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(57) Abstract: A method of producing an anneal wafer, which uses such a heat treating methed that does not change resistivity on the
surface of a wafer even when a wafer having environment-caused deposited boron on the silicon wafer surface thereof is heat-treated
in an inactive gas atmosphere, and which enables such & heat treating in a normal diffusion furnace not requiring special facilities
such as a sealing perlormance-enhancing sealing structure and explosion-proof equipment; and an anneal wafer having a constant
&= boren concentration in the vicinity of the wafer surface and having crystal defect eliminated. A silicon wafer on the surface of which
a natural oxide film is formed and boron is deposited due to environment is heat-treated in a hydrogen-containing atmosphere to
remove the deposited boron before the natural oxide film is removed, and then it is heat-treated in an inactive gas atmosphere.
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[err] Abstract: A method of- produci ng an anneal wafer, which uses
such a heat treating nethod that does not change reS|st|V|qugﬂué@§004
surface of a wafer even when a wafer having environnent-caused deposited
boron on the silicon wafer surface thereof is heat-treated in an inactive
gas at nosphere, and whi ch enabl es such a heat

in a normal
di ffusion furnace not requiWip@XERST1I® Afci! lIIIIIIIH!I!%IIIIHiIIHﬂIIHIIIHHIIIIIHIIIEHIHIEHIIIIIIllﬂtlillll

perfOrnaﬁCE—EﬁﬁHﬁCTﬁq_§EHTTﬁg_STTUCTUTE_HﬂU“EXpTUSTUﬂ_pTUUT“EQUTpﬂEﬂTT and
an anneal fer ] on concentration in the vicinity of
the \A/afer§,%\%%;,fﬁa§§ﬂ, 22 ET g%%;ﬁﬁfg &efect elininated. A silicon wafer on

t he surfamﬂ4@inmh+ﬁh gammatural OXIde Ffilmis formed and boron is deposi ted

due to environnent is heat-treated in a hydrogen-containing at nosphere to
remove the deposited boron before the natural oxide filmis renoved, and
then it is heat-treated in an inactive atnosphere.
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6: L~~, January 2004 .-1- DESCRI PTI ON ANNEALED WAFER MANUFACTURI NG METHOD
AND ANNEALED WAFER 5 Technical. Field: The present inventiqp ugléaleso4o an
anneal ed waf er manufacturing nethod enabling suppression of a change in
resistivity due to an increase in a.qhoron concentration in the vicinity of
a surface of a wafer which is annealed 10 in an atnosphere of 100% i nert
gases such as argon, and to a high quality anneal ed wafer nmanufactured by
t he manufacturing nethod having a constant boron concentration in the
vicinity of the wafer surface with crystal defects being annihilated. 15
Background Art: A silicon mafeq)EggﬁgpquE@r may be sinply referred to as a
"wafer") is required to have no crystal defects in an active |ayer of a
device fromthe viewpoint of device characteristics. To satisfy this

requi renent, there has been used an anneal ed waf er manufactured by

e 120 Rove oA SR e MR Er S BN, LT T
?2\5/![ ;(r)](r:lrerfent (in peripheral ﬁ@)@m%ﬁf)hﬁ;}xhﬁf{' licon wafer is exposed. For

boron is rel ease
5

Technical Field:

The present invention relates to an annealed wafer manufacturing

method enabling suppression of a change in resistivity due to an increase in a

_ broron concentratioﬁ 111 the vicinity of a surface of a wafer which is annealed

10 inan atmosphere of 100% inert gases such as argon, and to a high quality
annealed wafer manufactured by the manufacturing method having a

constant boron concentration in the vicinity of the wafer surface with crystal

defects being annihilated.

15 Background Art:

A silicon wafer (hereinafter may be simply referred to as a "wafer")
is required to have no crystal defects in an active layer of a device from the
viewpoint of device characteristics. To satisfy this requirement, there has
been used an annealed wafer manufactured by annealing a wafer at a high

20 temperature to reduce crystal defects. The Wafer is, however, apt to be easily
contaminated by boron present in an environment (in peripheral air) to
which the silicon wafer is exposed. For instance, boron is released as a
compound such as an oxide (hereinafter may be referred to as "depésited
boron" or simply as "boron" from air filters used in a clean room, and the

25  boronis deposited on a surface of a wafer left in the clean room.



conpound such as an oxide (hereinafter may be referred to as "deposited
boron" or sinply as "boron") fromair filters used in a cl egnah@Ryrospd the
25 boron is deposited on a surface of a wafer left in the clean room. 16
January 2004 When the wafer as descrgbed above is subjected to heat
treatnent with inert gases such as argon gas, boron deposited on the
surface is not renoved, and is diffused into the wafer to change _
resistivity in the vicinity of the wafer surface. 5 As a neasure agai nst
boron present in an environnent of a clean room sonetinmes boron

absorption fil I: I r.ajl ir filters in
the cl ean roomw}g)% alg% %@ﬂégﬁgéﬂ%@é gﬁP ?‘Eég%gﬁﬁlgfige%&%%ﬁ%te%%éme pensi ve
filters wiih _new ones ich results,in a cost. incregse, d i.n addition-
even usgy%}% lflﬁlgs g?ﬁse%éﬁgélsc?érg(??i%d b%%‘%/éi%ggﬂt‘ﬁgtoneﬁ}enﬂﬁ&g%e Bodh 10
contam nation., conpletely... he ot.her hand, when annealing .is perforned
with hydfFtpeRd 2 %F%ﬁlfgb%éﬁ%%ﬁegw r|tp gAesIpHEItydn the iRy ddasi | y
outdiff%ﬁes, nd ffurther boron deposited on the surface evaporates or flies
wi t hout ‘8P ST AT aF®t o t he wafer even by annealing, so that the boron
concentration in the 15 vicinity of the wafer surface decreases with the
resiStivity bef&r AL ASHB [Reaimgti afionypresehein aToepardwranhyleogenant r eat ment
at a high tenperature, a safeguard or the like is required to prevent
expl osi GROB% SORpEBefeRoraghilederptign fdtere oxUmiropiesb fidtess ase msedSor alcr ease
and a productivity decrease. 20 There is a nethod in which diluted -
hydr of | #¥ iBtezeiig ¢lean ropm; hat it i natesstrgéo dfequientlyi enghbebertheanneal i ng
as proposed by the present applicant

‘ expensive filters with new ones, which results in a cost increase, and in

addition even use of the filters as described above can not eliminate boron

10 conta_mination_ completely.

