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
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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.



surface and body defects in glass substrates. The system i ncl udes a dual
det ector scanning systemas well as a brightfield/ darkfiel4f Peragbard0&d/st em
that work together to detect, identify and classify different types of

gl ass defects. The glass is supported in a slightly off-vertical position
by an air table during the inspection process to provide stability,
particularly for |larger size substrates -#n the order of 550 mm x 650 mm
and larger. dass sheets or substrates to be inspected are positioned

adj acent _a th% ' §. Lr ? T&ﬁﬁls tilted by an angle fromthe
vertical. The I ndexed substantlally vertically,
but along an incl I; I I ght
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Following this initial Inspection process, brightfield/darkfield optics
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front elevational view illustrating t
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.



mechani smfor vertically indexing at an angle parallel to that of the air
support table, and the mechanismfor horizontally sweepi ngstiiehidbdos
delivery mechani snms and caneras. Fig. 5 is a perspective schematic
representation further illustrating the mechanismfor horizontally noving
the Iight delivery systens and the caneras in unison. Fig. 6 is a
schematic el evational view of the sections3-of the air table. Fig. 7 is an
enl arged schematic fragnental view of a section of the air table
illustrating an air_hole pattern. Fig. I's. a sche ic illustration of
what an act ual scaﬂﬁgné1%§§§@$ﬁam&B@PHeﬁﬁé@opﬁﬁﬁmﬁaﬁﬁﬁgmﬁFﬁ%éméheet.
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parallel to the inclined plane of the air table 12 by -neans of an air
cushi on suppl icadndrgs thension. t able. As will be explained in nore detail

hereinafter, the syhstrate 14 is.maved.u r.dly d dgwnwar al an
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12b and its asablifliuetiatingsin amdobkepattersecti ons 12a, 12c, respectively.

The scanni ng nechanj.sm 22 of the. ipnspection tem 12 s positioned on
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systens 24, 26, and an op y aligned dual detector system for 26
Decenber 2003 DHESCRIPTION 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



exanpl e a dual canera system including first detector 28 and second
detector 30. The light delivery systens 24, 26 are positi oggitcaib®ney3si de
of the air table 12, and the first detector 28 and second detector 30 of
the dual detector system are positioned on the opposite side of the table
12. However, the first light delivery systemand the first detector are in
optical alignnment al'ong optical axis OP-»-through slot or gap 20a, whereas
the second light delivery system 26 and the second canera 30 are in
optical alignnent along optical axis OP-2 through the |ower, slot or gap

20c. The scarfwameplaechialicemeza sHe¢es mﬂudmgs@?ﬁtaieé%%%@miz%ﬁm X aX| s

(shown by arr transyve r
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detector 32, for exanple, a camera with brightfield/darkfield optics,

whi ch is util idesectaf sysatembareipvsiticniedswatie onposite side ofthie tableebt.or syst em to
furth | | t d th t ect.
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Decenber 2003 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



-5 driven by a linear nmotor 42 through drive pulley, 46 and timng belt 48
connected to an arm 44 of the carriage plate 34. A brake 5@ p&enngebed to
the drive pulley 46 is- provided to prevent the carriage plate, 34 from
falling along the Y axis when power is lost to the |inear notor 42. A
separate |inear nmotor (not shown) is simlarly connected to the drive
pulley 52 and drive shaft 52a for operatgng the scanni ng nechani sm 22.
Referring now nore particularly to both Fig. 4 and Fig. 5, the horizontal
novenent of the scanni ng nmechani sm 22 transversely of the glass substrate
14 can be seedrivdhbdyschmedmygoioe iahirengl?drive pudisy tdtoretitinongdepiots t e si des

of the glass substrate transpor ssenbl ssenbl noves the gl ass
substrate 14 Wﬁﬁ%ﬁl} 9r1¥}6414t9fc,tg? p@rrgé@a{@légyﬁaﬁqag(b %/g}\éionF?qtg tQlet ect or
28 and the segong t
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system 26 ar ealsnpithe ffegkibwign p@ir isdostts thelimeanindibr 4T sopawates 54, 56

