eSeBlVHHI t K FKr L6LTBM*g= 200202309 -1 DESCRI PTI ON NETH(I) PECTI NG
SI LI CON WAFER, 5 METHOD FOR MANUFACTURI %m@;‘@ y FOR
‘FABRI CATI NG SEM CONDUCTOR DEVI CE, AND SITI chni Ca] d: The

present invention relates to a nethod ¥or inspecting a silicon 1 waf er
(hereinafter may be sinply referred to as a "wafer"”), and nore speciileal |y
to a nethod for inspecting a silicon wafer for detecting a new defect v\.hlch

has not been identified, a nmethod for manufacturing mmmmmml rer having
no such defect, a net hod for fabricating a sem condu EMI:I'MMMU& ng the
silicon wafer having no such defB&S%ER?HOHnd the new siigon wafer having
no such defect. Background Art: Cenerally a nethod for manufacturing a
silicon wafer conprises a 20 25 slicing step of slicing a single crystal
ingot to obtain a thin disk shaped wafer a chanfering step of chanfering a

peri pheral edge porMETHOD FOR INSHECPINGEILICONOWARER, slicing step to
prevent cracking and chipping of the wafer a | apping step of flattening

thi s waf er MIRTEIGDIFQRMANUFACGTURING SHCICONW ARER; MEETHOD &@RNi ng in
the so chanfered and | apped wafer a polishing step of naking a mrror

surfage of RABRISGAITINGNSEMECONDUCTORDREVICECANDSILIECO0WARER wafer to
renove a polishing agent or dust particles deposited thereon. Only the main

steps are |isted above, and sonetines -2 other steps such as a heat
treatment step may be added, or the step sequence nay be changed. The

silicon vnﬁécqi fipt ured as described above is finally subjected to a
quality c then I's packaged in a contai ner for accomodati ng wafers

therein, and isgent, 402 A6} G6n (RS AL M b ARBRABY iRsf @hintt §Niticon

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 héving 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 .chamfering step of chamfering a peripheral edge 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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*G00002*




Wth the manufacturing steps as described above, recently in association
with the tendency that devices have been beconi ng nore and nore m nute,
‘derfrands for device performance to be achi eved have becone increasingly
severe, and further the silicon wafer 4s required to have 10 conpl et eness
of the crystal quality and cleanliness of the wafer surface. To satisfy the
demands, it is necessary to evaluate quality of the silicon wafer under
stringent conditions, and to inprove the processing for nmanufacturing the
silicon wafer and fabricating the device using the silicon wafer therein.
15 I n t heotbet stepa suahas,a beaipireatmentstep mar beragsled) oxjthe stey sequenegel y
spoi |l ed by existence of inpurities, mcrodefects, strain fields and so on.
On the sithagdre whiegedur The ssilibmawafeetmbapfantgend asnddseribalsabgar s cl es
and surface roughness al so cause problens. As a defect causing a problemin
a devi ce firdlty cabjoegedrtocespualithecleecR) thas Bepackagpdnim sCChh(aThy:s tfad
Originated Particle) appearing in the vicinity of a surface |ayer of the
waf er. Thecbidhddataen eadbtytitatin)athdss sertefoes tdevidehfabiRatingecodipdhyl a m or
| ess, but it appears on the wafer surface as a pit, that is, a defect with
the sisze (@pstdpp. order of 0.1 to 0.5 ,u mwhich can be observed by
processing the wafer with an ammoni a- hydr ogen peroxi de 25 solution (al so
referred to as qyiRCkhé Oal@iethrink886p AR WRE&GHS] AREALRently~ $h When
the crystal is pulled. A FPD (Flow Pattern Defect) having closely rel ated
to an oxi dLbmodiehe [ HoN 48t [ ' -1 ct
appeari ngég\(%,ﬁac:ellrﬁ%hg1 e gdrh egltul£ atgng(%lgﬁ’:(ng I g%%??%%&% vaglt hé%ﬁﬁ%ﬁcmﬁﬁsdﬁ%‘ui d
based on . 0k | ' ; ' j.chr - h en
RokY gp%k& &é]ﬁﬁﬁgé (}%la@gsi%@%;%g?dr de BQ%tcﬁ]]evEH%Rzehg&%enF

known ot her defects suc Seér Scattering lonograp ect)

m cr oder NP AR R SvaR i Al eBE AR R OF SeHBhER B Shva g

Faul 0 1 o5 PR o TR YT ALAR St and legRLEeo bl BRI e def ect s,
drart “of 'the ovauaRti, Ui BeTiaNs; HoltBPemearth e eel ik DbiBe

visual ly, le th an, el ectronic mcroscope or the |ike. 1% Di scl osure of the
| nvent i orsilicon 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 1 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 x 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



It has been considered that there nmay exist other defects affecting the
device fabricating step in addition to those described above. It is
general ly considered that the defects are of different types fromthe COP,
20 FPD, LSTD, and OSF, but particul ar Jeatures of the defects have not been
clarifie d. Therefore it has been difficult 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 | -4 5 entire
def ect siwbkewfth@ctyshalmsqrulbest.e which is different fromthe crystal defects
of the silicon wafer such as a COP previously known and in which

m crodef ects gathEPD (FlawcBatnyn Nedfeet) hihirg debalgtrehetgdaspacoabeyfilaf f ect a
yield in the device fabricating step. This new type of defect is described

in nmore ditRictsc beteaktdoRier @résgtho idi hf eigpletikeetdutsdt iappedtinar ivhas i n the
def ect area and those in other area of the silicon surface. For instance,

this def galefGaALAM! chhifgt €6t BErfhinldarvtiIMa At &fhind-0Ti§8idM KA QICAREL) at
all. An atomc force mcroscope (AFM nonitors a suriace by making use 10

15 of zat qgs}@roh%ﬁ%sacwahagﬁta@ﬁﬁnﬁsfaﬁﬁmﬁhté he tip of the probe are
approached to a sanple an ontrolling the probe for keeping the atomc

forces at a consfight haVe!ne Lh%nb%plo%épraegécftg "eudtf AT G L899 oﬂgggpscope

(AFM is 0.1 nmor hi's new type of ect can etecte
T R R T
o R S A o O T oo
pi nhol e f ted %ci the front
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 considered 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



