FLT-334 -1- DESCRI PTI ON DEFECT | NSPECTI ON DEVI CE AND DEFECT
| NSRigf334 ON METHOD FOR SI LI CON WAFER 5 TECHNI CAL FI ELD Thi s invention
relates to a defect inspection perfornmed on a silicon wafer, and
nore particularly to a defect inspect*}dnfor detecting a surface
defect or an interior defect usi ng transmtted light illum nation.
10 BACKGROUND ART V\hen i nspecti ng? wafer (to be referred to
hereafter as a "wafer") used in _sem conductor manufacture, a surface
i nspection for detecti ngDEFE&TsNﬁﬁE%OWWe is highly
inmportant and is thereforel:perforrred with a great deal of care to
ensure a zero rePEREGE INSEECTION METHQD SILICEN WARERor 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
may5be left on the surface or THCHMCAMBELSY of the wafer during
slicing. Wien these defects appear on the surface, they can be
det ected usi Afisiigtartisrerdatescio & sisfst tnepeation perfoirned winea siliven wafer,
defects 20 are left in the interior of the wafer, they cannot be |
det ect eadpipoge dedréietlaris e ¢t defect despectondfor ;ﬁbftttcjmg agsymiadeadefect or an
inspections. Defects such as cracks, pinholes and air bubbles
exi st i Hyeriar detechaising transetted lighyillamfisationhe per f or mance 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- DI SCLOSURE OF THE | NVENTI ON

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 rejection 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  walfer can be detected.



A transm ssion inspection is typically performed on a wafer using
infrared light illumnation. Wen infrared |ight having a wavel ength
of at least 1100nmis projected onto the wafer, the |ight passes
through the wafer, and defects in the_g5 interior of the wafer can be
detected by the transmtted light. However, with respect to a | ow
resi stance wafer havi ng aDEpECOBURE &R THRIOR/ENEIOE of 1Qcm or | ess,
the infrared |ight power that passes through the wafer varies

accordi ng to A hemrspeiskionCink@sttidra e eyple eritieh&d ohea wate® @Ry frfrared
obtain a transmtted |ight power required for inmaging, infrared

l'i ght  ilighyifnaihaionuswhee hfraped lightbdvingcd wdldlerighie of @8Ue4Rd 100nm is

transmtted |light power is secured while taking into account the

speci f igrojeetdds bARs ehefwhfee, HRMIERS paESRS thrvalBl theVaatidiRl dareay irf ehe
that detects defects in the interior of a warer using an area sensor

cansr a inferlop@fhesvader carRBE detddidd bi Phe GRInGAIiHBE HgBEects in the
interior of a wafer. In this device, an inmagi ng range of the area

sensor caner adwevwdh] eitharckpesiiiof 4 fdve RésisRsek WaAfeNhhPhgtd §p@d‘1ﬁ@re°s€‘ét§ﬁée
camera can be obtained is set as a unit area. Defects are then

det ect edhidoft RcANbT sV Riredilitht bBgeAtha st tardighedle Witk B8ries

wafer interior into these unit areas and novi ng an I magl ng pOSItI on

sequentacablding Oto abkbaispedfi®! Hsithhye 0falGaPt UNRGefofBISS - oﬂeeev@r@brmefh
imaging is performed using an area sensor it is difficult to

i1 1 um ratsnaidedofighth oWl treghiBas Y @Rkiin guwgfgaﬁﬁghpm&ibﬂ Bﬁ.lst be

captured i mrage between a céntral portron and an otter edge portion

of 1@n ipEPBREdaned thEKtRIrdduird LhingHitted %g?ﬁgid%ér% r&%&be@ﬁfc’ﬂ Hifile taking

i mage. Furthernore, since the inspection Is by capturing

an i magero dbc8ash 19k sﬁe@he&@élsﬁa)ﬁcefof MERW ré%EsQBh@ér&zaPéiC in relation

to precision and repeatability. Mreover, since the inspectionis

perfornmed 25puarR@RdIrd AGviad thQ@&@tebﬂs &&68sah ReBhuL Al 6%. %fm&lg an

areas, the inspection time |engthens, (E;Sng it 1 npossi

i ncr eagged 84, peethah ik h&dﬁﬂ? 8% ak tlﬁihr%ﬁg Efrtor ¢ éfecﬁﬁ%%e@édﬂg 1111 théferior

aspect of this invention, ction eV|ce
of a wafer. In this dewce, 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
waler 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.



