»e3e% % H, 6dTHQ DESCRI PTI ON ANNEALED WAFER MANUFACTURI NG METHOD AND
ANNEALED WAFER 5 Technical Field: The present invention relates to an
anneal ed waf er .manufacturing nethod enabl ing suppression of a change in

resistivity due to an increase in a bdron con atJ ct.ni'ty of
a surface of a wafer which is annealed 10 in )rmésgh&rﬁb {)90 I-O'k“l nert

gases such as argon, and to a high quality anneal ed waf er manufactured by
t he manuf acturing nmethod having a constant boron concentration in the

vicinity of the wafer surface with crystal defects being angpihi o
Background Art: A silicon wafer @M@ﬂ% may be sinply mem%ﬁﬂ M’Es a
"wafer") is required to have no crystal defects in an acti

device fromthe viewdoint of device characteristics. To sati sfy*fHs

requi renent, there has been used an anneal ed wafer nmanufactured by

anneal i ng a waf er AAYNEALYED WAFERMANUFAQDURENGEMETHO defects. The
wafer is, however, apt to be easily contam nated by boron present in an

environment (in peripheral aAND ANNEAEED WEAFHR con wafer is exposed. For
i nstance, boron is released as a conmpound such as an oxi de

be reterred to as "deposited boron" or sinply as "boron") h@@ﬂ@mﬁm M ers
used in a clean room and the 25 boron is deposited on a s fer

left in thehaligdriehpm , When the wafer as described above i&0®8itbj ected
to heat treatnment with inert gases such as argon gas, boron deposited on

the surface is Moo pRIABUE Snveishd Seldidd tsad drfﬁe%léch@va‘f@tf & arta AT

resistivity in the vicinity of the wafer surface. nmeasur e agai nst

b‘w on presgtfiod ShMlisP VG AREERh o?h AhatlgB resistivity due to an increase in a
boron concentration in the vicinity of a surface of a wafer which is annealed

10 in an 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")-
. 1s 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 "deposited
boron" or simply as "boron") from air filters used in a clean room, and the

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



room sonetines boron absorption filters or boronless filters are used for
all air fillters in the clean room but it is necessary to frequently
exchange the expensive filters with new ones, which results in a cost
increase, and in addition even use of 4he filters as described above can
not elimnate boron 10 contam nation conpletely. On the other hand, when
annealing is perfornmed with hydrogen, boron dopant originally present
inside the wafer easily outdiffuses, and further boron deposited on the
surface evapora or.flies wthout. diffusing into the fer even b
anneal i ng, so t NapeR fiBe B’%‘?‘%ﬁ a@o(ﬂ%séﬁ]tbtegt{i‘l%ﬂ’i’ei]% Stq%éecfgd\;pgjae{ﬁtttsye%?mg“ waf er
surface decreases with t&? resistivity becom ng, problematically, higher. To
perform H}Y/’&Ldﬁléﬁt BREST ABAR a5t AXEOm ghs.t kowoar dennsitedaon dhe gwrfareois nhk | i ke
is required to prevent explosion of hydrogen, which may raise such problens
as a costreWﬁéaéédaﬁdlfiﬁuiﬁdom@ﬂJhQ/W‘ta,feld‘étglww. regp@stitr | the wicmetholt in
whi ch diluted hydrofluoric acid is used in the final stage of cleaning
bef or e arthearafey susfaseoposed by the present applicant as a neasure agai nst
boron contam nation from such an environment (Japanese Patent Application
No. 98155/ 2000) Asph trheasgiret dgainaebbomh psesexit ianed enwriehw erftr ofw tdean
vi ewpoi nt of prevention of boron contam nation, 25 there is a problemwth
t he met hodofr, sontdtemes bopmi absobtidepfileid anbofonlessHilteas ddeChasl fodaTel y even
if the final cleaning is performed with diluted hydrofluoric acid and then
t he waf erair diltdreamnethertlehnwabat,  bytait tis deesssiepasi fregudrtly Brclihsl ekl
hydrofluoric acid are hardly cl eaned down, and are carried up to the

neal i ngxpleapivesfiltehatwithhes tdis\afigithi sesaltdenl @dcosbakicRthsa, dhnd i

ticles takes place to possibly cause a yield drop in fabrication of

devi ces. #AMitibe dlehensd1andhe RS 1AGREBRIPINRRSED ﬁoﬂggpgﬁaeé phEGHCi g

boron at an interface between an epitaxial |ayer and a crystal in an

epi t gy alcoyy@gﬁqnéﬂen@ga?ﬂ lyA- J. Pidduck, J. L. dasper, and I. M Young,
10 Appl. Phys. Lett. 55 1%% 18 Septenber 1988). This nethod is

h terized i % [ d [ i f d
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| oaded into heatﬂhreﬁt nt furnace. Wien a mrror-polished silicon wafer

is cl eaneRiF,ObgenéF‘éﬁ g bd (@ raferam bydesen weatmenbuat canpagh ti ons

ia used, and a general cleaning 25 nethod is of a proper conbination of
1 (a |teqmerapise, (# safggunrdopr dhe like is required to prevent explosion of

hydrogen, which may raise such problems as a cost 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 environment
(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



hydr ogen peroxi de and water) cleaning, DHF (a diluted hydrofluoric acid
aqueous solution) cleaning, and SC-2 (a liquid m xture of hydrogen

chl ori de, hydrogen peroxide and water) cleaning, but when the DHF cl eaning
liquid is used as a cleaning |iquid i'® the final stage of a sequence of