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 other$4 This |aser microscope 10 is
described in detail later. This new type of defect can al so be eval uated by
cleaning with a SO solution. However, this eval uation nmethod becones
probl ematically a 25 destructive inspection. Further to achi eve an easy
observati on, by _c| eani ng -5 with the SCL solution, the etching tine is
desired teatize defagesizepaf 0-2s: & oni mgreokishdis, diffprenkifegmsther geestabcones
rougher, so that the new defect discovered in the present invention can
hardl y beledi¢dts ef sheigilieon fwafar sheh @era GO Rspremmuséykyodins snd dnewhidf ect
descri bed above gives influence on a yield in the device fabricating step,
it has beaeivrodefoctst patherhim wedobonyhatitng Bhiteflefert evay eapedalncffdeser ved by
t he eval uation nethod descri bed above should not be sent to the device

f abri cat iyigldsinefhe ddvdcdfatoatinigwept i on has been conpl eted based on the
finding. 10 It is an object of the present invention to provide a nethod

for ipgspecting ghss he®otypeaifelefomki MaséribeDss ndre dedaild ®alov.y ThRde is
efficiently detect a new type of defect affecting a device fabricating

step, a ' aFfbrbRie PEIKHeAGHHUIArifies ih tEOReMRE 8Fe'9hd FRYTS dther dedpct as
descri bed above, a nmethod for fabricating a sem conductor device using the

silicon vgigl dRkor BulB¥e NFdriigsHRIRC thRSAAESCLAP RB: BRWRectBAdvitASS! | T con

waf er not having the defect itself. To solve the problems described above,

a method fp '(Alﬁ)%%tﬂ\d}ge Skdde @ler according to the present invention
Ne step of, \/\/?1"/I }g ]

conprises't en 1nspecting the silicon wafer, inspecting a

m cr odef et o gatHbi peqo R B0 SiohP AN mdodions RS ah il W6 oy o
tens

0 several. hundr eds, m crpdefects h, .hawi t si ze on the,order of
0 05 100 FPtethtie BB FOReSHRFS nihE af B i Nehe ot B Bhd Fraatha B0
nunber of gathering m cradefects, ,even the snall .defegct i s detectable as
one havi riySeRBI& a0 cgptialling e Siobe for koebing dPg afaiGorees it FORSUERE | oy
def ect havi he si ze .on e order .of 3 to 10 ~ . l.Y -6 The def =
can be iﬁ@ﬁé}@tﬁ%e Tisofution aﬁ@re %ﬁoemeé%sémsa%ap%f@@dﬁ%am %vpbeﬁem- syst em
or a dark field mcroscope. There is no difference between irregularitjes
in the defect arldusZinw tyee el dafest gan he detested hg neafarming appropriate

1mage 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



sprfébe t herefore the defect can not be evaluated with an atomc force 5
ntcroscope (AFM. After preprocessing is performed with an ammoni a- hydr ogen
peroxide solution (a SC 1 solution) and the defect area is etched, the
defect may be eval uated and detected,”%hut in this case the inspection
beconmes a destructive one. Further this type of defect can hardly be
differentiated fromthe conventional type of defect such as a COP. For 10
eval uation as a non-destructive inspection, it is preferable to performthe
inspection with the | aser mcroscope based on the confocal optical system
It has beerthftherCh sedutionnthedefichingtume ishdesizedeio he lomger,dpy dmeteting t he
confocal optical system also a dark field m croscope can be used for the
eval uat i @rocdéds, derek Wwafer dsmifaco sherpmeiss roggherf oso dihsér thengndw glefescat t er ed
by 15 defects or particles when irradiating | aser beans on a sanple to be
moni t or eddikeoviehed dhathe pheseat tiheertivh reanrhasdiyebe diffensitarted sfromatlesdl under
a dark condition, and also this dark field m croscope can be used for the
eval uati qpO®s a non-destructive inspection. A first aspect of a method for
manuf acturing a silicon wafer 20 according to the present invention
conprisses the stgpgohewBPHiseHdIddidi®edt ddseABed@beYe GiRaNNTEcARE offa/i Ng t he
polished silicon wafer and i nspecting a defect having the entire defect

size of Oplg # tALAVIBE BalircattiE el RIPAHRE Sudaithak the whfsPhePheS at e
with a | dser m croscope based on a confocal optical systemor a dark field

_ e ba | _
rot hod o e ol e R 0B R B XAl ot In QR AL ARy Bt ™

et or ol SR SR LRI 18 ¥he ORIt SN Rng HES ST B AiALBACCT,
deposition q

f i rities on Surf of the wafer and al so generation of a
def ect ha ?eﬁlgcqrﬂngféé%‘i P?%ecg%?gg?%rﬁﬁég‘of 0.5 ,umor nore in 5 which
m crqdefects gathher in a.cqlo state after the fer is mrr i shed. A
reendd Tor anr 1Eas: ¢ BiSS AL LbG SR b oaltt, B oty § Hirthof detk e
i nvention. conprises .f.he steps of:. inspecting a defect hayin he entire
def ect siEPE¢tiBE S sificon Stomeking HieRt & b%eé*té@t@(g%ﬁlwﬁfhﬁatee | ony
state in a silicon fer selecting the siligcon wafer not havin he def ect
and 10 f abreWt ¥Re o dafach adieatiagon Q%W%efca@ywa&mg stefe &i mieégwi 8Fer not
having the defect. A silicon wafer according to the present invention is
the siliceqnpdreturigg arsilisoniwaler nes|hasieg tgﬁodqf%t a® dgserabed whoveg@t he
entire defect size of 0.5 ,u mor nore in_which mcrodefects gather in a
col ony stmxeghod Jomiakrieasing ypeemicondietar devipe usiapébe edliggn wader mopect i ng
met hod according to the present invention is different fromany crystal
def ect§ ahaving defectilak ydegeribedtahdvey andthendilicen evafby nohphaving éﬁe
generated in the polishing step and afterward such as netallic inpurities,
a non- uni fefent geelface state after polishing (such as the state where
al kal i ne conmponents of 20 a polishing agent remain partially on the surface
or hydrophilic dfeaslventhehpesdptinbdescaibedsalimnee abamthoé rfer ahesbetingr a
deposition of silicon particles or other particles floating in the air.
Cener at i ogiliebntvwafer tagperdohg de ke presonthavphdye rbamhrineswhevsp iofigwteposi ti on
of inpurities on the wafer surface after /~ polishing. 25 Therefore, to