silicon wafer includes an infrared light illum nation which adjusts
its light power in accordance with a specific resistance val ue of

the silicon wafer and illum nates the silicon wafer; and an inmagi ng
unit constituted by a line sensor arrap that is sensitive 5 to
infrared |ight, which captures the silicon wafer. According to

anot her aspedicoofdingi ® dpneeaspecnof tnsdndedo, 4 tefet tihopeativnhddvicd for a

a silicon wafer, a light power of an infrared light illumnation is
adj ust edli¢an waterdandanies am irifrared gighit filhemirestint avhdeh udjuses dif liche power in
silicon wafer, the silicon wafer is illumnated by the infrared

| i ght iddcomdaratei with sasgedifie resistanen vahieof tte sifipinmedebyndilldbinates the
imaging unit constituted by a line sensor array that is sensitive to
i nf r ar extlidorglrafer; 4 adi imegisg andt cdstntiagdds; afint Beasdmueny et iwiskhsibies
described in detail belowwth reference to the attached draw ngs.
BRI EF DeSCRhFT KEhtORhitiE cERAWEME.: $8icBh@rafdr.is a front view of a
defect inspection device according to an enbodi nent of this
i nvention. FlAGcoRdihg ta gricthevaswecobf tiie idedreiin, in spéefedidnspestictemethod
FIG 3 is a side view of the defect inspection device. FIG 4 is a
secti ofat avsitivomfwaenwah dightapsyenof babirdrar2d IgHEsilhdAinaben5B adigisted in
views illustrating inmaging areas of respective imaging units. FIG 6
i s a viaeworddrestwith izngpédific eesisiantevabe of tike siHesh ket @5E SilRB&Ewafer is
measurenent unit. FIG 7 is a viewillustrating the constitution of a
t r ans milhtuedindted iy thevafraratbligieriiufrdnetion Wihd thddifeoB wiaferds @aptted by an
showi ng a rel ationship between a specific resistance and an -4- inmage
| un® naneegirBhehit MORESNHER B ARRME Nen $&Tarthlr thNVENEh&MNve 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 1s 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 is 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



Enbodi nents of this invention will be described in detail with
reference to 5 the drawings. It should be noted that the technical
scope of this invention is not [imted to the specific constitutions
of the enbodinents. FIG. 1 to 3 are a4f+ront view, a plan view and a
side view of a defect inspection device 1 according to an enbodi ment
of thi smagedruriisancThe def ect inspection device 1 conprises an
imaging unit 2, aline type light guiding exit port (corresponding to
an 10 "infrared light illumnation”, to be referred to hereafter as

an "illumnation) 3 that emts strip-forminfrared |ight, a wafer
carrying table 4, BRITMODERDEQR CARSIING OUAI THEANVENEKEW in FI G
4, a wafer 9 is carried horizontally on the wafer carrying table 4.
The i magi ng dkmbodirpentsy dfstids inventionswilsbe dascalyedhin datdiimaithnggference to
device. As 15 shown in FIG 1, the imaging unit 2 is disposed above
t heSwafthe draptingsd Ibshotkl baafoted that thentechalidad s¢opd bé thisnevemtismis not
array used in this enbodi nent enpl oys high-resolution elenents so

t hat eienitéd hethd speciindonkiitativns ohthdhemtetanéeets. |1 n the |ine sensor
array, pixels are arranged linearly to provide a scanning function.

