15 February 2005 -1- DESCRI PTI ON METHOD FOR | NSPECTI NG’ SEPT-BORRRFER,
METHOD FOR MANUFACTURI NG SI LI CON WAFER, METHOD FOR FABRI CATI NG

- SEM CONDUCTOR DEVI CE, AND Sl LI CON WAFER Techni cal Field: The present
invention relates to a method for inspecting a silicon wafer (hereinafter

may be sinply referred to as a "wafer"), and nore 10 specifically to a

nmet hod for inspecting a silicon wafer for detecting a new defect which has

not been identified, a nmethod for manufacturing a silicon wafer having no

such defect, a nethod for fabri i i conduct or device wusing the
silicon wafer having no such de%agmmand the new silicon wafer
havi ng no such defect. 15 Background Art: Generally a nethod for

manuf acturing a silicon wafer conprises a slicing step of slicing a single
crystal ingot to obtain a thin disk-shaped wafer; _a charrferlng step of

chanfering a perl M@EH%&@%JNSP@{JHNMW W EddRai ned thr ough the
slicing ste revent cracki n and chi of the wafer; | appi ng step
of 11t eriRGHODS ARMANGR A EHRINCL BBl GO N G H MIFETIG et
deformati'on remaining in the so chanfered and | apped wafer; a polishing
st ep fof MERABRICARING SEMICAMNDDICEOB DEVECTE, AND SITIEaNT N@AFER) of
cl eaning the polished wafer to renove a polishing agent or dust particles
Technical Field:
The present invention relates to a method for inspecting a silicon
wafer (hereinafter may be simply referred to as a "wafer"), and more
10 specifically to a method for inspecting a silicon wafer for detecting a new
defect which has not been identified, a method for manufacturing a silicon
wafer having no such defect, a method for fabricating a semiconductor device
using the silicon wafer haﬁng no such defect above, and the new silicon wafer
having no such defect.
15
Background Art:
Generally a method for manufacturing a silicon wafer comprises a
slicing step of slicing a single crystal ingot to obtain a thin disk-shaped wafer;
a éhamfering step of chaﬁlfering a peripheral eage portion of the wafer
20  obtained through the slicing step to prevent cracking and chipping of the
wafer; a lapping step of flattening this wafer; an etching step of removing
machining deformation remaining in the so chamfered and lapped wafer; a
polishing step of making a mirror surface of the wafer; and a cleaning step of

cleaning the polished wafer to remove a polishing agent or dust particles

25  deposited thereon. Only the main steps are listed above, and sometimes
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25 deposited thereon. Only the main steps are listed agos%r,uagn soneti nmes

15 February 2005 2 other steps such as a heat treatnent step may be added,
or the step sequence may be changed., The silicon wafer nanufactured as

descri bed above is finally subject edzto a quality check, then is packaged
in a container for accomvodating wafers therein, and is sent to a device
fabricating conpany 5 (or step). Wth the manufacturing steps as described
above, recently in association with the tendency that devices have been

b ' ' f devjy f to b
achi ovoq T ¢ Boc el o R RLLEn FEHEBGD WA HURAGR, REPHESF inetie vt or 1 6
{he et oFuPY Aanetd” SARr crBeCR o Henae i red i cneslibgd sbasvatuar e

quality of the .silicon wafer_ under stringent conditions, and to inprove
the pr ocﬂ’é‘%ﬁ%gﬂfbﬁcm%uﬁa‘%‘%a&% ke %lF‘Pi BoRagk#gad Hha@ fadeiren 9y t he

devi ce using thf silicon wafer therein. 15 In the silicon wafer,
conpl et eMEeRBedatrae srafersiheygrn.iand Isssandriged gevigdabaidatiye sximpeanyce of
i mpur.i t'i(es, m,crodefects, strain fields and so on. On the silicon wafer
surf &ce, Oﬁéﬁﬁﬁ)- netals, organic materials, particles and surface roughness
al so cause probl ems. As a defect causing a problemin a device fabricating
process, thereWith hhe weamficiownga sGOR @Sr desaibad iafiomat ededelyt iinl e)
appearing in the vicinity of a surface layer of the wafer. The COP is
gener al |1agsdeftioadwith the tendency that devices have been becoming more and
more minute, demands for device performance to be achieved have become
increasingly severe, and further the silicon wafer is required to have
10 completeness of the crystal quality and cleanliness of the wafer surface.

To satisfy the demands, it is necessary to evaluate quality of the
siicon wafer under stringent conditions, and to improve the processing for
manufacturing the silicon wafer and fabricating the device using the silicon
wafer therein.

15 In the silicon wafer, completeness of the crystal quality is largely
spoiled by existence of impurities, microdefects, strain fields and so on. On
the silicon wafer surface, heavy metals, organic materials, particles and
surface roughness also cause problems.

As a defect causing a problem in a device fabricéting process, there

20 has been known a COP (Crystal Originated Particle) appearing in the

 vicinity of a surface layer of the wafer. The COP is generally defined as a
' defect with the size of 0.1 y m or less, but it appears on the wafer surface as a
pit, that is, a defect with the size on the order of 0.1 to 0.5 2 m which can be

observed by processing the wafer with an ammonia-hydrogen peroxide

25  solution (also referred to as a “SCl solution”). These are defects generated
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defect with the size of 0.1 u in or less, but it appears on the wafer
surface as a pit, that is, a defect with the size on the order of 0.1 to
0.5 u in which can be observed by prgcessing the wafer with an

ammoni a- hydr ogen peroxi de 25 solution*(also referred to as a "SCl
solution"). These are defects generated 15 February 2005 3 when the crystal
is pulled. A FPD (Flow Pattern Defect) having closely related to an oxide
film dielectric breakdown strength is a ripple-like defect appearing when

pr ef er entj chi I: yrformed with an etching liquid based on 5
hydr of | ugvlr}%(l!:l %i%kg%élpgﬁggéi um bi chromate. There have been known ot her

defects such as L atterning To aph fect) detected by
the | aser scat t%ﬁ@fﬂ%$§@9%%ﬁ§ hawg%%cg’g%c‘?eégﬁagmrﬁw flg8t s havi ng
sim |l ar Rhehavior  duri romh of  the ¢rystal. 10 Further it is known that
such def 81&1%0*% &ﬁe%k&%(’%x?‘af%ﬁﬁhﬁi ﬁdwé@ﬁie'lgieakdq{gwaﬁnp@ﬁrmgr gehen af f ect
perfor manﬁ%_ of a device. To evaluate these defects, generally preprocessing
i s perf oP¥Rigrendial  edehingorswapsiormede| withr iagr efshimar liquid t basedvaiat i on,
and then the defects are di re_ctlg, nonitored visually, with an electronic
mi cr oscobBdinilummic aqid andmmtErsvnobisheompte.ne | nvention: It has been
considered that there may exist other defects affecting the device
fabricating stébhdrs hdué theem thmowto sehele stefediedswtinws. al LITD (Laser
Scattering Tomography Defect) detected by the laser scattering tomography,
and these defects are microdefects having similar behavior during growth of
the crystal.
10 Further it is known that such defects as an OSF (Oxidation-induced
Staking Fault) largely affect performance of a device,
To evaluate these defects, generally preprocessing is performed to a
silicon wafer itself prior to start of the evaluation, and then the defects are
directly monitored visually, with an electronic microscope or the like.
15
Disclosure of the Invention:
It has been considered that there may exist other defects affecting
~the device fabricating step in addition to those described above. It is
generally consi(iered that the defects are of different types from the COP,
20  FPD, LSTD, and OSF, but particular features of the defects have not been
clarified.
Therefore it has been difficult to accurately and finely evaluate
quality of a silicon wafer and to improve the processes for manufacturing the

silicon wafer and fabricating a device.