manuf act ufrspactingehe Rilicdiawafd, inedeingtd défctiBECIDRHE entifh défedySizei t 1S
required to prevent deposition of inpurities inmediately after the wafer is

pol i sited. of ©5 L s bRRfRe if inHieH nietodefbdts lzalidy imNEEL1VAT BtatleS I6ARHEARd 1N
wat er and the storage water is controlled to manufacture the wafer by

addi ng ci {ydLo@dflctaReyétal W2 §dlleraPhiNAFRENI REAOKEHS AP Ki¥iAB tAR
citric 5 acid, or the like for preventing netals as a kind of the

i npuri ti esizbr 9N thRl BEIACHP D 380 0015, Atihaé 8 HAR Waldbny Wiel gefct.i nal
waf er is manufactured, after the storage described above, through several

steps | ncbégieﬂﬂix?g%%ﬁ@hﬁ%bﬁrﬂﬁb%@ﬂeﬁng%ﬁ%&é}%@ o s AR ARG g

step), contam nation may occur Inmpurities fromthe atnosphere during the
cl eani ng a@%c%ﬁ%aﬁ'd}& ﬁ&\ﬂﬂé the size of at least 0.5 u m. There may be found the

25  large defect having the size on the order of 3 to 10 1 m.



10 after the pol i shing step, or from for instance, a container for

shi pment used for shipping the wafer product, so in the wafer manufacturing
process careful attentions are required for preventing the contam nation as
descri bed above. By paying careful atgentions for preventing contam nation
by inpurities after the polishing step, a wafer not having these defects
can be 15 constantly manufactured. Apart fromthe above-described wafer
manuf acturing nmethod, it is also desirable to include a step for inspecting
a defect having the entire defect size of 0.5 a mor nore in which

m crodef ect s gatlfher defect caal bayinspaited With a lagsemitksdcope dpgelasech On a
confocal optical systemor a dark field mcroscope 20 in the manufacturing

process %ﬂf&%ﬂ)%?itﬁehl ¥ybtenh el 4 @ark Beld"eRaotidhe. STRRra ks @ dffRreAtd Shi ng
step but before the packaging step. Wen the inspecting step is included in

t he manuf ' : ' [ r abl
%ﬁ@vgﬁhriﬁrg%h?%gﬁlés iR tHeHEFecYBE&  a HBYhbWVET othe a‘%? of &He RV BELE y

be renove urt aser m croscope based on the confocal optical

system Ors&r?fcegac#é{éétoﬁé 4125 dlteEL %%ﬁg{igtp%%a?g%a@ecg%tﬂegﬁr% ¥ force

i nspection, soO tha e 1 nspectin can be pertorned as a part of
t he gener al nuf ac AAg pro . el i.ng. a t ggmi n he
def ec'?’ harsil(ﬁggﬂ&:)g e%&'ﬁ\@. def e&ﬁ&zi 2)3&8?0088%5% b o:ggir}férhélggs escri I%ad above
in which mcrodefects gather .i,n ol o ate, .ityis ssible to fabricate
2" dovi co DY STe R PERoTAS st SEd Yolhtip ot dn BBE Rt e if % hrgn
yield. Brie criptiaon of the Draw ngs: Fi IS, a mcrograph show ng a
2V con viehedy B laptoniay, o6 rrngkatb s, dBterted,” Bt Ghr HOS) b FRS,
system i n Experi nent al Examl e 1~ 10 Filg. is,a schenatic view showi ng the
si|icon WAEBRCHON ppepmas amdegtrustive onen; Enihes fhisdypgiof defectican fer
taken by an atom c force m croscope (AFM in Experinmental Exanple 1~ Fig. 4
is a schebmdilfergnsigted dipmdheneonyentioaal wpe of idefect guch-agaCOE. | Foy
m cro%r aph showi ng a silicon wafer taken by an atom c_15 force m croscope
(AFMLU n exaluatisarmsal Evadpsleustiveiigspeation, dt 38 maetarable tewesfosw et he
silicon wafer in Fig. 5~ Fig. 7 is a general explanatory view show ng a
basi ¢ st rinspacte}omﬁviglt.ehe laser microscope based on the confocal optical system.
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
15  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
condition, and also this dark field microscope can be used for the evaluation
as a non-destructive inspection.
A first aspect of a method for manufactufing a silicon wafer
20 according to the present invention comprises the steps of: polishing the
silicon wafer; cleaning and drying the polished silicon wafer; and inspecting a
defect having the entire defect size of 0.5 1 m or more in which microdefects
gather in a co'lony state with a laser microscope based on a confocal optical

system or a dark field microscope after the cleaning and drying step.

25 A second aspect of a method for manufacturing a silicon wafer



Iaser .m croscope based on the confocal optical systemFig. 8 is a flow
chart showi ng one enbodi nent of procedures for 20 inspecting the wafer

Fig.

