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 CONDUCTCOR DEVI CE, AND SI 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 cracking and chi of the wafer; | appi ng step
of 11 att oM RIHHODS URNMAN G A RN Co BBl o N SiAd R MUFREIIA i
deformati'on remaining in the so chanfered and | apped wafer; a polishing

st ep fof MERABRIEARING SEMICQNDDICTOR NEVECE, AND SIEIEany NﬁAEEEb of

cl eaning the polished wafer to renove a polishing agent or dust particles
25 deposited thereon. Only the nain steps are |listed above, and sonetinmes

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 having 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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15 February 2005 2 other steps such as a heat treat m::nt5 g?rg;a)wrray be added,

or the step sequence may be changed. The silicon wafer manufactured as
descri bed above is finally subject e_dz'go 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
becom ng nore and nore mnute, demands for device performance to be

hi d ' ' d t her, t il f [
Foqui T ed* T Ry g AL EPaF Biehntaf Sifatay P AL A Pr ABndeuheah (mecs of
th f . i sf.y. the d ds, it i t | uat
qua 1 1y B9t he e on Thir ool de e PR AU EShdr ORGP Frpr ove

t he procgssjin or nufacturing the silicon wafer and fabricating the
devi ce ﬁ%‘l&" ?%’ﬂfe*’l%‘it? don2 RlEy ¢ itRen1is packagedsin joc epntasney for

conpl eteness of the crystal quality is largely spoiled by existence of
i npuri ti Acommedades awfers thergim sdisgrendie & desive fehricatiag sbmippary waf er
surface,, heavy netals, organic materials, particles and surface roughness
al SO5CG.UC9§SEﬁ blems. As a defect causing a problemin a device fabricating
process, there_ 20 has been known a COP (Crystal Originated Particle)
appearing in t Aéithy gk nivapudictaring fsteps laay desaibacheboméerecstity GBP | s
general Ly defined as a defect with the size of 0.1 uin or less, but it
appear s ansotintionaveth the ftacderay thatpddvicdshhbve heea biebethgwhbtie tid si ze on
the order of 0.1 to 0.5 u in which can be
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 . 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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observed by processing 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 (Fl ow
Pattern Defect) having closely relatetl to an oxide film dielectric
breakdown strength is a ripple-like defect appearing when preferential
etching is perforned with an etching liquid based on 5 hydrofluoric acid
and potassi um bi chromate. There have been known ot her defects such as a

LSTD (Laggy, hiQ ynpgr aphy Defect) detected by the | aser scattering
t onogr aphy,exL @%ﬁi‘f%ﬁ@%ﬁgﬁﬁ%& s are mcrodefects having simlar behavior

during growth o r i JFurther it.is known that such defects as
an OSF (Oxi dat |%§§I?§gﬁ)gg?a%@ﬁﬁ$ﬁtgcﬁtﬂﬂvﬂg F]é’rsﬁléﬂ ’S??%tfefiet(?talb%’iﬂfi&rfﬂ%ce of a
device. To,eval uate these defects,. general |y preprocessing is perfornmed to
a sili cg]r?lﬁf”&r %lrf”%l‘é‘r(fw%r?’ifﬁngﬂl stsaiy rappleHEkedafbel iappeaning tvWaen t he

defects ar directly nmonitored visually, with an electronic m croscope or
the I i kebrefsrantial) cuthidgofist merionues: ieith |an hefhivenliguitsi basedd athat t here
may exisi other defects affecting the device fabricating step in addition
to thosehiddlyomsicnad and patassiym bwheemptey consi dered that the defects are
of different tyrlpes fromthe COP, 20 FPD, LSTD, and OSF, but particular
features of thelraeebate heem dotowbeether |defedts egiich as a LSTD (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 defeéts 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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Therefore it has been difficult to accurately and finely evaluate quality
of a silicon wafer and to inprove the processes for nmanufacturing the
silicon wafer and fabricating a devicg.. 25 The present inventor 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 defects of
the silicon wafer such as a COP previously known and in which mcrodefects
gather in a colony state. This defect nay especially affect a vyield in the

devi ce f 3k ' Thi p. f i cri bed in,nore
details gﬂ%ﬁﬁ#ﬁ%r%%g}f (?g gilﬁf%%s{%\%:}é ﬁg?%\}}egsﬁ dﬁﬁé%ﬁlggﬁ F}é% chqsﬁafl'e def ect
area and | r t he siron surfacge. For instance, this
def ect cg%ﬂggﬁeo{)ghééé{]%gfﬁgg%rtsrﬂcgngs ﬂFW&P%%I%uwﬂXﬁHPW @F@s%ﬁ’g)lg%t al l .
An atom ¢ .force m croscope (AR njtors.a syrface by nmakjing use 10 of
Catomic fBPEREERR R %ghaa‘foda%ygaé%eﬁﬁ% dﬁfe"f:%aﬁr%ﬂ%m&u& %%?Frto%ched to
a sanple a'rll(g.c troI.IiréJ the. probe for keeping the atomc forces at a
const ant Yl the gpyicp LaAumeatingsioP. t he atonic force microscope (AFM is 0.1
nm or_ bel ow. This. new type of defect can be detected_b erform ng
appr&priate | nsvo Baesefiptarti i described ininepresdaspils dieae ¢gonf ocal
optical system 15 The confocal optical systemdetects quantities of |ight
havi ng pa% reipe Bekreen isremBeitiey inthe defect avexand dhosedinl dthhr abemns on a
fine spot_on a_ sanple and re-converging the reflected light to the pinhole
fitted teof theesiicontsurfscea Horghstammeeithisr defdst stownnt ba detegted, widhl @ser

