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The I nvention - This invention relates to surface

I nspection tens and nethods and, nore particularly

insBection O]M%WZI’Z%ZS or wor kpi eces, such as silicon 5 P\Ag*ig?ﬁgﬂ%{lg _
detect the presence of particles, flaws, or ‘defects on the surface
of the articles. Backgrothd O The Invention

In the process of manufacturing an article or wor kpi ece such as
silicon or other sem conductor 10 mcrochips, light is generally

directed through a reticle gﬁigﬁﬁ §£h ' 6“” fdyta a silicon
waf er . The pr esenclﬁlﬁ)flmqg% g Eﬁ ,ggiré ff&
other foreign matter on the sur a‘ngFo? tﬁeéqr“Ietlcug ‘é’ﬁopspr?ggg?g#%he
silicon wafer is highly undesirabl e mtia ofl dyai-est Yomf fects the
resulting circuits. As a result, the reticles and the silicon wafers
are-necessarily I nspecThils behweret isre . reQateisn spestur bace exspetttel ors
for a human i 0 Om4 I X A h e under

I ntense |ight and nasgﬁiagﬁ%at%flgnmé{%%ﬁ% sél%ﬁdq‘mx%gégg%gg???ﬁhtt%r%h%mal | er
than can be visual | yP§BeELLER of artigles [Rr HAFKPIEFES  nBWER S FHHIS the
resul ting s evadeltisps tor devsds . t el dirtesemid wf bafaic] eslgnEldwLaror

defects on the surface of the articles.

und Of e Invention

In the process ¢of manufacturing an article or
workpiece such as silicon or other semiconductor

10 microchips, light is generally directed through a
reticle mask to etch circuits into a silicon wafer.
The presence of flaws, defects, dirt, dust, smudges or
other foreign matter on the surfaces of the reticle
mask or the silicon wafer is highly undesirable and

15 adversely affects the resulting circuits. As a result,
the reticles and the silicon wafers are necessarily
inspected before use. One inspection technique is for
a human. inspector to visually examine each surface
under intense light and magnification. Debris and

20 defects that are smaller than can be visually detected
by the human eye, however, impairs the resulting
microchips or masks. Additionally, human judgment can
vary widely even based on the same quality guidelines
or standards for the inspection process.

25 Laser inspection systems therefore have been
developed for inspecting the surface of articles such
as silicon wafers to accurately detect small particles
or defects. These laser inspection systems generally
operate on the principle that a reflection of

30 illuminating light from the surface of an article
depends on the direction of the illumination relative
to the wafer surface and the physical characteristics
of the surface. These physical characteristics, for
example, may include relatively smooth regions,



vary wi dely even based on the sane quality guidelines

or standards

for the inspection process. 25 Laser inspection systens
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channel, are each collected and separately relayed to

photodetectors such as a photomultiplier tube ("PMT")

or a charge coupled device (*CCD").

The light

scattered from the surface of the article is also

15 understood to include diffracted light.

‘Several laser inspection systems have been
developed which provide various types of scanners and
collectors for scanning a surface of an article or
workpiece during translational travel and for

20 collecting light reflected and scattered from the
surface of the article. Examples of such systems may
be seen in U.S. Patent No. 4,630,276 by Moran titled
"Compact Laser scanning System”; U.S. Patent No.
5,108,176 by Malin et al. titled "Method Of Calibrating

25 Scanners And Arrangement For Producing Defined
Scattered Light Amplitudes”; and U.S. Patent No.
5,127,726 by Moran titled "Method And Apparatus For Low
Angle, High Resolution Surface Inspection."

The development of these laser inspection

30 systems for detecting the presence of particle or

defects on the surface of an article has also included

various scanning techniques to provide increased

information about the surface and particles being

detected. Examples of several spiral scanning systems

35 may be seen in U.S. Patent No. 5,067,798 by Tomoyasu

titled "Laser Beam Scanning System"; U.S. Patent No.
5,135,303 by Uto et al. titled “Method Of And Apparatus
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Several |aser inspection systens have been devel oped which provide

various types of scanners and collectors for scanning a_surface of
an article or wor kpi ece during translational travel and for
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- 3- For | nspecticg F4ekdce PREBE! Systdhed 1R theNRime required

10 for inspecting the surface of an article and the amount
of information provided during detection of the light
reflected from the surface. These systems further are
directed only to either high spatial resolution or high
throughput for the surface inspection process.

15 With the foregoing in mind, it is an object
of the present invention to provide a surface
inspection system which compactly and efficiently scans
and collects light reflected and scattered from a
surface of a workpiece.

20 It is another object of the present invention
to provide a surface inspection system that is
efficient, has a relatively high spatial resolution,
and has a relatively high throughput for the surface
inspection process.

25 It is a further object of the present
invention to provide a surface inspection system having
high sensitivity to more readily identify and classify |
the condition of the surface of an article or a
workpiece, including particles, defects, scratches, or

. 30 flaws in and on a surface of a workpiece.
Summary Of The Invention
The above and other objects of the present
invention are achieved by a surface inspection system
and methods of inspecting a surface of a workpiece

35 arranged for detecting particles, defects, or other

surface characteristics. in or on the surface of the
‘workpiece. The surface inspection system preferably



4,508, 450 by Ohshi ma et aI titled "System For Checking Defects On A

Flat Surface O An Cbject"; U.S. Patent No. 4,314,763 by Steigneier
et al. titled "Defect 5 Det ection on Systent; and U S. Patent 5, 189, 481 by
Jann et al. titled "Particle Detector For Rough Surfaces
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preferably 15 More particularly, the surface inspection
system preferably has a transporter arranged for
transporting a workpiece along a material path and a
rotator associated with the transporter and arranged
for rotating a workpiece during translational travel

20 along the material path. A scanner is positioned and
arranged for scanning a surface of a workpiece during
rotational and translational travel along the material
path. The scanner preferably includes a light source
arranged to generate a light beam therefrom and means

25 positioned to receive the light beam and arranged for
scanning the light beam along a predetermined scan path
across a surface of the workpiece as the workpiece
rotationally and translationally travels along the
material path. A collector also is preferably arranged

30 for collecting light reflected and scattered from the
surface of the workpiece during rotational and
translational travel along the material path.

A scanner is provided according to the

present invention and is positioned and arranged to

35 scan a surface of a workpiece during rotational and
translational travel along a material path. The
scanner preferably includes a light source, i.e.,
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-4- . includes a scanner t e surfaceof the

wor kpi ece al ong a predeternmined, and preferably a rel atively narrow,
scan path during rotational and transl ational travel of the

wor kpi ece andyg og@kECt Or 5 that has segnmented optics for piRfRes02913
accurately collecting reflected and scattered light fromthe

surface of the workpiece. The surface inspection syst em t her eby
provides a relatively conpact ‘and hi ghly “S%fficient i nspection system

that is relatively gggy,t oarr;.lq% eeto [geg, g hi ggbﬁtagg af e %&ﬁ Snd

related to defected parti S or ects on e su ace
and. provi des a hi ghmepaei apsitioned itoh xaceiyenitys 1 ?ﬁ?hﬁﬂﬁnﬁrﬁﬂﬂged
inspecting an entir@ogustanfing elfe light afetamcbeodgr hnﬁrédétléftﬁﬁﬁed and
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during transl ationa | | on al _pa scanner S
posi ti oned and EhSrSSﬁ eﬁn? g%%%ﬁhl eEa%%%P cego c3u§%?ﬁ§? Bte during
rotational and trangbéﬂﬁghar th@We@rQ§Qﬂﬁ?lWh@r@HﬂdﬁﬁaF relatiygih nagreow
scanner preferably b&ﬁhuﬁﬁﬁhaoflE@Es&ﬂﬁﬁ?%bout 0.3l kangestenfenerate a

and arranged Tond  SiEegeIRARELy COrRRONdIER FhnbeanFatitnat s dan
pat h acr oss atsawéécefothermpnkpiqneace as the workpiece
A collector according to the present

invention is also provided and preferably includes a
light channel detector arranged for detecting light

15 specularly reflected from the surface of a workpiece
and a dark channel detector positioned adjacent the
light channel detector for detecting light scattered
from the surface of a workpiece. The dark channel
detector preferably has a plurality of collectors

20 positioned adjacent each other and arranged for
collecting components of the scattered light at
different respective predetermined angles from the
surface of the workpiece and/or from the angle of light
reflected from the surface of the workpiece. The

25 plurality of collectors of the dark channel detector
form segmented optics having at least two collectors
positioned adjacent each other. The plurality of
collectors are preferably a small angle collector
arranged to collect light components scattered

30 forwardly from the surface of the workpiece at a
relatively small angle, a medium angle collector
positioned adjacent the small angle collector and
arranged to collect light components scattered
substantially normal from the surface of the workpiece

35 at a relatively medium angle, and a large angle
collector positioned adjacent the medium angle detector
and arranged to collect light components scattered



rotationally and translationally travels along the material path. A
collector also is preferably arranged 30 for_collecting light reflected

and scattered fromthe surface of the workpiece during rotational and
transl ational travel along the material path. A scanner S
provi ded accQy, éﬂgﬂ& t he present invention and is po

arranged to. g Scan a surface of a workpiece during rotatl%ﬁgﬁ

transl ational travel along a material path. The scanner preferably
includes a light source, i.e WO 96/27786

PCT/ US96/ 02913 | aser..arr ed t eney at e t beam t herefrom
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dark channel detector positioned a
10 the surface of a workplece

When a particle or defect is detected, for
example, the small angle collector is positioned to
receive and collect forward scattering, the medium
angle collector is positioned to receive and collect

15 substantially normal scattering, and the large angle

. collector is positioned to receive and collect back

scattering from the surface of the workpiece. The dark
channel collector, more particularly, provides a
surface inspection system according to the present

20 invention with high sensitivity to more readily
identify, classify, and/or provide a topography of the
condition of the surface of an article or a workpiece,
including particles, defects, scratches, or flaws in
and on a surface of a workpiece

25 Methods of inspecting a surface of an article
or workpiece for defects are also provided according to
the present invention. A method of inspecting a
surface of a workpiece preferably includes rotatively
and translationally transporting a workpiece along a

30 material path and scanning a relatively narrow scan
path o of light across a surface of the workpiece as
the workpiece travels along the material path. The
step of rotatively and translationally transporting a
workpiece along a material path preferably is

35 synchronized with the step of scanning a surface of the

- workpiece so as to impart a substantially-shaped scan
of the surface of the workpiece. Light specularly
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25 plurality of collectors of the dark channel detector form
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the surface of the wotkpivge andgpreferablgt drcleldingathe apegd.offhe dark
channel detector trangﬂﬁﬁh3ﬁ31f§lEggﬁéﬁbfﬂﬁﬂ @Bglﬁogg%fgégrdu ﬂH“Uﬁgn

angl e ' detector e an det ect’or each ective
scannlng o e s rface thereof may be varled so as to

provide a substantially constant scanning speed of the
surface of the workpiece. Also, the optical gain of
the scanned light further may be varied during the
scanning of the surface of the workpiece.

15 Another method of inspecting a surface of a
workpiece preferably includes deflecting a light beam
along a predetermined, i.e., relatively narrow, scan
path and directing the deflected light beam from the
scan path toward a surface-of the workpiece, e.g., at a

20 relatively low angle of incidence. The method
preferably also includes imparting a rotational and
translational scan of the workpiece so that the narrow
scan path traverses the entire surface of the workpiece
along a spiral path.

25 Yet another method of inspecting a surface of
a workpiece to provide information about particles
detected on a surface of a workpiece preferably
includes detecting light reflected from the surface of
a workpiece and detecting light scattered from the

30 surface of a workpiece by a plurality of collectors at
a plurality of predetermined scattering angles. At
least two of the plurality of collectors positioned at
the predetermined scattering angles preferably are
respectively positioned to collect forwardly and

35 backwardly scattered light from the surface of the
workpiece. A particle or defect in or on the surface
of the workpiece is identified responsive to light



5 positioned in optical comrunication with a correspondi ng col |l ector,
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Addltionally, a method of inspecting a

15 surface of a workpiece to provide information about
particles, defects, or other surface characteristics in
or on the surface the workpiece preferably includes
collecting light scattered from the surface of a
workpiece by a plurality of collectors arranged at a

20 plurality of closely adjacent predetermined scattering
angles so as to form signals representative of the
collected light. The predetermined scattering angles
are preferably arranged with respect to the surface of
the workpiece so as to respectively collect at least

25 forwardly and backwardly scattered light. These
signals are then compared to predetermined data
representative of dielectric constants of predetermined
materials to identify a particle or a defect detected
in or on the surface of the workpiece.

30 In addition to the above advantages, the
surface inspection system and methods of the invention
also provides high spatial resolution, a small field of
view at the object plane which, in turn, provides
improved edge detection performance and improved

35 repeatability in the inspection process. Further,
because the dark channel collector is arranged in a
particular configuration having a plurality of
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- 7= reflected fromand lig t he surface_of t he
wor kpi ece preferably are separately collected. The col | ected
scattered light preferably includes at |east separately collecting
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Pigure 2 illustrates a transporter of a
surface inspection system according to the present

15 invention arranged for. rotatively and translationally
transporting a workpiece along a material path;

Figure 3 schematically illustrates a side
elevational view of a surface inspection system
according to the present invention;

20 Figure 3A illustrates a fragmentary view of a
light channel detector of a surface 1nspectlon system
according to the present invention;

Figure 4 schematically illustrates a side
elevational view of an optical scanning system of a

25 surface inspection system according to the present
invention;

Figure 5 schematically illustrates rotational
and translational travel of a workpiece through an
inspection area according to the present invention;

30 Figure 6 schematically illustrates a

. collector of a surface inspection system having
segmented optics for collecting light scattered from a
surface of a workpiece according to the present
invention; and

35 Figure 7 schematically illustrates a system
controller of a surface inspection system according to
the present invention.