9°i's a general explanatory view showing a basic structure of a dark field
m croscope Fig. 10 is a mcrograph showing a silicon wafer taken by the

dark field mcroscope in Experinmental Exanple 3~ and 25 Fig. 11 is a

schematic view showing the silicon wafer in Fig. 10. -10 Best Mbde for
Carrying Qut the Invention: A |aser mcroscope based on a confocal optical

systemand a dark field mcroscope used in the nethod according to the
present iasgertingrioshe Bresent sanargsor epmprispedhe rieps wéifwirrar piolishing

m croscopes are described with reference to Fig. 7, Fig. 8 and Fig. 9,

it is to the :mlbicedwalfat claamipg esdndryiing éhe inimrérspolithedi stitenl weadet; nd

but

enbodi ments shown in these figures, and it is needless to say that various
modi f i catprensnting @assitide off ihporitied saopeswffaceheftidehmiafad dmdealaf the
present invention. 10 Fig. 7 is a general explanatory view show ng a basic

struct ur gederatibAssfra WefdcdIonnfg thseshidre defeotisomabf OB iLal of YSé@Mn | N
7, the reference nuneral 10 |nd| cates a | aser microscope based on a

Fi g.

confogal WRichGRicrodsker® gdtRe¥ih §RoByatSte PRAMIFOWEES id i hAShARA, ar gon
| aser is provided at a position opposite to a mcroscope body 12. 15 The

i or 0scope body Al T GHER" 2 AR ACRERE #RbiibSdddol bviel ddchidigel R8s bears B

fromthe | aser beam source 14 to a p urality o Iaser beans B,” an Obj ect
lens 18 f06 ERNYRTAHEh (B ﬁs%%r BoPNR @ctﬁﬂ ET ARl HaW?l to be
i nspected, a converging lens 22 nver gi ng t | aser beans | ected

thmaaL .ngi?‘%e‘%hl iyl u%?@ﬁ@?%gﬂﬂﬂﬁ{haser Sfectt Giek 23:@5‘2%%@ 3 2:
20
e R A

from.the ser  bea source r aser m |tter 16 to
PRt ol aghos, by alsihg fnf alipSE inatEE ek Me Vi
conver ged angfj rradiat ed by the Ob] ect lens 18 onto a surface of the waf er

W with a , for instance, about 0.4 a m and concurrently are

scanned in the horjzontal direction keeping a space
A silicon wafer according to the present invention is the silicon wafer

which is mirror polished and has no defect having the entire defect size of 0.5
u m or more in which microdefects gather in a colony state.

15 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 generated in the
polishing step and afterward such as metallic impurities, a non-uniform
surface state after polishing (such as the state where alkaline eomponents of

20 a polishing agent remain partially on the surface or hydrophilic areas and
hydrophobic areas have been generated), or deposition of silicon particles or
other particles floating in the air. Generation of this type of defect can be
prevented by preventing deposition of impurities on the wafer surface after
polishing.

25 Therefore, to manufacture a wafer not having the defect as described



bet ween the | aser nicroscope 10 and the wafer Wat a constant value. 5 3)
The | aser beans B reflected on a surface of the wafer Wreturn through the
optical system and are converged by the converging |lens 22 and introduced
t hrough the pinhole 20a of the pinhol"® menber 20 into the |ight detector
24. 4) \Wen there are defects on a surface of the wafer W a wave front 10
of the reflected light fromthe defect area is disturbed, and a spot of the
| aser beans B expand, so that the light detecting signal is deteriorated.
5) A defect detecting circuit not shown in the figure detects a difference
bet ween sibgwe] i$ i$ reqtieed tgpreveat depositian, of depawritiesisn miediatelyeafieethavher e a
signal intensity difference with a signal anplitude higher than a 15
prescri bedafealisipohishagknFoniredanee, ataefgeatf agnea polnbled eaderds dondustae and
coordi nates of the area. 6) An inspection is carried out by noving the

| aser bedaswBtat and abesdtardges peter isioonigalibd teamasndictacanhe twigfegridy r e
surface of the wafer Wmnutely. 20 Procedures for inspecting the wafer W

with the dRERE ciirfd 86608 A0s1Bds@dAnHNa Hydre@iH perdxi@PsbRalorsyal erescri bed
above are descr ibed belowwith reference to Fig. 8. Fig. 8 is a flow chart

show Bg Ogd AT IR ForY reREAGRGUNEELS A5 o BiRRES tHA%n ierives Bfon\bels ©

specifically, the wafer 1nspecting procedures in the wafer 25 inspecting

t hod ' t ' t iven: I -12 1
met ho a?&éblroggcgg &}ngﬁ %ﬁfﬂ*;eeépfﬁe WY& mlé‘raeﬁﬁﬁl g@{igf &b Ah BMire )

A wafer is wafer cassefte set In ader section (5step

00). 2 ' | ; ' h
fact or s’ o tio i Bk belitte, HRRREhS B0 Job PRl SR el C1C0

SESECH Onstgr? L$R g'ggiékaging 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 \(i ~O
impurities after the polishing step, a wafer not having these defects can be r/ﬁ{)p
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 microscope 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



3) The wafers to be inspected are automatically aligned and inspected
successively (step 102). 4) A defect map and a histogramreflecting a
result of inspection in the inspected area are displayed during the wafer

i nspection, and an 10 inspection resulg-file is automatically prepared
(step 103). 5) An image of any defect area specified fromthe defect map
screen can be nonitored after conpletion of the wafer inspection (step
104). Waen an optional video printer is used together with the |aser

m croscope based on the confocal optical systemused in Exanpl es descri bed

15 bel ow,cainthd perfesaédbe atﬁhlﬁrdfmhe@@heﬂal@ﬂhﬁfﬁctﬁﬁh@?’tocdﬁwther t he defect
area detected as described above can al so be anal yzed fromdifferent points

of view by convgytddett aC\Q_Qfe(i“ﬂlﬁtI@a\fthﬁthEQIéT@ét K&fiheGhetthtdre! @subd of
i nspection to a coordinate file format Tor other devices such as a scanning

el ectron yBLE06EIPR §rSFMre Us Ak AbRAIdboliA Sy Hich AFGORS AT MthefOnd 0- 9 IS
a general explanatory view showi ng a basic structure of a dark field