25 The present inventor has discovered a new type of defect having the
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general ly considered that the defects are of different types fromthe COP,
20 FPD, LSTD, and OSF, but particular features of the defects have not been
clarified. Therefore it has been diffjcult to accurately and finely
evaluate quality of a silicon wafer and to i nprove the processes for
manuf acturing the silicon wafer and fabricating a device. 25 The present
i nventor has di scovered a new type of defect having the 15 February 2005 4
entire defect size of 0.5 uin or nore which is different fromthe crystal

m cr odef onre” ks S ATNE S M@ SRR AR AR RGBT ol
escri bod tepny S8 SIEBh bRk iR COE bRy iy it a8 b arpich

curf ace, bR Al RBSTI E ofoRE i, N0 deluebimar capaelY eI (At om o
Cur  ace B bk i 56 PbriGHSE WP | or cos vor ki ng when af oms al the. tip of

t he probe are roached to (Lﬁ?f sanpl e and _control i ng t he probe for keeping
the & onic forcessdievatimemehdgiect scapsrribed dn meersl datpda below hdherens ¢ for ce

m croscope (AFM is 0.1 nmor _below. This new type of defect can be
det ect edabfiifuense hetweeasregarities invhg defocbaeem ind thiseinawthes area
m cr oscope based on a confocal optical system 15 The confocal optical
syst em delt e siligon surfices Foir instarteeh disndefpetseatnot be detected with. an

AFM (Atomic Force Microscope) at all.
An atomic force microscope (AFM) monitors a surface by making use
10 of atomic forces working when atoms at the tip of the probe are approached to
a sample and controlling the probe for keeping the atomic forces at é constant
levgl. The resolution of the atomic force microscope (AFM) is 0.1 nm or below.
This new type of defect can be detected by performing appropriate
Image processing with a laser microscope based on a confocal optical system.
15 The confocal optical system detects quantities of light having passed
- through a pinhole by irradiating converged light beams on a fine spot on a
sample and re-converging the reflected light to the pinhole fitted to the front
of a light receiver.
As shown in Fig. 7, a laser microscope 10 based on this confocal
20  optical system comprises a laser light source 14 such as an argon ion laser, a
light detector 24 such as a photodiode, a beam splitter 16, a pinhole 20a and
others. This laser microscope 10 is described in detail later.
This new type of defect can also be evaluated by cleaning with a SCI1
solution. However, this evaluation method becomes problematically a

25 destructive inspection. Further to achieve an easy observation by cleaning
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t hrough a pinhole by irradiating converged |ight beans on a fine spot on a
sanpl e and re-converging the reflected light to the pinhole fitted to the
front of a light receiver. As shown in Fig. 7, a |laser mcroscope 10 based
on this confocal 20 optical systemconprises a |laser |ight source 14 such

as an argon ion laser, a light detector 24 such as a photodi ode, a beam
splitter 16, -a pinhole 20a and others. This | aser m croscope 10 is
described in detail later. This new type of defect can al so be eval uated by

cl eani ng_wj Aol ol uti on. ;However hi.s eval uati on et hod becones
‘probl erraﬁ%:%ﬁ?sg?s‘i@%@&%}P%E‘Eq}%gglﬁg%&@?%w(f@ﬁ?? T P UCHT eF8BEH easy
observation by clganing 15 February 2005 5 with the SCI, solutign, the
et chi ng P}"%?e%{%’ 3E§i W@%rt 5“5%0? oﬁ@%@esblff’uéléeret Ehi &t}t bhoceestis defere waf er
surface hecones .rougher, so that the new defect discovered in the present
i nvent i oASCAYETREr M YhaBresemtdppntigneeny hamllynbe differerdiatedfremnthd v
di scovered defect described above gives influence on a yield in the device
fabri cat pﬁB)-st ep, it has been found that the wafer having a defect
eval uated and observed by the eval uation nethod described above should not
be sént to the &ethesewhbdiscorimd defep. deFhabpd ebene givesemfivenchas a been
conpl eted based on the finding. 10 It is an object of the present invention
to provideldimthddevitofabricasparttepgitchas hdemaoundfthat bk imader haviagsi bl e to
i-dentify and efficiently detect a new type of 'defect affecting a device
fabri cat defges bepluadedretiodbdaaved by the evaluation method described above
should not be sent to the device fab'ricating step. The present invention has
been completed based on the finding.
10 It is an object of the present invention to provide a method for
inspecting a silicon wafer making it possible to identify and efficiently detect
a new type of defect affecting a device fabricating step, a method for
manufacturing a silicon wafer not having the defect as described above, a
method for fabricating a semiconductor device using the silicon wafer not
15 having the defect as described above, and the silicon wafer not having the
defect itself.
To solve the problems described above, a method for inspecting a
silicon wafer according to the present invention comprises the step of, when
inspecting the silicon wafer, inspecting a defect having the entire defect size
20 of 0.5 u m or more in which microdefects gather in a colony state. In this new
type of defect, several tens to several hundreds microdefects each having the
size on the order of 0.05 to 0.5 » m gather to form a colony-like defect.
Depending on the number of gathering microdefects, even the small defect is

detectable as one having the size of at least 0.5 x m. There may be found the

25  large defect having the size on the order of 3 to 10 2 m.
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manuf acturing a silicon wafer not having the defect as described above, a
nmet hod for fabricating a sem conductor device using the silicon wafer not
15 having the defect as described abqve, and the silicon wafer not having
the defect itself. To solve the problens described above, a nethod for
inspecting a silicon wafer according to the present invention conprises
the step of, when inspecting the silicon wafer, inspecting a defect having
the entire defect size 20 of 0.5 in or nore in which mcrodefects gather
in a col ony sThtedefeat ichhshaewspégtp@ withdeflaesér, nsievescape tlensdt onsever al
hundreds m crodefects each having the size on the order of 0.05 to 0.5, u m
-gat her t eofifocal aptichlosysttinker dedl@dd fieldDafiertdtige. OThdreeisnuidridfereficgat her i ng
m crodefects, even the snmall defect is detectable as one having the size
of at | edstwébnbirdpuldii@eLinrie defebomnre dritbthode ihastber dafsesft thkavafeg t he size
on the order of 3 to 10 p. m 15 February 2005 -6 The defect can be
i nspect eduwabdt ehdrafRé theCHOREORENDASE beOBvaAuatAN @SR lanORtdER! fer¥yst em or a
dark field mcroscope. There is no difference between irregularities in
the def e%icﬁfs@@p@nd%‘lﬁMSe ARept hgfepb&Rshls t N8 WobkRbrmeyr f as@ therefore
t he defect can not be evaluated with an atomic force mcroscope (AFM.

After pr%ﬁ{rﬁ&%ﬁﬁy thgled RELLRAETRMNAL [ 81 SNBBLRANGAERRIRELXA e Sol ution
(a SC 1 solution) and the defect area is etched, the defect may be

eval uate e ) LN i t LAS tio e
destruct igbcgﬁg’nce{ﬁ% F%ér?%e%mg ?‘{/agléétg]aa%%‘l e&(}?e%tgﬁ’ IE\%‘?dilny %%esﬁé}??%?e ntiated
fromt heir‘fs‘f)@éﬁaﬁ IRBG el ¥WPEetiu Rk asile. %(f'ﬁ'ieqsch?s 1993' offd¥fect can hardly

be differentiated from the conventional type of defect such as a COP. For

evaluation as a non-destructive inspection, it is preferable to perform the

inspection with the laser microscope based on the confocal optical sysfem.
It has been found that, in addition to the laser microscope based on
the confocal optical system, also a dark field microscope can be used for the

evaluation. The dark field microscope is used for observing light scattered by

defects or particles when irradiating laser beams on a sample to be monitored
in the state where the entire measurement system is placed under a dark
éondition, and also this dark field microscope can be used for the evaluation
as a non-destructive inspection.
According to a first aspect of the present invention, there is
- provided a method for inspecting a silicon wafer comprising the step of
examining the silicon wafer for the presence of a plurality of
microdefects gathered in a region of surface of the silicon wafer, which is of
the size of the gathered microdefects is 0.5 ym or more.
According to a second aspect of the present invention, there is

