SPECI FI CATI ON METHOD FOR RECLAI M NG A SI LI CON WAFER
AND RECLAI MED POLI SHED WAFER Techni cal Field The
present invention relates to a nethod for reclaimng
a silicon wafer used in steps for . producing

sem conduct or devices and so forth to be in a usable
state again, and particularly relates to a nethod for

reclaimng a silicogpmafertionTwhich netal such as
copper is used as a netal thin filmfor wring.

Background Technology In a silicon wafer used in steps
for producing sem conductor devices and so forth, an
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wiring such as Al, W or Ti is generally deposited.
For recl ai m rYESLATME ®I |[HTbh Sk erWwassed i n steps
for producing devices and so forth, such a reclaimng
method as immersing a silicon wafer in a chem ca
liquid such as a hydrofluoric acid or a sulfuric acid
Teglyndgicssbl eedritl renove various types of thin filns
havi ng deposited on the wafer, and then subjecting at
| ed$HS ORE CSPRT of FFORE 1T TBACK- SPdés of s Mafefor
to mrror-polishing has 1 been conventionally used.
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by using such a t hod, ,
proguCLn seﬁlcogguctor devices and so forth to be

in a usable state again, and particularly relates
to @ method for reclaiming a silicon wafer in
which metal such as copper is used as a metal thin

film for wiring.

Background Technology

In a silicon wafer used in steps for producing
semiconductor devices and so forth, an insulator
film such as Si0, or a metal film for wiring such
as Al, W, or Ti is generally deposited. For
reclaiming such a silicon wafer zs used in steps
for producing devices and so forth, such a
reclaiming method as immersing a silicon Qafer in
a chemical liguid such as a hydrofluoric acid or a
sulfuric acid to dissolve and remcve various types
of thin films having deposited on the wafer, and
then subjecting at least one side of front and

back sides of the wafer to mirror-peclishing has



there has been a risk that netal ions dissolved at a
hi gh concentration in the chemcal liquid adhere to

t he waf er again during inmersing the wafer and

t hereby re-contam nation is caused. However, in recent
years, for neeting the tendency to speeding up of
devi ces, copper wire is put into practical use as a
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waf ers use for produci ng dévices and so

re bty i WRf er S5 1 19 Whhchy copper, f il B8 rafhgnehayenethod,
I NCr ease However, copper cannot be Tenoved with

thék_*%h nshemcahs ahayiag heentused- sonvient somald ¥oased at
descri bed above, and in the case that a wafer to
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treatnent, there is possibility that the treatnent

toPreGesHaife i t 86lafi i sdoontag natresr witdy cohperwafdr and
t hereby other products are also contam nated with
theepiey . rEherefiare; i nbthasn béen ddoaght. that it is
difficult to reclaima silicon wafer to which a
cogpewefid m has: adhered: Reeardli ndgloy, feetexaspltde f or
solving the above problemand reclaimng a silicon
tengfeercyo t avhépk cal Topperp f PEmdrsl gétter e 0P @8t Wddre 1S
for reclaimng a silicon single crystal wafer to
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a 2 step of dissolving and renoving a cogper filmwth
low resistance, and as silicon wafers used 1n

steps for producing devices and so forth, wafers
to which copper films adhere have increased.
However, copper cannot be removed with such
chemicals having been used conventionally as
described above, and in the case that a wafer to
which copper adheres is subjected to reclaiming
treatment, there is possibility that the.treatment
process in itself is contaminated with copper and
thereby other prcducts are also contaminated with
copper. Therefore, 1t has been thought that it is
difficult to reclaim a silicon wafer to which a
copper film has adhered.

Accordingly, for example, for solving the
above problem and reclaiming a silicon wafer to
which a copper film has adhered, a methcd for
reclaiming a silicon single crystal wafer to which

a copper film has adhered, at least, comprising a



a sulfuric acid - hydrogen peroxide solution and a
step of mrror-polishing the surface of the
copper-fil mrenoved wafer has been disclosed in
Japanese Patent Application Laid-open (kokai) No.
2002- 158207. It is possible to dissolve and renove a
cogper fiLn1easin and rapidly by using such a nethod
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ast rate diffu con. Therefore, 1t is
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i con, copper uses “inside silicon in a short
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fer in which copper, gold or the like has diffused
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0 renove copper having adhered to the wafer surface
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reclaimng method of Japanese Patent Application
rehaivé: openorkekaif)i No. e200P1 ¥5830F. rHgwev ey, dn tkeng

case of copper (inpurities) having diffused inside
suthe a wakehodtansl itpessibbect . tr envwe b ecperd eppispible

Therefore, in such a case as |eaving | ong hours the
tosickicbaiwafersiddlaredradyerhé aethedlofa Fapunese f1lm
. Patent Application Laid-open (kokai) No. 3
has adhered.

Oon the other hand, copper, gold, and such have

a very fast rate of diffusion in silicon.
Therefore, it 1s known that in such a case as
copper having adhered to silicon, copper diffuses
inside silicon in a short time. However, in the
case of reclaiming a silicon wafer in which copper,
gold or the like has diffused inside the wafer as
described above, i1t 1s possible to remove copper
having adhered to the wafer surface and to clean
the wafer by using the above-described reclaiming
method of Japanese Patent Application Laid-open
(kokai) No. 2002-158207. However, in the case of
copper {(impurities) having diffused inside the
wafer, it is impossible to remove it perfectly.
Therefcre, in such a case as leaving long hours

the silicon wafer reclaimed by the method of

Japanese Patent Application Laid-open (kokai) No.



2002- 158207, inpurities having diffused inside the
waf er occasionally segregate out to the surface.
Therefore, there is a problemthat if the reclained
pol i shed wafer is subsequently used in steps for
produci ng sem conductor devices and so forth, such
troubles as lowering yield are caused. D sclosure of

i on, dingly, th i ion.
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ove oDbj , according to the present invention,
folhere iscnprovbdes asmithodsfar- 166l aindng a:sdl keesed.

wafer 1n which athin filmhas beéen forned on its

surface, at |east, conprising a thin-filmrenoving

step for removing the thin filmhaving been forned on
Dikka séhieorn Matere andvard toar - polishing step for

mrror-polishing at | east one side of the

t hinetbmdiegowed shki qonewefer , inbveret norbei@asebeen

performng the mrror-polishing step, gettering 4
made in view of the above problems. An object of
the present invention is to provide a method for
reclaiming a silicon wafer, in which a thin film
such as a metal thin film having been formed on a
silicon wafer is removed, and impurities having
diffused inside the wafer are also reduced and
thereby a silicon wafer having very 1little metal
contamination can be sitably obtained.

In order to accomplish the above object,
according to the present invention, there is
provided a method for reclaiming a silicon wafer
in which a thin film has been formed on 1its
surface, at least, comprising a thin-film removing
step for removing the thin film having been formed
on the silicon wafer and a mirrcr-polishing step
for mirror-polishing at least one side of the

thin-film-removed silicon wafer, wherein, before

performing the mirrcr-polishing step, gettering-



site formng treatnent for applying danmage |oad to at
| east one side of the silicon wafer is perforned and
then the silicon wafer is subjected to heat

treatnment, thereby inpurities inside the silicon

waf er are reduced. By reclaimng a silicon wafer using
such a nethod, a thin filmsuch as a netal thin film
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gettering effect. erefore, even such a contam nated
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I NSi he wafer after used 1n steps for producing
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reclained easily, and extrenely clean silicon wafers

si DAY uemediftke r dBbdle€ont am nation can be stably
obtained. In this case, it is preferable that the

getgdfr keg-1sd i Aifey N ng ity eabienta Fs rperd onmeds byh a
sandbl asting or surface-grinding. |If the
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sandbl asting or surface-grinding as described above,
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remanvaid, f enrbdimpasilyiamd sty vaiy fius eHe Mg éde the
Moreover, it is preferable that in the thin
wafer can be also reduced cerxtainly through the
use of gettering effect. Therefore, even such a
contaminated silicon wafer as metal impurities
having diffused inside the wafer after used in
steps for producing semiconductor devices have
become possible to be reclaimed easily, and
extremely clean silicon wafers having very little
metal contamination can be stably obtained.

