" PCT- 334 DESCRI PTI ON DEFECT | NSPECTI ON DEVI CE AND DEFECT | NSPECTI ON
MVET FOR SI LI CON WAFER 5 TECHNI CAL FIELD This invention relates to
a defect inspection perforned on a silicon wafer, and nore
particularly to a defect inspection fqr-detecting a surface defect or
an interior defect using transmtted light illumnation. 10
BACKGROUND ART Wen i nspecting aDESORIBRION&f er (to be referred to
hereafter as a "wafer) used in sem conductor manufacture, a surface
i nspection for detecti nPERECTINSHECTHON RIVICEANIDhce is highly
inmportant and is therefore performed with a great deal of care to
ensure a zero r PEEECINNSRRCTHONSMETHOBIRORSSILACONWAFER| or of the
waf er have not 15 been accorded nuch consideration in the prior art.
When a wafer is manufactured, defects (cracks, pinholes, or air
bubbl es) of several tens to several hundred mexisting in an ingot
mayo be I eft on the surface or TECHNMICAINFELIdr of the wafer during
slicing. Wien these defects appear on the surface, they can be
det ect ed usi Hisainvenfien eclieéetd ai defpachispactitay ipeefprihatl axhearsilidven wafer,
defects 20 are left in the interior of the wafer, they cannot be '
det ect eddhyiose geféatlatlpsipea tdefert depeaterf fir getetdngiangusied alect or an
i nspections. Defects such as cracks, pinholes and air bubbl es
exi sti igetior tifectmagiap tramdreiticdrlighyllafieciort.he performance of a
sem conduct or device, and therefore denmand exists for a transm ssion
i nspection with which defects in the interior of a 25 wafer can be
detected. -2-

10 BACKGROUND ART

When inspecting a silicon wafer (to be referred to hereafter as a “wafer”) used
in semiconductor manufacture, a surface inspection for detecting defects on the
wafer surface is highly important and is therefore performed with a great deal of care
to ensure a zero regjection rate.  However, defects in the interior of the wafer have not

15  been accorded much consideration in the prior art.

When a wafer is manufactured, defects (cracks, pinholes, or air bubbles) of
several tens to several hundred pm existing in an ingot may be left on the surface or
in the interior of the wafer during slicing. When these defects appear on the surface,
they can be detected using a surface defect inspection device, but when the defects

20  are left in the interior of the wafer, they cannot be detected by a defect inspection
device for performing surface inspections.

Defects such as cracks, pinholes and air bubbles existing in the wafer
interior may affect the performance of a semiconductor device, and therefore
demand exists for a transmission inspection with which defects in the interior of a

25  wafer can be detected.



"DI SCLOSURE OF THE | NVENTI ON A transnission inspection is typically
performed on a wafer using infrared light illum nation. Wen
infrared Iight having a wavel ength of at l|least 1100nmis projected
onto the wafer, the light passes throggh the wafer, and defects in
the 5 interior of the wafer can be detected by the transmtted

li ght. However, with respdSCLOSURE @F THE BNELNEIONMf er having a
specific resistance value of 1Qcmor less, the infrared |ight power
t hat passes Ahraughissie wdpectivanis égpicallc pedomged ont hevafpe tistrigeinfrared
resi stance value. Therefore, in order to obtain a transmtted |ight
power tighuilivedingtioni nidieginfraveddighd Hevilg aivddvetsmghiodmt destt 00N is
performed such that the required transmtted |ight power is secured
whi | e takiecigd embothecwalen thddighparisbes thesight e evadér, tared Hefscts in the
resi stance wafer. Meanwhile, a device that detects defects in the

i nt®ri orteobr of thefwafensandpeadeteced dytbnsomsraiteddighs. known as an
imaging unit for detecting defects in the interior of a wafer. In

t hi s devi ce, Hawevamgritly respege to b blwaeaistmceansior hasingr & specifd redistant®
sufficient resolution for the area sensor camera can be obtained is
set as valugmftl (acrecor leSefthe isfrareel lidhepotiet ehbegassesttheogt thewnth eariby
dividing an area of a defect in the wafer interior into these unit
areas ancoming ng dhne i sprgifieg rpsistdricen valeguenTheateforef dn obdé no aobtain a
plurality of captured i mages. However, when inmaging is perforned

usi ng amrsnateddiggnrpowdr regyudickd forlihagding, 20rarkd tighndlhemrahdtiod thhet be
unit areas evenly. Unevenness occurs on the captured image between a
cehd r alpepformedrsuahditan thetrequaddarposhited bBfhtapowsnl se ateavhil@idinge
it difficult to capture an accurate inage. Furthernore, since the

i nspectnt@adcsunpeid gt Ryistapiaisl the len resiegtcewgaeh of a plurality
of areas, problens occur in relation to precision and repeatability.

Mor eover, si Menidldle asfeidd Ontidet@as defavesdir? hdintedpt bf hRgafan ukigen

in each of a plurality of small areas, the inspection tine
area sensor camera is known as an imaging unit for detecting defects in the interior
of a wafer. In this device, an imaging range of the area sensor camera in which a
15 sufficient resolution for the area sensor camera can be obtained is set as a unit area.
Defects are then detected in the entire wafer by dividing an area of a defect in the
wafer interior into these unit areas and moving an imaging position sequentially to

obtain a plurality of captured images.

