1 DESCRI PTI ON METHOD OF USI NG BORON DI FFUSI ON SOURCE AND METHOD FOR
PRODUCI NG SEM CONDUCTOR 5 TECHNI CAL FI ELD The present
i'nvention relates to a method of using g boron diffusion source and a
met hod for producing a sem conduct or u5|nq t he boron diffusion
source. 10 BACKGROUND ART | nDEPEBIPTH@Nf or m p-type

sem conductors by diffusing boron on a sem conductor wafer nade of
e.g. germaniumor silicon, it has been commopn that a boron diffusion
source and angaMCEPOE USING ambﬁrmmmlehmﬁqcmm MeETRBBFJH PRODUCING
exanple, they are alternatively arranged at regular intervals) and
heated in a non-oxidi zi ng gas at nEBHMEONDUCTCRuch a case, as the

di ffusi on progresses, since boron 150oxide in the boron diffusion
sourc® is consuned, it gradually tends to be difficult to uniformy

di f fuse h ore, a treatnent to reoxidize the boron
diffusiogﬁg%ﬁpgéLF%Eéarried out at a suitable timng to form boron
oxide on the sy El%ggnt BR8ntBR Attt ainfh dA usif@YBOrEh dlﬁ\ﬁétcfﬁesogﬁeg a@gf Ig'ﬁtﬁ"bg for

required for such reoxidizing treatnent (Patent Docunen

Docunent pladudiig Asefi@ondtewdPishgite tIrGdifkstdnsolke THE | NVENTI ON OBJECT TO
BE ACCOVPLI SHED BY THE | NVENTI ON It is an object of the
present invention to provide a nethod of using a boron diffusion

sour ce, e i ntil carrying out the reoxidizing treatnent can
be eX&enggﬁﬁagﬁaﬁﬂggafhod for 25producing a sem conductor using such
a boron diffu RSO éa g}%ﬁ@’ t They
pr esent |nven?L§§ehavé §£¥en5|veﬂycstu Igﬁkﬁ@bé@&gFﬁ#ﬁﬁ%duicor g@é e of

obj ect, adgl gasnaniufresrliiton, it h@ybdaawnmeﬂmhawsbramdmmrsbu@@arlfwa/sdmﬂcdnheetor
foll ow ng constructi ons, whereby the above object 30has been

acconpl i syadef. are( AljceA imefumgde Gor exanplg, theviroe aiterativdlyarangeddueaéar intervals) and
char acter.i ze % u5|n .a boron diffusion sourcegﬁﬁ?of a conposi.te
si nt er ed 58 %A AR ?'A?%é)ca&eoﬁf) SHfusion,progiesses, since boron

(Si 021)5 QOXEQ PRE BS'IIon aa& QQFchE cﬁh&frﬁe%.elt g@hﬂallg%ﬁ?ﬁ%@tdlfﬁcﬂlt & un form rx %ﬁl{?e

non- OX|d|2|ng gas atnosphere W th an oxygen concentration of

to 5 vol %oron. Theréfdie, d heatieitio@oadizette BeroA diffagiesoick isimea oamﬂacsenable
according to the above (1), wherein the non-oxidizing gas is supplied
to a dif fliningia ifmboemwpexide oathesgudacghas besn @rrgdogt, hewEventimeds) coshase required
met hod of usin bor on dlffHSlOﬂ source according to the above (1)

or (2), viReiugh %OQQ'Z'P%He%'BP‘HrQ Her gyt Your ce, a conposite sintered
body is used \(ylaﬁ Jlﬁufnlaﬁ't { 05@%2%8@5@4%4” t he al um na (Al 203)
Sl

conponent and t Ica (SIo conponent is from30 to 70 nmass% the
contest of the boron nitride (BN) conponent is from30 to 70 mass%
and the nolar ratio of Al203/Si02 is from1.0 to 2. 4.
DISCLOSURE OF THE INVENTION
OBJECT TO BE ACCOMPLISHED BY THE INVENTION
It is an object of the present invention to provide a method of using a boron diffusion source,
whereby time untit carrying out the reoxidizing treatment can be extended, and a method for

25  producing a semiconductor using such a boron diffusion source.