provided a method for manufacturing a silicon wafer comprising the steps of:
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eval uation as a non-destructive inspection, it is preferable to performthe
i nspection with the |aser m croscope based on the confocal optical system
It has been found that, in addition L$ the | aser m croscope based on the
confocal optical system also a dark field m croscope can be used for the
eval uation. The dark field m croscope is used for observing |ight scattered
by defects or particles when irradiating | aser beans on a sanple to be
nonitored in the state where the entire nmeasurenent systemis placed under
a dark golidhirngothe silidonlwafet;hileamiaekaid alrding Greopsiaprdcaiche vudag for the
eval uation as a non-destructive inspection. According to a first aspect of
the preseinid iexeaiihirgn, thehailicons wafeoVviodedhe@ prisBad: fer 4 nslpeskityndfa silicon
waf er conprising the step of examning the silicon wafer for the presence

of a pl umgickédefé@ts ghtitdroden aGtsiosaiesnathdeofahealidh Rhfes WhRESsf t he
silicon wafer, which is of the size of the gathered m crodefects is 0.5

jimor mane sizAGE oI EhERdANEP6ATE18IHOH 1A] of RRrOr esent invention, there
is provided a method for manufacturing a silicon wafer conprising the
steps of: 15 ebsnBhY t200Rird RYc bl Bk bh&eat hveionatisdre i€ RaNipg and
drying the polished Silicon wafer; and examning the silicon wafer for the
presence L ) . J i Qn surface
of the Sia%g&&&ﬁr?&x%h%ﬁﬁr% %(r)%_ﬂe{uﬁg‘;’%?lgg&% Eiff%%leg g}ﬁiﬁ%ﬁgﬁ 'mmgi;rggef ects is
0-5 DM OfoliBhifiy AECANEhD il 2tihdl AP EHfin® 't NPl B8 anYRBLA ON. there

is provided a metho manuf acturi ng a icon wa conprising the
steps of wadfed: LAY preventing deposition of impurities on a surface of the wafer such

that generation of a plurality of microdefects gathered in a region of a
surface of the silicon wafer, which is of the size of the gathered microdefects
is 0.5 um or more.

According to a fourth aspect of the present invention, there is
provided a method for fabricating a silicon wafer comprising the steps of:
examining the silicon wafer for the presence of a plurality of microdefects
_.gathered in a region of a surface of the silicon wafer,which is of the size of
the gathered microdefects is 0.5 pun or more; selecting the silicon wafer not
having the microdefects; and fabricating the selected silicon wafer.

A silicon wafer according to the present invention is the silicon wafer
which is mirror polished and has no microdefect gathered in a region of
surface of the silicon wafer which is of the size of the gathered microdefects
is 0.5 pm or more.

This new type of defect to be inspected by the inspecting method
according to the present invention is different from any crystal defect, and is

conceivably generated by contamination by impurities, a non-uniform
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polishing the silicon wafer; cleaning and drylng the mrror polished

silicon wafer; and preventing deposition of inpurities on a surface of the
waf er such that generation of a plurality of mcrodefects gathered in a
region of a surface of the silicon Wafer, which is of the size of the
~gathered mcrodefects is 0.5 pmor nore. According to a fourth aspect of
the present invention, there is provided a nethod for fabricating a
silicon wafer conprising the steps of. examning the silicon wafer for the
pr esence suifage ptateadfterypotihingclsodie fagahs stgatwiesrechlkaliree cagponemts ¢ sur f ace
of the silicon wafer,which is of the size of the gathered m crodefects is
0.5 pm om pulishingelgent iragairh@astidlixcon thaf @irfaet or hswtohilihardacandef ect s;
and fabricating the selected silicon wafer. A silicon wafer according to

t he presa@iydroptuesit abehs Ratdibeddi féroratatif & depiitidh bSsilicoh Par@eles hed and
has no m crodefect gathered in a region of surface of the silicon wafer

whi ch i s othert partdlee fiohtih$en akhar edeft L RACOLEIS typs R -deff @i BBre. This
new type of defect to be 1 nspected by the inspecting nethod according to

the presenévdity@ ity ievestitd TepbafibnfSOMANTG ¥5tak Wb elirfaddGiics

concei vably generated by contam nation by inpurities, a non-uniform 15
February pé@i@Ringa surface state after polishing (such as the state where
al kal i ne conponents of a polishing agent remain partially on the surface
or hydrophi| | graféase, 30 dnalAERRBD AR SAHAVR(E thE SRAIERS @b OF
deposition of silicon particles or other parti loating in the air.
Ceneration of this type of defect can be
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prevented by preventing deposition of inpurities on the wafer surface after
polishing. Therefore, to manufacture a wafer not having the defect as
descri bed 15 February 2005 8 above, ij_.is required to prevent deposition of
inmpurities inmedi ately after the wafer is polished. For instance, storage
of a just polished wafer is conducted in water and the storage water is
controlled to manufacture the wafer by adding citric acid and a
surfactant, a hydrogen peroxide solution and citric 5 acid, or the like for
- preventi

met,al s as..a:kind of the inpuridt.ies from bei eppsi i.ed on a
T ace Sy tndedinBs Pee Gt ge TR b e B e S ERRL IR o
st orage descr.i be bove, through several. steps i.ncl udi a cl eanij step
and a pa‘l‘fﬁ%i lﬁé’ogfﬁ‘f)&( EHH 1n5fa; g%p%@’fqg‘i’d’fﬁ@ﬁj? Pobﬁﬁ?ima&% }So"r?“%{%cgcur by
impurities fromthe_ atnosphere during the cleaning and packaghgg steps 10
after thi® potespnAdher deragn watemis coptrioHst dacanifagaraithe Walst bihi pnent
used for shipping the wafer product, so in the wafer manufacturing process
car ef ul addimgraitrihacidrand egenitfectanss a hiydvesan pgraxade colntin Antikiias
descri bed above. £z$paying careful attentions for preventing contam nation
by Brpurdit] essthef like farhereyentisigi mgtads ep a kindadfdherimpuraties fronhbeinglef ect s
can be 15 constantly manufactured. Apart fromthe above-described wafer
manuf act degosifedeirhadsurfdce of tldd smfeiesWhidd @ final molferdis matwdpctiured,
i nspecting a defect having the entire defect size of 0.5, u ni or nore in
whi-ch m giteddfeabragaddseribed shove] tdnyughabesmil tshess irlchsdEngrd eleasngpe based
on a confocal optical systemor a dark field m croscope
step and a packaging step (and an inspecting step), contamination may occur
by impurities from the atmosphere during the cleaning and packaging steps
10  after the polishing step, or from, for instance, a container for shipment used
for shipping the wafer product, so in the wafer manufacturing process careful
attentions are required for preventing the contamination as described above.
By paying careful attentions for preventing contamination by
impurities after the polishing step, a wafer not having these defects can be
15  constantly manufactured.
-~ Apart from the above-described wafer manufacturing method, it is
~also desirable to include a step for inspecting a defect having the entire defect
size of 0.5 . m or more in which microdefects gather in a colony state with a
laser microscoiae based on a confocal optical system or a dark field microscope
20  in the manufacturing process and especially to include the inspecting step
after the polishing step but before the packaging step.
When the inspecting step is included in the manufacturing process,
a wafer which may lower a yield can preferably be removed. Further the

laser microscope based on the confocal optical system or the dark field

25  microscope enables a non-destructive inspection, so that the inspecting step
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20 in the manufacturing process and especially to include the inspecting
step after the polishing step but before the packagi ng step. Wen the
i nspecting step is included in the manufacturing process, a wafer which
may |lower a yield can preferably be T@nmoved. Further the |aser mcroscope
based on the confocal optical systemor the dark field 25 m croscope
enabl es a non-destructive inspection, so that the inspecting step 15
February 2005 9 can be perforned as a part of the general manufacturing
process. By selecting a wafer not having the defect having the entire
defect @@} Be perigryed a6 apafivpldhsLepesal mpagfaiovae progeisch ni cr odef ect s
gather in a colony state, it is possible to fabricate a device by using
the wafer in tH selegdvgcewmdsiubeichaviagpitecdefectnhaning HiegintyicedefectBr i ef
Description of the Drawings: Fig. 1 is a mcrograph show ng a silicon wafer
t aken bysize [0 96y i mmior mosreopedasiddorbarednrnibidl mopbidefeictsystheminm
Experinmental Exanple 1; 10 Fig. 2 is a schematic view showi ng the silicon
waf er i ncdioy statefiiyis Pobsibke o Calogeaipha steeideny arsihg ithonwafakan thlaken by an
atomc force mcroscope (AFM in Experinmental Exanple 1; Fig. 4 is a
schemat i devitew shdutinge phecesk wiekha Nghsreldd Fig. 3; Fig. 5 is a mcrograph
showing a silicon wafer taken by an atomc 15 force m croscope (AFM in
Experimental Exanple 2; Fig. 6 is a schematic view showi ng the silicon
wafer in Fig. 5, Fig. 7 is a general explanatory view show ng a basic