However, when imaging is performed using an area sensor, it is difficult to
20  illuminate all of the unit areas evenly. Unevenness occurs on the captured image
between a central portion and an outer edge portion of an imaging area, making it
difficult to capture an accurate image. Furthermore, since the inspection is
performed by capturing an image in each of a plurality of areas, problems occur in
relation to precision and repeatability. Moreover, since the inspection is performed
25 by capturing an image in each of a plurality of small areas, the inspection time

lengthens, making it impossible to increase the speed of the inspection process.



"lengthens, making it inpossible to increase the speed of the

i nspection process. -3- According to one aspect of this invention, a
defect inspection device for a silicon wafer includes an infrared
light illum nation which adjusts its-l3ght power in accordance with
a specific resistance value of the silicon wafer and illum nates the
si li con waf eAgcadthgte pnagispgeuni thisanstntion,ea defech ihspretivandoriceafaray
that is sensitive 5 to infrared light, which captures the silicon
waf er . siticonndiferginchudasoarh arfrasddpght vt atidrmwintti edjusitaita light gotver in
i nspection nmethod for a silicon wafer, a |ight power of an infrared
| i ght BbtendEnet voth aspadifiostedtame wdeopltncsilivon wadersged iilfliminates the
resi stance value of the silicon wafer, the silicon wafer is

i 1l um sgiced wafet; laadianf mangdg irghtoridtitutvdriat & tne sandort doeayp thatde semsifies
is captured by an 10 imaging unit constituted by a |ine sensor array
t hat i $o sdresetlilght twhichfosatecksl thg sfiliconErddedi ment s and advant ages of
this invention will be described in detail belowwth reference to

t he attachedAdcadinmgt alBRhEF a DESERI Fiis@veltidii DRAVENGS spbctidrGmethod
a front view of a defect inspection device according to an

enbodi frend sificdrhimgfem\eelighopowket Gf & isfrarep Bghtvilkwhbiatioheisdafjested in
i nspection device. FIG 3 is a side view of the defect inspection

devi ceaccdriiéncd with a specificansistaticewadhie af Wad etticoarwsfenghealiicon Rfer is
FIGs. 5A and 5B are views illustrating i magi ng areas of respective

i magi nglumindtsed bittke irfrarsddight @Wwrhidat®hy, ahilnbe shieon engért isWapairedfbyean

specific resistance neasurenent unit. FIG 7 is a viewillustrating

t hE0 c onskkirighin®b cohstitutedd b 8l lirieeskrlso AtragaWar is sensitive to infrared light.
Embodiments and advantages of this invention will be described in detail

below with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1 is a front view of a defect inspection device according to an
embodiment of this invention.
FIG. 2 is a plan view of the defect inspection device.
FIG. 3 is a side view of the defect inspection device.
FIG. 4 is a sectional view of a wafer carrying table.
20 FIGs. 5A and 5B are views illustrating imaging areas of respective imaging
units.
FIG. 6 is a view illustrating the constitution of a specific resistance
measurement unit.
FIG. 7 1s a view illustrating the constitution of a transmitted light power
25 measurement unit.

FIG. 8 is a graph showing a relationship between a specific resistance and an



'25 neasurenent unit. FIG 8 is a graph showing a rel ationship between
a specific resistance and an -4- inmage |um nance. BEST MODES FOR
CARRYI NG QUT THE | NVENTI ON Enbodi nents of this invention will be
described in detail with reference toe4 5 the drawings. It should be
noted that the technical scope of this invention is not limted to

t he sp#vhgs Biropmsicet uti ons of the enbodinents. FIGs. 1 to 3 are a
front view, a plan view and a side view of a defect inspection
device 1 according to an enbodi ment of this invention. The defect

i nspection device 1 conprises an inmaging unit 2, a line type |ight
gui di ng exit por t BESIr MEXPHA dOTy CARRANID OUTTHA B ENHIQN
illumnation", to be referred to hereafter as an "illum nation) 3
that enits Embglifntents ohfiianederdtiaghtvill be wiekeribedin vietrgl withl eferenendo
an image processing unit 12. As shown in FIG 4, a wafer 9 is

cary i ethddrawiogsal Ityshonld e netbérthebthy itednnitaldcepd of This invegtion isiniot
2 conprises a line sensor array as an inmaging device. As 15 shown in
FI G 1lutitee torthgispgcifinicongtifvgictissyidbe drrilaolimmentse waf er 9 pl aced on
the wafer carrying table 4. The line sensor array used in this
enbodi ment eRfikn)isto haxga fresviiati aplat ererdrsl s sidehdtw ef® defechisieatien
and defects can be detected. In the line sensor array, pixels are

ar r angddvice nemcbydihg tpan ehtwdmenaohitgirfwentbnonThe Tefeebirgipecion device
t wo- di mensi onal inmage using the line sensor array, an inspection

subj ectl cofprisestarbinaging dnitr®, arlirer tybe jighapuiditieetit porti{corée goading an
direction of the line sensor array (a pixel arrangenent direction).

| NIl Grinfraredhdight dhonimgtidn’ et berefeirddh® her@ftes @RSl “dunsivatiany Batiat
on the imaging unit 2 is parallel to the paper surface, and

t her ef enﬁta@sﬁig@&ﬁimﬁﬂﬁireddighitmgmfeﬁﬁah@h@tﬁﬂé\@d aigl 8f ithigel pridRessing
SEnsor u?xgtr ny j}x/s shown in FIG. 4, a wafer 9 is carried horizontally on the wafer carrying
table 4.