m croscope 10 based on this confocal
FM (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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20 optical systemconprisés a |laser |ight source 14 such as an argon ion
| aser, a |light detector 24 such as a photodi ode, a beamsplitter 16, a
pi nhol e 20a and others. This |aser _n'é(_:roscope 10 is described in detail
| ater. This new type of defect can al'so be evaluated by cleaning with a SCl
solution. However, this evaluation nmethod becones problematically a 25
destructive inspection. Further to achi eve an easy observation by cl eaning
15 February 2005 5 with the SCI solution, the etching tinme is desired to be

| onger, hing. proceeds, the wafer. surface becaomes rougher, so
ha e Mtk e PO R Mool LOCFERE s W I G Vol B Einettr i RPN b
differenti at eﬁ frﬁm t h%ﬂ COP, 5 the newly di scgtﬁ_!ered def ect descri bed
above gi JELCPP| (BacRART SUPiaee beomese raughete Fabhatathegnetregefert has
been found that .the wafer having a defect eval uated and observed by the
eval uat i SHCAMIRE NGB Proveat dpyoationean handly be differentintedefromy thwe
fabricating step. The present invention has been conpleted based on the
findi ng. CF.t is an obj ect of the present invention to provide a nethod
for inspecting a silicon wafer nmaking it possible to identify and
effi @ ently detdtthe sgewbndisppeerefl dedeftatascebééabbng givadewifentabniacat i ng
step, a nethod for manufacturing a silicon wafer not having the defect as
descri beyiekbovthe devinefatotaftnrg stabr itdets mgnafonadithat die tvafedeavieg aisi ng t he
silicon wafer not 15 having the defect as described above, and the silicon
waf er nodefael engluzlted adef ebserved dbyf thd evabhatéor hecthiodblesmildgsebbhred above,
a nethod for inspecting a , '
should not be sent to the device fabricating 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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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 iné/\/nich m crodefects gather in a col ony
state. In this new type of defect, several tens to several hundreds

m crodef ects each having the size on the order of 0.05 to 0.5,u m gather
to forma colony-like defect. Depending on the nunber of gathering

m crodefects, even the snall defect is detectable as one having the size
of at |east OThy defedthena hayinbpedtedingithhe lal&r Indicgescdpé dedseawnng t he si ze
on the order of 3 to 10 p. m 15 February 2005 -6 The defect can be

1 nspect edondochl aptiasiesysemr 65 aofark iskd ndoredcopf NMTloeral isopd idifdreayst em or a
dark field mcroscope. There is no difference between irregularities in

t he def ebbtwdeppirpdpthldosein theoddrét afe@araf tHdye naftBer afdd bfagR; wafeer ef ore

t he defect can not be evaluated with an atomic force mcroscope (AFM.

After pr epraees shdigfors el HefefEda hbt 3R eRIRRJARNGT e@eAtdiRicOdrée sol ution
(a SC 1 solution) and the defect area is etched, the defect may be

eval uat eghiaifbcegd eclaga). buiarieR t Blpré@stidde isi Npeeelhed besA®Sard
destructive one. Further this type of defect can hardly be differentiated

from t he ,6RRYEBLYARHent YRExRE LRLEH (£9eN &uBcf BEndRBE dR@dtaL 19N as a
non-destructive inspection, it is preferable to performthe inspection

with theclasar ik CAGBGORRP B Ol illatclCaS@UACALAORA R (ASEAM ehd has been

found that, in addition to the | aser m croscope based on the confocal

opl1 ol SRk s, Seloiabd e rsaRR PR B bl
by def et 5y bl 55 WELokERBbAL e G58EBERHEn U3 & GOBPHE; O be

noni t or e

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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in the state where the entire neasurenent systemis placed under a dark

condition, and also this dark field m croscope can be used for the

eval uation as a non-destructive inspection. According to a first aspect of
the present invention, there is provided a nmethod for inspecting a silicon
waf er conprising the step of examning the silicon wafer for the presence
of a plurality of mcrodefects gathered in a region of surface of the
silicon wafer, which is of the size of the gathered mcrodefects is 0.5

j i mor myodishifgctitedsitigoh ovales edomtingsael drohgt the pslesedt siliemertdfen, there
is - provided a nmethod for manufacturing a silicon wafer conprising the

st eps of .ant5 dxabiiniitgy RQ0Silicopolvwabi Nrt liike SpidseAse Waff &f ; plelrgldyi ng and
drying the polished silicon wafer; and exam ning the silicon wafer for the

pr esence micr@ldibdts ghtiere@fin atfegioadgieaifa@adhBeadidoh BafeOhRIRNGE o Surface
of the silicon wafer, which is of the size of the gathered m crodefects is