30 surface of a workpiece by a plurality of collectors at a plurality

of predeterm ned scattering angles. At _least two of the plurality of
col l ectors positioned at the pro predet erm ned scattering angl es
preferably are respectively positioned to collect forwardly and 35
backwar dl y d light fromthe surface of the

particle orig‘z1 % n or on the surface of the workpi e‘g@bm”lﬁ
identified responsive to |ight WO 96/ 27786

PCT/ US96/ 02913 -10- -8- detected at a

plurality of predeterm ned scatterlng angl es., A

met hod of inspecting a surface of a——al—lgﬂﬁﬁ’ég’é%%%bordi ng to the

present invention furt her The pirusietmﬂteansrehtéoni now | wighlt kec aletserdtbefir om

thé surface of e%‘fcrfa ik hShePLE g ngg scattering
cy\fl ect rf\%/tgrdwf:L hoke QI%% %

angl e arrang gea® to scattere

col lecting |ight séﬁF?@P%HYWQ)rﬁ’i%nﬁ?r flé'c?-t’héf’hapre erre‘%vtﬁ“!&ﬂdé&?nﬁﬁ gf
second predet er Bi neHestavéstiory aglshown. 10Thﬁsai]geehltibr£0ddyedhowever,
substantial ly nor rrBI éﬁﬁ£§féc?d:.n mané, dl'fQQEePgngagﬂél A EcToRy T g)gtter ed

fromthe surface E’E ermned scaterlng
angl e arranged to 69PFE€?e%a%$<v9a‘r'Hlt3?%(§é’t t8eedlipg ated embodiments set

Additionally, a UEEbQﬂhOﬁerél:&pe(ﬁamra theb? sWlbsceardd EEanﬁ.ﬁieeﬁ:% a@e
provide information, a0oyLy 50 tnad i ?ﬁ%clggﬁﬁgté 1P o ot yhb%%ﬁ

characteristics in plrece pre
i ncl udes 10 complete and will fully convey the scope of the

invention to those skilled in the art. Like numbers
refer to like elements throughout.
Figure 1 illustrates a perspective view of a

surface inspection system 20 for detecting particles,

15 defects, flaws, and the like on a surface of a
workpiece W or article, such as a silicon wafer,
according to the present invention. Portions of the
system 20 are broken away for clarity purposes and
shown by phantom lines to illustrate various elements

20 of the surface inspection system 20. The surface
inspection system 20 of the invention is preferably
used for inspecting the surface of unpatterned wafers
W, both with and without deposited films. The system
20 preferably includes means for translationally

25 transporting a workpiece W along a material path P,
means associated with the translational transporting
means for rotating the workpiece W as it travels along
the material path P, means for scanning the surface §
of the workpiece W during rotative and translational

30 travel along the material path P, and means for
collecting light reflected and scattered from the
surface S8 of the workpiece W.

As illustrated in Figure 1, the surface

inspection system 20 is arranged as a workstation

35 'including a worktable 21. Positioned on the worktable
21 is a generally closed and substantially light proof
housing 22, a video display 23, a keyboard 25, and a



collecting light scattered fromthe surface of a wor kpi ece by a
pluralityv of collectors arranged _at _a 20 plurality of clasely adiacent

predet erm ned scattering angles so as to formsignals representative
of the collected light. The predeterm ned scattering angl es

are preferably .;x,P ged with respect to the surface of WE’OI ece
so as to respectlv y collect at |east 25 forwardly and backvvard
scattered light. These signals are then conpared to predeterm ned
dat a representative of dielectric constldnts of predeterm ned

materials to identif icle o efect detecte n or on the
surface of the work C@’tﬁfpazré c3bifed 4y % %‘b?ﬁetqd(dﬁ‘? é&%éhﬁbHQEktable
advant ages, the for s:lm:f:apelg s pyeteonceysre@iiandhet Bddacehtt hke

i nvention al sQania Qe;s i ahehpaki ghi¢ e‘?@'f&f Qfan@ligag' hﬁl;gr%s
vi ew at- t he object pl (ge whi ch, in 8

det ecti on perfor manc® rﬁfﬂ%\?édpnn%nge%%‘%%b?%%y hﬁ th?@SFﬁngthﬁﬁ
process. Further,5 been pgeatduddyt beolankavapnne|beaidrediidusitsaaer ahged i n

ticul ' ' ' | e al . . WO
8 ) 277gg PO LI CUlar GANdANRY 1293 R8KNEH P! Al dddedlle sovention!C The

-9- det ect orisRecHiQry oft theeWafer ni REPESKARNY i cRaducted in an
surface of the workpirsgection uwnkageohnapethspectsitat amble 31. raduebstic

interference si gnal aé £ aﬂ##in%odggkggugfris locatéﬂ”ﬁé%%EEnkntBQe
detection of the reflect eci1 an
10 inspection station 20 to load and unload wafers W from
a cassette 33 onto the table 31. The cassette 33 holds
a number of wafers W and is loaded into the cabinet 27
through a door (not shown). The handling of the wafers
W inside the housing 22 is done automatically without
15 contact by human hands to avoid contamination or
smudges. _
As best illustrated in Figures 1-3, the
surface inspection system 20 preferably includes means
for translationally transporting a workpiece W along a
20 material path P. The means for transporting a
workpiece W is illustrated as a transporter 40 arranged
to translationally transport a workpiece W along a
material path P and preferably through an inspection
zone or area Z. The translational transporter 40, as
25 illustrated, preferably includes a gear 42, a motor 41
including a shaft 4la arranged for rotating the gear
42, and guides 36, 37 having teeth formed integral
therewith. The motor 41 and gear 42 mounted on the
motor shaft 4la form a chuck fcr the system 50. The
30 wmotor 41 of the chuck is preferably mounted to a stage
member 43 having a plurality of flanges 43a extending
upwardly therefrom which receives the workpiece W,
i.e., silicon wafer, thereon along edges of the
workpiece W as illustrated. This mounting technique
35 for the workpiece W reduces smudges or other surface
problems which may be associated with positioning the
lower surface of the workpiece so as to abuttingly



5 scattered light fromthe surface of a workpiece. Bri ef
Description O The Draw ngs QX her objects_and advant ages
wi || appear as t he description proceeds when taken in connection

W th t he acconpanying drawi ngs, in which: = 10 Figure 1
illustrates goRghsmgcti ve view of a surface inspecti Qeriisddis
according to the present I nventi on; Figure 2 _
illustrates a transporter of a surface inspection system accordi ng
to the present 15 invention arranged for Tdtatively and translationally
transporting a workpi ece . along _a nmaterial p ; Figure 3
schematically illus ‘?"&taé:st gnsi%gger surkg‘%?e%ﬁkbemﬂta\%eewegpeg garfa °

i nspection system stage mewberdiédgprefenably ebefiranslatiocoally 20

Fi gure 3A illustrat@smsddra@iralishy ¥t&¥e Oduide members 8Bt gbagoshréetest or
of a surface inspection

st.em accQrding to the.present .invention;
Fi gure 4 schenaticdt wq%yrtfgt%reag:ggrgogr de&:her qzragisé\fgﬁ BRAI 2DREFF of an
opti cal scanni ngs systtanigfg smeangssughf ageai pigan iand syddadeaccording to

the present - ddVEIfUrtion mounted to the StsHY GhembeehEAB! & CRbLYT
Il lustrates rotational ..and transl ational travel. of a \ﬁegkpl ece
t hrough an i f<Pe HAGF IH% g EHRER nTETRST RS HPEERECPHV BY: FRRSe 30

Figure 6 schenmti caskilldd ust tdiecears may alsolbecised @ccardingate the
i nspection system hgWidtion. Segnented optics for collecting |ight
scattered froma surfa%\L f a workpi ece accordin tg t he present

i nvention; and 1035 se giiran? EehetRtITHId P MOrPErSEe¥r a system

controll er of a suridrbestysEeCiason spsataradEoris rgpdoriated wibhke phesent

i nventi on. transporter 40 and arranged to rotate a workpiece W
during translational travel along the material path P.
The rotator 45 as illustrated preferably includes a

15 motor 46 mounted to . an underside .of the stage member
for providing rotation of the wafer mounted thereon at
a predetermined speed. The transporter 40 and the
rotator 45 preferably are synchronized and arranged
with a scanner 80 so as to form a spiral-shaped narrow

20 angle scan (o) across the surfaces of the workpiece
during rotational and translational travel along the
material path P. .

As illustrated in Figures 1 and 3-5, a

scanner B0 is positioned and arranged to scan a

2% surfaces of a workpiece W during rotatiocnal and
translational travel along the material path P. It
will also be understood, however, by those skilled in
the art that the scanner 80 may be arranged for
rotational and/or translational movement while the

30 workpiece W is stationary, or translationally or
rotatively moved. Accordingly, the present invention
includes a light source 81 arranged for generating a
light beam B therefrom, means for receiving the light
source and scanning a surface 8 of a workpiece W, i.e.,

35 a mirror 82, lenses B84, 86, deflector 85, and means for
imparting a rotational and translational scan of the
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-10- Detailed Description The .
present i1nvention now will be described nore fully hereinafter with
reference to the acconpanyi ng drawi ngs i n which preferred enbodi nents
of 5 the' n are shown. This invention may, howeverpcrmsesn209s
enbodi ed in nany d ferent fornms and shoul d not be construed as
limted to the illustrated enbodi nents set forth herein; rather,
these illustrated enbodinents are provraéd so that this disclosure

wi |1 be thorough and

[l full
i nvention to those g?ﬁ"ﬁ’%ﬁc? %gpﬁetegr'?n nggaﬁﬁﬁﬁgkgogy %nd n"g'\‘ *2 5"'10:c kfahe

el enents t hroughout 45. Figure 1 illustrates a perspect ive

vi ew of a surface i nspﬂ@é | eyt %r@ a@cBealﬂgt @sttm i}ﬁféﬂtﬁ'
15 defects, flaws, and the ke on_. a pi.ece Wor

su
article, such as a BFf EﬁﬁbeJe‘?"l“des a &&@%Fd?ﬂljrf:ﬁ fhe Jp'r%S'erilt 98tventi on.
Portions of the s arra;tgééntdOgmeratﬂeoleerl:.g&w&ybéem Bl ehérgfynm Fosk snemms

shown by phantom I g8§ikﬂgohéa S T Al e MAY t9es 18LRIEBESm B2%hd oint ewrffoace
|nspect|on systen12 e surtace |n§3ect|on S stem of

i nvention is prefer 85ppning the Lighty heam &,adppgya; rg %'EJ’r‘I’ 3é rtﬁrrow
unpatterned wafers scan patth ol haovdds anduriflceus dépobe tworkpiene Wies
system 20 pf%h@f@é{:’m@&‘é W%miﬁélqg hhANekahh PRl dna11y 25

transportlng a wor kpi ece a mater means aSSOCIated
with the transl a0i oﬁéi?"??-ﬁn%b%‘i‘ﬁlﬁbe “‘aterla%e?l%hf Br r et} Pt RewRsi Blece
Was it travels al oae preferabhg dvigiblle QdghtPlaseaneithra soshatingliyhe

surface S Fé‘?g wé@%&ﬁ&ﬁ’" g,é,ﬁdh“%sr %&g%h"?oﬁngrtééi‘fé A al a5 30

travel along the ma
understood by those skilled in the art. The laser 81

is also preferably the combination of a laser with

15 . external optics as understood by those skilled in the
art. The laser 81 preferably has a beam diameter of
about 0.6 millimeters ("mm"). The scanner 80 which
includes the associated optics illustrated, however,
preferably is arranged to generate linear polarized,

20 i.e., preferably P-polarized, light having a spot size
which includes a full width, half-maximum of less than
0.1 millimeters. It will also be understood by those
skilled in the art that S-polarized light or circular
polarized light may alsc be generated and/or used

25 according to the present invention.
In general, three important factors determine

detection sensitivity for a surface inspection system
20 of the invention. The laser power, the laser
wavelength, and the laser beam spot size. Laser power
36 and spot size together determine the power density,
which is directly proportional to scattered signal
strength. For the surface inspection system 20
according to the present invention, the laser spot size
is less than 60 microns, i.e., preferably in the range
35 25-40 microns, and, more particularly, is about 30
microns. This preferred laser spot size is about three
times the pixel size, i.e. spatial resolution, which



collecting light reflected and scattered fromthe surface S of the

wor kpi ece W As illustrated in Figure 1, the surface

i nspection system 20 is arranged as a workstation 35 including a

wor kt abl e 21. Positioned on the worktable 21 is a generally closed
and subst ant ght proof housi ng 22, a video di

keyboard 25, w8l dohrins VO 96/ 27786 Wrisdoiors”
PCT/ US96/ 02913 -11- nouse 26. A

cabinet 27 is suspended fromthe worktable -14- for carrying a system
controller 50. Adj acent 27 is_a shelf unit 28 for

carrying a printer Videl S%&C&&E‘gc?a‘e@“ﬁ Pk |an§‘13’§5§|e 38§Pe¢h&CRousi ng
22 has 5 been p%mtmalar;d Himpirovedndgt eot ben t sgngidiydttyat eByhe

i nspecting arrangengddr&siihe t@fee%g@t ER¥eNt 4. addifning that! Baﬁﬁgtlon of

t he waf er Wpreferabl |s conduc Rg tiqQn zone on an

i nspection table 315° gngies, fSPth%%I?%%@\ﬂ%@%?r?sthﬁcat ed
adj acent the 30 $a1@ecﬁnmfsmrtoanQOVQm¢macbamdaeum:lbctadnndf énsthéfrom
a cassette 33 onto gdweedide 1%%1tTh%h§éﬁS§§t&e@@rrﬂQlé?§ by the si‘?H fibgg . of

wafers Wand is | oaded |n¢]" } cabi, net 12: t hrqugh a doo not
shown). The handl i PHIe (HERhferatio. of ghe r%‘?’ff@‘i%éq?@tﬁﬁtﬁanﬁyﬁeﬂone
automatically withaa. Ififheodiaser ppwhumhs davstarttdaduei dneestasapati on

or snudges. i.e., doubled,, th tﬁgsé?ﬁééﬁggﬂéﬂfﬂit'QSF'gures 1-3, the
surface inspection syst'em 20 preferably I ncl udes neans
10 significantly 1mproved If no change in the laser

power occurs, however, optimizing the incident angle,
polarization, and collection geometry can also improve
the detection limit.
The scanning means preferably includes a

15 deflector 85, as illustrated, positioned to receive the
light beam B and arranged to deflect the light beam B
along a relatively narrow scan path {(a). The deflector
85 is preferably an acousto-optical (AQO) deflector as
illustrated, and the relatively narrow scan path (a) is

20 preferably no greater than 0.1 radians and, more
particularly, in the range of 0.025-0.040 radians. The
scan path a preferably directionally corresponds to the
path P of translational travel and, as best illustrated
in Figure 4, preferably is in a generally parallel

