26 Decenber 2003 -1 | NSPECTI ON SYSTEM FOR SHEET MATERI AL BACKGROUND OF THE
| N\VENTI ON The invention relates to an inspection system f @6 Dehantien8@¥ct i on
of defects in sheet material, and nore particularly to an inspection
system for the inspection of surface and body defects in glass substrates,
such as in LCD glass. The inspection systemis particularly adapted to
accommodating fairly large size substrate@s in the order of 550 mm x 650 nm
and larger, by providing stability to the substrate during inspection

t hrough the use of an air support table. Presently, the inspection of such
| arge size glass. panels is primarily done by utilizing manual nethods.
Accordi ngly, such manual processes introduce a |arge anmount of variability
in the outgoing inspection product. Some of the problens encountered with
t he known inspection systens include the problem of holding a substrate in
a manner which nminimzes sheet vibration. In addition there has been
problenms in holding the glass sheet in a strict plane tolerance so as to

have consistency in | npRepHATON eydimad PORIMERT MatiamrReen difficult to
provide a direct view as o € sheel wthout interference from
- supporting structures. That is, nost of the known inspéection systens rely
on sone net hod of hoI di ng the D) e edge in either a horizontal or
vertical ori ertGEGHOUMNT OF TEd5INYENLILY Menms of glass sag and vibration
during the inspect : ' . esent
invention to prov?g%quéggﬁﬁ?gﬁkgﬁéQ#ﬁ%§g§%$§§€%%§mg§£E%% I F%g&%egniform
air support fdefecthin giddtRategladSsmdmoiapertidularly ubshriaspeatiduheysteptysi cal |y
contacting the surface of the sheet, and while danpeni ng any_sheet
vi brations aitfe ansneaing of Rerfaproand bady defpetsan ﬁﬁ%%ﬁ%SM@ n

| nspecti on. i%[?%fzﬁsgpel‘hezgggection system is particularly adapted to

accommodating fairly large size substrates in the order of 550 mm x 650

mm and larger, by providing stability to the substrate during inspection
through the use of an air support table.

Presently, the inspection of such large size glass panels is primarily
done by utilizing manual methods. Accordingly, such manual processes
introduce a large amount of variability in the outgoing inspection product.
Some of the problems encountered with the known inspection systems
include the problem of holding a substrate in a manner which minimizes
sheet vibration. In addition there has been problems in holding the glass
sheet in a strict plane tolerance so as to have consistency in inspéction
readings. Further, it has been difficult to provide a direct view of all areas
of the sheet without interference from supporting structures. That 1s, most
of the known inspection systems rely on some method of holding the sheet
by the edge in either a horizontal or vertical orientation, which creates
problems of glass sag and vibration during the inspection process.

It thus has been an object of the present invention to provide a
solution to these problems by utilizing a uniform air support for the entire
glass surface of a substrate without physically contacting the surface of the
sheet, and while dampening any sheet vibrations and allowing the sheet to

move at high speeds during inspection.



-2 SUMVARY OF THE | NVENTI ON The present invention sets forth nmethod and
apparatus for inspecting surface and body defects in gl as? Babwberdfes. The
system i ncludes a dual detector scanning systemas well as a
brightfield/darkfield i mging systemthat work together to detect, identify
and classify different types of glass defects. The glass is supported in a
slightly off-vertical position by an air -2table during the inspection
process to provide stability, particularly for Ilarger size substrates in

t he order of. X : iﬁﬁe d ass sheets or substrates to be

I nspect ed ar e=x : < e-piece air table which is tilted
by an angle fromt r

substantial ly vert?@g?b%éér%%verﬁ% S&Q?ﬁﬁﬁg?%t@&%?{da@ﬁagéi o}r@ﬁﬁ%&%ﬂtn
tilted air tabligfacanll bbdgldtefedeﬁ unv@as's mmmasnﬁ‘hamg}swmahnd&ﬂma dasl are
positioned adjacent slots forned within the air table on a s]ide nmechanism
that allows tHelacter ssanpmessystem es it a3 pprighbfgldidarkiield ipagagaysem o t he

oblique axis t t hel d
okt oy iR BB Rar R S, an R LA O Vi R b 5 U 1

- from one edgedefecthelisaBbs &f suppbstetia apﬁli'gii’tly Jﬂ‘ﬁfegh@ﬂ%dsﬁndrhbﬁ ahndexed and
this process is repeated until the entire area of the glass substrate has

been i nspect etebledhiring thg mm@tlpmptrp@ﬁsmtwp@ede steljlitic @ssticularly for

brightfield/ darkfi eldotlc e aQned revie of the
particles or 8’&?‘59585 %‘5 lﬂgﬂ? 5‘1‘5’)’9?559#89% ’65@0%%?\%83%%(:%5