The imaging unit 2 comprises a line sensor array as an imaging device. As

15 shown in FIG. 1, the imaging unit 2 is disposed above the wafer 9 placed on the

waler carrying table 4. The line sensor array used in this embodiment employs
high-resolution elements so that even fine flaws and defects can be detected.

In the line sensor array, pixels are arranged linearly to provide a scanning function.

To obtain a two-dimensional image using the line sensor array, an inspection subject

20  must be moved in an orthogonal direction to a scanning direction of the line sensor

array (a pixel arrangement direction). In FIG. 1, the scanning direction of the line

sensor array carried on the imaging unit 2 is parallel to the paper surface, and

therefore a two-dimensional image can be obtained using the line sensor array by

moving the wafer 9, which serves as the inspection subject, in a perpendicular

25  direction to the paper surface (a direction indicated by an arrow A in FIG. 2) using a

linear stage 5.



"noving the wafer 9, which serves as the inspection subject, in a

per pendi cular 25 direction to the paper surface (a direction
indicated by an arrow Ain FIG 2) using a linear stage 5. An
imaging range is limted by the |line sensor array, and therefore an
imaging area is divided into a plurality of areas in order to capture
an i mage ex&mdadiagng vhege andeniten hymdoe peusénisa? dway,c aptuttiangfoea eim
area is provided, and the respective areas are captured by the |ine
sensorimaging sarpacei distdlednirtthea rplspalityi ofeafeasnigionderuty tcapRirel ant imhage
enbodi ment, as shown in FIGs. 5A and 53, the imaging area is divided
i nt o tewrecadimgsthimrangght Asr aaging wmit &f for appa)ring necla acepisupadidath gerd
of the entire surface of the wafer 9 is obtained by providing the

i magi nreurkspedivemreachre dapigratgbatlealindsdredoe eerdysiprodded dathesyspeotive
may be used as the optical systemof the inmaging 10 unit 2. Wen a
t elbecembading aptiftscal sygtie emindimehoyzedshokr ini Bl&soGAt dved S&)ytthie éthaging
i mge does not vary even if a distance between the inagi ng subject
and t hareapsidiatied sytettenm arans &S rightidrdshand bdes Arbe), podid captuaed ishgeof
“of a defect can be grasped accurately. The wafer "9 does not pass

vi si bl ¢hd ergine, suafatetdi ehefafa 9 isolstaimsi lon prdbdivlste valapty aanmin &sch
performed by normal illum nation using visible light. However, the
waf er Bnagagapass wavel engths greater than 1100nm (infrared |ight),
mati ng transm ssion observation possible. Hence, an infrared |ight

source that Angeddntrieopbtisal sygtim haast bgused asdes openet kestgirhoftthaimaging
1100nmis used as a light source 7. 20 The illum nation 3

i 1loum naited. tWaehnagelegeratieaostical hgswah ds énpleyvd,Ntheasizé RE the captured
i nspection subject in strip form Infrared |ight having a | onger

\tAﬁ\ée {Na eﬁf@gﬂ%ﬁ%@mﬁrﬁ 4 destahye bbgvdenotte BR6L sibjest anttthebpdidhD
system varies, and therefore the position and size of a defect can be grasped
accurately.

The wafer 9 does not pass visible light, and therefore transmission

15 observation cannot be performed by normal illumination using visible light.
However, the wafer 9 does pass wavelengths greater than 1100nm (infrared light),
making transmission observation possible. Hence, an infrared light source that
mainly ernits light having a longer wavelength than 1100nm is used as a light source
7.

20 The ifllumination 3 illuminates the imaging area of the wafer 9 serving as the
inspection subject in strip form. Infrared light having a longer wavelength than
1100nm emitted by the light source 7 is emitted onto the wafer 9 from the
lumination 3 via an optical fiber 8. The length and width of the illumination 3
used in this embodiment are sufficient to illuminate the imaging area of the imaging

25 unit 2, and by converging the light using a lens, illumination light that is intense

enough for imaging can be obtained.