slide transversely of the sheet 14 along the X axis on rails 58, such as
shown in Fig. nle&rdrlowre(n@fam)ﬁ@@ml mycwb%ﬁtedm the fArivg Dvdey $2 B0, 62 are

connect ed 10kl delEEATIRUIL S RRNLIR LN AgaYst em mount 56,

respectively, NoVi ng rvery sys ens and'the detectors in

uni son al ong the Reéfsisng hbe xhbfeqeerrti&maﬂyﬁtrbwhnﬁgdwa\tﬂmg beyhed2 and
timng belt 60 for nmoving the caneras along the X axis, also drives the

| i ghting systlarsz @hgovmelxt @Sdihg spﬁn@mgrmachﬁmﬁr@czﬂ tngnavwelmfa:h@ 52a _and
drlvepulley ra tim t_62. A alro Ldl er. eys 53
at the opp05| %%bss%bq‘tqu‘ ﬁ?&nbgiq} scganugzmﬁﬁﬁﬁﬁfnn ﬁsep%sépg Ar
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patterns are shown in nore detail. The air ta 12 with its upper SECtIOI’l
12a, middle mewss the glags substerte éécsubaﬂanj;@dlymtlgabs akow tredY 28ts. i Bheshown

kg6 SRR A eUReLY, hols 86 AHSL, Sifousl Rolen, g0, pre shoun
[ oPec | catbinssianede rorau e g 1 ! g s shect
of . the fact tdeliversdgmstem 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

53 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



26 Decenber 2003 -6 portions of the glass sheet will |ose or exhaust nore
air fromthe sheet surface than centrally of the sheet, exdshhdaob@s are
provi ded centrally of the sheet in order -to provide uniformair flow

agai nst the surface of the sheet and prevent bowi ng of the sheet in the
center portion thereof. Thus, the flatness of the sheet is provided through
a pattern of pressure and exhaust holes,-6with the exhaust hol es being
sized, with respect to their Jlocation on the table to thereby maintain
-even pressure to the back of the heet across the ful] surfgﬁg t her eof .

As noted part PEEIeRY §f tha girss. sheet Wil desejor exjapstympeiagdonibeshgete 68
dj t th f Oh. : ' '
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if too nuch pressure is applied the sheet w]| own of f of the table.
Al t hough angl Esatgoeandhetthble to3hexgbybeaintain e prelsure| todbe baigk offlyg e comes

to 90, and th |l ass sheet. j.s virtuall orizontal, .the.greatgr.,are.the
b obl e encodMbAERiteR Tl guriics el noas pRsig g R GR Ehetcis
limting, an foqf i rdpi L gle o8 CalslR IR
results. In o%gggﬁegr%a%alﬁg gs%ﬁéé@t%éo&r& %E%?r%ﬁﬁfﬁéﬂ%si ti orzlled wWithits
bott om edge 1lthengdphimerfoomviaprovidge wishuppditional 8ircsupply holeg&4gbat e 34. The
centering pads 38 and 40 are utilized to ,enter the sheet n the
;:ar ri a.gt(:a. pl af‘ﬁn@%;?%érl%ﬁoﬁftpé‘?ﬁ’ﬁe ﬁgbacﬁgt F]EQ &%R%gg%ﬂnééo : i(c:a':nhact ihont

