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DESCRIPTION

ANNEALED WAFER MANUFACTURING METHOD
AND ANNEALED WAFER

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.



Abstract: A method of producing an anneal wafer, which uses such a heat
treating method that does not change resistivity on the sygijaRearPboy Vaf er
even when a wafer having environnent-caused deposited boron on the silicon
waf er surface thereof is heat- treate%_ in an inactive gas atnosphere, and
whi ch enabl es such a heat treating il a normal diffusion furnace not
requiring special facilities such as a sealing performance-enhancing
seal ing structure and expl osi on-proof equi pnent; and an anneal wafer having
a constant boron concentration in the vicinity of the wafer surface and
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5 As a measure against boron §resent in an environment éf a clean
room, sometimes boron absorption filters or boronless filters are used for all
air filters in the clean room, but it is necessary to frequently exchange the

o expensive filters with néw ones, Which results in a cost increase, and in
addition even use lof 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



The present invention relates to an anneal ed wafer nmanufacturing nethod
enabl i ng suppression of a change in resistivity due to an HBULRGRF 2064 @
boron concentration in the vicinity of a surface of a wafer which'is
anneal ed 10 in an atnosphere of 100%i.nert gases such as argon, and to a
hi gh quality anneal ed wafer manufactured by the manufacturing nethod
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 sinply referred to as a "wafer”) 1is required to have

no crys def ec ' ti-ve | f_.a device fromthe., vie int of
devi ce %%%Flg%tsérﬁﬁi@f e‘fgﬁslgtﬁ%sef g‘%ﬁi@e%}a‘ﬁi }SeRSFf{O,rmtepieWét}hélélu\%%‘gen used
an anneag| fer manuf act ur ed anneal.i ng a waf er . at hi gh 2%@
t enper a?ﬁ’ﬁgo Bolil‘éd%ﬁ%@ Py stR™ dtg¥e3’t er 'Fﬁegﬁﬁ?% yih W@%@%e%?‘ﬂé Sto Pe "
easi | ont ani nat ed bor o esent jn an enyironnment (in peripheral air
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a conpound such as an oxide (hereinafter may be referred to as "deposite
bor on'r'Tp &argﬁaﬁwoa@e" 0 SRR tfwh?@rtéea%@’@r ihaunedledbalone and t he
25 boron s deposited on a surface of a wafer |eft in the clean room 16
Janufry Oid&@ Rgdicleshakpst pleca do moseibily causp aviield deapjin dfebricadonadt
treatment with inert gases such as argon gas, boron deposited on the
surface 9e¥i¢86§t renoved, and is diffused into the wafer to change _
resistivity in the vicinity of the wafer surface. 5 As a neasure against
boron present {dn die efvirrbam@énthese hascheanprommeed = omethodres rbducing .
absorption filters or boronless filters are used for all air filters in
t he cl edrorpooah abunterfadesheivomss anyetitafinketuyent drvd exbuikngsstdlein @xpensi ve
filters with new ones, which results in a cost increase, and in addition
even usesmtatiflewkifdt € RabingsAr TbPiddbhy d. JanGhspes! and Tane Yeues 10
contam nation. conpletely. On the other hand, when annealing is perforned
wi t A0hy dhpgleBhys. 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 aﬁnealed 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,



boron dopant originally present inside the wafer easily outdiffuses, and
further boron deposited on the surface evaporates or flies8ijahQdty 2004
diffusing into the wafer even by annealing, so that the boron
concentration in the 15 vicinity of the wafer surface decreases with the
resistivity becom ng problematically higher. To perform hydrogen treatnent
at a high tenperature, a safeguard or the like is required to prevent

expl osion of hydrogen, which may rai se such problens as a cost increase
and a productivity decrease. 20 There is a nmethod in which diluted