m crosco i:g. :49; Jef r:al.: i ndk I jeld

m cr osco%g,lor%aﬁtg’eltdhsr kgl%le d%m?%@g%a{(}gg% dgglcég? 3%&13%@%&?3 1fr%?(:1?1012‘}%60pe body
32 W Bh td&%iégeﬁiﬂh?ﬁﬂ}ce }(gcteggr\'g% ai}ﬂgﬁ glr(ik field. A laser beam source 34
such as an argon laser 1S provided in°rélation to the optical 25 m croscope
body 32. When the | aser beans B fromthe | aser beam source 34 -13 are
irradiated onto a surface of the wafer W the | aser beans B are scattered
due to a efg t 1.atgd tF I'bke of the wafer W and the scattered | aser
beamrs S arBCayaPH YN8 glé‘ﬂ Ay ¥t 'ected by a monitoring unit (detector) 44
such as a CCD cimsri.. 5 Wth the cogfi urati qn as di:scri bed. above, now t he
principle of opdi&tlofsaRiTesranls shewing gedilicopowaley) taen pysarlapetans B
are irradiated fromthe | aser beam source 34 onto a surface of the wafer W
in the stBt@ospedashd onchsenfaprlnpticd syshens in Experimental Examalg 1) 10 2)
When scanning is _performed on a surface of the wafer W the | aser beans B
are dOattered i ¥ign i eachemphig views shomang the sdicomhwafezdatiisrbd | i ght
(laser scattering) is converged with an optical mcroscope and is detected
wi th a det ect or Fig. 3 Bxanplieograpiishoprieg ensilicon svafeohaleh [byben adeuic bed
nore specifically bel ow by way of follow ng Exanpl es which shoul d be
const r uedoase mitrostaret (ARM) ah fbmperivaentad Fxangilevie. [ Experi nental Exanpl e 1:
I nspection with a |laser m croscope based on a confocal optical system
(Non-destructi v&igh peatschethaticievk shiokiing thawsilesonweafetroniligr 8d and

i nspected with the MAGQ CS (product name) nmade by LASERTEC CORP. as a | aser
m croscope basedign5ds eonfiekrapPtsho@iing ¥ sititbn Wgfek taRes thyoan cabmied out
with the | aser m croscope based on the confocal optical systemis not

dest nuct i fégece ANEroBEVPeSQETM) i MMpRPIAGERS MG Slet required. 25 The sanple
silicon wafer was manufactured by the general nethod. -14 Nanely, silicon

single crystal imgos iyaschbmael vieRdRdvwAREitREldonS#aRrAAMIE0H; of the
sliced wafer was chanfered to prevent cracking and chi pping thereof. The

vafer was | appedripor healdoablaNablaghRRedid shemitea RS ik Rohdlelotpat | on.

polished for making a mrror surface of the wafer, cleaned and 5 dried. The

cl eaned %@eﬂﬂi@fhs@@ﬁ@ﬁ&sé’(‘%ﬁ m&g@l@%&qsy&e%sult of nmonitoring the

defects is showmn inFig. 1 and Fig. 1"1s a mcrograph showi ng a

Schomati ¢ vi ow SBweny Prao;yHARL BholBHE el L M b bl o e "l
lin éa g'in%p@&?ngitﬂe wzaféﬂdi cates a defect (defect 1)
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.



10 which may cause troubles in the device fabricating process. Fromthe

m crograph of Fig. 1 and the schematic view of Fig. 2, it is understood
that dot-like defects gather in the colony state to forma defect area with
the size of 0.5 ~c mor nore as a wholl@- 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 mcrodefects, but a plurality of defects 1 each having the simlar
colony-like formand the size on the order of 0.5 ,u mto 10 a mwere
observed on the wafer surface. The size of the defect 1 shown in Fig. 1 and
Fig. 2 was about 6 ,u m The reference nuneral 2 in Fig. 1 and Fig. 2

i ndi cat eBestddbée for20afigedie Outadheiimvehtioan be observed with an atomic force
m croscope (AFM. This defect 2 was used as a mark so that the defect 2
coul d be confirpethar mhgosape Pasidt d9m &drifocdlnotidkarsygv@huaid andaEd hods.
Nanmel y, nonitoring was performed under a fixed point observation. Then

i rregul arﬂélaqaic%séol@@ wRies! tishdc3hed \&@é&d@x\{%ltwh@ rébdit inRen@ionadin ¢
force mcroscope (AFM. The SPA 360 from SEI KO | NSTRUMENTS  -15 I NC. was

used 8s tﬂl%cé‘&@x@scfo}q{lgﬁedﬂr&fg; qSRaRe whHEMhe HSbRBeshR GRS 86crdh B wathHTar K,

the defect was confirned at the sane position in Fig. 1 and Fig. 2. A
It of . . b . e . .

resutt o ega%?EQrtb’I@lﬁi"WC?géé.@hﬁgcﬁm.n%og&@t%&?%ﬁg’%dgﬁl;d\%gqe%x%@QMP In

Fig. 3. Fi s a ap ace icon waf er

Si 1 oon stpABeRTnEr ROl K cht Srmebohiefss CRATTH PRKIEHERARERG 3T
7 ogul et ehEF SR naE bl us b GBchifns ApfRitsun ik BRSEPERE BT, 0"

m cr oscope {AF and. .t is considered that this defect has 10 no

i rregul artiefflgkclgiﬁ%e% phhe RS HL FVERtIOR: caused by inpurities gathering in a
strai_ned porti(érxl;‘.wi Lzhi n the wafer. (an u)pgerm) t surf ce.Iaé‘eré_.‘

[ Expeti ment al Hepl ds 2 eenRral cRPNalPTLViavh AROVING 2 hasie st R iR a sl
solution (Destructive jnspection)], The sjljcon wafer _gbseryed in

Exper i mentager pigrascepe bagad an apgasdecad aptigal W%te@elf% &gt {-dreeieasess cal
solution with the volunmetric ratio of 28 wt % anmonia water: 30 wt %

hydr ogen pemexakd0 dndigatesna lageranicros@pg based®n 4 senfigahionticeksyate®s t he
solution temperature of 80 ~C. The wafer imersed in the solution was then
moni t or edinamthith gpéateadbagin rsoamcatldnbeck a8 can mirgemdasrreiy pEMide@mtrar esul t
of observation of the defect is shown in Fig. 5 and Fig. 6. Fig. 5is a

m cr ogr appositioniopgosite 4o Aauicrofcophdodyl iZon wafer taken with the SPA 360,
while Fig. 6 is a schematic view show ng the surface of silicon wafer shown
in Filp. 5. The dlleamitratebpebodynk® cabpeisesd bedh sildteat dGifor fepliteng

m croscope (AFM (see Fig. 3 and Fig. 4) was etched with a chem cal

sol uti on Efsewbthnish® féul the ipesi idaan soar 1hto dplaerdlity afdaber beambPer ved as
shown in Fig. -16 5 and Fig. 6. As described above, this new defect 1 is

di f f er ent g lobfBct 16ef B8 forcauserkideht dadeRr®eamssSB ahkd AGusfdcHof diveafeufll as a
COP, and it can be considered that this defect is caused due to any defect
N an uppgy WeSinspected, 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

25  laser beam splitter 16 to a plurality of laser beams B.