On the other hand, when annealiﬁg is performed with hydrogen,
boron dopant originally present inside the wafer easily outdiffuses, and
further boron deposited on the surface evaporates or flies without diffusing

~ into the wafer even by annealing, so that the boron concentration in the

15  vicinity of the wafer surface decreases with the resistivity becoming
problematically higher. To perform hydrogen treatment at a high
temperature, a safeguard or the like is required to prevent explosion of
hydrogen, which may raise such problems as a éost increase and a
productivity decrease.

20 There is a method in which diluted hydrofluoric acid is used in the’
final stage of cleaning before annealing as proposed by the present applicant
as a measure against boron contamination from such an enviromment
(Japanese Patent Application No. 92155/2000). Although this method is
extremely useful from the viewpoint of prevention of boron contamination,

25 there is a problem with the method from the viewpoint of deposition of



as a neasure agai nst boron.contam nation from such an environnent
(Japanese Patent Application No. 92155/2000). Although thiqsggﬁm992b§4
extrenely useful fromthe viewpoint of prevention of boron contanination,
25 there is a problemw th the nethod _fromthe viewpoint of deposition of
16 January 2004 3 particles. Nanely even if the final cleaning is perforned
with diluted hydrofluoric acid and then the wafer is cleaned with water,
particles deposited in the diluted hydrofluoric acid are hardly cl eaned
down, and are carried up to the annealing step, so that, when the wafer is

anneal eq,,_. .Ng: ri-i gl es takes place to possibly,.caus yield
dr op in§?5§§#@atF%%L%éhgaégﬂ%égE %ﬁﬁfﬁﬁ*gﬁﬁér“hgﬁ ,r¥ﬁgr ¥%hgﬁ%§%§ pr oposed
a met ho f reducin boron at ,an interface betyee an epitaxjal |ayer and
5 bul kGelsne afa g heh 8 B 1 ippd kh TatePaaarkices |
d asper,,and. |, .M_ Y , 41 | .. Phys. Lett, 55(12) 18 Septenber 188).
Thi s meideagsited i the Aty @J%Fﬁﬁﬁ%%? aiﬁg%%ga@geﬁea@%é%naﬁ@dtaﬁe
processigg.iﬁ erf%éned in a depreéfurized state, Therefore, if it is
tried t F3HF ﬁ%oft‘i’tt t?é'—‘%ag‘@és%%’gs% akgwhan the avaiar ie anngaled.orelingnace, a
safeguar% or usjng Qﬁgro en and facilities for performng the processing
in a°de (RIS haltes e ta uspibdy canee asyiehddepprin fehwicaiohad cannot
be applied.in a furnace not equipped with such facilities. Wen an
anneal edl¥¢esr i s manufactured in an at nosphere of hydrogen or inert gases
represented by ar%;Q, generally a mrror-polished wafer to be annealed is
prepared, cont&# flamotheyubsndsthera\hasneten prapuded a method of reducing
) boron at an interface between an epitaxial layer and a bulk crystal in an
epitaxial wafer (J. Robbins, A. J. Pidduck, J. L. Glasper, and I. M. Young,
10 Appl. Phys. Lett. 55(12) 18 September 1988). This method is characterized in
that 100% hydrogen is used and the processing is performed in a
depressurized state. Therefore, if it is tried to carry out the processing using
an ordinary diffusion furnace, a safeguard for using hydrogen and facilities
for performing the processing in a depressurized state are required, and
15  therefore the method cannot be applied in a furnace not equipped with such
- facilities. '
When an annealed wafer is manufactured in an atmosphere of
hydrogen or inert gases represented'by argon, generally a mirror-polished
wafer to be annealed is prepéred, contaminants such as heavy metals and
20 . organic materials deposited on the wafer surface are removed by wet
cleaning and dried, and then the wafer is loaded into a heat treatment
furnace.
When & mirror-polished silicon wafer is cleaned, a cleaning liquid (a

chemical liquid) of various compositions is used, and a general cleaning

25 method is of a proper combination of SC-1 (a liquid mixture of amrmonia,



20 organic materials deposited on the wafer surface are renoved by wet
cleaning and dried, and then the wafer is |oaded into a heak jahgs| 7804
furnace. When a mirror-polished silicon wafer is cleaned, a cleaning liquid
(a chemcal liquid) of various conp%%itions is used, and a general
cleaning 25 nethod is of a proper conbination of SCi (a liquid m xture of
ammoni a, 16 January 2004. 4 hydrogen peroxi de and water) cleaning, DHF (a-
di luted hydrofluoric acid aqueous solution) cleaning, and SC-2 (a liquid
m xture of hydrogen chloride, hydrogen peroxide and water) cleaning, but

when th i | .00 6.1 ea lLiouid in the,final
stage o @E%%E%ggﬂg? %rﬂgg%t% gltgg%glg??gﬁﬁgﬁ Wzﬁrﬁg%}fyg%oﬂwlfﬁco%lilhe waf er
surface j s r ved. wivt b an_active~ hydrophobi.c, siligon, surf bei ng -
exposed,? %66 Oﬁﬁgfﬁ%ﬁ%ﬂ Q?era&’dﬁg’e%mggcdgg%iliqﬁ‘gHﬂmt‘}?rep%fﬁﬁ@o@%n gﬁﬁ%ﬁﬁe@r ption of
Cu, etc., easily occur. Therefore, SC-1 or SC 2. i neral |y used in the
final st g@“%?’xpﬁ%‘m@? @aﬁi‘%te&@ﬁ%n% bphw Br%?%ﬁ%odsamgdémdﬁydrophi lic
waf er surface with a ]138 n[gltural oxjde filmformed with the cleaning liquid
t her eon."SPH; & %FLE@PF pe g the §pabgkageiof anaqvereanf algapas sremsdabef or e

t he }gvaf er to?ﬁe a neﬁiggd is _loaded into a heat treatnent furnace, and
aft eP t HAWEEFeroxdes 1 PR the wREr susfagenimdrmspaviede vomk wht lctiveat ur al
oxide fil mbejng formed thereon by cleaning, the wafer is |oaded into a
heat tr &t Himl?l&rsﬂé@él.s@éioﬁﬁ@hﬂg pepasefieso thatamobaredlenaadgpesitibna hi gh
tenperature as_ described above, however, if boron has been deposited on

t he waf & Hgatigles ortgdisarptaarbpeCueetct easibneaurng, the boron diffuses into the

waf er by anneal i ng
Therefore, SC-1 or SC-2 is generally used in the final stage of the

cleaning steps for ’che purpose to provide a hydrophilic wafer surface with a

10 catural oxide film formed with the cleaning liquid thereon. This practice is
also followed in wet cleaning inerfcrmed before the wafer to be annealed is
loaded into a heat trectment furnace, and after the wafer surface is finished
to a hydrophilic one with a natural oxide film being formed thereon by
cleaning, the wafer is loaded into a heat tre'atment- furnace.