Scrat ches, parti Cleﬁas@%e@ssfwsu%m@és&o%mnb ectb@e@& pbsiednedddpreaphed or
rej ected. BRI EF DESCRI PTION"OF THE DRAWNGS Fig. 1 is a schematic side

el evati onal vilowegfiecerair halpesthiomistibed by aembmiylfngntthe Vprfe@ntThenvent i on.
Fig. 2 is a schematic front el evati onal V|e m f or
recei vi ng andgli‘zeé“‘gaf”éaﬁl}?sgfrﬁltﬁﬁ@ﬁ? H'tj{ef‘ﬁ@ sgbsten s‘ferrgfgﬁy’ it along an

incline or axis parallel to the tilted air table. Dual light delivery

mechanisms and dual detectors are positioned adjacent slots formed within
the air table on a slide mechanism that allows them to be moved ~
horizontally along an axis transverse to the oblique axis. The glass
substrate is positioned over the slots and held stationary while the dual
detector and light delivery systems are swept from one edge of the substrate
to the other. The glass is then indexed and this process is repeated until
the entire area of the glass substrate has been inspected.

.Foﬂowing this initial inspection process, brightfield/darkfield optics
can be positioned to review any of the particles or defects detected during
the previous scanning process. Scratches, particles and other defects can be
1dentified and accepted or rejected.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic side elevational view of an inspection system

embodying the present invention.

Fig. 2 is a schematic front elevational view of the mechanism for
receiving and vertically indexing the glass substrate.

Fig. 3 is a fragmental schematic illustration taken along lines 3-3 of
Fig. 2 illustrating the V-groove finger for supporting the bottom edge of the

glass substrate.



Fig. .3 is a fragnental schematic illustration taken along lines 3-3 of

Fig. 2 illustrating the V-groove finger for supporting theshetiig estge of
the glass substrate. 26 Decenber 2003 -3 Fig. 4 is a schematic front

el evational view illustrating the mechanismfor vertically indexing at an
angl e parallel to that of the air support table, and the mechanism for
hori zontally sweeping the light delivery- 3rechan| sns and caneras. Fig. 51is
a perspective schematic representation further illustrating the mechanism

f h tall the | el dth [
i son Ba. aa stﬁéggmgp@@@@@%péé AGPBA BT ARSEREMEAIE of the. i r
table. Fig. aafpsx%rflofa(rgﬁgcaﬁ&Q§w1hgtafé; %95%1& %laéz‘{]ﬂeﬁv{’o%a oﬁgfet gign of the

air table |IIus ing an air IS a sche

il Tustration afuppdsd tadle, acidudle BEABMNY f@@hbmmtaﬂwmebmg(the kghton t he
gl ass sheet. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referr i ng now to Fig.

1, the scanni riglivery mmehanisms afk%‘f:ﬂm@liaén system 10 is schematically shown

in elevation. An i ed air t rmedl t.h udi ng
upper section 12a, rkﬁﬁd@iseags%?% VE\1 *"eé)vﬁ%]enta{lg?l %%%Eﬂ%%?éeﬁﬁéabl y
. i's positioned @k 1AEIBRGE f6:ChéMONENY h?cﬁi'mgﬂl@[i@ﬁt ABkveryGybterexand fkd such
as a glass sheet or substrate 14 is supported at its -bottom edgé 16 by a

pair of grooveafmergeinsmpports 18 (see also Fig..2 and Fig. 3). The glass

bst 4 to,b d
paral 16l Lo the i nlErt brameahs RESGrPL Ut BT Poe pyetiait chp S ble
cushi on supplied bwlghﬁsaéﬂ eﬁﬁkg@d schertid &ng%h@él%aﬁfbflarbémw o@@lﬁ@hh

herei nafter, the supStrate 14 1S noved upwardly and downwardly al ong an
obl i que Y axi sabkhibhwstdayingraromir Yolawpattern.s parallel to the plane of the air

Fig. 8 is a schematic illustration of what an actual scanning pattern

would look like on the glass sheet.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 1, the scanning portion of an inspection system

10 is schematically shown in elevation. An inclined air table 12 formed in .
three sections, including upper section 12a, middle section 12b, and lower
section 12¢, preferably is positioned at an angle to the vertical. A specimen
to be examined such as a glass sheet or substrate 14 is supported at its
bottom edge 16 by a pair of groove finger supports 18 (see also Fig. 2 and
Fig. 8). The glass specimen or substrate 14 to be examingd or inspected, is
maintained parallel to the inclined plane of the air table 12 by means of an
air cushion supplied by the air table. As will be explained in more detail
hereinafter, the substrate 14 is moved upwardly and downwardly along an
oblique Y axis, shown by arrow Y, which is parallel to the plane of the air
table 12 and at a desired acute angle from a true vertical.