MEANS TO ACCOMPLISH THE CBJECT
The present inventors have extensively studied fo accomplish the above object, and as a
result, they have achieved an invention having the following constructions, whereby the above object
30 has been accomplished.
(1) A method of using a boron diffusion source, characterized by using a boron diffusion

source made of a composite sintered body comprising an alumina (Al,O5} component, a silica (SiO,)



10(4) The method of using a boron diffusion source according to any
one of the above (1) to (3), wherein the alumna (Al 203) starting
material is y-alumna or a-alum na. 2 (5) The nmethod of using a

boron diffusion source accor%]\?g to anty one of the abovgwgé) to ESQ
wher ei n t998PERaNt nd 3 igreppiyitride PIEPIRETLdR f Apn-pxidizing gasatp P With ap g¥yaen
or bor osi | i.cal i s 3t05vol% (6) The nethod of using a boron

di ffusi on 'source accor 8 to any one of the above (1) to (3),

15wherein t hqzbmeqﬁbtﬁwtdf l.ldﬁ?g 4 BO¥n Gifiaidni sOGrcEBECOFdirdy to e BEVEOM), Ahbleindle non-
powder . (7) The nethod of using a boron diffusion source
accor di nextdzingrops srseppditd toreedifuspnduriale at aratdyf fromes i Wlinkie bor on
di ffusion source has an open porosity of from 10 to 45% as neasur
by Ar &hi meded®) Thstmsdepd of “S'”Qa qre) dilusiapispigee F‘E?Prdﬁ}gdﬁﬂl?laii?e"%ﬁ)or ), Where'“ as

sem condygl of »n GRAIAGHELS 2 28%18 3%?erélngoo%}z B%Qci‘wﬁ'éreu W 0 cfoﬁj‘ Eﬁ“g he

20made of "‘a conposite Si ritere conprising an-" 8 dm ha

conpone ntalurﬁnﬂﬁ.'&b@&:oﬁﬁb%) armﬁé)élﬂﬁ'@élogﬂﬂmﬁm%f 18 frofl d07tb A€ maEPY, the content of
conponent wherein as the boron diffusion source, a conposite 'si ntered
body is usekbromeilride (BN) lkempwriteal is fonBe it 70ohassthearad thermokar (afib 2080y/SIO, is from
conponent and the silica (Si02) conponent is from30 to 70 mass% the
content JfO®Reboron nitride (BN) corrponent is from30 to 70 mass%
and the nol ar io.of. Al 203/

ser Bnduct or ity Lidns Arotalfinrieadaiiolotn §h Bectrnsn o
non- oxi digefih tﬂé‘ﬁluﬁ%ﬁ‘?ﬁlgﬂ;%ﬁmh&ma%am‘v AUHHEBr SARFRRL ration of from
0.3to 5 vol% (9) The nethod for producing a sem conduct or
accordi ng to (s} Fheaimthod of B3ing ab@oreditfusidheourceameidiiigad agy @ef the asonel ) te (B),
to a diffusion fumace at a rate of fromO0.5 to 15Um n. 30 EFFECTS OF
THE | NVENThe@ip the sitited PRy sirtincyaalgrabiseiiea pewden epiofil ortbiorpsilicaie glpssear rying
out the reoxi n t ment nded nee bor on.oxi de

ol ways pr eserlt) B MeIl IR SR GREBSPRE Seprela G AmE LIS bR e o)
3 it 45S RARRiPHE b RrAY S starifRiniashal @ bomh AflHEIBa&. Sem conduct or
which is preferably used for producing p-type sem conductors by

