Description Title of Invention: DOPANT HOST AND PROCESS FOR PRCDUCTI ON

» THEREOF 5 Technical Field [0001] This invention relates to a dopant host
and a production nmethod therefor. In particular, this invention relates to
a dopant host used to obtain a p-type sem conductor by diffusing 10 boron
in a silicon sem conductor, and a production nethod therefor. Background
Art [0002] Heretofore, a dopant host nethod, a counter BN nethod, 15 a

t hermal deconposition nmethod, and the |ike have been known as nethods for
formng a p-type region on a silicon sem conductor substrate. [0003] The
dopant host nethod is a technique in which B203, which has volatilized from
a B203-caontaining gl ass ceramc wafer (a 20 dopant host) disposed so as to
be in parallel wth a sem conductor wafer such as a silicon wafer while

mai ntaining a certain distance therefrom is deposited on the sem conductor
waf er, and a boron conponent is thermally diffused within a sem conduct or

subst r at ey {;See, o O QXaANRLS,: RasiniT Libet ahuie dHocis [ 9Q4brTbecaaunt er BN
method is a technique that has processes nearly identical to those of the

dopant hogipgmtpod. The counter BN nethod is different fromthe dopant host
method in that a boron nitride wafer that has been subjected to an
activation treatnent (a treatnment to convert BN to B203) is used in place
of the glass 5 ceram c wafer. [0005] The thernal deconposition nethod is a
t echni quepd iy Mu-ch +igukd BCL3, BBr3, or the like is evaporated by
bubbl i ng, deposited on a pre-heated sem conductor wafer, deconposed to give

a B203- deposhi £d 1¢0at { HGen80gn then dde b | Yot Af used. and a production
method therefor. In particular, this invention relates to a
dopant host used to obtain a p-type semiconductor by diffusing

10 boren in a silicon semiconductor, and a production method

therefor.

Background Art
[(0002] BHeretofore, a dopant host method, a counter BN method,
15 a thermal decomposition method, and the like have been known as
methods for forming a p-type region on a silicon semiconductor
substrate.
[0003] The dopant host method is a technique in which B;03, which
has volatilized from a By0s—containing glass ceramic wafer (a
20 dopant host) disposed so as to be in parallel with a semiconductor
wafer such asasiliconwafer whilemaintaining a certaindistance
therefrom, is deposited on the semiconductor wafer, and a boron
component is thermally diffused within a semiconductor substrate
{see, for example, Patent Literature 1).

25 [0004] The counter BN method is a technigue that has processes



10 [0006] In the counter BN nethod, an activation treatnment needs to be
performed on a dopant host al nost every time doping is carried out. In
contrast, in the dopant host method, it is necessary to perform an
activation treatnment only once at the beginning, and subsequent activation
treatnments are al nost 15 unnecessary. Accordingly, use of the dopant host
nmet hod all ows the process cost of p-type region formation to be kept | ow.
In the thermal deconposition nmethod, gas is deposited on a sem conductor
wafer, and it is therefore problematic in that, in the case where B203 is
diffused in a |arge-di aneter 20 sem conductor wafer, a variation in the

deposi ti on_amunfic}£1 L8l 98 +hBsE UK EAslaoddie: HeR M 0SE . MetRodohfter
n th i

advant ageous | at since a heat treatnent is performed such that a

gl ass- cergm e MBhels Baykngehpe: SAMe LRI & A% AcSeMEONWIALHOF h WRILEo S

di sposed so as to face the sem conductor wafer, a variation in boron 25

conponent, ;qi,ffusi; QR | S HUPPLESSEdn s atd R chi St JRatient: il erakihent0007]
Patent Literature 1. JP-A-S52-55861 5 Summary of Invention Techni cal