25 direction therewith as illustrated by the arrows. The
deflection is accomplished by exciting a crystal with
high frequency sound waves, for example, which interact
with the incident light wave in such a way to shift the
light beam B and thereby change the angle of

30 propagation.. It will be understood that various
fregquencies of the crystal will responsively cause the
light passing therethrough to be deflected at
correspondingly various angles of propagation. 1If the
frequency of the sound waves is swept in a sawtooth

35 pattern, the laser beam B is scanned through an angle
() proportional to the frequency. The AO deflector 85
preferably provides a constant scanning speed which, in



for translationally transporti'ng a wor kpi ece Walong a 20 material path

P_The neans for transporting a workpiece Wis illustrated-as-a
transporter 40 arranged to translationally transport a workpiece W
al ong a material path P and preferably through an inspection

zone or areawdeoshitaet ransl ati onal transporter 40, as 25 ig

preferably includes a gear 42, a notor 41 I ncl udi ng a shaft 41a _
arranged for rotating the gear and QUIdeS 36, 37 having teeth

formed integral therewith. The rmt or 2%°and gear 42 nounted on the

nmotor shaft 4la forggu@n tfcge;s tah‘?:-o?:)éits@@}xéoor@ %ﬁ%o rm%_to(%ll %1 g;l |tth§

chuck is preferably nounte
of flanges 43a ext cFeFRRpSe °r|ﬂ§ﬁ%@&ﬂ?stﬁ§r€¢f%ﬁﬁ$%ﬁ%§ﬁ¢@%%ﬁ#@@ ghe

wor kpi ece W artemléléumtewf ﬁllthbhgheﬁﬂe %%rﬁdgeﬁre%ftlbhels ’

wor kpi ece Was illu ntin chni rkpi ece
Wreduces snudges d?éé%%} ﬁfi Feterel Br %I%ﬁé&%&ﬁ?ﬁ%%ﬁﬁfrb asgmgﬁﬁted
wi t h positioni ngdt heeans f°11 Wlﬁ}macérﬁbwtmb@rmra:@ss@ndsrsoood by

gg#}bggg}%2913 t MO EIAGA8A in the art, such as a galvanomggﬁféc? an
upper surface of t RI&FS ?ﬁ??ﬁﬁh&chﬁ§nefhea reson%ﬁ%nﬁfﬁﬂﬂﬁﬁéra4§°ﬁ?§?§9ably

is translational |y mirror ramsponiog hesdg stber gleadwrambecaniérs3or

secured to ancpndend, daabaneef beChBes fédhdAld ¥l aNdh8kene o
rotating neans ch as a plston and cyl i nder configuration nounted
to the stage nehber RPNt or

Also, a beam expander 82 is preferably
positioned between the laser source 81 and the
deflector 85 to expand the light beam B prior to
entering the acousto-optical deflector 85. The beam

15" expander 82 preferably provides means for more fully
filling the active aperture of the deflector 85 to best
utilize the scan angle of the deflector 85. Any
expansion after or downstream from the deflector 85,
for example, reduces the angle of deflection by the

20 same factor as the beam diameter is increased. The
practical beam diameter at the deflector 85 is limited
by the required retrace time which is given by the
following expression:

T = D/V,

25 where D is the beam diameter and V, is the velocity of
sound in a transducer positioned therein.

The scanner 80 also preferably includes means
positionally aligned with the deflector 85 and arranged
for directing the light beam from the narrow scan path

30 (o) toward a surface S of a workpiece W at a relatively
low angle of incidence (8) as the workpiece W
rotatively and translationally travels along the
material path P. Although the angle of incidence (8}
may be substantially normal or less to the workpiece W

35 depending on the particular application, the relatively
low angle of incidence (B8) is preferably greater than
45 degrees from normal to the article surface, i.e.,



for rotating the stage nenber as understood by those skilled in the

art may al so be used according to the. I nvention. | O__

Al so, neans for rotating a workpiece W illustrated as a rotator 45,
I s associated with the " transporter 40 and ‘arranged to rotate a

wor kpi ece W 7.mguri ng transl ational travel along the ma ' h P.
The rotator X587 ustrat ed preferably includes a 15 rn)tpte‘rgr'ﬁ'4 ?rrltt:)‘unt ed
to an underside of the stage nmenber for providing rotation of the
waf er nount ed thereon at a predeterm1iégd speed. The transporter 40

and the " rotator 45 preferably arg synchroni zed and arranged .
with a scanner 80 st°S& BREY 4onP8ILBrRafTIRANR SHEAGR ©f Sheargreriesd (a)
across the surfacew adndhenorer ppiredeularly, iwirpreferabiti dnakhantange of

transl ational travelg: [ " As
€5 zés‘ir%#%_safrgm nBBhEL | & B @égllc%epsurface

illustrated in Figure scanner . osi_troned and

arranged to scan a 25 sur e 8igeching rrgdnt e snviddrstgatefarforal and
transl ati onal trevehimtean@z aadmat eluahlpey o .odtiical lenses| B4al 80 be

under st ood, homeverarlbélnéem)?%t ?tliirlelc?:dthgd}jéghti rb<=.I Ba.rfgrognlh@het h]gséfaﬁgler 80

may be arranged for I onal "an ansl ation novenen |l e

t he 30 wor kpi ecetanard fhe isyxdpge §r of r BRI YIGHAey Woto be
rotatively noved. Apssiebdedi.y, alshehpr ¢sght bewers itdavels fromnehedes a

LN Four e S or SBRGL BTSN Wiyt pages MR SRALELET
wor kpi ece W i .20, leng®4y whichopreferpbhgecanpilagy ardensst shegbighnd
means for | NP IBEcY O0UaheonakaAndt e didifiadrabrsenn aktibre
during translational and rotational movement of the
article through the inspection zone. A stop member 87
is positionally aligned with the cylindrical lens 84
15 positioned closely adjacent the AO deflector 85 to stop
the relatively small portion of light which is not
linearly oriented for the scan of the surface of the
workpiece W. The optical lens 86 positioned after the
cylindrical lens 84 is a focusing or  -f-theta lens, as
20 understood by those skilled in the art, arranged for
focusing the light beam on the surface of the workpiece
w.
The scanner 80 according to the present
invention preferably is arranged with respect to the
25 transporter 40 and the rotator 45, which preferably are
synchronized, so as to form a spiral-shaped narrow
angle scan of the surface 8 of the workpiece W during
rotational and translational travel along the material
. path P (see Figure 5}. The scanner B0 therefore scans
30 the beam of light B in a radial direction & with
rotating motion and linear, lateral, or translational
motion (¥) to implement a spiral scan pattern as best
illustrated in Figure 3.
The direction of the scan path o preferably
35 corresponds to the direction of translational travel
(¥) of the workpiece W. The narrow angle scan
preferably begins at the outer radius of the rotating
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-13- workpiece W i.e., the transporter 40 and the rotator

45, The scanner 80 according to the invention

preferably includes a |ight source 81, i.e., |aser, 5 arranged to
generate a | | ?n B therefrom and neans posi tione ve
the Iight beam and arranged for scanning the |ight eam ong a
relatively narrow scan path ([err]) across a surface S of the

wor kpi ece W as t he workpi ece Wrotati odd-ly and transl ati onaI I y

10 -travels along the nateri al path P. _ The |I% oyrce 81
preferably a visibl &9% Sasdr Swi t HAESF ol athis diQrkpiece p§ﬁ5?%’a%¥e+%ngt h,
such as Argon-|on orrcgaitiicigs &t @, pasdeterminerhdagrestdyod .ley ,t hbeaets&d | | ed in

the art. The |aser kSvakSRiRGeL € ..theqchgmg | aser
W th 15 external&%g&llugéog‘rs]&ﬁ%kerétggé Lﬁﬂho)se ski | 't%@& ﬁgﬂﬂér%i

art. The |aser 81 prdcly ¥igh,58e wRtkRy aretbtist “&ﬁunted prefgrably. moves
mllinmeters ("miy. sihehoaonely8@ivhi the rotatlomcﬂw@b&eatbeaasﬁeﬁtnt ed

optics illustrated, Jgﬂ?gﬁer’As the rB&E?EV déﬁéar %ggggﬁ%ghgﬁgfrg'eed

| i near pol ari zed, arlze avin
si ze whi ch i 7@ #edd ast & P w-’a{lﬁ ahﬂa@ﬂalrmsaqﬂs#n éﬁ”el agadvﬁhhy
0.1 mllineters. It wdﬂeaasleﬂOtbekHéﬂetBéOﬂﬁhrbyratﬁ’w?nﬁ the acoﬁktbl-aldtiéal he

art Lhat S pol ari zeduldidiy o 08! BGHkRny 111y SBARed LGt SURY Als0ede

generated and/ or use accor I nventi on.
I'n general, thréd&@ i AsEEayest &éﬁ'—éisthét wmmost five gotatippa aerwhi¢hiay
for a surface InSpeszdl(aﬂt:.Sr)é&TyG&bnstant 2&-_9&16&@ igpeRsdt,i @ne. Thebba@sesoo

power, the |aser v n nd I beam pot.s aser
power 30 and spot] \2% 83‘8?%1“e§et e'%l?n rPe‘a% eeterm gﬁgf’lki?ona speed
which is directly prishsletiesmanedoteocnininize sﬁ}QmQOtentlal datengl hor For the

surface inspection ¥&nlafdonal foraesOask: N tahyt kRS ehbal ANESS | Onphd he

laser spot Slzels rotator 45 preferably includes means for -varying 'the
speed, i.e., variable speed motor 46, of rotating the
workpiece during translational travel along the
material path P during the scan of the surface 8 of the
workpiece W. Likewise, the transporter 40 includes

20 means for varying the speed, i.e., variable speed motor
41, of translationally transporting the workpiece
during travel along the material path P during the scan
of the surface 8 of the workpiece W.

Additionally, the light output power or

25 optical gain of the light beam B may also be increased
or decreased at various portions of the workpiece W
which is being inspected for various surface
characteristics, i.e., lowering optical gain along
peripheral portions of the workpiece W. This varying

30 of the light output power or optical gain can also
assist in minimizing interferences caused by areas of
increased sﬁrface roughness or other features affecting
the ability of the system to detect particles or
defects in or on the surface, as well as provide other

35 system performance advantages. The surface inspection
system 20 of the invention thereby provides high
spatial resolution, high throughput, a small field of



Is less than 60 mcrons, i.e., preferably in the range 35 25-40

m crons, and, nore particularly, is about 30 mcrons. _This preferred
| aser spot size is about three times the pixel size, i.e. spatial
resol ution, which WD 96/ 27786 :

PCT/ US96/ 291 -14- L.des
sufficient s§ﬁEFPK6‘of a surface inspection event an iﬁ%@%&gﬁ
detection sensitivity. By decreasi ng the spot size, and assum ng

t hat gai ns, col l ection angles, and op@BcaI efficiencies are the

S same, significant .inprovenent can obtain |n t he detection
limit, which is deVaft ABJERS e éﬁ'ﬁnet o 1eh, ' in HeF e RT¥YideS ratio, of

t he surface inspectimprosgdtedge detectZen mhrﬁbemhaseramdwmmprayed
substantially |ncrgn%ggtablht¥ inEE e(yygyé%qlohhﬁgoéggédetection limt is

10 significantly inprove i n aser ower occurs,
however, optinizing the i nm%%r}?e g‘ilé-uStrated bB| BF9YERS oh, 3and’AcoIaP§ct i on
'geonetry can al S0 eRpLOMeans for ddidedatiext ildghti firdm the surface of a The

scanni ng means pr e{,ggbl ¥el Nl Ligf'?feqi]ablaégm dehbecters 6P naRdd Lustaked,

positioned to receiVv arrange
| i ght beam B chappfiy detreFERy %/%ﬁﬁ%ﬂﬁﬁdséaﬁ S%E?FY%BQ lﬂﬁ?tdeflector
85 is preferably agpaeqlaiDyopéfredtddProteitheckarfase § of a iwdrkgliedted,

and the rel ativel YW 8hioY aafk AbthdPladed cror?Q20PhEE S Al YRRk

than 0.1 radi ans and,
10 the llght channel detector 110 for detecting light

scattered from the surface 8 of a workpiece W. The
light channel detector 110 may be a PMT or a
photodiode, but preferably, as understood by those
skilled in the art, is a quadrant-cell device, i.e.,

15 .detector, arranged for X-Y coordinate: positioning
detection so that deviation in the path of reflected
light, i.e., during detection of a defect or particle,
may be determined. Such quadrant-cell detectors are
manufactured by Advanced Photonix, Inc., formerly

20 Silicon Detector Corp., of Camarillo, California.
Although a particular configuration is illustrated, it
will be understood that various other rectangular or
multiple cell, i.e., bi-cell, configurations may also
be used according to the present invention.

25 The dark channel detector 120 preferably
includes a plurality of collectors 121, 123, 125
positioned cleosely adjacent each other and arranged for
collecting components of the scattered light at
different respective predetermined angles from the

30 surface 8 of the workpiece W. The plurality of
‘collectors 121, 123, 125 of the dark channel detector
120 form segmented optics having at least two

- collectors positioned adjacent each other. The
plurality of collectors 121, 123, 125 as illustrated

35 will be understood by those skilled in the art to be
compound lenses, and other lens arrangements may also
be used according to the present invention. The



particularly, in the range of 0.025-0.040 radi ans. The scan path a

preferably directionally corresponds.to the path P af translational
travel and, as best illustrated in Figure 4, preferably is in a
general ly paral | el 25 direction therewith as illustrated by the arrows.
The n is acconplished by exciting a crystal pigdykesmaot

hi gh frequency souﬁg waves, for exanple, which interact 9“% %e

i ncident |ight wave in such a way to shift the | i ght beam B and

t hereby change the angl e of 30 pr opagat i'éﬁ' It will be understood that
vari ous . freguenc t he stal sp I ve cause the

light passing thergﬁﬂfﬁgbﬁthEb%p%é§¥' 128 99%0 %é Y S y

various angles of pnopadetaocsmall angle colleCtpgqmahcyrnangh@ tso Lol Mesoke s
is swept in a saw qqght comBon®@t 4 Skt ddiRd %%abeg Bramﬁ éﬁ@rmﬁdfgég @igh
an angle (a) p ortronal tq the frequenc eflector
preferably provi de®fatB6n¥PEkPLecaMhidHy %E@gﬁ*t\ﬂ‘ié& Si“ﬁ ang %@6/27786
PCT/U896/02913 5 medium angle collector 123 p051ta¢ﬁed closelytadjgcent
provides a consi st gﬂ% anailp&ﬁgfé e&H el 4o rﬁl and aﬁ&ﬁ%@&w@ofcﬁ’élf@éé i cles

or defects detecte rom a article surface. t he present
i nvention is lﬂ@§cFPBEﬁnﬁP?ﬁ ?%ﬁ?ﬁ%ﬁﬁﬂaﬁH?séﬁnBEPH%YI%QfTﬁ "ot her
5 means for providithg sBatfaveaSghf tSoanorkpisoaeWstood bylatively tdwakidim

skilled in the art g&%hbasaﬁ%ggjfﬁgggmgﬁglei%ollectorpifgﬁé¢%ﬁ%f%¢?§caﬂner

a resonant scanner, ,a scannin
el ectroni c scaffer §logely adjaceme fhednedipp élngéebéoﬁéﬁt%’éc%ﬁilw to the

present arranged to collect light components scattered

backwardly from the surface 8 of the workpiece W at a
relatively large angle e¢. The dark channel detector
120 further includes a small angle detector 122, a

15 ' medium angle detector 124, and a large angle detector
126 each respectively positioned in optical
communication with a corresponding collector 121, 123,
125, and means electrically connected to the small,
medium, and large angle detectors 122, 124, 126 and

20 responsive to electrical signals from said detectors
for determining the presence of a particle on the
surface § of a workpiece W.