hydr of | ' i.d..1 S ' e i.nal e of ani ng. bef or e; anneal i ng
as propo ggsgéggﬁghgggsen %gﬁé igﬁ%%hﬂgéD§E§g§§@¥%g%3§%kgﬁuggP&W“i
cont am ' fr sych an_envi f goent .. (Japanese Pat ent p]jcation ‘No.
021551 2000 e Treflofotad §UE T st ARG Pbl s cvpo n
of preventjon of boron contamyation, 25 there._i roblemw th the nethod
fromth 8§%Pﬁ¥°}%‘?e g8 8%46%??-")&39%FIHES%BEWE‘&NhEMngBW&]P@@d iManel y
even if t%%%finagacLea ing.is penfoined with diluted hydrofluoric acid and
then the'SRdr 2 cleadieg Hayidun Hisipat staggrafiacsesyienge pbsieaaing atepseadi | ut ed
hydrof l uoric acid_arg hardly cleaned down, and are carried up to the
annedl | MpteEah oxdde t Bhp, opnehe t Waletamariacs immemewd akhngn efctivhe
particlﬁf akes place to possibly cause a yield drop in fabrication of
devi ces.hxg¥ophabigsHesonaircethein s expasefesmthntspob étoublasah ddpaditivaduci ng
boron at an interface between. an epitaxial layer and a bulk crystal in an
epi t axi i neatisles(ar. almotmionsof Bu, gtc. Pasifucdeur). L. G asper, and |. M Young,
10 Appl. Phys. Lett. 55(12) 18 Septenber 188). This method is characterized
in that 100% hyldveagfone,i SCused S4hR it penpraibe ssed dn ithe pfnglostagd dfrtha
depressurized state. Therefore, if it is tried to carry out the processing
usi ng heanidigrsieys firf thespupobetoacevida sshi dgpailde hafetsirfgedydipgen and
facilities for performng the processing in a depressurized state are
r eqdDOr ed}at@zmall oxide film formed with the cleaning liquid thereon. This practice is
also followed in wet cleaning performed before the wafer to be annealed is
loaded into a heat treatment 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



15 therefore the nmethod cannot be applied in a furnace .not equi pped with
such facilities. Wen an anneal ed wafer is manufactured i ReaBn@rfRapAere
of hydrogen or inert gases represented by argon, generally a
mrror-polished wafer to be annealedsis prepared, contam nants such as
heavy metals and 20 organic materials deposited on the wafer surface are
renoved by wet cleaning and dried, and then the wafer is |oaded into a

heat treaﬁen&msom\féar nBge. wwmnth@ TrEOTsuPakd SREoRlhIiRIBIVANH Bt caned, a
cleaning liquid (a ch em cal |qU| d) of various conpositions is used, and a

gener al er .conbi nat.ion ,of SCi qU|d
mxture SrOGaB, SrclEUOR s iy ena S Ry SEERCRL R i Zikteihed

cl eani ng, DHF (a diluted hydrofluoric acid aqueous solution) cleaning, and
SC-2 (a Yalyes @chixtbishomatyshadlgendeditable deproveyne gilecher ok derysiald wat er)
cl eaning, but when the DHF cleaning liquid is wused as a cleaning liquid in
the finatuaditagetefviainsp g enceafet solfganbyngnisdatipg, a 5 natural oxide filmon
the wafer surface is renoved with an active hydrophobic silicon surface
bei ng exposed, so that such troubles as deposition of particles or

absorpti Iy occur. Therefore, SG1 or SC-2 is generally
used in @%GR%I na?ftﬁ%g%\ée%g] lnt he cleaning steps for the purpose to provide a

hydrophilic vvafgr surfac?vvlth 10 natural oxide filmformed with the
cl eani ng | i quiaPedigIestn of 1hi Brasericinvention addess tha peklems ms\describeshni ng
performed before the wafer to be annealed is |oaded into a heat treatnent
f ur nace, alzowe. &t enbodienampeovides fmeaneded iwifshednufaotuaingyrdeibpdi dsirgs one wi t h
a natural oxide filmbeing formed thereon by cleaning, the wafer is | oaded

into a hgabat rE&AMEROIMJD 25®ing Ro \WhaRA éh?ré@tﬁ/ﬁ?/'o? aa\’r?/ﬂf%"fllsﬁ#%éé‘e\?érgon at a

hi gh tenperature as described above, owever boron has been deposited

nga\ﬁubj ected, to Sa,[n(qeal i ng,, t he orop fdl ffuses into

on the Wafqu betore boron depo on ' a surface thereof from

t he waf er écgln ga?er

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



with resistivity of the wafer surface being changed. Wien the resistivity
of the wafer surface changes, in the case of, for i nst anceg Janhdrp206yi ce,
the 20 on-of f threshold vol tage changes, which may not neet standard

requi renents. At the same tine, varhpous electric characteristics thereof
al so change. In other words, when a Wwafer having boron deposited on a
surface thereof is annealed in argon at a high tenperature, crystal
defects in the vicinity of the wafer surface are renoved as in the case of
annealing with 25 hydrogen, so there is provided an advantage that the