To obtain a tRIGsdl e Bsire adtontrveye, aplangrithend ansids eiesvof adefeyt indpection
i nspection subject 20 nust be noved in an orthogonal direction to a
scanni rigvitier leatdarding totareenbodiraemsafithé inaynien.pi Red defecttingpasivn device
direction). In FIG 1, the scanning direction of the |line sensor
array dacorhprsenan magivegimig 2uaiine 2ypesligharatitizlg dxit pdre (qeapsboadidewen
and therefore a two-dinensional inage can be obtained using the |ine
sebQor “mrfrargddightniivinigatitve”, iafley rderreflitothageaftesagsnt Hkuinispest)i ®nhat
subj ect, in a perpendicular 25 direction to the paper surface (a

di rect iconits stip-dbred ibfraset Hghigw Aaifer Edriying)tabld Agaad dri heage Hrag@sing
-5- An imaging range is limted by the |line sensor array, and

t her ef amdt aB. | AnghowaneRIC. 31, ¢i waide @ isrberied pbtizehially oof tharear chrrying
order to capture an image exceeding this range. An 1maging unit 2
for captbleidhrg each area is provided, and

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

wafer 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 th¢ 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.



the respective areas are captured by the |ine sensor arrays provided
in the respective 5 imaging units 2. In this enbodi nent, as shown in
FI Gs. 5A and 513, the imaging area is divided into two areas (aright
area and a left area), and a captured_Enage of the entire surface of
the wafer 9 is obtained by providing the imaging unit 2 in each

i magi ng ar ea Arf\ ilrRlghge thnge i9Nirhitad sy $he M YeRsoriafdyasnththaridré 3n
systemof the imaging 10 unit 2. Wien a telecentric optical system

i s enpligethe thea Sk zdividled! itoCapilurdily dMBARsIREHrAGE 1 AHLEME AN ImAge
di stance between the inmaging subject and the optical systemvaries,
and t hekeéfifstthes Rof | of RAskibbaeioh Br dapaeing abckered a8 pestided, and
accurately. The wafer 9 does not pass visible light, and therefore

t r ansnithe k@ipectibe ABSYS #AldaPA ARt It PO BRhyRYrBAHERAN the respective
illum nation using visible |ight.” However, the wafer 9 does pass
vavel emgbbionaatel. Thamid dMolinhent, ' §8bwh AHIGs. BAl4Md 5B, the imaging
transm ssion observation possible. Hence, an infrared Iight source
that  pRéNydRMHBntd @b dtayd ROright ARGSANIBVEH Red)NahA3NcAk0PIMrhage of
‘used as a light source 7. 20 The illumnation 3 |F!un1nat¢s the

| mgi NghAeABrObuFhte WAHIRS wlfcs @ 1 HaRRdl e prdvi@Pgahl Shagtl 861t J #h each
strip form Infrared light having a | ongéer wavel ength tha 1100nm

em tt egBY; yell ght source 7 is emtted onto the wafer 9 fromthe
illumnatron 3 via an optical fiber 8 The length and width of the

i1 1 uni nati on p3elddeftid Bptidil SySERPMHPRM uLasStild 656 @M ydtrd b HETHRA!
the i magi ng area of thgpinBQYng 25 unitu2, %ng{bﬁﬁaoné%rg?%gt#he %&%
i ght wsiing. awWisds o tditdtmAaidRital kPbtent RabrifioldY, SRS Prur

i magi ng can be obtgined. - b6- Eﬁ%. gﬁgﬁoms anhﬁﬁYnénce ??%Qggggé%'rrgﬁ

to her eabbetoas nok @agye&éwkgraagﬁ%éﬁceoﬂ?é@eeﬁf{pggﬁ@g&%gh&gc{ Sn@¢hL ARG

using intrared ['1 ght “passin rough the wa ative to a

speci f GRS velRECeniP NG eRre i WBEEbN anf! Stze HiSAMEGedthEar "B 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 lght source that
mainly emits light having a longer wavelength than 1100nm is used as a light source
7.