In this case, it is preferable that the
gettering-site forming treatment is performed by
sandblasting or surface-grinding.

If the gettering-site forming treatment is
performed by sandblasting cor surface-grinding as
described above, depth of damage load to be
applied to the silicon wafer can be easily
controlled and gettering sites can be formed

easily and effectively in the wafer.

Moreover, it 1s preferable that in the thin-



5 filmrenoving step, the gettering-site form ng
treatnent is also perforned at the sane tine. In
particular, if the thin-filmrenoving step is
performed by-sandbl asting or surface grinding, the
gettering-site formng treatnent can be al so
performed at the same time. Wth regard to the present
,anentlon in the th%ﬁ.fll renDV|ng step for .
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particuflar, m renmoving step Is
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remove a thin filmby single treatnment w thout

chapgt A9 ok hshi ngoagend spreisidependenthy iofn pateridhe
of the thin film having %een formed on the wafer. And
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the thin-film renoved wafer surface. In this case, it
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using a dry bl ast

gettering-site forming treatment can be also
performed at the same time.  For example, 1f the
thin-film removing step 1s performed by
sandblasting or surface-grinding, the gettering-
site forming treatment can be also performed at
the same time easily in the thin-film removing
step. Therefore, gettefing sites can be formed
very effectively. 1In particular, if the thin-film
removing step is performed by sandblasting, it
becomes ﬁossible to remove a thin film by single
treatment without changing polishing agents,
independently of material of the thin film having
been formed on the wafer. And at the same time,
gettering sites can be formed in the thin-film-
removed wafer surface.

In this case, it is preferable that the

sandblasting is performed by using a dry blast

apparatus.



apparatus. 6 If the sandblasting is performed by using
a dry blast apparatus as described above, the

sandbl asti ng can be performed wi thout wetting the
silicon wafer. Therefore, polishing agents and
pol i shing residue do not remain as contam nants on a
waf er after sandblasting Therefore, it becones
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C. Moreover, It is preferable that

a aqafaercg%léw 9591%&@&1!5@ heat, d + eabman) , ithe e comes
cooling rateis 4 '"C/mn of nore. By subjecting the

po 8L &NGSif ee bR davaiieT i cbm thefheat fibeateat at
a tenperature of 4000C to 700 'C as described above,
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precipitated in the gettering sites in a short tine
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omitting cleaning treatment of a silicon wafer and
so on after the sandblasting treatment, thereby
productive efficiency of reclaimed polished wafers
can be drastically improved.

Furthermore, in the reclaiming method of the
present invention, it.1s preferable that the heat
treatment is performed at a temperéture of 400°C
to 700 °C. Moreover, it is preferable that in a
cocling process of the heat treatment, the cooling
rate is 4 °C/min or more.

By subjecting the gettering-site-formed wafer
to0 the heat treatment at a temperature of 400°C
to 700 °C as described above, impurities inside
the wafer can be effectively precipitated in the
gettering sites in a short time and be reduced.
Furthermore, if the cooling rate is 4 °C/min or

more in a cooling process of the heat treatment,

precipitation effect of impurities in gettering



nore in a cooling process of the heat treatnent,
precipitation effect of inpurities in gettering 7
.Sites can be nore enhanced, thereby inpurities
inside the wafer can be significantly reduced.
_Moreover, it is preferable that after performng the
heat treatnent, the silicon wafer is subjected to
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ror-polishing step, and silicon wafers of
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contam nation can be stably obtained. Furthernore, in

eff%ﬂﬂfﬁ?n%ﬂévﬁﬂ@ﬁﬂk ple i shhingpnswefer on which a
met al m has been fornmed can be reclained. In

pardy cyhare thengitheomaat e tdat ehiss bedwon wafer
contami nated with netal inpurities inside the wafer

t o can doel i gcltat emdmeAst deedrd bed pahof e rrtiheg mehlodni oo -
reclaimng a silicon wafer according to the present
polhgentignstean be vizycsdiledl phused,i nimeclrditi ag a
silicon wafer in which a netal filmthat is currentl
presegitated in gettering sites can be dlssolveg
and removed from the wafer. Therefore, it becomes
pcssibkble to reduce reverse contamination risk in.
the mirror-polishing step, and silicon wafers of
very high quality having very little metal
contamination can be stably obtained.

Furthermore, in tThe pkesent invention, the
silicon wafer on which a metal film has been
formed can be reclaimed. In particular, the
silicon wafer that has been contaminated with
metal impurities inside the wafer can be reclaimed.

As described above( the method for reclaiming
a silicon wafer according to the present invention
can be very suitably used in reclaiming a silicon
wafer in which a metal film that is currently used
as wiring material of semiconductor devices, such

as copper thin film, has been formed. In

particular, even a silicon wafer contaminated with



as wring material of sem conductor devices, such as
copper thin film has been fornmed. In particular,
even a silicon wafer contam nated with 8 netal
impurities such as copper inside the wafer can be
reclaimed by the reclaimng nethod of the present
invention to be an extrenely clean silicon wafer
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particul ar extrenely clean silicon wafer having
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less in the wafer surface, even if, for exanple t he
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furthernore copper contam nation is caused inside the

abWelerde Fherigl e md heoved @t ned c palisheg wafetrlotdrhe
present invention beconmes a silicon wafer of very

wabiegh caal biey wroRoufiedausi ng troubl es such as

lowering yield even if used in steps for producing

serd copduct omedevp cds saneidse 1 foeth, wafer that is
reclaimed by the reclaiming method of the present
invention is a wafer having very little
contamination with copper, particularly an
extremely clean silicon wafer having a copper
concentration of 1.0 x 10! atoms/cm® or less in
the wafer surface, even if, for example, the
silicon wafer before reclaiming has a copper film
or furthermore copper contamination is caused
inside the wafer. Therefore, the reclaimed
polished wafer of the present invention becomes a
silicon wafer of véry high quality without causing
troubles such as lowering yield even if used in
steps for producing semiconductor devices and so
forth.

