METHOD AND APPARATUS FOR MAKI NG LARGE- SCALE PRECISIC{@{EfWﬁxégfagu*Zs
STRUCTURES | N FLAT GLASS Cr oss- RET¥reness + - -

i nstant subject matter is related to the disclosure in:p@penﬂjng{ag

U. S. Patent Application, entitled "Process and Apparatus fO( t Form ng
Precision Structures in Flat G ass" based on German Patent! [ §I i cation 197
13 309.6-45 of WMarch 29, 1997, Fbinrich1CBtendarp and Marita Paasch,

i o oo 1 of P AR U Lt SRl s Ol L,
on German Patent Application %? ?L@%%[%%ﬁ&%fs%c 29, 1997,' Hei nrich

The

Gstendarp and Marita Paasch, invegkghS-—references Background of the
| nventi on The present invention relates to a nethod of making

| arge-scal e or | arge-surface area precision structures in or on flat glass
and also to an apparatus for perforning that process. Fl at gl ass

provi ded with | ar gEhscitstprteaubijent mattert uiesrdlntedqtior tbdef disglasiirs on
applications, especially in the optical glass field. This type of glass

i ncl udes, for iexenperdingil.8 PedeoktsAppl heat inmerentiifdefl] YProgespland screen
devices (Plasma Display Panels (PDP), Plasma Addressed Liquid Crystal
(PALC)). M cr APPREARES £ox datuFesning, Prepisinn Stryuskvegual Flales or

col ums, whi ch_ext end . .
Glass"™ based on German Patent Application 197 13 309.6-45 of

March 29, 1997, Heinrich Ostendarp and Marita Paasch,
inventors; and also in another copénding U.S.Patent
Application, entitled “Forming Tool for Structuring Flat
Material, especially Plate glass' based on German Patent
Application 197 13 312.6-45 of March 29, 1997, Heinrich

Ostendarp and Marita Paasch, inventors.
Background of the Invention

The present invention relates to a method of making
large-scale or large-surface area precision structures in or
on flat glass and also to an apparatus for performing that
process.

Flat glass provided with large-scale precision
structures is required for precision applications,
especially in the optical glass field. This type of glass
includes, for example display panels of new generation flat
display screen devices (Plasma Display Panels (PDP), Plasma
Addressed Liquid Crystal (PALC)). Micro-channel structures

for control of individual lines or columns, which extend



2 over the entire active display screen width or height and in which a
plasma is ignited by electric discharge, are provided in this flat display
screen gl ass. The boundary of each individual channel on both sides of it
is provided by a rectangul ar crosspiece whose width is as small as
possible (i.e. < 100 pm. In order to obtain a sufficient discharge

vol une, the height of the crosspiece is gubstantially larger than its

wi dt h. The spaci ng of the crosspieces should be as small as possible..

Currently tyDoeal yabUsS:fle BEGNa 260 of SN aBA00f hédn e gl eved

in small scal e production. The height cCrosspi eces anounts to from
about 150 [er whitha REs£ii Hyaltad byt dl &t fico@iB0nhegs) rated 100 [err]m
Two el ectrodes for plasma ignition extend through each I ndividual channel
bounded by thprovidediaceahiisn Mhesabspliay asansen iglasd. Thy BAInd=RAL Of,
whil e one el ectrode for plasma ignition extends through gagh I ndi vi dual
channel boundedchyindividuads chaboet om lpdtds i ddiss pifaytpisahrovided) by a
During the structuring of this flat display screen glass, which for
exanpl e i s a FsctEpgdax quosspiegesvheseiwididy igmag 6BaLhms tHassdbdet

| ateral dinensioning, relative positioning and reproducibility of the
channel and tK&set he 128 3. £ BFdeRcte RhExE rosPLaieient difichiagsuse of
the later positioning of the electrodes. Wth a _ nmethod based on_ hot

shapi ng by me¥As"Bf- & toflhl te  FrRITRIGEK SF- SiBEFantisily dRE9eker nal

expansi on coef{jci nt §,.t.0_abo 12 -6 x 10 /K .For. ample, for
a t ool Iength£%%ﬁa§%%t .nﬁ?eagpacigg_pf the crosépleces shéﬂld?%engs

small as possible. Currently typical values of between 360

pm and 640 pm are achieved in small scale production. The
height of thé crosspieces amounts to from about 150 pm to
250 1m at a width of from 50 um to 100 pum. Two electrodes
for plasma ignition extend through each individual channel
bounded by thé crosspieces in plasma addressed liquid
crystal (PALC), while one electrode for plasma ignition
extends through each individual channel bounded by the
crosspieces in plasma display panels (PDP).

During the structuring of this flat display screen
glass, which for example is a 26"-PALC screen of a size of
360 mm x 650 mm, the exact lateral dimensioning, relative
positioning and reproducibility of the channel and thus the
stability of the forming tool are crucial because of the
later positioning of the electrodes. With a method based on
hot shaping by means of a conventional Chromium—Nickel-Steel

tool, the thermal expansion coefficient amounts to about 12

-6
x 10 /K, For example, for a tool length of about 360 mm, as



3 required for a 25" -PALC display screen, this always causes a length

change of about 4 pmper K tenperature fluctuation. Considering that the
required positioning accuracy of the electrodes in the mcro-channels is
in the range of 10 [err]m a tenperature fluctuation of +2.5 K can cause

consi derabl e probl ens. The perm ssible tenperature fluctuations are
considerably reduced in the larger displ&y screens, for exanple 42"
di spl ay screens. The problens are simlar with other applications of

flat glass v tRLaras: o8l @ MCORAAAPLLNGS Ubkon nis! Ll LD Uoe

hot shapi ng i ably 7 stru or m‘n

truct f | f th

possi bl e appft SanpRsOReS SfAPPLSaE BB D8, doitsaE ne?*ﬁﬁaé'ﬂs%%*ﬂ%w ’
| |
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Wien a cont ack;ReLYES tﬂf tﬂieaﬁcﬂadcﬁaﬂﬁéfé A iPlthe &aﬁégea&flm Gt he

form ng tool occurs on a short time, i.e. prior to solidification

the work tool ,i %eﬁlﬁéﬂ?é{ﬁike fﬂw&haelghaéé +b®au%%nobaﬁge%&ﬁsi&&aw1@s
structure, a strong rounding occurs after this contact.

| ong- dur ati onpgeBlaké. Wwhich is used in a cold-
| The permissible temperature fluctuations are
considerably reduced in the larger display screens, for
example 42" display screens.

The problems are similar with other applications of
flat glass with large-scale precision structures.

It is known to use hot shaping methods with suitably
structured forming tools for making structures in flat
glass. |

Existing specifications limit however the possible
applications of conventional hot shaping methods, such as
rolling or préssing, for making of large-scale precision
structures.

Conventional hot shaping methods have the following
disadvantages:

- When a contact between the glass and a press or roll
tool acting as the forming tool occurs only for a short
time, i.e. prior to solidification the work tool is removed
from the glass, because of flow of the glass structﬁre, a
strong rounding occurs after this contact.

- In a long-duration contact which is used in a cold-

pressing method, intolerable stresses arise because of



pressing nethod, intolerable stresses arise because of

4 strong tenperature differences and different thermal expansions of the
tool and gl ass. It is nore difficult to prevent adherence of the
tool to the glass in both methods with increasing tool tenperature.

An additional essential requirenent of the nethod of naking these gl asses
I's the mai ntenance of a stable productiagn process, in which the |ocal
distribution and form of the structures are kept extrenely constant.

Additional limtations of .the ¢coppyentional hot  shapi re ag f.ollows:

- Since the 3N YIHeET §uﬁ8a‘§1‘sﬁ¥%‘?ﬂﬁe§t @1"&2\ Fﬁ%geg%rg\}g}ﬁ’?"gﬁfal hot

shapi ng, in order t.0 _ achi ficient surface tenperature on the

cont act surfa%%%?%élQﬁ%aggfégg?tgﬁidﬂ%%éﬂfFﬁbroducibIe t enperatures occur in
the required precision range of + 2 K( with typical work tool steels and

gl ass surface areas required by the specifications), which lead to

i ntol erabl e defor nit ;@ wek-et AELPDEKI £ A prevent adherérthelof @bl WL, Which
requires a replacenent of the formng tool, occurs during the making of

structured gtasthevdlasseducpath itekiod= width iincreasingtaodcount of these
limtati ons and di sadvantages in the current nethods of nmaking of

struct ures bytdmgersitapxeng

An additional essential requirement of the method of
makirig these glasses is the maintenance of a stable
production process, in which the local distribution and form
of the structures are kept extremely constant. Additional

limitations of the conventional hot shaping are as follows:

- Since the forming tool is heated completely in a
conventional hot shaping, in order to achieve a sufficient
surface temperature on the contact surface for the glass,
high non-reproducible temperatures occur in the required
precision range of + 2 K ( with typical work tool steels and
glass surface areas required by the specifications), which
lead to intolerable deformation of the work tool.

— A higher tool wear, which requires a replacement of
the forming tool, occurs during the making of structured
glass with reduced structﬁfe radii.

Oon account of these limitations and disadvantages in
the current methods of making of structures by hot shaping
methods these methods have not been used up to now for

making large-scale precision structures. Instead of that



met hods t hese net hods have not been used up to now for naking | arge-scale
pr.eci sion structures. Instead of that

5 structures of this type are provided currently according to the state
of the art on flat glass be neans of screen printing nethods, in which the
boundaries formng the structures, the crosspieces in the above-descri bed
flat display screens, are pressed in thesflat glass |ayer-wi se by neans
of a glass solder. The shaping occurs by neans of suitable nasks applied

to the gl ass i \/ g ' f.qr med,
t he crossplec§§¥q§ ur%%asfléﬁa hg%g EQ §ﬁ£§&?%l q?&rg%% §c§ §ﬁ§i§§
pressed | ayeFtheAQQHEeIQf tthel BtAWAr 818E g ﬂ&@%@%afn%r oENgcAb&y e-

descri bed crosspieces in the flat dlsplay screen gl ass, which are about

200 pm hi gh apgiatiayenegeo@dodn whipm ﬂhéﬂaouﬁtmq(ésoﬁoi:hﬂngbﬂvé 30 pm
thick electrodes applied in 2 to 3 |ayers between the crosspi eces.

These screen ptrottugesettiodcrosgpiecea innthealadveadeproibed £luf neeri ng
expense, because hardening nust occur after the application of the mask on
the gl ass sol déspapN serreld,| lanegpressed msthop@amtngdasFhbagervsisanhyt

al so be adjusted or selected in regard to its physical and chen1ca|
properties to®epnstfE ﬁl%?s%ssoﬁéd§ﬁbs'¥'h%t@%ié1@ qogirfFebyY B&IHIQoN

ff t dt t { to pl
o 1 ony 1 br SESKPALE PHRAFYE, CopI4ER o%?g % Kogenl WhiRBGEibstr are. A
certain procegaLifngl!flf Ynd LRLGRLLYL € e [Rrhla] BHE CErSls Ul 11 C 1

required
for example. The masks must thus be applied for each pressed

layer. About 10 to 15 layers -are necessary for the above-
described crosspiéces in the flat display screen glass,
which are about 200 pm high and on average about 70 pm wide,
based on the about 30 pm thick electrodes applied in 2 to 3
layers between the crosspieces.