"illunmination 3 via an optical fiber 8 The length and width of the

illumnation 3 wused in this enbodinment are sufficient to illum nate
the imaging area of the imaging 25 unit 2, and by converging the
light using a lens, illumnation |ighg that is intense enough for

i magi ng can be obtained. -6- FIG 8 shows a | um nance (to be referred
to hereaft erFlfs & shagealluminanoz(ty bebtiirreedtodrmaiteraas figegs [nathance®y
using infrared |ight passing through the wafer 9 relative to a

speci f oiotaies] whanceagalgus poffotrhed waireg infraréd GehiBpadsinvgstitrbagh nageafer 9
| um nance of the wafer 9 when the illum nation |ight power (to be

ref er redative S Respedifienresistarive Vdlughef fewerdfgr Om Fl@d &yhbwwe the image
illTumnation 3 is varied. In FIG 8, the interior of the wafer 9 can
be caplunednappofofite atadtry Owhdrnathe ihgeidatiorndighe povadrugo dbe triferiwefl ey
9 is no snaller than 90 and no greater than 130, and therefore the

| i ght hemeftenbs the“light poweat) eanittddiby tadjiiksiréthtiorcd i¢ hatied. hdniRTEY S, the
| um nance of the wafer 9 lies within this range. 10 In the

i |1 um imatdian oB tae eetfeli Bgcdro behdeprardb dippispriatelrewheghin powge laafinbtce
set automatically such that the image | um nance of the wafer 9 is set
appr opvalat ef yhe waferionsgiorgnalierrtabatdmand aoctdreatepaeird 180 @5 Sicashkee de
the wafer 9, and thus the light power is set appropriately in

accor digleepowéihof the: Mpedhéiion 12kl sdjastel SlicH Heatwaikamte [AsisRAW of the
FIG. 1 to 3, the wafer carrying table 4 is fornmed so that it can 15

be novedfdr® ligewithiretiis eangd. the arrow A by the linear stage 5 and a
sliding guide 6. The linear stage 5 is guided by a .

prigri si on- meRuftacilvieatieh |3 adsbréind feadis etittelimbaarthedighf GRMRe lcakesk
into the rail, and includes a driving unit capable of precise

posi ti get MOmHtﬁzaﬂ% regh thhage: ndBy REnikecA She GRTEYD Ehgsétat_iﬁéﬁ‘oﬂriéﬁd}a
constant speed. The sliding guide 6 is constituted by a sliding bush

61 andfcz isddgithgth sHiatibn Gd. thEhipedficSicstniecont 8 RafePNA® thike the&ght
of the wafer carrying table.4, thereby ensuring that
power is set appropriately in accordance with the specific resistance of the wafer O.
As shown in FIGs. 1 to 3, the wafer carrying table 4 is formed so that it can
15  be moved in the direction of the arrow A by the linear stage 5 and a sliding guide 6.
The linear stage 5 is guided by a precision-manufactured rail and a linear guide
bearing incorporated into the rail, and includes a driving unit capable of precise
positioning. The linear stage 5 moves the wafer carrying table 4 at a constant speed.
The sliding guide 6 is constituted by a sliding bush 61 and a sliding shaft 62. The
20  sliding guide 6 supports the load of the wafer carrying table 4, thereby ensuring that
the wafer carrying table 4 moves smoothly. In other words, a mechanism for
moving the wafer 9 according to this embodiment is constituted by the wafer
carrying table 4, the linear stage 5, and the sliding guide 6.
In this embodiment, the wafer 9 is moved relative to the imaging unit 2 and

25  the illumination 3, but the invention is not limited to this constitution, and instead,

the imaging unit 2 and illumination 3 may be moved relative to the wafer 9, for



"the wafer carrying table 4 noves snoothly. In other words, a

mechani smfor noving the wafer 9 according to this enbodinent is
constituted by the wafer carrying table 4, the linear stage 5, and
the sliding guide 6. In this enbodinent, the wafer 9 i s noved
relative to the imaging unit 2 and 25 the illumnation 3, but the

i nvent éxampk. nbt thisntassy the wafes T pkstdtan itha fixad dvafes teaing thisle 4 is
imaging unit 2 and illum nation 3 nmay be noved rel ative to the wafer
9, f orcamurek sfplkdecingillmimnated eyhdarkby whé enti® whic&disaoatthedf i xed
wafer carrying table 4 is captured while being illum nated, whereby
t he entire wWaiert shows sbharnestittfoB. ofta shemic tdwstanos mdastirement uait 10
specific resistance neasurenent unit 10 that neasures the specific

r esi st drdemodsutee thafspecicdesistancadjfithe mear 6f dutieg bidgktment pdwhe Light

the illumnation 3. The specific resistance of the wafer 9 is
medsur pawess oh ghe ifeesnatdoe® hebspctific pdsastadconftthe wafief Scés afedshecd
wafer 9. The light power of the illumnation 3 is adjusted by

adj ust ianmpgt deneasipament fdrbbe [li0ghplased oretl® sarfatdef Has mafaf 9t ehe light
measur enent val ue, and thus the |ight power passing through the -
waf er Powsr sktheatluaninetivn B adibisted flyr adjapting ithe od giueaifshe fighb eomedeer
9. 10 Furthernore, in this enbodinment, a sensitivity of the inmaging
uni t 2onahelimsisad] thst Reasurananr vdoecand thus ke Sight pbiver passispahesugh
val ue of the wafer 9. For exanple, when a sufficient transmtted

| i ght peaweafd & iscep bt ahrgptanuapgEiop foradagtutiffggefecanitothebeafeboai ned
sinply by adjusting the illumnation 3, appropriate imge capture is

regd i zed by Rdjithstinoge, tihehiesabbiinhént, afsehBRivitragithe irdagingAanit 0 @iies
words, 15 by adjusting both the Iight power of the illum nation 3 and