Moreover, according to the present invention,

there can be provided a method for reclaiming a

silicon wafer, at least, comprising a mirror-

polishing step for mirror-polishing at least one



Mor eover, according to the present invention, there
can be provided a nethod for reclaimng a silicon
wafer, at |east conprising a mrror- polishing step
for mirror-polishing at |east one 9 side of the
silicon wafer, wherein, before performng the
mrror-polishing step, gettering- site formng
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effect. Therefore, for exanple, even such a

| peggr&ﬂ%aa_taergdsitlﬂér@ntw es1as ot alva figwulist isbhad ngd
i ffused inside the wafer used in steps for producing
t oS@E £eNduE Hf mdeM ceshanteb§o ifmptib i wams be remsdky the
reclaimed and thereby extremely clean silicon wafers
sihavdg vereti ttde roehatedontani nation can be stably
obt ai ned. As described above, according to the
rechgi mengl Adtthiadgof tshel presenvaifieventsdmg astisin a
filmsuch as a metal thin filmhaving been formed on
methedaf empsurfiide sahabel rasidiyf Femsvbdl afd dapakivi es
- having diffused inside the wafer can
wafer can be certainly reduced through the use of
gettéring effect. Therefore, for example, even
such a contaminated silicon wafer as metal
impurities having diffused inside the wafer used
in steps for producing semiconductoer devices and
so forth, can be easily reclaimed and thereby
extremely clean silicon wafers having very little
metal contamination can be stably obtained.

As described above, according to the
reclaiming method of the present invention, a thin
film such as a metal thin film having been formed
on the wafer surface can be easily removed and
impurities having diffused inside the wafer can
also be certainly reduced. Therefore, for example,
even such a silicon wafer used in steps for
producing semiconductor devices and soO forth and

having & metal film, or a silicon wafer in which

impurities have diffused inside the wafer can be

10



al so be certainly reduced. Therefore, for exanple,

even such a silicon wafer used in steps for producing-
sem conduct or devices and so forth and having E~

metal film or a silicon wafer in which inpurities
have diffused inside the wafer can be 10 stably
reclained to be an extrenely clean silicon wafer
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er ac present 1 nvention.
Fig. 2is a schenatlc constltutlonal view showi ng a
constitution of a blast apparatus schematically. Fig.

Br PelrS ﬁxgiaﬂ@&%gnﬂtqpﬁt ki 1 9pahyivigw showing a

constlt tion of a surface-grinding apparatus
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res s ‘of a copper concentration in a silicon wafer
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a silicon wafer after mrror-polishing step in the

pr.&xanpl envBestidvbde for Carrying out the Invention
Herei nafter, enmbodi ments according to the present
!nwﬂ@mom\mﬁlabeahmmwﬂmm cHowevet pttihenapr eseaw
invention is not limted thereto.

showing a constituticn of a blast apparatus

schematically.

Fig. 3 is a schematic constitutional view
~showing a constitution of a surface-grinding
apparatus schematically.

Fig. 4 is a graph showing measurement results
of a copper concentration in a silicon wafer after
etching treatment and a copper concentration in a

silicon wafer after mirror-polishing step in the

Example.

Best Mode for Carrying out the Inventicn
Hereinafter, embodiments according to the
present invention will be explained. However, the

present invention is not limited thereto.

The present inventors have carried out
thorough experiments and studies with regard to a
reclaiming method of a silicon wafer having a

metal thin film such as a copper film used in

11



The present inventors have carried out thorough
experinments and studies with regard to a reclaimnng
nmet hod of a silicon wafer having a netal thin film
such as a copper filmused in 11 steps for producing
sem conductor devices and so forth, or particularly
wWth regard to a nethod for reclaining a silicon
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aving very 11ft e mef al” contam nation. Thus
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hod for reclaimng a silicon wafer according to
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ilicon wafer in which a thin filmhas been forned on
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renmovi ng step for renoving the thin film having been
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step for mrror- polishing at | east one side of the
hedhi cfébiment, even a silicon wafer contaminated
with metal inside the wafer can be stably
reclaimed to be an extremely clean silicon wafer
having very little metal contamination. Thus the
present invention has been accomplished.

That is, a method for reclaiming a silicon
wafer according to the present invention is a
method for reclaiming a silicon wafer in which a
thin film has been formed on its surface, at least,
comprising a thin-film removing step for removing
the thin film having been formed on the silicon
wafer and a mirror-polishing step for mirror-
polishing at least one side of the thin-film-
removed silicon wafer, wherein, before performing
the mirror-polishing step, gettering-site forming
treatment for applying damage load to at least one

side of the silicon wafer is performed and then

the silicon wafer 1s subjected to heat treatment,
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renoved silicon wafer, wherein, before performng the
mrror-polishing step, gettering-site form ng
treatnment for applying damage | oad to at'l east one
side of the silicon wafer is perfornmed and then the
silicon wafer is subjected to heat treatnent, 12
thereby inpurities inside the silicon wafer are

ced, Hereinafter th fo I
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Hg esent invention is not limted to this at al
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I nvention Is, r exarrp a silicon wafer used in
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In such a wafer, various types of insulator
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Cu, Al, W Ti, and Au, furthernore a copper-diffusion
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diffusing to silicon, or the like have been
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"~ present invention as presented as follows, as shown
invenFign.l, the case of reclaimng a silicon wafer 1

in which an insul ator
A silicon wafer to be reclaimed in the present

invention is, for example, a silicon wafer used in
steps for producing semiconductor devices and so
forth. In such a wafer, wvarious types of
insulator films such as Si0,, a metal film for
wiring such as Cu, Al, W, Ti, and Au, furthermore
a copper-diffusion barrier film such as TaN for
preventing copper from diffusing te silicon, or
the like have been deposited. In addition, 1in an
explanation c¢f the present invention as presented
as follows, as shown in Fig. 1, the case of
reclaiming a silicon wafer 1 in which an insulator
film 2 of 810, and a copper film 3 are formed as
the thin film on a wafer surface and furthermore
copper 4 has diffused inside the wafer will be
explained as an example.

First, in a method for reclaiming a silicon

wafer according to the present invention, the
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film2 of S 02 and a copper film3 are formed as the
thin filmon a wafer surface and furthernore copper 4
has di ffused inside the wafer will be explained as an
exanple. First, in a method for reclaimng a silicon
waf er according to the present invention, the 13
copper film3 and the insulator film 2 having been

f d t il wa i .t-hi i )
oPEftyi iy & o Fotba e R g oD I gt a0 Pee
or .1 enovi-n op i ‘ .
forpse Eﬁ%rHﬂ%n?%%é?égfﬁ%ug?LQQ%€;%%€w¥ggg_fllm

However, for._ e , at 3 1 '
re B TheESmer St 3’ An FhE - sbiac o Firm s e

meﬁb?&me§rk@mﬁﬁ?ﬁ%SQHQi@Bp@é§UEEWﬂCB aeidl ane

rogen per ox solution and thereby the copper

] in%ulrﬁ’g’?ﬁarfdibﬁud'fspéV%@J@”ﬂa&%@@ﬁiarlT;hefn,intjhteeWaf er

I's e ched wth hydrofluoric acid or a m xed

HoR@M £ on £of - hydrafh uari c1aei dhaahelr hydiogem cpev exinde
solution and thereby the insulator film2 can be

fohamyedi tBy £geovisgpihe £Eopped ankdmBhand nhelator
insulator film2 as described above, a surface of the

£igid iZonswafeehbd canthe expaseti Nedtytaon of sulfuric
gettering-site formng treatnent for applying danage

acliendaha aiydeastemnpesiatei df tdhelusillogon htaf eR ST %4nY
form ng gettering sites in the

the copper film 3 can be dissolved and removed.
Then, the wafer 1 is etched with hydrofluoric acid
or a mixed solution of hydrofiuoric acid and
hydrogen peroxide solution and thereby the
insulator film 2 can be removed. BY removing the
copper film 3 and the insulator film 2 as
described above, a surface of the silicon wafer 1
can be exposed.