st ruct urBrief DieB&iption of the Drawings:
Fig. 1 is a micrograph showing a silicon wafer taken by a laser
naicroscope based on a confocal optical system in Experimental Example 1;
10 Fig. 2 is a schematic view showing the silicon wafer in Fig. 1;
Fig. 3 is a micrograph showing a silicon wafer taken by an atomic
force microscope (AFM) in Experimental Example 1;
Tig. 4 is a schematic view showing the silicon wafer in Fig. 3;
Fig. 5 is a micrograph showing a silicon wafer taken by an atomic
15  force microscope (AFM) in Experimental Example 2;
Fig. 6 is a schematic view showing the silicon wafer in Fig. 5;
Fig. 7 is a general explanatory view showing a basic structure of the
laser microscope based on the confocal optical system;
Fig. 8 1s a flow chart showing one embodiment of procedures for
20  inspecting the wafer;
| Fig. 9 is a general explanatory view showing a basic structure of a
dark field microscope; _
Fig. 10 is a micrograph Showing a silicon wafer taken by the dark
field microscope in Experimental Example 3; and

- 25 Fig. 11 is a schematic view showing the silicon wafer in Fig. 10.
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| aser m croscope based on the confocal optical system Fig. 8 is a flow
chart showi ng one enbodi nent of procedures for 20 inspecting the wafer;
Fig. 9 is a general explanatory vi ev_vl%)h_ovvi ng a basic structure of a dark
field mcroscope; Fig. 10 is a mcrograph showing a silicon wafer taken by
the dark field mcroscope in Experinental Exanple 3; and 25 Fig. 11 is a
schematic view show ng the silicon wafer in Fig. 10. 15 February 2005 -10
Best Mbde for Carrying Qut the Invention: A |laser mcroscope based on a
confocal optical systemand a dark field mcroscope used in the nethod
according to the present invention and 5 procedures for inspecting a wafer

Fio. o Bort MaRoFBRbinbial etnthblpl coent i nvention 15 not 1 imited to
t he enbodi nents, shown i.n these, figures, a it is .needless to say that
Vari ous modi 11 chdReHoPEsHOES PRI o thpfY Gl SrttRend Sefitical | dea
basi ¢ st RGN THEOBFORE Uit the BUBER 6 AR Lo aha BTG HHOPGHT oyt om -
In Fig. 7, the reference _nuneral 10 indicates a |aser m crqgscope based on
- a conf ocBTocsprresaforsipspeshing ianwafrcwid thes ericsgepesoare desgibadewitds an
argon laser is provided at a position opposite to a m.croscope body 12. 15
The mi creferspwedodyisl 2, doapd.i sed Fag bddmispustterbel sotedr thal thetpuegent
invention is not limited to the embodiments shown in these figures, and it is
needless to say that various modifications are possible within the scope of the
technical idea of the present invention.
10 Fig. 7 is a general explanatory view showing a basic structure of a
laser nﬁcroscope based on a confocal optical system. In Fig. 7, the reference
numeral 10 indicates a laser microscope based on a confocal optical system,
in which a laser beam source 14 such as an argon laser is provided at a
position opposite to a microscope body 12.
15 The microscope body 12 comprises a beam splitter 16 for splitting
laser beams B from the laser beam source 14 to a plurality of laser beams B,
an object lens 18 for converging the laser beams B onto a surface of a wafer W
" to be inspected, a converging lens 22 for converging the laser beams B
reflected from a surface of the wafer W into a pinhole 20a of a pinhole
20 member 20, and a light detector 24 for receiving the laser beams B having
passed through the pinhole 20a.
With the configuration as described above, now the principle of
operations thereof is described below.

1) The laser beams B from the laser beam source 14 are split by the

257 laser béam splitter 16 to a plurality of laser beams B.
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| aser beans B fromthe | aser beam source 14 to a plurality of |aser beans

B, an object lons 18 for converging the | aser beans B onto a surface of a
wafer W to be inspected, a converg[ﬂg;lens 22 for converging the |aser
beans B reflected froma surface of 'the wafer Winto a pinhole 20a of a

pi nhol e 20 nmenber 20, and a |ight detector 24 for receiving the | aser beans
B having passed through the pinhole 20a. Wth the configuration as
descri bed above, now the principle of operations thereof is described

bel ow. 1) The | ans_B.from{he | aser beam sour 1 it by the
25 | aser beam s%ﬁi ?Qﬁlerl%s‘?robegnﬁ ragpi(iogv%geﬁ}ggfw%aéﬁﬁ%etéﬁﬁe @58%& y 2005
2) Al of t | aser beans are converged and i.ryadi ated by th bj ect
Fene. 18 6REd S0 B SERAGT Ol WG VR BT R SRt abPr ShLapEs. Ahthe. *about
0.4 ,u m and concurrently are Qanned@i n the horizontal direction keeping
a space hé crrentlsare sprengddppgdeterapniehdivariin koprines EBA ant
value. 5 3) The_ |l aser beans B reflected on a _surface of the wafer Wreturn
t hr ough hatavesptthedpseymiapscopsd tped the verlge W By acpestest Vel ng | ens 22 and
i ntroduced through the pinhole 20a of the pinhole nenber 20 into the |ight
det et or 24. 4)3)3111@1&3@@:{@&%@0!@@@&31 on msutfateackbthd wafer Wafretuwy a wave
front 10 of the reflected light fromthe defect area is disturbed, and a
spot - of threughske opbieahsysiemx paddire sonvergedithetls gmvergngdennglsingnal i s
deteriorated. 5) A defect detecting circuit not shown in the figure detects
a dif f emerekichdttiveeungls thoalshdla 20heof thghpinteleenicarbe2420 detivetirs hglst t hat t he
area
detector 24.
4) When there are defects on a surface of the wafer W, a wave front
10  of the reflected light from the defect area is disturbed, and a spot of the laser
beams B expand, so that the light detecting signal is deteriorated.
5) A defect detecting circuit not shown in the figure. detects a
difference between signals in the light detector 24, determines that the area
where a signal intensity difference with a signal amplitude higher than a
15 prescribed value is generated is a defect area, and records the size and
~coordinates of the area.
6) An inspection is carried out by moving the laser beams B at a
constant speed, and each beam spot scans the entire surface of the wafer W
minutely.
20 Procedures for inspecting the wafer W with the laser microscope 10
based on the confocal optical system described above are described below
with reference to Fig. 8. Fig. 8 is a flow chart showing one embodiment of
procedures for inspecting the wafer W.

More specifically, the wafer inspecting procedures in the wafer

2b  inspecting method according to the present invention are as described below.
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where a signal intensity difference with a signal anplitude higher than a
15 prescribed value is generated is a defect area, and records the size and
coordinates of the area. 6) An inspeg%Lon is carried out by noving the
| aser beans B at a constant speed, d each beam spot scans the entire
surface of the wafer W mnutely. 20 Procedures for inspecting the wafer W
with the | aser m croscope 10 based on the confocal optical system
descri bed above are described below wth reference to Fig. 8. Fig. 8 is a

fl h how ' f for.i ' h f
w Vore speci 1A 1o RERGHRERY 2 SatelPRESHACRa sPEL! FBERY Slrial 25

inspecti(ggﬁprrﬁé@od according to the present invention are as descri bed
bel ow. 1 e ary 2005 -12 1) A wafer is | oaded on a wafer cassette and
set in a | oader,section step 10Q).. 2) An order of wafers to be inspected
and a recipe cEheHy H?‘ff‘gf %‘{ﬁ‘f erPé@&gﬁ’T@S%C@ér%ﬂ PvieCiper SNCERRIRECIUEN are
prepared, in the operator console 5 section (step 101). 3) The wafers to be
i nspect dackrs ansenpEtively [ Mspgadem ate Propssedtiadthe cpesaiovetopspl ep 102).
4) A defect, rrgp and :jl hi stogramreflecting a result of inspection in the
in_spéct ggciprast@peli)spl ayed during the wafer inspection, and an 10
I nspection result file is automatically prepared (step 103).