di f f usi ng bor(@yThemeathosl @hustay o drodifusivh aourcdB&csdrdivighicafyIRe GARR b NG (DU (6),
THE I NVENTION 5In the present invention, from0.3 to 5 vol % of oxygen
i s cont aieEn the beren AiByR@HGOHICE |hﬁ$gafaQH?ﬁ§Bﬁé'W@f gemtifie 45b/e POMeasesibyt o

be consurre%' %/ ffHS| on is continuously supplied at such a rate that
the bor orf""eNPFYs |"Eﬁj|cis not inpaired. If the oxygen concentration is
l'ess than 0. %@_&eﬁo&fﬁﬁpr@&ﬂ%ﬂﬁfa SehicBRIURIY, itdrEQer(z84 HF?iaBﬁb&B@ro§Hﬁfu§&Fsource
of the boron diffusion sourceé is insufficient, and therefore

r eoxigdat irpatlelofis céropdsite dateret ®@ddyotdtnpfigisgareaidnhipa (ﬁ@%} duenpohérera diliza dSion) f

t he oxygen 1l0concentrati on exceeds 5 vol % both the boron diffusion
sour ce arf@mpenentandadirnuvtide (BRBFerPoaed V‘@ﬁ@é\saﬁ tb%btgrora)sélﬁ'eﬁ@@@urca rédcofTipesite

Do r educelmerd Eee i WEela Pt odfnf of v e BRI PR LGP AR
I's preferap yeo Fr{ﬁxgﬁ'@n?lsﬁoh%o?to 90 ¥3k4, 1o ﬁteﬂi"cﬁft%&ﬁ%nymﬂc’l&é)@\ﬁ aﬁnﬂoﬂe@t ihrom

vol % oxygen concentration In e non-oxl d
at nospherse 1@am1mb$°/xrea¢stmeefdzlarfra:tb oemamatslea is rym hSBto @Y, wedha sentiednidudtyriveafer in a
measuring apparatus (tradenanme "standard type oxygen nonitor OXYNAN',
manuf2gct mﬂ@alowmpae and Imafing themagdey apgn-exifiaing gas atmesphers haying ae pwigen
wafer, gec%ﬁt%rz]w ration o¥frosrrllbl3?c?£lvcr)wy’ for exanple, be used.

{9) The method for producing a semiconductor according to the above (8), wherein the non-

oxidizing gas is supplied to a diffusion fumace at a rate of from 0.5 to 15L/min.

30 EFFECTS OF THE INVENTION
According to the present invention, time until carrying out the reoxidizing ireatment can be

extended, since boron oxide is always present on the surface of the boron diffusion source, Further,



The _non- oxi di zi ng at nosphere of the present invention nmay, for
exanpl e, be an atnosphere of nitrogen, hydrogen, argon, helium neon
or a mxture thereof. Anong them nitrogen gas is 20preferred. The

3ol 30 o B RPN § e PREHER PR BAH Blkilemay
suppl yi 1 bréuEig E.irt@g semmmu@te&rbg%m?gsorbﬁo@aggn@@ﬁgct?ﬁ wLposi tion to

the diffusion ce at a rate of om 0. iter)/mn. As
the diffusion furnace, a horizontal or vertical type furnace provided

w th nea (s I £.f us] ture and the flow rate of
carrier &éﬁ@&gkbﬁw@égﬁﬁwpgﬁgml e, 25 "Model 272-MA00",
tradesanme, nanthegedsentaciebonkieym 0.8he s vEI% Tt okygen FrynthirediBitid monadtidiziige
exanple of the rate of raising tenperature, tenperature and retention
time at tatreosphere sethatipgreruexidsrio pe carsumpd byndifiusimis eastinuously sypplied at sueh a rate
where, as _in the present invention, the boron djffusion source i s a
composi t ha RSrBdIYERY s CBhIPRLTTh ! 1if SRR AEe 1S90 8 SRR S
silica (g p fd : : - rt