These screen printing methods require a considerable
process engineering expense, because hardening must occur
after the application of the mask on the glass solder and
the filling of the mask openings. The solder must also be
adjusted or selected in regard to its physical and chemical
properties to fit the glass base substrate (e.g. thermal
expansion coefficient) and the respective application (e.g.
resistance to plasma ignition) for contacting the glass
solder on a suitable glass substrate. A certain processing
time of typically from 5 to.10 minutes at 450°C is fequired
for hardening this type of glass solder according to the
application, which results in a comparatively high

processing time with 15 layers, so that the known screen



for hardening this type of glass solder according to the application,
which results in a conparatively high processing time with 15 | ayers, so

that the known screen 6 printing
process is limted to prototype production and is wuneconom cal for later
series production. Summary of the Invention It is

an object of.the present invention to pregvide a nethod and apparatus for
maki ng | arge-scale precision structures in or on flat glass, which is

suitable for A gwgi' .t | -ﬁga LS| t tyres by
application ag)glggggg(%%n ga(rl egﬁﬁégg? ggg‘g’ft a ’@eorrgt% %?P'SF?C”% n%ﬁ%%/g
a-paste, ONn OkypkeBohBRiEABIrdH d%ker series PP&AUSIMK.10 the invention the
nmet hod for nmaking | arge- scale precision structures on or in flat glass

conprises the steps of: a) supplying a paste-like material form ng
the structures to a structuring surface of a formng tool; b)

appl ying the paste-like nat gumnargyofi thagiwventriessi ng of the work tool to
the flat glass and hardening the applied paste-like material; and c)

melting the material applied on the flat glass by a |ocal exterior heating

of the structuring surface of the formng tool until a surface depth
predet ernined by tKE is an object of. the present invention to provide a

method and apparatus for making large—écale precision
structures in or on flat glass, which-is suitable for series
production of tﬁe large-scale precision structures by
application and subsequent hardening of a suitable material,

namely a-paste, on or in the flat glass.

According to the invention the method for making large-
scale precision structures on or in flat glass comprises the
steps of:

a) supplying a paste-like material forming the
structures to a structuring surface of a forming tool;

b) applying the paste-like.material by a single
pressing of the work tool to the flat glass and hardening
the applied paste-like material; and

c) melting the material applied on the flat glass by a
local exterior heating of the structuring surface of the
forming tool until a surface depth predetermined by the
height of the structures has reached the required process
temperature.

The apparatus for performing the method according to

the invention comprises



hei ght of the structures has reached the required process tenperature.
The apparatus for performng the method according to the invention

conpri ses 7 - a device for
supplying a paste-like material formng the structures to a structuring
surface of a formng tool, - nmeans for applying the paste-like
material by a single pressing of the formng tool to the flat glass and
means for hardening of the applied paste-like naterial; and - means

for melting the material to be applied to the flat glass by |ocal heating
of the structuring surdeid€eeofor: fUPpPLy e tRAsitanliket matepil depdage at
the required Egrocess tenperature by a suitable exterior heat source.

Because of thEREeSEREIGS tRei ALERETORLNG Fudess of o? nERrhgptool,

| arge-scal e structures inthe flat.glass b appl.yin nd, hardeni ng of a
conparati vel y paste-T5RE #‘?ﬁt 3??21’159%3%?3 c#;aﬁtﬁgﬂ#(ﬁt ﬂﬁ?%’é’sa i ®¥pdssible very
advant ageousl ¥ ) cal NREL. . « A deM ui_t abl e
appar at us for¥ﬁ%€}%}%%%g%§]e§§ g'f(%l gg%nrué%q szoé)nl stt%‘rah:g uirﬂegsé P%l%ﬁ af §| ass is

described in mgﬁﬁgﬂﬁﬁptE&h%ﬁHn@pgfi€ﬁ@iéﬁbﬁ%%d)ﬁ%@%e4i@ké§%aﬂé}ﬂyibcgna

paste-like material formng thée structures is Supplied cold to a
structuring surface yand freirnnatting tithdthaialineo hordppididaodb khepr essed

on the flat glass during hardening. The principle according to the
i nventi on howelat glrzdsabyslboad heithRipphdher stenotaging swdaiceast to t he
the forming tool with the applied paste at the required
process temperature by a suitable exterior heat source.
Because of the features of the invention a precise

formation of large-scale structures in the flat glass by
applying and hardening of a comparatively paste-like
material in or on the flat glass is possible very
advantageously in an economical manner.

| A method with a suitable apparatus for making a large-
scale precision structures in flat glass is described in
European Patent Application EP 0 802 170 A3, in which a
paste-like material forming the structures is supplied cold
to a structuring surface of a forming tool and then the
forming tool is pressed on the flat glass during hardening.

The principle according to the invention however

relates to a hot shaping or forming, in contrast to the
above-described EP application which describes a practical
cold press process. It is understood that in the hoé melted-
on grid or pattern applied to the flat glass the bond with
the flat glass is substantially more intimate and more

stable than in the case of a simple "bake-on", i.e.



above-descri bed EP application which describes a practical cold press
process. It is understood that in the hot nelted- on grid or pattern
applied to the flat glass the bond with the flat glass is substantially

nore intimte and nore stable than in the case of a sinple "bake-on", i.e.
8 hardening and sintering of the grid or pattern in the case of the EP
application, in Vhich an adhesive |ayer igs still required. O course in

the EP application radiant heat is wused but only for naking the applied
materials flow, not, however, for heati nggof t he shaping work toal in'order

to cause nel fiArgesinghang gintering of thet geid| ex patdeyn in the|gage

f d enbodi gent _af the, i tiqn | adi ation i d for. | ocal
Peatng of t hot RecER: PRELICA ot 1o whlEhs o RARe o MATRE. BOPELID o
ort of arra h t nt age a very desirahl.e | form heat
gf t he struct%‘r&l g%ﬁf@%eg%ﬁ%/gq ?)%19‘, %&hﬁgﬁ lé"f‘ft’e‘?snln% 8P§r$§a bt&i nabl gp
by an inducti VeQl peteshly Gy MGyt %ﬂ%eaﬁﬁf}.é@%%?e\gi%is flow, Qo€ Nheating

can be assisted by another suitable” conventional heat Source,’for exanple

a flame stripnd@evee, for &ty 0 ayel Qhﬂﬁﬁnﬁfw&?ﬁp%ﬁvgn ‘order to
radi ati on-transparent heavy duty gl asses wth very high powers. In

order to avoi ¢aksat mabtime enithe phetsi agpl 964 td 1Rl fr1axcgssiyel y by the
heati ng of the structuring surface by nmeans of the external heat source,
the form ng tool n@y alprefammdalempodinenrt ofi thefimveattienbbakernts of the
radiation is used for local heating of the structuring
surface of the étructure forming tool. This sort of
arrangement. has the advantage of a very desirable uniform
heat up of the structuring surface of the tool, which
alternatively is obtainable by an inductive or electrical
resistance heating device.

The heating can be assisted by another suitable
conventional heat source, for example a flame strip device,
in order to avoid use of expensive radiation-transparent
heavy duty glasses with very high. povers.

In order to avoid heating the entire forming tool
itself excessively by the heating of the structuring surface
by means of the external heat source, the forming tool may
be internally cooled in preferred embodiments of the
invention.

Several possible embodiments exist for forming the
structures by the forming tool. Thus according to oﬁe
embodiment of the invention, the forming tool with the
paste-like material applied can be continuously rolled over

the glass surface to be structured.



i nventi on. Several possible enbodinents exist for formng the
structures by the formng tool. Thus according to one enbodinent of the
i nvention, the formng tool with the paste-like material applied can be
continuously rolled over the glass surface to be structured.

9 In order to avoi d constant expensive replacenent of the conplete
formng tool because of tool wear, the structures -are forned
advant ageously with a two-part formng tgol. conprising a base tool and a

form ng nmediumrel easably attached to it having the structuring surface
for the paste- |ike omidf itdl avAilietoRsEsnt dihehEavat ropl ¥eaieranlor the
formng nediumis replaced which is conparatively easy and econom cal
Furt her nor e tbaespleise poxmingnébplicbecaugs v deolaveae| t the shmotires
freedomin selection of work materials. According to another enbodi nent of
t he inventi ondraef@ramred adyentageaudly fwikth a rhsceprat forminghepdati vel y
smal er thermal conductivity and_ the formng mediumis made from a
materi al w t hCOBRPEFHT FePpseatget anerapformyiguediimrelaasablyr ovi des an

outstandi ng | ocal heating.to a, predeterm ned surface depth.

According to %Fg?%?gé??ogdﬁ ﬁéﬁt‘ngf t‘??\é‘?ﬂmﬁl&ﬁ purface jtox thg paste-

advant ageous f@ﬁglﬁggégfgf? R%tQEdAUQAEéA{é“Lﬁ@JH% of wear only the
forming medium is replaced which is’ comparatively easy and

economical.

Furthermore this two-part construction provides a
certain amount of freedom in selection of work materials.
According to another embodiment of the invention the base
tool is made from a material with comparatively smaller
thermal conductivity and the forming medium is made from a
material with comparatively larger thermal conductivity
which provides an outstanding local heating to a
predetermined surface depth.

According to another embodiment of the invention it is
particular advantageous when the forming medium filled with
the paste in cavities or recesses during the rolling off of
the forming medium from the base tool is pressed on the
glass so that the paste contacts the glass and is left there
during hardening of the applied paste. Because of tye
reduced heat capacity of the forming medium a substantially
more rapid cooling of the applied structures occurs, which
advantageously provides a precise and rapid formation of

these structures.



the paste in cavities or recesses during the rolling off of the formng
medi um fromthe base tool is pressed on the glass so that the paste
contacts the glass and is left there during hardening of the applied
paste. Because of the ‘reduced heat capacity of the form ng nedium a
substantially nore rapid cooling of the applied structures occurs, which
advant ageously provides a precise and rapjd formation of these structures.
10 The paste-like material can be a glass solder, i.e. a material
which is already a paste inits initial state. This paste is rolled on or
applied with a dodher palskdelikethrtenialycam bagasaldst sABPethelr ol @

anal ogous to rotogravure, and subsequently bqgnded and, hardened w fh.the
gl ass duri ng matmtiad; whichnistabready B PREtE dsits initigl §§agFSO&HlS

[ ble t t. d .t th | i | i al, i
concal ad i GreREnds ToMRagPhos “Sraiidd Fi3h Br aShten wREEENERE |\
t turi f f. the_f ] t - I ]
gl ass in ¢ ne HEufifrde, piFsgt SERAE Fogrr sBpiBhone B RRLIAEEIN D, |
tool by rolli Qﬁﬁ%ﬂ%&%h@QYMbéﬁhéﬁ Yar¥erds RiEL YR BAL9HGAVUre

printing nethods; er then to subsequently apply it"to the flat gl ass

whi ch is heatgsh@asctee$8a" Yool Owite!dhd lgaeiskh it and to allowit to cool.
To apply the electrode structures, for exanple in the case of -the

above-nentioned flmi id apkayconcetvehld [t meateand|mddt ritecsicdidcghabe én
electrically conductive paste, which
material, especially so-called micro-sheet thin glass,
locally prior to application to the structuring surface of
‘the forming tool in order to press this flowing glass in the
cavities . or recess of the structuring surface of the forming
tool by rolling or applying with a doctor blade analogous to
rotogravure printing methods, in order then to subsequently
apply it to the flat glass which is heated as necessary, to
melt .it with it and to allow it to cool.