20 - The illumination 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
illumination 3 via an optical fiber 8. The length and width of the illumination 3
used in this embodiment are sufficient to lluminate 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.



lum nance of the wafer 9 when the illumnation Iight power (to be
referred to 5 hereafter as the "light power") emtted by the
illTumnation 3 is varied. In FIG 8, the interior of the wafer 9 can
be captured appropriately when an imagg lum nance value of the wafer
9 is no snmaller than 90 and no greater than 130, and therefore the
light pover ofiGl BasHdwaialaaihaicedtd Headieusdidew 1adehftéhad “ihiel BIBance”)
l'um nance of the wafer 9 lies within this range. 10 In the

i1 um piihiesd feachhabing i eﬁfbnﬁg@m‘@mg ifBRed lifig: ﬂramng 20¥WEEh $RE whker O
set automatically such that the image lunminance of the wafer 9 is set
appr oprrtakiol Yo & OspddifRdirbdsiamct Sfatbie OT iR WRerspeCHGC g aRbwhateeiflige
the wafer 9, and thus the light power is set appropriately in

accor dangenihdd of @reS iRt OCwhesi ANk aniiatidie 1Bt Youldr @S @%dealgo

FIG. 1to 3, the wafer carrying table 4 is fornmed so that it can

be HOVe@rédfidrhe @Wetght PBweF) ERfed bYWhAilRYmikieidr SetaRIenTFIANE, the
sliding guide 6. The |Tnear stage 5 is guided by a .

preci sipRrRBIfRet Ward ¢ Aok BECaptlnicleappifritelyDRBEL N HRGRE NeHALSSCe
into the rail, and includes a driving unit “capable of preci-se

posi ti QRS thBwafbN9d ns kateler tARY 68 dEn¥ef&lteCaany i 86, dPhferéfopd tife

constant speed. The sliding guide 6 is conStituted by a sliding bu

61 and light bR &f %Hé‘fiﬂm%%?at_ﬂi?fi 20 b A% W B8:tGne ?ﬂﬁgﬁgﬁ&g@#&@ Bflthe

of the wafer carrying table.4, thereby ensuring tha

carryi ehibablies difAMes; hly. In other words, a nechanism for
nmovi ng the wafer 9 according to this enbodi nent is constituted by the

ol oo Yok abh ) LRt Spuptuie LIRS O

In this enbodi nment, atrve tot gl ng unit

2 and g2batifenddiddif Q3 Bihtfthg l?iﬁa[g% hEndiAYAEL bPthd ﬁf%ﬂegtr? dis: ﬁ%ﬁgﬁ%ﬁ%tﬁly

this constitution, "and | nstea e 1 magli ng unit

3 ad .rel.atd - _ ' .
case, Tho e G R, MO EpUHC kecloiokBE of the MARP ool hiY fre lght
ceanncio El i St ek L A e SR o e o ot raer o.

measurement  WQidhokh 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



‘that nmeasures the specific resistance of the wafer 9 during

adjustnment of the light 5 power of the illumnation 3. The specific
resi stance of the wafer 9 is nmeasured using a neasurenent probe 10a

pl aced on the surface of the wafer 9._Fhe |ight power of the
illumnation 3 is adjusted by adjusting the output of the |ight

sour ce erampiet hie Haisi sasef thbevaeaSupkredtory dhedixedntafeh usiriting lthiglt 4 is
power passing through the wafer 9 is set at an optinum val ue for

capt ur icagtdefiewhile beirididiunainerted wHdebythdentits wafar® isticanestiodi ment ,
a sensitivity of the imaging unit 2 can be adjusted in accordance
with the spedIfi 6 stesis tlhan censtithtienadf & Sgecifid efsiantene@xaameat uniel0
a sufficient transmtted |ight power for capturing an appropriate

i mage dhateteaseredtiac spdcific mpbiptahce adjthis twafgr Dheudihg wdljusttriedit of the light
appropriate image capture is realized by adjusting the sensitivity

of Bhe powagi sfothenillurdindtivroBhe Thecspdsificliesitands wtthegvdfet 19 i endasobéd
power of the illumnation 3 and the sensitivity of the imaging unit