15 When the wafer is annealed in argon at a high temperature as
described above, however, if boron has been deposited on the wafer before
being subjected to annealing, the boron diffuses into the wafer bY—annealing
W_ith resistivity of the wafer surface being changed. When the resistivity of
the wafer surface changes, in the.case of, for instance, a MOS device, the

20 on-off threshold voltage changes, which may not meet standard requirements.

.At the same time, various electric characteristics thereof also change.
In other words, when a wafer having boron deposited on a surface
thereof is annealed in argon at a high temperature, crystal defects in the

vicinity of the wafer surface are removed as in the case of annealing with

25  hydrogen, so there is provided an advantage that the device characteristics



with resistivity of the wafer surface being changed. Wien the resistivity
of the wafer surface changes, in the case of, for instancee janidsp206xi ce,
the 20 on-of f threshold vol tage changes, which may not neet standard

requi renents. At the same tine, varimus electric characteristics thereof
al so change. In other words, when a wafer having boron deposited on a
surface thereof is annealed in argon at a high tenperature, crystal

defects jn Fiﬁ]ﬁ)m\)éid(:i Bt Ywitdn tfhe V@& SHalacr bRwERANMLEd vith Tbbrbhe case of
anneal ing with 25 hydrogen, so there is provid an advantage that the

ed
device c cteristics 16 January 2004 5 are | npraved,. bu en the wafer
sur f ace {J@éegg ﬁ? %rﬁsfﬁ?gfse%‘caﬁaf ﬁ’“ﬁ?ﬁ%ﬁ? Oqt?r]ﬁ:éré(f Fggggtegftfcgé{cgn i}ﬁ%mﬂe%%” ver gence
of electric characterjstics fromthe designed values occur, which may
spoi | a YRIYes S6FW, i whichyewinipask pedesiable Fapwvement effpghiaf tiei erystak
vicinity of the wafer surface by annealing. Disclosure of the Invention:
Enbodi negaaitpin tHeevipinitg @fithd wufensudacedsidaesslihge probl ens as descri bed
above. An enbodi nent provides an anneal ed waf er manufacturing nmethod using
a heat treatnent nethod causing no change in resistivity of a wafer surface
even wh ! fer having boron deposited on a surface thereof from
an envi rﬁggﬁf]r%ﬁté Jl)fgtﬂglljpt{)\?eé]c'?gd to heat treatnent in an inert gas atnosphere
and enabling tBe heat treatnment in an ordinary diffusion furnace not

requiring a seaPedimats gkthe Bresent inventers pAgress the grblems andlesaigedspeci fi ¢
quiring . SH Ay—=Sp
facility such as an explosion proof facility, and also to provide an
anneal edalwafee Ani emhbidlickend poovides ac annealed atdfenmianufabririvigahethiod wingy sur f ace
thereof is constant and crystal defects are annihilated.

a heat treatment method causing no change in resistivity of a wafer surface even

when a silicon wafer having boron deposited on a surface thereof from an

environment is subjected to heat treatment in an inert gas atmosphere and

enabling the heat treatment in an ordinary diffusion furnace not requiring a sealed

structure for increasing airtightness nor any specific facility such as an explosion

proof facility, and also to provide an annealed wafer in which a boron

concentration in the vicinity of a surface thereof is constant and crystal defects are

annihilated.

An annealed wafer manufacturing method according to an embodiment of

the present invention comprises the steps of subjecting a silicon wafer having a

natural oxide film formed on a surface thereof with boron deposited from an

environment to heat treatment (first heat treatment) in an atmosphere containing

hydrogen gas thereby the deposited boron being removed before the natural oxide

film is removed; and subjecting the wafer to heat treatment (second heat

treatment) in an inert gas atmosphere.

As described later, boron deposited on a surface of a wafer from an



An anneal ed waf er manufacturing nethod according to an enbodi nent of the
present invention conprises the steps of subjecting a si | i ¢@0aN@rgoMYVi NG
a natural oxide filmforned on a surface thereof with boron deposited from
an environment to heat treatnent (fb[st heat treatnment) in an atnosphere
contai ning hydrogen gas thereby the deposited boron being renoved before
the natural oxide -filmis renpoved; and subjecting the wafer to heat
treatnent (second heat treatnent) in an inert gas atnosphere. As descri bed
| at er, boron deposited on a surface of a wafer froman 16 January 2004 6

environ y1. di f1f.u Loto, t a ural _.exide ftilmis
pr esent %ﬁiﬁoﬁg{eﬁf }é%ésl%r%g@lesw#ﬁiéor gﬁ %\ﬁ@fgéﬂiﬂ&? fe nggir&ioo thicg%tiﬂfor atnent is
performed after the deposit.ed on.i s renoved b ing . use of the effect
by hyardgsin i i mERE S WRAPR (R WA i RN eR FIRAESSH dBent . | 1
is 5 possiple to prevent a resistivity change in . the vicjpity of the wafer
surfacePeag’@n:’te(‘i1 atfﬁ@ c‘iﬁ? Sﬁéabof%létl%éﬁ%ﬂv. aI @H@%:‘é%ee‘?fjt' ?eﬁﬁiéﬂmdrogen
gas cog}% ntration in 1tlhe first heat treatnment .is equal to or |ower than a
| ower 31‘8%‘?%@%%? ¢ iRt hexp dine mofural ipxide diley 1% presantr dt fier
incrgasi ng . geirti htness in a heatb@télr eat nent furnace or an expl osi on- proof
faci Pi t Pos&ble 19 DRRVRTr & TasistiEy shamesfing the wiemits obikhe svafer suelgaered, and
an atnospheric pressure furnace can be used, which is advantageous in

saf ety #81avdp|thes seepnd heat teetinenbe Hotidds tense, tifdbsuhpiluigent gesf ect nay
not be expected when the hydrogen concentration is |less than 0.1% Wen
the firsonpertratipadnnidet firss heatf oeatdenhisequaleld gatowerlthaat adspeer e of

hydrogen gas having a concentration equal to or |ower than
explosion limit thereof (about 4%), the sealed structure for increasing

airtightness in a heat treatment furnace or an explosion-proof facility as a
10 measure at the time of the éxplos';on 1s not required, and an atmospheric
pressure furnace can be used, which is advantageous in safety as ﬁeﬂ as cost.
" Tt should be noted that the sufficient effect may not be expected when the
hydrogen concentration is less t]_nan 0.1%.
When the first heat treatment is performed in a mixed gas
156 atmosphere of hydrogen gas having a concentration equal to or lower than
the lower explosion limit thereof and argon gas, the deposited boron is
-remcljved due to the effect of the hydrogen gas and at the same time the‘
natural oxide film is removed due to the effect of the argon gas, éo that it is
necessary to remove the deposited boron before the natural oxide film is
20  completely removed. For that purpose, requirements for the first heat
treatment should be preferably in the heat treatment temperature range of
900 to 1100 °C, and in the heat treatment time range of 5 to 60 minutes.
It should be noted that the first heat treatment as described above
can be performed as a temperature raising process in the second heat