To apply the electrode structures, for example in the
case of the above-mentioned flat display screens, the paste-
like material can be an electrically conductive paste, which
is rolled on the structuring surféce of the forming tool or

applied with a doctor blade and hérdengd after contacting

the surface of the flat glass.
Brief Description of the Drawing

The objects, features and advantages of the invention

will now be illustrated in more detail with the aid of the



Is rolled on the structuring surface of the formng tool or applied with a
doctor bl ade and hardened after contacting the surface of the flat gl ass.

Brief Description of the Draw ng The objects, features and
advant ages of the invention wll now be illustrated in nore detail wth
the aid of the fol l ow ng description of the preferred

enbodi ments, with reference to the accoppanying figures in which:

Figure 1 is a main diagrammatic plan view of an apparatus according to the
I nvention for_ heating a structuring surface of form,ng tool py means of
a laser whi cﬁ?ﬂ-&@&gnﬁ%‘t‘ﬁqﬁl%ﬂf FF‘&nEE&f@FﬂEe‘i SPREmERESr VAR ati on;

Figure 2 is etail ed d| rammati c _Cr0SS- sectlonal w of a two-part

f ormi ng topl fgcs B%s ¢ Acompany ing Fieve ﬁﬁc Figure-3is a
di agrammat i c CFOS§533§% f”ﬁ <ﬁ|4§5 G&anse %ti%wéﬁgywﬁiergkngnt00|

according to Fig a structurlng sheet

wr apped firou%gap%?%tﬁgli\@éor o ATEHS FRGLHTof b idacangogt or Dl ade for

appl i cation e structuri paste tot orm ng medi dm Figure
4 is a di agr MFRCEGreheSSnSRdd UFah Yoewihg esdh by easpatt a f ndgamg t ool

according to Fig. 3, however with a second even or snooth-surfaced roller
for applicat tiichf habea medium (glass) transparent for the laser

radiation; .

Figure 2 is a detailed‘diagrammatic cross—-sectional
view of a two-part forming tool ‘having a base toocl and a
forming medium,

Figure 3 is a diagrammatic cross-sectional view through
a two-part forming toocl according to Fig. 2 with a roller as
base tool and a structuring sheet wrapped around the roller
as forming medium, and with a doctor blade for application
of the structuring paste to the forming medium,.

Figure 4 is a diagrammatic cross-sectional view through
a two-part forming tool according to Fig. 3, however with a
second even or smooth-surfaced roller for application of the
paste to the forming medium,

Figure 5 is a diagrammatic cross-sectional view through
a two-part forming tool according to Figure 3, with a doctor
blade for application of a melted flat glass, here in the
form of a micro-sheet, as a paste in the forming medium,

Figure 6 is a diagrammatic cross-sectional view'through
a two-part forming tool according to Figure 3, however with

an even-surfaced roller for application of a melted flat



paste to the form ng nedi um Figure 5 is a diagrammtic
cross-sectional view through a two-part formng tool according to Figure
3, with a doctor blade for application of a nelted flat glass, here in the
formof a mcro-sheet, as a paste in the form ng medi um Figure 6 is
a diagrammatic cross-sectional view through a two-part formng tool
according to Figure 3, however with an;gven-surfaced roller for
application of a nelted flat 12
glass, here in the formof a mcro-sheet, as paste in the form.ng nedi um

Figure 7 is %1‘&%%55héf8ti&”l§{e Rt bl Quﬁﬁcéolé’ﬁééf@” s %QH:@H&QE i ng tool

according to Fig. '3, for bringing a paste in the form ng medi um by neans
of a forward fegwengymedi®nf of the roller taol, Figure 8 is a
cross-sectional view through a two-part -roIIer form ng tool according to
Figure 3 during appgurat? as afcrsist-edctiahallwbsy thevaghnattwofmrh of a

m cro-sheet, to the form ng nedium by neans of a forward wave in front of
the roller taoller formbag el sccorddnggtanfigi @ ,cforsbringingna vi ew
through a two-part formng tool according to Fig. 3, in which the formng
medi um i n t h®aE&eniBf the sfoymimg P‘ﬁ&’#ﬁeél’ Beans Ris e forvard swaye dt ures i s
rolled off the base rﬁlleriﬂuln ﬁ rolling of the base roller, pressed
on the gl ass &G abhetls ¥P9h&OPass during the hardening stage;

Figure 8 is a cross-sectional view through a two-part
roller forming tool according to Figure 3 during application
of melted flat glass, here in the form of a micro-sheet, to
the fbrming medium by means of a forward wave in front of
the roller tool,

Figure 9 is a diagrammatic cross-sectional view through
a two~part forming tool according to Fig. 3, in which the
forming medium in the form of a structuring sheet with paste
in its structures is rolled off the base roller during the
rolling of the base roller, pressed on the glass and adheres
to the glass during the hardening stage;

Figure 10 is a perspective view of a two-part forming
tooltwith a base roller having a strip of material wound
around it many times in a coil-like manner as- the forming
medium, which is unrolled during application to the flat
glass instead of a sheet;

Figure 11 is a perspective view of a forming tool
comprising two axially parallel rollers, of which one is the
base roller, with a strip of material as forming medium

which is unwound many times;



Figure 10 is a perspective view of a two-part formng tool with a base
roller having a strip of material wound around it nmany tinmes in a
coil-like manner as the formng medium which is unrolled during
application to the flat glass instead of a sheet; Figure 11 is a
perspective view of a form ng tool conprising two axially parallel
rollers, of which one is the base rolle wth a strip of material as
form ng nmedium which is unwound rmany ti ifes;

13 Figure 1A is a_diagra tic side view . of an additional,. .device
for the embodi mentFHEES ailﬁggﬁombégﬁim%%%sﬂﬁ@ Vé?‘f’i?)gcﬁn ﬁ&%&ﬁ"ﬁpa round
a tensioning toller for  the rpose , of tensioning_the rigp.of.material,
during thernma ev%f?eé?ﬁﬂqu SQEPEémi??i?F?ﬁréiﬂﬁéFPaF}g° f&.w 'PQ&PS 12 is a
per spective vj f ' a (] Flgure (e I aser
radi ati-ve hea%?irt:igﬁ %%rf'%ﬁég? %é ggﬁgggpgd%%%eﬁé‘% lrl‘lgy%a%%eef?l Igtflﬁqaa?u%pgglsa; and

Figure 13 is @fPE&sdiRSlinge theeWepip o flaVd &-120C0hdL PRy &ifermaqures 11 and/ or
11A for laser radiative heating. conprising a l'aser diode array next to and

above the basgtré®diiitlg of the strip oPasdtddfitalgn of the Preferred
Enbodi nment s Figure 1 shows an apparatus for a process for formng
| ar ge- scal e preci sFigyurst n2ctisr aspersisetei va) vileer bar a) dévice according
to Figures 11 and/or 1liA for laser radiative heating
comprising a laser diode array under the flat glass; and
Figure 13 is a perspective view of a device according
to Figures 11 and/oxr 11A for laser radiative heating

comprising a laser diode array next to and above the base

roller.
Description of the Preferred Embodiments

Figure 1 shows an apparatus for a process for forming
large-scale precision structures -- here in the form of
ducts that are separated by crosspieces -- in a flat glass
or glass plate 3, which in the present embodiment is a flat
glass with micro-channel structures for a flat display
screen. The apparatus provides a forming tool 1 with a-
structuring surface 2, in which a paste-like material 2a
forming the structures is supplied, and, which is pressed by
means of a force F on the upper side of a heated flaf glass
3, in order to impress or apply fhe described precision

structures there. The apparatus has counter-force taking



ducts that are separated by crosspieces -- in a flat glass or glass plate
3, which in the present enbodinment is a flat glass wth m cro-channel
structures for a flat display screen. The apparatus provides a forn ng
tool 1 with a structuring surface 2, in which a paste-like material 2a
formng the structures is supplied, and, which is pressed by neans of a
force F 6n the upper side of a heated flat glass 3, in order to inpress or -
apply the described precision structuret4there. The apparatus has
counter-force taking 14 _nmenbers 4,

In Che ol ass BPRORRL g REOSA.FE Hflancd” ' YPani P & el ®8ivPor i ng

the structurego g R8 fioyTRdsby. @ suitable glass solder already used in
known screen printing processes, however also can be flow ng glass or

conductive el ect rofdensgeaisal §tfﬁbgm,%a%eo§a§gg;iggg’i qn Of vekeehgode
structures. Al these nmaterials 2a are designated in the followng as

"pastes” in timtessinde 2af fobRingetlntstinititivie@Ncan be £dEnRSS byokder
generally has a viscous consistency, which can be adjusted as needed. It

i s brought irswltddesglassusetdenfalteandyt nsetiuinnknsur fsaaeed pkifbéndor mi ng
tool 1, as illustrated, by neans of a process derived fromprinting

engi neeri ng AFPIGEESSeohBNALEr v 1SP (980 Fleafdowirgrg¥asssior govtivetige or
rolling it into the tool structures, is conmbined with glass pressed on the

flat glass 3 FRFiPdesBptarialy Yadde Gasenet: appication of Fﬁecﬁ@a@%d f1 at

struc@ures. All these materials 2a are designated in the
following as "pastes" in the sense of the present invention.

Glass solder generally has a viscous consistency, which
can be adjusted as needed. It is brought into the structures
of the structuring surface 2 of the forming tool 1, as
illustrated, by means of a process derived from printing
engineering and then combined with the glass after first
doctoring or rolling it into the tool structures, is ;
combined with glass pressed on the flat glass 3 and is
solidified based on the temperature of the heated flat
glass, which then is about 450°C, i.e. by hardening by
sintering.

Instead of a glass solder the structures applied to the
glass can also be made from viscous glass, which is produced
by heating over its transition temperature. An apparatus
suitable for structuring glass and for application of glass
is described hereinbelow.

The material to be melted, the paste 2a, is optimally,
provided in a suitable thickness, which corresponds to a

required -supply volume per unit surface area on the flat



gl ass, which then is about 450[err]C, i.e. by hardening by sintering.
Instead of a glass solder the structures applied to the glass can also be
made from vi scous glass, which is produced by heating over its transition
tenperature. An apparatus suitable for structuring glass and for
application of glass is described hereinbel ow The material to be
melted, the paste 2a, is optimally, provisded in a suitable thickness,

whi ch corresponds to a required supply volune per unit surface area on the
flat 15 glass 3, so that the

nmel ted nateri glass 3 s¢o ithittedthenmehted shatetidledsofisbeibuted i thel 1 by
sui tabl e devices described herein |ater continuously synchronously with
the "pressingtrpebaresfof Hhe Sompangt bodl ehlptisvdtable dexiaeas Here
"pressing speed” ans the surface area covering speed of the form ng tool
1. For fiﬁécgf’%%‘? depeidt datelr eentinvonsky synghspreyske wddh thecor di ng

to the invention the required %I %gs thickness, for formation of the :
crosspi eces bePHBERIH S s %r tBRahPEr g dRinedbrdled AR 26 dLrFm and

40 [err]m Fl gt_gl asses,. preferahl ventil ated gl asses, so-called
i cro- sheet s, ﬁﬁﬁgcﬁp’é‘? 1 5@&8@8 %if"t“i‘fs SR iSHETRERURERR FIYRF IR0 Seed

(Down-draw), are,, usgd for thi pplication and for conparable
appl i cations. 8k tne %f%’ﬁataﬁo il ?m cro-sheets of this type also can

conprise ot her ”E'féﬁ”éié“ﬂf%%&ékénbEé%&E%hé&é*%%-the flat display screen

according to the invention the required glass thickness for
formation of the crosspieces between the ducts or channels
amounts. to about 20 pm and 40 pm. Flat glasses, preferably
ventilated glasses, so-called micro-sheets, which are
produced with special manufacturing process (Down-draw), are
used for this application and for comparable applications.