The scratch detector 130 (Figure 6)

preferably is arranged to receive light which deviates

25 from the reflected path illustrated. As the light is
reflected from the surface of the workﬁiece w, it
passes through a focusing lens 112 and strikes the
surface of a reflective mirror 11i3. The mirror 113
orients the light toward the front surface 115 of the

.30 1light collector 110 as illustrated. Light reflected
from the front surface is dumped or stopped by a stop
member 116. If a scratch, however, is detected in the
surface of the workpiece W, significant portions of the
reflected light as illustrated will deviate from the

35 path directed toward the light collector 110 and will
bypass the mirror 113 and strike the scratch detector
130, i.e., PMT. The determining means of the collector



10 i nventi on. Al so, a beam expander 82 is preferably
positioned between the | aser source 81 and the deflector 85 to
expand the |ight beam B prior to entering the acousto- optlcal

defl ector 85. The beam 15 expander 82 preferably provides neans for nore

fully filling the active aperture of the deflector 8
utilize the YOL§? | e of the deflector 85. Any expaﬁgﬁgﬁgﬁﬁ%gr or

~downstream fromthe defl ector 85, for exanple, reduces the angle of
defl ection by the 20 same factor as the beaor di aneter is increased. The
practical beamdianeter at the deflector 85 is |imted by the

required retrace tifePipterrbly glaGtuepicheignal disgrEWnRFieRpr essi on:
T=DVerr] 25 Mlﬁém&ysz.sme Swina@d dneuet randd V[ ssg ]F:IgS.ereIQ;GBVahaU ty

of - sound in 9 %S\Q,% oosd tbr¥e t%g:s hgfclifed anona artatl | 8&88 i t h

scanner 80 al so pre et
t he defl ector 85 angca;v%mgﬁkgnals rqnﬁeSQPFééﬂVﬂgoﬁh%011QHRGQM%;ShFr§Wthe

narrow scan path g8 é&ﬁkr&ﬂaﬁﬂypr&c@c&%éauﬁ Qﬁ&;’:l veg Kpizce Wat a

| ati vel | | d K
otatively and trans af onal by e ars aaraagersh FLaSr iR Ll 5ol fop

Al t hough the angl ethé retative adgraatjive angleang. b, seibxf aihte @lluyaddtyal

fL el rezlsai ?Vte lhe wor ki €5§1¥¥to§§ mf)ﬁrcl:i'ggg 128 hLbe iﬁéfé%ﬁf &Q%rhﬁﬁrbgg?er
{han 55 dogr HbR FRSRets i SHF i, o FeELbet fok @ jor 11ghe EEERT

96/ 27786 10 the surface 8 of the workpiecP(W/ 418961129 Kespect to
forward a, backward e, and substantially normal b'light
component scattering which occurs relative to the angle
of incidence 8 of the scan. For example, if the angle
of incidence is relatively low, i.e., 15° from

15 horizontal or -75° from normal, then the forward
scattering or small angle a is preferably about +22° to
+67°, the substantially normal scattering or medium
angle is about -~25° to +20°, and the backward
scattering or large angle is about -72° to -27°. When

20 a particle or defect is detected, for example, the
small angle collector 121 is positioned to receive and
collect forward scattering a, the medium angle
collector 123 is positioned to receive and collect
substantially normal scattering b, and the large angle

25 collector 125 is positioned to receive and collect back
scattering ¢ from the surface of the workpiece with
respect to the detected particle or defect, or the
like. 1In the direction generally perpendicular to the
plane of incidence, approximately 73° of total angle is

30 captured in the above example. This is about 0.64
steridians of solid angle per segment or a total of
about 1.92 steridians which is a substantial
improvement over previocus known detectors.

The dark channel collector 120 according to

35 the present invention preferably analyzes the
characteristics of surface S§ and particle scattering
such as for use on polished wafers and various



- -16- | ess than 45 degrees fromthe surface of the workpiece

Wand, npre particularly, is preferably in the range of 65- 85
degrees fromnornal to the article surface. The directing
means is illustrated as a =~ 5 mrror 82 and a plurality of optical |enses
84, 86 ed to direct the light beam B fromthe I@gﬁf

toward the s‘lYP ac?gg of the workpiece Wto be I nspected. szﬁﬂztshse

| ight beam B travels fromthe AO defl ector 85, the beam B passes

t hrough a cylindrical 10 | ens 84 which préterably angularly orients the

l'i ght beam B for,a lLipner scan.of the surface of the article

during translati ong?Pﬁﬁﬁt?%t’g’[e}QﬁTal Whshe FERFASR FRRALTIONS, 2-8.c| BOBk ough
t he i nspecti on zoneelited ope Ekimwak8e levels of posfacenahighralssgnedew t h
the cylindrical |epst84che dbsdiRidioRedrChoght Vsl aordd dm AOAgtheet or

85 to stop the relatively small portion of [ight which is not
linearly oriented fBRPFhe"RR NP S*RUFSSET: PSce of the wor kpi ece W
The optical |ens 86 positiBRRH =aftism’tbes 8, cos Gyld Bifi,cak )lefls 84 is a
focusing or f-thetg,Lpasg 8% the?QnHPEehstoh by dhosecni st dfdde art,
arranged for Jfaocug’i ng thg in'ht beam™©n >t/h'éé sur%ace 0 t%ﬁ}%rkpi ece
W anghe, s%ah‘he"rheac}'e%cl@&rtépﬁ& #b the prielspgth and
i nvention preferabpplagiaatbmgest iiddideagpddthtp Shes the pdwean speictenl40
and the rotator 45 ' VAT S 1,780,580 3s;to form
deﬁ@iep &ﬂéié?%ﬁyﬁééic ogftpﬁesﬁ¥9§§%29%9 e 3s i

a spiral -shaped narrow ngl e scan 1e_sur the worKkpi ece
W duri ng 10y othe| vauelength fhdnaidensl lightel fal SaP¥nmtsmatdal
Ioatﬂ P (see Fi ggrelfﬁqué’ﬂcissalftmm‘:iﬁaﬂ ltRaf, okee séRpPessedQrd ft%xh@gﬂ’]EOf
ight Bin a radial_di [ [ R t atq notion an i near,
| ateral, or transl %\P?%‘?\gﬁé & secar}:otte}y&%‘g( ng‘gsi %r}gal gériefn £y spiral scan
pattern as best i || uskw &t d8ipnBriaqps @3- sin Bi) / A The
direction of the scan path afprekehaPl sin ¢35/corresponds to the direction
of transl ation% t&g

Vghese equations, .8 always .refers to angles in the
plane of incidence and ¢ represents azimuthal angles.
The shape of the BRDF curve is defined by S{f,,f,) and
the cosine terms in the above equation which provide
acceptable results given good power spectral density

20 information. The magnitude of the curve is determined
primarily by the reflectance Q.

The reflectance of the surface of the article
and a particle or defect detected thereon is dependent
on the dielectric constant of the material or particle

25 inspected, i.e., silicon, aluminum. Also, the
reflectance of a material or particle illuminated with
P polarized light, preferable according to the present
invention, will have different characteristics than a
material or particle illuminated with S polarized

30 1light. The reflectance of .a dielectric illuminated
with P polarized light is zero at a certain angle,
i.e., Brewster’s angle, and is a function of the index
of refraction (n) as follows:

B, = tan™ n.

35 Metals and other absorbing materials, for example,
exhibit curves with similar shapes; however, the
reflectance for P polarization reaches a non-zero



(Y) of the workpiece W The narrow angl e scan preferably begins at

the outer radius of the rotating WD 96/27786

PCT/ US96/ 02913 ' -17- wor kpi ece,
i.e., wafer The workpi ece preferably is rotating at a predeterrri ned
speed, i.e. revol utions per mnute ("rpm)

menber 43 W%%H%ﬂggn whi ch the workpi ece Wis nounted pref g‘%}ﬁsy m)ves

5 synchronously with the rotation to create a snooth spiral. As the
radi us decreases, the rotational speed -22- as well as the translational
Speed, are gradually I ncrea E} keep,the scan rate of the

acoust o-optical  minimym¢| he2 erenthif | JPRFRHC ML LK OSEURS

process 10 contmaydse urgfidrrede tlonlaer popEeltdocBraMsitdrdns aatylehbeh a
relatively constani,{ofald |35 RERd r':.rx@:.pa?b%lgoo ’I.'he grln'&%paed ‘o

mai nt ai ned. The predeterm ned rofati speed
i ni ni ze the potentid}e|if fepensent on ?r‘éﬂ'QP]a?’F cﬂfaﬂleF&réés cgnstaBtany
syst em i nbal ancss. (f[he= n-i5 raidatcan #k poehdrbpl ¢valncitiices tieans for

varying the (F;‘gjf %n pre\g%rm?bkﬁoﬁgeﬁﬁepﬂﬂ;e Angl%f rotating the

wor kpi ece during trans trave material path P
during the scan of the surfa@’b s 59 't’he sin ‘B, /wePRpfece W Likewi se, the

transporter 40 incl udes &Ebm&mpi&r ‘d&thbﬁghtdf[ﬁ;.rﬁ:ﬁﬁﬁd,ana g8ili¥ahi abl e
speed mot or dl fe% [0S aly %H%L;nybéi gs Orééé‘ S PR S
during travel al ong ThE heter dl ut dur he-5¢ *oft
surface S of the mg;kp¢@@eemQ1b1t1ng dielectric characteristics with a
high index, the principal angle of both materials is
close to the same, i.e., about 78° {aluminum 78.1°,
silicon 77.8°). Almost all other materials of interest
will have indices no larger than aluminum or silicon
15 and therefore will have principal angles equal to or
less than about 78°, e.g., silicon dioxide has an index
of refraction of about 1.65 which equates to a
principal angle of about 58.8°. The characteristics of
dielectric films are also dependent on the substrate
20 and f£ilm thickness, and the reflectance curve may
exhibit minima at several angles.

Data representative of these various wvalues
from the BRDF curve, the indices of refraction, and
dielectric constants may be used to determine particle

25 or defect identification information for the surface
inspection system 50. A relative signal to noise ratio
for determining the scattering angle may be obtained by
taking the particle response and dividing by the square
root of the BRDF. This provides an equivalent signal

30 to noise ratio .in the limit where the dominant source
of noise is the Poisson fluctuation of the "haze"
signal as understood by those skilled in the art. This
comparison of the resulting angles of collected light
from the dark channel collector 120, i.e., scattered

35 1light, is compared to known characteristic data such as
in a data table to assist with this determination and
then classify the particle or defect accordingly.



Additionally, the light output power or 25 optical gain of the |ight
beam B _may_al so be increased or_decreased at various partions of the
wor kpi ece W whi ch is being inspected for various surface
characteristics, i.e., lowering optical gain along peri pher al
portions of RGMPEkPI ece W This varying 30 of the |ighlpcorishdaizeizoner
or optical gain can al so assist in mnimzing interferences caused
by areas of i ncreased surface roughness or other features affecting
the ability of the systemto detect particled3or defects in or on

the surface, as wel] as provide .ot her 35 _system far ce advant ages.
The surface i nspecH‘%ﬁe omparsy .sﬁeerﬁtfgso?rfhér?g?/ﬁﬁfe‘{%r?e[% provi des

hi gh spat i akceesding i th Prsdgrerimvineghponmand seignals elid eof, a

V\?896/ 27786 _ tso;t‘.tr:]wareb _pr?graTm, revihi_dent in tt:hgqiﬂﬁg(ﬁ.{xgﬁsﬂﬁrdware

- 18- view a e objec n i¢ch, Ln turn, ovi des

i mproved edge det eBFi B Pe tf%l?erfgr@f?‘ar?(f %E’ﬁr 3658 as ur?é?%spteoﬁddﬁyl i“h9Sen t he
i nspection procé&ssskilled in the art.As best illustrated in Figures 1, 3,

3A, and . 5 6-7, neans for gOldagliing Jstditelr O ERE SerdRER iVe Fiew
wor kpi ece is preferably a collector, 100 havin hannel

a.ligh .
detector 110 arran§EdFteprect &41d dda s matid "%ﬁ‘ég‘&# aﬁ’t%)mreeﬁ'e&th?d from
t he_ s_urface S of asupfape ei:mspe_ctiod/\/sazrmtem @ar krehenalely dist esimpute20 _
posi tioned ad] acen&ontg&i gy é}m&%oﬂe%ﬂef 34 Qofdrardef @4 N9 1 ght
of a rkp W The

scattered fromthe surtace I ece L
10 inspection system 20 under the supervision and

direction of a human operator, stores and retrieves
data generated by the system 20, and performs data
analysis preferably responsive to- predetermined
commands. The scanner assembly portion 90 illustrated

15 cooperates with the scanner 80 and includes a chuck
detector 921 which transmits a position to a servo-
amplifier 91. The relative position of the article
being inspected is communicated to the system 50 via
motors 41, 46 and encoders .93 mounted thereto. The

20 position data is transmitted to the AO scan control 73
which preferably forxrms a portion of the system
electronics chassis 70 and which responsively drives
the AO deflector 85 via a AO scan driver 95.