cl eaning steps, a 5 natural oxide filmon the wafer surface is renoved with
an active hydrophobic silicon surface being exposed, so that such troubles
as deposition of particles or absorption of Cu, etc. easily occur.
Therefore, SC-1 or _SC-2 is generally used in the final stage of. the

cl eani ng Partiglesi oNamelp @vpBse the ;ﬁ/ i dleaning ds gistionmediayidh dilpteske with
a 10 natural oxide filmforned with the cleaning |iquid thereon. This
pract i ce Hyslraflyerie or¢idweadi theopt the ewafengispeleomededvitef water; eariigles to be
annealed is |loaded into a heat treatnent furnace, and after the wafer

sur f ace idepbsried hedheditutieddradsiefluoricared wire haadhaclernkbd dwive arid ardei ng
formed thereon by cleaning, the wafer is | oaded into a heat treatnent

f urnace. chBridferp tohthevmimealirsg stepead tht, whengidre wafex ibiaghetlddpbrhing e as
descri bed above, however, if boron has been deposited on the wafer before
bei ng5suhjferticephittivl@ntaeleds phcet toephsildy civst us gseldndiopt irefalaiaitiday of
annealing with resistivity of the wafer surface being changed. Wen the
resi stividevi@fs.t he wafer surface changes, in the case of, for instance, a
MOS device, the 20 on-off threshold voltage changes, which nay not neet

standard requi r @®ehé othér hAAdS BE el hiP bedi@pr8pSsed £GhétodChoFcdicaid Stics
t hereof also change. In other words, when a wafer having boron deposited on

%5 ur f aceydrBR! fOhn! iHit@TREAbEEWESh 3nIOFitatial 1Ay AN ah8 Pk WrPstal i) S

ects in the vicinity of the wafer 'surface are renoved as” 1 n the case of

anneal in ; h ! oyife d t he
devi ce c%%%%lggﬁgt@%ggﬁ%?%gi %b?g\?égéu%tlvﬁéglfé%e&ﬁg grﬁg\gi ?ggtgg% S
cont 3 na j 0 i 2 ' .electric
char a0 ort o 2R, Bok B B e £ 088 ST e AL KR RGP o 6
i mpr ovenent . effae f .t crystalyquali in the.yicinity.of the. wafer
surface b@‘%n%@?ﬁ nlgydrggéjsé%loésl%rdeq%'?d tﬂ%a/e Iﬂjnr\%%sll%%: 1%%&5?r5%%cﬂt1q nVenti on
was nade (a'o sol ve td;eagro ens, as . ets.cribgq above gﬂg it is.an object of
the preseMPRETGLAEG Therciote Bt 8t T SRR BPT HisRFoLE PPNt hod
usi ng a heat &reat met hod causi ng no ig change ig r esi stigeilctéﬁ .of a
waf er suriRQEIRALK qrHUROR Wirpace A fareuand o Ysuig Brdpessan tgS sur f ace
thereof from an environnent is subjected to heat treatnent in i nert gas
at nospher T PR IRRG Hee dracessing dpcadepressumized shade n%lfteyr‘iﬂm¥‘€£ BT ur nace
not requiring a sealed structure for increasing airtightness nor any
specild ¢ theapfore yhe yeethed eannok heanrdipdyinod furnade netyequipped svigh §8ck o
provi de an anneal ed wafer in which a boron concentration in the vicinity of
a surf acefacH#fiiesf is constant and crystal defects are annihilated. To

i eve the object described above, an anneal ed wafer manufacturing nethod
iordi ng to t héVpensant anneadadi wafarorpmarefactiered: apsamwfatmmgphers iofig a
silicon wafer having a natural oxide filmforned on a 20 surface thereof
wi t h bor ohydimgesi ¢rethdrt @ases repveseoberbby dxgohegenerallyt memtirrofipodishbeat
treatnment) in an atnosphere containing hydrogen gas, thereby the deposited
bor on bei wgferctmbe dibehdied it peepratdr abntwnidants lsoch sasr heawethedald sndj ect i ng
the wafer to heat treatnment (second heat treatnent) in an inert gas
at nosifher ergazhc Anatiesalsi depoditdderon bhheowaflapesicfaed are aesauviedcbdyoived waf er
from an -6 environnment hardly diffuses into the wafer when a natural
oxi de fil clebfing endntried, tahel théertheuwhéneis Ihated ot avhest thatseaond heat
treatment is perforned after the deposited boron is renoved by naki ng use
of the ef figefacby 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 surWae@ a 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 ammonia,




due to the second heat treatnent. In this case, if the hydrogen gas
concentration in the first heat treatnment is equal to or |lower than a | ower
explosion limt thereof (about 4%, the sealed structure for increasing
airtightness in a heat treatnent furndce or an expl osi on-proof facility as
a 10 neasure at the tinme of the explosion is not required, and an

at nospheric pressure furnace can be used, which is advantageous in safety
as well as cost. It should be noted that the sufficient effect may not be

expect ed en the hydrogen,concepntrati.on i ss,th . 1% . \VWen the first
heat tr e&’c%ﬂgeril speﬁéﬂdﬁr wad W%teéj] r‘h[e)?é’dnﬁ’apﬁlge(ﬁt ﬁ%ﬁ%ﬁe?‘géﬁ‘?ﬂ‘h@&ﬁ %Eﬁ gas
havi ng a concentratio qual to oqr_ |l aower than the |ower explosion limt

t her eof M%P@@ﬁlﬁé@}r} ﬁwwwﬁ&éﬁﬂ‘é@%ﬁw@we&%@&ow ¢Meriges ect of
t he hydrogen gas and at the sane tine the natural oxide filmis renoved due