2 usi nqisitie asprabitamens psdlondoavishes] RAg edriiye bhens peddf 0C The light
resi stance neasurement unit 10, an appropriate inmage |uni nance for -

capt ur ipagver dffies flrmatie, 814s adfieded hyl=ljasting thootiiRtvstitae light Nevttce 7

functions and i nspection processes of the defect inspection device 1

20 accoiditigbisls ithe eAbasliveBidnt Walihe, ke 8564 ihedoh{l bswbsiaiagés:ﬂgltarough

conveyed by a conveyance device, not "shown in the drawi ngs,
pl aced the vidier W edt draud Mpﬂﬁldrﬁbﬂaﬁléforlﬁapﬁﬁﬁﬁ% defedtdith Glelwiafet 9.6

according to this enbodinent is a structure for supporting the wafer

9 pn a taper ggritrhidre, irPHeYicafsbdmehines eeasitiofy bhtha\Bh&Eing 181it @lkan be
edge portion that does not affect the def ect 25 i nspection,” rather

than aagfuisted Uhe ab&rdaiicBPivitsh e s Iﬁé Rsiéshile: FaBid BPIAE WEKE 8 OFor
the like. -8- The light power of t illumnation 3 is adjusted in

T i e
speci f ignapgehfih86e ok fdiHed RRABHT 18HadlisHAG BB §RhmiCatiS 8 SiNeBriate image
capture is realized by adjusting the sensitivity of the imaging umit 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 mnspection 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.



‘measurenent unit 10, the light power of the illumnation 3 is

adj usted such that an 5 appropriate transmtted |ight power for
imaging i s obtained. The specific resistance value of the wafer 9 is
measured by the specific resistance ngasurenent unit 10 shown in

FIG 6. The specific resistance of the wafer 9 nay be neasured by

di sposi ng t h&t=pbght powee if shanitfenmvation eréntadpnstedli acdopdendo wiitte the
wafer 9 while the wafer 9 is placed on the wafer carrying table 4, or
by 10 ppacifingetibmrwaivaludobincavafepar aBg raedifdhggntaitpat ofitlelidibngotiie: 7
specific resistance neasurenent unit 10 before the wafer is placed
on t he isatesrdanace witlg thabpecific rddistahtghalponensofed bethd bpevifiatdsdtaidce
is adjusted by nodifying the output of the light source 7 in

accor danegsuetiieritmis poctid ighitgsivedrasiche Vakmenator! Beés wafigtePsuch that an
nmeasured by the specific resistance neasurenent unit 10. The

i1 13m appropridieghinsihiteed ligledpdyert foe imbbing isaibiteimed, | s adj ust ed such
that the transmtted |ight power passing through the wafer 9 is

suf ficient fahel spaiftg royistdieel vaigeng el wasr Ihis MrRbenrdd by 1HeY geedfic
a constant speed in a fixed direction by the linear stage 5, and an

i mge gesietaicednbystenthghhitpds shagrt i PUghel heheadREifR tesistaddlbethe
by the two imaging units 2. The imagi ng device carried on the imaging

unit 2 wiefe0 2fay beencanNged bydisodife Wt Shedifi fdsistahBe Adaate@dent unit 10
linearly,. and therefore a two-dinensional image is obtained by

repeat clt@eaoBaWuiag QoRpilatthe Rv-fér 9hé eiacklon ved /afS da’inﬁﬁ%%ibﬂsm,%r by
sub-scanning direction (the direction of the arrow A in Fl 2) at

thgos agﬁ&%@%@%ﬁ@ﬁ@? bAda isepReiE QarBihd RaBleNBcRiEA2TRE el S%dkiPhnce
i.e. the rrection in which the respective i magi ng devi Ces are

ar r angegbastPerhRat Lirie 19 2REAE tRE idiferth PlAeed IR 8O &aH dard/ N salie 4.
limted inmaging range. Therefore a wafer having a diameéter of 300mm

for exanpl e, The 1ihy ideskr dTtBe {MRmirdhtid ™ Gé BEAEADy RSAFRARRKE &
5A and 5B, and iur%lgl ng irs pe?for med by the Jrespec ively £t Lﬂn%of

fﬁ;r ;als Fﬁﬂ. sﬁ'%gtg isgf%ﬁgé Zgjnﬂg%éggdtggcég Eﬁtﬂ kha!BhBGHE Bsikihle Rt (RInE WRer O