As shown, the air table 12 has gaps or slots 20a and 20c¢ formed
between middle section 12b and its associated first and second sections 12a,
12¢, respectively. The scanning mechanism 22 of the inspection system 12
is positioned on opposite sides of the glass substrate 14 adjacent the gapé or
slots 20a, 20¢. The scanning mechanism includes first and second light

delivery systems 24, 26, and an optically aligned dual detector system, for



table 12 .and at a desired acute angle froma true vertical. As shown, the
air table 12 has gaps or slots 20a and 20c forned betmeemsqugh@xggmglon
12b and its associated first and second sections 12a, 12c, respectively.
The scanni ng nmechani sm 22 of the inspection system12 is p03|t|oned on
opposite sides of the glass substrate 14 adjacent the gaps or slots 20a,
20c. The scanni ng nechani smincludes first4-and second |ight delivery
systens 24, 26, and an optically aligned dual detector system for 26
Decenber 2003 -4 exanple a dual canera syste |nclud|n flrst detector 28
and second dev@siple atualThmern ghistereindafing %&&téﬁe@m S@ngdrsecoski t oned

on one side Ofdett%%{e,dgg ’[g]gq@t (9‘%115915{1 é}s@gmg 1S he4el E}B%t? on%? oAtheS s?&é)

detector 30 of m are "posrtione he opposi e si de

of the table XBe alﬁﬁmﬁm; aﬁdwhé ﬁfe&tdeltéabi 29@&1&@&@@&5@@%@%53&@ duall St
detector are in optical alignnment alo 3@opt|ca axi s OP- X through slot or
gap. 20a, wher elededthesysemons Hosiffamedeln rqp@?ﬁ@@rﬁ@@f&ndablﬁel%econd camer a

of oap 200, THEOWeYSn HEn T ishi i RO AR St b et R AP EBh al X
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and the Y axis, ~as nore ticularly set forth here| nafter with respect to
Fig. 4 and Fi gsecdind h?g'h‘eddmmyilsyls}ene%andsthe Becaidsarnens &Qjasemwpﬁqadi

detector 32, foqr exanple, mara br fiel d/ darkfi el Cs,
which is utili ’@@%téﬂ\’h%%lﬁpql‘?ﬁ gé%&?ﬁ gﬁ:éilet ﬂ@e’ﬂg’;i: otesR 8r stemto
further classi t tem
The third det eté%{%‘?l %%geré%& ngglbges Wﬁ%ﬁi %ﬁ%ﬁt%ﬁogﬁgﬁtﬁg% ?%g(eélllﬁ? and

second det ect bysarr&Ref®in Fiig 4) omirsoerfsedsof the fasnshibbirdte ldamdthes¥anid, hat

the grooved finger supports 18 are secur dto carriag 4 which is
noveabl e  al of§ HeRe RiFticylaslyysehipeth rdffltgﬁf*%ﬁecf;é %éé):éand&%b%@ of

ot ering hethe s%anﬁ&g%scﬂrﬁgm%m sqnaad&@s thE dABEoP 52! Brdamfle | of !
a camera with brightfield/darkfield optics, which is utilized after the initial
scanning by the dual detector system to further classify a defect initially
located by the dual detector system. The third detector preferably has a
higher resolution than the first and second detectors.

Referring now to Figs. 2, 3 and 4, it can be seen that the grooved
finger supports 18 are secured to a carriage plate 34 which is moveable
along the oblique Y axis by means of guide rails 36. A pair of centering
pads ‘38, 40 are also secured to the carriage plate 34. The left centering pad
38 functions as a positioning pad to accommodate different sizes of glass
substrates 14 and may be placed in a desired position by means of an_
actuator, for example, a rotary pneumatic actuator.

Referring now more particularly to Fig. 4, both the glass substrate
transport mechanism for moving the glass substrate upwardly and
downwardly along the oblique Y axis parallel to the air table 12, and the
scanning mechanism 22 for moving the light delivery systems and the dual
detector system horizontally along the X axis are driven by motors, for
example linear motors through a timing belt, pulley and guide arm system.
The glass substrate transport assembly, which includes the finger supports