devi ce S re. . mr but n the wafer _
surfac e%ggi@gﬁﬁ‘i %%fcgﬁ %Q% g{%on %Qg&%gglvf%% g%[lf 'gr@tl soxéi].]%{lﬁg)s i ver gence
of electric characteri.stics fr t he desi,gne val u occur, which may
opoi | & ABETTAN £ WA OVEHEAT® of PERLOGr e e SEPand hggh (To)ment the
vicinity of th fer surface. by annealing. ,Disclosure of the, I nvention:
Embodi né’rﬁfé”rﬂ%e%t erfihedanost ﬁ@gﬁ’f%w TRVBA PRSI Eetha $HaetkY | bed
above. An .enbodi nent ovi des an anpeal ed fer _manufacturing nmethod using
a heat tbryélif’g%tgaﬁe’%%e Shats ﬁ‘g’“’ﬁ% @ﬁaﬁ@@ll‘la gxéds &Hlmy g prevensd. wafler surface
even_ when a.silicon wafer having_boron deposited on a surface thereof from
an 8nv iﬂoéﬁlﬁ’é?\ {0 PLORIY| B EUELWHY R Se B dheevicinity ah thesrafeygurfacerospher e
and enapling the heat treatnment in an_ordinary diffusion furnace not
requi ri rf§tea te ediee gecand heafir trepbmenhicr basthig cases iifthaebgdrugenagys speci fi ¢
facility such as an explosion proof facility, and also to provide an
anneal edongdratignuni e Sryohent treatmoent rmeqwal fonot hevar tham tylowkra surface
t.hereof is constant and crystal defects are annihilated. An anneal ed wafer
nmanuf actexpileomeling theranfd(atyut 04%h, éhbostiatehtstoficturd efopr aReedsihgvent i on
conprises the steps of subjecting a silicon wafer having a natural oxide
fil m f oraiciddgioimeas Surd deet thatewht iutisdeosoan deplsiivegrésfofchity anyi r onment
to heat treatnent (first heat treatnent) in an atnosphere containing
hy_ci(fjlﬁgermgaeautehm ty tiche ofethesdstpdosibariomdieieq@irediavddabeftaiRphBgcnat ur al
oxi de ' . :

pressure furnace can be used, which is advantageous in safety as well 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



filmis renoved; and subjecting the wafer to heat treatnent (second heat.
treatnment) in an inert gas atnosphere. As described |ater, 16Qdaoumrdeposit ed
on a surface of a wafer froman 16 January 2004 6 environnment hardly
diffuses into the wafer when a natural_ oxide filmis present on the wafer
surface. Therefore, when the second Heat treatnment is perforned after the
deposited boron is renoved by maki ng use of the effect by hydrogen gas in
the state where the natural oxide filmis present, it is 5 possible to
prevent a resistivity change in the vicinity of the wafer surface due to

t he secan t.reatment,. In this,case,.if.the hydrogen oncentration
i the. rrelRmtinE Sl fhsbBhEd ABRE i i MR St B R RH5 o1 on
limt thereof (about 49, the sealed.structure for increasing airtightness
in a hea‘?’{ljtc?‘e% PENT CPRGIRAEI: 1%%11%)}%?18@6#%%’190‘6?‘%%% 4015 £818580G neasur e
at the ti of . t.h |l osion.j§ not required, and an atnospheric pressure
f ur nace %n%cw&t@siﬁgé\}%kﬁrﬁﬁqné@ﬁﬁm ageous in safety as well as cost. It
shoul d be not eg?t at the sufficient effect may not be expected when the
hydrogen conceit? 58§ giher hapds the speand heod taggémenh s 1o snihiede cuystadt ment i s
performed jn a mixed gas .15 atnosphere of hydrogen gas having a

conc tr‘g‘?fjpgﬁ 18gigl Vil of hgew afarasirfagee andvie pew m%imnaﬂlilmnt gaser eof and
argon gas, the deposited boron is renobved due to the effect of the '
hydr ogendi@aesphede an the temasratuirerganpe of h@UtaL30XPdAe If shouldsbe roteded due to
the effect of the argon gas, so that it is necessary to renove the-

deposi t ethdlotlon ivefioraast Atmnspheral used de thé npiese@D inveptieh elncludywved. For
t hat purpose, requirenents for the first heat treatnent should be

pr ef er abdimospheres htatl00¥ehtent gas tedpas argureandng@itiure 90antiaeftlE OC, and
in the heat treatnent time range of 5 to 60 mnutes. It should be noted

t hat theafd hydrogat gas davirent amcdesationeshaiovcor RaverbthpetioldRd: as a
tenperature raising process in the second heat 25 treatnent. The anneal ed
waf &0 meexpflasibnrladithihetdud. anneal ed waf er