256 treatment. The annealed wafer manufactured bj the annealed wafer



the lower explosion limt thereof -and argon gas, the deposited boron is .
renoved due to the effect of the hydrogen gas and at the sagwahiare20te
natural oxide filmis renoved due to the effect of the argon gas, so that
it is necessary to renove the deposi-ted boron before the natural oxide
filmis 20 conpletely renoved. For tﬁét purpose, requirenents for the first
heat treatnent should be preferably in the heat treatnent tenperature
range of 900 to 1100 OC, and in the heat treatnent tine range of 5 to 60
m nutes. It should be noted that the first heat treatnent as described
above can er.forne S a;tenperature. ra sin r.ocess in the second heat
35°1 r earhaRAT LG e BB RA AP i dlHE SR el fhare, 16

January 2004 7.manuf act uri met hod as descr,ibed above_.is .a high quality
anneal ed” wHfe? bloﬁon\ﬁﬂ?‘&qmﬁaqg% Qﬁ%ﬁ’&%ﬁ% é%%itﬁdlﬁ Vaier perfaceigicopsentt he waf er
surface is,constant. and crysial defects are annihilated. On the other
hand, th@%&’@@i@l ﬂ%ﬁ?tstqréé‘tnﬁé ated-t o anni hilate crystal 5 defects in the
vicinity of th fer _surface, and is_performed in an inert gas atnosphere
in the tenper aEQH er%ﬂ’&érhép 1 lpsecand heat treatens kot ansbilate exystalhat t he

i nert ga(;%t.at nmosphere used in the present invention includes atnospheres of
a 106% i FREPEISgRSthe AR af thenwalrr surfaoe; and igfeaformedrin amdnextrghshydr ogen
gas having a concentration equal to or |lower than the |Iower 10 expl osion
limt thetreefphersdn fhe temperdturneangy ehll0@t@dBOGPEi d5 shbulidhse potedent
inventors concerning the present invention is described in detail below
Taki ng i¥ad Elemsingelr atsisoatmhsphiitef ised tin ohe corasbet dhyertibni taludg

atmospheres of a 100% inert gas such as argon and a mixture of an inert gas
and hydrogen gas having a concentration equal to or lower than the lower
10 explosion limit thereof.
The process of the inventive activities of the present inventors
concerning the present invention is described in detail below.
Taking into consideration the difficulty of completely eliminating
boron contamination from an environment, the present inventors have
15  examined heat treatment methods not affecting resistivity of an annealed
wafer even when boron is deposited on a surface thereof, and as a result of
the examination the present invention has been completed aiming at the fact
that heat treatment in argon gas and that in hydrogen gas are opposite to
eéch other in terms of increase and decrease of reéistivity of a wafer surface.
20 Namely the present inventors conceived that a high quality
annealed wafer could be obtained by evaporating boron deposited on a wafer
surface by means of heat treatment with hydrogen gas and then subjecting
the wafer to the heat treatment for annihilating crystal defects with argon
gas without changing resistivity in the vicinity of the wafer surface.

25 To perform annealing with hydrogen gas, however, a sealed



boron contam nation froman environnment, the present inventors have 15

exam ned heat treatnent -methods not affecting resistivity of ;amfpp6& ed
waf er even when boron is deposited on a surface thereof, and as a result of
t he exam nation the present inventiopn.has been conpleted aimng at the fact
that heat treatnent in argon gas and that in hydrogen gas are opposite to
each other in terns of increase and decrease of resistivity of a wafer
surface. 20 Nanely the present inventors conceived that a high quality
anneal ed wafer could be obtained by evaporating boron deposited on a wafer

sur f ace oy, PRANS, fin&ee%tsiﬁa% %ﬂft%eg‘é tify EYF{EQQ%%%&EI‘&”?U} SHbj ecting
the wafer to the heat treatnment for annihilating crysta efects with argon

. . Cg e P F e ; sur.f Y
gas i L 90ulebAnghO%iheDE B MLikalh i UEo A Bl b Bl dDnul Shaprl ace

To performanneal i hg W en gas, “however, L]J%ry 2004

structur i easin irtightness in a heat treatnent furnace or a
e Pl PR Pk

neasure a explosion is required as descri bed above, which
i s disadvant ageous,in cost..Then the present jnventars carried out the
experi ments de E‘pr@ﬁ PRESERE Gy O%Fﬁ#@}ﬁaﬂéﬁh%ﬁxp?rw% sgyiBedr not to
renoye the deposijied borgn . usi ng argon gas at nosphere contai ni ng

hydr gerbeg%v%%gico n%g?l&reétlgélpo Iortr%Ptd% TeHEe T’?’F‘? Pogtef PR expl osi on
limt thereaf as a heat treatment atnpsphere for renpving the deposited
bor on. USINESAIEPT §afeaipn e coptpd PN Bydragey gasselov épBepnimatiphenonenon
t hat, onlyar/nen heat. 10 treatnent tenperature in the argon as at nosphere
cont ai nisyat ke ORyeF B Eran Hae loyrerseradpien dimiti thereaf pd a beabEraadmemtt han t he

| ower explosion limt thereof is set to a specific tenperature range as
shown i ritpagpharq dor remepiramthe edeposited boron.  As a result, the present

inventors mnewly discovered the phenomenon that, ‘only when a heat

10  treatment temperature in the argon gas atmosphere containing the hydrogen
gas of a concentration equal to or lower than the loﬁer explosion imit thereof
is set to a specific teraperature range as shown in Fig. 4 (the temperature
range of 900 to 1100 °C, and preferably 950 to 1050 ¢C as shown in Fig. 4), the
resistivity of the original wafer is maintained.