0.5 pm Orh&Rize.of A AhBRd Rickoddibéd i800L ain 6f nidke. present invention, there
is provided a method for manufacturing a silicon wafer conprising the

steps of . m rREordifg its Al therd Aest bi AN pHALRE invneRAl Ager2NY T}ﬂ&%ﬁ@@_ the
mrror polished silicon wafer; and preventing deposition of Inpurities on

f e NS B Erink haki ' ; i i cr odef ect
qat her d 1 B L s L e e
i f - i : 1S 0 car ol fourth
size o %Jlaﬁslgfi’l N&1eSh;BbE WRHET Eiﬁéaﬁltlﬁ%%ng §rﬁﬂg Qhe ggf or ﬁ@f‘%ﬁ' %1%?&? a tour

aspect of the present 1nvention, re 1s” provi

fabricat 'm}lagel"? aﬁhl ﬂr%@éht\ﬂ@é 8&pcﬁ;@l§@{ bﬂnqlguﬁﬁgs 3&%&8&06 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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exam ning the silicon wafer for the presence of a plurality of m crodefects

gathered in a region of a surface of the silicon wafer,which is of the size
of the gathered m crodefects is O.Sme or nore; selecting the silicon

waf er not having the microdefects; ™ Ad fabricati ng the selected silicon
~wafer. Asilicon wafer according to the present invention is the silicon
wafer which is mrror polished and has no m crodefect gathered in a region
of surface of the silicon wafer which is of the size of the gathered

‘m cr odef ettrfaceissate. Btgpmobishingy (sucH kisshnestateyipiecrefalklsliee tompohentsngpect ed by
the inspecting nethod according to the present invention is different from
any cr ystaapoliktfingtageatdemain pandaiyw ahl theganeict ed hpirahiliazread bad by
inmpurities, a non-uniform 15 February 2005 7a surface state after

pol i shi nGydsoistiolds atdres kiad Beathgdreeratdddl dmeepoaiianensisicoh paatigles icshi ng
agent remain partially on the surface or hydrophilic areas and hydrophobic
ar eas haveh&eparteae fiasehy in the ddPOSkheRMiodl oStk A9pe RAIdefEdt @S arObe Ot her
particles floating in the air. Generation of this type of defect can be
prevent -e'@r@%mé@\t@»npﬂeﬂ&lﬁhe@@@Fééiaenqif inkiitidd 68 BB Wwa¥er Wat@ke ekace after
polishing. Therefore, to manutfacture a wafer not having the defect as
descri beghofiShimghruary 2005 8 above, it is required to prevent deposition of
inpurities imrediately after the wafer is polished. For instance, storage

of a just pol h$REGeMAHSMARGEANHG Gdfer MotBiihg INE defiet SEUAQELYAT € 1S
controlled to manufacture the wafer by
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adding citric acid and a surfactant, a hydrogen peroxi de sol ution and
citric 5 acid, or the like for preventing netals as a kind of the
inmpurities frombeing deposited on a,surface of the wafer. Wiile a final
wafer is manufactured, after the storage descri bed above, through several
steps including a cleaning step and a packaging step (and an inspecting
step), contam nation may occur by inpurities fromthe atnosphere during

t he cl eaning and packagi ng steps 10 after the polishing step, or from for

~instance,, a cgntai ner r_shi t used df.or shipping t.h fer_product, so
1"t he v ke Ated BhgP et aChoRT e aliSra Gl et et G o
preventing.the c am pation as describ above.. ayi ng car.ef yl
att ent i oH&14dF Pﬁﬁgﬁ%ﬂ g ingangen QJEET*‘:’(?rP%dB’yJUSlg QBHFE%/@ Sedtat Berondistesh i shi ng
step, a wafer not having these defects can_be 15 constanily nuf act ur ed.
Apart f ridhivater aaé@ﬁdﬂ%a%@@%ﬂ%ﬁowﬁuﬁé&pumiangfwﬂﬁ%&heiWaNﬁ%§ byal so
desirable to include a step for inspecting a defect having the entire
defect addiagofitric 8cid snd er swdretans ativemoghr perside selugigrhandicitric col ony
state with a |aser mcroscope based on a confocal optical systemor a dark
fiel & mavidsenie ke for preventimgimetals ang bindeefddedmpwiies frginh peing i ncl ude
the inspecting step after the polishing step but before the packagi ng
step. Wwgpasitedioms pestrfang of g wsfenc Wikidel ai findhevafenif acturfacturpdocess, a
waf er which may lower a yield can preferably be removed. Further the |aser
m cr oscopltebtinedorapd dasceibetiadalvepifiroagh seysid mays intbudiapla éleahthg?5
m cr oscope enabl es a non-destructive inspection, so that the inspecting

step 15 dteprawdray/p28Rids etvp Gerdpek ipeetingstép)paditaaiinhbiongang batur
manuf act uri ng process.
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 opt;'ical system or the dark field

25  microscope enables a non-destructive inspection, so that the inspecting step
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By selecting a wafer not having the defect having the entire defect size
of 0.5 u mor nore as descri bed above in which mcrodefects gather in a
colony state, it is possible to fabricate a device by using the wafer in
the 5 device manufacture process with a high yield. Brief Description of
the Drawngs: Fig. 1 is a mcrograph showing a silicon wafer taken by a
| aser m croscope based on a confocal optical systemin Experinental
Exanple 1; 10 Fig. 2 is a schematic view showing the silicon wafer in Fig.
1, Fig. 3is a n%cro raph ShOWI ng a siljcon wafer taken by an atomc force
m cr oscofR E%Pf%“ o ppe PAEN? dqhemlem@n @urpg grogesschemat i ¢ vi ew
showing the silicon wafer in Fig. 3; Fig. 5is a mcrograph show ng a
silicon wafer tRkedlepyinarm waden ot llﬁvmde deferobevine (harmtitenddlegter i ment al
Exanple 2; Fig. 6 is a schematic view showing the silicon wafer in Fig. 5;
Fig. 7 i size ofjOrfen s oropdmrad descriliedvelsivevinnghichbmsérodsfectcgatber ab # he
laser mcroscope based on the confocal optical system Fig. 8 is a flow
chart shalomyg state, étrbogossble of fpbcedus elevier by AGihgsheckafeg ihhehanaf er ;
Fig. 9 is a general explanatory view show ng a basic structure of a dark

field mdsvdseapaiufftigre PRodedis avith arigighapbldshowi ng a silicon wafer taken by
the dark field mcroscope in Experinental Exanple 3; and 25 Fig. 11 is a
schematic view showing the silicon wafer in Fig. 10. 15 February 2005 -10