0 position ep : oy e shee
boing utilized,  oagPRadushy enbhed, fﬁr?;‘nﬁghé%ﬁﬁs?ﬁogepriu s Aleed oo " o al ow
the gl ass to agdattethe Abrtidad s6 tipgd it edpaxmllcheéo dhe olsligp YV alxid. eBrdrably t he

inclined air table 12 so . as.to %ositio an support the gl ass_sfieﬂ. 14
al ong a desi r v aqvte ppale fhould 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,



oblique Y axis which is parallel to the air table 12. Linear notor 42, 26
Decenber 2003 7 'through drive pulley 46 and tim ng bel t264%cemmyesos he
carriage plate 34 along guide rails 36 so as to nove the glass sheet 14
along the Y axis parallel to air table 12. The gl ass sheet 14 is noved
along the Y axis a predeterm ned distance and is then held in position by
the linear notor. The linear notor driving the X axis is then actuated so
as to sweep the scanning mechanism 22 across the width of the glass. Wen

the sweep of _the_scanning nmechanismi | et ed, ,the gl ass m)ved al ong
the Y axis #hetusdrd %Y%El‘éﬁ #% ABd tum M%@&Pﬁtmﬁé‘r%@%?h% 4nd opti cs

of the scan gﬂéeyglxgsss Thi s

procedur e |s%|rl(ﬂ%e§?lﬁ§qg%§§{s%$%e e%@gﬁé%géssg%%ét ?ass as been scanned. The
gl ass may be pgeyied tb&uetaﬁamﬁﬁzafl‘hu@\lwsdslhﬁemwh)mmddlqngnﬂme&’mmsadurl ng the
scanni ng, and an actual pattern is shown in Fig.. 8 when gl ass is noved

in an upwar d ppesatermine 18%@@@?111 ¢ hethangkeld 70 R?ﬁlt%oh’ebié%fﬂpw PatTern is

shown as a | thea f vie he entire
cUr face bot wldh T Sa0ar Aeiving ek rrdicS e ekt RRE pE e s ¥E it | oi e
- optics, a no¥eimithe %ﬁé&h&nﬂs‘ﬁ?zia@iﬁé tRé wAQEIGS the1668. W@i‘e\fﬁh@ swweppg of the
scanni ng mechani sm provi des :conpl ete coverage of the sheet. The nption

al ong the X tnelscaranieg nicchevisur Bl domlwdwﬂza glass somoved aldngdbechpes.
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o Turther © el inailodibnldifoffiidiel BuR: fiRkotssiiontand Thisi ng the

initial scanning process ocate a particular X coordi nate, the
gl ass is novetbcedard isaebbyted whtiithe antiee aheﬁt@ftgﬂmswaas)b@naﬁﬁ:dnnh@ Theect or s

are noved hoyizontally an X djstance al oag}thg X aXIcﬂ. The O‘grtfl cs of the
third detect8 383’?"% & Boxef iy RERCHAR APH A AR, FndIPRKATHE THFRHE scanni ng

detect ors. sOuhRk ehb M MURECMPAR oLl vierihl chodHih 352, § bmehatbl ol ¢ 1S

on, its size, ay an 1 nage of e particle so it can be
further char gtarselis aeced As amdplwarliq:oanmnedhhheuiglbyhet trase 78kifithed in the art,
al gor ' ths chOa\Axf]ng pgiptgrr? Est sfﬁ)%vnn 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