Next, a gettering-site forming treatment for
applying damage load to at least one side of the
silicon wafer 1 and forming geﬁtering sites in the
wafer is performed (step B in Fig. 1) . This
gettering-site forming treatment can be performed
by subjecting the silicon wafer toc sandblasting
using such a blast apparatus 11 as shown in Fig. 2.
By this blast apparatus 11, a silicon wafer 12 1is
neld at a wafer-holder 13, blast treatment is

performed by spraying out a polishing agent 15

14



wafer is perfornmed (step Bin Fig. 1). This
gettering-site formng treatnent can be perforned by
subjecting the silicon wafer to sandblasting using
such a bl ast apparatus 11 as shown in Fig. 2 By this
bl ast apparatus 11, a silicon wafer 12 is held at a
waf er - hol der 13, blast treatnent is perforned by

frSRrayi ﬁ%&SﬁbQ@ﬂ hi pg Agent A d4.firam 3 $IBYshing-

nozzl e nnected wth a polishing- agent Supply

ag%ﬁ@k élﬁﬁgéﬁrgﬂ‘ﬁﬁkUS{@Qta A3SweN Asihyl dh (yakergrwt h

I gh pre and thereby damage |oad can be applied

16942 SpaLaGe ofikhe h§%;!hi eWafigFe 12ard thics sage,
as the polishing agenf 15, for exanple, alum na

da@Eaiens: AR nWolh 2 gp laved age i agatela 0 atfouthb- 7
pm silicon carbide grains (SiC), or the |ike can be
siusedn Byafsimngl such I bt adts appargt usslihat pbdasthing

one side of the above-described silicon wafer 1 whose
agetitf dce, h&o beeraexpbsed d unhe a hgnafiidsn (AL1,0;) with
renovi ng' step,- such as a surface of the wafer, is
an sabjeecd gd tdil smadEmsotngb Thér dby] ag ,showd JigenFi g.
1, damage load is applied to the surface of -the
casblidcongwafigrs 1 (&id b, storai Bhkeaylek k8 c@n bbe fbsadd to
be gettering sites. Mreover, in the case_of
perFvr BisAg 9§ he det 2 ePiliigs §i BOHJFATS t Héat meht LHAST

sandbl asti ng . as descri bed above, it ,i.s preferaple
onghgtidpeof the above-described silicon waler

whose surface has been expocsed in the thin-film
removing step, such as a surface of the wafer, 13
subjected to sandblasting. Thereby, as shown in
Fig. 1, damage load is applied to the surface of
the silicon wafer 1 and a strain layer 5 can be
formed tc be gettering sites.

Moreover, in the case of performing the
gettering-site forming treatment by sandblasting
as described above, it is preferable that the
sandblasting is performed with a dry blast
apparatus. If the sandblasting is performed using
a dry blast apparatus as above described, the
sandblasting can be performed without wetting the
silicen wafer. Therefore, a pclishing agent-and
polishing residue do not remain as contaminants on
the wafer after the sandblasting; Therefore, re-

contamination of the silicon wafer can be
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sandbl asting is perfornmed wth a dry blast apparatus.
If the sandblasting is perfornmed using a dry-blast
apparatus as above described, the sandblasting can be
performed wi thout wetting the silicon wafer.
Therefore, a polishing agent and polishing residue do
not remain as contam nants on the wafer after the

ceFRAAN 5" L%y ARSI Of Bnd €21 6ONIATERAL 000Ql ddea

i'con can certarnly prevente and also

Clég?l %%% ﬁenoﬂ €8pi R d r 8/LMEALN Of A AELSIHF€QR the

fter sandbl asting treatnent can be

saﬂﬂ‘,btlta?§t lE@er@PéatIﬁ@ﬁtm&@@r Hef Sheps £an benregduged.

Further-nore, in the present invention, the

thgehiaihag- gt esteya ngatr eas MeRidcaB cbe al so
perfornmed by subjecting the silicon wafer to surface-

grimgiag cushogeg Sunf acee gpiredingtagparahts &1, suche as
shown in Fig. 3. This surface-grinding apparatus 21
get$ cani appariat ¢is florm Whigcht 1me sunfsace efara skl izdonowaf er
22 can he ground and at the sane tine damage | oad can
pebé ornmedothucestubn & dvelgrmoundewafiel i sunf aceflgy rovati ng
at a high speed a grind stone 25 bonded to a grinding
surdeceapré Aingi s ihg ¢ | $uod aweeg2Zndigachel d on a
waf er-hol ding table 23 and is being rotated. In this
appag@tas tHe Fuichd 30RO PHL 1di aibAd gt ai nEhwist h

grain dianeters of about 4-6
surface-grinding apparatus 21 is an apparatus by

which a surface of a silicon wafer 22 can be
ground and at the same time damage load can be
introduced in the ground wafer surface by rotating
at a high speed a grind stone 25 bonded to a
grinding turn table 24 while the silicon wafer 22
is held on a wafer-holding table 23 and is being
rotated. In this case, as the grind stone 25,
diamond grains with grain diameters of about 4-¢6
um or fixed diamond grains with grain diameters of
about 2-6 pym with an adhesive can be used. |

As described above, in the gettering-site
forming treatment, depth of damage load to be
applied to the silicon wafer can be easily
controlled by subjecting the expdsed surface of
the silicon wafer to sandblasting using the blast
apparatus 11 or to surface-grinding using the

surface-grinding apparatus 21. Thereby, gettering
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jamor fixed dianond grains with grain dianmeters of
about 2-6 pmw th an adhesive can be used. As

descri bed above, in the gettering-site formng
treatnment, depth of damage load to be applied to the
silicon wafer can be easily controlled by subjecting
t he exposed surface of the silicon wafer to

siéggdbgmg%%%#ﬁiﬂ%ﬁgf)mfg% 8 ?Hﬁ ]émgﬁffkies
1 hg

suarface-grindingu t he" ~ surface-gri-ndi ng appar atus

1. T ’ . o -
caf LpelIFLe Ot e POCLE LTS (RoehEhl 1 hoterdat e
Offﬁhgpqdégeqjﬁurface of the wafer. After subjecting

t

e silicon wafer to gettering-site form ng treatnent

as mesgkl hag §akaven gt he, Obkainedssi hiLoarwafer is
subjected to "heat treatnent (step Cin Fig. 1). By

getHbireci g i tdersidn £AG el & thdor haat deeatiEnéd
copper 4 having diffused as inpurities inside the

ab&irki,cofh ewaflet a ¢ar desprec Pt atefle tn ithesgetitertod to
sites 5 in a short tinme. Thereby, copper existing
heafsitdecathevaf éstoan be iredBded. 1h.t hiBsy casb,jdreaing
treatnment conditions such as tenperature, tine, and
that soslphepe ivafhe hHeato threatnmEntedsmeott pactimud ar |4y
limted. However, for exanple, if the heat treatnent
havémgerai Gfeided oo | ompiur peifer fingldse hag silicon
treatnent, it is . . _
wafer can be precipitated in the gettering sites 5
in a short time. Thereby, copper existing inside
the wafer can be reduced.

In this case, heat treatment conditions such
as temperature, time, and atmosphere in the heat
treatment is not particularly limited. However,
for example, if the heat treatment temperature 1s
so low in performing the heat treatment, it 1is
thought that much time is required for
precipitating impurities inside the wafer in the
gettering sites. Moreover, on the other hand, 1if
the heat treatment temperature is so high, it 1is
thought that precipitation of impurities cannot be
also performed effectively. Therefore, when the
silicon wafer is subjected to the heat treatment,
it is preferable that the temperature is 400 °C to
700 °C.