to the eflixshogen renexide god water) sleanieg, iut whemthe DFF pleaning dowed ihe
deposited boron before the natural oxide filmis 20 conpletely renoved. For
t hat pur pised, as agléanengiigiid on thhdirfalstaghebha seqeenceeofi cletmingdstbps, a
preferably in the heat treatnent tenperature range of 900 to 1100 C, and in
t he héat nateabheotidei fibmr amgehef wafen @irfacenusesembyvedheutld de actied t hat
the first heat treatnent as descri bed above can be perforned as a

t enper at unyedrophsbiegihtacenfacanbding exposst] shehht 2ach treabimds degwitisneal ed
waf er manufactured by the anneal ed waf er . 7_ manufacturing nmethod as

descr i bedvfghavieldsomabiogptianalf i ctneaalledcyad.er in which a boron
concentration in the vicinity of the wafer surface is constant and crystal

def ects are annifhdrafd, SO heSOhEY ghadidllyt R dSRE Ohél fhrdtsthgcat fRAt is to
ihilate crystal 5 defects in the vicinity of the wafer surface, and is

per f or ”Edclbé}ngil'% %t@gétfoﬂﬁ&z BUARSRNG Srovidd Q%ytd%?ﬁﬂﬁtd#!i%rr@}%e%it%lé’o to

1300 C. It sh e noted that the inert gas atnosphere used in the
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and a mixture of an inert gas and hydrogen gas having a concentration equal

to or | ovels,tBABwbAS! WL Qi Ble%-k‘ﬂl%dl bdfhte HREWRALT 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 treatment 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

with 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



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 conpletely elimnating boron contam nation
froman environnent, the present invémors have 15 exani ned heat treatnent
met hods not affecting resistivity of an anneal ed wafer even when boron is
deposited on a surface thereof, and as a result of the exam nation the
present invention 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 increage wmprayeds dutfe waieny égﬁ‘- svadert sudhce ioegoatamipatede Wity hezasl y t he
present inventors conceived that a high quality anneal ed wafer could be

obt ai ned Wndesizapde sffeats buclmsddiyesgenng ohelecime ehagagtpaisbicyyiremathe of heat
treatment with hydrogen gas and then subjecting the wafer to the heat

t r eat nentddstgneanvalluieb atéury vdrigh nedy sidibetdesiviable smporvegentwitfdeoof thhangi ng
resistivity in the vicinity of the wafer surface. 25 To perform anneal i ng
wi t h hydrargetal gaslith onelevicinitg edithe wafegsusheaby aneehbingi ncr easi ng
airtightness in a heat treatnment furnace or a neasure at the time of the
expl ogion is required as described above, which is disadvantageous in cost.
Then the present inventors carried out the experinents described 5 belowto
confirm vibgichetré bf tise DR&SitRjie or not to renove the deposited boron by
usi ng argon gas atnosphere containing hydrogen gas of a concentration equal

to or lower thamydgrdseWeinfrtiswal hadd to kHKeank Iﬁ%b]?en’i'@ﬁ% des&abegnt
at nosphere for renoving the deposited boron. As a result, the present

went or SR ndl RCRVEH ¥Mhid RS ARRNPARBAD ih Rdtio® b YorWoRle &n BMealfa

atment tenperature in the argon gas atnosphere contai ning thezﬁydrogen

gas of a GoRcepldialh Ay ?Jéetgled%sihg%rhéﬁa&eaﬂﬁehﬁgﬁm%t@ﬁph@g&ﬂg XH) m t

thereof is set to a speci enperature range as s he

in Fry R Bl SR sl LR s e R e 1
phenorrenokr)l cagieebe

i d d i bed below. 1f_ a.silii. havi
R T R TR KNG R e e T
i xod gasUARBEPHET BRnCHyUEROR A g FOANS Rt e R PR BT eE
tenperature, . is I%\é\]/%fer,errt)%/al of the depqsited boron by evaporation 20 or

flying i sO%BRagy, pign: furgges mot nequIRg ok isealednBiryRt WS 105 sRSTeafipe t he

wafer with the subsequent hi gftl ter’r_tl)_erat uLe heat t{eat ment in argon
at nospher girtightness nor any specific facility such as an explosion-proof facility, and

15 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.
. To achieve the object described above, an annealed wafer
manufacturing method according to the present invention comprises the
steps of: subjecting a silicon wafer havihg a natural oxide film formed on a
20  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.

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



and then resistivity in the vicinity of the wafer surface drops. On the

ot her. hand, when a heat treatnent tenperature of the first heat treatnent
is higher than.1100 C, and, nore strictly speaking, higher 25 than 1050 C,
as the etching rate to the natural oXi®e il m becones extrenmely 9. large
due to the effect of the argon gas in the nixed gas, the natural oxide film
is renoved before the boron deposited on the surface is renoved. It can be
considered that, as a result, the deposited boron becones easier to diffuse
into the wafer, or reacis w.th a silicon atomto forma co u and becone
5 har der qfﬁ’l%lm%%&’éagfyaﬂgf‘ﬂ%nugpf‘%hﬁs?é’é‘?‘i’rnf’v&etrhé %?@Pfﬁg‘?‘f%zﬂ%%equent
heat treatnment in fhe argon atnosphere with re istivi(i t her eof bei ng