18, the carriage plate 34, guide rails 36 and the centering pads 38, 40 1s



38 functions as a positioning pad to accommpdate different sizes-of glass
substrates 14 and may be placed in a desired position by nRamge@ber2bo3
actuator, for exanple, a rotary pneumatic actuator. Referring now nore
parti cul arly to Fig. 4, both the glass substrate transport mechani smfor
novi ng the gl ass substrate upwardly and downwardly along the oblique Y
axis parallel to the air table 12, and thg scanning nechani sm 22 for
noving the light delivery systens and the dual detector system

hori zontally along the X axis are driven by notors, for exanple |linear.
nmot or s t hr ougtirizen byiankndesl motop 2l thyowgid dgue gellay isgmi timing Del 4f ass
substrate transport assenbly, i.ch ingludes t upports t he
carriage plat® tedﬂqooeél ?Wl%ﬁéﬁ%ﬁﬂr’:ﬂ%@ @é‘ﬁ‘% 521 Q%g‘(?sg (3 gonperied t‘26
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timng belt 48 conne ted to an arm Re Carria ate ke 50,

connect ed t o albhg tHei W@cxp&&ﬂ@ype@&rl1s-los|nrt0\thdh¢heaﬁ1rwterlém A dwpagater | age
plate, 34 fronfalling along the Y axis power is |ost _to the linear

notor 42. A slérﬁ%?fram@torl(nﬁfé%hovm)tléusue%ltlwmmted $o shorlrize pyllepdieanded to
_the dri & h
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mechani sm 22. T &t ng NOW’

the horizontal nqvmg%wtxﬁ@r umlyracb@m&@ 32rd Bpswefisel y of the
gl ass substrate_ 14 can be seen he scanni ng nechanism 22 i s positioned on
opposi te si de@r@zronfcﬁlemgV@ansmﬁmersa@@mtnfgamsémmsras%?emmyvemlmf thesenbl y

the gla t ubst 1y vert the,.Y Th
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delivery system 26 are supported by a lighting system nmount 56. The nounts
54, 56 slide mcm&ﬂer@@wmﬂfstmme létsgbstamaélyowgtmkly Alang theol) axes. | Bhes8,

such as Showrhrsjc~I de %e%tord‘zg nd E}t]eese%g ter;r:lt)ornéo are supgporl:ed 1()) tcie criltgr bel t's

mount 54, whereas the first light delivery system 24 and the second light
delivery system 26 are supported by a lighting system mount 56. The
mounts 54, 56 slide transversely of the sheet 14 along the X axis on rails
58, such as shown in Fig. 4 for the camera mount 54. A pair of timing belts
60, 62 are connected to the detector mount 54 and the lighting system
moﬁnt 56, respectively, for moving the light delivery systems and the
detectors in unison along the X axis. The linear motor driving drive pulley
52 and timing belt 60 for moving the cameras along the X axis, also drives
the lighting systems along the X axis through a connecting drive shaft 52a
and drive pulley 52b which operates timing belt 62. A pair of idler pulleys
63 at the opposite ends of the timing belts 60, 62 maintain the belts in -
tension.

Referring now to Figs. 6 and 7, the air table and its hole patterns are
shown in more detail. The air table 12 with its upper section 12a, middle
section 12b, lower section 12c and gaps 20a and 20c¢ is shown in Fig. 6,
whereas air supply holes 64 and air exhaust holes 66 are shown in a portion
of the table 12 in Fig. 7. The hole pattern for the air table is specifically
designed to provide the required float of the glass sheet 14 off of the table,

as well as maintaining flatness of the sheet. In view of the fact that edge



60, 62 are connected to the detector mount 54 and the lighting system
mount 56, respectively, for noving the |ight delivery systm@myecanstrohe
detectors in unison along the X axis. The linear notor driving drive pulley
52 and timng belt 60 for noving the caneras along the X axis, also drives
the lighting systens along the X axis through a connecting drive shaft 52a
and drive pulley 52b which operates tim n§-belt 62. A pair of idler pulleys
53 at the opposite ends of the timng belts 60, 62 naintain the belts in

tension. Referring now to Figs. 6 and 7, th% air table and its_hole
patterns are P&HMS efthagiassabeat will Tofe oiexhays moroaiffromithe shspler section
12a, mddl e ' R Chi . | hown
oG 6 whSrabetht Bk HEbr BRCHRE AREuANRoIBERT. oRRiAREAREIP P DT,

in a portion tedshd® ihablier thprovidel hifofm Jireldvohgaipat tles sudfade éfitbeai r tabl e
I's specifical Ig designed to provide the required float of the glass sheet
14 of f of theshesdland preyepebowing ofdhasheeti ingbelcantrrgpropnitherephedhus| n vi ew

f the fact that 26..De 2003 - ti f th | heet wi ||
Tose or  exhaubies FERESS PF 0% ghiee Ae Eatad Chelieh e Rbidn daReraiEpmdt “the
- sheet, exhausx ol wREIPH LS LR0hoRkbsind ?iz%%‘,gwﬁﬁﬁgépécﬁ tQEREr -to

provide uniformair flow against the surface o sheet and prevent
bowi ng of t heleshtien onrtheeblednttherghormabrtairevreaofresTimesto thhdackaf fess of

t he sheet is provided thrqugh a.pattern,qf pressure and .exhaust, hol es,
W th the exhabbetigres Heiny surizBathieeh AsalEl por GodRdy i e G BHE B0 ¢ he
table to therghy,dmynty }iﬁtéﬁ%&%@%ﬁ%@éﬂt@ch@%ab%%t:lEEc giheob sigeh oRCr 0SS

the full surface there As noted particulafly 1n Fig. 6, thereis a
t aper ed gap i theegdmirteBcads previded kdtlyagdi2idmahat supplyhple2®@d.toEach of the