Brief Description 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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Best Mode 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 arl‘é)- 5 procedures for inspecting a wafer
with the m croscopes are described with reference to Fig. 7, Fig. 8, and’
Fig. 9, but it is to be noted that the present inventionis not limted to
t he enbodi nents shown in these figures, and it is needless to say that
various nodifications are possible within the scope of the technical idea
of the present invention. 10 Fig. 7 is a general explanatory view show ng a
basic structure of a [|aser mcroscope based on a confocal optical system

In Fig. I ref erence al- 10 indicates a | aser m croscope based on
a conf chies%gﬁdg%)r g’%§f%ﬁgwﬁ{%¥%‘fﬁn§loflaser beam source 14 such as an
argon | aser is égr ovi ded at a EOSi i on opppsite to.a mcr osc(i)pe body 12. 15
The mi cr oscope HdasFTRIERHMRe Based BRAnPaparaleppiealissisteam 199 Andars aser
beans B {.r the | aser beam sourc 4 to a plurality of |aser. bea B, an
obj ect | éﬁ@iﬂ FRCHo§EOReoRsRS B Hae BRIt d AspoNEREEO e RIESeRISHVPREETGHG waf er W
to be inspected, a converging |ens 22 for converging the | aser beans B
ref| éct eBRGceBRTes furingpectons dnhw i withyihemycepsgopaforee descriffedawpthhnol e 20
menber 20, and a |ight detector_ 24 for receiving the |aser beans B having
passed t¥aferageettnelisi Ahdlie S0and Wighd.thwet doaftodrer netednthad theseresteld above,
now the principle of operations thereof is described below 1) The |aser
beans B fvemtiohds|naddimited o sheeodotlimants sipiwn ibyheseefig@fes| asdrit lram
splitter 16 to a plurality of |aser beans B. 15 February 2005
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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2) Al of the |l aser beans B are converged and irradi ated by the object

|l ens 18 onto a surface of the wafer Wwith a spot of, for instance, about
0.4 ,u m and concurrently are scan ‘id- in the horizontal direction keeping

a space between the |aser mcroscope 10 and the wafer Wat a constant
value. 5 3) The laser beans B reflected on a surface of the wafer Wreturn
t hrough the optical system and are converged by the converging | ens 22 and
i ntroduced through the pinhole 20a of the pinhole nmenber 20 into the |ight
detector 24. 4)

ne thar re detects on a surface of t fer. a wave
front 10 0 t MR et e PG toRRe RePe i By W sl 2nd o
spot of the . laser beans xpan o that the.,light detectin ipgnal is
doter | orlERSdS Bjto R HERBG: OEF SLEIRJ ST THGE SRSERRE IR Ghle det et s
~a difference between E{gnals in_the_ |ight detfggor,24 determ nes that the
area whd 804 “nghmrentht ahtsiapnglipdbenteriuninl Greriitmkeospng ¢ GHaShi gher
than a 15 prescribed value is g&gerated is a_defect area, and records the
si ze andretEmsndibedaser wicropwpgridhand thawalpePeat asanstontzeined out by
noving the | aser beans B at a constant speed, and each beam spot scans the
enti e surface fThaaspathenmy Brieflectdd) on20swrfaeedfitles wader Wgptem ng t he
wafer Wwith the | aser mcroscope 10 based on the confocal optical system
descri bethrabghéhepptidebeystomd abdlaow convergeddhetlenmevergiBegden8 22rRmgl 8 is a
fl ow chart showi ng one enbodi nent of procedures for inspecting the wafer
W  Mor e ispeeifcedahiryugh ke wailerle i2@spacthienginhnbcasurtes: 2(hidtocthealight 25
i nspecting nethod according to the present invention are as descri bed
bel ow. 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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15 February 2005 -12 1) A wafer is |oaded on a wafer cassette and set in a
| oader section (step 100). 2) An order of wafers to be inspected and a
reci pe concerning such factors as Si?&itiVity for inspection are prepared
in the operator console 5 section (step 101). 3) The wafers to be
i nspected are automatically aligned and inspected successively (step 102).
4) A defect map and a histogramreflecting a result of i.nspection in the
i nspected area are displayed during the wafer inspection, and an 10

any aef ect ar o) Sheefy LEIoAMGETRLL SBitpY cBRRE €8 8L P adier Rsiior o

after c éey’%@n of the wafer inspection (step 104). When an optional video
printer PR, "together with the | aser microscope based on the confocal