5 surface | ayer of the wafer surface, especially strain therein.

[ Experimental Exanple 3: Inspection with a dark field m croscope A silicon
waf er was observed with the SPA 360 from SEI KO | NSTRUMENTS I NC. as a dark
field microscope. This SPA 360 is a uhlt provided with different two types
of m croscopes, nanely the atomc force 10 m croscope (AFM and the dark
field mcroscope, and this unit enables observation with a dark field

m croscope at the sane position where neasurenent is perforned with the
AFM The sample silicon wafer was a wafer with a defect having the entire
def ect size of @)Ballofithelasanleams Risirelconvergedefrscirsadjatéttby the abjeot ony
state 15 (the wafer used in Experinental Exanple 1), and the defect was
conf i r redens 1B cntb asarrfacecoftheopafeb ¥ anitha spve of ook dostanopt aleadt Gygst em A
result of observation of the defect is shown in Fig. 10 and Fig. 11. Fig.
10 i s a nh¢hadrcapbuskatiyngrd ftansieliiaaheiedrézordtak @irevdioh kaepiiKa fspateé

m croscope, while Fig. 11 is a schematic view showing the silicon wafer 20
shown i n Hdt@reehGhe Pas@T MadroSsbpaa) Red the MedeaW abawonxthit vigs) fication.

Al t hough the m crodefects can not be differentiated fromeach other, these

figurgs show tha) THelfel ¢ehniPB Adldehal SANE shiht 38 thoadafel Whetdptect 1

observed with the | aser m croscope based on the confocal optical system can

be obser Vﬁﬂ'ouglé 4Rt %g%icapygtgzsm&)%doarféicaﬁwrg'elrdr&gﬂh@gaeﬁv&ggié@ggg V%@ts?]ﬁ@e

defect 2 25 observed as a nar or a particle ‘can t he dark

field - ' | but it

(el RS RIAOPRER SERYARARIES! 16 BLENE W AT6E: BOTFR, BEEUER, DUt

present i éltggtto'#%coul d be observed with the dark field mcroscope. It can
a

be consi der this new type of defect can be observed with the dark
field m croscope ecaguse thi efect is S rfic on Nanel al t hough
this dot act - hao MVRERIHERe b ReBElsE p bt RiThe ats B W nAC RV BB cor
refl ects i fference.i,n surface lity .bet.wee he def ec ea, and ot her
or el o S iferreRErRG it S0m AR Al aloh BhARERal T d & BRE oP FREUERE: D) e
to inmpurities esent. on .t he waf.e urface. .10 ( Ex l.e 1) A sanple silicon
vvafe?psub}j’e@cﬁl%g{ W%’Eﬁi’tsﬂéhﬁg@%hghbagt% “&Flgﬁﬂ(]ﬁ\&f‘%%’ edane ggquence as
that in Experinmental Exanple 1 was prepared, and the polished sanple wafer
was stored in a@ig dafaet c‘iﬁ’f?‘éﬁlﬁg farent mat shownaiy thy ghewen dededni de

solution to prevent inpurities such as 15 netal contamnination as nuch as
possi bl e, didfegencrchetmeeenssignals indtheolightedetector 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) Aﬁ 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

25  inspecting method according to the present invention are as described below.



cl eani.ng step. Contanination by heavy netals was prevented also during this
cleaning step, and then the sanple was dried. Even after the steps

déscri bed above, the sanple was kept under an environment where the
quantities of particles in the atnmosph&ric air were 1000 pi eces per cubic
feet 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
sanpl e was taken out fromthe environnment. The defect 1 having the entire
defect size of 0.5 ~. mor nmore in which mcrodefects gather in a col ony
state as shown LhArvgferiisaededonghswdereassetie@phpel it pleadsmeqition) . |
-1s A sanple silicon wafer subjected up to the polishing step by foll ow ng
t he sane (stegudide as that in Experimental Exanple 1 was prepared, and the
pol i shed sanple wafer was stored in pure water, took out fromthe water and
| eft intentionaR) \nuorter dfheaferstws beeinspected drod aareelel encbraimg $bdn was
cleaned. In these steps, the sanple wafer was intentionally contacted to
unspeci f ifgetoremir bén@sivitihesr {hpesdon! freSprdpraad waf €he \WpsratdRi ¢nisett and
evaluated with a | aser m croscope based on a confocal optical system A

pl ur aki t weefiod€éteptin1}. having the entire defect size of 0.5 ~ mor nore in
whi ch m crodefects gather in a colony state as showmn in Fig. 1 and 10 Fig.

2 were observedg?_lrphg he t@fsehs bS-idpBetedl ad SRERRNBELIRE A d bagh above,
10 to 30 colony-like defects each having the size on the order of 1 to 5 ,u

m wer e priﬁ%ﬁé’@te@@u@ce%@ﬁeg%t lbggg waf er, especially in the peripheral area
t hereof. (NManufacturing anple 1) 15 The wafer manufacturing process
descri bed her ei pafat i ¢ i vi.hg t he
entire defect siq?eA géfegggpg,ﬂuﬁﬁnaoa?h%?%%E%?@%&@%ﬁ@f%@%@%ﬁ@ewi n a
col ony state.wt I r_m cy. : nf I ical,system
and the it Sepg‘é%ge%&eadstagx“%gv\%ge Id&glﬁi@gggbgﬁavélgngge %é%ﬁi %s%aeﬁg‘g%}r yalu}]dg St ep and
a packagi.ng step. 20 S up to.the cl eanin nd ing step in the wafer
manuﬁ?ct PgR%Ctbq?rb’éeéc’égtS&gq?]@ %‘E‘PP}%&"E‘ tpﬁeﬁaﬁecgf%?%llﬂ% of lines to evaluate
waf ers. The aboye-descri bed defect was observ in so0 | i nes, but was not
Observed 1 ot nl At HBRES Phankalerset drae CORGS T ORCTE GaiesionaP HERR T oot
was observedl,%t he,vvatgr used faqr ,storiﬂg a polished fer only pure