15 This phenomenon can be considered as described below. If a silicon
wafer having a natural oxide film formed on a surface thereof with boron
deposited from an environment is subjected to heat treatment (first heat
treatment) in a mixed gas atmosphere of hydrogen and argon, when the heat
treatment temperature is low, removal of the deposited boron by evaporation

20  or flying is not sufficient, so that the deposited boron diffuses into the wafer
with the subsequent high temperature heat treatment in argon atmosphere

- and then resistivity in the vicinity of the wafer surface drops.
On the other hand, when a heat treatment temperature of the first
heat treatment is higher than 1100 °C, and, more strictly speaking, higher

26 than 1050 °C, as the etching rate to the natural oxide film becomes extremely



range of 900 to 1100 oC, and preferably 950 to 1050 aC as shown in Fig. 4),
the resistivity of the original wafer is nuintained. 15 ThéSamhgpoo@non
can be considered as described below If a silicon wafer having a natural
oxide filmfornmed on a surface thereof with boron deposited from an
environment is subjected to heat t r et nent (first heat treatnent) in a

m xed gas atnosphere of hydrogen and argon, when the heat treatnent
tenperature is |low, renoval of the deposited boron by evaporation 20 or
flying is not sufficient, so that the deposited boron diffuses into the

waf er ith cﬁ?ﬁg sgﬁse ent htiwgh tenperature heat treatnent in argon

at mosphexge tq ke efigel ok the axeamzahen (he mirey 296, threnabral oxigs ace
drops. On the other, hand, when a heat treatnment tenperature of the first
heat tr&mrisremoyer hyfiete thedorondopesiterhan thesarface isremorgbaki eap  hi gher
25 than_105013C, as the etching rate to the natural oxide film becones

ext r enelby cossisigneditlaiR @84 sl goe depodited beronfifegomesfeaties tardgtinsgas i n t he
m xed gas, the natural oxide filmis removed before the boron deposited on
t he sur fieksetheswaterpordeadts witlna splécosomimind by fdnt habmpasnd amsbédomé he

deposi ted boron becones easier to diffuse into the wafer, or reacts with a
si | i Bonhatrden to beoremaevedo uautitradiffuzes dmeo Shéarafer biyotheesulestguedt and t hen
diffuses into the wafer by the subsequent heat treatnment in the argon

at nosphéreeat virthtment sini vhé yargbar enhofitiers wiitoppsidtivity tlastebBLeingt 1S
supposed that, when the first heat treatnent is perforned in the

t enper atdroppedange of 900 oC to 1100 OC, preferably 950 C to 10 1050 QC, an

etching rate to the natural oxide filmis not so high, so that the
= In contrast, it is supposed that, when the first heat treatment is

performed in the temperature range of 300 °C to. 1100 oC, preferably 950 oC to

10 1050 °C, an etching rate to the natural oxide film is not so high, so that the
deposited boron is removed by evapo?ation of flying before the natural oxide
film is removed; thereforé the deposited boron is not present at all on the
wafer surface in the subsequent heat treatment in the argon atmosphere,
resistivity thereof being not changed. |

15 As understood from the reasoning above, an appropriate heat
treatment temperature and a heat treatment timé of the first heat treatment
are parameters dependent on a thickness of a natural oxide film or a quantity
of deposited boron on a wafer, and in addition, the thickness of the natural
oxide film and the quantity of the deposited boron chaﬁge according to

20  cleaning conditions, a left time of the wafer in an environment or the like
before the heat treatment, so that the parameters can not be decided easily.
When deciding these parameters, it should be required to set cleaning
conditions, a left time of the Wafef, and heat treatment conditions after the
first heat treatment on the basis of an actual annealed wafer manufacturing

25 process, and then to experimentally set conditions for the first heat



deposited boron is renoved by evaporation or flying before the natural
oxide filmis renoved; therefore the deposited boron is ndé Jpngsg2004t all
on the wafer surface in the subsequent heat treatnent in the argon

at nosphere, resistivity thereof being not changed. 15 As understood from
t he reasoni ng above, an appropriate héat treatnment tenperature and a heat
treatnent time of the first heat treatnent are paraneters dependent on a
t hi ckness of a natural oxide filmor a quantity of deposited boron on a
wafer, and in addition, the thickness of the natural oxide filmand the
quantity of, the deposited, boron change acgording to 20 cl eaning conditions,
a left tFREMBFIY $RISHRE Be Chﬁné‘hl%ﬁ‘%ﬁl?%ﬁﬁiéﬁ%eélth@ %@a]& treatmigat.or e t he heat
treatment, so that the paraneters_can not be decided easily. Wen deciding
t hese par anet er8,therexssimentdesathedr belowoas en examplengvenomben itbes, a | eft
time of the wafer, and heat treatnent conditions after the first heat

t r eat menErshheghdrasdient st amperfotmed imthe iémdermiues ranpebAOENL) 10505
process, and then to experinentally set conditions for the first heat 16
January °2b@8asistigityrofghesiiconausienglid aot bhaggs, iand il iothforashic@roft he heat
treatnent. In the experinent described bel ow as an exanple, even when the
firs® hedi0 10 end h@heC whe rpeistivityschanged haly & MReleabtd ehéRae 10E295Q to 1050
C, resistivity of the silicon wafer did not change, and at the tenperatures
of 5 900oBEidered 1€iat)Crhihe thesfisst Viday eRabaRALON Yparfirinidd &n and
therefore it can be considered that, when the first heat treatnent is

per f or meniperahere tangearfad00 & 120geCoh ragiéti&z&ylékﬂaqlgt%f Rwst 844 Bl Y change
of a wafer can be prevented by adjusting the heat treatnent tine in the

range ofprelentwddey adfusbing the heat treatment time in the range of the order of 5

to 60 minutes.

10
Brief Description of the Drawings:

Fig. 1 is a time chart showing an example of a heat tfeatment
sequence in an annealed wafer manufacturing method according to the
present invention;

15 , Fig. 2 is a time chart showing another example of a heat treatment

sequence in an annealed wafer manufacturing method according to the
present invention;
Fig. 3 is a graph showing the relationship between a left time and a
concentration of &eposited boron in terms of a wafer which is left in a clean
- 20 room in Experimental Example 1; and
Fig. 4 is a graph showing the relationship between resistivity of a
surface of a wafer having been subjected to heat treatment and a first heat

treatment temperature in Experimental Example 1.

20 Best Mode for Carrying Out the Invention:



to 60 m.nutes. 10 Brief Description of the Drawings: Fig. 1 is a time chart
showi ng an exanple of a heat treatnent sequence in an annegligsuarpbens
manuf act uri ng nmet hod according to the present invention; 15 Fig. 2 is a
time chart show ng anot her exanple aof, a heat treatnent sequence in an
anneal ed waf er manufacturing method cording to the present invention;
Fig. 3 is a graph showing the relationship between a left tine and a
concentration of deposited boron in terns of a wafer which is left in a
clean 20 roomin Experinental Exanple 1; and Fig. 4 is a graph show ng the