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



16 January 2004 7 nanufacturlng nethod as descrlbed above is a hlgh quallty
anneal ed wafer in which a boron concentration in the vici AUy gﬁ@4wafer
surface is constant and crystal defects are annihilated. On the ot

hand, the second heat treatnent is f@.annihilate crystal 5 defects in the
vicinity of the wafer surface, and iS perfornmed in an inert gas atnosphere
in the tenperature range of 1100 to 1300 CC. It should be noted that the

i nert gas atnDsphere used in the present invention includes atnospheres of
a 100% i nert'gas such as argon and a m xture of an inert gas and hydrogen

gas. havihcB kO RGeThERL AL hinBsOlin 8VEkat NBlatnlh! WAfacel@: GXPI 0ST On

limt thereo pr ocess of t Inventive activitles e present

et OheosROBSE R b B SRR ?P@%??@ﬁl??d%%&‘%?&?ﬂ%&)g%?h iy bﬁ'ofévnd
h 15
contamlﬁgdéﬁﬁﬁéé%ﬁ%ggﬂﬁﬁronnent_ the present inventors have exam ne

heat trea af fecting resi stl Vi ty of an anneal ed waf er even

when boron is ed on surface t her as .a resu Q t he
exani nati on thgﬁg it FEERY ﬁ‘?‘fe&ﬁo?‘?a%arﬁ BF}%‘F @F‘Bﬂrl&}erﬂtﬁ eéFn{Jﬁ% f act

t hat _heat . t r eat nept on t hat as ar opp05|teto
each%ot ran Eotcg?ﬁﬁmo‘f’h?wgfféag% %?gbdlﬁé%rré%st@r@ °rV§s1i t‘f qRogitegfbozonaf er |
surface., 20 Nanely the gresent i nventors conceived that a high quality
anneal edYWRFILE THIRLafeIBeHER) C%taé%h&@i%@ﬂb%ﬂso‘?f YEPBRTEALIBA a waf er
surface by ans of heat treatnment w th hydrogen gas and then subjecting
the waf &3Ue 19 RE lpwat thanth eﬁ@wlﬁﬁnmmﬁ?tﬁ%ﬁae%r%ﬁsﬁl Beatigrestraenii t h ar gon
gas wi t hout changl ng resistivity in the vicinity of the wafer surface. 25
To per f GiFosRReE ifolg rafoning dhe gtepogtied hroweveds a wsaliedthes plesemary 2004
structure for increasing airtightness in a heat treatment furnace or a
measur e 1§F91@1Wé§5t pawlofdistnyessd| e hiromenyu ribdtaondesehiened dizmte, whi ch

is
10  treatment temperature in the argon gas atmosphere containing the hydrogen

gas of a concentration equal to or lower than the lower explosion limit 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



di sadvant ageous in cost. Then the present inventors carried out the
experinments described 5 belowto confirmwhether it is possUbﬂ\@ronmpt to
renove the deposited boron by using argon gas atnosphere contai ni ng
hydrogen gas of a concentration equal to or |lower than the | ower expl osion
limt thereof as a heat treatnent "a?r"msphere for renoving the deposited
boron. As a result, the present inventors newy discovered the phenonenon
that, only when a heat 10 treatnent tenperature in the argon gas atnosphere
contai ning the hydrogen gas of a concentration equal to or |ower than the
| ower explosjon limt thereof is set to a specific tenperature range as
shown | i(iﬂlgie lug tq Pﬂ]% eﬁ‘é%@f &t%agonr gy e Ghe ovged gas1the setureh dxiftef er abl y
950 to 1050 aC as shown in Fig. Q the resistivity of the original wafer
i s mai nfdmonisgemoyethelotsidiediaran fepapiterd on shs istetase insemered.i Beehbel ow. | f
a silicon wafer having a natural oxide filmfornmed on a surface thereof

wi t h bomersondidsved that, fasenresnlte the depemitad horonlisicenredaserhieaiffuseat nent
(first heat treatnment) in a mxed gas atnosphere of hydrogen and argon,
when t henteetite waferatresrncts srifleaasilivon itwn owforreaweripouhdtdrel Hepasé t ed bor on
by evaporation 20 or flying is_ not sufficient, so that the deposited boron
di f f Gsedardente he wabhered, wrtdhthdre diffibeegnénthaivgifet dyphcatulsgheat

