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_(57) Abstract

A system for detecting imperfections of one planar surface (17) of a disc-shaped glass master (1) and rotating the glass master (1)
beneath an illumination source (9) and a video camera (15) or other device for receiving light from the illumination source (9) that reflects
from the surface (17) under study, The camera (15) is oriented to receive illamination reflected only from an imperfectly fiat portion of the
surface (17) being inspected. The camera (15) has optics with a depth of focus less than the thickness of the glass master (1). The signal
received by the camera (15) is processed by a template algorithm to compare the light level received with that from an assumed fiat portion
of the disc (1). If a significant discrepancy is found between the light reflected from different radii, the disc (1) is rejected.




15 the surface and arranged in a spiral path. The pits have nanonet er

di rensi ons’ and are forned by injection nolding agai nst a nold having
correspondi ng rai sed regions. The i nformati on stored on the conpact
disc is'recovered in a reader, usually called a player, which rotates
the 20 conpact owaesnarst gui des a | aser device along the spiral PCUVIBTPEEk as
the conpact disc rotates. The presence or absence of pits under the

| aser is detected as a change in the lum nance returned fromthe
surface directly bel ow the laser. In this sRanner the length of the pits
I's 25 detected and decoded as dat a. The creation of a conpact
disc requires the construction of the nDId to be used in an injection

mol di ng process. In order to nmaSSLASSOM ] : INSPECT®Ract di scs
several stanpers are prepared since each 30 has only a reasonabl e nunber of

uses before it is degraded in the mol di ng grocess These stanpers are
prepared by coating thin netallic | n WO
98/ 10268 This invention relabéd/ tBMHS kkwdhifacture of

compact discs for the optical recording of digital data.
5 1In particular it relates to the guality control of the
preparation of the surface of the glass substrate of the

optical disc master during the manufacturing process.

Background Of The Invention
Compact discs are record carriers for digital

10 or analog information, for example audio and/or video
information, which have the form of a flat disc-shaped
plastic surface on which a data modulated optical
structure is provided in accordance with the information.
The data is formed as pits of varying length present in

15 the surface and arranged in a spiral path. The pits have
nanometer dimensions and are formed by injection molding
against a mold having corresponding raised regions. The
information stored on the compact disc is recovered in a
reader, usually called a player, which rotates the

20 compact disc and guides a laser device along the spiral
track as the compact disc rotates. The presence or
absence of pits under the laser is detected as a change
in the luminance returned from the'surface directly below
the laser. In this manner the length of the pits is

25 detected and decoded as data.

The creation of a compact disc regquires the
’ ' construction of the mold to be used in an injection
molding process. In order to mass produce identical

' compact discs several stampers are prepared since each

30 has only a reasonable number of uses before it is
degraded in the molding process. These stampers are
prepared by coating thin metallic layers upon a surface



- 2- having the inverse pit pattern, i.e. raised areas where pits
are desi'red in the next generati-on of copies. The process begins with a
surface*call ed the glass naster. The gl ass naster is the
first generation in the 5 nolding process havi ng the data structure
desired in t hewossn@2esnal conpact disc. The glass naster. i s a rorgBImpzi ty
flat, glass surface onto which is coated a photo-resist material. The
coated gl ass master is rotated bel ow a | aser that noves radially
outward fromthe center of the 10 glass nmastersform ng a series of exposed
and unexposed areas in a spiral track along the surface of the gl ass
master. The |aser intensity pulsates in accord with the data to be
recorded on the giaaﬂngnthéeiavé’f@emm@atternr esi6t fmtﬁd alrdas where

gLTerent il Y etaiet b dlogels B bl 938, HHBed PP GBAGIORHA, 1,

t he desired dmoa:e8$hbegilaswnﬁstaersursfatchenatbademw gkass mastent al
layer, typically by a metappgdeppsdd iy e Pegdrlalt il ?5 L8
removed to formthe second generatlon 20 OFQ EPﬁlﬁlrJ ??aces éh €

deposited wit P affcdddPgi BRaFess having the datal SFﬁu%ﬁ“é? é%q%le:eﬁouam RBeDbat h.