Gonpensat e 1 ofomRRAR Brghe fpescel eSS AAUHENE HE BRAZGOR G200, As

previously nmentiongd, dRGdIPGhditished! thd ARlifed 2ir tabld 18 8tiftbd 30 an |
angle to the vertical so that it is parallel to the oblique- Y axis. Preferably
the acute angle should be between ahout 5° and 15¢ from the vertical. If the
angle is much less than 5° from the vertical, f,he. pressure necessary to |
maintain the glass sheet in a flowing position off of the table must be very
carefully controlled, since if too much pressure is applied the sheét will be
blown off of the table. Although angles greater than 15° may be utilized,
the closer the angle comes to 909, and the glass sheet is virtually horizontal,
the gréater are the problems encountered with regard to sagging. Although
by no means limiting, an angle of 7 1/2° from the vertical does pfovide
excellent results.

In operation, a glass sheet or substrate 14 is positioned with its
bottom edge 14 within grooved finger supports 18 on carriage plate 34. The
centering pads 38 and 40 are utilized to center the sheet 14 on the carriage
plate 34. The left centering pad 38 is actuated by a cam action to position
the pad in a fixed position relative to the size of the sheet being utilized,
and the right centering pad 40 is spring actuated to allow the glass to
center. Air is supplied to the air supply holes 64 of the inclined air table 12
so as to position an support the glass sheet 14 along a desired inclined or

oblique Y axis which is parallel to the air table 12. Linear motor 42,



angle to the vertical so that it is parallel to the oblique Y axis.
Preferably the acute angle should be between about 5 and ZEDdceareries
vertical. If the angle is much less than 5 fromthe vertical, the pressure
necessary to maintain the glass sheet in a flowi ng position off of the
tabl e nust be very carefully controlled, since if too nmuch pressure is
applied the sheet will be blown off of -The table. Al though angl es greater
than 15 nay be utilized, the closer the angle cones to 90, and the gl ass

sheet is virtually horizoptal he greater are the probl ens,encountered
with regard thr Tge PRehERIgR twnﬁ}eﬁr%é%smwﬁ‘rﬁft erf@,m&ﬁegﬂ?gf@“of 7 112
fromthe verti i tvaR;. a gl ass
sheet or sub;a;lo(rig%ﬁ?g%gg gésslﬁj%sgﬁgrgjv\%ﬁph g?af%@h%%\% %%%le gelélﬂd{f%\%'lsthi n grooved

finger suppopbsalld tonicebld ageThe alesIheelThe is pene@niong peds a2B and 40 are
utilized to center the sheet 14 on the carriage . plate 34. The |eft

centering patrg®tpenied disteacoond ixtharakelidn positipeshy Hanlinearemgbar- i n a

fixed positi relative tq the size of & i il and t he
ri ght Eent er ﬁnrtu]ﬁ ]'Hﬁf&rl’égﬁ%a?ﬁm% @ taﬁﬁgtlggﬁ?%ggﬁagé)vgtgﬁgs 3{’ gggéﬁghe center.
- At i's suppl keghitifg ti@hahisnd 8P RlYsEhe wifth of tHehdadd cWiheadthaisweeplfe 12 so

as to position an support the glass sheet 14 along a desired inclined or
obl i que Y axihe sirnching saqohanishels completedathe glaps is moved plagrtheoX axis42, 26

Decenber 2003 "t hrough. drjye, pul | ey. 46,and .ti.nm ng,beli ves the
carriage pl at’“@‘_"é@r prPasg Eﬂe(ﬂ‘e&/l_?fé’in% S%%hgothﬁsgettg(’tﬁﬁ\?gdtoﬁgcﬁﬁggé%“s)heet 14
along the ¥ Q&%rﬁling%éﬁhhﬁisni Rafidakealo®hdpasEnR s SheetTHR i s noved
along the Y axis a~ predeterm ne(fdl stance and is then held in gosmlon by

the i near npraedurdisecpbmednuntiithe edtiry shepttdiglassahdsdhden schenedclhat ed so
as to sweep t I sm 22 act. h of the .glass. Wen

the sweep of g{]at%ﬁég%’b g%}nﬁﬁgﬁﬁégﬁgﬁ’f 8Py aEéﬁ%?%‘ﬁcggnw?ﬁ Y dP%‘ée??%‘grmved al ong
E)]E‘e t IeaXi S A0RLBGheRESIGhET M EH o0l Bl FAERrAs EH&%ntiH?EiE% @tlearchand optics

glass is moved in an upward position. Although the trace 70 of the

scanning pattern is shown as a line, the actual field of view of the cameras

cover the entire surface between the parallel trace lines. With

commercially available optics, a movement along the Y axis of about 1.5 cm

between sweeps of the scanning mechanism provides complete coverage of

the sheet. The motion along the X and Y axes is controlled by motion

control electronics.