treatment in argon atnosphere and then resistivity in the vicinity of the
waf er siebacgedtmpat ionthdeargbhenthasitherahettta rosiativityeeiarent Hegnperature
of the first heat treatnent is higher than 1100 C, and, nore strictly
speaki ngiroppgher 25 than 105013C, as the etching rate to the natural oxide
filmbecomes extremely 16 January 2004 9 |l arge due to the effect of the

argon gas in the whieGtIasis sshodal uhak, Srkdethd fheP héat! BRYRERgEOre the
boron deposited on the surface’is renoved. It can be considered that, as a

resul t, HebrafR0s fiRGehi281BRGANRS 0880 8¢ 59160 E@Uﬁﬁfelja'&%ﬁ%@e@’&@f er, or
reacts with a silicon atomto forma conpound and becone harder to be
remged, 105000, heefihihH$8R R ANRIREL e Wind RENnSUBSRBIERL 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



heat treatnment in the argon atnosphere with resistivity thereof being
dropped. In contrast, it is supposed that, when the first Hédbntarg200#nt is
performed in the tenperature range 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 deposited boron is renmovedl®y evaporation or flying before the
natural oxide filmis renoved; therefore the deposited boron is not
present at all on the wafer surface in the subsequent heat treatnent in

t he argon atnosphere, resistivity thereof being not changed. 15 As
understqod fromthe.reasoni ng above, .an appropriate heat treatnent

t enper atGF AHR CRUSLRE DO CRANER MR TRSiFEVIEY agqﬁiétﬁﬂ hept freatmensdat nent  are

par anmet ers dependent on a thickness of a natural oxide filmor a quantity
of deposited bi?— eoRPSTIReR desptbednbelawi 25 am, exdnaplenievkneskemithe he
natural _oxide filmand the quantity of the deposited boron change

accor di rigFst dead traadment gvavpelformoed in #he éémperaterefrahpe of@6@ o 056N
environment or the |ike before the heat treatment, so that the paraneters
can not %e resstivds of4ke siliconwWhafer diéd ndt nlyatde sevdpat BreteenSorabireshgul d be
required to set cleaning conditions, a left time of the wafer, and heat

t r eabrerR0GYndr 116heC aheaesishivityl dhusicehealy & iRekBAY thErcrhe 1bash $eof an
actual anneal ed waf er manufacturing 25 process, and then to experinentally
set condiomisglesed othdthewhins tthbefiistl hed8ntbymi@04is Lbrs@addremt tgausi ng no
change in resistivity after the heat treatiment. In the experinment described
bel ow astearperatumel ingewe00EN 1106 °Cf hskistioaly dHAANENY WS Bfﬁfb@r med in
the tenperature range of 950 to 1050 C, resistivity of the silicon wafer
did not mieaagisd nddpalstingehl e tadattRnhtHme 18%0e Poens oA4R0nREr of ge
resistivity changed only a little, and therefore it Can be considered

t hat, whersd henfiigsst heat treatnent is perfornmed in the tenperature range
of 900 to 1100 OC, a resistivity change of a wafer can be prevented by
adjasting the heat treatnent time in the range of the order of 5

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?%%mﬁtegth grg‘g ein
Experi nmental Ex le 1. .Best de for Carryin t the Invention: 16
Januar y Fo563n<e gﬁlﬁﬁb%&}éﬁtze@“f:'\/ﬁtsﬁ*@wﬁ?%%rﬁgqmﬁ]@%i% 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 SVt pRrdowy anagitierfionsiepian thap thewn shewndahthe dligurdearef t he
present inv_%ntion. 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 several tens angstroms in thickness on a surface
thereof and i sAsenwafarriabesubidcted toheat tdeposénte thére ismsad opawikionnent .
Argon gas is preferable as an 10 insert gas to be used, but other gases
such as iaeubjartedsostandardt daaniong o formx kunsturbboeide filmy dfeeused toFig. 1 is
a time chart showi ng an exanple of a heat treatnent