of  bor on aeh PRBFRERE o 4 NELMGeS TG S Pk AL <GPPI Deg T, 47
nitride hegeBRIeddidaidrhEtdps &frfedway frétge Atiyhi Ofthe®tHel Rghdpipihs loxygen
Therefore, even if the diffusion tenperature is as high as 950C or

hi ghei0, adheestration lsrteadenh vilfegotathg bbwndiffusiousatieceand thezsemioogdycior wafer dre
down) of boron oxide can be reduced. r}I%L_th_her, al um H‘a and silica in
the conpdFesaively pridzedgansdng 2aqyrd o hagenHiksion nthe nsige Al Biermisandipior yafes may
wher eby t ar.cal Of C - di i 0N } I
ot ovad. TSRS s oxroSh RAREualin MR ARIE iatBhle G By rim 353
content afs5 §dme, et eridably kehe0.9Goopaent is preferably from30 to 70
mass% the total content of the alum na (Al 203) conponent and the

si lica (Si 02)Theoxygeneericentstion iftlea adaroxidizingratragsphere 7an beassasureanidr exaenple, by
mol ar_ ratio of Al 203/S102 is preferably from1.0 to 2.4. |If the i
Cont efft _ GYSAREC BRIfTHRE MiFRsHINSEPPpRIRHS ERRBtaTeR FIandir B8 oRigER DG QRIMAN".

since th r oxide forned at the tine of diffusion is
| ess, itﬁ%ﬂggﬂﬁd% I-r%&t[ge%' iiformy diffuse boron, and if it exceeds

70 mass% t hensahateial Bffthd ratbn@Ydtétavalidd! geRflariim @P@Hﬁ%h&ﬁfqrb%ﬂrﬂé,%@hsed.
boron oxi de excessively attaches on the surface of a sem conductor
waf er, and ddieson-pxidiziopatnogshes of teqprésehbinteptisiemayofop exdrmley be aTaigosphere

content of boron nitride O&B@ conponent is partjicul arl ref er abl g
from 35 19 nEeIGRelyEIRgeR, Hi0NHRENN: °nebﬁfr@ﬁtﬂré§nerqoheéa1°nﬁ¥hﬁ - pikpaEH PR fs
Frome padtifbc »Puchlopi iz aigspfATRARER bobly bR bt Slo B oo

than 1. 0,petritnt@hddan theldfusish RiAfhct, iofaxBmple] bylsiBpiify £6atiidtaht ppire@ad Aot
beconmes snall. For the sane reason, the open porosity of the boron

di f f usi orhagosuch e compasitios db thy difthgiondutiaceratcaste ofrsern 6 to 85 p(lisémiabl y at

| east 10% On the other hand, if the nolar ratio of Al 203/5102
exceeds 2.4, Asithicdfusiondyrrzne; dRorEpntelns veiErabiPeifurtage PoMdediitaeans tq eratrol
time of qﬁg %‘.}%‘0 rt]eer’mgerétalre%ﬁd th'etﬂomlav?’ﬁg IOI Ja'rr%?%és rB%I tEQyJSfSF'S ,?Pﬁtelc\o{?gafic example,

uni formy:. he 'samne reason, € "open poro oron

di ff ugi onvsedlbEEMABIRSHEdERANRY naR6fadleh b RERSTheRd TERANd Maybeaheitiohddl Bhe
nost 2045% The nolar ratio of Al203/S102 is particularly preferably

from 1. 2 exam@e Of tharate ¢fhasippieoprEiure ferofresative moth retintidrutimeat tetimeef diffusion is
particular preferably from 15 to 30% The conposite sintered
body nade&hewn NEEaPBEdn di f f usi on source of the present invention

oI 51 NG Ao RLA e A8 A R OPROGHRLy, 1B S ifhcops Bl EATBAREAL
and a boron_ reride conponeéent Can_Ue produce y preparrng a
m xed matSiidrad bdi LbRBrisiyRN2RAYS RLBRQSInbbiAt, aRMc@i0,) component and a boron
30 nitride (BN) component, a part of boron oxide (boric acid anhydride) formed by oxidation of boron
nitride becomes aluminum borate having a high melting point. Therefore, even if the diffusion

temperature is as high as 950°C or higher, adhesion between jigs and boron source and falling (flow