Following the initial scanning of the sheet, a more detailed scan of

the sheet then is effected. Brightfield/darkfield optics are then poéitioned

to further review any of the particles or defects detected during the initial

scanning process. To locate a particular X, Y coordinate, the glass is moved

vertically a Y distance along the Y axis and the detectors are moved

horizontally an X distance along the X axis. The optics of the third detector

32 have a higher magnification than the initial scanning detectors so that

the system can find out which surface the particle is on, its size, and also

display an image of the particle so it can be further characterized. As will

be appreciated by those skilled in the art, algorithms known in the art can

be utilized to identify and characterize defects such as scratches and

particles in the sheet of material being scanned. Those skilled in the art



scanni ng nechani sm can nake anot her pass across the glass. This procedure
is repeated until the entire sheet of glass has been scanme®ecdhieer 2g03ass
may be noved in either an upwardly or downwardly novenent during the
scanni ng, and an actual pattern is shown in Fig. 8 when the glass is noved
in an upward position. Al though the trace 70 of the scanning pattern is
shown as a line, the actual field of vi e of the cameras cover the entire
surface between the parallel trace lines. Wth comrercially avail able

ceann ng. mooniny o GeGUF sher e bt sfER th atusp SThe G R HHERRS o
along the X adwledndiedShy th@Rtd 194l IReh YcaiRledO8s welindd tHe Rlcestablnéies of
Following the initial scanning of the sheet, a nore detailed scan of the

sheet then i sthefdedentdor a Bargénlar ebplickdidal.i el d optics are then positioned

to further review of, th article r defect.s detected duri t he

initial scanning ‘%Pn%% We%&p’fe&s&f e tgg“npprclgﬁe;qrr 1€ %8@5?8?#&33?%%

gl ass is novedyveN§h4 i€ HilldheSphatist! BB8:AIANAd HRGhY apiitandiddie detectors
Ty an X"di stance along the X axis. The optics of the

are noved horizonta
. third det ect ahang2s had enalificafivers mayg befadd fheretdraithbhe depasttired fremaihiei ng
detectors so that . éhe system.can find out Qchh surfac éhf.particle IS
on, its size SPERE2ARSEPPERISHE AYvertiqnaRRetderihia theappenged slaimscan be
further characterized. As will be appreciated by those skilled in the art,
algorithnms known in the art can be utilized to identify and characteri ze
defects such as scratches and particles in the sheet of material being
scanned. Those skilled in the art 26 Decenber 2003 -8 will appreciate that
the algorithmused to accept or reject a defect will be determ ned by the
mat eri al being scanned, as well as the acceptable size of the defect for a
particul ar application. Al though we have discl osed the now preferred
enbodi nents of the



invention, it will be apparent to those skilled in the art that various
changes and nodifications may be nade thereto w thout depasthedgmiber 2003t he
spirit and scope of the invention as set forth in the. appended clains. 26
Decenber 2003 -9 What is clained is: 1. Apparatus for inspecting sheet
material conprising: an inclined air table- positioned in a plane parallel
to afirst axis which lies at an angle t% the vertical, neans for novi ng
said sheet material along said first axis and parallel to said air table

and physi cal | y,syppoyting.said sheet material solely along bottom edge
Yteiah glapmed,

portions of sal 1¥* supply neans.for supporting said sheet naterial

parallel to, and ft a EATS f&ﬁﬁé}ﬁ‘éﬁng;sﬁ%t %%E%iﬂéorﬁﬁﬁéiﬁg?o as to avoid

physical contact with surface portions 6f sal eet, scanning neans, and
means for noving sai d soamriingd ahandlapaitjonedarapdarxpsrallshiteh firses
transversely across aﬁjﬁl east onﬁhsurface of said sheet material. 2.