Furthermore, in this case, i1t 1s preferable

17



thought that nuch time is required for precipitating
inpurities inside the wafer in the gettering sites.
Moreover, on the other hand, if the heat treatnent
tenperature is so high, it is thought that
precipitation of inpurities cannot be also perforned
effectively. Therefore, when the silicon wafer is

th%lﬁ‘bji%tgdctd%Ifﬁlgh%@fobre%aé MBmt .thét hieh Pr eferabhent,
at the tenperature is 400 "Cto 700 "C

enEUENET MRGe L 10t NS gasey/ridn ! srPrebeeabl g drthiat in
a cool1ng-process of the heat treatnent, the cooling

co%%ﬁ%qfrétéyf%n4omdnﬁ§n|thﬁ©réxwélm£§@tﬁﬂéﬁ4

mh or nore as described above, precipitation

ab8ikectpet diputitdiesni B £ HetterdMgisphesi carhelnore
enhanced and capture of inpurities can be pronoted.

geThenefoge,sitapurddi ebe nsode tehreh amfosrd cancbecapture
significantly reduced. Next, by subjecting the

of heatpi réatiesls schircone Wﬁ@m@t@dﬂchT%@ﬁ&@@Fﬁem:(step

. Din Fig. 1), the strain |layer 5 having, been forme

1mpunrmlsﬁfzm61dﬁ the siafesdn rbePel §39Renpved
copper avi ng been captured in the gettering sites is

redisspiived and renoved with silicon. ?n this gcase,
etchant used in the eLchin% treatment |

, S not o
par¥ &l arPy BURi1edEs ¥o &%whﬁéqﬁfEﬁéhﬁ% gf-L>con
wafer to etching treatment (step D in Fig. 1), the

strain layer 5 having been formed in the surface
of the silicon wafer 1 is removed and copper
having been captured in the gettering sites

is dissolved and removed with silicon. In this
case, etchant used in the etching treatment is not
particularly limited as long as being capable of
etching a silicon wafer. For example, an alkaline
etching sclution such as KOH or NaOH, an acidic
etching solution such as a mixed soluticon of HF
and HNO, and so on can be used. In addition, in
the present invention, the etching treatment is
not indispensable to be performed. However, if
the etching treatment is carried out before
performing the mirror-polishing, a risk of reverse
contamination and re-contamination in the
subsequent latter steps of reclaiming (for example,

a polishing step) can be certainly reduced.
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etching a silicon wafer. For exanple, an alkaline
etching sol ution such as KOH or NaCH, an acidic
et chi ng sol ution such as a mi xed solution of HF and
HNO, and so on can be used. In addition, in the
present invention, the etching treatment is not
|?d|§pensable to be perforned. However, if the
e i ng tr.eat [ rri t or, rf ]
e e v G
. rescon €.+S e atdiefes S
Fl?é%iﬁg&?ﬂb@%%%fggtgﬁ%?eataqgéﬁgghP%%bs%gg§ecgﬁpﬁinb
51 FeRLA] nly egduced o i $rHenp ol A dMend,r rehepetad 86irng:an
s?epﬁ%step Egln “Fig.l), by subjectinglat Iegst one ¥
be Sfde%ioéh&'ae £ &1 hi Gone ¥af ere d18a e d r ploipos heki nga fehe
wafer can be finished to a clean reclainmed polished
haVahef aRaving-aneaxt reaml yihowrinpyr cion centertt abnormnd
and” very little nmetal contami nation. In this case,.
vethe 1M ¢ £ 0k pebt shi ngomeyrbenearirded ol tihas daast -
one side of the wafer. For exanple, in the case of
th@otniper beHp ayi thel mpowedeser idredr éechiagt th@adivent,
impurities captured in the gettering sites_can be
1 esenovedebys poti sifi nghel waddicti oo hpgample, in the

mrror-polishing step can be performed acqordin% tq A
caggfﬁ%ihgmrQEDéQrmgé@eﬁ#Ey@hﬁ%?‘ﬁﬁs%%éﬁﬂ%, &ﬁh& g
treatmegt, impurities captured in the gettering
sites can be removed by polishing.

In addition, this mirror-polishing step can be
performed according tb a method having been
generally used. For example, after holding a
silicon wafer with a surface to be processed down,
the wafer is pressed against a turn table on which
a polishing pad is attached, and the wafer is slid
onn the turn table by rotating the wafer and the
turn table along with supplying a polishing agent
on the polishing pad, thereby one side of the
wafer can be subjected to the mirror-polishing.

Here, in order to investigate a removal effect
of impurities having diffused inside the wafer
when the gettering-site forming treatment tTO the
etching treatment according to the present

invention as described above (the step B to the

step D in Fig. 1) are carried out, such
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silicon wafer with a surface to be processed down,
the wafer is pressed against a turn table on which a
polishing pad is attached, and the wafer is slid on
the turn table by rotating the wafer and the turn
table along with supplying a polishing agent on the
pol i shing pad, thereby one side of the wafer can be

ex§&91i%éﬁé 5o d hgr@§§1‘?{é?@|é§hifr&>gt18§r%¢'wé£‘eoﬁ;¢§ffb%med .

nvéstigate a renova fect of inpurities having

In d%flfeys@g?ieriﬁﬂrﬁjgntt@% vaf et ﬂ\@ﬁﬁrtchet getd eskNg-Sdhewarfer
formng treatnent to the etching treatnent according

thd® LWNes Ppas s cliRvenbherm@sn e | hed rabeye(dhe st ep
Bto theﬁ stepS% ﬁﬁ Fig. 1) %re carried out?géucﬁ 19

coﬁs@@r | dBALE ASrRtasent ed ashéokd:omsrwerrea perior ned.
n the experinents, with regard to a silicon wafer

subhatctves pu posel ycooeanimat ed tvé t focoppey, tar eoppemt,
concentration of the wafer that was subjected to the

thgehtert ngrsdembaray ngntdr eat eertt,chihe heat attmeat ety
and the etching treatnent in order, and a copper

ordemgerd ndt imoncopptehe waferenhr athi eh iofput hei 652 here 10
di ssol ved and renmoved only by etching conventionally

whivehe Imepsoricdi eandvehe didgheentied i ansl wepBOCTIHaPad.Y
(Experinment 1) First, four silicon wafer s with a

by 300-0f ndi et 6. Diek @l prldpar 88 Ande agft B di-mérd nghe

concentrations were compared.

(Experiment 1)

First, four siliccn wafers with a 300-mm
diameter were prepared. And, after immersing
these silicon wafers in a mixed solution of
sulfuric acid and hydrogen peroxide having a 1000-
ppm copper concentration, the wafers were heated
at 700 °C for 1 hour. Thereby, silicon wafers
that were purposely contaminated with copper
inside the wafers were prepared.