25press sintering it or CIP nolding (Cold | sostatic Press) it,
followed by sintering in a non-oxidizing at mosphere such as nltrogen
ar argon. As a ram/naterlal contai g ng an alum na (Al 203)

refe has an avera

Dart f;gfgtdewéeo%?m? BERe trrchs Te s b G okl indne pavRoS A pimehed body
F ,
E oot oSt faiRig iBcfih bSO AL 156 bnicafeHéronf A TRORTH difusion

aver age Ralirts glafoFh@eved from 0.02 to 5 am may, for exarrpl e, be used.
The material containing both an alum na (Al 203) conponent and a
silica (Si Q2)nibehpondiffusiomgourdeaf thexpeasphtdnvettonnthé corttent of tbe Baromnitride
mat eri_al cont ai ni n{%Fa boron nitride %Btg% co onent, comercially

avai | &bl €OBBIGA! K PEfERY IR T94AsH niggk offhe aling (A3 Gad cdppponent
preferab laXd {hegm{:g ns rgr%n:\ggongé?r lé@'\éfaepa%fﬁ}oggégtg 9@ ﬁm%% an%l hh-g}ﬁ rlé;rgétllﬁoé ﬁfasl&oz

sintering con

pr ef er abligpréfeBly oot dfé Mpa tmoﬂteaf&ﬁw&kﬂmtﬁ&@om@cé.ﬁbokamhﬁass M}?ao
tenperature is preferably from1,400 to 51,800C, nore preferably from
1, 420 t o nias3BBcedirecanduat dfibo@niogidé fonmedattiee ihe didiffusion ipfezé e1nab;l‘fr¢ulftbom

2 to 8 hours. The CI P nol ding_condition may, for exanple,

such t hat'm*quilélvﬁtﬁ-'m bROH ARG B {§ exceeds i mpssiea Bieyamouehef horon pnﬁdejgm%excesswe
nor e ref from 300 to tions for sinterin

& roPiedButes e Spatsval alates on bR Suta bl st fordiafsany Bopon
pref er abloy jlég &'iﬁe]hkg%dg f EBI%Q C, Th@QHHEIﬁ opﬁd?&?ﬁlﬁigé bBI\f E&ﬂb&ﬂemgpérﬁ’culaﬂy

1,800C, and"the tine is preferably from1l hours,
pr ef er ablpyefdratiréin 85 to3650a85%, and the tofeh cmbérﬁnhedalummawmsmmmhan @fd the
body is mechanically processed into a disk shape or a plate shape by

a | at he, sHigaiSE) ccsmnoaew ResticHiaReprgterabiydrom 36do 6ERARPE-ES 15Now, t he

o Bxampl oo, Piiibytbe moREr Snciondert i T8 o' ik e ihiliec
to sygh $RGkhfdnGreBthiPhéimeSSAPLES e ééPnelrg?s%ﬂ%%\éﬁ%ﬁsEi )Mﬁ ieb-ES

1 to 6 Boron nitride powder (BN purity: at |east mass% aver age
parti cl e dffugier soﬁrqen‘ﬁeasa’eub?maAmvmkﬂes (oA 3 prefeiably at le@bstherst OB the other

mass% average particle size: 0.2 pn) and borosilicate glass 20
powder ( pend. tfyhe raglan vatipsat ABQY/Rils §ugecdbarhSdTCe Hefarmation phdkastrrest diffljsipn source at