rel ati onship bgt n resistiyity of a. surface of  a wafer. having been
subj ected to E@g}vﬁq%?’élgﬁ%ﬁ% téﬁdgﬁeslem?slflv%té?n %r?eg?%%\,\ﬁ]tegt BAlgw: X‘g ein
Experi nmental Ex le 1. .Best de for Carryin t the Invention: 16
Januar y Fo563n<e gﬁlﬁﬁbﬁﬂ‘%}éﬁtz e&%@ﬁ*@“’ﬁ?’%@é‘rﬁ%@&@%& eal Begt®ent bed bel ow
with reference tqQ Fig.. 1 and Fjg. 2 _each showi ng an exanpl e_of a heat
t r eat meREIUERGUENRe MSthotbarrordute ok eresgnt srvemsion: dbdamepdlesatoon. It is
needl ess to. say that various nodifications other than those shown in the
fi gur es SaVethat trrdewt megifiersionsiephan thay thesn shewndehthe digurdearef the
present i nv_%nti on. As a wafer to be subjected to heat treatnent, there is
used® on@ORRPEh WIthoud depariiag fasn $he fephnicallidemphtha prasepiiryvendiam al  oxi de
filmof several to )
As a wafer to be subjected to heat treatment, there is used one which
is subjected to standard cleaning to form a natural oxide film of several to
several tens angstroms in thickness on a surface thereof and is contaminated
with boron deposited from an environment. Argon gas is preferable as an
10  insert gas to be used, but other gases such as helium, neon, krypton, or a
mixture thereof may be used.
Fig. 1 is a time chart showing an example of a heat treatment
sequence in the method according to the present invention in a state in which
treatment temperatures, treatment steps, and atmospheric gases are
15  illustrated separately. The figure shows a case where the first heat
treatment is performed keeping the temperature at a constant level (1000 oC).
The heat treatment sequence shown in Fig. 1 is as described below.
@ After a wafer is loaded into a heat treatment furnace at the
temperature of 600 ¢C, the furnace is purged with-argon gas (Loading step in
20  Fig. 1). Any inert gas may be used as the atmospheric gas, but argon gas is
preferable.
@ Hydrogen gas is added to the argon gas at the flow rate ratio of 3%,
and the temperature is raised from 600 °C to 1000 °C (Temperature raising

step). An added quantity of the hydrogen gas is preferably equal to or lower

20  than the lower explosion limit thereof(about 4%) and 0.1% or higher. When



several tens angstronms in thickness on a surface thereof and is

contam nated w th boron deposited fr oman environnent. Ad§dangpry 2084
preferable as an 10 insert gas to be used, but other gases such as helium
neon, krypton, or a mxture thereofl2my be used. Fig. 1 is a time chart
showi ng an exanple of a heat treatnent sequence in the nmethod according to
the present invention in a state in which treatnent tenperatures,

treatment steps, and atnospheric gases are 15 illustrated separately. The
figure shows a case where the first heat treatnment is perforned keeping

t he t enpéeavurentaation obhbe duyrirogearegaq 0GOtIG) ranFheithieabt eeatsaento sequence.
shown in Fig. 1 is as described below 0 After a wafer is loaded into a

heat tr gabwiietard axplasienatrobhacilignypedaiiisemedpRoR: fiesbhe fithnacean s pur ged
wi th argon gas (Loadi ng step in 20 Fig. 1). Any inert gas may be used as

the at misphesd, evigiah is BAVaaE-gROuIRS chst antl SRt fbn@le EAgRN YA | s added
to the argon gas at the flowrate ratio of 39 and the tenperature is

rai sed fheormiSDupEo the EOOORGG t&@@ﬂﬁ@ﬁ@ﬂeﬁﬁerﬁﬁhfé@@o o@tt@paooém added

quantity of the hydrogen gas is preferabl'y equal to or [ower 25 than the

| owes expl 0si 0B ITihel ke 36 §8yeaNa the456as dchith Lo AnbicOhE B0 Mlifel6 January

2004 -12 the concentration o hydr ogen gas Is In this range rt is not

necessaryithen bk SR aRIRIPL b8 9P BACE b ) AFOHCATRSANEL | ¢

pressure furnace can use %1 IS éd%van ag ous I'n gaf ety.

Th t
Lo er aeEathEs S0) dli}i‘%oﬁf% ﬁg@“ e D LR T
t.r__‘eat e efod{tB8 %ok %n AV AMES from a surface of the wafer, and the heat

treatment 1is préferably performed for 5 to 60 minutes in the
710 hydrogen-containing étmosphere in the range of 900 °C to 1100 °C. Nﬁmely
_in_this temperature ran.ge, if the heat treatment time is less than 5 minutes,
removal of boron may be insufficient, but if the heat treatment time is about

60 minutes, almost all boron contamination can fully be removed. |
@ Addition of the hydrogen gas in the above-described atmosphere
15 1s stopped, so that the atmosphere is changed to a 100% argon gas
atmosphere and the temperature is raised from 1000 °C to 1200 °C
(Temperature raising step). The temperature should bé raised to the second
heat treatment temperature (about 1200 °C). The second heat treatment
- may be performed without stopping addition of the hydrogen gas in the first

20  heat treatment.

® The wafer is stayed in the heat treatment furnace with the
above-described atmosphere (100% Ar or Ar + an extremely small quantity of
Hz) for 60 minutes at 1200 °C (Second heat treatment step). This second heat
treatment is performed to annihilate crystal defects of the wafer, and may be

25  performed for 30 minutes to 5 hours in the temperature range of the order of .



with the above-described.at nosphere (97% Ar + 3% H2) at 1000 CC (First heat
treatment step). This. first heat treatnent is perforned to16 esmegy RoIpn
deposited froman environnent froma surface of the wafer, and the heat
treatment is preferably perforned fof,5 to 60 mnutes in the 10 ,
hydr ogen- cont ai ni ng at nosphere in the’range of 900 C to 1100 CC. Nanely
in. this -tenperature range, if the heat treatnent tinme is less than 5

m nutes, renoval of boron may be insufficient, but if the heat treatnent
time is about . 60 ninutes aInDst all boron contam nation can fully be

renoved. 8) Ai%g) n of th gr ogen-gas in the above-described atnosphere:
15 is st'opyed %ﬁcqlﬁ’@ 1oR8 phere is changed to a 100% ar gon gas

at nosphere and nperature s raised from to,1200 CC

(Tenper at ure r@&ﬁ'ﬁgﬁeﬁ%ﬂu@ﬁé Q‘@@ﬁ?@{%@’@r]@o@h"hﬁ?@%"q éT%EPJ?fﬁU#ﬁe second
heat treatnent. tenperature (about 1200 CC). The second heat treatnment may
be per f GPWEENg) @h@ggt and dhpnrigieadaran #ntadten RBt Hyatn ddenbepts troatmeatf i rst 20
heat treatnment, O The wafer is stayed in the heat treatnent furnace with
the ab @I@s@?ﬂk%ﬂoatﬁ’@bhere (100% Ar or Ax + an extrenely small
quantity of H2) for 60 mnutes at 1200 CC (Second heat treatnent step).