3) The wafers to be inspected are automatically aligned and

inspected successively (step 102).
4) A defect map and a histogram reflecting a result of inspection in
the inspected area are displayed during the wafer inspection, and an
10  inspection result file is automatically prepared (step 103).
5) An image of any defect area specified from the defect map screen
can be monitored after completion of the wafer inspection (step 104).
When an optional video printer is used together with the laser
microscope based on the confocal optical system used in Examples described
15  below, it is possible to print out a monitor screen. Further the defect area
detected as described above can also be analyzed from different points of view
by converting the coordinate file format reflecting a result of inspection to a
coordinate file formaf for other devices such as a scanning electron
‘microscope (SEM) or an atomic force microscope (AFM).

- 20 Fig. 9 is a general explanatory view showing a basic structure of a
dark field microscope. In Fig. 9, the reference numeral 30 indicates a dark
ﬁeld microscope, and the dark field microscope 30 has an optical microscope
body 32 with the measurement system set in a dark field. A laser beam
source 34 such as an argon laser is provided in relation to the optical

25  microscope body 32. When the laser beams B from the laser beam source 34
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5) An image of any defect area specified fromthe defect map screen can be

noni tored after conpletion of the wafer inspection (step 104). Wen an
optional video printer is used together with the [aser mcroscope based on
the confocal optical systemused in anpl es described 15 below, it is
possible to print out a nonitor screen. Further the defect area detected as
descri bed above can al so be analyzed fromdifferent points of view by
converting the coordinate file format reflecting a result of inspection to

a coordinate f.ile format for other devi such as a sganni ng,el ectron
ni cr oscope lfgaéi\’/fijcecﬂ'o 9 aa?%’fﬁg%e ?%‘?}j“c?ew e&‘&ﬁ?%%@ﬂﬁ@ﬂ%ﬁﬁm% P §AEEReE g
general exp] anatory_vi ew.shaowi ng.a basi g .struycjure of dark field
m cr oscd ‘é&q Hop etj‘¥ Iéfn‘ilvﬂteqﬂo}é? %E@‘?c‘@af?ﬁﬁgr épgége Brefite ser Regms S el d
m croscope, and the dark field m_croscope 30 has, ?n opt i S:al m croscope
body 32 3fietagainsonversad amdifietestet dm amonpiorigrank (fetectpr) AdsuskasBeam
source 34 such as an argon laser is provided in relation to the optical 25
m crosco%@DdéﬁWe@Q. When the | aser beans B fromthe | aser beam source 34 15
February 2005 -13- are irradiated onto a surface of the wafer W the |aser
beam® B are scaVithr ek cduBgumtivrdeisedescritmddabiree,| nike gie phimcwdeeof W and
the scattered | aser beans S are again converged and detected by a
nmoni t or iapgratipns thieteetisoddschibed belovas a CCD canera. 5 Wth the
configuration as descri bed above, now the principle of operations thereof
i s described ba) Ghe Ihpebeainadenrbéanmidedrfeonr ttadlaateBehimosourbe sdaser beam
source 34
onto a surface of the wafer W in the state where the measurement system is
set in a dark field.
10 2) When scanning is performed on a surface of the wafer W, the laser
beams B are scattered in an area having the defect 1.
3) This scattered light (laser scattering) is converged with an optical
microscope and is detected with a detector 44.
Examples
15 The present invention will be described more specifically below by
way of following Examples which should be construed as illustrative rather
than restrictive.
(Experimental Example 1: Inspection with a laser microscope based on a
confocal optical systém (Non-destructive inspection) ]
20 A silicon wafer was monitored and inspected with the MAGICS
(product name) made by LASERTEC CORP. as a laser microscope based on a
confocal optical system. The inspection carried out with the laser microscope
based on the confocal optical system is not destructive, and any specific

preprocessing is not required.

25 The sample silicon wafer was manufactured by the general method.
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onto a surface of the wafer Win the state where the neasurenment systemis
set in a dark field. 10 2) Wen scanning is perforned on a surface of the
wafer W the |aser beans B are scattered in an area having the defect 1.
3) This scattered Iight (I|aser scatteV‘{ ng) is converged with an opti cal
m croscope and is detected with a detector 44. Exanples 15 The present
i nvention will be described nore specifically below by way of foll ow ng
Exanpl es whi ch should be construed as illustrative rather than

n with a Laser m croscope

restrictiyve. (Experinental anple 1. Inspecti

based onNaeknrBihn RheR carste] Bidnvae s endc poabha) E26F sy iR o0 A
silicon fer was, noni tored. and i nspected with _the A . CS | (product nane)
made by \é\g%“? d(:@ﬂ%r G &hﬁg&%’?ewocl’%?é’@ﬁbér%‘égﬁﬂ Sgﬁ ¢hippBHE Hhareobpt i cal
system The inspection carried out with the |aser mcroscope based on the

conf ocal Tést iveHer sygsessnrednde besflatiemede etshadaty xameve jmachimdngocessi ng

I's not required. 25 The sanple silicon wafer was manufactured by the
gener al fAefowmtias pedished dyr pedsng amimamshyface iof themwafenglleanad/sndl i ngot
was sliced, and a peripheral edge portion of the sliced wafer was
chanfi®r edried. prlevelnaned aokidripdasainplel wpfaxgrahevaofited. The waf er was | apped
to be flattened, etched to renove machi ning deformation, polished for
maki ng a m rr orAsestliof mdnitdréngveliedefectseanddwanih Fig. 1 and Fig. 2. Fig.

lisa microgréph showing a surface of the sample silicon wafer taken with

‘the MAGICS, and Fig. 2 is a schematic view showing the silicon wafer in Fig.

1. The reference numeral 1 in Fig. 1 and Fig. 2 indicates a defect (defect 1)

10  which may cause troubles in the device fabricating process. From the
micrograph of Fig. 1 and the schematic view of Fig. 2, it is understood that
dot-like defects gather in the colony state to form a defect area with the size
of 0.5 m or more as a whole. The defect 1 shown in Fig. 1 and Fig. 2
indicates a representative defect observed on a wafer surface. The entire size

15  of each defect varies according to the gathering state of the microdefects, but
a plurality of defects 1 each having the similar colony-like form and the size
on.the order of 0.5 u m to 10 u m were observed on the wafer surface. The size
of the defect 1 shown in Fig. 1 and Fig. 2 was about 6 1 m.

The reference num.eral 2 in Fig. 1 and Fig. 2 indicates a defect

20  (defect 2) which can be observed with an atomic force microscope (AFM).
This defect 2 was used as a mark so that the defect 2 could be confirmed at
the same position also in other evaluation methods. Namely, monitoring was
performed under a fixed point observation.

Then irregularities of the defect surface were evaluated with the

25  atomic force microscope (AFM). The SPA 360 from SEIKQ INSTRUMENTS
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5 dried. The cleaned and dried sanple wafer was evaluated. A result of

nonitoring the defects is showmmn in Fig. 1 and Fig. 2. Fig. 1l is a

m crograph showi ng a surface of the zg{nple silicon wafer taken with the
MAG CS, ‘and Fig. 2 is a schematic vi showi ng the silicon wafer in Fig.

