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MANUFACTURI NG PROCESS FOR ANNEALED WAFER 5 Techni cal Field: The ewg[]%
i'nventi on reI ufacturing process for an anneal ed waFer Capabl e
of suppressin N’Em m@m@ ﬂ]ﬁ]E resistivity die to an C', increase in a boron
concentration ity of a wafer surface after annealing in an Ar
at nosphere. . 10 ﬁé@?@ground Art: It has been known that there exist defects
naned so-called grown-in defects such as COP (Crystal Originated Particle))
oxi de preC| oonina_CZsilicon wafer. A proposal has been
made on a h Mm’mh’g@mﬂ 15 per f orlMEGCGRIPTIRNIr ogen at nosphere (hereinafter
may be referr ydrogen annealing' ') as a nethod for annihilating
grown-in detects%$*the vicinity of a wafer surface. This heat treatnent is
required to use hydrogen at a tenperature of 1000C or higher, so it is
necessary to takeMANUMCETURING PROCESSEOR ANNEALED WARER. Therefore,
the furnace is 20 required to be nodified with a sealed structure for

i ncreasing airtightness and an expl osi on- proof apparatus as a neasure

agai nst an explosion. Meanwhile, it has been recently found that even a
heat trpat meghnieal Figd: out in an argon atnosphere (hereinafter may be
referred to as "Ar annealing”) can annihilate the grown-in defects in the

| evel equal to 2 MNEARL n FH’{% i d
t hen sa19 er corrpa;ryggé(cl{-gé!lgt 3 JUNk(sZIgggla\%\nE? ﬁeh§ %fglgﬁé"%“ gi‘ﬁﬂe‘éﬁeﬁg\ré’ﬂ'

anneal i ng ﬁ%aﬁmtdhg)té?ﬁﬁggaﬁﬁ ﬁgpﬁf’ess i o ‘éhéug & in Mgt ﬁ%’ e thlafas

al so been nnea I'Spla S ACt eri st aviot to a
silicon wate An .exa uch char terlst ehavi a phgnonmenon
that tiny BIEERss éneaa?wf%%lﬁ%latraﬁwa B Fhp oBibf o & HABE A EeReCARRE n
anneal i ng. Thi s,.i s.caus ﬁgé' hg follomnng mechani sm An OXIde filmis
forned by 98P§2 gﬁﬁl?‘%ﬁ%ﬂ 0BPT¥ygen and water as inpurities included in
a raw Jjmterial gas, or oxygen and water in the outside air involved through
t he f ace opening of the reaction tube in a heat treatnent process, and

then 10 the oxide fjlmis allowed to react with silicon (Si) according to
the foll omﬁﬁgﬁ%%’t‘i 62}

It has been known that there exist defects named so-called grown-in
defects such as COP (Crystal Originated Particle), oxide precipitates and so
on in a CZ silicon wafer. A proposal has been made on a heat treatment

15 performed in a hydrogen atmosphere (hereinafter may be referred to as
“hydrogen annealing”) as a method for annihilating grown-in detects in the
(‘ X vicinity of a wafer surface. This heat treatment is required to use hydrogen
at a temperature of 1000°C or higher, so it is necessary to take a
countermeasure from the viewpoint of safety. Therefore, the furnace is
20 required to be modified with a sealed structure for increasing airtightness

and an explosion-proof apparatus as a measure against an explosion.

Meanwhile, it has been recently found that even a heat treatment
carried out in an argon atmosphere (hereinafter may be referred to as “Ar
annealing”) can annihilate the grown-in defects in the level equal to

25 hydrogen annealing. Ar annealing is not explosive and then safer compared



SiCa + SI -~ 2510 As a result of the reaction, Si is etched and the etched
portion is observed as pits. The pits serve as a cause for degrading a
1ocal surface roughness 15 (m cro-roughness) and a | ong-peri 0d0$”jlﬂ?@[lﬂ3
roughness (haze) on a wafer surface. Théds, an Ar gas is sensitive to a
trace of inpurities and small changes in the environnent such as
fluctuations in tenperature, so the Ar gas has a denerit of difficulty in
handl i ng. However, according to a technique disclosed in JP A 98-144697,
the 20 following is taught: Wien_ a silicon _wafer containing boron as a
dopant is %) dvdsegens Hltheweh thandr anngalinghas ancatdvantageto meedhyar ogen
anneal i ng, boron in the wafer outdiffuses to reduce a boron concentration
in the vi cmaasyrefinaavedfety saspeet;eit hias |adsd deenhkngwnatingtalthaginhealing
occurs none of such a phenonenon as observed in the hydrogen annealing and
a boron 25displagntardiaractedizt beliavier teassilicon avafor.f doe ekapgsle off suched er .