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 pigels are arranged linearly, and therefore a

two-dimensional image is obtained by repeating a scanning operation in which the

wafer 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



optimum |ight power for inmaging passes through the wafer 9 to reach
the line sensor 5 array provided on the imaging unit 2. Wen a crack
or an air bubble exists on the surface or in the interior of the

wafer 9, the transmtted light refractg .in that position, causing a
gray scale difference to occur in the imge captured by the |ine
sensor inaghay ardiisaa shoaekire FlGs s SAnathd S5 Ushd dtha@ing s &ﬁﬁfohﬁteérbsﬂ&he
of the wafer 9, a linear |nage IS obtalned and when an air bubble

exi st s resp&itivelyl @rredporidige &h wiege. i s 10 obtained. The image
processing unit 12 perforns defect determination on the basis of

i nformation releatihngitatidhdighapeidat Brmy tise dllenthatibe IedEoktdd"®@ean
The nmethod of adjusting the light power of the illumnation 3 is not

L m t edptienus, kel thasvef fofdhbisinisithskbethrofiph thewRifet 9 16 6&RHIRMRIRMnRor

the specific resistance value neasured by the specific resistance

nMeasur efegt ptovidedlOn the ifRghid AR ADWRen bbbk dreas&ir MigiEe EXiSts on the
specific reS|stance has been neasured in a previous process, the

val ue tshefeebr il Yhd tttHbABHH WX 8} thd RAnSRGReAVBEIRY redR@tSTAhad posiEdn,
that the Iight power of the illumination 3 is adjusted in accordance

Wi th tRausgue grbprscalaietence RECSRECH tite B85S LAPARMabH ehOTink N@nsor
wafer 9 conveyed to the defect inspection deviCe 1° is stored in a

st or agewf§Vi Gfhef @l cralRWXIdS chit@ et B RS inSthentdilr SRR Wdter vl %e&
20 is transferred to the defect inspection device 1, the value of th

wef er  Griage exbb@Eh&H arld oMehlt si-0hAIfe BAKIS S cﬁﬂfi’.ﬂéﬁ@r _I_%%ﬁ%tp?@;‘]l g&mlage is

| i ght source 7 is adj usted on the basis of the val ue.

ligbt pewahe@ THEirhhb é‘?r R ﬁtaz%&%ﬁ%&&&@&&%@ﬁgn od @Rlbasis

power passing through't f 9 is set at an optinum t power

for C%Ph%ﬁﬂﬁugﬁfré&%gﬁﬂﬁ%h%fe%?dg%r ﬁ%cwéérme'&fé&hﬁ e, there is

no need to provide the speC|f| re measurenent unit 10 in

the defect |npReRLiR SEMGSde Gér{tgf %fﬂ&@ Eﬂ%on@mr&ﬁ%&é&to

the illum nation 3 can be optlmze |rrag|ng ore the wafer

- transf er iR od hgr. , th% Seg%h{t!]@)ity %?E%ﬁfrd%hgg.vﬁﬁglﬂlé%ff:%n} gstance

i nspection. Furthe e 1 magi hg unit
adj ust e {dnBE&HHANF fhe specific resistance measurement unit 10, as described above.

15 Ina case where the specific resistance has been measured in a previous process, the
value thereof may be turned into data for each wafer and stored such that the light
power of the llumination 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



with the specific resistance value of the wafer 9, and by adjusting
both the light 5 power of the illumnation 3 and the sensitivity of
the imaging unit 2 using a specific resistance val ue neasured in
advance, an appropriate inmage |lum nancgyfor capturing defects can be
obtained in relation to the wafer 9. Further, FIG 7 shows an exanpl e
i n whi gowert olattsmillumindtight3 panebe optiasined fen imagirts biford dhenwafeur®ess
the transmtted |ight power passing through 10 the wafer 9 during

i |1 um rieangierrey, trerely reduedng thyhanddvintrif tiate atuirdd fos tad irgspettion.
illumnation 3 is provided. The transmitted |ight power neasured by
the transm thethdr gh¢ sposiEvityefthy enegihgumit 2kchn Ise adpstdd it etairddnce
to the inmage |um nance of the wafer 9 such that when the transmtted
| i ght patderthe speaifgeresidtance ralye bilithaarde of ahliehyatiplistthd both dhe &igHt
when the transmtted Iight power is 15 small, the image | um nance o