dr opped. RieseBhoR dhe waler ﬁgréagpgﬁx@aew%uw R dhe tsreoH %gfett Heatmepkas ment i s
performed in the tenperature range of 900 Cto 1100 C, preferably 950 Cto
10 1050 erderreed hftaythadepestadtomatiaremonsd g niakimg werndthe effattghy; so
that the deposited boron is renoved by evaporation or flying before the
natural olydregenl gas sn rtdeostede tWhewt the ndtarak pylet Simbor pnedentndt ipr esent
at all on the wafer surface in the subsequent heat treatnent in the argon
at nospherpegssildsitstpreveyt ahesesiviechgngotin changeihityl 6f e wader stxdfade f r om

t he reasoni ng above, an appropriate heat treatnent tenperature and a heat
treat nentdté nie ohe tdeeohdr héathaeadatiieadt melnt thise cpas,anftthe Shydpendeghson a

t hi ckness of a natural oxide filmor a quantity of deposited boron on a

waf er, angbricent@didn inthé Hst heak hessnenttibeqial wbalr Wwetetfan Mmlawdrt he
quantity of the deposited boron change according to 20 cl eaning conditions,

agl eft tiggplediohhBnyidf fHerbhf ARHOWY INMEHY sehlddn@tidsardabpr@ckdiihgat
atnment, so that the paraneters can not be deci ded easily. Wen deciding

these paraFelo®ifess in &N t4rBEhEMFEEG ek QrSat eﬁbﬁﬁiﬂrﬂﬁr&ﬂr{g&ﬂﬁgh%’ aga left

time of the wafer, and heat treatnent conditions after the first heat

treatyent QR LA APARk SRk ﬂ“tl?&feféﬁiosﬁﬁ{‘?sahgfj_r}é\@ﬁﬁédnﬁﬂaf %?Ho@?h%xggt

process, and then to experinentally set conditions for the firs

o, LT O b0 A0 oRR HEARRCwHIH R Ath kol il VR obloBa, o 3

I n the experinen escri oW as an exanp even irst heat

rearstvi 1y ay SRAC R e B bERREER MG ARE o Mol el MR M o o
5 900 ~C

r 1100 ~C_the.resistivit ged only a little, and therefore
it can beﬁzgﬁoﬁe&eqpélﬁe?ﬁﬁ{on\ﬁﬁ%‘?stﬂ@’fg’ﬁ?gs heat treatnent is perforned in
the tenperature nge of 200 to 1100 ~C, resi st.ivity .change. of, a wafer
can be prevent ed%gaaﬁﬁs?lir% bteﬁi greegttmtepga{w%qr- iR @hd2iX8fg&asf t he
order_of 5 to 60 mogﬁtlﬁgcfi 10 Brigef Description of the Erawi qgs: Flé\% lis a
time thar fBUBARGSTS Qﬁﬁpegaﬁ’fh%iwﬁgaﬁ CORCERLRREAPT S84 ke OTilAWER thRReal ed
waf er manuf acturi ng nethod accordi n% to the present invention )

the lower explosion limit thereof and argon gas, the deposited boron is

‘ reméved 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, so that it is

necessary to remove the deposited boron be'fore 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

25  treatment. The annealed wafer manufactured by the annealed wafer



15 Fi'g. 2 is a tinme chart showi ng anot her exanple of a heat treatnent
sequence i'n an anneal ed waf er manufacturing nethod according to the present
invention Fig. .3 is a graph showing the relationship between a left tine
and a concentration of deposited boroffin 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 between resistivity of a surface of a wafer having been
subjected to heat treatnent and a first heat treatnent tenperature in
Experimental Exanple 1. 25 Best Mde for Carrying Qut the Invention: -11
Enbodi nenhanofactinengmestdiot] dsesntibed ahpee tes bratheualityl amesledwaddeimence to
Fig. 1 and Fig. 2 each show ng an exanple of a heat treatnent sequence in
t he et hoaghizbc®d bdidrg coeceneatpore sk the iviciantyi afnthel wafex siedadeemscanstamly t hat
various nodifications other than those shown in the figures are 5 possible
wi t hout dapbeityisbgl defeststare aneghilatl. | dea of the present invention. As a
wafer to be subjected to heat treatnent, there is used one which is

subj ected to st @widotHe® MANAItROsdRhM R ah BfdditRlen®is SCahhiiRE BRI al to
several tens angstrons in thickness on a surface thereof and is

cont agi najsg.twiihNthRofiemiflenogid R4 rdr QA 8RMl QPR me M08 1988t ks

preferable as an 10 insert gas to be used, but other gases such as helium

neon, kr ya“c&x?é(bgh% e % ?imé;ft%%lgefﬂ%&@%&ng?}:’)f Re0§$6930008. 1 sih%HPd bb Wr&rar t

showi ng an exanple o t treat nenf sequence i n the nmethod according to

LN o oSl TSR0 18, 83680 ol 0 1y Y56 SRRl RRERLg gk oot o

st eps, and at nosp gases Separa rgure

S 2 Chfod¥hetes BP§ alpp%sfneﬁ!fé%iggg?ég‘_&%%% Ay ﬁ{i&ﬂﬁg Jf‘r?]at%pfn’é?t he

erature at a cons eve reat ne sequgnce shown
in Fig. 1 igs.,as.described below. ~l After a fer is |oaded ipnte a heat
1 eat pent R d HRRERERY BB & oot R Bl (ot FonREREER B doleti W ¢
ar go as oadi st in 20 Fig. 1). Any inert gas may be used as the
at ?m er§ ﬁ%fg?qgﬂ’tt @55%9? gas i g ) Y ° g