0O 3 JUN 2003 -3 That is, the Ar annealing has not only an advantage in a

saf ety aspeharadbeiistié behaviot heh pHondIMAIN tMalt RikyPpIRE Glre e@sAyWofBed ona
characteristic in that after annealing, no change occurs in resistivity in

the vi g ni afef serfied SubjebfdddettHe&F 8hakLlingn | Mportance of the Ar

annealing has grown. 5 I'n the nean tinme, in a process associated with

manuf act ure of aWﬁ%@aﬁgﬁ%&%gi ﬁlll%i@% 1 Rl dm Okr?gxidéeﬁfmqgi'orme? hat

represented by Ar or 1n a n at no e, It has been custonmary
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wat er) cl e XoAGH M-Then, a cl eani ng process has been general |y perforned

adopting SC.1 or SC-2 in the final stage in a cleaning process to finish a
waf er so aglélzﬁ 8 88i0°

As a result of the reaction, Si is etched and the etched portion is observed as

pits. The pits serve as a cause for degrading a local surface roughness

15 (micro-roughness) and a long-period surface roughness (haze) on a wafer

surface. Thus, an Ar gas is sensitive to a trace of impurities and small

. changes in the environment such as fluctuations in temperature, so the Ar
gas has a demerit of difficulty in handling.

However, according to a technique disclosed in JP A 98-144697, the

20 following is taught: When a silicon wafer containing boron as a dopant is

subjected to hydrogen annealing or Ar annealing, for the hydrogen annealing,

boron in the wafer outdiffuses to reduce a boron concentration in the vicinity

of a wafer surface, while for the Ar annealing, there occurs none of such a

phenomenon as observed in the hydrogen annealing and a boron

25  concentration does not decrease in a surface layer of a wafer.



20 have a hydrophilic surface on which a natural oxide filmi éor med by
the cleaning solution. This process is simlar to wet cleani nZ’ f JUNT 2003
‘before the wafers are | oaded into a heaf, treatnment furnace after a natural
oxide filmis formed on a surface of eath wafer to finish it hydrophilic,
the wafers are | oaded into a heat treatnent furnace. 25 However, in the
course of repeated experinents performed by the -4 0 3 SUN 2003 inventors
about Ar annealing, it was found that a phenonenon occurred that is
entxiely contrary_to redyction in a boron concentratipn in the vicipity of
a wafer surface tHaat Fﬁaﬁlﬁ’e@ﬁ gy hag mRiieRlyeAnAdiantagy 1nTAsafety * when
Ar anneal ing was performed, there was observed a trend that a boron 5
concent r at hepectnbvkalsesanathen advaotage: it respret to asuafexchaaaeterigtinin nor e,
an increnent is subtly different according to an annealing batch. Such a
phenonenonthat aftei amhéaling rreckanye ecaeslin vedibBvitgdinithe evicinnysef 4 enedbr
because ( :, it varies resistivity in the vicinity of a wafer surface,

whi ch exer sarface;atlepsfore,idif impmeancd ofithd Ae asinealitigidsSitosn. 10 The

i nventors have made an investigation of a contam nation source increasing a
boron gpncent r at i Nt1ed nfe it tind6, Ein’ & Probedt§ agsooRited vafthemafufaitngalofngn and

t he outcone thereof showed that no contam nation source exists in a heat

treat ment Hypesled whe®! in Qﬂtat&cﬁjﬁﬁéfé bB aRGnaRt g&& 26 eﬁf@cpb? Apbennsar face

i medi ately before annealing. That is, it has been known that 16 a wafer

after cl ean&{ig)ggia%? r%,girtal{hs%@rf a3y tARFASRNGOF fndskdd Wafér 6 €an

room before” [ oadi ng t wa Into a heat treatnent furnace and boron
goron i -t hE AliRad ig piB e chilahited e o bF UMb B ke Fifer "
cur oo o Prifk &b Res 0 Teiaie, Wedic Sbscitith 3L do lal AGEnRAV R MR R | g,
cont ant et FBASIAE 208 ik WRIECHS ARt TR QRETRY 1odline 38 ERTRARE heff 7'
i s descri bg 95-58303 that boron contam nation caused by air in a

din JP
cl ean roomfeftﬁ’ﬁnécf@gbaczft the bonding 25 interface of a bonding substrate.