t heSwafperved of the divmblestine 3tanel tHegdensitbagr ofahetifeigingd LinfaMakinga é;ﬁém?c
be adjusted using the value of the |light power passing through the
waf er Qesidtamce! vahienaheasurddmay advaired @5 afeopibtariathdel Ghinimdnce for
| um nation enployed at this time, but the inventionis not limted

to thi saponihg defettncarabd obtgeied dh edlatibhupithatwger 9or nmeasuring the
transmtted |ight power may be provided 20 instead. Further, the

sensitivity plurthe, IFIEgi NGHOWYS ad egdmbhe ad] whickdal faReaafteanimht Yok
the specific resistance value of the wafer 9, and by adjusting both
the |i ghtasupemeitainit e iHdt unkaaireonhe ittkrhfte SRS powet Yasding WBrough

imaging unit 2 using the value of the Iight power passing through

t heo vwafles vhifera9 ARRKGIhaERaicRes A MhfaRAEldHY illuASinefBh Uit GudRfactse
can be obtained in relation to the wafer 9. Tt should be noted that

as et Abdsiredtioad] 3sisl Rgotided! | gihe PEUBENAted NBzhitl bowdr! WRARRLEQNLY, tife

met hod enpl oyi ng the measurenent val ue obtained by the dedicate
speci f inarisesitisHangiet RAskH etRBUrstRkbht dthit a1 M85 NQEs@YPFINEAILA the image

specific resistance val ue neasured'in advance, and a net hod
enpl oy ingirkd¥eee! bR Mvafe@®d 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 waler 9. The illumination 3 may be used as the infrared light ﬂlurrﬁnaﬁon
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 illumination 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



infrared |ight power were described above, but the nethod of
adjusting the light 5 power of the illumnation 3 is not limted
thereto. In this enbodinent, the entire surface of the wafer 9 is
covered by the two imaging units 2, byt the nunber of imaging units
2is not limted to two. The resolution may be inproved by di sposing

a | ar gellisibetiorof3, ERahdtBoldNEinpldihd BRI heSasuréént NvelQe dthtRthe®by the
even finer |nspect| on i nage can be obt ai ned. 10 As descri bed above,

the defdelicaters apeélﬁ@ FeSiRMRR rtheAGERMEAIAR 105 meghBP i gfa 55&1ﬁc

invention enploys a line sensor array that is sensitive to I nfrared

light agsigfricBB@ing rfexseRd MNHdeaitd hereh anethdab BRRIoiNE BBt frkBsmitted
wafer 9 under identical inspection ¢ondi tions and respond to an

i ncr eas@frbfed Bgﬂ.s PB&&r AferbNBeschibeldven bk AER STttt bl @Hjusting the light
appropriate ilTum nation for capturing defects can be 15 obt ained by

obt 3i Nigagel-bf 18P BRIthirtatl@sSs & ARCRMRHYReRot he wafer 9 and setting
the light power of the illumnation 3 at a value corresponding to

the obtai nedyspRE dinbodiBshs RS eenyeguefacé%f hé M 9 1§‘c9€t§r€ﬁtb the two
i nspection can be perfornmed evenly and hi gh speed over the entlre

surf aC%ﬁéﬂ% {Jﬂﬂsrﬁsbﬁﬁ: NE RbEF C}P%%ﬁ'ifdrﬁ{ sJ2 i IIF&BﬁJ%Eper@gr m’ glgh

a transm Ssion |nspect|on is conventl y difficult to

This a j
. BB SR bELERrRVY di¥oRERES 19feIARARER B AL ARG FALCRS,

2008, Hbe ;BNd dding CT 684 $indf et od iBiakl my@st ghto this
dome 1 F%? a]gﬁr%a fﬂlg

speci fication rence. aiml waf er def ect

i npect i on dawi g e SOHP" dihvRg: tpendbet;f %@ﬂ%@&btdév&écum %EbﬂﬂngEed*%ﬁs

provi ded opposite a surface a silicon an 1 magl hg ne

havi ng ?nﬂdc%%leﬁ% Bpec f?ﬁ;@aﬁoﬁ% rplbg %‘1‘:15&%' deh¥6r bitay'tRbE AT Rt 28

thelnrare natio
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.