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



preferable. 2~ Hydrogen gas is added to the argon gas at the flowrate
ratio of 3% and the tenperature is raised from600 Cto 1000 C
(Tenperature raising step). An added quantity of the hydrogen gas is
preferably equal to or |lower 25 than the |ower explosion limt

t her eof (about 4% and 0.1% or hi gher. Wen " ' -12 the concentration of
the hydrogen gas is in this range, it is not necessary to provide an

expl osi on-proof facility, and an atnnspheric pressure furnace can be used,
which is advant ageous in cost and safety erature.shoul d be raised
up to thetFiGiure hoa NGreatingnaltiehsersh &’Pe’("gg IR &Nase 8T The vaf er
is stayed in the heat treatnent furnace for, 30 mnutes with the

above- desBpRrYEY : theshimerd themxpigsion sogqqyires ag desrrdedrrhaste, erch ds eat ment
step). This first heat treatnment is performed to renove boron deposited
from an ehgpdormtegeons onrestsurf ace of the wafer, and the heat treatnent is
preferably perfornmed for 5 to 60 mnutes in the 10 hydrogen-contai ni ng

at nosphere in t Ahemathye poésednoin@entors 1@aried Netnthey ekpetiients eleperibedir e
range, if the heat treatnment time is less than 5 m nutes, renoval of boron
may bé i nsalbWwitoi comifirnbwmthethet fasheatitle eatwend reinveeithe alepostitéd borowt es,

al nost all boron contam nation can fully be renoved. Addition of the

hydr ogen lgasising hhgorapay ettesphétechbimiagherdrogdn igasifappetcerspatitiat t he
at nosphere is changed to a 100% argon gas atnosphere and the tenperature is

rai sed freual@0®rdoverthad the(ldo@penploticn Lidtisitharedf @R)a hddictieat@@hat ur e
shoul d be raised to the second heat treatnent tenperature (about 1200 C).

The secongkhesthelrt ek RMoVIRYE AR ABPOSESE hovbh oAk $t,RRRAIINGH_APEdda0 of “the

rogen gas in the first 20 heat treatnent. ~5 The wafer is stayed in the
heat tr eafﬁ%moxfsurﬂa@sq? Widddvéiea %B@V‘fahgﬁéﬁfeh%d tﬁéﬂ“%ﬁgﬁr\%héﬁog%lérgto Ar +
an extrenely small quantity of H2) for m nutes at 1200 C (Second heat

B L e e R e
hours in LhefLomelcatitfod 8098 Blor1BFePERA t0S lowerkkplosion limit thereof

is set to a specific temperature 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



1100 to 1300 ~C as conventional. The tenperature is |lowered from 1200 ~C
to 600 ~C (Tenperature |owering step), and then the wafer is taken out from
the heat treatnent furnace (Taking out step). 5 Fig. 2 is a time chart
simlar . to Fig. 1, showing another exahple of the heat treatnent sequence
in the nethod according to the present invention. The figure shows a case
where the first heat treatnent is perforned while raising the tenperature
(from950 ~C to 1050 ~C). The heat treatnent sequence shown in Fig. 2 is
different fromthat.in Fig. ,2. only in the 10 poin{s that the t erature is
Cai sed f 18ER0E 1o the ofiss? SEThR Arken damp: the dxet, 2ab rheshaiznd ok o 1.
and that,_ instead of keeping the tenperature at a constant |eyvel (1000 oC)
in the fifH& sgeamoyeds %ﬁ%ﬁ%&%i’é@mgeﬁ’%“ﬁdg‘?n the yefagg Fsslfefﬁ‘é‘éqd-the%%nt is
perfornmed while raising the tenperature from950 ~C to 1050 ~C (at the

t enper at teecongidairpg that.cason resudt,thedanesiipd hoten bscamnpeeagies pe daffase
conditions are the sane as those described above, so that second

descri pt iinfo thewaddr, oz reattstveidh a siliche atemt tot forat areompeend emskebadoovn i n
Fig. 2, the first heat treatnment is perforned as a tenperature raising
process ilmndhe tedwoneinhead, d4ndaheetiffusesinto the wadasby the dubsaquent ageous
that the tenperature can 20 efficiently and quickly be raised to the heat

t r eat mrenthdsgnpenadiene 0f thbeasgroordmephets amitherdsistitity hididrdofodeingg ed t hat
the tenperature raising rate in the first heat treatnent may be set so that
t he heat dmoppedent can be perforned for 5 to 60 mnutes in the tenperature
range of 950 to 1050 ~C. Exanples 25 The present invention is described in

farther detailsIw dohti@teHLie Supposedlbhdt) viRe® tREirde Healt @¥atmbet is
perimental Exanple 1) After silicon wafers each having a dianeter of 150

nm a congligdrinvéd ¥ thPRRpelditidPangt GTO0R @ tAXI G0 @, iRBtedhbRNosY o£kH0>, and
resistivity 5 of 10 S~ cmwere cl eaned according to the standard cl eani ng

(SC 0 SGEF @Y aiteidhinkhatdved ehs n‘ﬁ@lﬁleall(ﬁﬁ%e o 24 dirsighn sg tRhE8Re r OOM

Boron deposited on the Wafers was recovered into a solutioh by a vapor

phase decomaghiRofgs QQﬁ’ovgﬁT gafltegf?gﬁpéﬂﬁﬁ gy Ii%ﬁ% ?@gﬁé’ thd nlﬁguge[lodgi&e

absorpti on “spectroscopy to c . a quant deposite oron. 10 As a
oSl LR LA DRl Baa ol PRAR: TPRRRSLSeR i RV T
(SO ST SR IC R T U RN
pr epar ed, reasri]s%i\}ipftl\{\éaxjegfgei\/\rgx?otsc'flgneg%ﬁ.ed to heat treatnment. This heat
15 As understood from the reasoning above, an appropriate heat
treatment temperature and a heat treatment time 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 charige 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 wafer, 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