the seadjisted tiy @fcordi@ncd REGL MBe Wiccifie Haigtantdedpecilfthe watkrsbanver
val ue neasured by the specific resistance neasurenent unit 10, an

appr opex@hgld, wegen laugufiaiee trohseapdd libhy potet g6t sapaitihe agbhppRediald
relation to the wafer 9.
image cannot be obtained simply by adjusting the illumination 3, appropriate image
capture is realized by adjusting the sensitivity of the imaging unit 2. In other words,
15 by adjusting both the light power of the illumination 3 and the sensitivity of the
imaging unit 2 using the specific resistance value measured by the specific
resistance measurement unit 10, an appropriate image luminance for capturing
defects can be obtained in relation to the wafer 9.
Next, functions and inspection processes of the defect inspection device 1
20  according to this embodiment will be described.

The wafer 9 is conveyed by a conveyance device, not shown in the drawings,
and placed on the wafer carrying table 4. A wafer holding structure according to
this embodiment is a structure for supporting the wafer 9 on a tapered portion
provided on the edge of the wafer 9 or an edge portion that does not affect the defect

25  inspection, rather than a structure for gripping the wafer 9 using a gripping device or
the like.



"Next, functions and inspection processes of the defect inspection
device 1 20 according to this enbodinment will be described. The
wafer 9 is conveyed by a conveyance device, not shown in the

drawi ngs, and placed on the wafer cagrying table 4. A wafer hol ding
structure according to this enbodinent is a structure for supporting
t he wafer 9 The dghhpemed gfdhei dnmipationddds enjusted édgacoofdae witethd
or an edge portion that does not affect the defect 25 inspection,

r at her spdeiie msstanctwalee bbthegrafopPngBy meodififieg a8 argpuyofthglighpsmgree 7
device or the like. -8- The light power of the illumnation 3 is

adj ustischacardecmerwitindbe wpedifit hesistpace alermsaswaxicey et sipeaific tdsistance
wafer 9. By nodifying an output of the |ight source 7 is accordance
wi t h t hneasperndénicunie i0s tlanbghtvadwe ofdhs dhadiratidrh® isadicistedcsuch that an
resi stance nmeasurenment unit 10, the |ight power of the illum nation
3 i asippepedtstrahsthided dght poappfoopmiagires srcdmsimetit ed |1 ght power for
I mging is obtained. The specific resistance value of the wafer 9 is
measur ed by Thee sppeifi;fresistares stlaecel treaswfen®nis orbsuidd] bhothe specific
FIG 6. The specific resistance of the wafer 9 nay be neasured by

di sposiasipthhee apesitementsirit aOcshoveasufGent Thiet spk@ificclesiganice bhehe
wafer 9 while the wafer 9 is placed on the wafer carrying table 4, or
by 10 whfeciongaltie mebenred lmndapssipgtht epegifit yésigahab heedsoetmehnonithe
specific resistance neasurenent unit 10 before the wafer is placed

on t hecload & tloawar) widlel thedwafth e ikiplddedpaveie ofaféhearcyihgrhblatd, oy By
I s adjusted by nodifying the output of the light source 7 in

aclor dplacgnitihwilie S perc bf deparaisi Giraying tubleucbidihbethwadRicif® resistance
nmeasured by the specific resistance neasurenment unit 10. The

i |1 um nebkarerhéghtinit 3 Oslpafbtcethebyafeh®s plhtedrbnahe evnier ¢ar@edgusbledt, such

that the transmtted |ight power passing through the wafer 9 is
suf ficient fDie lighghbogebyf thellufEghtion Bnistadfusted by modifying the output of
the light source 7 in accordance with the specific resistance value of the wafer 9
measured by the specific resistance measurement unit 10. The illumination light
15 emitted by the illumination 3 is adjusted such that the transmitted light power
passing through the wafer 9 is sufficient for imaging by the imaging unit 2.
The wafer 9 is moved at a constant speed in a fixed direction by the linear
stage 5, and an image generated by the light passing through the wafer 9 is captured
by the two imaging units 2. The imaging device carried on the imaging unit 2 is a
20 line sensor array in which pixels are arranged linearly, and therefore a
two-dimensional image is obtained by repeating a scanning operation in which the
walfer 9 is moved in a sub-scanning direction (the direction of the arrow A in FIG. 2)
at the same time as scanning is performed in a main scanning direction, i.e. the
direction in which the respective imaging devices are arranged.
25 The line sensor array of the imaging unit 2 has a limited imaging range.