'- 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 i;lsert 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 conétant level (1000 C).
The heat treatment sequence shown in Fig. 1 is as described below.
| @ After a wafer is loaded into a heat treatment furnace at the
fémperature 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



sequence in the nmethod according to the present invention in a state in
which treatnment tenperatures, treatnent steps, and at nospA€daguapn@ee4 are
15 illustrated separately. The figure shows a case where the first heat
treatnment is perforned keeping the tEhwperature at a constant | evel (1000
C). The heat treatnent sequence shown in Fig. 1 is as described below O
After a wafer is |oaded into a heat treatnent furnace at the tenperature
of 600 C, the furnace is purged with argon gas (Loading step in 20 Fig.
1). Any inert gas may be used as the atnospheric gas, but argon gas is
pr ef er althe.coocenidatigenf ghe hydregitegad s ththiargnge gdds abt tleeedshoyvis at € rati o
of 3% and the tenperature is raised from600 OC to 1000 OC (Tenperature
rai si ng previzle)an éxplasidechquificitity, ahdtdeatineiplgeit gassis firehed aphy equal
to or lower 25 than the |lower explosion limt thereof(about 4% and 0.1% or
hi gher . Béhased] 6vhiah iebiv200keod2 ih BEstCHIT SafetRt TOR ﬁéinﬂe!%ﬁtlﬂiédéﬂbgﬂ? gas is
roo

inthis range, it is not necessary to provide an expl osion-p acility,

and an aaermmwﬁpctomn@ﬁ&wﬁeéﬂt&@memmﬂ&ab\%@om%1h§%8€)/.?‘“t ageous in
cost and safety. The tenperature should "be raised up to the Tirst heat

treagnent tenpeaHrwiRPGs Hayed HkPQ Hak trent Bt RNl 139, Igéfﬁltgg in the

heat treatnment furnace for 30 mnutes wth the above-described at nosphere

% 189 otd- i T % o i.S.fli h
(51005 Wiy b idon et bnohe o eomib gl B ST hoal

treatnment is perforned to renov oron osite rom an

o surausanb o)y ot enly SRSl B SLERMY BRF LT
200 R ) o SRBEELIE W o
al T bor aname R it OGP A cfis,ch. (Br) ChacR GRS of 1 HEShydr ogen
O A MBS A BRI Fe shot3e2HEREE) 120 A0kl

_in_this temperature range, 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
Hp) 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 .



at nosphere and the tenperature is raised from 1000 C to 1200 CC
(Tenperature raising step). The tenperature shoul d be rai seglJasuahgosecond
heat treatnment tenperature (about 1200 CC). The second heat treatnment may
be performed w thout stopping addi t_LﬁEP of the hydrogen gas in the first 20
heat treatment. 0 The wafer is stayetPin the heat treatnment furnace wth
the above-described atnosphere (100% Ar or Ax- + an extrenely small
guantity of H2) for 60 m nutes at 1200 CC (Second heat treatnent step).

Thi s second heat treatnent is perfornmed to annihilate crystal defects of

t he waf y e 25 erfor d for 30 mnutes to 5 hours in the
terrperat a’@ﬁ'r?@@ 8% HE\YG Pé’llé’Pa f 16 January 2004 .13 1100 to 1300, 1C as
conventi onal . The tenperature is |owered fr m 1200 to 600, 1C

(Tenper ature &g@@ tegnerapre in kv enedremel 48k° tq 804 Yk EheBperatugem t he heat

treatnment furnace, (Taking out step). 5 Fig. 2 is a_ tine chart simlar to
Fig. 1, lewWswnggstendt wed tbrariheewefer ishealirsaput deee ridet heatgtreatmend t he

met hod accordlaf to the resent invention. The figure shows a case where
the firdurnaes akeeg@ehts qpé performed while raising the tenperature (from
950 C to 1050 The heat treatnent sequence shown in Fig. 2 is
différent fro tlnaﬁ 14 A tHng charbsinyilamta Keg. 10 showimg anbidtertehmnipemdr at ure i s
raised from600 Cto 950 Cin the tenperature raising step 2Qin Fig. 1,
and t hatthei hsttatteatmier pieqgendée int thpemathod atonlingntt ahe pessint( 1000 0
inthe first heat treatnment step (3 in Fig. 1, the first heat treatnent is

per f or magkvehtibe. r s dgurbeshoenper atsy evhdreothd st Gdsd 1Ra0mEnt als t he
tenperature raising rate of 3.3 Cnminute), and 15 other steps and

condi ti orerfamesd Wdilsargsiag thbasepdestre {adnabbY eC t5Q05b aC). Teediht
déescription thereof is omtted. In the heat treatnent sequence shown in

Fig. 2, frbethénisiedivate showatintg. 2 & @tﬂeﬁ‘&iﬂ‘@@m&:&a@ ih GHPEr hly i@ fhal S| ng
process in the second heat
10 pomtls that the temperature is raised from 600 °C 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 te 1050 oC.