Probl em [QOQ8L ;HowRYef é&ﬁzéipdowt!a%t%?i§§I@3%Q9ihnpf§é@r3f Lt%ltee@%gge 1

has poor heat resistance, and therefore the dopant host may 10 warp when
repetitively subj | to a heat treatnment. A warped dopant host is
problematic 1n that the dopant host cones into contact with a sem conductor

wat er, T esiddNgrh8 @hd SEHCEd KiBLd 180 oA ¥BEhEH AN i Fedhiei QIDUR wak cB203
di ffused. Al so, the dopant host disclosed in Patent Literature 1 is

prOb'?”aWﬂﬁdﬂatﬂé13§iBE§ }5thQjQQUE@ke0H152@$aﬁ8k§EEhi4%ﬂ_b§bb@%ﬁg t han
that in the counter BN nefhod, efficiency of thermal diffusion of B 03 on a

sem condyct s wafehn !a§%>E@%eaw@%%}nilc@n\ﬁh%woqfwsf@r,aee\é@m%geaithﬁegive

problens, it is possi
a By,0z-deposited coating, and then thermally diffused.

10 [0006] In the counter BN method, an activation treatment needs
to be performed on a dopant host almest every time doping 1is
carried out. In contrast, in the dopant host method, it is
necessary to perform an activation treatment only once at the
beginning, and subsequent activation treatments are almost

15 unnecessary. Accordingly, use of the dopant host method allows
the process cost of p-type region formation to be kept low. In
the thermal decomposition method, gas 1is deposited on a
semiconductor wafer, and it is therefore problematic in that,
in the case where B0z is diffused in a large-diameter

20 semiconductor wafer, a variation in the deposition amount is
large. In contrast, the dopant host method is advantageous in
that since a heat treatment is performed such that a glass—-ceramic
wafer having the same area as a semiconductor wafer is disposed
so as to face the semiconductor wafer, a variation in boron

25 component diffusion is suppressed.
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to,envi sage the use of a dopant host that has a |lam nate structure 20

. conposed of a boron conponent volatilization |ayer having a relatively

| arge anount of B203 conponent and a heat resistant |ayer having a
relatively high Al 203 content. This dopant host is highly heat resistant
and can attain a |large 8203 volatilization anmount. However, it is likely
that with this 25 dopant host the anobunt of 8203 volatilized is reduced
over time, and it is difficult to use the dopant host for a |long period of
time. [0010] Therefore, an object of the present invention is to provide a
dopant host with which the amobunt of B203 volatilized 5 is unlikely to be
reduced over tinme and that has good B203 vol atilizing ability for a | ong
period of time. Solution to Problem[0011] As a result of having conducted
diligent gesearsh,nidre 10 inventors found that the above-descri bed probl ens
can be solved by adjusting the B203 content in each boron conponent

vol ati | i zadd o0 | ayes 48 dopant host having a | am nate structure conposed
of boron conponent volatilization |ayers and a heat resistant |ayer, and

accor di nglond e pRYeRtorstprapase the bSppresentgisnvention. [0012] That is,
t he dopant host according to the present invention has a | am nate. The

| am ngte i ncludes a boron conponent volatilization |ayer and a heat
resi stant |ayer. The boron conponent volatilization |ayer contains 30 to 60

mol % of  summary of Invention
Technical Problem
[0008] However, the dopant host discleosed in Patent Literature
1 has poor heat resistance, and therefore the dopant host may
10 warp when repetitively subjected to a heat treatment. A warped
dopant host is proklematic in that the dopant host comes into
contact with a semiconductor water, resulting in a reduced yield
or a variation in the amount of B,0; diffused. Also, the dopant
host disclosed in Patent Literature 1 is problematic in that since
15 the amount of B;0; volatilized is lower than that in the counter
BN method, efficiency of thermal diffusion of Bz03 on a
semiconductor wafer is poor.
[0009] In view of the above~described problems, it is possible
to envisage the use of a dopant host that has a laminate structure
20 composed of a boron component volatilization layer having a
relatively large amount of B,;0; component and a heat resistant
layer having a relatively high Al,0;3 content. This dopant host
is highly heat resistant and can attain a large B:0s
volatilization amount. However, it is likely that with this