Furthernore, a prg@hlemis point.ed,out i
P %ere a mirror 1n1sheLé si}

Roi Fwaferis cleaned, cleaning liquids
(chemical liquids) of various compositions are used and a general cleaning
method is of a proper combination of SC-1 (a liquid mixture of ammonia,

15 hydrogen peroxide and water) cleaning, DHF (dilute hydrofluoric acid
aqueous solution) cleaning and SC-2 (a liquid mixture of hydrogen chloride,

( hydrogen peroxide and water) cleaning.

Then, a cleaning process has been generally performed adopting

SC-1 or SC-2 in the final stage in a cleaning process to finish a wafer so as to

20 have a hydrophilic surface on which a natural oxide film is formed by the
cleaning solution. This process is similar to wet cleaning of wafers before the
wafers are loaded into a heat treatment furnace; after a natural oxide film is
formed on a surface of each wafer to finish it hydrophilic, the wafers are

loaded into a heat treatment furnace.

25 However, in the course of repeated experiments performed by the



D 3 J UN 2003 Application No. 99-277255, applied for a patent by the
applicant separately, that when a polysilicon filmis deposited on a wafer
‘surface) boron contam nation is detect _eg at the interface. Hoﬂe&eju tj(yg
above two boron contam nation cases wer€ problens 5 which were cr earge <3at
.an interface. That is, in these cases, the problens were caused by the fact
t hat boron once attached onto a wafer surface is sandw ched between the
waf er and anot her wafer or polysilicon and cut-off ( fromescape with the
result that the boron djffuses . into the wafer bul k during a heat treatnent.
In cont r asiDYeRPFs aboytAr agpeghing, it frasfannd g AcRheMmaton AggHTed dhat

i nvestigated, although a wafer surface during a heat treatpent is in a
perfectly 1§ ewntrielsicentiasyde redmctioniata borasceanceniration in dbe vieinityeelca i bed
above, in case of hydrogen annealing where a wafer surface during a heat
treat ment wafer kexfasethati hae beenobservedrinthainogensmndadinghoThat is) wehewf er
outdi ffuses and thereby a boron concentration decreases to the contrary. 15
Ther ef or e, Art annealbs olvas eperforneadechedel ragshebssmwednat trehdatihat @n boron
concentration on a wafer surface increases in Ar annealing. ( The

above- ngnt icon@htdtich Bitrd4ddidin glrsecidigsof Hatafer Horface and fertheino®s, 4R t he
vicinity of a wafer surface does not increase even after Ar annealing is
perforned ghcetrdiNEEBUBAY AiFfdleat| dRotdink! 8 dr dritfoaliiR Badlh.di SG6hi &N
But since a boron concentration of a wafer used therein s high of 1 x

10~a/ cmy ophahehRhonlis deSiraBSted Sthrresded f3&hRGIJREiHIe 6wt 18vE1HbRbRE ! | ©

is hardly affected even when "boron attached on a wafer surface diffuses

i nto the ip{ oLl réfistidity ¥‘fi‘{tﬁé vilﬁhﬁzzatf & WARE st wHilh QgéRE anOAdAFsgat | on

i
c(gc‘urs. It Is an object © e pres invention to provide a manufacturing

25 pr OcesS%{“i’g‘%g&mg@ilcg%h%%ﬁ{efﬁﬁ%gbl e of reducing boron contam nation

- - 03 occurring | € annealing is performed in a state where
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15 a wafer after cleaning is exposed to an environmental atmosphere (air) in a
clean room before loading the wafer into a heat treatment furnace and boron
( ) builds up in the air from a filter provided for cleaning the air and the boron in
the air attaches onto a wafer surface (for example, see JP A 93-253447). It
has been estimated that such boron attached on a wafer surface diffuses in
20  the vicinity of a wafer surface during Ar annealing, which increases a boron
concentration therein.
Such a phenomenon of boron contamination in a clean room was
reported in the past. As one example, it is described in JP A 95-58303 that