The system electronics chassis 70 includes a

25 system power supply 71 and receives signals from the
dark channel detectors 120 and the light channel
detector 110 respectively representative of the
scattered and the specularly reflected light. As
understood by those skilled in the art, these data

30 signals are conventionally electrically communicated in
an analog format to analog front end electronics 75 and
are converted to digital format by digital front end
electronics 74 or the like. The digital front end
electronics 74 also cooperates with the AO scan control

35 73, the system bus interface 72, and the differential
interface 69, i.e., differential bus, of the personal
computef ("PC") chassis 60. The system bus interface



| i ght channel detector 110 may be a PMI or a phot odi ode, but

preferably, as understood by those skilled in the art, _is a
guadrant-cel |l device, i.e., 15 detector, arranged for X-Y coordinate
posi tioni ng detection so that deviation in the path of reflected

light, i.e., rj detection of a defect or particle,

det er m ned. g&?ﬁb%%drant-cell detectors are manuf act EW%&vanced
Photoni x, Inc., formerly 20 Silicon Detector Corp., of Camarill o,

Cal i fornia. Al t hough a particular confd3dguration is illustrated, i
wi || be understood that various other rectangul ar or ltiple_cel
i.e., bi-cell, conf?gttsR irypdratesowith a "?Eé%?"ﬁ?c&“@g’ﬁﬁ By ehe
present invention.the 2durface inspecthenday&tetaSthel detector 120 preferably

includes a plurality of col Iﬁfete?'q?g%.%?ssiéz@gofrﬁéudes a w'ggh%?eguﬁp?igl y

adj acent each ot her and arran%roér . ecting co nents o
scattered |ight at6l arranged &ox,Eupplyand|BeWsr dettdisifted ARG BS from the
30 surface S of téras®ikpd®Ecadsd hatha pbtiehidontfoller 64cehbient ors 121,
123, 125 of the d Q?ﬂ]g I : SRYE [

havi ng at | east t%gsg coll}ldgctc%%guéggftsi%%%% %}?ﬁg ;gcent eg}‘%ﬁqg?%r.ﬁme
plurality of coll eef ofRke 19uannexs asgeably PP and ratBFtemcogtrelpe

under st ood by thosgomgaitd s N if.ke ,aktickOpPbcessor, cfupitddleages, Taad
other lens arrangegpal s T ALSO pompur BeeHSEFe ALEHULY 10 dilG1 RS EN!

i nvention. The
PCT/ US96/ 0291310 communicates with a wafer handler g2 for responsively

t
I,

sending and receiving predetermined command signals for
mounting and handling the article or wafer being
inspected as set forth above. The system contrcl
computer 65 also preferably communicates with a hard

15 disk drive 68, a display adapter 67 arranged to
communicate with the display, and an ethernet interface
66 arranged for network or other system 50
communication. An image processor 64 electrically
communicates with the differential interface 69 and the

20 system control computer 65 for processing the image of
the surface of the inspected article and/or defects,
flaws, undulations, or particles thereon. The surface
inspection system 50 as illustrated in Figure 7 and as
understood by those skilled in the art preferably is

25 formed of a combination of software and hardware which

- forms these various components, or combinations
thereof, of the system 50.
As illustrated in Figufes 1-7, methods of

inspecting a surface 8 of an article or workpiece W for

30 defects are also provided according to the present
invention. A method of inspecting a surface & of a
workpiece W preferably includes rotatively and
translationally transporting a workpiece W along a
material path P and scanning a relatively narrow scan

35 path a of light across a surface of the workpiece W as
the workpiece W travels along the material path P. The
step of rotatively and translationally transporting a



plurality of collectors 121, 123, 125 respectively i ncl ude a smal |

angle collector 121 arranged to collect light conpo d
forwardly fromthe surface S- of the workpiece Wat a relatively snall
angle a, a 5 nmedi um angl e coll ector 123 positioned closely ad] cent

the snmal | an¥P@2FP¢ ect or 121 and arranged to coll ect *Y'T

conponents scattered substantially normal fron1 t he surface S of t he
wor kpi ece Wat a relatively nmedi um gle b, and a | arge angl e

col l ector 125 positioned 10 cl oseI y adj a#&nt the medi um angl e col | ector

123 and - arranged.to coll ect ht nponent s cat red
backwar dl y fron1tﬁ§g§§%F§8e i ?h é%ﬁﬁﬁa} é@&%mPEF%S‘a ¥ *?elatlvely
| arge angle c. Theydshirophzafewithtthe oster of stagnipgt Acsurfrdeiddss thesnal |

gngl e det ect or 122,ozame2e5. EBthaH”t@”ﬂh&azgcftae%thstéﬁﬂ:naﬁlﬂﬂ -Shdpedsa! e
et ect or respectiv osi tiqned in_g
communi cat i on vmtt? qgﬁr?3§ 8ﬁ8|ﬂg %% | R efer fé%ht SPecuaiﬁgyzand neans

el ectrically cdnnemtfdectedt firowmahd, 1ight sqaﬂﬁeu&ﬂ &mdm| bhgesurfdae S
detectors 122, 124s gﬁ@ #Bdk Flaeer@ é?éxva%ltyofa@eegk?h?%}:e By 00 e dd iy Sai d

det ectors etermn resence o
surface S of a mnr Ihs &od ﬁFted scattered 119hHm§§§éP§PEHYdé¥%%¥@ﬁsf%@
(Figure 6) reafser slebprasedyr aobskd ing ddghite coimgbhenbs cicaieyerd®s

25 fromthe refl eclgdhahl Ek HOLRE) Sedse ‘02 WOl wbBrpiece WAt o

fromthe surface o focu5| ng
l ens 112 and st%i Ié‘é%uleﬁ’émg 19§ErFa@B°’Eﬁn%F rﬁéﬁ%@?’ﬁ@ebﬁﬁ:k?’%dﬂﬁr%e

mrror 113 Qiheerstxﬂfelee bi gt th@vmﬂqsm:é mont agunkase ddé @@Seéche 30

i ght collector as il l.ustrated ht, yefl ect front
surface is durrped or %tggagg b?né Ef‘aﬁgrabfy J‘r?eﬁﬁ%?m?léhe ?pﬁgéc? tch,
however, is detecttpnsiationally trapspextigig.t Wélwowbpeeeevvlummmhe:ant

ggrt i ?ESdOf t he tscanrflextfgl ecflt eelﬁlt bﬁbfaé‘ét&ﬂéfﬁ%ﬂ b‘é/: :vhréeai §<.tt>) €ad r&mt L he
pa i rect owar.d. t he col l ec and wi S the
mirror 113 and 3t Y 9% & &R Egéﬁn’dé? i}' ofonstant peanning Spege gga%‘

det er mi ni ng neans sMriiane Sobifether workpiece W. Also, the optical gain
of the scanned light further may be varied during the
scanning of the surface of the workpiece. _
Another method of inspecting a surface 8 of a
20 workpiece W pfeferably includes deflecting a light beam
B along a predetermined, i.e., relatively narrow,.scan
path o and directing the deflected light beam B from
the scan path o toward a surface 8 of the workpiece W,
e.g., at a relatively low angle of incidence. The
25 method preferably also includes imparting a rotational
and translational scan of the workpiece W so that the
narrow scan path traverses the entire surface 8 of the
workpiece W along a spiral path.
Yet another method of inspecting a surface 8
30 of a workpiece W to provide information about particles
detected on a surface of a workpiece W preferably
includes detecting light reflected from the surface §
of a workpiece W and detecting Iight scattered £rom the
surface S of a workpiece W by i plurality cf collectors
35 121, 123, 125 at a plurality of predetermined
scattering angles a, b, ¢. At least two of the
plurality of collectors 121, 125 positioned at the
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- 20- Is preferably electronic signal discrimnation — . circuitry
150, such as illustrated (see Figures 3 and 7) and under st ood by
those skilled in the art, which recei ves signals representative of
col l ected | ixggbedrgym 5 the dark channel detectors 122, lgdyudetfiaed30.
As best illustrated in Figures 1, 3, and 6, the relative respective
angles a, b, c of the plurality of coIIectors 121, 123, 125 are
preferably determ ned W|th respect t 62Fhe angle of reflection a of

light from 10t respect to
forward a, backvva:bg“ C, @g&rsmg S ’}Aﬁ'{ @n% V‘é@?geﬁ%ﬁﬁ, gggcorrponent

scattering which G%%ﬁﬁ@t#§P&V|P@S%61? diylaellect f@FWﬁﬁélﬂeﬁ@% [err] of
the scan. For examdkwarlilyhecapgéged 11ghtoffﬂdacrcdenearfacée$aéf weley | ow,

I.e., 15[err] from oLl zopt /5 fr n | . _then_the forward
scattering or smmW°§5é%ecga&|s %r %5?%. °{)d%£e° anrP ?S the sur{ﬁﬁ%wr]
t he substanti aldy Snefngheswarkeieag %rls?re?diqmﬁllfled r&ﬁgp@Si‘ge abRutigns| er r]

to +20[err], and tdéﬁtel&%@\/\@tda pluraBLey tey |ﬂi:@dértehﬁﬂiﬁédaggéeté§u§%)0m
-72[err] to -27[err \When 20 a particle or defect is detected

exanpl e, the a 8- angle collector 121 is positioned to receive and
collect forward scattering & mehbodeof uinspriitdng a sugfatecSorf 123 is

positioned to recgidikpideCh h8ESrdin téL@fé aﬁte;s@lnltylﬂ%ﬁaioﬁcgﬁﬁiéﬂg b,

and the large anole ) 22.C LY FaLRLad Dbt PRIQ08T el 8 BRE! ¥E AL G011 o'

of the workpiece W at a first predetermined scattering
angle arranged to collect forwardly scattered light,
collecting light scattered from the surface of a
workpiece at a second predetermined scattering angle

15 arranged to collect substantially normal scattered
light, and collecting light scattered from the surface
of a workpiece at a third predetermined scattering
angle arranged to collect backwardly scattered light.
) Additionally, a method of inspecting a

20 surface 8 of a workpiece W to provide information about
particles, defects, or other surface characteristics in
or on the surface the workpiece preferably includes
collecting light scattered from the surface of a
workpiece W by a plurality of collectors 121, 123, 125

25 arranged at a plurality of closely adjacent
predetermined scattering angles a, b, ¢ so as to form
signals representative of the collected light. The
predetermined scattering angles are preferably arranged
with respect to the surface of the workpiece so as to

30 respectively collect at least forwardly and backwardly
scattered light. These signals are then compared to
predetermined data representative of dielectric
constants of predetermined materials to identify a
particle or a defect detected in or on the surface of

35 the workpiece W. _

In the drawings and specification, there have

been disclosed typical preferred embodiments of the



scattering ¢ fromthe surface of the workpiece with respect to the
detected particle or defect, or _the like 1n the directiaon generally
per pendi cul ar to the pl ane of incidence, approximately 73[err] of
total angle is 30 captured in the above exanple. This is about 0.64
steridi ans Q4o98bdgs aNgl e per segnment or a total of aeyusds,

steridi ans mhlc I'S a substanti al i nprovenent over previous known
det ect ors. The dark channel collector 120 according to 35
the present invention preferably anal yzes tt&’- characteristics of
surface S and partjcle scatteri galthougﬁug gfffor use onepollihed waf er s

and vari ous %ﬁﬁ 7 terms ar
PCT/ US96/ 2913 these terms are used in a descriptiive sense ogdpoehnded

films. Wen certahde cp&dlﬁuﬁs&eé of. lif®@8htion. TR alrRrqodl hawabken

I I f f t.ribut f light
scattered from a strrered i Ggaigorabie, atiSsf Hoh MpedAhiey 110
BRDF = (16[ err]5cosefereiceds Varipu® $tiperrated ygribddiments. Itwwaid

[err] is the incidgaty, é‘nc [Qfdira]evle.s; thsaécaﬂ%wgnodlflca%&%% an' S the
refl ectance at the wavel e arjzation of incident |%ht

n
is the power spectfhanges cgarhaﬁlwecﬂéFE&PeFF%t?an‘ft o sgepgcef
roughness, [err] isnverflion fes Weserdbgtihinf thacfoesdoirgidpediffacakioh| err]
are the spati al éffﬂﬂé”ﬁH‘%iéWQPandéE g%%{hsare expressed in terns
of i nci dent andiscatterlng ang

flerr] = (sin [err] cos [err] - sin [err] [/ [err] flerr] =
sin [err] sin [err] / [err].




15 1In these equations, [err] always refers to angles in the pl ane of
I nci dence and [err] _represents azi_nut| e _shape of the
BRDF curve is defined by S {f[err], f[lefpksaid & cosine terns in

t he above equati on which provi de acceﬁﬁ.abﬂe":iﬁesm gi ven good power
spectral derWO®§2778©0 i nformati on. ude of the cRET/ESHE23

det er m ned primarily by the reflectance Q The
refl ectance of the surface of the article and a particle or defect
detected thereon is dependent on the-¢B=electric constant of the

material or particle I nspec al um num Al so, the
refl ectance of a naterlal or part&?gg k??ﬁﬁ1féu¢§§£hqﬂh P pol ari zed
light, preferable accordinglio theunfesentinspectiomvaystieon towi || have
different charact %EEE{Z?E tmkﬁ.h es or HREektal Oﬁ)l‘a pﬁll%agee del lum nat ed

with S polarized e reflectance, of ectrig |Ilun1nated
with P polarized P’Pﬁh?l?geze?}é? Sfurface fBPREGREPR, SYStem qomprisgngyst er
angle, and is a function ofmééns|ﬂukncrans¢atmbnabiyamianspdﬁtnn@safoIIows

[err] = tan[er 5] t(‘}ﬁrkf’géf%ﬂr%f%é% Qter;_.qr aBaghbl ng materials, for exanple,

exhi b|t curves ™ w owever reflect ance for P
pol ari zati on reaches a non-BRRRF ass°°1ateﬂCW96P2??EﬁitranSPO”t’Pg means

PCT/ US96/ 02913  for rotating a workpiece during tZ&nslationalligiafem The

angl e where this nqQn-ze S may be referred to as a
1385 ERe%éQ’{QP%a%
pseudo- Brewster's ang

a scanner positioned and arranged to scan a
10 surface of a workpiece during rotational and
translational travel along the material path, said
scanner including a light source arranged to generate a
" light beam therefrom and means positioned to receive
the light beam and arranged for scanning the light beam
15 along a predetermined scan path across a surface of the
workpiece as the workpiece rotationally and
translationally travels along the material path; and
a collector arranged for collecting light
reflected and scattered from the surface of the
20 workpiece during rotational and translational travel
along the material path.