Alternatively micro-sheets of this type also can
comprise other meltable materials besides glass.

A micro-sheet made from glass is an unstructured and
extremely bendable glass because of its reduced thickness,
which is marketed as a roll material. Prior to the |
application it must be heated in the forming tool 1 over Tqg,
so that it is fluid, so that it can be pressed into the
structuring recesses of the surface 2‘of the forming tool 1,
e.g. by means of a doctor blade or an (unshown) auxiliary
roller.

It is necessary that the surface of the forming tool 1
be heated to a suitable process temperature for application,
tenpering and contacting, i.e. melting and hardening of the

paste 2a.



A mcro-sheet made fromglass is an unstructured and extrenely bendable

gl ass because of its reduced thickness, which is marketed as a rol
material. Prior to the application it nmust be heated in the formng tool 1
over Tg, so that it is fluid, so that it can be pressed into the
structuring recesses of the surface 2 of the formng tool 1, e.g. by neans
of a doctor blade or an (unshown) auxiligéy roller. It is necessary
that the surface of the formng tool 1 heated to a suitable process
tenperature for application, tenpering and contacting, i.e. nelting and
hardeni ng of the ZXasdupl2te heating of the forming tool 1 is 16

A conplete heating of the formng tool 1 is _.advantageously avoided so that
appl i cati on ofdvantagemisdy evoifiedasd thatr appllichtion coff et enexgy is
efficiently applied, since only the structuring surface 2 of the form ng
tool 1 is het?@RL}p FHONgA¥J:iBitedaNd dfuiviesy pfbieientlshpgerdigde up to
a surface depth pred ternineg'b t he height of the  structuyres. In

t he present efbd Y |theep FH%F%E*Q%]% tcrett 88 eI Gh &P at gl ass

5oty e SL1 R AT el $65 Grhob el Tl B8 oM SRS B 0
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i nductive or gtmaedtdred. resi stance heating _

In the present embodiment laser radiation is directed
through the flat glass 3 to the structuring surface 2 of the
forming teol 1 by means of a laser 5 for local heating of
the structuring surface 2 to the process temperature prior
to applying the tool 1 or during application of the tool 1,
i.e. after applying the paste 2a, to the flat glass 3.
Alternatively an inductive or electrical resistance heating
can be performed.

Because of that the paste material applied to the
structuring recesses or cavities in the forming surface 2
can be heated from the outside to the required process
temperature.

The laser 5 is chosen so that it produces laser
radiation which has as high as possible a transmission
through the flat glass, i.e. no noteworthy heating of the
flat glass, and the structuring surface 2 can pe heaFed to
the required process temperature for hardening of the paste.
Thus the glass can be heated already to a temperature at
which the glass has a certain self-stability (i.e. under the

transition temperature) by means of a suitable alternative



can be perforned. Because of that the paste material applied to the
structuring recesses or cavities in the formng surface 2 can be heated

fromthe outside to the required process tenperature. The laser 5 is
chosen so that it produces |aser radiation which has as high as possible a
transm ssion through the flat glass, i.e. no noteworthy heating of the

flat glass, and the structuring surface 1y can be heated to the required
process tenperature for hardening of the paste. Thus the glass can be

heated already to a te t t he h t
Cort stabi |1t yoereR, S Qudn PaRERTF iR w#e?i%p%st%fiéﬁs 3 o

sui tabl e alte psSource
during contactln égf¥$guﬁﬁ$ﬁx£§ ekigpé%% ?¢F m%ﬁﬁg'She?%§LF$%a or keeplng
the mcro- ShegifcdRlid NthedapbllieaSy el ienddie 2P l:b\?i’d&i 3P chdl der 1

provi ded by the tenperature of thée |aser eated orm ng tool . Prior

to contacti ngt@in L@t paster Zhev hBethgestEd aeiuhy thE1] | at giass 3, i.e.
with the tool ?lfted, the structuring surface g of the tool filled with

the paste is pre Pende tdrontaatilihyi onathd aeete 28 dih iy stxdapkeokhe
m cro-sheet is heated to the suitable tenperature for nelting. The

radi ati on of thesfhakliglassal,| dser wibh o tdedwadveifipeds ther ough the
glass, i.e. it can be in the W or far IR region, sihce the flat glass 3
i's not in theSpEUGtWring santacer 2r afli the ol Millpd v the paskesis

osition.
P pre-heated by an additional laser, so that for example-the

micro-sheet is heated to the suitable temperature for
melting. The radiation of this additional laser need not
however pass through the glass, i.e. it can be in the UV or
far IR region, since the flat glass 3 -is not in the path of
the laser radiation with the tool 1 in this position.

High power lasers for a wavelength range in which the
laser radiation is transmitted through the glass are
marketed and are econémicai.

If necessary the heating of the structuring surface 2
of the forming tool 1 can be completed by means of the laser
5 or by an inductive or electrical resistance heating, also
other suitable conventional heat sources (flame strips or
the like). The ability to exactly control the extent the
heated locality and amount of the local heating is an
advantage of the laser in comparison to the conventional
energy sources. For example, a Nd-YAG laser (waveleﬂgth 1064
nn) and a high power diode laser (wavelength about 800 nm)
are suitable as laser sources, since they have a high

transmission through glass. For the desired laser radiation



Hi gh power lasers for a wavel ength range in which the laser radiationis
transmtted through the glass are narketed and are econom cal. | f
necessary the heating of the structuring surface 2 of the formng tool 1
can be conpieted by nmeans of the laser 5 or by an inductive or electrical
resi stance heating, also other suitable. conventional heat sources (flane
strips or the like). The ability to exactly control the extent the heated
|l ocality and armount of the local heating is an advantage of the laser in
conparison to the conventional energy d8urces. .For exanple, a Nd-YAG | aser

(wavel engt h 1g§§113g1 5Huié% ghggnp8§§§¥ékﬁgﬁﬁgﬁii égmgﬁ$%§ h about 800

nrr) are suitabre as aser sources ransm ssi on

t hrough 9'assstEQétﬁfﬁi(HﬁﬂdEEQOEafﬁédiﬁ?'éﬁé(yadlatlon to the tool 1 or
18 application, as shown diagranmaticalTy I1n Figure 1, structural neans

for feeding thesrseiedtofing sutgatbeohrd _Il%!‘oxudeﬁ Shh&.léﬁ Uik Okrfdiir] 3G€ thilee
provi ded, which are known in the art. addi tional heating of the

form ng tool &rby Phe cailidrilonalahehtihg sofirtte fosmingctodied ajowe, is
especially advantageous during the starting stage. An additional use
of a laser 5,conventipnadudeat saurae; oxs wWiesstripedsabovéy diglesgpeadallys t hat
metallic electrodes or conductive pastes, which should contact with the
flat glass 3, aﬂ%@???ﬁﬁﬂﬂf @NIGHE thgestarting mtagegl ass by neans of the

formng tool 1, are ,TEans gf the laser 5 on the other side of
the flat glass an use of a- laser 5, which produces

radlatlon'wh;ch passes- through glass, is that metallic
electrodes or conductive pastes, which should contact with
the flat glass 3, positioned on one side of the flat glass
by means of the forming tool 1, are heated by means of the
laser 5 on the other side of the flat glass and thus
soldered or bonded with the flat glass 3.

In order to avoid excessive heating of the work tool 1
based on the heating of the'structuring surface 2, it is
cooled'internally by known means.

The heating of the work tool\l or its structuring
surface 2 oécurs at temperatures, which are below the
temperature TK, at which the glass adheres to the tool. The
latter temperature depends on the material properties of the
structuring surface of the tool and if necessary on the
anti-adherency coating and also on the glass type. For
example, chromium-nickel-steels, which are usable up to
about 840K, because they are inclined to adhere at higher
temperatures, adhere poorly to the glass. Platinum-gold
alloys adhere still more poorly and are very expensive so

that one must consider using a simpler material or that



sol dered or bonded with the flat glass 3. In order to avoid excessive
heating of the work tool 1 based on the heating of the structuring surface
2, it is cooled internally by known neans. The heating of the work
tool 1 or its structuring surface 2 occurs at tenperatures, which are
bel ow the tenperature TK, at which the glass adheres to the tool. The

| atter tenperature depends on the material properties of the structuring
surface of the tool and if necessary on jighe anti-adherency coating and

al so on the glass type. For exanple, chrom umnickel-steels, whjich are
usabl e up 10 ,ghaula PANSy BeCaURRshNENEE e flGhliledaLe agleng al il gher

eg S. d a

t enperatures, adhere poorly to t atinum go I"0ys "adher e
still more pogkhypaniked Gkl ¥ re¥PENE! ¥&a S0 addyat one nust consider using a

sinpler material or that _ _ _ 19 materi al
only in a. thin | apes.cddtd Aing gaerking eMBidisedl cofiRBcBE Usiath apRwW af ter
It wears away. The costs and rewdrki ng expenses connected with the

above- nent i onebdoveahemsiamed ool wgapf (xaundEETg) ofadobrers)dvat ageous! y
avoi ded so that, as shown in the enbodinent of Fig. 2, the structuring
surface 2 of afvantagrouslyoevoidedusd cchiat, tas shownein tlse fanbmddrienta
formng medium7 with surface -structures and openings for the paste 2a
derived fronPfnBl9vids theostEnaguring usfiacendgeti the famingtegiatur e.

This formng g fég%é t&F%%%S%2£¥ fét§§¥ﬁﬁﬁjﬂ§ 3 forming medium 7 with

surface structures and openings for the paste 2a derived
from the foils producing the .print image in paper
rotogravure. This forming medium is releasably attached to a
base tool 6. This.forming medium 7 can, as illustrated, be
formed by different types of structures. In the main
embodiment of Fig. 2 a thin structuring sheet 7 is provided,
which has throughgoing openings 7b for the paste 2a
conforning to the crosspieces to be formed. Suitable
structures 7c for positiqning of the sheet 7 are provided oh
the surface of the base tool 6,.as shown diagrammatically in
Fig. 2. These structures are to be produced substantially
simpler in the case of the fiat display screen application
than a striuctured one component tool for direct forming or
shaping. The thin sheet 7, which forms the structuring
surface 2, can be thicker or equal to the thickness (height)
of the structures produced; advantageously however thicker,
thus the structures can be higher. If one produces a
structure in the glass, which is higher than that desired,
it can subsequently be ground to a very uniform height in a

simple way.



base tool 6. This forming medium?7 can, as illustrated, be forned by
different types of structures.. In the main enbodinment of Fig. 2 a thin
structuring sheet 7 is provided, which has throughgoi ng openings 7b for
the paste 2a conformng to the crosspieces to be forned. Suitable
structures 7c for positioning of the sheet 7 are provided on the surface
of the base tool 6, as shown diagrammatigqlly in- Fig. 2. These structures
are to be produced substantially sinpler in the case of the flat display
screen application than a structured one conmponent tool for direct formng
or shaping. The tnstediveif Thewbhebudlogaing opentingcrhrimgches wHede 2, can
be thicker or equal to the thickness (height) of the structures produced;
advant ageous| penbhenct a esiess, ort davityne the sorgeddedapupelhipper. | f one
produces a structure in the glass, which is higher than that desired, it
can subsequenPFnbing rtrahnaledy . very beipxawhdedi-ght in a  sinple way.