boron contamination caused by air in a clean room is detected at the bonding

25 interface of a bonding substrate. Furthermore, a problem is pointed out in JP



a silicon wafer and |oading the silicon wafer into a heat treatnent furnace
to heat-treat the silicon wafer in an Ar atnosphere, wherein an aqueous 15
solution including hydrofluoric acid is used as a final cleanifd |Jlﬂ‘ul 93
the cleaning. That is) it was enpiricall¥ confirmed that boron floating In
air in a clean roomis harder to attach onto a wafer where a natural oxide
filmon a surface thereof is renoved using the aqgueous sol uti on contai ni ng
hydrofluoric acid as a final cleaning |liquid when conpared with a wafer 20
surface with a natural oxide filmtherefore) it was found that boron

cont ani nat ARPlicationeNee 88237266, appkied fon & patentnky the iapglisant geparately,

sol ution containing hydrofluoric acid in the final stage of cleaning prior
to a heat tthattwhen. aApolysilicorwsfler s mepositelabna amavafent susfakey ilorgas i s
an Ar gas, 25 and a concept including a 100 % Ar gas as well as an Ar gas
cont ai ni ng cohteaminatidn iDd&ettdd A0 igpdexfacaf the order of several % (for
exanpl e, a hydrogen gas of the lower explosion |imt, nanely, 4 %or |ess).

In this case, if #dwsver, cldabovs dwodorofi Pn$hkiSRHoHAREES twfer@eproblems
heat-treated is rel atlvely low of 1 x 1016 atons/cnB or |ess, especially 5

x 101s § abyRRhCWBrotrded at! A iHRATER. Ofl‘h%tqgaﬁg%hééb E§§és’5tthé'15%lﬂé‘m§
surface | ayer due to boron contamnation'is large therefore,

preferabl e t(r:a?u%e'e "By Thel A%t _%Fllr‘:\t %%?%ﬂ‘@n% ﬁ%ﬁ{iﬁad Bﬁf@'&t %tfef’v'shpfta%?ur' n a

cl ean room afte an ng 1t ti 'oading 1t eat treatne nace

i's 5 hours gafgﬂgxg%dogagdrvé%mﬁé %p’gf grg tﬁep fe£ %@ﬂ&opgﬂims&@ﬁ Butiof for

anneal i ng i anni h crystal
AR AL
tstrength of? bﬁg‘?%ﬁ%{g’%%?’ércoﬁgaeﬁ ’v§1n %?%I()fégﬁtaémeﬁ %o %['%Qggf and
3 300010, PBYERRR ptntisttel KRoGER By HABK TP dbiREs Benp beRtmont 15° ' ©

above- nenti.oned ops solutjon containing hydrofluo cid is preferably
'n the rand8 SReHEY o8 S?%testvefono;eonaml% en BT R & '99% G2 destubed |

If the concentration is less than 0.5 . w /, a renoyal tegf .a natur al
oxi de fil ma VﬁoHﬂﬁﬁa%tofé‘é’ldF%%a§P89\llaﬁdV’b?Fet%é” R qduripg; g heat
concentration exceeds % attachnent

treatment 1s li ew1se a free state, a problem arose that boron in a wafer

outdiffuses and thereby a boron concentration decreases to the contrary.

15 Therefore, it was absolutely unexpectable phenomenon that a boron

concentration on a wafer surface increases in Ar annealing.

(h ' The above-mentioned JP A 98-144697 describes that a boron

concentration in the vicinity of a wafer surface does not increase even after

Ar annealing is performed and a concentration profile is flat in the depth

20 direction. But since a boron concentration of a wafer used therein is high of 1

x 1018/cm3 or higher, it is considered that the boron concentration profile is

hardly affected even when boron attached on a wafer surface diffuses into the
interior of the wafer unless a great amount of boron contamination occurs.

It is an object of the present invention to provide a manufacturing

25 process for an annealed wafer capable of reducing boron contamination



of particles unpreferably increases. Brief Description of the Draw ngs:
FIG 1 is a graph showing a boron profile in a specinmen wafer 25 subjected

‘to-Ar annealing in Exanple 1~ 0 3 JUN2W3 .8. FIG 2 is a raapEE i ng
a boron profile in a specinmen wafer subﬁect ed to Ar annealin 'n 2~

.FIG 3 is a graph show ng a boron profile in a specinen wafer subjected to
Ar- annealing in Conparative Exanple 1~ 5 FIG 4 is a graph showi ng a boron
profile in a speci nen wafer subjected to Ar annealing in Conparative
Exanple 2~ FIG 5 is_a graph showing a relationship between a standing tine
-- (after e¢cvaninggyhdednaebbingis penfoemedani pstapé wherpacwafar snafage after
Experinental Exanple 1~ 10 FIG 6 is a graph showing a rel ationship between
a st andi ngcleaning d9 exposddrtobasgys andArn dimasphepndensupiress afchangeedn men
waf er of Experinmental Exanple 2. Best Mde for Carrying Qut the Invention:

