 650[err]C, a terrpeer& al5Ft he  vi scosi ty 10[err] dPas
of 5 [err] 1280[err]C, a denaBsyrpcof at nost 2.60 g/cnferr]
and a weight loss of at nost 1.0 ng/cnferr] after 24 hour s of
t r eat ment in 5% strength hydrochloric acid at 95[err]C 10

5. Use of the® uMdkbormetal chee grhwsinphasiagiiddcate glass tis at | east
one of O ainsdebcriBeddwh@déh Ras the followilgt ealpogiessni pidlispl ay

technol ogy. by weight based on oxide):
5i0, 57 - 60; B203 6.5 - 9.5; Al;03; 14 - 17.5;
MgO 5 - 8; Ca0 1 - 4; SxO 5 - 8; BaO 0 - 3.5; with
Mgo + CaO + SrO + BaO 15 - 17; 7ZrO, 0.4 - 1.5;
TiO; 0.4 - 1.5; CeO; 0.1 - 0.5; SnO; 0.2 - 1.
The glass is particularly suitable for use as a
substrate glass in display technology.