“The critical di nﬁl&iaqn&oﬂfaaéﬁediﬁ?mm @lta§soﬁlasterti'§ Hliagh yaheeyare of

~the order of ma de_ of the wavel e of visible |i ht Accordlngly,
it is critical ggy]tag gdadei Purface mt& é" dé?ac?%l':"o‘& %&?‘trﬁé §Fass

mast er surface t aitetrialgl aBlke nesdtasd WafsaCﬁaEEekem rotﬁ@ameubmoughout
their entire Couﬁ%%e?ftﬂgggﬁOVég féﬁially outward from the center of the
10 glass master forming a series of exposed and unexposed
areas in a spiral track along the surface of the glass
master. The laser intensity pulsates in accord with the
data to be recorded on the glass master. The photo-
resist material is differentially etched in an acid bath
15 so that the portions exposed by the laser dissolve,
thereby leaving a series of pits corresponding to the
desired data. The glass master is then coated with a
metal layer, typically by a metal deposition chamber.
The metal layer is removed to form the second generation
20 of molding surfaces and is deposited with an additional
layer of metal in an electro-forming bath.

The critical dimensions of the recorded pits on
the glass masfer are of the order of magnitude of the
wavelength of visible light. Accordingly, it is critical

25 to reducing the errors in data recording on the glass
master surface that the glass master surface be kept
clean throughout their entire course of usage. It is
extremely costly to discover that a master is too error
prone only after the time consuming process of recording

30 all the data on the surface and performing the acid
etching steps have been concluded. This is especially
true where the glass mastering step is part of a mass
production line.

There has been consideration of the detection



extrenely costly to discover that a master is too error prone only after
the time consum ng process of recording 30 all the data on the surface and

performng the acid etching steps have been concluded. This is
especially true where the glass nastering step is part of a nass
producti on |i ne.wo 9810268 There has been consi derati on of RGTABITA1232
det ecti on ; WO 98/ 10268

PCT/ 1.B97/ 01232 -3- of defects in
or on glass surfaces in the prior art. In paBtt+cular, U S. patent

4, 306, 808 issued Dec. 22, 1981 for a "G ass flaw inspection systeni.
ThIS system . enployed a |laser to scan |lines across the surface fron1a 5

very high angl e of dindie§erte im oF oy dlasgesurfages etd sthe pPrd@fsédtpy {fn
dripping onto the @333cula®, a4 EePatent 2,3b%, 806 iWﬂ@y »2, 1984 for

" Appar at us for detectlng cut - edge flams in glass pl ates" In this
for a “Glass flaw 1nspectlon system”. This system

' employed a laser to scan lines across the surface from a
5 wvery high angle of incidence in order to detect defects
caused by tin dripping onto the glass. U.S. patent
5,311,276 issued May 10, 1994 for “Apparatus for
detecting cut-edge flaws in glass plates”. 1In this
system, light from a linear light source was received by
10 a l-dimensional imaging device so that flaws in the cut
edges of the glass were detected by a discriminator.
U.S. patent 5,343,288 issued Aug.30, 1994 for “Optical
evaluation of automotive glass”. 1In this system a light
‘was directed in narrow elongated beams. A line scan
15 camera array system scanned the display area and
produced signals indicative of the position of images of
the beams reflected by the opposite surfaces of the
windshield. U.S. patent 5,309,486 issued May 3, 1994 for
“Non-contact flaw detecting for cylindrical nuclear fuel
20 pellets”. 1In this system'surface flaws were detected by
using a line scan camera to record a series of scans and
pixel values were compared to thresholds. U.S. patent
4,914,828 issued Apr. 10, 1990 for “sSurface inspection
device and method”. This system measured surface
25 irregularities on curved automotive glass by calculating
the local radius of curvature between two points. U.S.
patent 4,874,940 issued Oct. 17, 1989 for a “Method and
apparatus for inspection of a transparent container”.
* This system inspected the bottom of a container for
30 internal stuck glass or foreign material. It used a
! linearly extending line of light, which when reflected
from a defect exceeded a predetermined threshold value.
U.S. patent 4,741,042 issued Apr. 26, 1988 for an'image

processing system for detecting bruises on fruit. The



system light froma linear |light source was received by 10 a 1-di nensi onal

i magi ng' device so that flaws in the cut edges of the glass were
detected by a discrimnator. U S. patent 5,343,288 issued Aug. 30, 1994
for "Optical eval uati on of autonotive glass”. In this systema |ight
was directed iwomsgno2esv el ongat ed beans. A |ine scan 15 caner 2canBesmigst em
scanned the display area and produced signals indicative of the
position of inmages of t he beans reflected by the opposite surfaces of

t he w ndshield. U S. patent 5, 309,486 issugd-May 3, 1994 for
"Non-contact flaw detecting for cylindrical nuclear fuel 20 pellets". In
this systemsurface flaws were detected by using a line scan canera to

record a series alystemnsmphdyed apiitsed scahueameraectcashpariod at serrfieeshbl ds.