15 Descri prespstivity lduleetogan éiciiast A P befmntondenerdtion il ¢hewitimkitynaf the
Exanples and it is needless to say that the Exanples are presented by way

of i |1 ustr qlaif@eidiceSdper dnﬁ@ahag afdfhhiiftthe ¥R ¥ndbalddWhfdriifwh{d@npl es
1 and 2, and Conparative Exanples 1 and 2) In the experinents) cleaning

met hOd% We BEFFRE AR E&?% b&l‘lﬁf %&e%@ré?ﬂx&?'%ﬂgeé&‘éeélﬁf%‘é Pay%?tgdl‘ﬂ1d}h€hé&|ok'ow ng

4 ways: C eani ng | evel + Exanpl'e Cl eaning | evel

?mﬁ% oo i PR 5?%’“*% é*%%%%é*‘ %%i'a ﬁgb%ae*nﬁeﬁ?&%ﬁp%% wafer
Ex 2
3 SN Eooéhaéﬁ‘%%%%% 9816k “’ﬁg“é%@@%“}g&*%ﬁ“ﬁ 100 BfERs bO 1L MSs O

eanl
solution p such % NHAOH aqueous solution, a 30 wt %
I-Q?OZ aqueo&gg‘g ?Sﬁnghte%tpﬂﬁge%\lvat er are mxed in a volunme ratio of 1 : 1 :
10.

10  Disclosure of the Invention:
In order to achieve the above object, the present invention is directed
to a manufacturing process for an annealed wafer which comprises: cleaning
a silicon wafer; and loading the silicon wafer into a heat treatment furnace to
heat-treat the silicon wafer in an Ar atmosphere, wherein an aqueous
15 solution including hydrofluoric acid is used as a final cleaning liquid in the
cleaning. That is, it was empirically confirmed that boron floating in air in a
(_ B clean room is harder to attach onto a wafer where a natural oxide film on a
surface thereof is removed wusing the aqueous solution containing
hydrofluoric acid as a final cleaning liquid when compared with a wafer
20 surface with a natural oxide film; therefore, it was found that boron
contamination can be reduced if a wafer is cleaned using an aqueous solution
containing hydrofluoric acid in the final stage of cleaning prior to a heat

treatment.

An Ar atmosphere means that a main atmospheric gas is an Ar gas,

25 and a concept including a 100 % Ar gas as well as an Ar gas containing other



SC2: a cleaning at 80C for 3 mnutes using a m xture solution prepared such
5 that a 30 wt % HCO aqueous solution, a 30 wt % H2O2 aqueous sol ution and
‘pure water are mxed in a volune ratio of 1 : 1 : 200. DHF: a cleaning at
roomtenperature for 3 m nutes using a5 w %HF aqueous sol uli 3’”JUN 2003
.prepared such that a 49 Wt % HF aqueous solution is diluted with pure
water. 10 Note that drying after the cleaning is perfornmed in a uniform
manner by means of a drying nmethod using |IPA (isopropyl alcohol). Specinen
wafers in use each have a dianmeter of 150 mm_ a conductivity type of
p-type, a &asestef thejoxder of sewerad Podforcexample, a ldrogen @aseof the loweot 1.5
to 2.5 x 101s atons/cnB, an interstitial oxygen 15 concentration of 18 ppma
~JEI DA (Japaplosioncliminimamekyu4t% pr bessél opnent Associ ati on standard].

| medi ately after the specinen wafers were subjected to the above cl eani ng)
t hey were put intin ahimfeasesibnaberansoncadtrationpahyar sitigbenwaf@t tbobbe in
contact with an atnospheric gas in a clean room After an el apse of 20 30

m nutes, theaptRAned iSPAGtIVEIY W 6f B xVID1e atGthsRmXorRES espedhallys Xt RyL a
heat treatnent. Heat treatnent conditions at this tinme were at 1150C for 4

hours ig a a@&ﬁsféﬁﬁroﬁggﬁ%QQe%ge O?f %’&hﬁﬁg& éiwlagfﬁk%@f& % Sulf3Be 18Rr ?g? V)