0. mass% of o
o wer o Ui et Ao 199§ SO APRR R LRI h e Spipede i e open
mll for §roQiR{le§Te U%an%élbﬁ'gﬂjrég &L LR LS HeRrcRSHR IR id ﬂei%r.ﬂ)fyad?h-lo&le

nmol d haV| ng an 1 nner dianmeter of 150 nm and hot press sintered

1, 50G€ urdel Bharh@atticofol,ol8mNishatzukdy dvetarably famni.2 1o@YE angthe porosuty of the
at nosphere for 4 hours. 25Further, the above m xed material was CI P
nol ded ( trorod difugieroehwece i%Pm‘@“'%BE@fawfmi@P%% about 150 nm and

h ht of abqut 60 d hown
' Sabi o 1" et crmEIa i er iR Thael et o Bere iR,
gas at ”D%grh aﬂralu%'n @?&5263 component, g%giefﬁd)gy%n?%o%ﬁ gﬁﬁlah&‘ahﬂgjde (BN)

y t sk

obt ai ned above sintéring nmethod were’ machined into a
shape ( dicampdrent cahBb producddbyprapanisg a rixbd najeridlhadng e ABovelcompogition@nd hot

machi ne to produce boron
25 press sintering it or CIP molding (Cold [sostatic Press) it, followed by sintering in a non-oxidizing
atmosphere such as nitrogen or argon.
As a raw material containing an alumina (Al.O3) component, Y-alumina or d-alumina which
preferably has an average particle size of from 0.02 to 5 Um may, for example, be used.
Further, as a raw material containing a silica (SiO;) component, silica powder, aerosol or glass
30 borate which preferably has an average particle size of from 0.02 to 5 um may, for example, be used.

The material containing both an alumina (Al,O3) component and a silica (SiO,) component may, for

example, be mullite.



30di ffusi on sources, and the porosity, the anount of deformation and
the diffusion life time (duration until a reoxidizing treatnent is
requi red) were neasured by the follow ng nethods. The results are

shown in Table 1. Further, in the case of the hot pressing, the .
porosi ty was ASGPHBIA eyiaining Heeromnitrids {BIY)icagPonents EQI‘?’B‘?“'&%G%F’P?"!WF%@“

of pressuyr .S] [ 0S| (a]| ressure in

G Pi ng. - PoRb6itayify B ekl pohit 4RO LTt o Mo T BB o o Bl UsbE

fol I owi ng f ormyhat grébsamedingl adheiftioNd iy, b Sk fe s et predslibe ispreferably
(water saturated nmass - dried mass) x 100/ (water saturated mass -

mass i n vamgrtp 15 MPa, moereféwmilv from éfto di2MBra the teowperailineis Ipcaferably frbri U si00 ko

source was heated in air at 1,150C for 10 hours, and then the

def or Rat i 61903 &orRerelarably fign LAA0HP & ZARSsanHgtime is from 1to18yiouss¢Rreferaply from
life ti mi:togtﬂg rgoron di ffusion source was heated in an oxygen

at nosphereat Y "1, 100C for 1.5 hours. Then, the boron diffusion

source and aThk UllfﬁBtd\rﬁgfc&{ditwﬁﬁﬁ b8k Dol ABPhSAR mBIHIRG hredkird isPhreferably
space of 3.5 mm and ile supplying at a rate of 2Um n a carrier gas

obt ai ned o Narte UM, olveanyefegablyfiemBooposa0 MPs  dhe coriditiogefor sjateriraeiCIP
oxygen gas so that the oxygen concentration in the nitrogen
at nos phenmeelded prasiectangyf fgsexempieuberick thebiba tampgature isueferably fripind 500 te £,800°C,