15 treatment sequence was the sane as that consisting of the steps ~I to
shown in Fig. 1 excluding the point that the tenperature of the first heat
treatment was set to various tenperatuyres in the range of 700 to 1200 C as
shown in Fig. 4, so second descripti on06f the speci fic procedures and
conditions thereof is omtted. 20 Resistivity of a surface of the wafer
havi ng been subjected to the heat treatnent following the steps ~ to above
was neasured with a SCP (Surface Charge Profiler), and the result is shown
in Fig. 4. Fromthe result shown in Fig. 4,.it is revealed that the

resi sti vi TapBaRt e1using npghangedndgsistiignitenthmbeatoireatiaent.i gi nal waf er
when the tenperature of the first heat 25 treatnent is in the range of 950
to 1050 C, that lonehe expepiment desprine@ bedow asian gxamplaheven meberefher at ur e
of the first heat treatnment is 900 ~C or 1100 ~C, and that the resistivity
drops i n Bovipwmdtdoeatment vhapeoformed ior thyi teatpevatere sangst 4950 empesAt ur es
(namely, that boron deposited on the surface diffuses into the wafer). 5 It
was al so Yonfesistiutyt dfcthei siliedd wetfert fiel motndmired, waflatshsubmpetrathies of he
above heat treatnent crystal defects are annihilated, and that the

per f orimang@0 o ot 14 00i°Cs thdeatistti view thenge domlyrolitide, wendatherefore ¢t caanbe

anni hilation of crystal defects. Resistivity of the sanme sanple as that
used in té&dmsiderpedr ithet)t athekD theanfiplse Abay etrvasmerasiyr @drfoynedcandahy i on
mass spectroscopy (SIMS) and C-V neasurenent, and simlar results were

obt ai ned. tekhpseitare rahge WAI0D AN 0VUC, th Bésistiigd chia@gh @TREWATM @rPhet he
first heat treatnent is in the range of the order of 900 to 1100 ~C, a

resi stivi pyevendodBy aldj@stived ehe Baft Bbhebhy By BELIN BWEN SAHRYrAONBF 8! 11 Ng a
t treatnment tine in the range of 5 15 to 60 m nutes. Capability of

Expl oi t at {980 ininkReyst ry: Wth the anneal ed wafer manufacturing nethod

according to the present invention, it is possible to provide a remarkable

effecigthat, even 20 when a silicon wafer having boron deposited on a

surface thereof froman environment is subjected to heat treatnent in an

i nert gas .t i 0 _qQccurrence of a resistivity change of the

waf er sur?g%:eg@eggﬁ) or ({iﬁégr%%tv&[%rggét ment by the nethod according to the

present inventi oR; erfonrne n_an ordina furnace not

b ' di f j
requiring a seal e§?g]{]r1%% E%efcé}argé}ﬁoxv&p%a%q r?@‘arﬁmf}: %415?1!%%% HsAtmgnt
P VA B Bl SPAET BB Bl SDBT bbtn B BT or e
subst anti al I%ﬁ@gvanta eous in cost. Further the anneal ed wafer according to

t he preseRt® HY G 's of high quality and has a constant boron

conceptration in_the vicinity of wafer 5 surface with crystal defects
bei ngt@nni hi | at 2%1,%- g & Emg hantahoying enother exasnploel adeak(Teadmenitt h

excel l ent characteri stics. Y- 17 ) _
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 deposited 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.

25  Best Mode for Carrying Out the Invention:



CLAIMS ~~ '~ "= ~ 1~ ~ 1. An anneal ed wafer manufacturing nethod conprising
the steps of: subjecting a silicon wafer having a natural oxide filmforned
on a 5 surface .thereof with boron deposited froman environnment to heat
treatnment in an atnosphere contai ni nglﬂiydr ogen 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 anneal ed
waf er manufacturing nethod according to claim11, 10 wherein the inert gas
is argon gas. 3 n anneal e fer manufacturing net hod, according.to claim
1 or 2, wherei nﬂrﬁwﬁm@é@wg’rﬁ?%@ﬁ@%ﬁ% Hy erhoTh R &&—éﬁmbai hedoy withed gas
at nosphere of hydrogen gas having a concentration equal to or |ower than a
| ower expREIRBRE [0 Kig. 1 Fadeldr. Zrpdy hnwiggsan examplanf ankest waatmeet
manuf acturing method according to claim3, wherein the heat treatnment in
t he at nosphuencentld niathod Recirgding ge tihe pzesentpavéntiond It & needles®td i nut es
in the tenperature range of 900 to 1100 ~C. 5: An anneal ed waf er
manuf act waynthateviwiduscoeotifiicatjons adhyr dhenothost aibosvrl ih ché, fighmeseare t he
heat treatnment in the atnosphere containing the 20 hydrogen gas is
per f obnegoskible withsitndppahtingdnpartheuteehnizal Aeaasfribalprdsevaf wivensiouf act ur ed
by the manufacturing nmethod according to any one of clains 1 to 5, wherein
a boron concent Aatd eafémotbeesubjedtod tty heht ereatihment sthekateussd enehacd and
crystal defects are annihilated. 25 . A Au2. Aay. A;E. AN A Y. A
- Al 2. AaY.iANZibfedte d\tb 2t dnd H@ eabiy@o AR EXYBOEP okidE film of several to
}xsni d_Z] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
%C_a] Ca]@@bﬁéﬂ&bﬁ@hﬁ%ﬁﬁ@lﬂﬁhctm&?éss onod SuraPSH@EHY fhd is contaminated

ni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ! ; g
griz"m"" #B@%&S%@%]&& ﬁ%leaa%?f 1?1‘]]( ‘(a‘)ﬁE@)éH)v)%o!rﬁrﬂggg} f’sr %?Ié_gz Sclziq’] %%e]f%ra béea]agaﬁ%a] ca] ca
]cal gal c C ] C ] a ]ca] ca]ca
| cal gl %}lﬁéﬂt ede ol wR) sl he el qakeekash SRl aledl sRbAkgheal GRl 4