treat nent was neasure Yy nea econdary Spectroneter

Fres, 1 o' SrF EMERRIA 8 bR neBolok v i pieBistan B R LR GRS, 1)
cach bl ack oA vz boilE EoRRAR wiE aRT o 18e Ry Bl REE i nihR3e 80
o Sur t ac HRTELTR o nREerbomph pRdp S S b B R 0T 2 G vl o1
That t he. above. mothisonEIabl Eatta el sreairneRt Fibperauee T hneaierfce

cont antat MBRO'GRAR, Bigher i Priprcl SBMRaRILS RNGRLIATE ST AsIFag o B9 | ons

of the wafers cleaped at the cleani | evel g 1.and, 2 (Exanpl es d 2
(the averagg-f’slﬂ%ro a surface of the silicon waler by the gnnegﬁng. ]W?tr;}\ a)

temperature exceeding 1300°C, not only is a load applied to the heat

treatment furnace, but also there arise problems, that is, reduction in

strength of the silicon wafer itself, heavy metal contamination thereof and

15 others; therefore, it is preferable that a heat treatment temperature is
1300°C or lower. A concentration of hydrofluoric acid of the above-mentioned

(\ aqueous solution containing hydrofluoric acid is preferably in the range of
from 0.5 to 5 wt %, and more preferably from 1 to 3 wt %. If the concentration

is less than 0.5 wt %, a removal rate of a natural oxide film is non-practically

20 slow and on the other hand, if the concentration exceeds 5 wt %, attachment

of particles unpreferably increases.

Brief Description of the Drawings:
FIG. 1 is a graph showing a boron profile in a specimen wafer

25 subjected to Ar annealing in Example 1;



10 depth of 0.5 pmfromthe surface, wherein data obtained up to a depth of
0.05 p,mfromthe surface is not included for the cal cul ation beq:guag 03
torrect data are not obtained therefromdue to |arge noise.) to e NI%
portions thereof (the average in the vi&inity of about 5 ~min depth) fall
wthin alnmpst 1 t 0.1~ anneal ed wafers each having a uniform boron
concentration fromthe surface 15 to the interior can be manufactured.
(Experinmental Exanple 1) In this experinment) cleaning processes were
performed in a uniformmanner at the cleaning level 1 (SC1L + SC2 + SC1 and
DHF) . Speci nen waFHrs2i is asgrapdy ehoweng aardboxent profde dh Exspetimen v@dfer
Herein, with standing tines in air of a clean roomafter cleaning the

speci nen vwailgested td Apankagling in Exampled2;a waf er st orage case being set at
6 |levels including 10 mnutes, 1 hour, 3 hours, 5 hours, 7 hours and 9
hours, the experi REB! 3was acgFdple@hovting Tdehorpa Chrvtile Wal ar Spadnfers wafest ed
to the sane heat treatnent as that in Exanple 1, foll owed %y boron anal ysi s

with SIMs, s@ﬁe&&&%ﬁ%ﬁh&ﬁhﬂ%%@b@ﬂ@aiﬁi\% Bxampleier ei n neasured val ues
each are the -11- ~ 3 JUN 2003 average over 0.05 wnto 0.5 ~min depth

fromthe surface. pfg, i45isaBpEfvﬁJg{S stR»"ﬁxg | & boron PidRle qggbg?%éﬁﬁise‘}ﬁ whter

observed on speci nen wafers e standing tine excee ours.

Accor di ngl gubiegt#%ocgpihggﬁﬁgggg @%&ﬂtﬁ@gkgrgﬁﬁ% a standing tinme after

t he cl eani ng ours or peri nen anple 2) Likewise, in
this experinent, amRi.n [oge -were perforaed i.n a uniformmanner at
the cleaning | eveﬁiq' ? §&% %@&gﬁgﬁﬁg%ﬂﬁ&gyghlgg%%ﬁwﬁ wng}% tﬂg% wer e
the sane a hosg of. Exanpl.e 1., Herein, th eci nen waf ers were packaged
(o a var (G orisgaing) " ARAC 4y vy \PonebafrabRE” alcdniShs AP Fom st hpse
of 30 rﬁnuﬁ)efs, t he ségﬁa% Vﬁfers were set on a wafer boat and put into
contact wi £HPEFimeRt €r'dom and with standing tines till the start of
a heat_ treat nent ing set at 6 Jevels ingluding 10 m nutes, 1 hour, 3
hours,1& hours, 7Bﬁéugslseaqar@lhah?‘§}ns ReT ﬁﬁep%ehetowncaﬁtaedl%ﬂmerhe
speci men vv?f ers were subjected tQ the same 15 heat treatnent as that in
Exanmpl e 1) %I#o\?(/égelbi’% r 8RdafabPEeR camosntyaion \gfi ahspeamans watersgwn in
FIG 6) wherein neasured val ues are respective averages over 0.05 ~mto 0.5
pmin dept Hxpesimental fixample 2.As i s apparent from FIG 6) boron