Focess o cavity, PREAUE o FDE GORTRLIEDAL tHE RPFAL EFTOPLGPE can be
prov Sed - suaBE R B shnRER YA O, Uil LR PR D o St
T "R LGRS Lo EXCOBIPT A el i [ XA <
factors, foregyan®ish and RigBbragREEENGE, 1010led8Rp18i HNedRAT ceramic

material, can be used for the base tool 6. Other factors,

for example a minimal adherence to glass, higher wear

resistance and higher temperéture stability, as e.q.

attained by the-above-mentioned chromium-nickel-steel ox

platinum-gold alloy, can be considered in the selection of

the forming material 7. '

Thus it is conceivable to use quarzal as the material

for the base tool 6, which has a very reduced thermal

3 . ’ —6
expansion coefficient of 0.56 x 10 /K. Then for equal

permissible length variations about a 20-fold temperature
variation is permitted in comparison to that for steel as
the base material.

The quarzal material has a reduced thermal
conductivity. If then one uses a sufficiently thermal
conductive material, e.g. a structured sheet according to
Fig. 2, for the forming medium, then an outstanding'loéal
isolated heating to the predetermined surface depth is
possible according to an advantageous embodiment of the two-

component tool.



resi stance and hi gher tenperature stability, as e.g. attained by the
above-nenti oned chrom umni ckel -steel or platinumgold alloy, can be
considered in the selection of the formng material 7. Thus it is
conceivabl e to use quarzal as the material for the base tool 6, which has
a very reduced thermal expansion coefficient of 0.56 x 10[err]/K. Then for
equal perm ssible length variations aboyy a 20-fold tenperature variation
is permtted in conparison to that for steel as the base materi al

The quarzal mater | &l e g S9US 00} BBUIRIG BAQUR pobit et ddertian one uses

a sufficiently therm trve nmateria a structured sheet

according t0 chhfactivity, bltelAafivalyBd Whe LBENoANqRItZHIARG thel Ocal
i sol ated heating to the predeterm ned surface depth is possible according

to an advant aggessi £yt meRt baket B0l W-an doKipentné évalectrical

21 . Since quarzal sinultaneously has a poqr electrical conductivity,
al t er nat i vel yréeistmenas deatiggaof athastdimeingrmediiml 7 fig ndssibdee tool 6 an
i nductive or electrical resistance heating of the forming nmedium?7 is
possi bl e. Anagdidiitdonaladdunntage the tthe separation off thgePB&Se t ool

6 and the forming nedium7 is that the form ng nedium and the paste can be
left on the gteel @afangd ther FoREiBY ReBIUM I is ?Qaénﬁh%oﬁﬂ%ﬂgnﬁ\ﬁgﬁﬁmt he

O S ot hnd" e SIS ca BEPREAL'SR dne A" RES, 'ASRRY U chRAN0C
paste 2a and contacting with the. glass 3, until it hardens.
A substantially more rapid temperature change takes place in
comparison to that obtained leaving a completely
conventional tool on the glass structure because of the
reduced heat capacity of the forming medium.

Stress and strain between glass 3 and forming tool 1
are minimized during cooling, especially in a segmented
forming medium provided with throughgoing openings, as is
the case for sheet 7 of Fig. 2, since thermal expansion
through the throughgoing openings takes place. The release
of the forming medium can be provided by a conicity of the
raised parts of the structuring surface 2.

The sheet 7 subject to wéar can be replaced, without
changing the base tool. Diffefent rapid clamping or
attaching devices which will be described hereinbelow can be-
used fér that.

Different embodiments or variations of the forming tool
comprising the base tool 6 and the separate forming medium 7
are possible for application of paste 2a to the forming

medium 7 of the forming tool 1 and the melting application



conparison to that obtained | eaving a conpletely conventional tool on the
gl ass structure because of the reduced heat capacity of the formng

medi um Stress and strain between glass 3 and formng tool 1 are

m nim zed during cooling, especially in a segnented form ng nmedi um

provi ded with throughgoi ng openings, as is the case for sheet 7 of Fig. 2, .
since thermal expansion through the thr%#ghgoing openi ngs takes place. The
rel ease of the form ng nedium can be provided by a conicity of the raised
parts of the structuring surface 2. The sheet 7 subject ta wear can

be repl aced, }éﬂr{dhﬁdirdeﬁjﬂﬁél%ﬂ@tﬂeﬁ%a@@éeaféﬁi’ied Rid fiﬂee@fla{:aglﬂls@:ﬁﬁmr@ or
attachi ng devices which wll be described herei nbel ow can used for

t hat . - Didff ¢hese ggbbiiuvstriatedr iMarigl i Prendiadskeibeanin nghé ool
conprising the base tool 6 and the separate form ng nmedium7 are possible
for applicati deldbwpngte 2a to the forming nedium7 of the fornmng tool 1

and the nelting appl,ication o L 22 and
hardeni ng of. the Bag:e3dafied teolhd fowmedlass Foldat 8 oFoNPIRLELNG &
illustrated in Fig, 3_and descrihed in_the fallow ng. Fig. 3 shows a

tool 1 formedPaSeatrsl eransd JGRirgi Hgdhum phc digrsor SLEHEtRERY FRPShedsum 7,

here a structured.shegt as. .in Fi 2 ich is attached by.neans .of

cl anpi ng devi ¢& glgfo t h@‘b‘gbe"% 8%@8?‘9—@@?1’ gsans &fi ﬁgcg?m¥+?ég s‘ﬂeeve]tcet %e

roller to the base tool 6. For positioning of the sheet the roller
8 has a suitable structure 7¢ analogous to that shown in
Fig. 2. The rotation axis 10 of the roller 8 is horizontal
and fixed in position. The glass 3 passes under the roller 8
with a feed speed V, which rotates in the direction of the
arrow and applies the desired structures as it rolls over
the surface of the flat glass 3. The roller 8 is controlled
to move and press in a vertical direction.

The entire base tool 6 contacts the flat glass 3 with
the forming medium 7 in the'embodiment derived from
rotogravure. An even contact of the forming medium 7 on the
base tool 6 is guaranteed by a suitable clamping method
taken from rotogravure.

Different structural devices are available so that one
skilled in the art can maintain the roller axis 10 so that
it is movable only in the vertical direction as shown by the
arrow. The arrangement can be set forth so that the’roller
8, which is pressed with the force ¥ against the flat glass
3, rotates because of the motion of the flat glass 3 alone.

A drive for the roller axis 10 can be provided.



8 has a suitable structure 7c anal ogous to that showmn in Fig. 2. The
rotation axis 10 of the roller 8 is horizontal and fixed in position. The
gl ass 3 passes under the roller 8 with a feed speed V, which rotates in
the direction of the arrow and applies the desired structures as it rolls
over the surface of the flat glass 3. The roller 8 is controlled to nove
and press in a vertical direction. he entire base tool 6 contacts
the flat glass 3 with the formng nedium7 in the enbodi nent derived from
rotogravure. An even contact of the formng nedium7 on the base tool 6 is

teed b ht I ' d A f t e .
BT rent st uct ur bl SqeuC el e nIEN oResd B spR B bR AU e ar
can maintaln bpfetobé el ithel Patle! §alto e labdTINAPIALOMHe I ' the verti cal

direction as shown by the arrow. The arrangerrent can be Set forth so that

the roller 8thwbugligongdrasedot the l FORABIF hfaiagay Nsi, dheyd at glass 3,
rotates because of the notion of the flat gllass 3 alone. A drive for the

roller axis lOavihiée qrowicdedes of the structured press or roller toal 23

A series of technical possibilities is conceivable in order to feed the
paste 2a to b8 Bppfikked might pastet2aoughgoi ng hol es of the formi'ng medi um
7, i.e. the cavitjes or recesses _of the structured press or roller tool

8 be filled with p%’s‘l‘@-’ezé‘. shows a ¢eyige Wihhshich aevacamilakedhi ch an

accumnul at ed Bor ion q;t%he gagte 2a, described in the following as a
ortion o e paste 2a, described in the following as a

forward wave, located in a transition region between the
doctor-blade and the roller is pressed into the cavities or
fecesses, whereby a level surface is provided on the roller
by the doctor blade 11. This type of doctor blade is used in
presses. It is desired to have no paste, i.e. to provide a
smooth flush surface, except in the cavities in the press
roller on its surface, which contact with the glass.

Figure 4 shows an embodiment similar to that of Figure
3, in which instead of a doctor blade 11 a plane counter-
roller 12 presses the forward wave of paste 2a into the
cavities provided in the forming medium 7 to make a smooth
flush surface.

Figure 5 shows an embodiment similar to Fig. 3, in
which however a melted micro—sﬁeet'thin glass 13 is pressed
like a paste into the cavities of the forming medium instead
of an already accumulated paste and a smooth surface is made
on the roller by the doctor blade 11. This requires a

preceding heating of the micro-sheets to a temperature above

Tg.



forward wave, located in a transition region between the doctor blade and
the roller is pressed into the cavities or recesses, whereby a | evel
surface is provided on the roller by the doctor bl ade 11. This type of

doctor blade is used in presses. It is desired to have no paste, i.e. to
provide a snooth flush surface, except in the cavities in the press

roller on its surface, which contact mﬁgm t he gl ass. Figure 4 shows
an enbodiment simlar to that of Figure 3, in which instead of a doctor

bl ade 11 a pl ane r I e @f. paste 2a
into the caer?C1 %glﬁeﬁﬁS%éf%? orggﬁgﬁﬁeé?ﬁﬁg Iﬁ%tﬁﬁggga gnno?h flush
sur f ace. whifdh0 hoeRefNONS AMbTERAFIBN 551 &1 héltdd miicGo-8heb tMAhCh

however a nelted m cro-sheet thin gl ass 3is pressed 1ike a paste into
the cavities gifagshdsf preksgd mefinsmansnsifead evénasmntacettyoantarural belr past e
and a snmooth surface, is nade on the roller by the doctor blade 11. This
requires a ptzaded:imghlaeathm@tlm‘es-hﬁ ther Goshiry smedivm 7enper at ure above
TQ. 24 Figure 6 shows an

enbodi ment accor dithg gdassgin 4hd eavikies hswmebntainediawvitensefiened 5
melted m cro-sheet thin gl%ég I's pressed by neaps of gn even surfaced

count er - r ol | & TeAted: gta rtFREARTd 890 FHEhECT ARG NP dnPY means  The
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heating sourcg%s&arﬁ htgheﬁﬁill a contact with the surface of the flat
glass 3 occurs after additional rotation of the roller 8. On
contacting the structuring roller with the flat glass a
contacting of the paste 2a (glass solder or melted micro-
sheet) with the flat glass 3 occurs so that bonding of the
paste 2a and the glass 3 can occur.

An additional possiblity for filling the structuring
press or roller tool 8 with a paste 2a, as shown in Fig. 7,
is to pésition the paste on the flat glass 3 immediately in
front of the structuring roller 8, which is moved as a
forward wave from the structuring roller. The structures of
the roller 8 are filled with the paste 2a by the compression
force in the forward wave.

Figure 8 is a variation of the embodiment of Fig. 7, in
which the cavities of the structured roller 8 are filled by
a melted thin glass as paste. The enormous compression
forces in the forward wave in front of the roller are to be
considered as disadvantageous here.