T A Y e

measur ed jhye 4niPH&Re 18BhERY. and the accunulation tinme until the sheet
resi stance value 1 ncreased at |east 20% fromthe initial val ue was

nmeasur ed. Dinfabtatried BompEssie Shterediboiy ié Mechanically PR 88820 1 \AISKIGNIYE oY a Biawy
Ve shape by a lathe, fraise, slicing machine or the like.
EXAMPLES
15 Now, the present invention will be described in further detail with reference to Examples.
However, the present invention is by no means restricted to such specific Examples.
EXAMPLES 1 to 12 and COMPARATIVE EXAMPLES 110 6
Boron nitride powder (BN purity: at least 99 mass%, average particle size: 7 Umj), alumina
powder (AlO; purity: at [east 99 mass%, average particle size: 0.2 um) and borosilicate glass
20  powder (purity: at least 99 mass%, composition: 90 mass% of 5i0, component and 10 mass% of
B>, component, average patticle size: 2.1 am) were blended in a ratio shown in Table 1, and
mixed by a ball mill for 3 hours. An obtained mixed material was packed in a graphite mold having
an inner diameter of 150 mm and hot press sintered at 1,500°C under & pressure of from 8 to 12
MPa in a nitrogen gas atmosphere for 4 hours.
25 Further, the above mixed material was CIP molded {molded product size: outer diameter of
about 150 mm and height of about 60 mm) by using a rubber mold under a pressure shown in Table
1 and sintered under normal pressure at 1,700°C in a nitrogen gas atmosphere for 4 hours.
Respective sintered bodies obtained by the above sintering method were machined into a
disk shape (diameter: 125 mm, thickness: 1.5 mm}) by a lathe or slicing machine to produce boron
30 diffusion sources, and the porosity, the amount of deformation and the diffusion life time (duration

until a reoxidizing treatment is required) were measured by the following methods. The results are

shown in Table 1. Further, in the case of the hot pressing, the porosity was controlled by the



Wv 88 NW Oxygen concentration in non- oxidizing gas atnosphere
Clitilliig OOMNNNN NNNNO.2 7 0.2 a quartz jig at thE nent) (Not
neasured ¢ Degree of deformation (m) MNo4NNgg7N 00000000 q o ¢

10

15

sintering pressure, and in the case of pressureless sintering, the porosity was controlled by pressure
in CIPing.

(1) Porosity: The porosity was obtained by the following formula in accordance with JIS
R1634.

Porosity (%) = (water saturated mass — dried mass) x 100/(water saturated mass — mass in
water)

(2) Amount of deformation: The boron diffusion source was heated in air at 1,150°C for 10
hours, and then the defarmation was measured by a thickness gauge.

(3) Diffusion life time: The boron diffusion source was heated in an oxygen atmosphere at
1,100°C for 1.5 hours. Then, the boron diffusion source and a silicon wafer were placed to face
each other with a space of 3.5 mm, and while supplying at a rate of 2L/min a carrier gas obtained by
variously changing the proportions of nitrogen gas and oxygen gas so that the oxygen concentration
in the nitrogen atmosphere in the diffusion furnace became as shown in Table 1, the diffusion test of
which one cycle was 1 hour at 1,050°C was repeated. On every cycle, the sheet resistance of the
silicon wafer was measured by 4 probe method, and the accumulation time until the sheet resistance

value increased at least 20% from the initial value was measured.
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Hot press sintering Hot press sintering C P nolding (pressure: 500
MPa) fol l O\AedFBV‘WPé%QéFS qf Tahle L,Atds eyidan %th@fllﬁusmn life time until carrying out the

reoxidation treatment was substantially extended in Examples, while in Comparative Examples, this

effect could not be obtained.

5 INDUSTRIAL APPLICABILITY

The present invention can be used for producing p*n connected or p*p connected devices for

semiconductors production such as solar batteries, inverters, diodes or transistors.

The entire disclosure of Japanese Patent Application No. 2006-321304 filed on November 29,

10 2006 including specification, claims and summary is incorporated herein by reference in its entirety.
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What is claimed is:

1. A method of using boron diffusion source, characterized by using a boron diffusion source
made of a cdmposite sintered body comprising an alumina (A;O3) component, a silica {Si0,)
component and a boron nitride (BN) component in a non-oxidizing gas atmosphere with an

oxygen concentration of from 0.3 to 5 vol%.