2m22A3] 4 -3(: %}fﬁﬁg%gg}%% gg}lg%}.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca

] ca] ca] calJcalcaJca ca] ca] ca] ca] ca! 5569666576777C. =>>>
?2U???<Caaoi B4 . . .
BBBBOC} xsni d_7] cé?’c & I8P time, chart shaing A pEATRYS o2 dtoat) BERERPRY] ca] ca)

Eyeeir e REBR R TS RlER, 2 Pt B enrea st el ca ca
o b ealeakaabeal el sabedld) cabeahasl caleal odf calcalqal.caloal cal car LoMM

ALY ATV, 4 Tt it AR L1 P BAAEC 0 cp e BapEa) o) ca

] ca] ca] ca] ca] ca] ca] ca].ca] caLca].ca] ca] ca] ca] ca] ca]ca] ca] ca]ca cagcabca] cal ca
] cal £ f f firpobgeRhiH ReafoymRed keening it sempriaiure 2F @Lqonsant] lexedPBArea] cal ca)
cagl ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(a] ca] ca] ca] ca2EG
J, #1094 e hypat topatimep) seawendegomsinFina 1) asdewrivad(Below0 ha () - Ms10%
i & ()-SY8i K-F9!10% h& ()- @!10% h& ()-Y9#10% h& ()- M 10% h& () - & 10%
h& () - O After a wafer is loaded into a heat treatment furnace at the
témperature 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 18
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

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



yl 10% h& ()-ZI 10% h& ()- OC$l i K--9!110% h& ()- +9!10% h& ()-y) & 10% h& () -
) Z10% h& ()-m " 'y10% h& ()- |19%0% h& ()-"!10% h& ()-1()*+-naB-9! 10% hY
210% h& ()- pml0% & ()- 10 h 10 h 10 910% h& ()-19!10% h& ()- |/#10%
h& ()-n~dEaB- 9! 10% h! 10% h& ()- :!109H& ()-#10% h& ()-10% h& ()-M 10%
h& ()- :110% h& ()- 5aBaB- 9! 10% h, #&l 10% h& ()- !'& 10% h& ()-3 :110%
h& ()-1 gl0% h& ()- Y 10% h& ()-!&10%h& ()-T< aBaB- 9! 10% hYf/ #10% h& () -
- 10% h& ()- Y+& 10% h& ()- !)&10%h& ()-nl' & 10%h&'() YF%410% h& ()- <

\h:g:} ) - i 9I I be@é‘éggz/& 5% 1o§1)of the X logélg)g_als 18 :1Lr? %JS ra(x?ge 1t 1s no Ongce%gargrYt%#lo%
-rrz8zX6 ~\:1-810% |, | & ()- Sl-& OO/L"|&' )-S!-8&10% |.& ()-S!-&10% |
| & () - S! -heovrde an explaslontpmef faqiling gnd-an 1€ Pregsope fpynaceose () - M

104] be used, which is advantageous in cost and safety. The temperature should
be raised up to the first heat treatment temperature(900 °C to 1100 °C).

5 @ The wafer is stayed in the heat treatment furnace for 30 minutes
with the above-described atmosphere (97% Ar + 3% Hg) at 1000 °C (First heat
treatment step). This first heat treatment is performed to remove boron

‘ deposited from an environment from a surface of the wafer, and the heat
treatment 1is preferably performed for 5 to 60 minutes in the
10 hydrogen-containing atmosphere in the range of 900 °C to 1100 °C. Namely
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 is 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 be 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
Hby) 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



104| _

104| 5#10%4| & ()-!t5#10% | & () - GMI3~_=! k3#10%BeB& ()-!, &L09BB& ()- !, &10YBB
& ()-' 1, &10YBB& ()- !a' yYd0% B[ B& ()-!yYd0vBB& () - <=>?@chCl k3#10109B& () -1
09B& ()-'!109B& ()- Y109B& ()- 10B 10B310B3#10%B& ()-R m aBbC k3#1'' @
109B& () - YUy#109B& ()-,L! 109B& ()- | &#109B& ()-!9%409BB& ()- f109B& ()-m

gl z"""aB7Cl

10B9#109B&' () -1:!'109B& ()-/#109B& ()--!109B& ()-+& 109B& ()-!) % 0vBB& () - Z"
" ABSSSNNCI  10B&! 109B&' () -! 109B& () - #109B&' () - & 109B& () -41 109B& () - 10B
10B$g &N EREBNS0 10 Bs @hvenmangl) - 91 109B& () -

1 109B& () -! 109B& ()Z-y#lof%e&' ()-! %0YBBE ()-&&E' ' ' % n(aBNC!