Thi s9second hediig. 2 izatttmeatchast geniar frellig. d, ahowhig anetherystabpldeffect s of
the wafer, and may be 25 performed for 30 mnutes to 5 hours in the

t enper attlee heahgeeatment segdencenfinl 6hd amethgd 200drdidg dol Ghet prdad, 1C as
conventional. (c) The tenperature is |owered from 1200 C to 600, 1C

( Tenper anyertichowdiendigstre pghovand chen wiherewtlice firiss Heaktetreatineht oim t he heat

treat man;erformed while raising the temperature (from 950 °C to 1050 °C). The heat

treatment sequence shown in Fig. 2 is different from that in Fig. 1 only in the

10 pointls that the temperature is raised from 600 lOC to 950 °C in the

temperature raising step @ in Fig. 1, and that, instead of keeping the

- temperature at a constant level (1000 °C) in the first heat treatment step @

in Fig. 1, the first heat treatment is performed while raising the temperature

from 950 °C to 1050 °C (at the temperature raising rate of 3.3 °C/minute), and

15 other steps and conditions are the same as those described above, so that
second description thereof is omitted.

In the heat treéatment sequence shown in Fig, 2, the first heat
treatment is performed as a temperature raising process in the second heat
treatment, aﬁd in this case, it is advzintageous that the tefnperature can

20  efficiently and quickly be raised to the heat treatment temperature of the
second heat treatment. It should be noted that the temperature raising rate
in the first heat treatment may be set so that the heat treatment can be
performed for 5 to 60 minutes in the temperature range of 950 té 1050 oC.

Examples

25 , The present invention is described in further details with reference



furnace (Taking out step). 5 Fig. 2 is a tine chart simlar to Fig. 1,
showi ng anot her exanple of the heat treatnent sequence i n18Renyary RO
according to the present invention. The figure shows a case where the
first heat treatment is performed while raising the tenperature (from 950
C to 1050 (C). The heat treatment sequence shown in Fig. 2 is different
fromthat in Fig. 1 only in the 10 points that the tenperature is raised
from600 Cto 950 Cin the tenperature raising step 2Qin Fig. 1, and
that, instead of keeping the tenperature at a constant level (1000 C) in

the firsh dieatpdrigahtmnikasifp. (3 in Fig. 1, the first heat treatnent i-s
performed while raising the tenperature from950,,C to 1050 C (at the

t enper at Fidd AU Ekah®10f)3- 3 T minute), and 15 other steps and
conditio(%}é@grle t he sarrehﬁ)as t)hose descri bed above, so that second

description thergal dS.QMyLids bA:H hﬁa‘n‘ﬁ ﬁﬁ;gﬁﬁn@&l oﬁgggg?cﬁgg? ?g}M;i Ing

Fig. 2, the first heat treatnent 1s per as ate

' . i n. thi ht i.S,. t
Phat -t heoRahBa RFOBe ol Rhpe. f R s AlEntabdo U RS  nl cediBiBY ne ﬁ§2? .
t tnent . | o] be.not e
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eat nen .
Cormpor a5 o)1 AR g 16A 0 0 a8 et Sh0 BForPR ERDS R BRL | on i s

described in_further detai li .witth relf rence 16 January 2004 14 _%,o an
experi e eafvaggggng'fl&rgcovere Into a solution by a vapor phasSe ecomposition

B method, and the solution was measured by atomic absorption spectroscopy to
calculate a quantity of deposited boron.

10 . Asa resﬁlt, 1t was found that a quantity of boron deposited on the
wafer left in the clean room was saturated when the left time is three hours
or more (see Fig. 3). Thus the left time in the clean room after cleaning the
wafer was set to three hours; a plurality of wafers each left for three hours
was prepared, and the wafers were subjected to heat treatment. This heat

15 treatment sequence was the same as that consisting of the steps @ to ®
shown in Fig. 1 excluding the point that the temperature of the first heat
treatment was set to various temperatures in the range of 700 to 1200 °C as
shown in Fig. 4, so second description of the specific procedures and
conditions thereof is omitted.

20 Resistivity of a surface of the wafer having been subjected to the
heat treatment following the steps @ to ® ahove was measured with a SCP
(Surface Charge Profiler), and the result is shown in Fig. 4. From the result
shown in Fig. 4, it is revealed that the resistivity peak of the wafer is

equivalent to that of the original wafer when the temperature of the first heat.

20  treatment is in the range of 950 to 1050 °C, that the resistivity change is



(Experinmental Exanple 1) After silicon wafers each having a dianeter of 150
mm a conductivity type of p-type, a crystal axis orientatibdangdry 2004>,
and resistivity 5 of 10 0 - cm were cl eaned according to the standard
cleaning (SC- 1, SC- 2 and SCG1)ysthe -wafers were left for 24 hours in
a clean room Boron deposited on the wafers was recovered into a solution
by a vapor phase deconposition nethod, and the solution was neasured by
atom c absorption spectroscopy to calculate a quantity of deposited boron.
10 As a result, it was found that a quantity of boron deposited on the

waf er | efthall vlidietld 8aRpEROTBELIRALME A8l e h i8S Eebtoctdf*ﬁdcﬁoé hree

hours or nore (see Fig. 3). Thus the left tine in the dean roomafter

cl eani ngaﬂ@ﬂlat%fe%s%iﬁ'e&roggiﬁ@%ﬁﬁgﬁgb‘ﬂ Wwithit é%ﬁkl%t&iggﬁ%ﬁggieer §, each

|l eft for three hours was preéepared, the wafters were ¢t o heat

of the St ook Moy SRR e RN Il (e SRS o 1 SRR B e Y

tenperatﬂHee?,&f-er}_he first heat treatnent was set to various tenperatures in
the range of 700 to 1200 OC as shown in Fig. 4, so second description of

of 2 tourface oft TS Wa STRHYF RerHLsrAL obf Et fbhes BLrTRierh sut epaonont |
Prof i1 er S ARA7 HEAcBGRbReDt SRETHHL| SFirMg. o AFPORLFIRG reslithat cthoun in -
e val HEPGRERE B TBholrt dionh) CRAHBPIAL R (He (STHORRY UPBea oehe 11 rst
2_;2;662?%15%%%%gﬁnt E: Sr@%}%,yftdg ec:{rjse.mge of 950 to 1050 OC, that the resi st_i vVity

Resistivity of the same sample as that used in this experimental

10  example abpve was measured by secondary ion mass spectroscopy (SIMS)
and C-V measurement, and similar results were obtajned. Therefore, it was
found out that, when the temperature of the first heat treatment is in the
range of the order of 900 to 1100 °C, a resistivity change of a wafer can

effectively be prevented by controlling a heat treatment time in the range of 5

15  to 60 minutes.