25 dopant host the amount of By03 volatilized is reduced over time,
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20 Si 02, 10 to 30 mol % of Al 203, 15 to 50 nol % of B203, and 2 to 15 nol % of
RO (Ris an alkaline earth netal). The heat resistant |ayer contains 8 to
40 nol % of Si 02, 40 to 85 nmol % of Al 203, 5 to 30 nol % of B203, and 0.5 to 7
mol % of RO (R is an alkaline earth nmetal). At |east one outernost |ayer of
the lam nate is conposed 25 of the boron conponent volatilization |ayer.
The lam nate further contains the boron conponent vol atilization |ayer
inside the | am nate. The boron conponent volatilization |ayer constituting
at | east one outernost |ayer of the |am nate has a B203 content | ower than
t he B203 content in the boron conmponent 5 volatilization |ayer inside the

l'am nate.,nd QQ13L S peecyotatd lizatiansehbaatbabgl £6ANRONRMy PeeULS dye to
t he boron conponent contained in the boron conponent volatilization |ayer,

t he dopant; aost of the present invention has a B203 content in the boron
conmponent vol atilization |ayer 10 of as high as 15 to 50 nol % Accordingly,

the dopantyiast efictbBecpiesent dpywention has & Risghi evmeletfi B3208s to

volatilization ability. so, the dopant host of the present invention has

an Al 203 opte 4 Aobhe:hgabtrgsist@ntch ater alowds Birgh,@sv40at91850Di | .
Accordi ngly, the dopant host of the present invention has 15 good heat

resi stance, bei Dﬁeggpeal &,0f it NSt apgi Ry digRperad UL 8st Ohasf ok ampl,e,
1200C or higher. [0014] In the dopant host of the present invention, at

| east one;QuErTOSind aner: ofy ther lam fad ed s corposethof the boron
conponent vol atilization |ayer, and the boron conponent 20 volatilization

| ayer constituting an outernost |ayer of the |am nate has a B203 cont ent
| oner than the B203 content in the boron conponent volatilization |ayer

i nsi de t hgliamfaties Aegorsdingly, configuring the boron conponent
vol atilization | ayer disposed as the outernost |ayer of the |amnate so as
to [0011] As a result of having conducted diligent research, the
10 inventors found that the above-described problems can be sclved
by adjusting the B;03 centent 1in each boron component
volatilization layer in a deopant host having a laminate structure
composed of boron component volatilization layers and a heat
resistant layer, and accordingly the inventors prcpose the
15 present invention.
[0012] That 4is, the dopant host according to the present
invention has a laminate. The laminate includes a bozron
component volatilization layer and a heat resistant layer. The
boron component volatilization layer contains 30 to 60 mol% of
20 Si0;, 10 to 30 mol% of Al,03, 15 to 50 mol% of B;0;3, and 2 to 15
mol% of RO (R is an alkaline earth metal). The heat resistant
layer contains 8 to 40 mol% of Si0;, 40 to 85 mol% of Al,0s3, 5
to 30 mol% of ByO3, and 0.5 to 7 mel% of RC (R is an alkaline earth

metal). At least one outermost layer of the laminate is composed

25 of the boron component volatilization layer. The laminate
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25 have a relatively | ow B203 content allows the boron conponent
svolatilization |layer constituting the outernost |ayer of the lamnate to
function as a regulating valve for regulating the amount of B203
volatilized as well as the anmobunt of 13203 volatilized per unit tine to be
suppressed. Also, in the dopant host of the 5 present invention, the boron
conponent volatilization |ayer disposed inside the |am nate has a
relatively high B203 content. Accordingly, the B203 content in the dopant
host as a whole is high. Therefore, the anount of B203 that can be