Appar at us fora’Flﬁé‘fsllES}ﬁ' §ak peanghbothesrertisallefined in claim 1 wherein said
inclined air table has ' : fQr.E 0SS 1t he
surface thereof parall eﬁe%ﬁ{{%ggévgﬁ%ggc%n%eggﬁ%wgai %)Bg%ﬁgr?tgér\jﬁgﬁggecti ng

. sheet mat eri aparadlelles sdig@ it tabld ahdpRysichRy suppodint sdidrhesigmaeansgl | ncl udes
a first detector. and a first light source_in alignment with the first

slot, and a stddiiclens befton edge postientof saigRbefour ce in alignment with the
second 1ot % A0Par el LRARSSH A RS T Sl L
supply air poessdine aldestRa ddteate MRLLhRl airadbledd & fo £0d1@pdisigl e pattern
for selectivel y exhausting-the supplied air so as to maintain the sheet
contact with surface portions of said sheet,
scanning means, and
means for moving said scanning means along a secondlaxis
which lies transversely across at least one surface of said sheet material.
2. Apparatus for inspecting sheet material as defined in claim 1
wherein said inclined air table has a first slot and a second slot formed
across the surface thereof parallel with said second axis. |
3. Apparatus for inspecting sheet material as defined in claim 2
wherein said scanning means includes a first detector and a first light
source in alignment with the first slot, and a second detector and second
light source in alignment with the second slot.
4. Apparatus for inspecting sheet material as defined in claim 1
wherein said air table 1s provided with an air supply hole pattern to supply
alr pressure to the sheet material, and an air exhaust hole pattern for
selectively exhausting the supplied air so as to maintain the sheet
substantially parallel with the air table.
5. Apparatus for inspecting sheet material as defined in claim 1
wherein said means for physically supporting bottom edge portions of said
sheet includes means for centering said sheet on said support means.
6. Apparatus for inspecting sheet material as defined in claim 1
wherein said inclined air table has open portions formed transversely

across surface portions thereof, said sheet material is transparent, and



substantially parallel with the air table. 5. Apparatus for inspecting
sheet material as defined in claim1 wherein said neans f26mDephytsi c@isl y
supporting bottom edge portions of said sheet includes neans for centering
sai d sheet on said support neans. 6. Apparatus for inspecting sheet
material as defined in claiml wherein said inclined air table has open
portions formed transversely across surflce portions thereof, said sheet
material is transparent, and 26 Decenber 2003 -10 wherein said scanning
means includes.,a first, light delivery systemand first canera posi.tioned
on opposi te sPagteippahseanRing {na%@rléI%ﬂax?%aﬁr%ﬂﬁ%@wemswrﬁ@ g‘fﬁg’éﬂd open
portions fornggd,t i : ' : I .gecond
Carer a2l o portl onet n o Spp R A€ 2 PHEI aRT B EMEn RIS Bif?
al i gnment wi tinaniddiébpeh psetichsobenedohévedmsarfds gecbrididyle delivéry dpgiamat us
for inspecting ciheet material as defined in" claim]| includi ngtﬂ
bri ght fi el d/ F&RkRiSEFAPbeAReraHanBOTIHPHe N APpasite sides gf spid @antatlg andeans
for review ng de t e I : LN said sheet. 8. A
met hod of inglggégty‘%'rg&gﬁ‘;é’gcpdﬁrrg?%%riéa%lsg\%?g% ééﬁrﬁoﬁ%giggélegﬁg%g%?'i ng a sheet of
- material to be inspect Q’gui'a'rﬂmb fof indpe6dihf eHeddn i tdiyalRaltFirel ididailf essur e,
periodically noving said sheet of material a predeterm ned distance al ong
sai d i ncl i nedngkiding Anightlieldisianksfield dpéissnewnretosming edast ofedid schering |
material along_an .axis.transver 0,;said,nclin axis. 9..A. hod of
Mspecti ng sHogEun R spPisice SHEMEfele idRefod s Phe fiaiing pf i R08°6
physi cal |y supportg.ng g esharsf iabpstting dilet 80Ite1M] wHi@ébRPHbQM edge
portions of the sheet. 10. A nethod of 1 nspecting sheet material as defined
in claim8 including tseppemsing @thgetofintitagiahto be ingpebted dlangay a plurality
of slots '

inclined axis by means of air pressure,

periodically moving said sheet of material a predetermined
distance along said inclined axis, and |

scanning at least one surface of said sheet material along an
axis transverse to said inclined axis.

9. A method of inspecting sheet material as defined in claim 8
including the step of physically supporting the sheet of material solely
along bottom edge portions of the sheet.