Different possible structures for supplying the paste

to the structured tool according to Figures 3 to 8 were



enbodi ments, until a contact with the surface of the flat glass 3 occurs
after additional rotation of the roller 8. On contacting the structuring
roller with the flat glass a contacting of the paste 2a (glass sol der or
melted mcro- sheet) with.the flat glass 3 occurs so that bonding of the -

paste 2a and the glass 3 can occur. An additional possiblity for
filling the structuring press or rollepctool 8 with a paste 2a, as shown
in Fig. 7, is to position the paste onthe flat glass 3 imediately in

front of the structuring roller 8, which is-nmoved as a forward .wave from
the structuri BHowR! £&F -thEh&wdlebfipohé&tt Hooll.nat! k! Shadrsticod ihla®d With the
paste 2a by the conpression force in the forward wave. Figure 8 is a
vari ati on of thesenmstlictentaleb Eaf.bd,pérformaidcint the coand ivesy dh whe
structured roller 8 are filled by a nmelted thin glass as paste. The

enor nous conpresseniiocradl ome campbrettorvwrld widhe stnud¢twred cfurtfiacer ohl er are

to be considered as disadvantageous here. D fferent possible
structures foidtsuperipherwheophbat these Hieadurgst ghewld gt aeesy &enget o
Figures 3 to 8 were 25 shown for the

t wo- conponent 9p88Fibeq ins dgkadlseRd L IRRtrateds dnnRASIRE D can be

performed 1 Lhe SAE 0 e BnbRNENASHA (¥R EORBOIER! (08! pikiber

need to be  dg3pLdbethditi4RhY bapfileddd' e P nbPnbd Sl BYY
structure, which are described in the f&llowing figures 9 to
13.

Figure 9 shows a two-component tool structure according

to Fig. 3, in which the cavities in the forming medium 7,
especially according to the embodiments shown in Figs 3 to 8
are filled with paste. In contrast to the embodiment of
Figs. 3 to 8 the forming medium consisting of the sheet 7 is
rolléd off from the base tool 6 during the rolling of the
structuring roller 8. After contacting the forming medium 7
with the surface of the flat glass 3 it remains on the flat
glass 3. Because(of that during the hardening of the paste
(sintering process or cooling of the melted micro-sheets) a
mechanical stabilization of the paste occurs, so that the
forming medium prevents a running of the paste. After
forming the cooled medium can be removed easily from the
structures because of the greater thermal contractiop
relative to the solidified micro-sheet glass or contraction
of the glass solder. ‘A gentle conicity of the raised

structure parts of the forming medium assists this release.



The-t wo- conponent structure of the form ng tool however allows additional
variations of the nmethod and tool structure, which are described in the
following figures 9 to 13. Figure 9 shows a two-conponent too
structure according to Fig. 3, in which the cavities in the form ng nmedi um
7, especially according to the enbodi mrents shown in Figs 3 to 8 are
filled with paste. In contrast to the egpodinment of Figs. 3 to 8 the
form ng nedium consisting of the sheet 7 is rolled off fromthe base tool

6 during the rolling of the structuring roller 8. After contacting the

form ng medi um 7 bt Doty ! Q6Bo8EnkhE {4 AnlASH FibhekOIB! Ty 0N Lhe

flat glass 3. Because 0 uring ening o e paste

(sintering prqfagsh €heCASHiity Rbditif I8! 4 eshiyf e SFepheerfal RALRNI cal

stabilization of the paste ocCcurs, so that thé form ng nediumprevents a
runni ng of thaigashecof t&f thleO ol RErtERaEaD |t dblims cand btot £ray €
easily fromthe structures because of the greater thermal contraction
relative to tWdgeoksds fted miscan- ahtathed astorumrtwdngr sheebn Td t he gl ass
solder. A gentle conicity of the raised structure parts of the form ng
medi um assi st embpiiment e Fig. 10 is so-to-say a variation of that F

An addi tional enbodinment is shown _in Figure 10, in_which the formng
nmediumis a sERPPTTad ofiske diskradoahdan |3achedophest 7hethe st {Rped

Shoet . ‘The  oRBoBRREREr heogniibs: af ot erih Pt char PAPFOFOLISK 15 107
wound about the base roller 6 élong a coil-like pre-
sﬁructureé periphepal member, which -also acts for spacing
the strip of material. The paste to be applied is rubbed or
brushed in the space between the individual layers of the
stfip according to the illustrated méthods (doctoring or
rolling on according to Figs. 3 to 8), if necessary after
pre-heating the micro-sheet glasses. In this embodiment
there is a limitation, namély that a throughgoing gap exists
between the strip windings on the base roller 6 in contrast
to the embodiment acéording to Fig. 3. However because of
that the embodiment according to Fig. 10 is dedicated to
application of linear structures on the flat glass, as for
example must be applied in the above-mentioned flat display
screeﬁ;

An additional embodiment, in which the forming medium
is not a suspended sheet, but is formed as a strip of as in
the embodiment of Fig. 10, is shown in Fig. 11. While in the
embodiment of Fig. 10 the strip of material is fixed on the
roller 6 and this roller 6 with the strip 7a of material is

rolled completely off over the surface of the glass 3, an



Figure 3. Here instead of an attached sheet 7, the strip 7a of material,
begi nning at one end of the base roller 6, is wound about the base roller
6 along a coil-like pre- structured peripheral nenber, which also acts for
spacing the strip of material. The paste to be applied is rubbed or )
brushed in. the space between the individual |ayers of the strip according
to the illustrated nethods (doctoring 0?7 rolling on according to Figs. 3
to 8), if necessary after pre-heating the mcro-sheet glasses. In this

enbodi ment there,..s ljmtatiaqp, n |y _t : LAg; s £XI St S
bet ween t he s‘?‘\ﬁ?"gh\ﬂeﬁ’%’l ﬁbgwﬁnnl‘ %glgdagg‘?rﬁﬁ Qﬁ %ﬁlénﬁ((:lgﬁggth gg%gétp ﬁg $
nbodi t | s L3 - s shRat skh ' t
according to g g Bt R e e ot U on

the flat gl asgyppied Frrubtarbl erdhisl phedarRkhefed time iateyeanenrhened flat
di splay screen. An addi tienal enbodi nent, in which the formng

medi um IS nNodmsodEikERRNdedosatRy . tdHig.S 1lopredides awri mixiadf pasalhelt he
enbodi ment of Fig. 10, is shown in Fig. 11. Wiile in the enbodi nent of
Fig. 10 the stolyemf foat ¢hial phspdsejec Eorwling bate groldeand ahflsanol ler 6
with the strip 7a of material is rolled conpletely off over the surface of
the gl ass 3, auxiliary roller 14. The forming  base rollex; 6 BagolPEeREFrLRown

in Fig. 11, in which simlarly as in Fig. 9 the, form diium the strip
7a of materi @ nateripd &/ bAcSURRIdedk P RG PE EES fed}‘{]sg edBt er mi ned, tine

interval. Theprgvn:g)d% | %‘_.@k gfgs?é irn;i.%ngo gzlrg sugigilj?{x?cy itqlees stt%pa)fgagfpar all el
material perpendicular to ﬁhe roller axis, which operate to
épace the strip of material. The base roller 6 also operates
for structuring the strip 7a of material to be positioned on
the flat glass in order to leave it in the applied
structures during the hardening of the paste. Thus during
the hardening of the paste (sintering process or cooling.of
the micro-sheets) a meghanical stabilization of the paste
occurs, as in the embodiment of Fig. 9 (the forming medium
prevents the running off of the paste), which is not.desired
in the conventional hot forming process. The forming strip
7a of medium is removed by means of the auxiliary roller 14
axially parallel to the base roller after hardening of the
applied pastée and melting with the flat glass 3 by the laser
5. This auxiliary roller is preferably not structured to be
able to compensate or balance an eventual temperature and
thus length variation of the base roller 6. The removal of
the strip of material takes place according to the indicated
arrow at the one end of the auxiliary roller. It is also

pbssible to accomplish several strip supply and removals.



rollers for this purpose, a form ng base roller 6 and an auxiliary roller
14. The form ng base roller 6 has the strip of material to be supplied on
one of its ends and is provided with closed rings for supplying the strip
7a of material perpendicular to the roller axis, which operate to space
the strip of material. The base roller 6 also operates for structuring the
strip 7a of material to be. positioned the flat glass in order to | eave
it in the applied structures during thé hardening of the paste. Thus
during the hardening of the paste (sintering process or coolingof the

' - sheet ' tabilizati f th t Lp th |
erbodi mont of Fi g 8 (PREERb AL AR EOERT I A SRRy BR: the' (e

odi ment of Fig. & (FREPort . ! the
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axi al 1y paralpsitd appheebagetd Oty sthl@bubdhgendim Ofidd¢ergPphpedipast e
and nelting wth the flat glass 3 by the laser 5. This auxiliary roller is

preferably naindtutectstréd 1o he lathirally eoRpensitE Weibal aeasvas £vent ual
tenperature and thus length variation of the base roller 6. The renoval of

the strip of the evixdlinakesoblercddaccording to the indicated arrow at the

one end of the auxiliary roller. It is also possible to acconplish several
strip supply and ﬁ@ﬁovaégh of the strip 7a forming the structure agpgunts

The lateral quiding of the strip 7a. at the rear of the auxiliary roller
14 occurs by T ARt R8O g0 1 Agest ke crosspiece width of 50 jm to

100 ypm, preférably 200 to 600 pm. It is possible to use
strips with a width of less than 150 pm, however the
breaking or tear strength of the strip is always less. The
spacing of the strips from each other, predetermined by the
guide rings on the base roller 6, should amount to about 50
to 100 um, but preferably is as small as possible. The
limiting conditions described in connection with the
embodiment according to Fig. 1 regarding the adherence to
the glass and the cost situation exist for the strip of
material according to Figures 10 and 11. Since a platinum-
gold alloy has a special advantage because of its non-
adherence with glass, but on the other hand is however very
costly, a solid strip made from this material must be
remelted. In order to avoid this expehse, alternatively a
steel strip is used as base material, which has a suitable
tensile strength and is provided with an anti-stick layer.
The heating of the strip 7a of material occurs
advantageously by means of laser radiation, whereby, as
already mentioned, an inductive or electrical resisténce

heating can also be used.



paste applied after the structuring solidifies very rapidly and the strip
7a is laterally fixed until being renoved from the auxiliary roller 14.
The width of the strip 7a formng the structure anmounts to about 150 to
750 pm |l ess the crosspiece width O 50 [err[mto 100 pm preferably 200 to
600 pm It is possible to use strips with a width of |ess than 150 pm
however the breaking or tear strength @l the strip is always |ess. The
spacing of the strips fromeach other, predetermined by the guide rings on

(e e o111 o Bl B ot el MREB, Moty

as small as possi condi S onnectTon with

th nbodi o t8, & . ' t
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and the cost situation exist foorthe strip o ial according to

Figures 10 angh Iy, g BE€ Baid afidpHAy =82kdnal LO¥cRAS nd aRA¢tabnaflvant age

because of its non-- adherence with gl ass, but on the other hand is however

very costly,esgha3@libfl SbEhPs RRARH WM ENpetBtE R dBiikclCack@PBEyESE | N
order to avoid this éxpense, alternatively a steel strip is used as base

material, \Ahiacfw%.aysyi%@@&mrao@aai be ﬁéﬁ@f‘éﬂ: fb:gﬂcénia&iahoytdgﬁow‘ah an
a

anti-stick |ayer. The heating of the strip of material occurs

advant ageousipe ipoifeaasoef tiagerheadnBbidientieitdbtheastrapready nentioned,

an inductive or electrical resistance heating can al so be used.

29 A basterdkbl eacorditey ftiooMigualkzatomsspdidst empetedtimlly the
structure of the known wafer saw. The spacing between.the
rollers 6 and 14 depends on the feed speed, in which the
strip 7a of material remains. for a few seconds to minutes in
the applied paste structure until this structure hardens.