2. The method of using boron diffusion source according to Claim 1, wherein the

non-oxidizing gas is supplied to a diffusion furnace at a rate of from 0.5 to 15 L/min.

3. The method of using boron diffusion source according to claim 1, wherein as the boron
diffusion source, a composite sintered body is used wherein the total content of the alumina
(Al;03) component and the silica (SiO,) component is from 30 to 70 mass%, the content of the

boron nitride (BN) component is from 30 to 70 mass%, and the molar ratio of Al,03/8i0; is from

1.0 to 2.4.

4, The method of using boron diffusion source according to any one of claims 1 to 3, wherein

the alumina (Al,03) component is y-alumina or c-alumina.

5. The method of using boron diffusion source according to any one of claims 1 to 3, wherein

the silica (S8i0O,) component is silica powder, aerosil or borosilicate glass.

6. The method of using boron diffusion source according to any one of claims 1 to 3, wherein

the boron nitride (BN) component is boron nitride powder.



Fromthe results of Table 1, it is evident that the diffusion life
time until carrying out the reoxidation treatnment was substantially
extended in Exanples, while in Conparative Exanples, this effect
coul d not be obtained. 5 | NDUSTRI AL APPLI CABI LI TY The present
invention can be used for producing p4g connected or pp connected
devi ces for sem conductors production such as solar batteries,
inverters, diodes or transistors. The entire disclosure of
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boron diffusion source made of a conposite sintered body conprising
an al umi AR BModipBAtnt . a silica (Si02) conponent and a boron
nitride (BN) component in a. non-oxidizing gas atnosphere with an

oxygen concentration of fromO0.3 to 5 vol% 2.. The nethod of
usi ng borongdj i i alam. | hej e
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from 0. 5,68 da LédBite sintered-body Sorfisi@tnOdturkish @Elg@%_rc@ﬂlpéﬂeﬁf, WS4 (SiO,)
source according to claiml, wherein as the boron diffusion source, a
conposi t gorgioiérrad DoMni Hirlds BNMWRIgbnt Rkt & teotantiffikioh h@urce, a
al um na (Al 203) conponent and the silica (Si02) conponent is from 30
to 70 massifositendntered bedytis ofed tithereinothe mtalicontérd ef (hBNjurmipniddsiBhtommnéntand
30 to 70 mass% and the nolar ratio of Al203/Si02 is from1.0 to 2. 4.
4. The niehsdida dPilas rorapasenton fwinf BQde R maseircte gertentaifrihe beroanyiirign B
claims | to 3, wherein the aluymna (A 203) copponent is_ y-alumna o
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according to any one.of. clgips 1 to 3 rein the silica (Si02).
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powder. 10 7. The nethod of using boron diffusion source
according to any one of clains 1 to 3, wherein the boron diffusion
sour ce havi pgTas w@ked [For sidiwing®fa fsemidoidicton 4Ghfias toedsnn &d Jiyerein the
Archi medes' nethod is used. 8. A nethod for producing

sem condumntoidiziohgas dctugplicd éua diffugibmivinage 24 abae offragi 8.6 il SOAmEwUr ce nade
of a conposite sintered body conprising an alum na (Al 203) conponent,
a silica (3102) conponent and a boron nitride (BN) conponent wherein
as the boron diffusion source, a conposite sintered body is used -
wherein the total content of the alum na (Al 203) conponent and the
silica (8i02) conponent is from30 to 70 mass% the content of the
boron nitride (BN) conponent is from30 to 70 mass% and the nol ar
ratio of Al 203/3i02 is from1.0 to 2.4 and a sem conductor wafer in a
di ffusi on furnace and heating them under a non-oxidizing gas

at nosphere havi ng an oxygen concentration of from0.3 to 5 vol.%

9. The nethod for producing a sem conductor according to claim 8,
wherein the non-oxidizing gas is supplied to a diffusion furnace at a
rate of fromO0.5 to 15 L/ mn.