vat er. WidH Bsoapitagd aftsacomnletion ofthe wadpkinspertien kten Wl e added to the
wat er for storig}g ., -19 wafers therein, the defect was not_ observed in
the waf er manuf J¥ReR e |qptional video punteasis used weether wikh vhaukeser uring
process can be inproved by the use of the result obtained in the inspection
step w t hmigres¢opedraseidamthopenipes]aptingl shstespmsed an Fopmplas deyenibed 5 When
the wafer recognized as having a defect, especially a wafer having the

r el atlibvel Belpws glets pegstlole g print out si mongforseeeny duathemihe dafectiseeain t he
device fabricating process, the yield became |lower. In the inspecting step,
t he def ecdeteetedrazcdascribed aboseahh alarbognalyeed frge dpifereas poings ofinttwaf er s
not having the defect were selected and used in the device fabricating 10
process, lspcoindrtingetha edoddineteifitpfommdt réflartirighe ressltldf Snefectmmi tous
experinments descri bed above, a new defect affecting the yield in the device
fabri cat i cwgriinates flavaforinatndor |dtheasdalises anithi raged tseahninpe sleéteon not

havi ng the defect as described above showed the excell ent perfornance.
Further imismdscdpeUSENINat anhheodfit &sice @oickehcope (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



15 easily be found with a | aser microscope based on a confocal optical
system  Therefore by selecting only wafers not having the defect and
sénding the selected wafers to the device fabricating process, the yield
can be inproved. It was also found thd8-it was required to prevent and
control contam nation by inpurities after polishing for protection agai nst
this type of defect. Also it 20 was found that the defect could be
detected, in addition to the | aser m croscope based on the confocal optical
system also with a dark field mcroscope, and that, in that case, the sane
ef fect asrehmadsstediondd apsurface oftderwafer s thplases beamsdB aie seatsered t i s
preferable to use a m croscope capable of sensing a change in a quantity of
det ect ed duiegtota (efiett & madddheilikesf therwatestVy, and th@ecatteresl lasetbkearns & t hat
the present invention is not limted to the enbodi nents descri bed above.
For i nst aireegaimeomtairged andidutectad byen nhsétovatk whitldéteetdriddrsuchasascope
based on the confocal optical systemor the |like, nanely the defect w thout
i rregul ar@GCDesnhéna. ng the entire defect size 5 of 0.5 a mor nore in which
m crodefects gather in a colony state is often observed after the polishing
step. 5t can bevwRRstiieceRfibirdtioRasddestriinde abve AGW shedrivvdigle bS i n an
active state, the surface is easily affected when the surface is contacted

to inpuridjeesti¥hi CReRbLiCaR-HRAG14W. 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 y T&?effélrsFitDBtBﬁﬁx%SEQarBKrrJﬁé?éd“ﬁBﬂ{‘&?e b&se?%ﬁ‘ﬁ{ LHRFckC3ACI d

solution, with the resu at simlar ects may be observed. Inspection

f f t ' hal : f k id
and sel calTar bR SR wlRA TSPt ApRLO TR B Bt 1 2
included jn.a t - Cial f th (O tion. 15 Capabilit f
Expl of a1t THIERr - A descr i bed above, wiih the mothod for

ins ting a silg waf er .accor di tQ the present,.i nveptien,, i{ IS

boSSiifl e Do ef f 2 VEREY SCARRIBEDS BRHOTBERCTYS S RGP R RIog W athd 18 v er
whi ch may, affect a deyjce,fabricating.20 proces a defect having the
entire dé?eé”é{ls a1 %@Rﬂ@}%%%ﬁea éngﬁﬁﬁ/ﬁﬁg%%ﬂi(crodef ects gat ger in a

colony state). Wth .the nethod for manufacturing a silicon wafer according
to the present i%hﬂuﬁﬁ%ﬁer&%m(lﬁ%ﬁr seatterine) if comEree a@tlbﬁnd)@rt@éf can be
manuf actured. Further with the nethqd for fabricating a device according to
t he presemicropcanetanshis detectpidevithi ;detesteredd-ce fabricating 25 process can
be i nmproved by using a silicon wafer not having this new type of 1 -21
def ect. Thzamipléson wafer according to the present invention does not have
this new type of defect, and can contribute to inprovenent of yield in the
devi dé& fabri cat iThe preseag snvention 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.



-223~~'" ~~>. 11 CLAIMS w1 A nethod for inspecting a silicon wafer
conprising the step of, when inspecting the silicon wafer, inspecting a
defect having the entire defect size 5 of 0.5 ~ mor nore in which

m crodefects gather in a colony statel4d=~ | 2. A nethod for inspecting a
silicon wafer according to claim1, wherein the defect is inspected wth a
| aser m croscope based on a confocal optical systemor a dark field

m croscope. (f 3.1 A method for manufacturing a silicon wafer conprising
the steps of: /, 10 ~ polishing the silicon wafer cleaning and drying the
pol i shed Namietygsilkefresingledcriystyldogohyaa stieédcandhaieniphenal edgd pertaef ect

size of 0.5 ,u mor nore in which mcrodefects gather in a colony state

with a | afehemnslicedscape veasathmferad coprovent opickirgd asy shéppiog thedestk fiel d
m croscope after the cleaning and 15 drying step. ,. .,,, ~4. ~ A nethod

for manufpied Uhitd avad |Tapped Wed She CRARELSANGtERG SioeRSnfve Mhadldhide! | shing
the silicon wafer cleaning and drying the mrror polished silicon wafer and

W pr event{dzgrH8Aea] hbIRshe¥ forMikird £mRPorseMhtA6LLIY whe:, Wafaedadih 20 al so
generation of a defect having the entire defect size of 0.5 ~c mor nore in

whi ch sm of,def %%%}A&ﬁiéaeéna ArRdE2nANE wiRkt Al deflubf@. wafer is nirror

polished. ~.~5 net hod of fabricating a sem conductor device conprising

the steps of i nspRehiingr MoRlehig (IRAdIECHE BB R P $ondhEs 0 pg 5 ~c m

or nore in

1 is a micrograph 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 um 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 1 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 u m.
The reference numeral 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 SEIKO INSTRUMENTS



25 whi.ch mi.crodefects gather in a colony state in a silicon wafer -23
sel ecting the silicon wafer not havi ng the defect and fabricating the

sém conduct or devi ce by using the silicon wafer not having the defect. 6.~
A silicon wafer which is nmirror polished and has no defect having the ' 5
entire defect size of 0.5 ,u mor nore in which mcrodefects gather in a
col ony state.