optical system_used in Exanples described 15 below, it is possible to
print out a nord Yt OF ?e‘é‘ﬁ‘?‘fﬁ‘-%ﬁi?ttﬂ mseesletlatnd 8res et BRERHNEsSHdscr i bed
above can al so be anal yzed fromdifferent points of view by converting the
coor di ndf8tHP |3 peRFHENVItYefqreBtSPRGlian raxeuPTensred igp tlee ioparateT sconsebsr di nat e
file format, for other devices such as a scanning electron m croscope (SEM
or af ateetienfetepeltli)cr oscope (AFM). 20 Fig. 9 is a general explanatory
vi ew showi ng a basic structure of a dark field mcroscope. In Fig. 9, the
ref erence numeddl TBe wadirsatesba ikspketefli erel mutonosticyly, aighedhendark fiel d
m croscope 30 has an optical mcroscope body 32 with the neasurenent
syst em despéated sdegdssivielt GtepA1D2ser beam '
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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source 34 such as an argon laser is provided in relation to the optical 25

m croscope body 32. When the | aser beans B fromthe | aser beam source 34 15
February 2005 -13- are irradiated opég a surface of the wafer W the |aser
beans B are scattered due to a defe 1 and the Iike of the wafer W and
the scattered | aser beans S are again converged and detected by a
nmonitoring unit (detector) 44 such as a CCD canera. 5 Wth the
configuration as descri bed above, now the principle of operations thereof
aser .bea beam

i s descrjbed bel 1) The re irradi ated,fromthe |aser
source 3° 'Ottt agé,&s?ﬁ%oaac% <% ‘“%‘F’gfef%’ﬁﬁ? L PSEIS R G St fdas ur enent
system i et .i dark .field. .10 2) n s ning is performed gn a
surf ace %‘i‘e fon’é dﬁgchll Ehr?eﬁF%%%‘%he ‘H%%?V\gﬁ Baaﬁgﬂg §‘é%ttt%?9éﬁla?"i’ﬁr k6am$ €2 havi ng
the defect 1. 3) This scattered light (laser scatteri ng) is converged with
an opti clle agwiB cervesed and deteetef dytamopitoning wettddetoctal 44 puahgrds 15 The
present invention will be described nore specifically below by way of
fol |l ow r@cg‘éﬁm@% whi ch shoul d be construed as illustrative rather than
restrictive. (Experinmental Exanple 1: Inspection with a |aser mcroscope
base® on a coNVdbathopgonfairayst em deemiddsaboet,i newi teperincady ¢f 20 A
silicon wafer was nonitored and inspected with the MA@ CS (product nane)
made by dpaSERIECICORPS isadesaribad delow.cr oscope based on a
1) The laser beams B are irradiated from the laser 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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confocal optical system The inspection carried out with the |aser

m croscope based on the confocal optical systemis not destructive, and
any specific preprocessing is not [gﬂyjred. 25 The sanple silicon wafer
was manufactured by the general neth 15 February 2005 -14- Nanely,
silicon single crystal ingot was sliced, and a peripheral edge portion of
the sliced wafer was chanfered to prevent cracking and chipping thereof.
The wafer was | apped to be flattened, etched to renobve machi ni ng

def or mat ion ol ihshed.far maki amrror surfgce of. the wafer, cleaned and
S ar ea. Neitaely S cibele sy Sal Taby Mot et el SCudnvhin (e pesipt ot

nmoni toring the .defects is sho in Fig. 1 and Fi,g. 2. _ Fig.. 1is a

m crogr ang;lﬂ%ﬁ]ﬁﬁ"d‘JWé&%Wﬁéé a\é\'fﬂelf tosprRYeat sTacking apgs dibpEerhasesh  the
MAG CS, apd Fig, 2 is a schematic view showing the silicon wafer in Fig.

1. The rdfer arder nwaer Aareed; forpg. flattemedri etched teli vemese amgehiadng (def ect
1) 10 which may cause troubles in the device fabricating process. Fromthe
m cr ogr aphicsmatiqn, prlished feremsddiegnat inirror ewrlage Bff ghe vafer, dleanatiendt ood
that dot-like defects gather in the colony state to forma defect area

Wi t h & hedsiede Tl cleased anrhdatedwmnephswalashoheevalwatethf ect 1 shown in Fig. |
and Fig. 2 indicates a representative defect observed on a wafer surface.

The entire sizeATbsulf ofaminiteierthy defeets Batomndi igFio 1thel §ag.lerFipg state
of the mcrodefects, but a plurality of defects 1 each having the simlar

col ony- | ke o aionogpaph BoRize a airfidacofort@desadhlelsibicon rdfer 18ken Wiver e
observed on the wafer surface. The size of the defect 1 showmn in Fig. 1

and Fi . tlte MSGBEOS VAN ® Fig.M is D& Hetd Siehety SRR the diflcdil Gafdr @MWEigH 9. 2
i ndi cates a defect
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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20 (defect 2) which can be observed with an atom c force m croscope (AFM.

This defect 2 was used as a mark so that the defect 2 could be confirned at
the sane position also in other eval_g tion nmethods. Nanely, nonitoring was
performed under a fixed point observatiion. Then irregularities of the
defect surface were evaluated with the 25 atomic force mcroscope (AFM.
The SPA 360 from SEI KO | NSTRUVENTS 15 February 2005 -15 INC. was used as
the atomc force mcroscope (AFM. Using the defect 2 as a mark, the defect

was conf.j d at the me t|on|n Fi d Fig. 2. Aresult of .