First, a wafer among the silicon wafers
purposely contaminated with copper was subjected
to sandblasting using the blast apparatus 11 zas
shown in Fig. 2 and thereby gettering sites were
fofmed in the wafer surface. At this time,
alumina grains with an average grain diameter of

about 5 um were used as a polishing agent. Next,
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these silicon wafers in a m xed sol ution of
s-Lilfuric acid and hydrogen peroxi de having a 1000-
ppm copper concentration, the wafers were heated at
700 'C for 1 hour. Thereby, silicon wafers that were
pur posely contam nated with copper inside the wafers
were prepared. First, a wafer anong the silicon wafers
+h QUEROSEL Y nCaRd ARkNal g Widihe GORRET t MAS siib} ectiatly-kd te
sandbl asting using the blast apparatus 11 as shown in
foFhgn@ arddireahy gkt enimgesidas wer ere §or mack i dmdrer
waf er” surface. At this tinme, alumna grains with an
by aMeLA9En qIfdh & (Haanet e&goftoa*@caﬂ & ~h e el dsedy asta
pol i shing agent. Next, 20 the silicon wafer subjected
fotoit heoget tetdnghsit ecofodrimgg ittr edomenta vas subpectrey
to heat treatnment by heating the wafer up to 650 C
raaad dwl di ng/itinf or Thour taved ¢ herf sooel bifg itedown at
a cooling rate of 4 Cmn. Then, the surface of the
51 $iilkdicoonwadfer was etthéddndndernpyed L 10Yprh i bR valth
48 % NaCOH al kal i ne etching solution and dried,  The
a 48rffacdaldyerlbh e okttt hed dsi g P edk Wl epDGadr1ed.
di ssol ved by about 0.1 pmw th a m xed . solution of
Thayéior a6 clavied apd me i ebdd tnedaki by Cadal V’z‘%ﬁgf

and neasuring this dissolve solution wth an atomc
Wa Bh§Gr P _Péﬁ’%%e@tyr GHRPEE, &- cé’ﬁ%e‘?’l@gjncaen{"lllé{tq dn of
so&ﬁ%f%£|%¥]ﬁﬁg%bg?aoric acid ang nitric acid.

And by analyzing and measuring this dissolved
solution with an atomic absorption spectrometer, a
copper concentration of the silicon wéfer was
measured. As a result, i1t was found that the
copper concentration of the wafer was 6.73 x 10°

atoms/cm?®.

(Experiment 2)

Next, another silicon wafer purposely
contaminated with copper as described above was
subjected to surface-grinding using the surface-
grinding apparatus 21_as shown in Fig. 3 and
‘thereby gettering sites were formed in the wafer
surface. At this time, as a grind stone, diamond
grains in which those with grain diameters of
about 2-6 pm having been fixed with resin were

used. Then, after subjecting the silicon wafer to
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measured. As a result, it was found that the copper
concentration of the wafer was 6.73 x 10" atons/cmi.
(Experinment 2) Next, another silicon wafer. purposely
contami nated with copper as described above was

subj ected to surface-grinding using the surface-
grinding apparatus 21 as shown in Fig. 3 and .thereby

he 98t tefd DY 3l f €5 MRl ec kot i » Aderwafer gur kacer oflned
this tinme, as a grind stone; dianond grains in which

int hese MhER Or @bk di apetersx gt r :ahoHt 2-6 pRchavépger
been fixed with resin were used. Then, after

cofidlirget hrg dheosi Itgen omf £1nkel 2di haatod r eatfrent wand
etching treatnment as perforned in the above-described

meExperédent: dh the copper meoheentsat ook .thads a
obt ai ned silicon wafer was neasured with the sane
repetihod 8¢ aboyefoAsnd dtesul thd tcoppdoundntdahtirlkesion
copper concentration of the wafer was 1.22 x 1070
of attres/wafexf Experireft 3) FOI° theovanpani son, anot her
silicon wafer purposely contam nated with copper as
descri bed above was only etched by 10 pmw th 48%
NaCH, and the copper concentration of the obtained
(Egblexonewaf 2 was measured by the same method to

above. As a result, it was found that_ the copper
For the comparison, another silicon wafer

purposely contaminated with copper as described
above was only etched by 10 pym with 48% NaOH, and
the copper concentration of the obtained silicon
wafer was measured by the same method to above.
As a result, it was found that the copper
concentration of the wafer was 2.01 x 10%
atoms/cm?. Furthermore, the other silicon wafer
purposely contaminated with copper as prepared
above was subjected to heat treatment at 650 °C
for 1 hour, etched by 10 um with 48% NaCH, and the
copper concentration of the obtained silicon wafer
was measured by the same method as above. As a
result, it was found that the copper concentration
of the wafer was 1.25 x 10%? atoms/cm®.

From the results of the Experiments 1-3, 1t
can be confirmed that impurities inside a siliccn
wafer can be drastically reduced by subjecting the

wafer to the gettering-site forming treatment and
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concentration of the wafer was 2.01 x 1012 atons/cnR.
Furthernore, the other silicon wafer purposely
contanmi nated with copper as prepared above was
subjected to heat treatnent at 650 C for 1 hour,
etched by 10 pmw th 48% NaOH, and the copper
concentration of the obtained silicon wafer.- was

~h degsuredy by fhe.game nmethod as above. As a result, it
was found that the copper concentration of the wafer

wag d. 35 o6 A% 2 et opBhen?. L Er am tbe lresnl hy afethed of
Experinents 1-3, it can be confirnmed that inpurities
thénsirdes ansi i geBntwaber o bexdimast iecald ystidduced by
- subjecting the wafer to the gettering-site formng
wa Feeatteat ands 22 st heats t eeat fent . pAo dlescmided
' above, by a reclaimng nethod of the present .
semivenidant dor dexdnpee, sadi biocotor warf ern t Watl Glasauddein
in steps for producing sem conductor devices and so
filortsuch whe ch aatih thiilmm §ddhn asag meeah teraned m*
has been fornmed or netal inpurities such as cop

[ per
mehave drphusiedieisnsiweht fe waPePres Pédiai fed T ReFeby
~the thin filmhaving been fornmed on the wafer surf.ace
inganie beheasid § ererfoved S&e? LRE dvet P SLHRAYI tﬁﬁé% ﬁéﬁfhg
~diffused inside the wafer can bhe ce%éfinlg reduced.
f1TRere? B89 REEEME] 9T BISCANC R [5Dn™ sSHAGE hGE ety

be'gﬁéf1§e¥%m8%g ”éﬂ%“éﬁbc%%§§153%%¥rities having i
diffused inside the wafer can be certainly reduced.
Therefore, extremely clean silicon wafers having
very little metal contamination can be stably
obtained.

In particular, the present invention is
effective in the case of reclaiming a silicon
wafer contaminated with impurities having a fast
rate of diffusion in silicon. Among them, the
present invention is extremely effective for
réclaiming a silicon wafer in which copper acheres
to the wafer and copper contaminaticn ingside the
wafer 1s also detected.