U. S. patent 4, LS . , 90, f : fa i t]
devi ce and net ho@&h%??%%s?gﬁngnége;uﬁé ts%‘rgf g%egé‘-sa%gr'egu aer_??'lggg 48%9
curved autonotivergicessetyteoadeteming size pifebrutse bwdiasamdngchabt ure

bet ween two poi ke UiPeular Qk?én;g%totdﬁaB?c%g?ég beSYEEE{Fing btayl989eior a

"Met hod and apparatus for ection a_transparent” confainer”,
This system i isp&tedddt Re bpEewprefied asomt RrHépef orV D) indtental - 4Pdck39l ass

or foreign materiiglsuelit sepedea 1983 lidieaThgpest e o ddstanefs~.i ghat, which

when refl ected froma defect exceeded redet erm ned _t hreshol.d _val ue.

U'S patent 4. 7aFas3vied EansEs £5@Enbiosd, BRELs ik ARt SRR Ry 0

. system for det ectdefgchisui s8ssSonpdternt 4,36, 960 issued Jun. 22, 1982 for
“Apparatus for detecting the presence of surface

10 irregularities in articles made of transparent material”.
This apparatus detected spikes on the inside base of
glass containers, which were passed rotatably over a slit
having an opaque line in the slit. Two light sources
emit light that refracted at an oblique angle through the

15 container base into a diode camera when there was an
irregularity. U.S. patent 5,204,911 issued Apr. 20, 1993
for an “Inspection method using unique templates and
histogram analysis”. This system was used for detecting
defects in products either stationary or on a production

20 line. A line-scan camera was used to compare an image
with values stored in a matrix corresponding to
geometrical grid areas of the product. U.S. patent
5,147,047 issued Sep. 15, 1992 for a “Pellet inspection
system”. A linear portion of the pellet was inspected

25 and digital data generated that is compared to a
standard. During inspection the pellet was moved
axially. U.S. patent 3,962,538 issued Jun. 8, 1976 for a
“Flying spot scanning system with virtual scanners”. 1In
this system a symmetrical arrangement of prisms scans

30 were made across a medium having a planar surface. U.S.
patent 4,319,270 issued Mar. 9, 1982 for a surface
inspection system for hot radiant material”. This system
used a multi-camera system on all sides of a hot radiant
material transferred along a predetermined transfer line
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- 44 ' systemenployed a |line scan canera to obtain a series of gray
| evel s fromthe fruit as it rotated. The inage was processed to
determne size of bruise by assum ng that the circul ar shape of a
regi on of differwopsyezsy | evel 5 should be interpreted as a br RCHEBITIL
patent 4,403,230 . issued Sep. 6, 1983 for "lInspection of castings". A
revol ving canmera i s enployed during the inspection for defects. U. S.

pat ent 4, 335,960 issued Jun. 22, 1982 for '“Appar at us for detecting the
presence of surface 10 irregularities in articles nmade of transparent
material". Thi s apparatus detected spi kes on the inside base of | ass
cont ai ners, which Were passedltboughbtlye avsior agiti has bhmim%ﬂfkﬁﬁawg

line in the slit. %&Hbtct%%r 68Sthe égdlag.ilttg g gl 1855 aGlofb s ARd

obl i que angl e through the 15 contai ner base Into e canmera when there
was an i rregul 3% ysed gptigadneystems, @lﬁqt%l}éﬁeAB‘Pe presengg3of 1 of

an "lnspection net mm&m®ﬂhﬁﬁelé§Mﬂ@%@%e sysheﬁgogﬁ;aéaﬁraaiawea"
Thi s system vas é’sed (O ne SHER! tRE specfi] §cbiehs"eR28EhEefed "l compact
stationary or on a
dlSC manufacture. In particular what is needed is a
system for determining the irregularities of micron
dimension in a glass substrate that is intentionally
coated with a surface having pits of nanometer dimension.
10 Moreover, the inspection has'to ignore the remote surface
of the glass master and therefore an equally reflective
surface whose flatness is essentially immaterial to
guality control. Furthermore, in most of the prior art,
no advantage is taken of the fact that the surface to be
15 inspected in a flat disc, which feature greatly enables
the present process to be speeded up over that prior art
by rotation of the object to be inspected..