be utilized to identify and characterize defects such as scratches and
particles in the sheet of material being scanned. Those skKiélDweehnten20dse art
26 Decenber 2003 -8 will appreciate that the algorithmused to accept or
reject a defect will be determned by the material being scanned, as well
as the acceptable size of the defect for_a particular application.
Al t hough we have discl osed the nOM/prefe#?ed enbodi nents of the invention,
it will be apparent to those skilled in the art that various changes and
nmodi fi cations be de, t har et;0 Wit hQu i Ir t hRit and
scope of the Vﬂgé%?]‘i%%%%gh%te efa&g?ﬁh}nrll S%%%%g% rtlggéeJce g}arﬁ%fec&%ﬂ@genber
2003 -9 What d&e%ﬁiéﬂﬂ%' e mhterMINRESE bGarfmel, hOSRECd N fhesiablasies bal
conprising: an inclined air table- positioned in a plane parallel to a
first axis viliedefédqtdor apanticelaykpplieaticne vertical, means for noving said
sheet material alo sai,d first axis paral l.el to sai,d air table and
physi cal |y suppor %%h‘deéwaﬁtd?ﬁ?l&%a{%ﬁ? nOFRefeFr ﬁESH@OE}HP?%‘{ﬁ@gg‘é
portions of sabengheat wikive a}g,apéa/t {3RA0S: L1013 YRRRE biDehaAdSicteet materi al
parallel to, and at a ée5|r distance from said air table so as to avoid
. physical conthangesvahth osedifiesttormanty besnade Sardteswahpnt depantinygfromaihe, and
means for noving sai.d scann|ng neans al ong. a,second axi i.ch lies
transversely R854 GEomed e SRE LY S LaP bR ereBEn il BGE. 5
Apparatus for inspecting sheet material as defined in claim 1 wherein said
inclined air table has a first slot and a second slot fornmed across the
surface thereof parallel with said second axis. 3. Apparatus for inspecting
sheet material as defined in claim2 wherein said scanning neans i ncl udes
a first detector and a first light source in alignment with the first
slot, and a second detector and second



| i ght source in alignment with the second slot. 4. Apparatus for inspecting
sheet material as defined in claim1l wherein said air talls®desmtpsevizded
with an air supply hole pattern to supply air 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 shéet material as defined in claim1
wherein said neans for physically supporting bottom edge portions of said
sheet include ans, f.or .centering said sheet on said support neans. 6.
Appar at us for " HEFECIEMEddteet material as defined in claiml wherein said

inclined air tableqhas a*?l?srfo&qﬁ%et:flglgﬁﬁeé{ﬂﬁ%yﬁéls&ﬁﬂp &aposs surface

portions thereof, Said sheet nateria ransparent, andr126 Decenber 2003
-10 wherein said scanniaimgintiasé aimabicesitiofied i a lplaid pabedliel és y fayst em and
first canmera positioned on opposite sides of said air table and in

al i gnment  wi t &8 gHuckfies af ananele tothei witictor ned therein, and a second

[ight del{very system a0l SR8, SATRIRLELARGRAPLILGNGN A0ORROSI ®

sides of said air table an in all ano sal d open

. portions forngtallebieédid air taPandiplhgsically suppatinggnid Rbeét matatiilal as
defined in" claiml including brightfield/ darkfield optic neans formng a

part of said sdelsimilong befsemedgeporaonsel sadd sheetdef ect s detected during the

scanni ng of said sheet. . 8. net had. of i ectin e ri i ch
conprises: supporting flgﬁ‘épéﬁy 5?83195&% %%éﬁh%gm%gasail%g%%%t&éa%gﬁagrﬁﬁ%é%gw
inclined axi stob¥ndedasddiredidistRhes it salPair@dbladd ¥ f0aV0Ig phgsidasheet of
material a predeterm ned distance along said inclined axis, and scanning

at | east one watddddtbiusface potiens ofsaistshdetal ong an  axis transverse to
said inclined axis. 9. A nethod of inipecti ng sheet material as defined in
claim8 including the S¥H"eHPsPBAl |y supporting the sheet of materi al

solely along bottom edgaRabt HRmOEail RBas@S means along a second axis
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