" moni torim\&g'3 weR ‘{Sﬁ@aﬁggﬁia@’g YroEce HQIE?%%%%@QQE is shown in Fig. 3. Fig.
31is an‘icrogrﬁﬁh shgvmn? a 5 surface éiﬁe silico gken wth the
SPA 360, whil e ‘Fige tae; %t?s%%%ﬁaétlﬂb R R T éﬂ PFEE f S8Wef ace in
Fig. 3. As clearly understood fromFig. 3 and Fig. 4, the defect 1

obser vedasitign gn Figaddamd dig o2 c duraswitofbronyiering veigh dlieratgmes force
irregularities of the wafer surface were nonitored with the atomc force
i cr oscopacrpafiyle, (el its shovwoonsi Bier et tHigt 3tisi 8 witegtaphashe@ing a
irregularities and that this defect is caused by inpurities gathering in a
st r abnedsyrdadel ofi thiet ilinon hveafeaf exkeanwvitippdenBBA 860 adeld &ligr ¥ is a
(Experinental Exanple 2: Inspection after long tine processing wth a SCl
sol ut i omschBPesiticciow showisigeidic @tiypdn Bhefaee lindtp. Safler clohslgruedbristpod
Experinmental Exanple 1 was 15 processed with a SCl solution (a chem cal
sol ut i onfrydnt Mgl BeambFudet the defict @ olalervd W Fip. dramhiags. vibé@rld 32 bt %

hydr ogen peroxi de solution: water = 10 2 : 100) for 40 m nutes under the
sol uti onjdtesmedr Al ®heh iBBghlarlhies WatRE 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 témperature of 80 °C. The wafer
immersed in the éolution 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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imrersed in the solution was then nonitored and i nspected with an atom c

force mcroscope (AFM. 20 A result of observation of the defect is shown
in Fig. 5and Fig. 6. Fig. 51is a r_n'(ér_ograph showi ng a surface of the
silicon wafer taken with the SPA 366, while Fig. 6 is a schematic view
showi ng the surface of silicon wafer shown in Fig. 5. The area of defect 1
not observed with the atomc force mcroscope (AFM (see Fig. 3 and Fig.
4) was etched with a chem cal solution 25 with the SC1 conposition, and the
defect 1.co Ith be observed as shown in Fig. 15 February 2005 -16 5 and Fig.
6. As de@@PH ed g‘bove, this new defect 1 is different froma defect caused
due to the crystallin a COP, and it can be _considered

sfructure such a [
that this defedt® ﬂesq,rgle%t&léaﬁ% t Sa%%ﬂvdi‘?fé@:tt I 1 diflerspériperst 2 defeeti f ace
| ayer of the wafer surface, especially strain therein. (Experinental
Exanpl e Buspdsihee tioophey arstalbage kstrieiuge nswahossopeCOR, sind cidncamfler  was
observed with the SPA 360 from SEI KO |NSTRUMENTS INC. as a dark field
nm cr oscogp@sidpnpd thpA 369 defect isniausedr due dodawyt defeét! fremenuppemostpes of
m croscopes, nanely the atom c force 10 m croscope (AFM and the dark field
m cr &scopefacidyehobthmwefarabies, eapzlhasiram vhéreim dark field nicroscope
at the sane position where neasurenent is perforned with the AFM The
sanpl e si{Expenmedtal Ryasnplev@ilaspydtion wittied datk fiald ngcioseop@itire def ect
size of 0.5 p. mor nore in which mcrodefects gather in a colony state 15
(the wafer used isilitotperafsenival Exaipé® With ahd $ha debetlmaSEIROf i r med
INSTRUMENTS INC. as a dark field microscope. This SPA 360 is a unit
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 taken 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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with a |l aser m croscope based on the confocal optical systemryA result of

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

m crograph showi ng the silicon wafer .taken with a dark field m croscope,
while Fig. 11 is a schematic view show ng the silicon wafer 20 shown in
Fig. 10. Observation was perforned at about X 50 magnification. Although
the m crodefects can not be differentiated fromeach other, these figures
show t hat the defect having t he sane forn1as that of the defect 1 observed

with the | rosc ased o 0oC tical ste
obser vedml%%geofpgcﬁ Cl‘rilé’\? rﬁsﬁa Elfb‘?ra r}éeﬁ’tﬁl &ﬂr@s% dg mfc{q{gl def ect 2
25 obser S article _can. be, detect vmththe dark field 15
Febr uar y\i?goag %Egedeﬁcéﬁ}%"dﬁ%él%%%&}&%f@@étfpgp Ag e Presenh aayeiiins
occurs, Iﬁ (ﬁgs f?f that al so, the defect haV|ng no |rregular|t|es
found i rc® ‘ébﬁr 8rYed Fvdhthodarle gldinperospeng- v Edcan bR considgaed thatel d
m croscope. It can be considered that this new type of defect can be
obser vedthA the¥ H¥DE vl defest cami be oehmspeed wish athse dank sfieldf suerdssome speci fi c
one. Nanely, although this defect has no irregularities, it can be
consBderkefapkatthishdeleet de i spfdifec pea Mafmedy,exltbough this flafeet haaliia y
between the defect area and other normal area in the vicinity thereof,
especi aliryeguidiitieer encan ihe densdéneddtlmit thd dpfect treflscipr @ skifferametize  waf er
surface. 10 (Exanple 1) A sanple silicon wafer subjected up to the
pol i shi rgrdiceppiatityfleittvern nhe dofecs anea sadueheensnbhatea it thepatint|nt al
Exanple | was prepared, and the polished sanple wafer was stored in a pit
tank contheredfngspecially 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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citric acid and hydrogen peroxide solution to prevent inpurities such as 15