Brief Description Of The Invention

The present invention is a system for detecting
20 imperfections of one planar surface of a disc-shaped
glass master. The system includes a self-centering chuck
for retaining said glass master and allowing it to rotate
beneath an illumination source, preferably a highly
columnated and focused source directed at the upper
25 surface of the compact disc so that it illuminates the
surface under test along only one radius. By one radius
1s meant a narrow slit of the disc along a line from near
) its center to the edge of the disc or along a portion of
_ a diameter. It is not necessary to include a central
) 30 portion of the disc where no data is usually recorded.
The invention also includes a video camera or other
device for receiving light from the illumination source
that reflects from the surface under study. The camera



20 line. Aline-scan canera was used to conpare an inage w th val ues

stored in'a matrix corresponding to geornretrical grid areas of the
product’. U.S. patent 5,147,047 issued Sep. 15, 1992 for a "Pellet

I nspection systenf. A linear portion of the pellet was inspected 25 and
digital data (gemesrteeésd t hat is conpared to a standard. DeCTAR§7/01232

I nspection the pellet was noved axially. U S. patent 3,962,538 issued
Jun. 8, 1976 for a "Flying spot scanning systemwth virtual scanners".
In this systema symetrical arrangenent-of prisns scans 30 were nade
across a nmedi um having a planar surface. U S patent 4,319, 270 issued
Mar. 9, 1982 for a surface I nspection systemfor hot radiant material".

This system udedaadetecticmmeanssy vhéghohs adtieities tof reckadver adi ant

caterlal transtengindn2Bfof MAKHYILALY EEERSAP lidde®octly £1at YO

98/ 10268
-5- portion of the surface being inspected. In order not to

be affected by light reflected from the "uninteresting”
5 surface of the disc the camera has optics for receiving
said light which has a depth of focus less than the
thickness of the glass master.
A stepping motor or other means for rotating said
glass master is used to turn the glass master through a
10 number-of positions during at least one complete
revolution while it is exposed to the light source. The
signal receive in the video camera is then processed to
compare the light level received with that from an
assumed flat'portion of the disc. If a significant
15 discrepancy is found between the light reflected from
different radii, the disc is rejected.

Brief Description Of The Drawings

Figure 1 is a perspective view of the glass master
in an inspection station of the present invention.
20

Detailed Description Of a Preferred Embodiment

Figure 1 shows a stage of an assembly line for the
production of glass masters. A glass master 1 is brought
by a conveyer belt 3 into an inspectioh chamber (not

25 shown) where it is detected by a2 sensor 5. A self-
centering chuck 7 engages the glass master through a hole
in its center. The surface of the glass master may at
this point be uncoated, or coated with various materials
including, but not limited to surface preparation or

30 metalization layers. The surface is illuminated by a
light source 9, which illuminates at least a narrow
radial strip 11 of the surface of the glass master. The



Al t hough the prior art has been concerned with t he detection of the

irregularity of glass surfaces and has used optical systens to
determne 't he presence of ‘such irregularities, none of the systens
appear adapted 5 to cope with the special problens encountered in conpact
di sc manuf act ur WOMBMA068rti cul ar what is needed is a syst enPGIABITO1232
determning the irregularities of mcron dinension in a glass substrate
that is intentionally coated with a surface having pits of nanoneter '
di rension. 10 Moreover, the inspection has to- gnere the renote surface

of the glass nmaster and therefore an equally reflective surface whose
flatness is essentially immaterial to quality control. Furthernore, in

most of the prior bktuminating ddehhtmar be femwmedonarnewlucto tHat tite
surface to be 15 igsdeGidtd pridvvade! 8ibstsrtiadtiiaNuhgabYE Bn 06 LN 1RMRN] es

the 6bj ot tb be i REpRGRedY of the 81838 nasker Bl HofveBar o1t A7 TG

I nventi on td heer qargyee sichnaena roow | focuss aside &t f bhe dedmetting 20

| mperf ections of Ofﬁ[@m{% o e @ﬁglo;ex?gﬂ{ ¥ $33P¢daial 9&?33;? fEster. The
selT-C uc f