Examples

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



treatnment, and in this case, it is advantageous that the tenperature can 20
efficiently and quickly be raised to the heat treatnent terffeaatary@004 the
second heat treatnment. It should be noted that the tenperature raising rate
in the first heat treatment may be sei-so that the heat treatnent can be
performed for 5 to 60 mnutes in the tenperature range of 950 to 1050 C.
Exanpl es 25 The present invention is described in further details with
reference 16 January 2004 14 to an experinmental exanple.. (Experinental
Exanple 1) After silicon wafers each having a dianeter of 150 mm a

conduct itgidnyetparemehtddekBfhled crystal axis orientation of <100>, and -
resistivity 5 of 10 0 - cm were cleaned according to the standard

cl eani nqHxPefimenkal Bxbnpld 13nd SC-1), the -wafers were left for 24 hours in
a clean room Boron deposited on the wafers was recovered into a solution

by & vapor phasewgecomnesi Lhal, DLIOflyiald o N8 SQL | g0 (e igasyred by

at om c absorption spectroscopy to culdte a quan dé‘b%‘si?ed bor on.

_ Janti Ly . of depesi t. h
vafer | orpeiblivit e¥EarbIRe 4 M3 R el Rt R B oy oo

h . [ TR | ef t  td t h ft

1 eani ng e P aresgslbartlt a Rk S Sl el Pt (FERSCERERE cac
left f h d th f bj ected to heat
L1 eat moritC An Rkt 113 BN P nditn ool e Sivén Herbiidod Banci ot 1 ng

of the steps (1) to (5) shown, in Fi.g,. | excluding {he point that the _
t enper at ewg.%e h&2f | Pé‘i’veﬁ%gtmt? raeﬁ‘i’lﬁgﬁp g gapoy 8£1§%Fr EYTPeHPERat ures in

the range of 700 to 1200.0C as shown . in Fig. 4, so second description of
t he speg'inFﬁEOdp@G@ég'ﬁrségufé%WQ@dﬁﬁﬁﬁ’t"r%ﬁé)yta&@%%ﬁbﬁ%fp&wtﬁpééﬁl’oﬁ@mé@i stivity
of a surface of the wafer having been subjected to the heat treatnent

fol | owi fFHEHasR&yentty of depositril Boxgas neasured with a SCP

10 . Asa resﬁlt, it 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



(Surface Charge Profiler), and the result-is showm in Fig. 4. Fromthe
result shown in Fig. 4, it is revealed that the resistivitig Jpeadyadb04 he
wafer is equivalent to that of the original wafer when the tenperature of
the first heat. 25 treatnent is in thg-range of 950 to 1050 OC, that the
resistivity change is 16 January 2004 -15 small when the tenperature of the
first heat treatnment is 900 OC or 1100.0C, and that the resistivity drops
in conparison with that of the original wafer at other tenperatures
(namely, that boron deposited on the surface diffuses into the wafer). 5

It was adreell eadd R tbrhpaiatie aféheoﬁrs%fh%a@@fﬁ#@glttggbegﬁ Sdibi)ﬁfdt@t? to the

above heat treatnment crystal defects are an : that the

per f or mee@tlpft th@@:e&is%ﬁfﬁmg ts 13 @@ﬁglﬁg%?@ :wﬁg;/l{' gﬂ}aﬁf"tﬁe %ﬁ]’églﬁﬁ \%ﬁgergail t hat

anni hil ati on of crystal S. Re e sanmg sanp

hilati : , -  tha
s spentroianpery S femell, B RS ARRITSh HF IR PrnBBE RN

obt ai nedyhTpgfgfore, it was found out that, when the tenperature of the
first heat treatnment is in the range of the order of 900 to 1100 oC, a