nmetal contam nation as nmuch as possible, and then was subjected to the

cl eaning step. Contam nation by heavyetals was prevented al so during
this cleaning step, and then the sanéﬁe was dried. Even after the steps .
descri bed above, the sanple was kept.under an environnment where the
quantities of particles in the atnospheric air were 1000 pieces per cubic
feet 20 or less, and the sanple wafer was nonitored and evaluated with a

| aser m croscope_based gn a confocal, .opti,cal stem i diately after the
sanple was ta nSEBHPFef lsﬁ'?ﬁot“hg"agﬁ]{/i%‘gﬁﬁ‘%ﬁfl. uﬁhg‘}/cfi‘?el??ﬂgﬁ isﬁﬁytli% entire
def ect tsilze .of ﬁ‘}?S in or nore in whjch E cr odef ecgs gat h(fr in a col ony
state astOlSRIRR ERgie PeiHensfosoblatl vag xperimesial Bxameledipre 1) 15
February 2005 -18 A sanpl.e silicon wafer subjected up to the pqlishing step
by  f ol | BifPAgednnd she relishachemnple wader vas BlgredilRenirgl wEenbrek eubhas
prepared, and the polished sanple wafer was stored in pure water, took out
from t helram the wader and lefidatantmmallyundertha atmesphssisheirifor ai whiler a
while, 5 and then was cl eaned. In these steps, the sanple wafer was
i nt et i owad Ithen coms gleaaddt dnutlwseditépsdthenpunplel weferTwen inbentsamdle silicon
wafer was nonitored and evaluated with a | aser m croscope based on a
conf ocal compactedl to syspecified iphprmatiesy Thedeftectsmplhavicoy whefeentas e def ect
size of 0.5 in or nore in which mcrodefects gather in a colony state as
shown i nmbingordd and el@lkEtgd witherlasebastmsdopd badddeomalicehfodadoptichl waf er)
observed as described above, 10 to 30 colony-like defects each having the
Si ze on dyleerar darplakalityt &f &efects 1 having the entire defect size of 0.5 1 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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~C mwere present on a surface of the wafer, especially in the peripheral

area thereof. (Manufacturing Exanple 1) 15 The wafer manufacturing process
descri bed hereinafter conprises a §&§p for inspecting a defect having the
entire defect size of 0.5 u in or no in which mcrodefects gather in a
colony state with a | aser m croscope based on a confocal optical system
and the inspecting step was | ocated between a cleaning and drying step and
a packaging step. 20 Steps up to the cleaning and drying step in the wafer

manuf acturin rQcess re carri out in lural it f lines to eval uate
nator o, FREM BBt IR 4GP A P ied B DuhR et idEh 38 “vas not
observed.in Aot er h!& es. In.the na u;acturin pr ocess. wher ei t%e def ect
was obser¥ed® GREN ‘{]éﬁoﬁ%’ G BANLEASFIRBE 21 S?é’ﬁ@ﬁ’ev%‘?}é‘iovﬁé Yoy pure
wat er. When %hydr ge perQxi de solution and citric acid were added to the
wat er f oS&ehf enﬁespg PgEﬁlﬁﬁ fnzfg@smspgcw &bap vk Ehe lageremgapseapenas not

observed in the wafer manufactured in the |line. As described above, the
manuf actkasedpnpitecewadocsd wpbisal aystewed by the use of the result obtained in
‘the inspection step with the |aser microscope based on the confocal
opti &al syst emWhemtba whterweicegnized cgnhaddgas defoct ngsrectBieat wabgpeci al |y
a wafer having the relatively larger defect with the size of 0.5 i mor
nmor e washargeg the mekairelie ldnger fdafict eeith be pizead$sh 1t dneoryineka weaceed | ower .
In the inspecting step, the defect was recogni zed visually or by the inmage
pr ocessiingtheadeticaédfteicativat phaoesnthichdeldehasimavbiveers el che dngrdtinged i n t he
devi ce fabricating
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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10 process, so that the yield was i nproved. Fromthe results of various

experinents descri bed above, a new defect affecting the yield in the
device fabricating process was found,.lt was also confirmed that the wafer
not having the defect as descri bed abve showed the excel | ent per f or mance.
Further it was found that the defect could 15 easily be found with a | aser
m cr oscope based on a confocal optical system Therefore by selecting only
waf ers not having the defect and sending the selected wafers to the device

fabricating prqcess, +he yiel be inproved.. It was,al so . found that it
was requi rad t gt as abeh Bl ¢t 2B TSHEBITAVAIISR [hyt AGURPe st ¢ o
polishin or. protecgtio ainst this type of defect,. AlsqQ it 20 was found
Phat "t hetabplickerds, BB b bR b, bk wirnron e daect adaeh A R8s cope
based on t he c(ﬁnf,olgag (ipti cal. system also with a dark field mcroscope,
and t hatoPserveatith ae laseremicrpcaper hasedaan thaconfical Artcalysishem 9mser
m croscope could be obtained. It is preferable to use a m croscope capable
of sensi ¥y lake mameely ithe defpeamithoutgrregad wties hayvipg thedintivedefeds size 25
contrast). 15 February 2005 -20 It is to be noted that the present
i nvelt i o?f 9§ mon drj wiore dntwhicheméerbdefentmgsthvesior abelprabetade iE@fteamst ance,
the defect which can be observed wth the | aser m croscope based on the
conf ocal oletverhiftey shepvbshinghwep.i kecambeebysitlbee défatc fis wisrface of a
irregularities having the entire defect size 5 of 0.5y in or nore in which
m cr odefmdishedathfer ikrninaac aktiny ssii@l ehé suefdceris cablerafédtal whient fie
polishing step. It can be considered that, as a surface of a polished
waf er i ssurfacnisashtayedtiatitpurittesSwhidcerd oaddiley taflies cedsabantiehe
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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surface is contacted to inpurities which are considered to be a cause for

the defect. The active state of the wafer surface is also generated after
epitaxial .10 growmh or on a surface,qf a wafer processed by, for instance,
a hydrofluoric acid solution, with 2ihe result that sinilar defects may be
observed- Inspection of wafers after epitaxial growh or wafers processed

by hydrofluoric acid and sel ection of wafers having no defect after these
steps are also included in a technical scope of the present invention. 15