Therefore a wafer having a diameter of 300mm, for example, is divided into two



"The wafer 9 is noved at a constant speed in a fixed direction by the
| inear stage 5, and an image generated by the |ight passing through
the wafer 9 is captured by the two imaging units 2. The inmagi ng
device carried on the inmaging unit 2-.igs.a 20 |ine sensor array in

whi ch pixels are arranged linearly, and therefore a two-dinensional

i mge irsaghgeamed, by shepenin MGa. SAaand B, 0ped diriagng ts weifohmtteby the
wafer 9 is noved in a sub-scanning direction (the direction of the
arr ow fespectrdlr c@jrespdndihg imapgmgunits s scanning is perforned in a
mai n scanning direction, i.e. the direction in which the respective
i magi ng deviTes iHineiantiangkght 2miffed frome tienfamiantiay Bfadjetddnagi a9
unit 2 has a limted inmaging range. Therefore a wafer having a

di anet eptiefurdGightrpotver feextangires passedithroigth thetveafend to Yeadtmi@ilitg: sensor
areas, as shown in FIGs. 5A and 5B, and imaging is perforned by the

r espechireglprovided esplrdinteingegii® UNhes 22cratheridd gifiaible Bxdstgbh the
emtted fromthe illumnation 3 adjusted to an optimm|light power
for i nmegifag: passes ihterangh thdwakaios thd ttaastréted lipherdfidtes Bense hosion,
array provided on the imaging unit 2. Wien a crack or an air bubble
exi st scansihfen gyl acte efifférentd eo icater inhefirmzbe capberedOby tthe line sensor
transmtted light refracts in that position, causing a gray scale

di f f er anes. t WieetHcradk eXistd oradee saghed 86irbyhd fRedidin6f SensMer Oak Midar
When a crack exists on the surface or in the interior of the wafer 9,
a |i neaghage fR@Rairedobhdiviech afmir BhEbledRisds o Hvblike of¥ingt shapd image is
circular or ring-shaped inmage is 10 obtai ned. The i nmage processing
uni@ 13bRehédr Mhdliehaed prbetading tait IpaforinhedbRst SetefhindHo@l sRthOBasis
relating to the shape and gray scale of the defect image. The net hod
of adj usinfixgnitien kéighhg PO WeE siRdpd A6 igkdysdiabi 0k Fefb& ifflgel i Mted to
a nmethod of adjusting the |light" power in accordance with the specific
resistance yvhtueethiBaSfefhdingtthe ishepbivkeof BsiithnefideasdheiBntted to

unit 10, as described above.

a method of adjusting the light power in accordance with the specific resistance
value measured by the specific resistance measurement unit 10, as described above.

15 Inacase where the specific resistance has been measured in a previous process, the
value thereof may be tumed into data for each wafer and stored such that the light
power of the illumination 3 is adjusted in accordance with the value. For example,
the specific resistance value of the wafer 9 conveyed to the defect inspection device 1
is stored in a storage device, not shown in the drawings, such that when the wafer 9

20  is transferred to the defect inspection device 1, the value of the wafer 9 is extracted
from the storage device and the output of the light source 7 is adjusted on the basis
of the value. Thus, the light power of the illumination 3 is adjusted such that the
light power passing through the wafer 9 is set at an optimum light power for
capturing defects in the wafer 9.

25 With this method, there is no need to provide the specific resistance

measurement unit 10 in the defect inspection device 1. Furthermore, the light



"15 In a case where the specific resistance has been neasured in a
previ ous process, the value thereof may be turned into data for each
waf er and stored such that the light power of the illumnation 3 is
adjusted in accordance with the val ue.0 For exanple, the specific
resi stance val ue of the wafer 9 conveyed to the defect inspection
devi cepawer of $hoddd@minatiors o cagebaleplivazechder shegmg hefore thie avifag®, is
such that when the wafer 9 20 is transferred to the defect inspection
devi cetransferredy tiareby fedumngédiean®ung of kimexacpdredfiop e Inspscidgrage
device and the output of the light source 7 is adjusted on the basis
of the val udturthes the isensitiyity op tweimaging hmif 2lcami braadjosted] insacudirdaned
such that the 1ight power passing through the wafer 9 is set at an
opti nuwithi@ﬁ:tsma‘gr résistancapelrs oythtefabirsdj andhey adfusting, b@h Wd lght
this method, there is no need to provide the specific resistance
me &s ur eoreert oftthetillatinatiom8 atet dut sdnsspaiyt dfdhe denvigiee tnitRUnsingrarsparific
the light 10- power of the illumnnation 3 can be optim zed for
i magi nipsiédnce vahae wakesuw@d sn adenskeraredapprioprieby inegpec lumgpindrece for
anount of tinme required for the inspection. Further, the sensitivity
of t hecaptagingglefruts c2n baermbisinadjinstiedonrodbesradan®e with the
specific resistance value of the wafer 9, and by adjusting both the
i ght 5 poviéurtbér,tFls.i V1 stndwsataroex@raobe ih hehidnsi triawistitted lidhte power
imaging unit 2 using a specific resistance value neasured in advance,
an appnepsitstrecintmage 1luthatameestuds theapansrnittedBflecpeweapateng bhedupdd
inrelation to the wafer 9. Further, FIG 7 shows an exanple in which
a 10 angdra whist 9 dghingpdiwerinatiea sy emdnfrarea ightlillmainaneasumie $ucheas the
transmtted |ight power passing through 10 the wafer 9 during
i |1 um flathiaatiby &n is npromiced. | | Tht tlahymittadi Gghtnpdwauehesasireieby the
illumnation 3 is provided. The transmitted |ight power neasured by
the twansmitt¢ddightghdweouwseasteamisnenenit Uhiis tlbstly edlawel Yo ribkairadoe
to the inage

luminance of the wafer 9 such that when the transmitted light power is large, the

image luminance of the wafer 9 is high and when the transmitted light power is
15 small, the image luminance of the wafer 9 is low. Hence, the light power of the

illumination 3 may be adjusted using the value of the light power passing through

the wafer 9. The illumination 3 may be used as the infrared light illumination

employed at this time, but the invention is not limited to this constitution, and

dedicated illumination for measuring the transmitted light power may be provided
20 instead.