1. The reference nuneral 1 in Fig. 1 and Fig. 2 indicates a defect (defect
1) 10 which nmay cause troubles in the device fabricating process. Fromthe
m crograph of Fig. 1 and the schematic view of Fig. 2, it is understood

t hat i ke def ather jn the col on e to forma defect area.
“with thglﬁdjz‘érasdlfse %hg @}cf%?eﬂnggrogc @ﬁ he def ect 1 shown in Fig. |
and Fig. 2 cate represent ative def ect observ fer surface.
The entire SI z @Bgé é‘?? detor gk, ke (I(fg%r"ﬁﬁ%%fmc abéﬁaéﬁl:'%‘?g state
of the mcrodefects, but. _a plurality of defects 1 each having the sim |l ar
col ony- IRGGaieRrim Bigd 1t ared Fige2. oh repaltorfqepnibering svish hhecatomig farcger e
observed on the wafer surface. The size of the defect 1 shown in Fig. 1
and Fi g.mXmecorabAfMg ig showkhen rBigerendigndmsr almrpgraphy showimgl aFi g. 2

i ndicates a defect 20 (defect 2) which can be observed with an atom c
forcé msrfsmopt thaFMicon Thafer defleat vithaheuSBA 860awiletk Hg. that at he
defect 2 could be confirnmed at the sane position also in other evaluation

met hods.schamedty; viesnshovingothsas licpe shiofaedn Higed. a\Sf clredypoiddrstdoder vat i on.
Then irregularities of the defect surface were evaluated with the 25

atom ¢ fRe@eFH. Grast e 4 Adefctba SRArZADIH Fin1SHKPid. NSIRUNENESe15
February 2005 -15 INC. was used as the atom c force m croscope (AFM.
detected even when irregularities of the wafer surface were monitored with
the atomic forece microscope (AFM), and it is considered that this defect has
10  no irregularities and that this defect is caused by impurities gathering in a
strained portion within the wafer (an uppermost surface layer).
[Experimental Example 2: Inspection after long time processing with a SC1
solution (Destructive inspection)]
The silicon wafer observed in Experimental Example 1 was
15 __processed with a SC1 solution (a chemical solution with the volumetric ratio
of 28 wt % ammonia water: 30 wt % hydrogen peroxide solution: water = 10:
2 : 100) for 40 minutes under the solution temperature of 80 °C. The wafer
immersed in the eolution was then monitored and inspected with an atomic
force microscope (AFM).
20 A result of observation of the defect is shown in Fig. 5 and Fig. 6. Fig.
5 is a micrograph showing a surface of the silicon wafer taken with the SPA
360, while Fig. 6 is a schematic view showing the surface of silicon wafer
shown In Fig. 5. The area of defect 1 not observed with the atomic force

microscope (AFM) (see Fig. 3 and Fig. 4) was etched with a chemical solution

25  with the SC1 composition, and the defect 1 could be observed as shown in Fig.
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Using the defect 2 as a mark, the defect was confirned at the sane

position in Fig. 1 and Fig. 2. Aresult of nonitoring with the atomc force
m croscope (AFM is shown in Fig. 3. _EFig. 3 is a mcrograph showing a 5
surface of the silicon wafer taken WiPH the SPA 360, while Fig. 4is a
schematic view showing the silicon surface in Fig. 3. As clearly understood
fromFig. 3 and Fig. 4, the defect 1 observed in Fig. | and Fig. 2 could
not be detected even when irregularities of the wafer surface were
nonitore vvitPh tEhe atom c force mcroscope (AFM, and it is considered
that thi$288r38t%has 10 no irregularities and that this defect is caused by
inpurities gathering in strained portion within the wafer (an uppernost
surface | ayer) .r}‘s desgahe %P EEpew ‘i@feq:tnélp@cfiif&i‘eaﬁ tigem| andefestre
processing with a SC1L solution (Destructive inspection)] The silicon wafer
obser vedcqusetxiee i toe bhey creRiadbne strvgfaire 1919y d6e8sC@Ri ahd st SEm sl ution (a
chem cal solution with the volumetric ratio of 28 wt % ammmonia water: 30
W % hydtosgederpé bt didis glefedtors: cawgedr duc 110 afy: defed) if em aPpeimastes under
the solution tenperature of 80 C. The wafer immersed in the solution was

t hen Bnorsurdreedazedof flspwefadswifide, aspaidly straimtlerend.cr oscope (AFM. 20 A
result of observation of the defect is shown in Fig. 5 and Fig. 6. Fig. 5
is a m cridippapimaiohifgnaplewd: Tasgeafont withsd HaclofieWhfrterdsedgend With the SPA
360, while Fig. 6 is a schematic view showi ng the surface of silicon wafer

shown in Fig. 3 slhemnreafcol waefl sodertedolithbsRe VEEAWIGED Hhen agBIKO force
m croscope (AFM (see Fig. 3 and Fig. 4) was etched with a chem cal

zﬁlo\lf\zi ?E%RUMEN'FS PNL. oy amivkd 961d Btobépedeaed sPACaeh ds keuafserved as

provided with different two types of microscopes, namely the atomic force

10  microscope (AFM) and the dark field microscope, and this unit enables

observation with a dark field microscope at the same position where

measurement is performed with the AFM.

The sample silicon wafer was a wafer with a defect having the entire

defect size of 0.5 4 m or more in which microdefects gather in a colony state

15  (the wafer used in Experimental Example 1), and the defect was confirmed
with a laser microscope based on the confocal optical system.

A result of observation of the defect is shown in Fig. 10 and Fig. 11.

Fig. 10 is a micrograph showing the silicon wafer takén with a dark field

microscoi:)e, while Fig. 11 is a schematic view showing the silicon wafer

20 shown in Fig. 10. Observation was performed at about X 50 magnification.

Although the microdefects can not be differentiated from each other, these

_ figures show that the defect having the same form as that of the defect 1

~ observed with the laser microscope based on the confocal opticai system can

be observed. A defect having the ordinary irregularities (such as the defect 2

25 observed as a mark) or a particle can be detected with the dark field
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15 February 2005 -16 5 and Fig. 6. As described above, thPs IElyew defect 1 is

different froma defect caused due to the crystalline structure such as a
COP, and it can be considered that _aﬁi“s defect is caused due to any defect
in an uppernost 5 surface |ayer of e wafer surface, especially strain

therein. (Experinmental Exanple 3: Inspection with a dark field m croscope)
A silicon wafer was observed wth the SPA 360 from SEI KO | NSTRUVENTS | NC.
as a dark field mcroscope. This SPA 360 is a unit provided with different

two types..of m croscopes; hanel e atom.c force 10 i cr.psco M and
the dar k&‘f“?ré) R @?Cgél@gﬁgﬁgtgﬁﬂlgﬂf gl%iﬁereb%ﬂ%gcc‘brﬁs g:“??d% iwgﬂ‘é‘ﬁza dar k
field m grosgo at, t.he ,sane position where asurenment is. perfornmed with
the AFM ﬁﬁaﬁeﬁﬁé‘gﬁb? élei‘?‘ﬁ%i}tadﬂnﬁ/a“foe f%’dgaalt&ﬁéffelﬂqaj nrthe prasgrt IVARtHG t he
entire defg%t ize\ﬁg{ 0.5 p. mor_nore in which mcrodefects gather in a
col ony st berabservrd washephe dask figlErperdsaenn- alt eabplcensiderethhathe def ect
was confirmed wth a |aser mcroscope based on the confocal optical
system Rip eaqy ttype efbdefeghtdasn befohsesvetbiveish the davknfield mierosdgpeand Fi g.
11. Fig. 10 is_a mcrograph showing the silicon wafer taken with a dark
fiel & nhevaosedpw dedect s @i gpecific bpea Nemelmt dalthvugwibirodifegt hhe =i | i con
wafer 20 shown in Fig. 10. Cbservation was perforned at about X 50
magni f i carémnaritidbt ffocamh heheonsidemdettedt shec dafendtreflectdi 4 fdifferdricatiad from
each other, these figures showthat the defect having the sanme form as
t hat of suréamefeditybetween the defect area and other normal area in the vicinity

thereof, especially a difference in density due to impurities present on the

wafer surface.

10 (Example 1)

A sample silicon wafer subjected up to the polishing step by
following the same sequence as that in Experimental Example 1 was
prepared, and the polished sample wafer was stored in a pit tank containing
citric acid and hydrogen peroxide solution to prevent impurities such as

15  metal contamination as much as possible, and then was subjected to the
cleaning step. Contamination by heavy metals was prevented also during
this cleaning step, and then the sample was dried. Even after the steps
described above, the sample was kept under an environment where the
quantities of particles in the atmospheric air were 1000 pieces per cubic feet

20 - or less, and the sample wafer was monitored and evaluated with a laser
microscope based on a confocal optical system immediately after the sample
was taken out from the environment. The defect 1 having the entire defect
size of 0.5 pym or more in which microdefects gather in a colony state as

~ shown in Fig. 1 was not observed.