Because the strip 7a of material is loosened by thermal
expansion by heating on the base roller 6, it is
advantageous according to the embodiment of Figure 1134, to
provide a third non-structured roller 15 axially parallel to
it, by which the strip of material is tightened or put under
tension. The strip of material is contacted by a base roller
over a small angular range. Suitable structures are
available for one skilled in the art to form the arrangement
according to Figs. 11A.

The embodiments described up to now are combinable with
a laser for heating the forming medium 7 and/or 7a and the
paste 2a. Figure 12 shows an embodiment of Fig. 11 with a
suitable laser radiation heating on.the contacting sﬁrface
of the forming medium with the flat glass 3. An array of
several diode lasers arranged side-by-side acts as a laser

source 5. This laser array produces a homogeneous radiation



a tolerance of about + 40[err]C for a display width of about 360 mmfor a
25" PALC di splay screen, so that no additional expansion occurs which
woul d prevent the desired accuracy of + 10 [err]m For the purposes of
general explanation it should be pointed out that the enbodi mentwith the
strip of material according to Fig. 11 corresponds substantially the
structure of the known wafer saw. The sggcing between the rollers 6 and 14
depends on the feed speed, in which the  strip 7a of material remains for a
few seconds to mnutes in the applied paste structure until thi.s structure
har dens. Because the strip 7a of material is | oosened by thernal
expansi on by RESFHR Qﬂiqﬂ?ewﬁg§g o6 tig kpse grolderyfyBarablsdutoad®srding to
t he embodi ment ?i Fi gqur e b%A, ?o &*oviqf A third non-structured roller 15
axi al |y paral F81¢% 244 dPenfiteh FHPS 3 ilF FiatePYer F¥%Ydf¥ened or put
under tension.qq. t1i.p 0 tepi [ cte J0oller over a
smal | angularg?%}ég§ uF&gb%%ggtgﬁc d?é%uggﬂkéééag}g%?gﬁggfﬁgﬁgkﬁaiIIed I n

the art to fOopfI&Reacl tYPeaFIbEe ACEAMAI-ARchl 98- the Hressing Ha®ce
enbodi nents described up o now are conbinable wwth alaser tfor heating

the form ng nedimhe A efrrdg 28 ddedareh® 28. thb 0 R FoptOWSedB 4
enbodi nent of Fig. 11 with a suitable |aser radiation heating on the

contacting sunhdee tisf filaé Gdassny aredlidimestishthhelésat wdHstidn Ab array
of several diode |asers arranged side-by-side acts as a | aser  source 5.

This | aser arthg fowdngemedinbndyerfecititablieallrgar with a wavelength of

30 .
800 nm.is for example obtainable commercially with a. power

of 800 watt at 0.5 m array length. Typically about 30 % of
the total input power is dissipated as heat, so this
produces about 240 watts of heat energy. The forming medium
can be heated in a time interval of about one minute to 100
K using steel in the forming medium with a thickness of
200nm by means of a laser of 800 watt for a typical flat
screen display glass of 360 x 650 mm. The laser power can be
multiplied many times by providing several laser diode
arrays.

The laser source 5 can also be used at other locations
(in front of or behind the contacting surface with the
glass) for heating the forming medium and the forming paste
besides the later radiation heating of the contacting
surface of the forming medium 7,7a with the glass 3. Since
during heating prior to the contacting (e.g. for heating the
micro-sheets), the laser radiation must not pass through the
glass 3, however also laser sources can be used whose

radiation has a high absorption in the glass (such as e.g.

CO» radiation). Figure 13 shows this type of arrangement in



profile on the wwdth of the base roller 6 parallel to the. roller axis.
The flat glass 3 is guided over conveying rollers 16 and al so at one end
over a slide foot piece.4 which act to provide a counter-force to the
pressing force F. The laser array is |ocated next to the slide foot piece
4 under the flat glass 3 and directs the laser radiation to the formng
medi um 7a. A suitable laser with a wavelgngth of 800 nmis for exanple
obt ai nabl e commerci.ally with a power of 800 watt at 0.5 marray | ength.
Typical ly aboui .30 % of. the total input power is digsipate heat, so
this pr oduceg’héﬁbu?h%&?%ﬁé:t gdoge ALY &h r’gi/.arfﬁagFarﬁﬁﬁr‘%ﬁt}rﬁ q—%‘aen be
heated in a tbﬁgeiﬁ3fi%ﬁ? of about one mnute to 100 K using steel in the
th-athic

form ng nmedi umw kness of 200nm by means of a | aser of 800 watt

for a typical flatg,fergfieydhspha¥ydhisse Ur3h0 inbalsdMhe ViR iROVer
can be multiplied many tinmes by providing several |aser diode arrays.

The | aser soubeRep E&MbEIEAtBEtHSARE MIVRS-dedeatiboasentiodidrit of or
behind the contacting surface with the glass) for heating the formng

medi um and t hespectaily padacerbesinbinat ivn |adoardiadi tdi Piglosss iX2y aof t he
contacting surface of the formng nedium?7,7a with the glass 3. Since
during heatind3pisogpossiklles contacting (e.g. for heating the

m cro-sheets), the |laser radiation nmust not_pass through the | ass 3-
however al so | aserIndihe &9ldaning olaimsurnd fora§hgt PORPIRR of ﬁ?b@n

absorption | n L, olass (RS 35wgalee-Te ATNLEP 1 L R GALS O 1S

which haé the flow or viscosity properties of a paste.

The disclosure in German Patent Application 197 13
311.8-45 of March 29, 1997 is incorporated here by
reference. This German Patent Application describes the
invention described hereinabove and ¢laimed in the claims
appended hereininbelow and provides the basis for a claim of
priority for the instant invention under 35 U.S.C. 119.

While the invention has been illustrated and described
as embodied in a method and apparatus for making large-scale
precision structures in flat glass, it is not intended to be
limited to the details shown, since various modifications
and changes.may be made without departing in any way from
the spirit of the present invention.

Without further analysis, tne foregoing will so fully
reveal the gist of the present invention that others can, by
applying current knowledge, rgadily adapt it for various
applications without omitting features that, from the

standpoint of prior art, fairly constitute essential



31 which the |aser diode array 17 is arranged laterally to the base
roller. This lateral |aser diode array can al so be provided in other
enbodi ments than the above-descri bed enbodi nent, especially a |aser

conmbi nation according to Figures 12 and 13 is possible. ~In the
following clainms and for the purpose of the above application a
"paste-like material' is a material whigh has the flow or viscosity
properties of a paste. The disclosure in Gernman Patent Application
197 13 311.8-45 of, March 29, 1997 is incorporated _here b reference. This
Ger man Patent°9€ﬁﬁ??ﬁﬁ%§5+°§e?frgB%sg?Wﬁqu eﬁPFSﬁfﬁ%s%§R%%§f ﬁgf ASbove
and cl ai ned i$n$£§%{§ﬁ“ ms appended hereini nbel ow and provi des the basis
for a claimo priority for the instant invention under 35 U.S.C. 119.

Wil e the inventi g {1as<Peqlihbl st 'k ddgeer £beth A tabodied in a

met hod and apparatus for making |arge-scale precision structures in flat
glass, it is pgiidwiRNdppheh@eleclaimgied to the details shown, since
various nodifications and changes. my be made w thout departing in any way
from the spirit of the present invention. Wt hout further analysis,
the foregoing wll so fully reveal the gist of the present invention that
others can, by applying current know edge, readily adapt it for various
applications without omtting features that, fromthe standpoint of prior
art, fairly constitute essenti al



32 tcharacteristics of the generic or specific aspects of this invention.
What is clainmed is new and is set forth in the follow ng appended cl ai ns.
33 W Claim 1. A nethod for making |arge-scal e precision structures
in or on flat glass conprises the steps of: a) supplying a
paste-like material for formng the structures in or on the flat glass to
a structuring surface of a formng tool; ) b) applying the paste-Ilike
material by a single pressing of the f@3rnng tool on the flat glass and
hardening of the applied paste-like material; and c) nelting the
hardened material applied on the flat glass by a |local exterior heating of
the structuring surface of the formng tool until a surface depth in the
form ng toolgeredgiyer m ned according to a height of the structures being
formed has reached a predeterm ned required process tenperature. 2. The
met hod as defined in claim1, wherein laser radiation is directed through
said flat glass to the structuring )

1. A method for making large-scale precision structures in

or on flat glass comprises the steps of: "

a) supplying a paste-like material for forming the
structures in or on the flat glass to a structuring surface
of a forming tool;

b) applying the paste-like material by a single
pressing of the forming tool on the flat glass and -hHardening
of the appliéd paste-like material; and

c) melting the hardened material applied on the flat
glass by a local exterior heating of the structuring surface
of the forming tool until a surface depth in the forming
tool predetermined according to a height of the structures

being formed has reached a predetermined required process

temperature.

2. The method as defined in claim 1, wherein laser radiation
is directed through said flat glass to the structuring
surface to provide the local exterior heating of the

structuring surface.

3. The method as defined in claim 2, "further comprising
providing an additional heating with an additional heat

source other than that providing said laser radiation.

A



surface to provide the |ocal exterior heating of the structuring surface.
3. The nmethod as defined in claim2, further conprising providing an
additional heating with an additional heat source other than that
provi ding said | aser radiation. 34
4. The nmethod as defined in claim3, wherein said additional heat source
iIs a flame strip device. 5. The nmethod as defined in claiml1, wherein
the | ocal exterior heating of the strucBdaring surface occurs by an
i nductive heating. 6. The nethod as defined in claim1, wherein the
| ocal . exterior heating of the structuring surface occurs by an
el ectrical resistance heating. 7. The nethod as defined in claiml,
further conpr4sitie metheddasgdefined dmalladmoBbi nghefeimesdidr maddtiondlt o
mnimze interior heating of the form ng tool. 8. The method as defi ned
in claimil, Jreatiseuwgedisoanfhepe tsdutipnidavicke paste-like material is
roll ed continuously on a glass surface of the flat glass to be structured.
5. The method as defined in claim 1, wherein the local
exterior heating of the structuring surface occurs by an

inductive heating.

6. The method as defined in claim 1, wherein the local
exterior heating of the structuring surface occurs by an

electrical resistance heating.

7. The method as defined in claim 1, further comprising
providing an internal cooling of the forming tool to

minimize interior heating of the forming tool.

8. The method as defined in claim 1, wherein said forming
tool with the paste-like material is rolled continuously on

a glass surface of the flat glass to be structured.

9. The method as defined in claim 8, wherein said forming
tool comprises a roller-like base tool and a forming medium
releasably attached to the base tool, said forming medium
having the structuring surface for the paste-like material

to be applied.



9. The nethod as defined in claim8, wherein said formng tool conprises a
roller-like base tool and a form ng nedium releasably attached to the base
tool, said form ng nedium having the structuring surface for the

paste-like material to be applied. 35
10. The nmethod as defined in claim?9., mhereln the formng nmediumwth the
paste-like material is rolled off the b tool onto the flat glass during
the rolling of the form ng tool over the gl ass surface. 11. The met hod

as defined in claim]l, mhereln the paste-Li ke material gl ass,sol der or
nel ted gl ass %dﬂ%‘re 3‘(’? thad ¢ r‘?"c%’l‘}‘{;‘ CohFIetRVR p‘é&‘%’%‘a‘frbrt%@ gi’?ﬂ“bﬂ‘é

hod f d d | ted
SHINCUUCS: nodfon TR Gh 00 AT AL K A8 Bgobof? (o0,
wherein the 1° ot %ethg&% %h 1ds %ﬁ%dfh?t{’ofﬁﬁé cffs the 0%69'59:1 ” the

structuring surtace pri applyrng-o | ke~ naterl

the structurigghis\$eaCehne gldés sifiga®ihod as deflned inclaimi, mhereln
the paste-like material |s rolled into cavities provided in the

structuring surface prior to the applying of the paste-like material to
the structuring surface.
11. The method as defined in claim 1, wherein the paste-like
material is-glaés solder or melted glass and/or an
-electrically conductive paste for electrode structures.