vol atilized fromthe dopant host is | arge. Hence, the dopant host of the

present 14, ientbafaenabliespstahl @mdddd 2abkeonioktacharge @rmynieof
B203 over a long period of tine. [0015] Fromthe viewpoint of enabling the

dopant hasgie t Q m3GhieE NDOIrest afd.avolabiddrzatd o0k tB293 a0ven aikoager
period of time, the B203 content in the boron conponent volatilization

layer 15 @irﬁlﬁ.ﬁﬁd:iﬁﬁ%té"l.e er et davenefc thgdramahe 1smnpheter abky at
|l east 1 nol % | ower than the B203 content in the boron conponent

vol ati |'i zagLen dodieht Nsikde tihen |:aE BALL coaenDi g PEE iR }éoﬁFoh_@ﬁ_ﬁt 2
nmol % | ower. [0016] It is preferable that the boron conponent volatilization

20 | ager ddisdwe thed@amnate isravided sonasido. be adjacent to the boron
conponent vol atilization |ayer constituting at | east one outernost |ayer of

the | am nag@EL3 ] 081FkeTHho 5a€0nf £ Uit ahi O 2abbews Ebepandunto L B2QRie to
volatilized per unit time to be nore suitably controlled, making it easy to

25 denonsiHat epstabl ecBABdnkat at icbinziangeabi ity ©ver Boteng pefmbedenef
time. This seens to be because the anmpbunt of B203 inside the lanm nate is

| arger, ofoltdatldifat Gdreatdyee ,atB20dogancentsats Origy adicerihtak hows+B283 to
be stably supplied to the surface frominside the |lamnate. 5[0018] It is

pref er abliesd hats,bhe-ddi rkness wofe the doreneerpaeneat avalatikiizat iagekayer
constituting at | east one outernpost |ayer of the lamnate is greater than

It he ubit ckihesss ofidthesbaron c@penard. vakabirkizaatiyonthayeopbnsi desther

am e e.the present invention has a high level of B;0; volatilization

ability. Alsoc, the dopant host of the present inventicn has an

Al,03 content in the heat resistant layer of as high as 40 to 85

mol%. Accordingly, the dopant host of the present invention has

15 good heat resistance, being capakle of withstanding temperatures
of, for example, 1200°C or higher.

[0014] In the dopant host of the present invention, at least

one outermost layer of the laminate is composed of the boron

component volatilization layer, and the boron component

20 wvolatilization layer constituting an cutermost layer cof the

laminate has a B:;03 content lower than the B;0z; content in the

boron component volatilization layer inside the laminate.

Accordingly, configuring the boron component volatilization

layer disposed as the outermost layer of the laminate so as to

25 have a relatively low B;0; content allows the boron component
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[ 0019] Configuring the boron conponent volatilization layer 10 that is
di sposed as the outernost |ayer and that has a | ow B203 content to be thick .
al l ows the anount of 3203 volatilized per unit tinme to be nore suitably
controll ed. Consequently, the dopant host having this configuration enables
B203 to be volatilized over a |longer period of tine. 15[0020] It is
preferable that the outernost |ayers of the |lam nate are both conposed of

t he boron conponent volatilization layer. [0021] This configuration nmakes
it easy for B203 to volatilize fromboth surfaces of the dopant host.
Accordingly, it is nore likely that B203 is supplied to silicon wafers

di sposed Mﬁ%lﬁ%a@%ﬁ%é% Shoer of ut depanbPeshost FOEyEXaBRl €ne
perform ng a doping treatnent while dopant hosts and silicon wafers are

di sposed pltsrnat ey @ihded afs INtINAlS ieRARas A Ryt xe%url%@ﬂ@ ttﬁebe
efficiently formed on a plurality of "sem conductor substrates.