25 (Comparative Example 1)
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observed with the | aser m croscope based on the confocal optical system can

be observed. A defect having the ordinary irregularities (such as the
defect 2 25 observed as a mark) or a(}ga_rti cle can be detected with the dark

field 15 February 2005 ~ 17 microscope because scattering of the |aser

beanms occurs, but it was found that. also the defect having no
irregularities found in the present invention could be observed with the
dark field mcroscope. It can be considered that this new type of defect
can be observed, wi t:-h the..dark field mi.croscope, 5 because this defect is a
specific one. I@n%%’??fealsflfﬁ?&gﬁvqf% sSlggé‘F‘étg Hﬁstch& % PP@ ng steRsY it can
be consi% red that the defect refleg]itls a difference i surlace quality
bet ween VBB ebte 48 AREUBRMe SRk NatiereTRaHa!l HEImPlY 1 (Wes eof |

especially a difference jn density due to inpurities present on the wafer
sur f ace. PEEQareskaml &he polishedwarerly madonwaartered ipjrueedatss, tepk pat
pol i shi n](g step by follow ng the same sequence as that in Experinental
Exanpl e frogathe piadpannd lefidatantionsdlyi under thaptmospdiosic wasfostowddei n a pit
tank containing citric acid and hydrogen peroxi de solution to prevent
i mpufi t i @ed $heh wags thamedalInchmsamteps.i e ssuplecivafs wasshbirgiomally t hen was
subjected to the cleaning step. Contam nation by heavy netals was
pr event esbrdbsteddtry ivngpetified iohmanting sThpn Grdsihele tsiléccsanplfer wass dri ed.
Even after the steps described above, the sanple was kept under an
envi r onmenhitehed anthealwitadtwith @slasér patidsedb@msbaded deaabmbisphepteabi r were
1000 pi eces per cubic feet
system. A plurality of defects 1 having the entire defect size of 0.5 z m or
more in which microdefects gather in a colony state as shown in Fig. 1 and
10  Fig. 2 were observed. In the wafers (8-inch wafer) observed as described
above, 10 to 30 colony-like defects each having fhe size on the order of 1 to 5
Lm were present on a surface of the wafer, especially in the peripheral area
thereof.
(Manufacturing Example 1)
15 The wafer manufacturing process described hereinafter comprises a
step for inspecting a defect having the entire defect size of 0.5 ¢ m or more in
which microdefects gather in a colony state with a laser microscope based on
a confocal optical system, and the inspecting step was located between a
cleaning and drying step and a paékaging stej).
20 Steps up to the cleaning and drying step in the wafer manufacturing
process were carried out in a plurality of lines to evaluate wafers. The
above-described defect was observed in some lines, but was not observed in
other lines. In the manufacturing process wherein the defect was observed,

the water used for storing a polished wafer was only pure water. When

25  hydrogen peroxide solution and citric acid were added to the water for storing
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20 or less, and the sanple wafer was nonitored and evaluated with a | aser

m croscope based on a confocal optical systemimedi ately after the sanple
was taken out fromthe environnent._Ige defect 1 having the entire defect
size of 0.5 g in or nore in which mcrodefects gather in a colony state as
shown in Fig. 1 was not observed. 25 (Conparative Exanple 1) 15 February
2005 -18 A sanple silicon wafer subjected up to the polishing step by
foll owi ng the same sequence as that in Experinental Exanple 1 was

pr epar ed nd,i he. i shed sanpl e, waf er s,.stored in r ter, took out
Pr o t heaBRa shdEeiR e SR AT B PR U o BB o p Pt 7 st
whi | e, .and .t hen was,cleaned. In these . steps, the sanple wafer S
't ent | CHAF ¢ ERmEE BHOTS haptehibirinapiach S6n B el S e si 11 con
waf er was n? itongg agd‘enguated_mAth_a | aser mi croscope based on a
conf ocal U resiy pRRaInad gnythe nspegiony st Wathy theJasey TREOsMDEr e def ect
size of 0.5 _ in_or nore in which mcrodefects gather in a colony state as
shown i nbased omthgrenforatiogtical gxstemebserved. In the wafers (8-inch wafer)
‘observed as described above, 10 to 30 colony-like defects each having the
si zebon the or #éhewfthe wofed recogmizedras baasgm defech sspdeadly of wafie waf er
especially in the peripheral area thereof. (Munufacturing Exanple 1) 15
The waf ehavinpgihacelativedy pangee slsfaté sath blee size rofiOnfafit @rormope msesuswd step for
i nspecting a defect having the entire defect size of 0.5 u in or nore in
in the device fabricating process, the yield became lower. In the inspecting
step, the defect was recognized visually or by the image processing, and
wafers not having the defect were selected and used in the device fabricating
10  process, so that the yield was improved.
From the results of various experiments described above, a new
defect affecting the yield in the device fabricating process was found. It was
also confirmed that the wafer not having the defect as described above
showed the excellent performance. Further it was found that the defect could
15 - easily be found with a laser microscope based on a confocal optical system.
Therefore by selecting ohly wafers not having the defect and sending the
selected wafers to the device fabricating process, the yield can be improved.
It was also found that it was required to prevent and control contamination
by ih:tpurities after polishing for protection against this type of defect. Alsoit
20 was found that the defect could be detected, in addition to the laser
microscope based on the confocal optical system, also with a dark field
microscope, and that, in that case, the same effect as that obtained by the
laser microscope could be obtained. It is preferable to use a microscope

capable of sensing a change in a quantity of detected light (difference in

925  contrast).
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whi ch m crodefects gather in a colony state with a |laser m croscope based
on a confocal optical system and the inspecting step was | ocated between
a cleaning and drying step and a pggbqging step. 20 Steps up to the

cl eaning and drying step in the wafef manufacturing process were carried
out in a plurality of lines to evaluate wafers. The above-described defect
was observed in sone |lines, but was not observed in other lines. In the
manuf act uri ng process wherein the defect was observed, the water used for

storing a polished wafer n ure water. en.25 hydr pgr oxi de
sol uti on and cﬁf P ct\ggi%‘f &O:ﬁgféﬁﬁgégg RTSS'\?Ai?\tel 1Tk &t DQPgWﬁgg%@ ruary
2005 -19 fers therein, the defect,h was not observ i.n the wafer
manuf act ¢ Bgﬁ%eli‘tﬁedeﬁri‘%@‘f@oﬂ%sc?ﬁl‘oﬁeéinséﬁﬁ%, %]P%e‘fegﬁ‘ffuf"’;ﬂ? r§3Y Y ocess
can be inprove bgﬁtge use of the result obtained in the inspection step
with t heohssgeed mitkh sae daser wagescaps haredcyntbe spntsel epticalyststem 9 Wien t he
waf er recog]Ei zed as havi ngﬁ a defect, especially a wafer having the
rel ati vetbe s gemelzthe delfgot withmitsreegudarities hpving ide andive dedectstzsd in the
device fabricating process, the yield becane lower. In the inspecting
stepd t hef @éf gon avamoredogrhizhdmyirodafects gathpyr irhe dolmygesiatedesdiemy, and
waf ers not having the defect were selected and used in the device
f abri catdbsgrvadafieoties polishingaept Mecan bé domsideradpilmteds afsnafacehd ar esul t s
of various experinments descri bed above, a new defect affecting the yield
in the dedishedfwhfdraatinngy prticessatvashé auifice lit cagly adfestedcathknrtizd t hat
the wafer not having the defect as descri bed above

surface is contacted to impurities which are considered to be a cause for the

defect. The active state of the wafer surface is also generated after epitaxial

10  growth or on a surface of a wafer processed by, for instaxice, a hydrofluoric

acid solution, with the result that similar defects may be ohserved.

Inspection of wafers after epitaxial growth or wafers processed by

hydrofluoric acid and selection of wafers having no defect after these steps

are also included in a technical scope of the present invention.