And a silicon wafer reclaimed by the
reclaiming method of the present invention as
described above can be an extremely clean silicon

wafer, for example, having a copper concentration

of 1.5 % 10'° atoms/cm’ or less, particularly 1.0 x
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obtained. In particular, th.e present invention is
effective in the case of reclaimng a silicon wafer
contanminated with inpurities having a fast rate of
diffusion in silicon. Anong them the present
invention is extrenely effective for reclaimng a
silicon wafer in which copper adheres to the wafer

1 0¥Ndy €ORROTCIRON AN & On RS wlenthenyafier, i shalks® have
detected. And a silicon wafer reclainmed by the

beé¢aclyai 5 agaret hge of thhe preseatinayenti ohsasd silicon
descri bed above can be an extrenely clean silicon

wa fafrer ,whocrexanpl ;e hadiing:@ copperaconcearrati on of
1.5 x 1010 atons/cn® or less, particularly 1.0 x 23

codfamatoatEedcmioh lesspe rConyentiomallley,chher eithase
been di sadvantages that recl ai ned polished silicon

comater swirilcty as € epec| i owe faom &hwaf ee cdontaridnat ed
W th copper are usable only in a copper wring step.

ro Howdneed | Welee ¥ etledl nedmesbl b shéd svap 6 Setailfege by Lon
the present invention has no risk of

hagr pss-ebhtaR hatiterd $ f COIEE AR Al PBust 5t BFE S utR as
steps for producing sen1conductor devi ces and so

Va?épﬁlhs 2h&Pat sdU Checdies RFI itCUn %P&u6%n€ery hi gh

W t hoyt causin obl e such as Io |ng
Se%@|<>dl<¥u€ﬁ&%b§ea’ﬂa&%?c USPadutt o caRbé Lo
RFmEg silicon wafer of very high quality

without causing problems such as lowering yield,
thereby drastic cost reduction can be expected.
In addition, in the method for reclaiming a
silicon wafer according to the present invention,
the thin-film removing step for removing a thin-
film such as a metal thin film having been formed
on the silicon wafer surface (a step A in Fig. 1)
can be performed by removing such a thin film by
sandblasting using such a blast apparatus 11 as
shown in Fig. 2 or by surface-grinding using the
surface-grinding apparatus 21 as shown in Fig. 3.
If the thin-film removing step is performed with
sandblasting or surface-grinding, the gettering-
site forming treatment can be also performed at
the same time in the thin-film removing step.
Therefore, gettering sites can be formed in a

silicon wafer very efficiently.
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In addition, in the nethod for reclaimng a silicon
waf er according to the present invention, the
thin-filmrenoving step for renoving a thin- filmsuch
as a netal thin film having been formed on the
silicon wafer surface (a step Ain Fig. 1) can be
perfornmed by renoving such a thin filmhy
sandbl patdtngc usiang, such whbl asti mpparai usehbvdn gshowp
in Fig. 2 or by surface-grinding using the
1 s spefrdber geichdi g happan dibisa 2t 1as; shawmdna Fi ¢¢h 8n  £fHflm
the thin-.filmrenoving step is perforned with
cagahdblasnionte @r byurd acg-lgr i nderg,méehé gettkoung- site
form ng treatnment can be also performed at the sane
chapgerniad Phd 1 anld | ayesrovi ng nstepe ndrTet éfyorat
gettering sites can be formed in a silicon wafer very
maefrild enfify. thpa [ ipar fildut a2 vilfng he e nfpirimed on
renmoving step is performed with sandbl asting, a netal
thena¥eTm af petr ddved aBie st aglce t §e&thfht NG thbbes

o2 §BI9L00 Bol s ng agents. | ndependentiy of mierial
n o Mo BTG MR SEL S ! L BR el e Lot
o SRR IS °Ble LZSALO, BV PLELLX QL e con v
Coﬁgggﬁﬁggblgugﬁggquﬁgd.the nmet hod for reclaimng a
Furthermore, the method for reclaiming a
silicon wafer according to the present invention
1s applicable to when a silicon wafer without a
thin film con its surface is reclaimed. For
example, by reclaiming a silicon wafer
contaminated with metal impurities such as copper
inside the wafer without a thin film on the wafer
surface, dimpurities having diffused inside the
waier can be certainly reduced and thereby an

extremely clean silicon wafer having very little

metal contamination can be obtained.

Hereinafter, the present invention is
explained in detail with reference to Example.
However, the present invention 1s not limited

thereto.
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silicon wafer according to the present invention 1is
applicable to when a silicon wafer without a thin
filmon its surface is reclaimed. For exanple, by
reclaimng a silicon wafer contam nated with netal
inmpurities such as copper inside the wafer without a
thin filmon the wafer surface, inpurities having
(Edbffused i nside the ~gafer can be certainly reduced
and thereby an extrenely clean silicon wafer having
versy &ifltileonmetad e contian nat i3dh0 cam ki abedieredwh ich
Herei nafter, the present invention is explained in
hadebadn witshe d ef er ercepto ExanpleduEoweyede viihee s and
present inventlon is not limted thereto. 25
on (Bkdnphep oOBPEircohl Mafuerl ont fpar 806 1t dil@neter TaN
whi ch had been used in steps for producing devices and
ang@nawhi ehP& coppert di & fudieomn bakal @ Liigdn 6P STaNe CaAd e d -
copper filmhad beén deposited was reclainmed. First,

by Eg?érﬁ@nmlm Pree FREAY ¥ ntRéhovi Ag — S ép WiROVIng

sandb] asting using the blast app%%atgﬁ_ 11 as shown in
ST EPg.WHt Ro Sdhel é e BIppbt 111 fTUSi O Tarr PEP T PMUS
lland tqg copper %Lln1h?vin been deg sited on the

WAFers LGFFacE” afid Bt | Cheé O SERE G o gt SPPR T tes

. were fornmed by.applyi da | oad_to the.wafe :
dlfﬁﬁ%h%pwaa %%gﬁniég% 0294 4 Copper €l BaVlng
been deposited on the wafer surface and at the
same time gettering sites were formed by applying
damage load to the wafer surface. At this time,
alumina grains with an average diameter of about 7
um were used as the polishing agent. Next, the
silicon wafer was subjected to heat treatment by
heating the wafer up to 650 °C at a temperature
rising rate of about 7 °C/min in an atmospheric
air and holding it for 1 hour and then cooling 1t
down at a cooling rate of 4 °C/min. Then, the
surface of the silicon wafer was etched and
removed by 10 pm with a 48 % NaOH alkaline etching
solution.

After the etching treatment, the dried surface

layer of the silicon wafer was dissolved by about
0.1 pm with a mixed solution of hydrofluoric acid

and nitric acid. And by analyzing and measuring

this dissolved solution with an atomic absorption
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alumna grains with an average di aneter of about. 7
um were used as the polishing agent. Next, the
silicon wafer was subjected to heat treatnent by
heating the wafer up to 650 C at a tenperature rising
rate of about 7 Cmn in an atnospheric air and
holding it for 1 hour and then -cooling it down at a
spéeelidigetate of 4Jdpbp. cheBernttheatsunf ase ef,d he
silicon wafer was etched and renoved by 10 umwth a
s 1 #8cWrNahlral Kakbhge red £BiRGd sol Alsl on. rAfshertjhe+ was
etching treatnent, the dried surface |ayer of the
foshli aanz wafiere was o €80kvat by takout on0.df phw thader
m xed sol ution of hydrofluoric acid and nitric acid.
afad byhanaltyzt nggandreeaswnngwadi 8 .disssol 1&d
solution with an atom c absorption 26 spectroneter, a
atcoppgermtamenhpati onnoffitdied .sili con wafer was
measured. As a result, it was found that the copper
coibenepatdon ohe heowdf ey idaft ep Tt hid @t hiligcon wafer
treatnment was 8.55 x 10' atonms/cm as shown in Fig.
sulz] emire@ver, the Bothasides of Athiengi B ohewaierbed
subjected to the al kaline etching as descri bed above
abqiEee Wﬁ??omwp§ﬁ®0hh§ht%na@ﬁg Wafér s “dkakewas
to repove a{golishing agent. and so on, adhering to the

ClGRP&C FTRerd FBEVE rleshiPt “ctRL1A¥ast?VPAG £RBpFst OF

adﬁgggﬂgrg%lqhgfwgﬁe%@fe&ﬁgép as a result of

measuring a copper concentration of the wafer with
the same method as above, it was confirmed that
the copper concentraticn after the mirror-
polishing step was 5.47 x 10° atoms/cm® as shown
in Fig.4, and the wafer was an extremely clean

reclaimed polished wafer.