an i mage processing nmeans which detects a defect on a surface or in
an interior of the silicon wafer froman i mage captured by the
i magi ng mneans, wherein a specific resistance value of the silicon

waf er

is obtained in advance, the intraged light illum nation nmeans

adjusts its light power in accordance with the obtained specific
resi stance value of the silicon wafer, and the inmaging neans adjusts
its sensitivity to infrared light in accordance with the obtained
speci f i ICk=igis§t ance val ue of the silicon wafer. [Caim2] A wafer

def ect

i nspection device, conprising: an infrared light illumnation

means pi@hdided]opposite a surface of a silicon wafer; an imaging
means having a |line sensor array, which array is sensitive to
infrared |i ghwafeomi¢fect nfrsieed ibhghévidd ubomak i omg: 13- an
transmtted |ight power neasurenent nmeans which neasures a val ue of a
t ransmi tt ed anningwaeced Dghht polemipassbAgndd=opabvided sibbedte et face
i n advance; and an i mage processing neans which detects a defect on a
surfaceofra sifieoniwisror of the silicon wafer from an inmage
captured by the imging neans, wherein a specific resistance val ue

of the sili eanimadaig neaobt aavity a Nindvwancer bheay Afbaar ed ddiditcive to
illum nation neans adjusts its |ight power in

infrared light from the infrared light illumination; and

an image processing means which detects a defect on a surface or
in an interior of the silicon wafer from an image captured by the imaging
means,

wherein a specific resistance value of the siliconwafer is obtained
in advance,

the infrared light illumination means adjusts its light power in
accordance with the cobtained specific resistance value of the silicon
wafer, and

the imaging means adjusts its sensitivity to infrared light in
accordance with the obtained specific resistance value of the silicon

wafer.

[Claim 2]

A wafer defect inspection device, comprising:

an infrared light illumination means provided opposite a surface
of a silicon wafer;

an imaging means having a line sensor array, which array is

sensitive to infrared light from the infrared light illumination;



accordance with the obtained specific resistance value of the silicon
waf er, and the imagi ng nmeans adjusts its sensitivity to infrared

light in accordance with the neasured value of the transmtted
infrared |ight power passing through_ggg.silicon wafer. [Cl aim 3]

The wafer defect inspection device as défined in CCaim1l or Claim 2,
conpri si ng anspeakhi tteddighaneeecieasisiesreht Means whikhhd@asusesvalue
the specific resistance value of the silicon wafer. [Claim4] The

waf er def ®catranpspeted dnfadevedd iahtdedwarefak 8imnyhosegoihel i Nconlwafer
wherein the imaging neans adjusts its sensitivity to infrared |ight
when a isutbivehest dricansm tted infrared |ight power passing through

the silicon wafer is not obtained sinply by adjusting the infrared
l'ight illughnatdg@nprocessing means which detects a defect on a surface or
in an interior of the silicon wafer from an image captured by the imaging
means,
wherein a specific resistance value of the silicon wafer is obtained
in advance,
the infrared light illumination means adjusts its light power in
accordance with the obtained specific resistance value of the silicon
wafer, and
the imaging means adjusts its sensitivity to infrared light in

accordance with the measured value of the transmitted infrared light

power passing through the silicon wafer.

[Claim 3]
The wafer defect inspection device as defined in Claim 1 or Claim
2, comprising a specific resistance measurement means which measures

the specific resistance value ¢of the silicon wafer.

[Claim 4]

The wafer defect inspection device as defined in any one of Claims
1-3, wherein the imaging means adjusts its sensitivity to infrared light
when a sufficient transmitted infrared light power passing through the
silicon wafer is not obtained simply by adjusting the infrared light

illumination.