. A, U Ay. AF. AF. AFu. A. AyS. AF. A3F. AFa. AYa. A3u. AFu. AYa. AFu. AFu. A3. Aa. Ayu. AyNS. A
y3 Afu. AS- CEx?@EIl _I}xsnid_Z]ca] ca]ca]ca] ca]calca]ca]calca]ca]c<alc
a] ca] cal cl*a]Q», dyenpeed eathaptaneaiorey auprospeny é‘lﬂ%a} c
ajc"alca]c"al 8"Y69V-y=(v| wnmhc”Y] ca] ca] ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca
] ca] ca ca] ca] caﬂﬁaljlgé]l@dptea]ﬂ@aq%a]maqlsat]n@a]ecf@qtoma:eq ped 2CxbR$eme
P #$% K ))), 3-.//{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
U] ca] ca] qm]sitdx]mal]lcﬁgcé]mad Fag.c2] ajresilt aif capuHpriapcuitbathiexa®mic force
4577[ 777 8j 8889Y999 : O :

;@ ; ; ; Astdiesostope n@AFDZl]) ]1ea§}mas]mahcﬂi_lgc£ cdligaci aahi@bgedpialshaiviag ca) cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =?AABB4CCCDZDDDDBEEEFi FFFGY
GGGG>pHHHGI T4 @ btk 8 nsiticai | wafee af davc aficla] tha] SRIAC 3B0avekile HigalL£ ds aa] ca ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! | KLANOOQ RTTUYU2XZZ' Z) ZZ
Z[ $\ 1\ g\ ]scheaRgRcHiesc seaE vl aibikoh GakfrbGal Bigl 82] £Aatkakbahsadeaded] cal ca]
ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca! d! ekeeef df f f <
ggghahi i i f¥m| Fig0 3PIMRIIPYEL L4) Wi BeYect | 1 disdeirted/]d F9d.CRASAIFIA] 2 0GR £6d K&l ca] ca]
c"a] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca] ca] caj ca] ca] ca] ca] ca] éa] ca] ca] ca] ca! |31}

[ B\ GBe{yqbaleh’dwedl #abAalLRTRTi GRS %?]tﬁé]v@-ﬁtf alie@ks st mshasklE aligi] cal cal
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0, 0, | 0,
10%8= 10 & [(]ixpe\x{'l eni}aq @xamﬁe 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 solution 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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considered that this defect is caused due to any defect in an uppermost
5 surface layer of the wafer surface, especially strain therein.
[(Experimental Example 3: Inspection with a dark field microscope]

A silicon wafer was observed with the SPA 360 from SEIKO
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 u 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
microscope, 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 optical 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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could be observed with the dark field microscope. It can be considered that
this new type of defect can be observed with the dark field microscope
5 because this defect is a specific one. Namely, although this defect has no
irregularities, it can be considered that the defect reflects a difference in
surface quality between 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 um or more in which microdefects gather in a colony state as
shown in Fig. 1 was not observed.

26  (Comparative Example 1)
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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 pure water, took out
from the water and left intentionally under the atmospheric air for a while,

5 and then was cleaned. In these steps, the sample wafer was intentionally
contacted to unspecified impurities. Then the sample silicon wafer was
monitored and evaluated with a laser microscope based on a confocal optical
system. A plurality of defects 1 having the entire defect size of 0.5 um 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 the size on the order of 1 to 5
u m 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 1 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 packaging ste.p.

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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wafers therein, the defect was not observed in the wafer manufactured in the
line. As described above, the manufacturing process can be improved by the
use of the result obtained in the inspection step with the laser microscope
based on the confocal optical system.

5 When the wafer recognized as having a defect, especially a wafer
having the relatively larger defect with the size of 0.5 u m or more was used
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 only 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 iinpurities after polishing for protection against this type of defect. Also it

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

25  contrast).
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observed with the laser microscope based on the confocal optical system or
the like, namely the defect without irregularities having the entire defect size
5 of 0.5 um or more in which microdefects 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 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 instahce, a hydrofluoric
acid solution, with the result that similar defects may be observed.
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 1 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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inspecting the silicon wafer, inspecting a defect having the entire defect size

5 of 0.5 1 m or more in which microdefects gather in a (?BIEX st,a_t_e,i" |
2. A method for inspecting a silicon wafer according to claim 1, wherein
the defect is inspected with a laser microscope based on a confocal optical
system or a dark field microscope.
( 3.) A method for manufacturing a silicon wafer comprising the steps of:
polishing the silicon wafer;
cleaning and drying the polished silicon wafer; and
inspecting a defect having the entire defect size of 0.5 u m or more in
which microdefects gather in a colony state with a laser microscope based on
a confocal optical system or a dark field microscope after the cleaning and
15 /d.;:ying step.
\/4\‘ A method for manufacturing a silicon wafer comprising the steps of:
mirror polishing the silicon wafer;
cleaning and drying the mirror polished silicon wafer; and
preventi;gydeposnmn of impurities on a surface of the wafer and |
20  also generation of a defect having the entire defect size of 0.5 x4 m or more in
which microdefects gather in a colony state after the wafer is mirror polished.
(5\ A method of fabricating a semiconductor device comprising the steps
Of
N

inspecting a defect having the entire defect size of 0.5 x m or more in

25  which microdefects gather in a colony state in a silicon wafer;
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6. ! A silicon wafer which is mirror polished and has no defect having the

5 entire defect size of 0.5 1 m or more in which microdefects gather in a colony

state.