Further, the sensitivity of the imaging unit 2 can be adjusted in accordance
with the specific resistance value of the wafer 9, and by adjusting both the light
power of the llumination 3 and the sensitivity of the imaging unit 2 using the value
of the light power passing through the wafer 9, an appropriate image luminance for

25 capturing defects can be obtained in relation to the wafer 9.

It should be noted that as methods of adjusting the light power of the



“lum nance of the wafer 9 such that when the transmtted |ight power
is large, the inmage |um nance of the wafer 9 is high and when the
transmtted light power is 15 small, the imge | um nance of the wafer
9 is low. Hence, the light power of -the- illum nation 3 may be

adj usted using the value of the |ight power passing through the

waf er Blurdimetivhl Gyiananedwds enmplofing uded nasastremient raded dbighted by the
illumnation enployed at this time, but the inventionis not limted
t o t hi dedioziztl specifomesttancadenthsatadent huiti Hytd oethod enmalsyinirgspdfic
transmtted |ight power may be provided 20 instead. Further, the
sensi t ragistyncd vehe meagiogl imiatlvancg iz aadictistd dmplogicgoihdamansmititdch
the specific resistance value of the wafer 9, and by adjusting both

t he | i gHtaregdiggrt fwdrheerd Hesdritad abow’:, dnd thierenseined of \ddjystidg tie light
imaging unit 2 using the value of the |ight power passing through

t héd wapewedof e ilpprioatid@tds nwademitadniheastoe for 25 capturing defects
can be obtained in relation to the wafer 9. It should be noted that
as net hods o ddp esthotintche, theghitirpawefacefoftthe welfde 9iik lconéredthyorthe3twa
met hod enpl oyi ng the neasurenent val ue obtai ned by the dedicated
speci f imagiagisthian e botathe anmitberusfl imd@ng anties Rog aoplimitedgtatwo. The
specific resistance value neasured in advance, and a net hod

enpl oy rexghitivh triagrisninipieded bytlisarosthd 4 galnge powterWEirmagiegaliiberlirngeis,
but the nethod of adjusting the light 5 power of the Illumnation 3

i s not ahilin tsedicitgr=at evenl findriinsperroedinmist cart bheobntined surface of the
wafer 9 is covered by the two 1maging units 2, but the nunber of

i NERI Ng uni t As2déserivet bbovd, ethd addfve. ﬂé;%cﬁbﬁsaéﬂtze on amvréidg to this
i mproved by disposing a Iarge nunber of inaging units 2 in series,

and i negthod@nsat ofiheduedhtidrenpldisreiné sedoregancitiat hes@hiaidRtniiOed
As descri bed above, the defect inspection device 1 according to this
light as an imaging device, and can therefore inspect the entire wafer 9 under
identical inspection conditions and respond to an increase in the speed of the
inspection process. Further, appropriate illumination for capturing defects can be
15 obtained by obtaining the specific resistance value of the wafer 9 and setting the light
power of the illumination 3 at a value corresponding to the obtained specific
resistance value. As a result, a defect inspection can be performed evenly and at
high speed over the entire surface of a low resistance wafer having a large diameter,
on which a transmission inspection is conventionally difficult to perform.
20 This application claims priority based on Japanese Patent Application No.
2008-192829, filed with the Japan Patent Office on June 27, 2008, the entire

contents of which are incorporated into this specification by reference.



“enbodi nent of the invention enploys a line sensor array that is
sensitive to infrared |ight as an inmaging device, and can therefore
i nspect the entire wafer 9 under identical inspection conditions and
respond to an increase in the speed-of2t-he inspection process.

Further, appropriate illum nation for ](\:/g)turing defects can be 15
obt ai ned by obtaining the specificGlédMst ance val ue of the wafer 9
and setting the ight power of the illumnation 3 at a val ue

corresponding to the obtained specific resistance value. As a
result, a defect inspection can be perfornmed evenly and at high
speed dver tAalafentiinepastihatayiasf(1hior eveiliewi watarde), wafrgrisiagi ng a

| arge dianeter, on which a transm ssion inspection is conventionally
difficult toapenfrared ligt ithhirgnaippt {3) attiioh aclastadtsdight rHotver iasedorgiance
Japanese Patent Application No. 2008-192829, filed with the Japan
Pat&nt Wit acgpeodicesistaTce 240108, oftthe ®ihtarr vaferof®) emdsillvimiwaieshther silicon
incorporated into this specification by reference. -12- CLAIMS 1. A
def ect Wwadsp@tansh device (1) for a silicon wafer (9), conprising: an

infrared light illumnation (3) which adjusts its |light power in
accordance Bnwintdgiag specid)i @onstsitetidne e iad sensdr atrey ghhi ¢osensifiee to
(9) and illumnnates the silicon wafer (9); and an inmaging unit (2)