12. The method as defined in claim 11, wherein said melteéd

glass is a micro-sheet thin glass.

13. The nmethod as defined in claim 1, wherein the paste-like
material is brushed into cavities provided in the
structuring surface prior to the applying of the paste-like

material to the structuring surface.

14. The method as defined in claim 1, wherein the paste-like
material is rolled into cavities provided in the structuring
surface prior to the applying of the paste-like material to

the structuring surface.

15. An apparatus for performing a method of making large-
scale precision structures in or on flat glass, said

apparatus comprising
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15. An apparatus for performng a nmethod of naking |large- scale precision

structures in or on flat glass, said apparatus conprising

36 a formng tool () provided with a structuring surface (2) for

receiving a paste-like material for making the |arge-scale precision

structures; means (11, 12) for supplying the paste-like material

(2a,13) used for formng the large-scale precision.- structures in or on the

flat glass (3) to the structuring surf (2) of the formng tool (1);

neans for applying the paste-likematerial (2a,13) to the flat glass (3) by
a singl e pressi ng @wffarménfotedphfl} quiovi@ed withha  stumctginiag syyface

nmeans for hardenlng the paste-like material (2a,13) a plled to the fl at

glass; and (2) doIhgereiviaytd mptiRrlidke satpkiahpfer |"&1 king, thes)  appl i ed

to the flat glass b a | ocal , heati of the structuring surface (2) of the

formng tool ¥3H9SusRienBrepisien |FRNGHRIEES!al to a predet erni ned
Lemperature by el Aon o1 S R ot e g Ligagopr ot us
radiation sOUf£e. 3y yhba FBF PORRIRY YheSa9Gkl0EM1L HiddidNchS. wherein the
structures in or on the flat glass (3) to the_structuring
surface (2) of the forming tool (1):
means for applying the paste-like material (2a,13) to
the flat glass (3) by a single pressing of the forming tool
(1) to the flat glass (3):
means for hardening the paste-like material (2a,13)
applied to the flat glass; and
means for melting the paste-like material (2a, 13)
applied to the flat glass by a local heating of the
structuring surface (2) of the forming tool (1) with the
paste-like material to a predetermined temperature by means

of an external heat source (5).

16. The apparatus as defined in claim 15, wherein the

external heat source (5) is a radiation source.

17. The apparatus as defined in claim 16, wherein the

radiation source is a laser.

18. The apparatus as defined in claim 17, wherein said laser

comprises a laser diode array.
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radi ati on source is a | aser. 18. The apparatus as defined in claim17,
wherein said |laser conprises a |laser diode array.

37 19. The apparatus as defined in claim 17, wherein said laser is
arranged on a side of the flat glass opposite to the. formng tool (1) and
emts laser radiation having wavel engths such that said |laser radiation is

transmtted through said flat gl ass. 3£0. The apparatus as defined in
claim 15, wherein said external-heat source conprises an inductive heating
devi ce. 21. The apparatus as defined in claim15, wherein sai.d external

o : i cal .resi . heati ' : . 1N
appar atus g dofi Aag TRPEATE T eetBERt ALY IeRETh heia aaer 1 0°

efine refrn rmng (0] conprises a

base tool.(6) jandrRafPd'dH & idebPIcHBIEIMR (f1aEd) oRpbaREEdOde base
tool (6), and said formng nedium (7,7a) includes the structuring surface

(2). 23. Therappareses @y @eld eadtsnater Ratioar Rhisgi d base tool
(6) conprises a material having a conparatively snaller
wavelengths such that said laser radiation is transmitted

through said flat glass.

20. The apparatus as defined in claim 15, wherein said

external -heat source comprisés an inductive heating device.

21. The apparatus as defined in claim 15, -wherein said
external heat source compriées an electrical resistance

heating device.

22. The apparatus as defined in claim 15, wherein the
forming tool (1) comprises a base tool. (6) and a separate
forming medium {7,7a) arranged on the base tool (6), and

said forming medium (7,7a) includes the structuring surface

(2).

23. The apparatus as defined in claim 22, wherein said base
tool (6) comprises a material having a comparatively smaller
thermal conductivity and said forming medium (7,7a)
conprises another material with a comparatively largér

thermal conductivity.
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thermal conductivity and said form ng nmedium (7,7a) conprises another
material with a conparatively larger thermal conductivity.

38 24. The apparatus as defined in claim?23, wherein said mterial for
sai d base tool (6) conprises a ceramic material. 25. The apparatus as
defined in claim 24, . wherein said material for said base tool (6) has a
conparatively smaller thernal expansicwbSWMile'said.another materi al has a
conparatively |arger thernmal expansion. 26. The apparatus as defined in
claim 22, wherein the formng medium (7) includes a structuring sheet

[ : 27.54N ' j l.QLm, 2 Is Q4.
G Tt uring Shcorny erpAraeagal Batioitd Tl eTath oo SRR Wl (o).

28. The appan@iterias ¢ekl B&IA i badd didB12{6) BehBEIsid jlool (6) is
a-roller, the structuring sheet piece is wound around the base tool (6)
and during thetagydlaji.ng the structuring sheet piece is wound of f the base
tool (6) and onto the flat glass (3). 29. The apparatus as defined in
claim 28, wherein the base

25. The apparatus as defined in claim 24,. wherein said
material for said base tool (6) has a comparatively smaller
thermal expansion, while said. another material has a

comparatively larger thermal expansion.

26. The apparatus as defined in claim 22, wherein the

forming medium (7) includés a structuring sheet piece.

27. The apparatus as defined in claim 26, wherein the
structuring sheet piece is releasably attached to the base

tool (6).

28. The apparatus as defined in claim 27, wherein the base
tool (6) is a-roller;_the structuring sheet piece is wound
around the base tool (6) and during the applying the

structuring sheet piece is wound off the base tool (6) and

onto the flat glass (3).

29. The apparatus as defined in claim 28, wherein the base

tool (6) is a roller.
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tool (6) is aroller. 39 30. The
apparatus as defined in claim22, further conprising a structure (7c) for
securing the formng nedium (7) to the base tool (6). 31. The apparat us
as defined in claim3.0, wherein the base tool (6) conprises a roller and
the formng medium (7) conprises a strip (7a) of material wound around
said base tool.(6). 32. The apparatus,gas defined in claim 31, wherein
the base tool (6) has a guiding structure for said strip of material.

33. The apparatus as defined in claim3l, wherein the formng toagl (1) is
provi ded wi t B@n '%l’tﬁ(l‘%HP&F?tﬂﬁl perdegiged s’ﬁh&l&lﬂx?ab | §urhen IcomPrASANgai d
roll er operating as,said se too ereln sal d strlp 7

said material® “}ﬁi‘:u&'reodﬁﬁ?bg?ﬁ %‘Fc‘é%}?’f? atgﬁ \é\‘hgm%% J 155 Jd‘ﬁ‘tl G 3‘% ﬁ%‘?he
guiding stru éggf% ggtlnuous supply and delivery of said strip of said
mat eri al . 3 ratus as defined in claim 33, wherein the base
tool (6) conprises neans for supply said strip of said naterial and the
auxiliary roller (14) conprises neans for delivery of said strip (7a) of

said material3i. The apparatus as defined in claim 30, wherein the base

tool (6) comprises a roller and the forming mediym (7)
comprises a strip (7a) of material wound around said base

tool. (6).

32. The apparatus as defined in.claim 31, wherein the base

tool (6) has a guiding structure for said strip of material.

33. The apparatus as defined in claim 31, wherein the
forming tool (1) is provided with an auxiliary roller (14)
spaced axially parallel from said roller operating as said
base tool (6), and wherein said strip (7a) of said material
wound around both of said rollers (6,14) and through the
guiding structure for continuous supply and delivery of said

strip of said material.

34. The apparatus as defined in claim 33, wherein the base
tool (6) comprises means for supply said strip of said
material and the auxiliary roller (14) comprises means for

delivery of said strip (7a) of said material.

35. The apparatus as defined in claim 33, further comprising

a counter-roller (12) for clamping said strip (7a) of

e
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35. The apparatus as defined in claim33, further conprising a
counter-roller (12) for clanping said strip (7a) of

40 mat eri al gui ded over said base tool (6) and said auxiliary roller
(14). 36, The apparatus as defined in claim15, wherein cavities or
recesses are provided in the structuring surface of the formng tool (1),
and further conprising a doctor blade. (4ilgl) for spreading the.paste-Ilike
material (2a,13) in the cavities or recesses provided in the structuring
surface of the formng tool (1). 37. The apparatus as defined in claim
15, wherei n casterizsl gwidedceverssaid ha=myitded i(6) tdmd staidctuxihdgaryrf ace
of the formng tool (1), and further conprising a plane surface roller
(12) for rol I¥eblenddddate-1ike material (2a,13) in the cavities or
recesses of the structuring surface (2) of the formng tool (1). 38.
The apparatus as defined in claim33, wherein the external heat source is

lat ol ass (3% e BebracuE.ra eeubdh Capie 1 fogndnd SRdREAS e |
defined in Clgfrgég%séggeg%gnp£g§ided in the structuring surface of the
forming tool (15, and further comprising a doctor blade (11)
for spreading the paste-like material (2a,13) in the
cavities or recesses provided in the structuring surface of

the forming tool (1).

37. The apparatus as defined in claim 15, wherein cavities
or recesses are provided in the structuring surface of the
forming tool (1), and further comprising a plane surface

roller (12) for rolling the paste-like material (2a,13) in
the cavities or récesées of the s£ructuring surface (2) of

the forming tool (1).

38. The apparatus as defined in claim 33, wherein the
external heat source is a laser diode array (17) or a laser
strip device and is arranged above the flat glass (33) and

beside said base tool (6).

39. The apparatus as defined in claim 36, wherein the
external heat source is a laser diode array (17) or a laser
strip device and is arranged above the flat glass (33) and

beside said base tool (6).
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external heat source is a laser diode array (17) or a |laser strip device
and is arranged above the flat glass (33) and beside said base tool (6).
41 40. The apparatus as defined in claim37, wherein the external heat
source is a |laser diode array (17) or a laser strip device and is arranged
above the flat glass (33) and beside said base tool (6). 41. The
apparatus as define in claim15, wherein.he structuring surface (2) has
rai sed structuring elenents and the structuring surface (2) of the formng
tool (1) has a predetermned conicity for inproving release from hardened

el ements on tﬁ%.SEkg?éﬂééP 1&?@&9%%fined in claim 37, wherein the

external heat source is a laser diode array (17) or a laser
strip device and is arranged above the flat glass (33) and

beside said base tool (6).

41. The apparatus as dgfine in claim 15, wherein the
structuring surface (2) has raised structuring elements aﬁd
the.structﬁring surface (2) of.the forming: tool (1) has a
predetermined conicity for improving release from hardened

elenients on the structuring surface.
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