product i g9 op ézbg%oi%@ﬂ(i%lé{%Q%%l@_% becentanceds 26l %%%]tlllfi z'(aﬁe

dopant host of the present invention, at |east one of the boron conponent

vol atilizati omilayenand Hé‘%u@%%tes%%%' stanto| ayer By opaRtahds gl@senaAl so,
at | east ‘one of the boron conponent volatili zation | ayéer and the heat

resi sgant, layelt Myve9ptahN, the agddidd %ﬁﬁbr@ér@t’ssvoiﬁ’hﬂ%&@&sn gryetal s of
Al 20375 or the like, ceranic particles, etc. For exanple, in the case where

the bor omw%s\i@eakhhlz@fai%émal S LOPPPSEd 1ofo10kass Rt ent .
conponents ot her than gl ass, the boron conponent vo athlzatl on Iayer as a

whol e haﬁqéé@r@irﬁ%ﬁﬁmrﬁﬂéf}g%@é@@éﬁﬁ'ﬂﬁ\ tHY Spdrt thesCase MMera ot he heat
resi stant |ayer I's conposed of glass and conponents other than gl ass,

the heat Wepi st anle Jl-ayek asha Male: baspidie R oreneptiwned conpasicti-gn. I'n
the present invention, glass enconpasses crystallized glass. That is, at

| east one:id e rhoReB: Cosmone. vakate! iz ibdrayebsandsthe: heakent

resistant layer may contain crystalli zed glass. In 15 the case where at

| east gone; ;pfed thieshenhenieenpeomens Ma&tﬂﬂﬂz&tﬂd}ﬂokwﬁér%@dalﬁ@@n@%@ B,0s
resistant |layer contains crystallized glass, it is preferable that the

crystal |l izged- i assnd So&F YA abt izesk gl ass cont ai ni ng Al4B209 cryst al s.
[0023] In this case, since Al4B209crystals are acicular crystals, 20

A14B209 cryst®] s reberigatliy mgb@ éMalmlea;chh@td@awhasbow@c@ﬁ@@nent
volatilization |ayer 2 or a resistant layer 3. That is, A14B209

crystals mr&a@l@n@ha@lmbat@@@hwtm@g oeeer dbagky, p AdAB209 eriygt,al s
contained in the dopant host 1 can inprove the heat reS| stance of the

dopant hoste 18,35 c®@24l: The et hosr0r cphpdiehngvaldepantaResh aegerdi ng
to the present invention is directed to a nethod for producing the

abovesdesgidpesedopanthdasicfmdde presents ivheentErama W ik the reethad for
produci ng a dopant host according to the present invention, a green sheet
I am nat e 4 1whisehl andliy sbwek-eemnasher! B,0; content in the boron component
volatilization layer inside the laminate, and more preferably
at least 2 mol% lower.
[001L6] It is preferable that the boron component volatilization
20 layer inside the laminate is provided sc¢ as to be adjacent to
the bcron component volatilization layer constituting at least
one outermost layer of the laminate.
[0017] This configuration allows the amount of B;03; volatilized

per unit time to be more suitably controlled, making it easy to

25 demonstrate stable B;03 volatilizing ability over a long period
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5 for formng a boron conponent vol atilization |layer and a green sheet for
-formng a heat resistant |ayer are stacked is sintered to give a |am nate

i ncl udi ng the boron conponent volatilization |ayer and the heat resistant

| ayer. [0025] According to the nethod for producing a dopant host of 10 the
present invention, the above-described dopant host of the present invention
can be readily produced. Suitably selecting the sizes of the green sheets
enabl es a dopant host having a desired size to be readily produced.
Moreover, it is not necessary to carry out a process in which an gl ass
ceram c ingot 15 is produced and then the ingot is cut so as to have a

waf er forgn ttihks NMBkiBgsddmPassikl Betaupeote engdopai rhost nisnexpensi vel y.
Brief Description of Drawings [0026] [Fig. 1] Fig. 1 is a schematic