systemincl udes a entering C or Tet arni ng sai SS nast er
and allowing it tcAcanatingly, Bénéatbrefertdditionampdnysauliee st c@amery a
hi ghly col urrnaf@(h-alrb%tfl Ugsdes | t 15hgsUpRET surface
of the conpact di ST s0 1t hat 9iCt ?IFU%H%;?%%:{ ﬁsglmcas%rrfgceﬂgﬁ elr%t est al ong
only one radius. BRGRE widhysprtics whoge entngfs Sacysi does e XHSSLVEl ong

a line fromnear detdils @@NigghtOoehiet&doeron thee1divee Sirsd@NA R partion

of 10 line scan camera is preferred for this operation because
it is capable of much higher spatial resolution than the
traditional two-dimensional photosite video cameras,

A servo-motor 19 drives the shaft 21 and the chuck 7
to cause rotation of the glass master beneath the camera

15 15. Prior to rotation of the glass master, a reference
line of video data is collected from the image of the
glass beneath the line-scan camera 15. The illumination
source 9 is preferably an incandescent illumination that
employs precise angles of incidence (depicted in the

20 figure as lines emanating from the source 9. These
angles are chosen so that a glass master without defects
appears "dark" to the camera. Defects, such as the bump
23 in the view of the camera will appear "bright" to the
camera.

25 The image of the camera is divided into pixels.
Preferably 2048 useable pixels are employed across the
array of the line scan camera. If all the pixels of the
image generally appear "dark", the image is accepted as a
reference image. If any pixels appear to be "bright" the

30 glass is repositioned by rotation for a proper reference
line until such a reference line is found. Where the
surface has been metalized, it is possible for defects to
appear bright or dark, the darkness being associated with
the absorption of the light at the imperfect surface. It



a dianeter. It is not necessary to include a central 30 portion of the disc

where no data is usually recorded. The invention also includes a
vi deo canera or ot her device for receiving light fromthe illum nation
source that reflects fromthe surface under study. The canera

WO 98/ 10268 woO 98/10268 . PCT/ | B97/ OXQUIBI7/01232

76- ~Is a detection neans, which is oriented to receive

illumnation reflected only froman inperfectly flat portion of the :
surface being inspected. In order not to - gbhe affected by light reflected
fromthe "uninteresting” 5 surface of the disc the canera has optics for
recei vi ng said |light which has a depth of focus |less than the

t hi ckness of t hisgtlass nmrstssary to estallisheppitegpdster vatuet #ed %Rans for
rotating said ?Hgonsstdﬁifsskﬁﬁ:h' ShESG10&s ¥ rafﬂl%rgh%3§a5§§I e4nd Marugh a

10 nunber of p05| ng at east one conpl ete
merely rely upon the simple association of brightness

with imperfection and darkness with perfection.

5 Since the bottom side of the glass master is not
important to the inspection, the camera lens is chosen
such that the depth of focus of the optical system does
not resolve any flaws contained on the bottom side of the
glass.

10 To acquire é reference line an image processing
algorithm known as "template matching" is used. It
operates as follows: The line scan camera employs 2048
usable pixels across its array. The reference image is
comprised of 2048 8-bit (0-255) intensity values which

15 correspond to the actual intensity distribution of light
across the linear array. If the scan of the glass is to
reveal no defects, the test intensity values should
remain near the reference value within some small
tolerance value. If the scan of the glass is to reveal

20 défects, the test intensity values will deviate from the
reference intensity beyond some tolerance which is
predetermined by experimentation and practical
specification. It has been found acceptable If the
tolerance value is approximately 0.8% and the deviation

25 be calculated as a mean square value of less than 0.6%.

The glass master is rotated through angles so that
the different radial scans slightly overlap at their
edges. The stepping motor is then advanced until the
entire surface has been scanned at least one time.

30 In the event that a defect is detected, a signal is
generated to begin the removal of the flawed glass. The
process is then repeated for each glass master in the
production line.