Capabi li t f | gj.tation in Industry., As _descr. bed .above, w,th the nethod
For o pisfefthg THBF bl nilar BrdoURE Ferhg Teb PR BR R Al Pl {1 «
possi bl e.to efficiently.detect and identify.a new defgect. of .a silicon

Wat or whilih Tt B8 oot SAR dERER 40 SR YBeat 0L VAHGE Wiavi ng ¢ he
entire defect _size of 0.5 g in or nore in which mcrodefects gather in a
col ony %ﬂ%{sfﬁwq&mwwg%od 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 nethod for fabricating a device
according to the present invention, the yield in the device fabricating 25
process can be inproved by using a silicon wafer not having this new type
of 15 February 2005 21 defect. The silicon wafer according to the present
i nvention does not have this new type of defect, and can contribute to

i nprovenent of yield in the device fabricating process. 15 February 2005
-22
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CLAIMS 1. A nethod for inspecting a silicon wafer conprising the step of

exam ning 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 microdefects is 0.5 Bm or nore. 2. A nmethod for

manuf acturing a silicon wafer conprisPfg the steps of: polishing the
silicon wafer; cleaning and drying thamel i shed silicon wafer; and
examning the silicon wafer for the presence of a plurality of

m crodefects gathered in a region of a surface of the silicon wafer, which
is of the size of the gathered mcrodefects is 0.5 pmor more. 3. A method
accordi ng 1t 0 Cladiff @od WRGT GhdhehfeC% 2GiHabAY waterPEh ! Stegl B2
cl eaning and drying. 4. A nethod §CCOI’dI ng to any one of the précedi ng
claims, wagr&iftig Rl Uik Wardf df GLPRILAES AL phitSRAF bP uithddbedeth aser

m croscope. 5. Agrret hoo’l according to gféasi m 4, vigre tﬁgbfaslgé&r]ﬁ%r%scppe IS
a  conf Oc%ﬂ%%&%ﬁlat% S0P Rankd df‘%ﬁ@rsﬂfﬂogr@%%i’,p&hilcg-is%f?ﬁé pd @¢ferding to
claim 4, ere the 1l aSer nicroscope Is a dar fie m croscope based | aser
m croscop i.ng a silicon wafer conprising the

st eps of:gatmge}r?@?ﬁg%@g%{tér)\% ﬁﬁ??ﬁ%%ﬂﬁ waf er; cleaning and drying the
‘mrror poli she L) ﬁ@ﬁ{ g_qg enti Ltio f i ‘ities on a
surface o 'theSLV\Ilg‘fs J\éﬂrO%lgiL&(r: affEl © ger‘%ég\ﬁlcgﬁﬁ V(E%egg%ﬁglrjgﬂgt%l%osfteﬁ%rodef ects
-gathered in a regi;on a.surface of the silicon wafer, which is of the
size of the galpﬁg?he g%ﬁ?}ﬁ}“&é%‘% €% s 0.5 pm

" 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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or nore. 15 February 2005 -23 8. A nethod according to claim?7 or 8,

wherein the silicon wafer is stored in citric acid and hydrogen peroxide
solution to prevent deposition of inpurities. 9. A nethod of fabricating a
silicon wafer conprising the steps of;_ examning the silicon wafer for the
presence of a plurality of nicrodefé8§§ gathered in a region of a surface
of the silg. conAnaicthod Wiicetdihg @f claifie7Soz &, ofhédegn ghk heiliesh Wafepdef ects is
0.5 pmor nore; selecting the silicon wafer not having the gathered

i -cr odef egtsred anditricaddidl caid Rgdroaen yRr@GHE doRitlonCNPMRERT depdlbitidn 91 1 con
waf er produced according to the nmethod of any one of the preceding clains.
ABSTRACT Thgupitesent invention provides a nethod for inspecting a silicon
wafer nmaking it possible to identify and efficiently detect a new def ect

af fectingoa dew getHabs1 BBFiLAGNE L ATRDY, waleiRbAPRishds tHghaet:uri ng a
silicon wafer enabling manufacture of wafers not having the defect, a

nmet hod for faRrheatihpduee SENE&GP NEHHELOfordaUE CBrdsehpg BPQaSﬁﬁ&EE? waf er not
having this defect, and the silicon wafer not having the defect. Wen a

silircon waligfodefectd g?@%?%@ﬁi a lrBSIBRUr a0 rkste B dBe fsficod WkEGInRAERY t he

entire defect size u mor nore in which mcrodefects gather in a

col ony st @E€size of the gathered microdefects is 0.5 ym or more;
selecting the silicon wafer not having the gathered microdefects; and
fabricating the selected silicon wafer.
10. A silicon wafer produced according to the method of any one of the

preceding claims.