Capability of Exploitation in Industry:
With the annealed wafer manufacturing method according to the
.present invention, it is possible to provide a femarkable effect that, even
20 when a silicon wafer having boron deposited on a surface thereof from an
environment is subjected to heat treatment in an inert gas atmosphere, there
is no occurrence of a resistivity change of the wafer surface. Further the heat
treatment by the method according to the present invention can be performed
in an ordinary diffusion furnace not requiring a sealed structure for

25 increasing airtightness nor any specific facility such as an explosion-proof



--15 small when the tenperature of the first heat treatnent is 900 OC or
1100 OC, and that the resistivity drops in conparison w thsthatarpbotdse
original wafer at other tenperatures (nanely, that boron deposited on the
surface diffuses into the wafer). 5 ét was also confirned that in all of

t he anneal ed wafers subjected to th% above heat treatnent crystal defects
are anni hil ated, and that the performance of the first heat treatnent did
not give any effect on annihilation of crystal defects. Resistivity of the
sane sanple as that used in this experinmental 10 exanpl e above was

and i m T apopCal PR R R R L AR oo R PR O SR when

t he t ermey, edJrst heat treatnent is in the range of the order:
of 900 to ]‘%g}gé%gg,gtagﬂ"aéjgi é‘f‘f%‘%%%e%"r?a céogg‘f a wafer can effectively be
prevented by centrolling a heat treatnment.tine_ in the range of 5 15 to 60
i nut es. Capab??lﬁrﬁ%eroqhe%?ﬁ??%ﬂaéﬁ P?FUFa%JEOrE}%e REeepnt Hueativeaised waf er
manuf act,urin t hod ,according to the present invention, it is possible to
provi de @gbéﬁfﬁﬁﬁﬁpg }@Sfaeﬁ‘?nsttg% gown%trm@ﬁ ig the MidBHYWERewatedvi ng
boro% dgﬁ& ited”ﬁp a‘s%Lfa e thereof froman environment is subjected to
heat °t r €% t Wit SRStk Apteghs baing aphdidatedhapd isi proferabdy ursednfos of a
resisti;%%échan%@ of the wafer surface. Further the heat treatnent by the
met hod BviRg Ge¥icen avibh exesHentcharesteristigh be performed in an ordinary

di ffusion furnace not requiring a sealed structure for 25 increasing
airtightness nor any specific facility such as an expl osi on- proof




16 January 2004 .16_ facility, and therefore a relatively cheap heat
treatment furnace can be used, which is substantially advagpyagesusodss
cost. Further the anneal ed wafer according to the present invention is of
high quality and has a constant borofyconcentration in the vicinity of a
wafer 5 surface with crystal defects being annihilated, and is preferably.
used for fabricating devices with excellent characteristics. 16 January
2004 -17 CLAIMS 1. An anneal ed waf er manufacturing nethod conprising the:
steps of. subjecting a silicon wafer having a natural oxide filmforned on
a 5 surface thereof wth boron deggsifygd from an environment to heat
treatnent in an atnosphere containing hydrogen gas, thereby the deposited
boron being renoved before the natural oxide filmis renoved; and
subjecting the wafer to heat treatnent in an inert gas atnosphere. 2. An

et ous s af SoaabH it B RS SRS e frufnleihe e fEPREE accordi ng
L S YR AR o e B S 5,
annedl ed g R BB IRRHS raeibed HERoraeHa B RaR RS AR the heat
treat menfn 25115] a%nqgspaﬁqu% Q%iﬁincg njgdariogtiaxrll gaé,Qﬁepe%%rt%%ed%p%sai%eé 1?)oro:n. being

removed before the natural oxide film is removed; and

subjecting the wafer to heat treatment in an inert gas atmosphere.

2. An anneaied wafer manufacturing method according to claim 1,
10 wherein the inert gas is argon gas.

3. An annealed wafer manufacturing method according to claim 1 or 2,

wherein the atmosphere containing the hydrogen gas is a mixed gas

atmosphere of hydrogen gas having a concentration equal to or lower than a

lower explosion limit thereof and argon gas.
15 4. An annealed wafer manufacturing method according to claim 3,

wherein the heat treatment in the atmosphefe containing the hydrogen gasis .

performed for 5 to 60 minutes in the temperature range of 900 to 1100 °C.

5. An annealed wafer manufacturing method according to any one of

claims 1 t0 4, wherein the heat treatment in the atmbsphere containing the
20 . hydrogen gas is performed while raising the temperature.

6. An annealed wafer manufactured by the manufacturing method

according to any one of claims 1 to 5, wherein a boron concentration in the

vicinity of a wafer surface is constant and crystal defects are annihilated.

25



performed for 5 to 60 mnutes in the tenperature range of 900 to 1100 CC.
5. An anneal ed wafer manufacturing method according to any1®ugngdry 26041 ns |
to 4, wherein the heat treatnent in the atnosphere containing the 20
hydrogen gas is performed while raisifg the tenperature. 6. An anneal ed
waf er manuf actured by the manufacturing nethod according to any one of
clains 1 to 5 wherein a boron concentration in the vicinity of a wafer
surface i s constant and crystal defects are annihilated. 25 ABSTRACT The
present invention provides an anneal ed wafer manufacturing nethod using a
heat treatnment nethod causing no;g§§pgg§hﬂ resistivity of a wafer surface
even when a silicon wafer having boron deposited on a surface thereof from
an environnent is subjected to heat treatnment in an insert gas atnosphere
and enabling the heat treatnent in an ordinary diffusion furnace not

Faci ity such adeoirBdf SRl orRBRRT A Safid bt ShAE Setiociring o0
0 o surPam RRBES hR Bhahelh bieihi SRS Re i Bt LR DT Bt o0 |
oot 18 1T HHEP SH e SR adH P Ah RGO ion DBBTb A RRAgESi v AURcRon 1 orm
Pycr ogerl ARG B BV ERBtfg s FLBECIS Briwar e aiesie Watbrarrande {11 m s

removed, ,and ht hen is sg jec}le?l to heat treatnment in an inert gas
at rmspheartél?‘OSp_ ere and enabling the heat treatment in an ordinary diffusion furnace -

not requiring a sealed structure for increasing airtightness nor any specific
facility such as explosion-proof facility. The present invention also provides
10 an annealed wafer in which a boron concentration in the vicinity of a surface
‘thereof is constant and crystal defects are annihilated. In the annealed wafer
manufacturing method, a sﬂicon wafer having a natural oxide film formed on
a surface thereof with boron deposited thereon‘ from an environment is
subjected to heat treatment in an atmosphere containing hydrogen gés to
15 remove the deposited boron before the natural oxide film is removed, and

then is subjected to heat treatment in an inert gas atmosphere.