While there have been shown and described and



revolution while it is exposed to the |ight source. The signal receive

in thevideo canera is then processed to conpare the light |evel
received with that from an assunmed flat portion of the disc. If a
significant 15 discrepancy is found between the |light reflected from

di fferent radiiWOOBE268 sc is rejected. Bri ef PRSI on
O The Draw ngs Figure 1 is a perspective view of the gl ass

mast er in an inspection station of the present invention. 20

Detail ed Description O a Preferred Enbodi nent 9 - Figure 1 shows a
stage of an assenbly line for the production of glass masters. A gl ass
master 1 is brought by a conveyer belt 3 into an inspection chanber (not

25 shown) where i Poidtest eutetheyiundanentalsnogesefeatures @inittde ng chuck 7
engages the gl ass jiR&neiohhaSUSPP A dWP!t® preflelrblSefSsd MientBhaneebaceiof
t he gl ass master rrvgél a this ‘F‘i?”]{ be uncoated, or coated with various
material s i ncl 'ln&,e BoEeRRtod iatd vAg10HF 1 RESHHEHARY on or 30
nmetald zati on | ayersubsthieusiiohacand schdriges dat eHebform and |degiati lsooifcehd,
whi ch il lum nates | ea 0 .radi al | Ds f e rface of
the gl ass mast e5re. c%hlé.cg $318sCRILEY ana irP9+8! oBbEAPidd Ry Hee nilde! BG

those skilled in the art without departing from the

spirit of the invention.
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-7--+ - “illunminating Ii,w [l r"'MHﬂd narroMy so that it does
not provide substantial il : Sl ithe | ower surface 13 of the
gl ass master. However it is difficult to arrange such a narrow focus
and at the sawessmoresto 5 illumnate the full length of thecrsyminzatrip

11. Accordingly, it is preferred to enploy a |ine scan canera 15
directly above the upper surface 17 of the gl ass master with optics

whose depth of focus does not resolve detygj Is of |ight ¢m _ i '
| ower surface 13. A 10 line scan canera is preferred for thi-?{tcl)%gﬁE TA%IEKE éﬁN
because It is capable of much higher spatial resolutionlthan s .

traditional twoWhateds edaimpdoi®site vi deo cameras. A servo- not or
19 drives the shaft 21 and the chuck 7 to cause rotation of the glass
master beneath the camera 15 15. Prior to rotation of the glass master, a
ref erence | ilne ofppatabudafer i detreritiingy doperbections mdfyenef pilhear

glass benealh tlg,ldpe- 8638 APDELdkd HiGels! hUTLOBHEAN use 1301HES O 1S
preferably an incandescent illum natton at enpl oys precise angl es of
i nci dence” (depi ®FOGUCkiPReCSOCPTRAFe Heqsi fo5 Ehanaptirpk maeorsdngonfce 0.

These 5 data comprising
self-centering chuck means for retaining said glass
master,
illumination means for focusing light upon one
radius of said one planar surface by passing said light
10 through said glass master,
detection means for receiving light from said
illumination means reflected from said glass master, said
detection means oriented to receive illumination
reflected only from an imperfectly flat portion of said
15 one planar surface,
wherein said detection means comprises optics
for receiving said light, said optics having a depth of
focus less than the thickness of said glass master,
means for rotating said glass master through at
20 least one complete revolution while exposed to focused
light from said illumination means,
means for indicating rejection of said glass master
when the light level received by said detection means
exceeds a value determined from prior light levels

25 received from said glass master surface.

2. The apparatus of claim 1 wherein said detection
means comprises a video camera and said value of light
determined from prior light levels comprises light .levels
cbtained prior to rotation of said glass master surface.

30 3. The apparatus of claim 1 wherein said detection

means comprises a video receiver that resolves the light

This Sheet Hﬁs Been R
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angles are chosen S gl ass master w thout defects appears "dark"
to the ca “‘mﬁﬂﬂiﬂg ‘i}ﬂﬂb ‘as the bunpg w of the canera
will, appear camera. @FHIS SHEETI'HASlBEEU_ of the canera is

di vided into pi el s. Preferably 2048 useatRE(PLACE@I s arfe enpl oyed across
t he array ofwae psioké8ne scan canera. || f t h@CTB0R}e
general ly appear "dark", the inmage is accepted as a reference image. If
any pixels appear to be "bright" the 30 glass is repositioned by rotation
for a proper reference line until such a refanence line is found. Were
t he surface has been netalized, it is possible for defects to appear
bright or dark, the darkness being associated with t he absorption of the

light at the inperfrefdechefdafeom |said glass myeres/IUx6s plurality of

PCT/ 1 B97/ 01232 pixels and said means for indicatihg rejedtiohhdsmpeesssary

to establish a tenplate value and to
processing means for comparing light values to the

-t intensity values of said pixels.