resigfivity ch (o) er effectively b revented by controlling
a heat treat neﬁ?qﬁsni;s‘?ﬁ%én?%ﬁ%%t 16*3@0% ?Be f‘%n%gleﬁivmﬁ’é%"?u Bt ty of
Expl oi t akj onwin lindustry. Wih the anneal ed waf er, manuf act uri ng net hod
accor di ﬁ%ﬂet %b?ﬂee he r%e%srgﬁfm]eﬁ%/ﬁ?f’%,gqr}?c s Fo S aiieé, rﬁﬁﬁilitéégatheenar kabl e
effect t even e ilicon wafer having boron deposited on a
surface ﬁ%tg?ré%?’n‘fer oq%hoﬁﬁgeﬁ\’ﬁ‘a{} ngre@%m@%j ab'-\ Pt Elrea®ny r eBeste®n i n an
inert gas_atn here, there, is no occurrence of a resistivity change of
t he waf e@%@@.cf%??qﬁiﬁef%ég-heat treatment by the method according to
the present invention 02)? gg performed in _an ordi narﬁidi ffusion furnace
not requiring a-SEHEY of theiiee FARDIS asnthatausetyimithis gipemeental any
spe(‘li iC facifitg/ such as an expl osi on- proof

example above was measured by secondary ion mass spectroscopy (SIMS)

and C-V measurement, and similar results were obtained. 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



16 January 2004 .16_ facility, and therefore a relatively cheap heat
treatnment furnace can be used, which is substantially advaaUagggygoog
cost. Further the anneal ed wafer according to the present invention is of
hi gh quality and has a constant borogaconcentratlon inthe vicinity of a
wafer 5 surface with crystal defectS being annihilated, and is preferably.
used for fabricating devices with excellent characterlstlcs 16 January
2004 -17 CLAIMS 1. An anneal ed wafer manufacturing nethod conprising the
steps of. subjecting a silicon wafer having a natural oxide filmforned on

a5 surf vironnent, to heat

t r eat men]t'ta t%h%?]fg}éenfgg%ﬁea?%%@% %%?%Bq%ag %}tﬁﬁgiguﬂ}%& BRPS ReYeposi t ed
boron b e natural oxide filmis renpved; and

subj ect Slﬁ%l% ﬁé%\;\(g%@ea%tfagjyh%g‘falﬁ?g%w?elﬁtCOS an inert gas at rmsphere 2. An
anneal ed waf er ﬂ%ﬂf turin e%r]lni d accordi n oclaiml, 10 wherein the
inert gas is a € 3hn oY BeFoRdmE WT%WLH%?W?W@W@ faccordi ng

to cl ai 2&11 or rein the at sphere cont ai ni ng@t he hydrogen gas is a
m xed g “ﬁ&ﬁﬁ\gx&g@ﬁaﬁ 65% oxpascomgentrgtigndatbe iEaity of ae‘é]@&lr to or

| ower. than.a | ower ex on limt thereof and _argon gas 15 4. An

anned e WEHEr ¥ %G’Fya?ég{]ala#?ﬁtﬁrg?ﬁkﬁj appiiyiateAg ang il prefeisb Iy \itsedeforr t he heat
treat rrenl% i.n the t ppsphere cantaining the hydrogen gas is perforned for 5
to 60 bricatipg W%Mﬁ&?@}@t @clerisgop to 1100 CC. 5. An anneal ed
waf er manufacturing method according to any one of clains | to 4, wherein
the heat treatment in the atnosphere containing the 20 hydrogen gas is

performed while raising the tenperature. 6. An anneal ed waf er manufactured
by the manufacturing method



according to any one of clains 1 to 5, wherein a boron concentration in the
vicinity of a wafer surface is constant and crystal defect $6a3asuary 2004

anni hilated. 25 ABSTRACT The present invention provides an anneal ed waf er
manuf acturing nethod using a heat Iaﬁatnent met hod causing no change in
resistivity of a wafer surface even en a silicon wafer having boron
deposited on a surface thereof froman environnent is subjected to heat
treatnment in an insert gas atnosphere and enabling the heat treatnent in
an ordinary diffusion furnace not requiring a sealed structure for
increasing airtightness nor any spgcififg facility such as expl osion-proof
facility. The present invention also provides an annealed wafer in which a
boron concentration in the vicinity of a surface thereof is constant and
crystal defects are annihilated. In the anneal ed wafer manufacturing

nmet hod, @ silicggp, n a,surface

thereof With bof onﬂgé%%g%\gépﬁ?gnr %%%%%cﬁ@g d‘gdn{:ﬁirbénﬂfﬁ’g{ﬁt %ss e8iBfected to

deposi t od bor ot BiEHrE {RARAR: rbR itk  priiced S5Eiobhe Sumed amen | s

subj '%Ct e&rtfgceht%aetrecgf’ v?ﬂh%%%n idg'pca}sr{teicf~| E{):t:n S%n%g[’nf&rﬁ? rtg 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 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