10. A method of inspecting sheet material as defined in claim 8
including the steps of providing an air table having a plurality of slots
extending transversely across at least a portion of the table, posif;ioning the
air table parallel to the inclined axis, and supplying air pressure through
the air table to support the sheet material along the inclined axis parallel
to the air table. |

11. A method of inspecting sheet material as defined in claim 10
including the steps of providing a glass sheet to be inspected, providing at
least one light source on one side of said air table, providing at least one
detector on an opposite side of said table, aligning at least one light source
and at least one detector with one of the plurality of slots in said air table,

and moving said aligned light source and detector transversely across the



extendi ng transversely across at |east a portion of the table, positioning
the air table parallel to the inclined axis, and supplyi g Drcétmiar 28BUr €
through the air table to support the sheet material along the inclined
axis parallel to the air table. 11. A nethod of inspecting sheet materi al
as defined in claim10 including the steps of providing a glass sheet to
be i nspected, providing at |east one Iigﬁr source on one side of said air
tabl e, providing at | east one detector on an opposite side of said table,
aligning at |east. one light source nd | east one detector with aope of
Che pl urali ty SBrtRbperied by i eap Rl bneRY st gkt nape e i ght
source and detBedtofor HERBversely across the 26 Decenber 2003 -11 sheet
supported by said air table and thereby scanning and i nspecting said sheet
for defects. 12. Al#et hédnethod nf pepecing shestmatareali sl dedmedahioleich 8n ¢l ai m
8 including the steps of praqvidi. ri.ghtfiel.d/ darkfield optics having

hi gher magni W@é@’iﬂ@ﬁif’ ﬁhﬁﬁﬂoﬂgg}ﬁ%ﬂ&ﬁ%ﬁ@ééﬁﬂ OPEGH hﬁg{f@t ﬁ_ﬁggeand
identifying d : i by : i -ofor

| napect | ng and Taaas RSPt B ad ARRReatding nll REMHELRLINBNEE 1y ch
. conprises: prdefedisniguad guaing ssheeingt 0 be i nspected, positioning an air
table, having at |least {w parallel slots. extending transversely across at
| east a portion of 1$:he 4mbpproved meidedfprinspaaiins agB lpeateng snisee and ti cal |
supplying air : I + %0 rt the glass sheet al ong
an inclined ag«?&f?#g%ﬁﬁé%%%%&%@é{ra%%b%ﬁgha%or a%elsé, novi ng sai d gl ass sheet
at periodic intervals qu@ﬁﬂiﬁgaa@ldggcshbgefb bxipeptedyi ding a pair of |ight

sources on one side of said-alr table )
positioning an air table, having at least two parallel slots

extending transversely across at least a portion of the table, at a desired
angle oblique to the vertical, |

supplying air pressure to the air table to éupport the glass
sheet along an inclined axis that is parallel to the air table,

moving said glass sheet at periodic intervals along said
inclined axis,

providing a pair of light sources on one side of said air table
and a pair of detectors on an opposite side thereof,

aligning each light source with a detector such that one light
source and detector are aligned with one of the parallel slots, and the other
light source and detector set are aligned with the other slot, and |

moving both aligned light source and detector sets
transversely across the glass sheet, between the periodic movement of said
glass sheet, and thereby inspecting the sheet for defects.

14.  Animproved method for inspecting and locating surface and

body defects in glass substrates as defined in claim 13 including the step of
utilizing brightfield/darkfield optics to identify defects found during the

inspecting of the sheet.



and a pair of detectors on an opposite side thereof, aligning each |ight
source with a detector such that one light source and detX@eemsdreodd i gned
with one of the parallel slots, and the other 1|ight source and detector
set are aligned with the other slot, and noving both aligned |ight source
and detector sets transversely across the glass sheet, between the
periodi c novenent of said glass sheet, and thereby inspecting the sheet
for defects. 14. An inproved nethod for inspecting and |ocating surface and
body defects in glass substrates as defimed in claim 13 including the step
of utilizing brightfield/ darkfield optics to identify defects found during
the -inspecting of the sheet. | NSPECTI ON SYSTEM FOR SHEET MATERI AL
ABSTRACT OF THE DI SCLOSHREy j i %ﬁﬁh% th for the

i nspection of surface and %%%yﬂﬁgﬁﬁﬁ?gpjfﬁi ng§%§ %?rates The gl ass
is supported by an inclined air table during the i nspection process to
provi de planar stability and m nim ze vibration. The sheet is indexed a

gi ven di stance al ong an obli . ' ar.all.el ir table and
st opped, wherein a scanning M&O% vké]-%éﬁgsgﬁﬁon opposite sides of
. the air table noves transversely of the sheet in alignnment with slots

formed in the air table, and the process is repeated until the sheet is
conpl et el y scannedAn ik$@ctidn system is set forth for the inspection of surface and

body defects within glass substrates. The glass is supported by an inclined
air table during the inspection process to provide plahar stability and
minimize vibration. The sheet'is indexed a given distance along an oblique -
axis parallel to the air table and stopped, wherein a scanning mechanism
having portions on opposite sides of the air table moves transversely of the
sheet in alignment with slots formed in the air table, and the process is

repeated until the sheet is cq_mpletely scanned.

Fig. 1