15

Capability of Exploitation in Industry:

As described above, with the method for inspecting a silicon wafer
according to the present invention, it is possible to efficiently detect and
identify a new defect of a silicon wafer which may affect a device fabricating

20  process (a defect having the entire defect size of 0.5 x m or more in which
microdefects gather in a colony state). With the method for manufacturing a
silicon wafer according to the present invention, a wafer not having this new
type of defect can be manufactured. Further with the method for fabricating

a device according to the present invention, the yield in the device fabricating

25 process can be improved by using a silicon wafer not having this new type of
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showed the excellent performance. Further it was found that the defect

could 15 easily be found with a | aser m croscope based on a confocal
optical system Therefore by selectbﬂg only wafers not having the defect
and sending the selected wafers to e device fabricating process, the
yield can be inproved. It was also found that it was required to prevent
and control contamnation by inpurities after polishing for protection
against this type of defect. Also it 20 was found that the defect could be
oscope .based..on ocal

detectedy dn agditi.on to the | aser i he caqn{f

opt  ca A5feltemt o u%n S st PR Oine oy PhETEPRGGRRENGRR dRS TNt case,
the sanme.effect as that .obtained by th | aser m croscppe could be

bt ar noctbiF et e Pb st £51 Gea s 2o e EEMREE ObF Sl B a change
in a quantity_of detected light (difference in 25 contrast). 15 February
2005 - 20°9WCy ga?%”&?%@%\ﬁ%ﬂs%hat the present invention is not linmted to the
enbodi nent s descri bed above. For instance, the defect which can be

observed with the | aser mcroscope based on the confocal optical system or
the like, nanely the defect without irregularities having the entire defect
size 5 of 0.5y in or nore in which mcrodefects gather in a colony state
is often observed after the polishing step. It can be considered that, as
a surface of a polished wafer is in an active state, the surface is easily
affected when the surface is contacted to inpurities which are considered
to be a cause for the defect. The active state of the wafer surface is

al so generated after epitaxial .10 growh or on a surface of a wafer
processed by, for instance, a hydrofluoric
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acid solution, with the result that simlar defects may be observed-

I nspection of wafers after epitaxial growmh or wafers processed by
hydrof l uoric acid and sel ection of wafers having no defect after these
steps are also included in a technical scope of the present invention. 15
Capability of Exploitation in Industr$2-As described above, with the nethod
for inspecting a silicon wafer acceidiyig to the present invention, it is
possible to efficiently detect and identify a new defect of a silicon
waf er which may affect a device fabricating 20 process (a defect having the
entire defect size of 0.5 g in or nore in which mcrodefects gather in a
colony state). AW anbRe et Al HAe TBRHBRT Wakdld cBm sﬁﬂ%%ev‘?{e? grccording
to the present invention, a wafer not having this néw type of defect can
be_manut agkbting el BREoidiol 15 T BRC-REL JraPbhGALLAGE rcHSNr
according to t egprgsentm¥%ve%t?§h, t he f%e%é)in%t e gggfcecﬂgﬁigggting 25
process c Mcae]s o) ! Lk r . i i w type
gaﬂ%‘}‘e%ﬁg goﬁfg'%f %fes]thg-iée{t& c@ tfik slhfcl% WAL iRk 03 éﬁ% 898 of thé

of 15 February he s con waf er accor {0 the present

[ tion : ' f defect, d tribute t
 mor ovenoRt TR rap i ateer O SR kD! o1 ng process. 15 Febr uary 2005
22 CLAING 1. A mehioflf Qo ISBRSHIS oRicth 62D AL AL shigs L e step

of

polishing the silicon wafer;

" cleaning and drying the polished silicon wafer; and examining the
silicon wafer for the presence of a plurality of microdefects gathered in a
region of a surface of the silicon wafer, which is of the size of the gathered
microdefects is 0.5 um or more.

3. A method according to claim 2, wherein the examining is performed
after the cleaning and drying,
4. A method according to any one of the preceding claims, where the
plurality of microdefects are inspected with a laser microscope.
5. A method according to claim 4, where the laser microscope is a
confocal optical system based laser microscope.
6. A method according to claim 4, where the laser microscope is a dark
field microscope based laser microscope.
7. A method for manufacturing a silicon wafer comprising the steps of:
mitror polishing the silicon wafer;
cleaning and drying the mirror polished silicon wafer; and
preventing deposition of impurities on a surface of the wafer such that
generation of a plurality of microdefects gathered in a region of a surface of
the silicon wafer, which is of the size of the gathered microdefects is 0.5 um

Or more.
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examning the silicon wafer for the presence of a plurality of m crodefects

gathered in a region of surface of the silicon wafer, which is of the size
of the gathered mcrodefects is 0.5 pmor nore. 2. A et hod f or

manuf acturing a silicon wafer conprlsggg the steps of: polishing the
silicon wafer; cleaning and drying thé&“polished silicon wafer; and

exam ni ng 8t he Asildthed arbAdingolo themprese®; ewhéretn [thur dilicdy wadfer is

m crodefects gathered in a region of a surface of the silicon wafer, which
is of thessdreg igfcitrieadgatdiel Bfdroges pRéstiae tsslutonOtdpfvet dopssitios.of A met hod
according to claim?2, wherein the examning is perforned after the

cl eani ng amguditisng. 4. A nethod according to any one of the preceding
clainms, where the plurality of mcrodefects are inspected with a |aser

M croscope, 5. AAnBBIJIOSE aBAeAGhS E siifcoh] RARY ComphRiS: tHiCstep§@F: M Croscope is
a confocal optical system based |aser mcroscope. 6. A nethod according to

claim4, whereckhgidiaseihdn GlOSEORAlerS fér daEKprddefibd 81 4 OpmeRgybased | aser
m croscope. 7. A method for manufacturing a silicon wafer conprising the

steps of: mle}ade%ct@géﬂﬁ%dlﬂa éfiggléh'df‘*a%r%ﬁ:fe%f th€ ls8RBhNGaR P dvHichi i8Sf t he
mrror polished silicon wafer; and preventing deposition of i npurities on a

surface ofnd bge Wahisd éﬂl&%?e& Hg&mdgpe@?ggtd gr}mqfor%@eur ality of rnicrodefects

gathered in a regi on of a surface o the silicon wafer, which is of the

size of the gaiferffe MLELRAEH SRS ASt HavingThe GathEPAEmicrodefects; and

fabricating the selected silicon wafer.
10. A silicon wafer produced according to the method of any one of the

preceding claims.
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15 February 2005 -23 8. A nethod according to claim7 or 8 wherein the

silicon wafer is stored in citric acid and hydrogen peroxide solution to
prevent deposition of inpurities. 994 nethod of fabricating a silicon
waf er conprising the steps of: examning the silicon wafer for the
presence of a plurality of mcrodefects gathered in a region of a surface
of the silicon wafer, which is of the size of the gathered m crodefects is
0.5 pmor nore; selecting the silicon wafer not having the gathered

m crodefects; and fabricating thABSAIRAC®d silicon wafer. 10. A silicon
waf er produced according to the method of any one of the preceding clains.
ABSTRACT The present invention provides a method for inspecting a silicon
wafer nmaking it possible to identify and efficiently detect a new def ect
affecting a devlihe prabsitcaivendiopr pe@ades a ARiEHed fHPlinfpdRiRACH Usiiifgh a
silicon wafer enabling manufacture of wafers not having the defect, a

met hod fwmfer abakiogt ithgossiBRITtS GASHEROande YT M) Mhtbhe asgb%caélfe\é@f er not
having this defect, and the silicon wafer not having the defect. Wen a

silicon wibeing 9 dévisP edheshtind $RESEE O nh BRI, 1oL b the

entire defect size of 0.5 u n1%? more in which %}Qr% g?@%iséag?ﬁéggin a

col ony swaf@ enabling manufacture of wafers not having the defect, a method for
fabricating a semiconductor device using the silicon wafer not having this
defect, and the silicon wafer not having the defect. When a silicon wafer is

inspected, inspection is made for a defect having the entire defect size of 0.5

10 pm or more in which microdefects gather in a colony state.