10By/ #109B&' () - & Thot@ep¢atyze isloy@eed frdm 12D07ERE G00- 1 (Terop@eit(iye FY% 1098

& ()-n(()E))))))dYNC! 10B 10B 10B 10BO#109B& ()-7'!109B& ()- 5g109B& () -3
109B& () -1bwetDgBatdD); pnkd* thert thel Yl is0R ket 10UBRof) thS1IMEeht meh@YBE () -
'1109B& ()-' ! 109B& ()- Y 109& ()-*+u++, O k, , aBYNC! 10B

f S109B&' (furdacd (PA&nE)o!stOgB& () -! @A0YBB&' ()-L! 109B& ()-3! 109B& ()-,,.-r-
- .V.dBYNC! 10B!O0,,)%0%BB& ()-'!109B& ()- WH#10%B& () - #& 109B& () -

1f10988& () - f 109838 g( R-1Va tindd BIOQRNNGY tdABE, 10Bhd®Bg another example of
the heat treatment sequence in the method according to the present
invention. The figure shows a case where the first heat treatment is

. performed 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 points 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 treatment sequence shown in Fig. 2, the first heat
treatment is performed as a temperature raising process in the second heat
treatment, ahd in this case, it is advantageous that the teinperature 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 to 1050 °C.

Examples

25 The present invention is described in further details with reference



10B9#109B& ()-1'! 109B& ()- /$109B& ()- -
109B& () - +& 109B& ()-000. 1GL11aBYNC! 10B#10% & ()- yl0% & ()- 10% & () -
(110% & ()-:110% & ()-!'n 10%J /U /& ()-1 2nR22A3] 44aBYNC
10BY%#10% & ()-!10% & () - 14 -
| #10% & ()-1940% /& ()-& 10% & ()- 9! 10% & () - 4455556g6aBYNC!
10B1' ! 10% & ()-y/ #10% & ()-s-:!110% & ()-Y+:110% & () -
| @) 9%40% /& ()- ' :110% & ()-g66657677777dYNC! 10B 10/ 10/
10/ 9#10% & ()-)MLO% & ()-"7:110% & ()- 5z10% & ()-391l0% & ()-778]9C. J;
<zX6YNC! | {@amegp@imen@l@emplez/ & ()- G NVL0YB/ 5/ & ()-1!19%0% /& ()-1! %40%/ k
/& ()-1YL0% & ()-<=3>| >} >~>>>>{\ =11 510% & () - F10% & ()- 10/ 10/
10/ 1#10% @xperimaawpd Byamnple())- | | @A0%0/ 0/ & ()- G ?2U???2<@RIE{\=!!!10% & () -
110% & ()- #10% & ()-9'10% & ()-& 10% & () -
S10% & () - CooN AeaB{dikiber #MEEE' (EpeB! haO¥MR 4 ) diameter of 150 mm, a
3S10% & ()-, 10% & ()-10% & ()-!9%40% / & () - AA) B;
BBBBaB{ \ =¢dn/dietivéy(type'of bODH&, 4 krystal axis orientation of <100>, and resistivity
| +T10% & ()-! @) 10% /& ()-Z ' 1109% & () - YU10% & () - BOCCCCCCCCxmb@ 1! - 10%
I 1& (- 4010 Q * cm were cleaned according to the standard cleaning (SC-1, SC-2 and
SC-1), the wafers were left for 24 hours in a clean room. Boron deposited on
the wafers was recovered into a solution by a vapor phase decomposition
‘ method, and the solution was measured by atomic absorption spectroscopy to
calculate a quantity of deposited boron.
10 As a result, 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 O to ® above 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

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




10/ 10/ 910% & ()-5ml0% & ()-3'110% & ()- 1T10% & ()-C) Dt DD EYEEdENb@!!Y

710%.& ()-"10% & ()-:110% & ()- :110% & ()- :!'10% & ()-Y

210% &" () - EEFFE* &XGaBnb@! ! & & 10% & () -

f10% & ()-10% & ()-F#10% & ()-!'%0%/ZP& ()-'!10% & () -

X GGHQHHH! | aBnb@ ! ! *- 9! 10% & () -

F+f10% & ()-! @ 10%/ k/ & ()-nL' " 110% & ()- YF%#10% & ()- @ ! 10% & ()-!1pl|]]

J[JIIIAE/ 10/ 10/ YsO#10% & ()- |7& 10% & ()- y5& 10% & ()- F oo ()
" 310% & 110% & () -YS/ #10% & ( JK uLLBI\/UV4/ 10!, %40%p& () -!109%' () -

oo () Smaboven phe Fompenains b HuioBas| Featrit BRRR NG pr 110D °C

10!, ‘Vd.OI Y%#lo%&' #S109&' & F109%&

3l 10%&- am@@b@ é}ge rp#:gmn)@t}( ﬁéggg@}iwnmrmggmltma%)f the original wafer at

1S10%& () 1 910%&' () -s- & 109& () - Y+3%40%& () -

| S@ %4 0%etdet Yemperaipygs (namphprrioainnoade@osied on th@sovkice Miffages into

the wafer).

5 It was also confirmed that in all of the annealed wafers subjected to
the above heat treatment crystal defects are annihilated, and that the
performance of the first heat treatment did not give any effect on

. annihilation of crystal defects.
Resistivity of the same sample as that used in this experimental
10 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 rémarkable 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

1s 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
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Further the annealed wafer according to the present invention is of
high quality and has a constant boron concentration in the vicinity of a wafer

5 surface with crystal defects being annihilated, and is preferably used for

fabricating devices with excellent characteristics.
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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 annealed 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 atmosphere containing the hydrogen gas is
. 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
claim‘s 1 to 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.
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