contam nati on was observed on speci nen wafers whose standing tinme exceeds 5

hours. Accordingly, it is considered to be preferable 20 that a standing
time is 5 hours or less. Capability of Exploitation in Industry: According

to the preBeat ModetoriGarrying Qutthé baventiene, there can be achieved an
effect of being capabl e of reducing boron contam nation occurring 25 while
anneal¥hg i s per f Deaeription avidl be giveneot the naesentsinventiondielew tdlangiwiy 0
3 JUN 2003 -12 is exposed to a gas in Ar atnosphere to suppress a change in
resi stivit Examples and it icnesstless to saytdasdthe dinaempleanire presenthd by wayiofy of
the wafer surface after annealing and manufacture an anneal ed wafer in
vhi ch a di illusteatienibutshouldbnotche comstrued by way eElimitatden.f ace | ayer portion
thereof and a bulk 5 portion thereof is essentially not a problemeven if a
si | i con wafExamaplénl aadc epar Gomparative Eomamplesdcont Bhti on (1 x 101s
atons/cnB) is used as the anneal ed wafer. 0 3 ~ UN 2003 CLAI M5

In the experiments, cleaning methods were examined, wherein

20 cleaning levels were set in the following 4 ways:
Cleaning level 1: SC1 + SC2 + SC1 + DHF (Example 1)
Cleaning level 2: SC1 + SC1 + DHF (Example 2)
Cleaning level 3: SC1 + SC2 + SC1 (Comparative Example 1) and
Cleaning level 4: No cleaning (Comparative Example 2).

25 The above-described cleaning conditions are as follows.



13 1. A manufacturing process for an anneal ed wafer conprising: cleaning a

silicon wafer of Mron concentration 1 X 10's atonslcnB or less, 5 the

silicon wafer being in contact with air jn a clean roon1afte5 élé&Miﬂ@3it

till loading into a heat treatnment furnace after 5 hours or |ess; and

| oading the silicon wafer into a heat treatment furnace to heat-treat the f
silicon water in an Ar atnosphere, wherein an aqueous sol ution including

hydrofluoric acid is used as a final 1o deaning liquid in the cleaning. 2.

A manufact yr{ng process for anneal ed wafer according to claiml, v~enein
the heat t %er r@gﬁeam@r&pﬂsﬁr%ﬂ &f@ri?»smmuwélsa%gén@qtum sehutpyopreparedsuch | As;
A LA AGH A@A, L A(LA S A@. AS(&E. Ay[ E. AR Ay+- 8at kgf} X| ] i

R cf | w mhctlat 8222 st NEOI] egueans spbuijan]a 8D ol ca&é&zcmjlm}lsaodu}wa] calc
ajca]ca]ca]calcalca]lcal)caljcalcaljcRajJcRa!finQ T

\ : }\ F! n{ vglagld] pdreay atdreajecalxsa] oph valwmé catioafda]tallBa] ca] ca] ca] ca) ca] ca] ca

U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! $gZQa6 |

UEF} xsni d_ZQ2Zal cleannigea] 8CIC fr Sandaha]usihg almpitasd seehcpiepalredlsuehcal ca

] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca]ca! FAYm . !j1 112" " Hz##
$SKWOEBE USRS W30 WiIni MICThhaadaskelaltivn @230 altcn]HaDs ahtadeabshiticy aalcal ca
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0901 B GRARE ks mhikedlihGRb SRk 434 601 A :omizal ca] ca] ca] ca] ca] ca] ca] ¢

aJcalcalcalJcalcalc aJca]ca]ca]ca]calcalca]calca]lcalcall11ll 171111182] 222

2l cal oal cal il cd) CanEayt A PR ety B0F 2, PR RO BLTR LB RSN S)S
(<] <<<==) 2Aueops solusion preparad such that/p, 49wt % HF pgupous selution o )
EF it | 93 JOREA S BB RET ARG N-\N-xanc] wh o 20] call o] cal) cal cal cal
| cal caj gaul cal cal selgaid s2hepdoahed) ) eilaathe %o pbhaakedl 6 £ sabag ool ©