2. A surface inspection system as defined
by Claim i, wherein said translational transporting
means and said rotating means are synchronized and

25 arranged with said scanner sc as to form a
substantially spiral-shaped angle scan of the surface
2f the workpiece during rotational and translational
travel along the material path.

3. A surface inspection system as dsiinec

3¢ by Cilaim i1 or 2, wherein the predetermined scan path
comprigses a relatively narrow scan path cf no greater
than 0.1 radians along the surface of the workpiece.

This Sheet Has Been Replaced - ”m" _—
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alternately as the principal angle. The principal angl e i s dependent
onthe conplex dielectric constant (o =n-ik) and can he found by
eval uating the foll owi ng expression unTﬁ;'gj;;j-‘vn-ﬁa~+s:

(n2 + k[err])[err] = sin[err] / cos [err] l SHEET HAS BEENAPr exanpl e,

al t hough al ug d silicon are di {terenfEFeAEHEP num .rﬁﬁsﬁ%ﬁ rong
absor ber and“kn¥ghﬁ§ilicon exhi biting dielectric charactre SET CS W hsa
hi gh index, the principal angle of both materials is close to the

sane, i.e., about 78[err] (aluminum 78.1[err}?- silicon 77.8[err]).
Al nmost all other materials of interest .. wWl|.have indices J arger
than aluminumor silicon 1% ‘aft s[ur{éﬁra&eoP@SRAeF#lﬂ%v%YTﬁ?rﬁcﬁspéfe%&ﬁ@des
equal to or bps€laimnl abbutor7$, ahgreini Fatdnschmwxinte wesnsan i ndex

of refraction of abgubrisés MuEH QG @FrhOgaA to repét NNCi-Raly AuH1R Rf
about 58.8[err]. nggc aracteristics ric filnms are also
S t

of di el ec
dependent on the Ight bepp alang 3 WFHPEE%‘@%E,%%W% s &athnce

curve may Sexhilbng vhe swrfdceafertile aogkpiece. Dat a
representative of these various val ues fromthe BRDF curve, the

i ndi ces of refraction, and di el ectric constants may be used to
deternine particle 25 or 3efed FWEACGE LRIPPERIPRT BYHAT AF ARt imed
surface I nspegt Chaiwyst e2n 50, ok kel ahieveini gabd ¢ollwdter rati o

for determ ning th@o@ﬁ?ﬁé@él ng angl e nay be obtai ned by taki ng t he
particle response and dividi ng by the square root of the BRDF. This

provi des an equi val ent signad® 1iB¥ qhammgilsEefgEreYi aAr¥aeed HAr where the
dom nant sourceo deteftifi®i Fights dfwulerdsonetloctedt fdm afhd hrfazee”

signal as understo Y, e skil in the art. This conpari son of
the resulting angl Ee;g %fw%%?%e% %’d 4nl%ght fromthe dark channel

col lector 120, i.e., scatter®darigshangned; detgcearpaeatt ienedh@diacent
characteristic dataasachiglit channdln dktédatart bkedébe@Stntlighth this

determ nation and g... 4o} 08" Ll SHd Yuld¥acRAbE & Golkp ARIECT AU YaFi9! Y-
15 channel detector including a plurality of collectors
positioned closely adjacent each other and arranged for
collecting components of the scattered light at
different respecti?e predetermined angles from the
surface of the workpiece.

20 6. A surface inspection system as defined
by Claim 6, wherein said plurality of collectors of
said dark channel detector comprises a small angle
collector arranged to collect light components
scattered forwardly from the surface of the workpiece

25 at a relatively small angle, a medium angle collector
positioned adjacent said small angle collector and
arranged to collect light components scattered
substantially normal from the surface of the workpiece
at a relatively medium angle, and a large angle

30 collector positioned adjacent said medium angle
collector and arranged to collect light components
scattered backwardly from the surface of the workpiece
at a relatively large angle, and wherein said dark
channel detector further includes a small angle

35 detector, a medium angle detector, and a large angle
_ SR Sl
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-23- These conparative steps are preferably perforned

according to predeterm ned conmand si Pt o sof t ware program
“ T SRGEUAS

resident in the structural hardware THIS Briena: disk or the |ike
as under st o3V0 96/277860s e 5 skilled ilp the HHFt-ASED ]| PCTMUS96@29est
illustrated in the perspective view of Figure 1 and the schematic
view of Figure 7, the surface inspection system 20 preferably is
conput er control l ed. The system cont&-l er 50 operates the 10

I nspection system 20 under the sugervi_si on and . direction of a human
operator, stores MKETEY €AFHs resPectvely RAfdt3O8§ 1t AREL5R  em 20, and
perforns data commautal aatiionpwathr abtyrrespondinge cod lpeedet £o11i ned
commands. The sca%@teé' : i i e 3 rates with
t he scanner 80 an |ncc 3@@@&‘5&8&& QEgﬁQ, ci%é&eﬁ%a?lgg%l\?ﬁ%gﬁg?ggﬁsm ts a
position to a serGepnected tonsaid gpadt. meiym| And, daggei RSkeof the
article bei Agrédispactad iresponsine cad el dax tilvals gitagl 50f vdm

notors 41, 46 and 0 t e Sji.kion data is
transmtted to th%gg%g%}t%%#gg %t&@ﬁ%ﬁ:{r\%i%{% Erﬁae%%rnggl %/"’f%rms a
portion of the syRzeficle on &hecsughnres ehashs vorkri®genhi ch responsively
drives the AO deflector 85 via a AO scan driver 95.

The system el ectronics chassis 70 i nclude 25 _system power, supply 71
and receives signals from tsffe A su= g?u'lz %ﬁ%%%ﬁlodlet%csggﬁsafzsegﬁ‘gg‘tl he

| i'ght channel by @hadwtlor 21163 r dspéct Pvefy wheneaddemaidi vetatinge

10 means includes means for varying the speed of rotating

the workpiece during translational travel along the
material path during the scan cf the surface of the
workpiece so as to provide a substantially constant
scanning speed of the surface of the workpiece.

1s 8. A surface inspection system as defined
by Claim 4, wherein said deflector is arranged to
repetitively -deflect the light beam along a
predetermined narrow scan path along the surface of the
workpiece, and wherein said scanner further includes

20 means for directing the light beam from the narrow scan
path toward a surface of the workpiece at a relatively
low angle of incidence as the workpiece rotatively and
translationally travels along the material path.

9. A surface inspection system as defined

&)
tn

by Cilaim 8, wherein the rel vely low angle of
incidence is greater <han 4

workpiece.

10. A surface inspecticn systam as defineg
by Claim 8 oxr 2, wherein said deflector iIncludes &
3C mirror and a piuralicy <f optical lenses positioneg
petween said laser source and the material path andg
arranged to direct the ight beam toward the surface of
~he workpiece to be inspected.

J———
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scattered and the specularly reflected light. As

nder st ood by those
skilled in the art. these data

OTIEEN onakHy—eleetrically

comuni cated in an anal og fornaszﬁzaﬁélog'ﬁ“bnt d electronics 75
and are converted to digital fofnmit by ﬁug‘vfl'

el ectroni cs W% ™6he |ike. The digit el fé?‘?%ﬁ??’%’%’"m al so

cooperates with the AO scan control 5 73, the system bus interface 72,
and the differential interface 69, i.e., differential bus, of the
per sonal conputer ("PC') chassis 60. %he system bus interface

WD 96/ 27786 1

- 24- 72 al so connunlcates ngﬁageléggpe%t%%p é%l %{%é%a%PEd for t he
surface inspect|oﬁcsys;@gn%xsurface of a workpig¢e, FKhQﬂﬁHﬁﬁa§660 i ncl udes a

PC power supply inspe&dicH I'&aash g@hgl ng povver to the PC. The PC
5 chassis 60 al so has a rmtlgl ontro | er

comuni cates with the servd® % SEMIGE arrang%% ?%eg%eﬁﬁgonségﬁbl y 90
or

and a system cént beam theretnnputer 65, i.e., mcroprocessor,

controller. The syst gm&antgl feRERYE L @ﬁepj‘_félg[ alam &lgctrically
10 conmuni cates with a, wafer handl er 52 for res on5|ve sendi ng and

recei vi ng predet eFRRRBLNS vy fargpw sck t¢%ﬁf§ﬂu? FardBFRg t he

article or wafer béi agworkp:.ecenspaa'cd ed as set forth above. The system

control conput er SO PrEfenakly.-G gngni.g@;&g df g hard 15
di sk drive 68, adlsla a apter 67 ar gnge °
ic Pranslat:.onal scan of the worknlece

12. A surface inspection system as defined
by Claim 11, wherein the relatively narrow scan path
along the surface of the workpiece is no greater than
0.1 radians.

15 13. A surface inspection system as defined
by Claim 11, wherein the relatively narrow scan path is
in a range between apout 0.025 to - 0.040 radians.

14. A surface inspection system as defined
by Claim 11, 12, or 13, wherein said scanning means
20 comprises a deflector arranged to repetitively deflect
the light beam along a predetermined narrow scan path
along the surface of the workpiece.

15. A surface inspection system as defined
by Claim 11, further comprising means positionally

N
n

aligned with said scanning means for directing the
light beam toward the surface cf the workpiece at a
relatively low angle of incidence, said directing means
including a mirror and a plurality of optical ienses.

il -———




communi cate with the display, and an ethernet interface 66 arranged

for network or other_system50 _ - connunlc ation. An i.mage processor 64
electrically comuni cates wit Tk ] : '"n—ﬁ—Ilnterface 69 and t he
20 system control conputer 65 for procesyLy g of t he surface
of the i nspXN@WRT6t | cl e and/ or deflests, undulPEITUSRED29%Y
particles thereon. The surface I nspect1 on Sy 50 as illustrated in
Figure 7 and as understood by those skilled in the art preferably is
25 formed of a conbination of software and2rardware which forns
these various conponents, or copgbinatio t her eof of t he system 50.
As illustrated in Figures 187, ﬁBtﬁBH%c%f scanner, ﬁ§E@E€Fﬁg @ surface S of

an article or wordeteneiny fpratrt:.clkésdefedéﬁecarecai 20 spréecdedf ascording to
the present %@dé)”t gpthed; of éﬁg&eqld"{bg, %lﬁ rface S of a

wor kpi ece Wprefer I ncl udes rotatlvegm nslationally
transporting a workpiece vﬁhléﬁﬁraarrange Qwﬁ%ﬂeﬁ%%?haPlaﬁﬁrskﬁﬂﬁﬁng a
rel atively narsoveen-hef@Erpai;h [err] of |ight across a surface of the

| wor kpi ece W as t he \Aq_\rkglcgggt%gvgﬁ?ygéls @é@r&ttot}eagg.gggéavbgat h P. The

step of rotatively and transl ationa ranspor 96/ 27786
PCT/ US96/ 02913 receive the light- beam and to deflqg;_the lightiobeamece

along a materi al @Péxkgmexfeqra&awllys:narrow §¢’él€f‘§a£ﬁl~l ZQ(ﬂlerrbmaEE'@eH'ep of
:Egg?;ﬂ?lglf;r;ﬁgg%gég%eé?an path nelgéeﬁg 5%%&% ({havp%ra radians; and
means associated with said laser and said
acousto-optical deflector for directing the light beam
toward a surface of a workpiece at a relatively low
angle of incidence as the workpiece rotatively and
translationally travels along a material path, said
15 directing means including a mirror and a plurality of

optical lenses arranged to direct the light beam toward
the surface of the workpiece to be inspected.

17. An optical collector for collecting
light reflected from a surface of a workpiece and for
20 providing information about particles detected on a
surface of a workpiece, the optical collector
comprising dark channel detection means for detecting
light scattered from a surface of a workpiece, said
dark channel detection means including a plurality of
25 collectors positioned adjacent each other and arranged
for colliecting components of the scattered light at
different respective predetermined angles from zhe
surface of the workpiece, said piurality ci cclleczors
including at least a cclilecter

Lo

arranged fcr coilecting

w
(@]

forwardly scattered light Irom the surface of the

workpiece and a collectcr arranged for collecting

backwardly scattered light f£rom the surface cf the
workpiece.

— L
i




of the surface of the workpiece. Light specularly S reflected from and

|light scattered fromthe surface.S of the workpi ece Wpreferably are
separately coll ected. The col | : gl fjght preferably

i ncl udes at | east separately cdpponents scattered
forwardly f™WP¥HRBSsurface S of the L1 0 cOPEHEPMY | ght
conponents scattered backwardly fron t he surface S of the workpiece
W At | east the speed of rotating, and preferably including the speed
of translationally transporting, the’%ﬁm kpi ece during the

scanni ng of the surface thereof so a rovide a

substantial ly constant sca rngA§p§BEIS? t% eCt°r'§ﬁrP§één§8 Pytﬂ%alm
wor kpi ece W Al s0}7 i whexstiinc slaigappdurality off tdwel lscored ofi ghidf datker nmay

be varied during él{@nnel detRAR @QmﬁhéQS §U£nf\a@919 éHglteh%o%@feE%Fce

Anot her net hod of a&P |ng a&i ag wor kpi ece W preferably
i ncl udes deflectl?if O ot ct lgEFa??WRPQFﬁﬁFb&@?&Fﬁrﬁéd i.e.,

rel atively nar$oworseardly frompamh suazfidcdi o cthenguarkpicdekrl act @d | i ght beam

B from the ?/&elfaé\:flf’év% a ufa Fﬂgie?“éfﬂ&&%o&gt%s Jqnkpigee W

e.g., at arelati nci dence met hod preferably
al so incl udes |np29§%?&fQ$ qﬁﬁéls“ld smahl INHERICRLIeFECTsaBA of t he
wor kpi ece W so trﬁatrariged to cdldiekewsghn @aﬁﬂibﬁérﬁiéersﬁﬁ.ttbhedentl re surface

S of the p Yet _anot her
met hod of ins ect| ng a su\r%ﬁepr?%rq‘az’ H?J“a mor?(ulffea}:cée \R/ft 5hpe)r ovI a8 Féc8
i nformati on abbutapad tyelaively medipmcapdion %P%Lﬁff]ffé@eoﬁnalﬁor kpi ece W

p][ eferabLy d:dsrciwt&s:d qﬁ:tsi&tﬂdmdl aabacéﬁilgfi&dnédﬂm tahgléurfglce S f
o B vor KL oce, W aBE g 6 400 ddibee gt BCFERLL AU componefts! °° S ©
plurality of pred%%%ﬁ?ﬂ#ﬁﬁibaCkwan§d3tﬁgpmngh%ugﬂxﬁaqg df, the mprkpascet wo of
t he pluralijy SfrLndd 8fdi1qf akdd, ardbe POShd I LM B dark
15 channel detector further includes a small angle
detector, a medium angle detector, and a large angle
detector each respectively positioned in optical
communication with a corresponding collector for
detecting collected light, and means electrically
20 connected to said small, medium, and large angle
detectors and responsive to electrical signals £rom
said detectors for determining the presence cf a
particle on the surface of the workpiece.