const i tnfractddighd, Whivh cgtsors deraljcarheifergSjsensitive to infrared
i ght, which captures the silicon wafer (9). 10 2. The defect
i nspection device (1) as defined in Claim1l, conprising an inmge
processing unit (12) which detects a defect on a surface or in an
int@ri @ of tThe defddtaaspectivheatevic®)(1] aonehned imgiaiaap] vowgrizing fe image
imaging unit (2). 3. The defect inspection device (1) as defined in
C ai m brocssirg whin ¢l viiek idetatts 4 defees bn tanoéoreadn penmetrianuf thé dliron
whi ch neasures a specific resistance of the silicon

wafer (9} from an image captured by the imaging unit (2).

3. The defect inspection device (1) as defined in Claim 1, comprising a specific

15 resistance measurement unit (10) which measures a specific resistance of the silicon
wafer (9),

wherein the infrared light illumination (3} adjusts its light power in

accordance with the specific resistance value of the silicon wafer (9) measured by the

specific resistance measurement unit (10).

20
4, The defect inspection device (1) as defined in Claim 1, wherein the infrared
light illumination (3) adjusts the light power in accordance with a specific resistance
value of the silicon wafer (9) measured in advance.

25 B The defect inspection device (1) as defined in Claim 1, wherein the infrared

light illumination (3) adjusts its light power in accordance with a transmitted



‘wafer (9), wherein the infrared light illumnation (3) adjusts its

i ght power in accordance with the specific resistance value of the
silicon wafer (9) neasured by the specific resistance neasurenent
unit (10). 20 4. The defect inspecti-or3device (1) as defined in Claim
1, wherein the infrared light illumnation (3) adjusts the |ight
power imrarcd dightpowenpassing shevigh thersibist wate (Oval ue of the silicon
wafer (9) neasured in advance. 25 5. The defect inspection device (1)
as defined in Claiml1, wherein the infrared |light illumnation (3)
adjusts its light power in accordance with a transmtted 13- infrared
| i ght power ‘Plas sicfegt itmpeaton tdegicsi(ll) apdefiaédin (Jim 6, whHeecidethedtnaging
i nspection device (1) as defined in CQaiml1, wherein the inmaging

uni t (Rnitafl) usdisists stssems€itivitg ty infraired righedinl boddrdanca ceith didwec epedifid
the specific 5 resistance value of the silicon wafer (9). 7. The
defS®ct réesispact valmedd vhe silicdh vaderd@®).i ned in daim6, conprising a
specific resistance neasurenent unit (10) which neasures a specific
resi stance of the silicon wafer (9), 10 wherein the imaging unit (2)
adjusts its sensitivity to infrared light in accordance with the
speci fi7c r esTht aefret wadpeetioh debieedl) s dafinad 81 Clin Bpesupeidingya specific
specific resistance neasurenent unit (10). 8. The defect inspection
devi cerdsigtanse defisnecinent Ghai( I0)eyvhishaneisureb e speeidic Regsistbmcs f thd Slicon
adjusts its sensitivity to infrared |ight in accordance with a

speci f inafergS),st ance value of the silicon wafer (9) neasured in
advance. 9. The defect inspection device (1) as defined in Claiml,
whed ei n t he witegdingthe imaging unit (2) adjusts its sensitivity to infrared light in

accordance with the specific resistance value of the silicon wafer {9) measured by the

specific resistance measurement unit (10).

8. The defect inspection device (1) as defined in Claim 6, wherein the imaging
15  umit (2) adjusts its sensitivity to infrared light in accordance with a specific resistance

value of the silicon wafer (9) measured in advance.

9. The defect inspection device (1) as defined in Claim 1, wherein the imaging
unit (2) adjusts its sensitivity to infrared light in accordance with a transmitted

20  infrared light power passing through the silicon wafer (9).

10. A defect inspection method for a silicon wafer (9), comprising:
adjusting a light power of an infrared light illumination (3) in accordance
with a specific resistance value of the silicon wafer (9),
25 iluminating the silicon wafer (9) by the infrared light illumination {3}, and

capturing the silicon wafer (9) by an imaging unit (2) constituted by a line



'unit (2) adjusts its sensitivity to infrared light in accordance with
atransmtted 20 infrared |ight power passing through the silicon
wafer (9). 10. A defect inspection nmethod for a silicon wafer (9),
conprising: adjusting a |ight power .ofgan infrared light illum nation
(3) in accordance wth a specific resistance value of the silicon
waf er §&)sor2bray thatinsénsigvd teiniared ightvaf er (9) by the infrared
light illumnation (3), and capturing the silicon wafer (9) by an
imaging unit (2) constituted by a line -14- sensor array that is
sensitive to infrared light. 11. The defect inspection nethod as
definedli n Cria¢ tek0: irfspetties neahpd issidefned de @i N0, Avrdedatimpnsiag:
surface or in an interior of the silicon wafer (9) from an i mage
captured by #&ectinggidegecubhia fdface or in an interior of the silicon wafer (9) from an

5 1image captured by the imaging unit (2).