5 4. The apparatus of claim 1 wherein said detection
means is located directly above the position of the glass
master under inspection,

S. A process for detecting imperfections of one planar
surface of a disc-shaped glass master for use in the
10 production of compact discs for the optical recording of
data comprising the steps of
(a) placing the glass master on a self-centering
chuck,
(b) illuminating said one surface of the glass
15 master along a radius by directing an illuminating light
through said glass master inclined at an acute angle with
respect to the axis of the disc~shaped glass master,
(c} receiving light reflected through said glass
master from said one surface in a detecting device
20 oriented to not receive light from perfectly planar
portions of said glass master,
| (d) recording a set of pixel values from a first
operation of step (c),
{e) rotating said glass master through at least one
25 full revolution and comparing value of light intensity
received with those recorded in step (d),
v (f) rejecting a glass master if the comparison of
step (e) provides values in excess of those from a first
operation of step (c).

30 6. The process of claim 5 wherein said values from a
first operation of step (c} are averages of several
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conpar e this different radii, and not ch:"
upon-the -si npl Imgmﬁ“nwm Hﬂj bri ght ness wth i rrperfei d’%érﬁéEN
wi th perf-ections I'sices L he bottom side of the gl asg_mast L%CHbt
|nportant to the inspection, the canera |lens is chosen such that tThe '
depth of focwpgeiobdse optical system does not resol ve anypchhBemi232
cont ai ned on the bottom side of the glass. 10 To acquire a .
reference line an i mage processing al gorithm known as "tenpl ate
mat ching” is used. It operates as followsj, The |ine scan canera enpl oys
2048 usabl e pixels across its array. The reference inmage is
conprised of 2048 8-bit (0-255) intensity values which 15 correspond to the
actual intensitwghgdg. bution of |ight across the linear array. If the
scan of the glass is to reveal no defects, the test intensity val ues
shoul d remain near the reference value within sone small t ol erance
value. If the scan of the glass is to reveal 20 defects, the test intensity
values will deviate fromthe reference intensity beyond sone tol erance
which is predet erm ned by experinentation and practi cal
specification. It has been found acceptable If the tol erance value is
approxi mately 0.8% and the deviation 25 be cal cul ated as a nean square
val ue of less than 0.6% The gl ass naster is rotated through
angl es so that the different radial scans slightly overlap at their
edges. The stepping notor is then advanced until the entire surface has
been scanned at |east one tinme. 30 In the event that a defect is
detected, a signal is generated to begin the renoval of the flawed
gl ass. The .
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process is then repeated for each glass master in the production |ine.

Wil e there have been shown and descri bed :and_ WO 98/ 10268
PCT/ 1 B97/:01232 ' - 9- pointed out the
fundanment al novel features of the invention as applied to preferred

enbodi ments theweo/io2s8 Wi || be understood that various om RGHGREMURE
substitutions and changes in the formand details of the 5 device ,
illustrated and in its operation may be nmade by  .those skilled in the art
wi t hout departing fromthe spirit of the invention.

1/
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sel f-centering chuck neans for ret a| ning said_gl ass master
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Apparat us for det ecting: |rrperfect|ons of. -

ed gl ass master for use i
ég At tional application No.
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DK,

rtlomnation
surface by p3
‘means fer reg
gl ass, master,
refl ected onl
wherein said
recei ving sai
t hi ckness of
t hr ough -at
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det ecti on
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%@%%wg@gﬁm 1 G55 ok SR b e i
b%éfe?&aﬁagﬁ a video canera and.optics for

sai d optlcs havrn a. depth of focus |less than the

d light,
rotating said glass naster -

said gl ass naster,

A system for detecting 1mperfect10ns of one planar surface (17) of 3, dlsc-shaped

- | . glass master (1) and rotating the glass master (1) beneath an. illumination source (9)

and a video camera (15) ‘or other device for receiving light from’ the illumination
source (9) that reflects from the surface (17) under study. The camera (15) is
oriented to receive illumination-reflected only from an imperfectly flat portion of