ajcalc
A cal ca) cAPRBLELAY gy S pesirepbant onog A abnaepubefeobPle] ool car bo) e
LS 100658 () kpyaPROORR VaER: () e SS5ROBMS (3. diebatgny 4 (b a8 ()
\ove (1 3) /“>&<} prdudgvi ﬁ%&-sqf) PYBORA(SLY§iad 185998, qrientatiogopf ) 109 /) 2 hepen ) -
s VA0 (), (v BELOWIGE (), L100()-, 10 JO JOSAIONE (1: 7ol 1o (-
15 concentration of 18 ppma [JEIDA (Japan Electronic Industry Development
Association) standard].
L‘ Immediately after the specimen wafers were subjected to the above
cleaning, they were put into a wafer storage case made of polypropylene not
to be in contact with an atmospheric gas in a clean room. After an elapse of
20 30 minutes, the cleaned specimen wafers were set on a wafer boat to start a
heat treatment. Heat treatment conditions at this time were at 1150°C for 4
hours in a 100 % Ar atmosphere. Boron contamination after the heat
treatment was measured by means of Secondary Ion Mass Spectrometer

(SIMS). Results of the measurement are shown in FIGS. 1 to 4. Black circles

25 in FIGS. 1 to 4 are each to show the average of measured values (at 10 points)
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above-mentioned increase in boron concentrations in the surface layers. Itis
found that the HF treatment is very effective against boron contamination.
(" Ratios in boron concentrations of the surface layer portions of the wafers
cleaned at the cleaning levels 1 and 2 (Examples 1 and 2) (the average over a

10  depth of 0.5 pm from the surface, wherein data obtained up to a depth of 0.05
um from the surface is not included for the calculation because correct data
are not obtained therefrom due to large noise.) to the bulk portions thereof
(the average in the vicinity of about 5 pm in depth) fall within almost 1+ 0.1;
annealed wafers each having a uniform boron concentration from the surface

15 to the interior can be manufactured.

(Experimental Example 1)

( . In this experiment, cleaning processes were performed in a uniform
manner at the cleaning level 1 (SC1 + SC2 + SC1 and DHF). Specimen
wafers in use were the same as those of Example 1.

20 Herein, with standing times in air of a clean room after cleaning the
specimen wafers till packaging them into a wafer storage case being set at 6
levels including 10 minutes, 1 hour, 3 hours, 5 hours, 7 hours and 9 hours, the
experiment was carried out. The specimen wafers were subjected to the same

heat treatment as that in Example 1, followed by boron analysis with SIMS,

25  which results are shown in FIG. 5, wherein measured values each are the
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( Specimen wafers in use were the same as those of Example 1.
Herein, the specimen wafers were packaged into a wafer storage
10 case directly after the cleaning. After an elapse of 30 minutes, the specimen
wafers were set on a wafer boat and put into contact with air in a clean room,
and with standing times till the start of a heat treatment being set at 6 levels
including 10 minutes, 1 hour, 3 hours, 5 hours, 7 hours and 9 hours, the
experiment was carried out. The specimen wafers were subjected to the same
15 heat treatment as that in Example 1, followed by boron analysis with SIMS,
which results are shown in FIG. 6, wherein measured values are respective
(. averages over 0.05 pm to 0.5 pm in depth from the surface. As is apparent
from FIG. 6, boron contamination was observed on specimen wafers whose
standing time exceeds 5 hours. Accordingly, it is considered to be preferable

20 that a standing time is 5 hours or less.

Capability of Exploitation in Industry:
According to the present invention, as described above, there can be
achieved an effect of being capable of reducing boron contamination occurring

25  while annealing is performed in a state where a wafer surface after cleaning
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comparative low boron concentration (1 x 1016 atoms/cm3) is used as the

annealed wafer.
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cleaning a silicon wafer of boron concentration 1 X 10" atoms/cm® or less,
5 the silicon wafer being in contact with air in a clean room after cleaning it till loading
into a heat treatment furmace after 5 hours or less; and
loading the silicon wafer into a heat treatment furace to heat-treat the
& silicon wafer in an Ar atmosphere,
wherein an aqueous solution including hydrofluoric acid is used as a final

10  cleaning liquid in the cleaning.

2. A manufacturing proéess for an annealed wafer according to claim 1,
wherein the heat treatment temperature is in the range of from 1050 to 1300°C.