19. An optical collector as defined by Claim
25 17 or 18, wherein said dark channel collector further
comprises a scratch detector positioned adjacent said
~ight detector and said small angle detector for

detecting a scratch in the surface of a workpiece.

20. A method <¢f inspecting a surface of
30 workpiece comprising:
rotatively and transiationally transporting a
workpiece along a materizsl path; and -
scanning a relativelv narrow scan'path oz
light across a surface cf the workpiece as the

35 workpiece travels along the material path.
-_
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- 26- predeterm ned scattering angles preferably ?re
-BEEN [

respectively positioned to collect f ﬁuby,@pg, ackwardl'y scattered
light fromthe surface S of the %%ﬁﬁ% A pafiticle or defect in
W s

or on the surWQ9¢277865 S of the workplLece ept-ifidd r eBODIISI6OR918 O
| i ght detected at a plurality of predeterm ned scattering
angl es. A nmet hod of inspecting a surface S of a

wor kpi ece Waccording to the present inventi¥r further 10 includes
collecting light scattered from &\hﬁeggrface of the workpiece Wat a

S S
first predetermnined scatteri¥g A9 3 A EiRpsh Ao CLBRMeeP  f Butkher v
scattered |ight, comprisirecepagakeyit csthedeimy fighv sbecabatbge of a
workpi ece at a secpyeh gy detssidm S¢ eLl @]h% r to
col | ect substanti al I% nor na)l scataﬂgr egeﬁ{: éé&% ght, eféfr?&‘lggﬁ ég??ﬁgﬁ!?%ht
scattered from t het&%rY lece, tge GOLLPRPPRCEFFATFGhilighpr daetedingied

scattering 5 aagl teast drigitt compohbres deatwerdell Foswaktieyedndi Bhghe
Addi tional Ly, 8 MELthtnd EcEERE%0a R S Afors (il B URLKRI SEC YN TO
about rcles, de t

provi de information | part ect’s, or ot her “surfate
characteristics i nWorkPiegg. on the surface the workpi ece preferably
i ncl udes collecting light scattered fromthe surface of a

wor kpi ece Why a plurality col| rg 121, 123 25 25 arranged at a
plurality of cl oselg/ ad;] acegz' A %%ﬁce’ e‘?_%r‘?‘ﬁ%]e’bé% é’ttcélailﬁ‘gganﬁfeéla, b, c
so as to form wherein | the Ghepsoft setaeively mnd didagsiled ibnghly The

predet ermi ned soattLinsbPIHELS dorkphater abbyg af ta8dal pachWikh respect
to the surface of é;%%ﬂ%&é%¥é§”%i%% %ﬁetgtep of scanning of a surface of
the workpiece so as to impart a substantially spiral-
shaped scan of the surface of the workpiece.

23. A method as defined by Claim 20, 21, or
15 22, further comprising varying the speed of rotating
and the speed of translationally transporting the
workpiece during the scanning of the surface thereof so
as to provide a substantially constant scanning speed
of the surface of the workpiece.

20 24. A method as defined by Claim 20, 21, 22,
or 23, further comprising varying the optical gain of
the scanned light during the scanning of the surface of
the workpiece. o

25. A method of inspecting a surface of a
25 workpiece comprising:
translationaily transpcriing a workpiece
along a material path at a prederzermined speed;
rotating the workpiece during transliational
travel along the material path at a predetermined
30 speed;
scanning a path of light across a surface of
the workpiece as the workpiece travels along the

material path; and

I This Sheet Has Been Re;
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30 respectively collect at least forwardly and backwardly scattered
light. These.signals are then co B

predet er mned data

representative of dielectric “const‘

d materials to

identify a particle or a defect det surface of 35
the wor kpi ecey In the S andSpecj beazbfaer €
have been gmggfosed typi cal preferred enbodi nents of t%g*k@ b1y WO
96/ 27786 PCT/ US96/ 02913

-27- i nvention, and, although specifi®Xerns are enpl oyed,

these terms are used in a desc&ggtlve Sf&§§i§¥hé’sq§%9 of ro@gkéggagﬁgrposes

of limtation. The invention 'R

escri I'n consi

detail with specifiworkpi®aeeidurdngethe gepnuirg i9f dder surdacsbbberentsso t
wi Il be apparghtyo heRMee at Babssaﬁtwmmrfstﬁm @Rsnaifdy speed

changes can be nade thin the sp cope of the I nvention as
ﬁy °Ea%P8nw°rk fe

described in the fd? €Ghd defined in the appended

cl ai ns.

10

15

20

25

30

Jdih FUEFEER

'26. A method as defined by Claim 25, wherein
the step of scanning a path of light across a surface
of a workpiece comprises a relatively narrow angle
scan, and wherein the step of varying at least the
speed of rotating the workpiece further comprises
varying the speed of translationally transporting the
workpiece during the scanning of the surface thereof.

27. A method of inspecting a surface of a
workpiece comprising:

deflecting a light beam along a relatively
narrow scan path; and

directing the deflected light beam from the

narrow scan path at a relatively low angle of incidence

toward a. surface of the workpiece; and

imparting a rotational and translational scan
of the workpiece so that the narrow scan path traverses
the entire surface of the workpiece along a spiral
path.

28. A method of inspecting a surface of a
workpiece to provide information about particles
detected on a surface of a workpiece, the method
comprising:

detecting light reflected from the surface of
a workpiece; and

detecting light scattered from the surface of
a workpiece by a plurality of collectors arranged at a
plurality of closely adjacent predetermined scattering
angles, at least two of the plurality of collectors at
the predetermined scattering angles being respectively

i



- 28- THAT VWHICH | S CLAI MED: 1. A
surface inspection system for _detecting oartlcles_QL_dgLegts on a

surface of a wor kpi ece (W, the S#ﬁ:dbe i % N Hsten1conpr|5|ng

means (40) for translationally transp 'g QR‘ et 5 along a materi al
path (P) and Sq 45) associ at ed th S&F nspar %ﬁﬁ&?@f’;gﬁr
rotati ng a worKpiec during translational travel along t _
pat h, characterized in that : a scanner (80) is positioned
and arranged to 10 scan a surface of a wor¥dfiece during rotational and
transl ational travel alon he na rial ath aid canner including a
| i ght source (81) Qﬁ?%ﬁﬁﬂﬁ%4(§° co SSHEr ferward tﬁnqygéﬁiﬁﬁéainonland means
(82, 84, 86, 8§¢aqnﬁiad(ﬂighttﬁrpmcehaesmt£a¢agpﬁ theamwoakgiaceanged 15
for scanning the Iight beam along a predeternined scan path ([err])
across a surface of the work |ece as the morkplece rotationally and
translationally travels on® PRELAG: 3% ALingdh byafdaim 28, whéreing,
col l ector (100) isth&rﬁﬂuxaiﬂty‘o&obbemécugrQCEufuhﬂﬁ dofprégedaand

scattered fromd heec?ﬂ'ef&%%i g:fostlftl.%oned \‘.‘Qr5?1fgﬁ]déﬂﬂs'l%ntqgﬁﬁ&oﬂglrm%fd

transl ational trav e materi
sur f ace |nspectl(NF%S&&%%ﬁ@ﬁiHﬁ@FlﬁEHm t eb?“(f%ﬁ?n?? thse Werkpigrs -
transl ational transporting 25 neans and said rotating neans are

synchroni zed and -arrangeg, lkhm%@hgds %.5@%15§d6§}163 %r?hé GBFRBFECe

substantial 'y spiral-shaped "arg scan of
during rotational %ﬁmpﬁkﬁﬂﬂﬂaﬂﬁQ&ﬁ&ﬁYlngt?a@%ie%ﬁdﬁgcﬂh@nnﬁtéﬂréacpawﬁ a 30

3. A surface i nspeaipidte relspdnasveetbNedght detected at a plurality
' 10 of predetermined scattering angles.

31. A method of inspecting a surface of a
workpiece to provide information about particles
detected on a surface of a workpiece, the method
comprising:

15 collecting light scattered from the surface
of a workpiece at a first predetermined scattering
angle arranged to collect forwardly scattered light;

collecting light scattered from the surface
of a workpiece at a second predetermined scattering

20 angle arranged to collect substantially normal
scattered light; and

collecting light scattered from the surface
of a workpiece at a third predetermined scattering
angle arranged to collect backwardly scattered light.

25 32. A method of inspecting a surface of a
workpiece to provide information about particles
detected on a surface of a workpiece, the method
comprising:

collecting light scattered from the surface

30 of a workpiece by a plurality of collectors arranged at
a plurality of closely adjacent predetermined
scattering angles so as to form signals representative
of the collected light, the predetermined scattering

LT T




by Cdaiml or 2, wherein the predeterm ned scan path corrpri ses a

relatively narrow scan path ([err]) of no greater than_0 1 radians

al ong-the surface of the wor kpi ece.

- 29- 4. A surface inspecti onEsys E. by Caim
1, 2, or 3, Wo%ksiResSai d scanni ng means co - &‘@53
arranged to reg’gl'??@fvel y defl ect the |ightjjbeam’d] 2 erngned
narrow 5 scan path along the surface of the WOTKpIece.

A surface inspection systemas defined by37CI aim1l, 2, 3, or 4, wherei n

d I | ect t 110
S0 OOl eCtO S8 ing, arzangp i pr e SRR piEREEL oG (110
of a workpi ece; anthe workpiece so asdbpkrespesiivelst esldect120) 1pastti oned

adj acent said |ighgoshanng) adﬁst%tc%a{»ei d@&@@@éfé}i llgHt' gahdscatter ed from
the surface of a workpiece, said_15 ?anne ct ol |n% %gl ng a
y

plurality of col l ectors °(°f§’fr1TQ351§§§ S oSS cTtd"IvSsé’ 8j acent
each other and arreobksctet ldghtewithgpredeoeominedfdata representabiee

light at differentofcefeddetic conBtaflebesr prshaihfined fltkheatyrtgce of
t he wor kpi ece.
identify a detected particle or defect on the surface

of the workpiece.

-
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20

wherein said plurality of collectors..qf.

6.

conprises a.s
conponent s
arelatively
adj acent sai
conmponents sc
wor kpi ece

(125) positioned adjacent said nedlun1angle
l'i ght conponents

col | ect
wor kpi ece
channel

mal | ang

l e

A surface inspection systen1as.defined

_said dar

col | eét or (121) arranged to coll ect

by d aim5,
k channel-—deteeteor
| i ght

scattered forwardly fromthe surface of the workpiece 25 at

smal | an

gl e,

6angle col |l ector

attered

substantial ly nornal

‘a medi um angl e col |l ector

and arranged
fromt

(123)pcitfafabénzoned
to collect |ight
he surface of the

at a relatively nedi um angl eq ,gnd a | arge angle 30 col | ector

at are

| at

detector (120) fjurther

medi um angl e detector (124),

- 30'_
opti cal
collected lig
and | arge ang
sai d detector
of the workp
defi ned

ht, and

| de
ece.
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y positioned I n
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by daiml, 2, 3, 4, 5 or 6, wherein said rotating 10 neans i ncl udes neans

for_varying the speed of rotating ...the workplace duri

ng translationa

travel along the material path during the scan of the surface of the

wor kpi ece so as to provide a substantially constant

the surface Qf rkpi ece. 15 8. A sur
ot

systemas d by Cdaim4, wherein said deflector

scanni ng speed of

f ac ecirpmpéRbison
(85) is arranged

to repetitively deflect the |ight beam al ong a pr edet er mi ned narrow
scan path along the surface of the wor kpj ece, and wherein said scanner

further includes 20—eans for directing the light beamf

romthe narrow scan

path toward a surfgce of the workpiece at a relatively ['ow angl € of |
i ncidence ([err]) ds the workpiece rotatively and trggﬁéationally
travel s along the terial path. 9. ASS ce inspectign

system as defined 35 by C aim8

i nci dence ([err]) ijs gpeat gL tha
wor kpi ece. )
by claim8 or 9, wherein gafd de

plurality of opticaL5%§ posi tione
the material path a
surface of t he

7
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- 31- 11. A nethod of inspecting a surface of a

workpiece, where the workpiece is_rotationally and translationally
transported along a material path, characterized by: generating a |ight
beam scanning the 5 |light beam al ong a predeterm ned scan path across a
surface of tRgowpsHed €cs as the workpiece rotationally ?
translationally travels along the material path; and col ectl ng % I ght
reflected and scattered fromithe surface of the workpiece during
rotational and 10 translational travel alogg the material path.