10. A method of inspecting sheet material as defined in claim8 including
the steps of providing an air table having a plurality of 2sIDet@nbeexemndi ng
transversely across at |east a portion of the table, positioning the air
table parallel to the inclined axis, and supplying air pressure through
the air table to support the sheet naterlal along the inclined axis
parallel to the air table. 11. A nethod'1§f inspecting sheet naterial as
defined in claim10 including the steps of prOV|d|ng a gl ass sheet to be

i nspected, proyidi.ng a | east one i SO e side of said air
tabl e, provi d‘("\nl‘ﬁre&fl%ﬁlégﬁan&%g n&é‘flé&’ﬂ‘gl*&%?nagﬁ %&%Eﬁq}é’%}’ gestem ang gl‘ﬁfabl e,
al i gning at 5@@% e of
the plurali ty@zﬁ?é 0;(5;;[%5151%)1%@%%1? (?:S‘r?tet &tsama ﬁﬁ%@ﬁaﬁ%%ﬁ%h%ﬁn‘g@%&% '
source and detwscofwaid bpes peﬂscﬁisyfoméd)sheﬁehle, a&ﬁi Deemﬁdellig]:aﬂﬂﬂlveislsﬁéteﬂlt

supported by sajd air table and thereby scanm%gqand |nspect| nﬁdsai d sheet
for. defects. aBd aﬁe?@tdﬁﬁéﬂ%ﬁaaﬁ%%‘aﬁlpﬁgdgﬂéépo aidespl sid ar tade and clai m

8 including pr gg{ eptics having

hi gher magnit |ca%Sr ttﬁgltk %étl useé?c[b éblgtcog{r?%%%lﬁ th%r Iugcati ng and

- identifying defectg fO%adﬂfderrﬁﬁ@@Bﬂlﬂgshé& mAteri AN sCedthedgh RO nd or

i nspecting and | ocating surface and body defects in glass substrates which

conpri ses: pr!@ohkﬂhm\@balgbt%@é/dgnié@@ldtqptmnemmug apost of eaidsgaaningi r
tabl e, havin transve sel,y,across at

di
ooet o oor ¢ g BEeviehSnBA0G deficrSa foBeed YhBNE Do 00N B PRIEEE Voo, ©

supplying air pre$§urePIﬂleﬂﬁtﬁ‘i@fms%&l@iréélﬁeﬁﬁpd%@fﬂalWh@clﬁécﬁﬁﬁns@sheet al ong
an inclined axis that is parallel to the air table, noving said glass sheet

at periodic intervals ahpperiBe aisheed|of mextenial & b@nmpedltendgalan@anr of Iight

sources on one side of .said air,table and a pair of detectors on an
opposite sidé ?%%cgﬁls by means of air pressure

periodically moving said sheet of materlal a predetermmed
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



aligning each light source with a detector such that one light source and
detector are aligned with one of the parallel slots, and tXdd®eothies 2003 ght
source and detector set are aligned with the other slot, and noving both
aligned - light source and detector sets transversely across the glass
sheet, between the periodic noverment of said glass sheet, and thereby
inspectlng the sheet for defects. 14. An- yhproved nmet hod for I nspecting and
| ocating surface and body defects in glass substrates as defined in claim

13 includi t te f d/ dar kf i
dent 1y et echeet R brigid AL R AR OB SR GRLERb B on
SYSTEM FOR SHEEd=tNBY BR=fls. ABSTRACT OF THE DI SCLOSURE An i nspection system

is set forth for the inspection of surface and body defects within glass
substrates. The gra8s iAmethdrolfén‘spbyting\she&ﬂmamtialeaisrdafhtelde'ndﬂaiirmg t he

i nspecti on process. to vid Ia n|m ion. The
sheet is inde §1 the iRl preadites %ﬁeifﬁ-{ﬁﬁglﬁgﬂ M&ss Vﬁ}ﬁb}éﬁgh?’b t he
air table and ...oNn
opposi te sidesd em;l.”?ﬁ gﬂﬁ%ﬁé{s‘ﬁ%@%ﬁ%@%r o pIT Lot Rl iR

. alignment wi t&e&bﬂtfsuﬁdﬂmﬂglsaahhmgalr table, and the process is repeat ed

until the sheet is_co etely scanned., . Fi
13. rrpAn mp¥oved method for Lrgspectmg and locating surface and

body defects in glass substrates which comprises:
| providing a glass sheet to be inspected,

positioﬁing 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.