' the surface (17) being inspected, The camera (15) has optics with a depth of focus
less than the thickness of the glass master (1). The signal received by the camera
(15) is processed by a template algorithm to compare the light level received with
that from an assumed flat portion of the disc (1). IF a significant dlscrepancy is
found between the light reflected from diffeérent radii, the disc (1) is rejected.
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Ieasr_UHE‘CUﬁpTETE—TEVUTut|OEEEE d g; focused light from said
|ve

termen som prior |ight Ievels recei ved fromsaid gl ass naster
surface, wherein said value .of - light determined from prlzﬁ Eﬁgﬁﬂs
| evel s conprises.light |evels obtained prior-to rotation off §aid gl ass
surface. . 2. The apparatus of claim11 wherein sawgkdetectlon
means conprises ‘a-vi deo receiver that resolves the |ight

neg~rej ection of
|d det ecti on nears ,fﬁﬂﬂﬁfNT SHEET

T - -

reffretedsf comigeidd igl:ass mast er into a pIurallty of pixels and said
means for indicating rejection conpri ses processing nmeans for conparing
| i ght val ues to the intensity. values of. said pixels.

1. Apnaratus for. detectlng 1mperfectlons of one planar
surface of a_dlscfshaped glass master for use in the
production of compact discs for the optical recording of
- data comprising | '
| self-centering chuck means for retaining said.giass
master, : |
111um1natlon means for focusing llghb upon one
. radius of said one planar surface by passing said light
through said glass master, '
detectlon means for receiving l*ght from said
illumination means reflected from said glass master, said
detection means oriented to receive illumination
reflected only from an imperfectly fiat portion of said’

one planar surface,

wherein said detection means Comprises ‘a video
camera and optics for receiving said light, said optlcs

having a depth of focus less than the thlckness of said

glass master,

means for rotating said glass master through at
least one complete revolutlon while exposed to focused
llght from said illumination means,

means for 1nd1cat1ng rejectlon of said glass master
when the llght level received by said detection means
exeeeds,a value determined from prior light levels
received from said glass master surface, wherein said
value of 1light determined -from prior . light levels

omprlses light levels obtained prior to rotation of sald

glass master surface.

7. The apparatus of clalm 1 wherein said detection

means comprises a video recelver that resolves the 11ght
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3.. ; rd%ess for detectln i nper.fecti'ons of one planar sur| |
dYsc shaped gl Tﬂmm“lﬂl“n“ luﬁ in the productl_olr[: of _conpdctk WNJI" SHEET |-

optical recordi S|ng t he steps'of (a){ Iplacing the
glass master on*a Selt-céntering chuck, (b) illum natli ng 2s8EL (899
surf'ace of the-glass nmaster along a radi us by directing anliljl'um nating
| i ght through said glass master inclined_at-an acute angl e fw Th TespeTTt
the axis of. the disc-shaped gl ass: mastér11 - (¢) receining light_
. reflected through said glass master fron1sa|d one surface in a detecting
" device oriented to not receive light fromperfectly_ plana portions of sald
gl ass mastweflected fupm SQ&QWQﬁqiﬁeW%%ﬁeEfl$ﬁ?e? %%ﬁﬁ% l%Yoﬁra first”
.operation te ) ) 1535&@& rhkseegh at.

| east - onepgﬁﬁqs‘ re%v a}J'odn naencf(%ofrr%%ﬁ%i val ue’ ofg:}?‘g%t int engl ty received
with thosprroemmsienb mreat&prnl)c;omparlngf}lgh*ej‘é@-’e‘tﬂ-ﬁ@ BogthB8s master if the
conparlson S 0 v excess of those froma first -
oper ati- onlc?f Sé%‘py( (%gl‘\{/)%se Ja(?oéjva?ju%s from a first operation of step
.'(c) are averages of several values : . s

3... A process for detectlng 1mperfectlons of one olana“

' surface of a dlsc-shaped glass master for use in ‘the
productlon of compact discs for the optlcal record1rg of
data comprising the steps of

(a) placing the glass master on a self-centering
chuck, o o -
| (b) illuminating said one surface of the glass
master along.a radius by directing an illuminating light
through said glass master inclined at an acute angle with
respect to the axis of the disc-shaped glass master,

(c) receiving,light reflected through said glass
master from said one surface ih a detecting device
oriented to not receive llght from perfectly planar
'portlons of said glass master,a

. (d) recordlng a set of plxel values from a- flrst
-operatlon of step (c), _ '

{e) rotatlng sald glass master through at least one
~full revolutlon and comparlng value of light 1nten51ty
_recelved ‘with those recorded 1n step (d),

' (f) rejectlng a glass master if the’ comparlson of
'step () provides values in excess of those from a first
_operatlon“of step-(c),_Wherein-said values froﬁ a:first

operation of step (c) are averages of several values.