12.. A method as defined by Caim11, further conprising separately
collecting |light specularly reflected frogpand light scattered fromthe

surface of t he workpi ece, the collected s§atte i ncludi ng 15 at
| east |ight corrponen_t%fea(-eeriz.! orwardly an ig?%rrponent S
scattered backwardly n'e'g—mb?b‘ S ace of t r%
13. A nethod as defi Claiml1l or , the step of
rotationally and translationally 20 tgpansporting a Kpi ece along a
material path is synchroni zed wi’h th scapni ng of a surface of
the workpiece so as to inpart a subg 'spirak shaped scan of
the surface of the workpiece. defi ned by
Claim11, 12, or 25 13, further co S peed of rotating
and the speed of translationally trnsrtlng the K ce during the
scanni ng of the surfacgutlereg A a/20b antlally

constant scanni rlg:’%e& 36%/‘;% '

ATELVEON ANFLL
LCARK CHANANVEL

GE7EC 7€
LAFHLE JNELLE “
Sk CHANNEL \..//Z# %%ﬁ'ﬁ%%
£CTOR N T asrEcToe
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30 15. A nethod as defined by Caim1l, 12, 13, or 14,
further conprising varying the optical gain of t he scanned—ti-ght during -—
the scanning of the surface of - the workpi ece. REPLACEMENT SHEET
- 32- 16. A nethod as defined by O aim 11, I ncl udi ng
varyi ng at g,ezyséiz#eape speed of rotating the wor kpi ece durpcigoselyezesranni ng
of the surf3& eof so as to provide a substantially constant .
scanni ng speed 5 of the surface of the workpiece. 17. A
met hod as defined by Caim16, wherein gfghe step of scanning a path of
light across a surface o of a workpiece conpri®es a relatively narrow
angl e scan, and wherefn t he=step of vag:yi ng &t |ea t he §Q speed of

L0

rotating the workpiece further "conprises . _varying tie_speediof
transl ational ly transporting the wor kpi gee_during the scanning ofok he
surface theregf.. o | : o
Lo z o 3L v ; o >!
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-2-

ndulating regions, roughness, particles, and/or other
defects or flaws on the surface of the article. 1In
these conventional laser inspection systems, light is
both specularly reflected and scattered from the
surface of an article. The specularly reflected light
and the scattered light are both indicative of the
presence of particles or defects on the surface of the
article or the workpiece. The light specularly

reflected from the surface, i.e., light channel, and

the light scattered from the surface, i.e., dark
channel, are each collected and separately relayed to
photodetectors such as a photomultiplier tube  ("BPMTT®)
or a charge coupled device ("CCD"). The light
scattered from the surface of the article is also
understood to include diffracted light. '
Several laser inspection systems have been
developed which provide various types of scanners and
collectors for scanning a surface of an article or
workpiece during tranaslational travel and for
¢ollecting light reflected and scattered from the
surface of the article. Examples of such systems may
be seen in U.S. Patent No. 4,630,276 by Moran titled
"Compact lLaser scanning System"; U.3, Patent No.
5,108,176 by Malin et al. titled “Method Of Calibrating
Scanners And Arrangement For Producing Defined
Scattered Light Amplitudes"”; U.S. Patent No. 5,127,726
by Moran titled "Method And Apparatus For Low angle,
High Resolution Surface Inspection”; and WO 94/12867.
The development of these laser inspection
systems for detecting the presence of particle or _
defects on the surface of an article has also included
various scanning techniques to provide increased
information about the surface and particles being
detectad. Examples of several spiral scanning systems
may be seen in UsS. Patent Ne. 5,067,798 by Tomoyasu
titled "Laser Beam Scanning System”; U.S. Patent No.
5,135,303 My Uto et al. titled “Method Of And Apparatus
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- el e, - - -— s s e wmemw

‘WO 96/ 27786

- . PCTRUS96/ 02913
- 33- 18. An optical ‘collector as defined by daim ~ 17,
Wwherein said plurality of collectors of said dark channel detector
conprises a small angle col.l.ector arranged to.collect Iight conponents

scattered 5 forwardly fromthe surface ? _the wor kpi ece at a
relatively small angle, a nmedium angle col f&ctor posi ti oned adj acent

said small angle collector &and roRIRE S sték§" ¢t light components
scattered substantial_ly nornai fro%??hg sur g%ggbf t he wor kpi ece 10

at a relatively medium andi-e, &EIRgPgdngRErELON SygBeReE®®r positi oned
adj acent sai d netbitsntdrg earticlesl bectiefeand aar angagdfitecofl£ct |ight

conmponent s ckwyardl L ace of  the workpi ece

at a relatively iar%gﬁgﬁglgﬂ'a#%gwﬁéfgﬁgg;%ngggﬁﬁgﬁlgyéﬁﬁﬂH@FmﬁgﬁﬁEF%r
further includedieaimi40)afigre translasiesndly srasarontingl @ werkeiene and
a large angl & alomipteataterdadh pathpde) i ¥AHymeaskt (@8PdakiooDlt &R

comruni cati on W,t. r | | r cf.or detecti ol | ected
light, and rreans"hreﬁlgcstca(r%idc‘gﬁi%%%%f%qég‘%ngggé FSgsﬁ?ﬁag?‘rﬁ?I? i “%nd
| arge angl e dupsingt thransded Lossdofizavelt slengcthecontermbl sathom

sai d detectors féHaridwdrizdddd k@aRr esence of a particle on the
surface of the workpiece. opticagl collec as

a acan 8Q) 21 én g %
defined by Claim 25 17 of BE3RRE: &BR) sAPPHAMR I ORANBRIBFTAIST H%r t her
conprises a ¥tr@ean detwwiaceped 8 vovitpddrecdnrisgi dotatiohalhandlet ect or
and said smal | aneA RGN thlvel alofg! 8hk REt@rs$aiabgebni ngifle surface
of - a wor kpi ece. : '

~scanner including a light scurce (81) arranged to
generate a light beam therefrom and wmeans (82, 84, 8s,
85) positioned to receive the light beam and arranged

15 for scanning the light beam along a predetermined scan
path () across a surface of the workpiece as the
workpiece rotationally and translationally travels
along the material path; and

a collector (100) is arranged for ccllecting

20 1light reflected and scattered from the surface of the
workplece during rotational and tranglational travel
along the material path.

2. A surface inspection system as defined
by Claim 1, wherein said translational transporting
25 means and said rotating means are synchronized and
-arranged with said scanner so as to form a
substantially spirai—shaped angle scan of the surface
of the workpiece during rotational and translational
travel along the material path.

30 2. A surface inspection system as defined
by Claim 1 or 2, wherein the predetermined scan path
comprises a relatively narrow scan path (a) of nec
greater than 0.1 radians along the surface of the
workpiece.

»

REPLACEMENT SHEET

19 MAY 1997

SUBSTITUTE SHEET

AMENDED SHEET

e . N T3] '_'Utl:)'i-‘l-tﬂ');# L2



RCV.VONZLEPA MUENCHEY 0L 0 Y- 5-97 @ 20006 5 __704 334 2014~ +49 89 2WYLES:H §
20. A nethod of inspecting a surface of a 30 ‘workpiece conprising:
rotatively and translationally transporting a wor kpi ece al ong a
material path; and . scanning a relatively narrow scan path
of | ight across a surface of the workpiece as the 35 wor kpi ece
travels along the material path. ' " WD 96/ 27786
PCT/ US96/ 02913 -29- -34- 21. A
nmet hod as defined by Caim 20, further conpri sing separately
collecting light specularly - reflected fromand |light scattered from
the surface of t he workpi eaesuiBeceolhgpéetionadyeranl 44 s fideed udi ng

5 at least |ight F&??ﬁ?‘?ﬁn&s §9a&§e5ggwfé?é%\%édégi&n%%#%%%e"}eanscorrponents

scattered backwa fomthe’surfa
22. A method as GoFPFe§eBy acAafirobosr (83) arrangpdred rapet tivelyf

rotatively and_tﬁ&E&E&tiQh&|ﬂ!ghiobeﬁﬁﬁﬂﬁﬁ@étéQgré?éﬁéfﬁ&ﬁiéfﬁ%fEthif
o he et seano PSR A ERa phae B SECERS vSTEEIR R * 7 “ohaped
scan of the surface of the workpiece.

- 5. A surface inspection system as defined
by Claim 1, 2, 3, or 4, wherein said collector
comprises: :

'a light channel detector (110) arranged for

10 detecting light specularly reflected from the surface
of a workpiece; and _

a dark channel detector (120) positicned
adjacent said light channel detector for detecting
light scattered from the surface of a workpiece, said

15 dark channel detector including a plurality of
collectors (121, 123, 125) positioned closely adjacent
each other and arranged for collecting components of
the scattered light at different respective
predetermined angles from the surface of the workpiace.

20 6. A surface inspection system as defined
by Claim 5, wherein said plurality of collectors of
said dark channel detector comprises a small angle
collector (121) arranged to collect light components
gscattered forwardly from the surface of the workpiece

25 at a relatively small angle, a medium angle collectcr
(123) positioﬁed adjacent said small angle collector
and arranged to collect light components scattered
subgtantially normal from the surface of the workpiece
at a relatively medium angle, and a large angle

30 collector (125) positioned adjacent saild medium angle
collector and arranged to collect light components
scattered backwardly from the surface of the workpiece
at a relatively large angle, and wherein said dark
channel detector (120) further includes a small angle

35 detector (122), a medium angle detector (124), and a
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23. A nethod as defined by daim?20, 21, or 15 22, further conprising

varyi ng the speed of rotating and the speed of translationally
transporting the wor kpi ece during the scanning of the surface thereof
SO as to provide a substantially constant scanni ng speed of the
surface of the workpiece. 20 24. A nethod as defined by

- Caim20, 21, 22, or further conpﬁPS|ng varyi ng the opti cal gain
of the scanned | i ght du ng the scannln of the suyrface of
wor kpi ece. large angle éﬁ? Iret(F38 ! of 2R ESPPRGLYE MrPﬁEétbﬁn%@ 25

wor kpi ece conprishngptical communicatiohamdlchl morarrgspoadingr tobYetor

wor kpi ece t t ed r
rotating the V\Drtp?g%% r%aciorlg‘?leélae?i ong?ﬁ: 35‘31 mg\ggg aﬁgsgr%ﬁal%t erial
path at a pr edet@@m%%pdsmm-mall. medium, anécéﬁﬁgﬁgaagéath of light

across a surfgced@fectors il Wedirsiveatd ki evtiripadcsighats! srenong the
material path; apd;4 getecters for derermining the presence of°2’

particle cn the suxrface of the workpiece.

7. A surface lnspection system as defined
by Claim 1, 2, 3, 4, 5, or 6, wherein said rotating
10 means includes means for varying the speed of rotating
' the workpiece during translational travel along the
material path during the scan of the surface of the
workpiece so as to provide a substantially constant
scanning speed of the surface of the workpiece.

15 8. A surface inspection system as defined
by Claim 4, wherein said deflector (85) is arranged to
repetitively deflect the light beam along a
predetermined narrow scan path along the surface of the
workpiece, and wherein said scanner further includes

20 means for directing the light beam from the narrow scan
path toward a surface of the workpiece at a relatively
low angle of incidence (8) as the workpiece rotatively
and translationally travels along the material path.

9. A surface inspection éystem as defined
25 by Claim 8, wherein the relatively low angle of
incidence (B8) is greater than 45 degrees from normal to
the workpiece.

10. A surface inspection system as defined
by Claim 8 or 9, wherein said deflector includes a
30 mirror and a plurality of optical lenses positioned
between said lager source and the material path and
arranged to direct the light beam toward the surface of
-the workpiece to be inspected,
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“varying at |east the speed of rotating the wor kpi ece during the scanning
of the'surface thereof so as to provide a substantially constant

.scanni ng speed of the surface of the workpiece. 5 26. A

met hod as defined by Caim?25, wherein the step of scanning a path of

| i ght across a surface of a workpiece conprises a relatively narrow

angl e scan, and wherein the step of v&M4 ng at | east the speed of

rotating the workpiece further conprises 10 varying the speed of

transl ational l'y transport#hg thd metheg Qb insPearing & i rfaginriig2of t he
surface thereof workpiece, where tRRy.wokkpildvnl iof dorspdeinalgyaandr face of a
wor kpi ece conpr L.sLRgs ect j ign; ng a
relatively 15 ng??gg}gggﬁnﬁg}%;tgﬁﬁfﬁggé?é’ifghéié | rggggﬁgkﬁkg'deflected
| i ght beam fronrhREacterpzed oby sceengathing & Fighh ikeamy |seanadguetbe

i nci dence 5 t QUGht BeaWr 88368y 04 PREIHIHRI AT sl path across a
I nparting a rota nal a r ansl.ati onal sg._rne ZVQ q{P.t he workpi.ece.so that
[ SUTT

tl d
Lhe narr ow scanSHEERCP: Shek RvorkpifS A Rl LS
along a spiral and pxapnslationally travel® @& longeibmmaifenisdppating a

Zugfafedof a an}aoelsm]geeihgrgig& df‘e%g@ééﬁa%m S e AT e $1hed

etected on a surface of ,a I ec met ho conprisj ng:

detecting Ii ght_sPEEFQEt 8 F‘ﬁgn’f’gﬁlép&ﬁ? aci‘ér’cﬁg rot‘af"(/ﬁﬂ%ia@tfie; and

det ecti ng | iight tseasistédnalonravel saldng cchd WO-ariwy lgatdve by a plurality

of collectors arranged at a plurality of closely adjacent predeterm ned
scatterin angles, at_least two of the ralit f coll.ectors. at
g g 12. A method as dé%fheé b;'éialm 11, furcher

comprising separately collecting light specularly
reflected from and light scattered from the surface of
the workpiece, the collected scattered light including

15 at least light components scattered forwardly and light
components scattered backwardly f£rom the surface of the
workpiece.

13. A method as defined by Claim 11 or 12,
wherein the step of rotationally and translationally
20 transporting a workpiece along a material path is
synchronized with the step of scanning of a surface of
the workpiece so as to impart a substantially spiral-
shaped scan of the surface of the workpiece.

4. A Method as defined by Claim 11, 12, or
25 13, further comprising varying the spead of rotating
and the speed of translatiocnally transporting the
workpiece during the scanning of the surface thereof so
as to provide a substantially constant scanning speed
of the surface of the workpiece.,

30 15. A method as defined by Claim 11, 12, 13,
or 14, further comprising varying the optical gain of
the scanned light during the scanning of the surface of
the workpiece. '
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~the predeternined scattering angles being respectively WD 96/ 27786
PCT/ US96/ 02913 - 36- positioned to
collect forwardly and backwardly scattered light fromthe surface of

t he wor kpi ece. 29. A nethod as defined by d aim 28,
wherein the plurality of collectors further conprises a 5 collector
positioned to collect substantially normaf32- scattered light fromthe
surface of the workpiece. : , .30. et hod, as, defi ned by
Claim?29, further (xnﬁﬁﬁsfhawfagﬁtnyﬁﬁgggeééggcpeﬁﬁmo+90n a surface
of a wor kpiiseal uyddgishrvardngo atti drasgetbet egead afproratiny tli® of

predeterm ned sGaiigsidue F19%y the scanning of the3$urfa8€E Eﬂgré’%f g0
i on abou
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