In addition, the present invention is not
limited to the embodiments described above. The
above—described embodiments are merely examples,
and those having the substantially same
constitution as that described in the appended
claims and providing the similar werking effects
are included in the scope of the present invention.

For example, in the abcve-described
embodiments, the case of reclaiming z silicon

wafer in which a copper film is formed on the
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t he same nethod as above, it was confirnmed that the
copper concentration after the mrror- polishing step
was 5.47 x 109 atonms/cm as shown in Fig.4, and the
waf er was an extrenely clean reclained polished
wafer. In addition, the present invention is not
limted to the enbodi nents descri bed above. The
wa boves deseard ded neirbodp pent shase dief €luys ek anplseisde amke
t hose having the substantially sane constitution as
wafhat wescridedliyn axtiel appended s cdmi exaamdlpr.ovikbwgver,
the simlar working effects are included in the scope
thef pmes pRésent vEmien®thod.s Foetexanpieed nthkeeto and
above-described enbodinents, the case of reclaimng a
Cagj PiconPPwdfed Lo vihi €BSE coppared ] &awiisn g ormedi b ctoine
27 wafer surface and copper has diffused inside the
Wa p&Feroha¥ il § text aPredP a8 &af exbhpiTe. VRGWSes, metal
.Lhe present invention is not limted thereto and_can
TipESapitTed t0*&°c BE et Bl Rihg? asdiliesR Wakfer on
ich at |least.one of other various_netal filns, or a
-COI\évggguoang ar gaatsgleiacso?l R&leerOfc&ﬁafhﬁné&aeﬂthsh

l_ea one of .other various substances inside the
Su%F@%ééﬁ él_rﬁ?&/gel!jt C mEfHod" for recl ai ni ng a silicon
wafer in
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which.a thin filmhas been fornmed on its surface, at
| east, conprising a thin-filmrenoving step for
renmoving the thin filmhaving been forned on the
silicon wafer and a mrror-polishing step for
mrror-polishing at | east one side of the thin-
filmrenoved silicon wafer, wherein, before
performng the mrror-paishiMsy step, gettering- site
formng treatnent for applying damage |load to at
| east one side of the silicon wafer is perforned and
then the silicon wafer is subjected to heat
1. treat merthothereby riemplua i tniiesy | asisdel t hen sidfean in
waf er are reduced. 2. The nethod for reclaimng a
wh$Ehi contidfrer £ 1agcdralsng c¢on Gfaimmad wherets therface,
gettering-site formng treatnment is perfornmed by
at shRe st CRFURF 1 ssiurd age-tgr i hdifiigl M3 reMhev imchosiC €or for
reclaimng a silicon wafer according to Claiml or 2,
rORAEAI FAS HeNER rEibT MaeNBE REShiep OTREd on Lhe
. mtenrg &teformng treatnent, is . also perforned at
Sitheodangdfigte. 28S Fhelhdttol™ P&ljf%]all&%% ex siPfcon
waf er 29.ac rdlnggio G aim 3, mher int ghln film

MY ERGVIG St t bFRed- b9n§an%ljo &stihgtor i Pace
fl?fﬂé%?%%ﬁﬁye%ﬁ {8 T 1 BARF ot HE B lee%@.re
performing the mirror-polishing step, gettering-
site forming treatment for applying damage load to
at least one side of the silicon wafer is
performed and then the silicon wafer is subjected

to heat treatment, thereby impurities inside the

silicon wafer are reduced.

2. The method for reclaiming a silicon wafer
according to Claim 1, wherein the gettering-site
forming treatment is perforimed by sandblasting or

surface-grinding.

3. The method for reclaiming a silicon wafer

according to Claim 1 or 2, wherein in the thin-
film removing step, the gettering-site forming

treatment is also performed at the same time.

4. The method for reclaiming a silicon wafer
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5. The nmethod for reclaimng a silicon wafer
according to any one of Clains 2 to 4, wherein the
sandbl asting is performed by using a dry bl ast
apparatus. 6. The nethod for reclaimng a silicon
wafer according to any one of Clains 1 to 5, wherein
the heat treatnent is perforned at a tenperature of
ac4@Ctog700o CC1Aaimhe , metthed efior tkel ailni ng fai sml i con
wafer according to any one of Clains 1 to 6, wherein
removiangositieny preogessiofrmbd Meat sktnedt hesttindeor
cooling rate is 4 Cmn or nore. 8. The nethod for
supdd @ mong: md $hld coanwafler e radoor theg sotdwyr ong-cfite
Caims 1 to 7, wherein after performng the heat
forpddt greiiteah@esill i £6n a Wabep ant aubjcatt et tid1 et shimgy
.treatnment before performng the mrror-polishing
CilBEep. 30 9. The nethod for reclaimng a silicon wafer
according to any one of Clains 1 to 8, wherein the
silicon wafer on which a netal filmhas been forned

is cl ai %ﬁV%O The nmethod for reclaimng a silicon
S - waf &€ &E%g g P d aFmed, " whér & nStl!lréLCs i &G Saf er
B e A S N P SR
saﬂgﬂfgggf%geist%%r%%fﬁ%&abvﬁhsing a dry blast

apparatus.

6. The method for reclaiming a silicon wafer
according to any one of Claims 1 to 5, wherein the
heat treatment is performed at a temperature of

400°C to 700 °C.

7. The method for reclaiming a silicon wafer
according to any one of Claims 1 to 6, wherein in
a cooling process of the heat treatment, the

cooling rate is 4 °C/min or more.

8. The method for reclaiming a silicon wafer
according to any one of Claims 1 to 7, wherein
éfter performing the heat treatment, the silicon
wafer is subjected to etching treatment before

performing the mirror-polishing step.
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by the nethod for reclaimng a silicon wafer

according to any one of Clains 1 to 10. 12. A nethod

for reclaimng a silicon wafer, at |east, conprising

a mrror-polishing step for mrror-polishing at | east

one side of the silicon wafer, wherein, before

performng the mrror- polishing step, gettering-site
9. f orfheg teeatnenf orf are appliyiiggdamegellicatht @adter

| east one side of the silicon wafer is perforned and
acthemlihe tsh|aogn avader fi SChaljrect Bdttoo heatvherein the

treatnment, thereby inpurities inside the silicon
sihatemn ave faedacedvhB8th a metal film has been

formed 1s reclaimed.

10. The method for reclaiming a silicon wafer
according to Claim 9, wherein the silicon wafer
that has been contaminated with metal Impurities

inside the wafer is reclaimed.

11. A reclaimed polished wafer that 1is reclaimed
by the method for reclaiming a silicon wafer

according to any one of Claims 1 to 10.

12. A method for reclaiming a silicon wafer, at
least, comprising a mirror-polishing sitep for
mirrcr-polishing at least one side of the silicon
wafer, wherein, before performing the mirrqr—
polishing step, gettering-site forming treatment
for applying damage load to at least one side of
the silicon wafer is performed and then the
silicon wafer is subjected to heat treatment,
thereby impurities inside the silicon wafer are

reduced.
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