Cross- sedtdrgnalteview 1ofr20- a dopant host @eeof didos te,cEnbediaratatioeh the
present invention. [Fig. 2] Fig. 2 is a schematic cross-sectiona

vi ew of ayrepanit hastowaC e0dihg B Stadi meipp 14 of thehpr eseftcenyesinl on.
[Fig. 3] Fig. 3 is a schematic cross-sectional view of a dopant host

prepar ed ik ikami«e kni2btdg. 4] Fig. 4 is a schematic cross-sectiona
vi ew of
5 [0018] It ispreferable that the thickness of the boron component
volatilization layer constituting at least one outermost layer
of the laminate is greater than the thickness of the boron
component volatilization layer inside the laminate.
[0019] Configuring the boron component wvolatilization layer

10 that is disposed as the cutermost layer and that has a low By0O;
content to be thick allows the amount of B,03 volatilized per unit
time to be more suitably controlled. Conseguently, the dopant
host having this configuration enables B,0Os tobe volatilized over
a longer period of tTime.

15 [0020] It ispreferable that the outermost lavers of the laminate
are both composed ¢f the boron component velatilization layer.
[0021] This configuration makes it easy for B:0; to volatilize
from both surfaces of the dopant host. Accordingly, it is more
likely that B,03 is supplied to silicon wafers disposed on either

20 surface side of the dopant host. For example, performing a doping
treatment while dopant hosts and silicon wafers are disposed
alternately at regular intervals enables a p~type region to be
efficiently formed on a plurality of semiconductor substrates.
Thus, productivity of p-type semiconductors can be enhanced.

25 [0022] In the dopant host of the present invention, at least
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a dopant host prepared in Exanple 2. [Fig. 5] Fig. 5is a
schemati c cross-sectional view of a dopant host prepared in Exanple 3.

[Fig. 6] Fig. 6 is a schematic cross-sectional view of 5 a dopant host
prepared in Conparative Exanple 1. [Fig. 7] Fig. 7 is a schematic
cross-sectional view of a dopant host prepared in Conparative Exanple 2.
[Fig. 8 Fig. 8 is a graph showi ng a change over tine of the surface

resi stance value of a silicon wafer that is doped 10 with a boron conponent
usi ng the respective dopant hosts of Exanples 1 to 3 and Conparative
Exanples 1 and 2. Description of Enbodinents [0027] (Enbodinent 1) 15Fig. 1

shows a sghengtienerossosesbhppabnyi ewioftiaidopaph hastragear dhBgnkt
Enbodi ment 1 of the present invention. As shown in Fig. 1, a dopant host 1

accordi ng-d 9i Srbodi TRt - Ind $ composedy isa, | amideat ed neaudi RG A JFORoR
conponent vol atilization |ayer 2 and a heat resistant |ayer 3.

Speci fi cabdyon bhgpdapantydiost: 120:ak 4 $n cayposet Ohe did-am-aad & Mt Wakeh a
plurality of boron conponent volatilization layers 2 and a plurality of
heat resigd@rionkayer,sis AE 01 Ratedaabt efabkebyiple, crystals of A1,0;
5 or the like, ceramic particles, etc. For example, in the case
where the boron component volatilization layer is composed of
glass and components other than glass, the boron component
volatilization layer as a whole has the aforementioned
composition. Also, in the case where the heat resistant layer
10 is composed of glass and components cther than glass, the heat
resistant layer as a whole has the aforementioned composition.
In the present invention, glass encompasses crystallized glass.
That is, at least one ¢of the boron component volatilization layer
and the heat resistant layer may contain crystallized glass. 1In
15 the case where at least one of the boron component volatilization
layer and the heat resistant layer contains crystallized glass,
it is preferable that the crystallized glass is crystaliized
glass containing Al,B;0¢ crystals.
[0023] In this case, since Al,B;09 crystals are acicular crystals,
20 AliB,0e crystals sterically entangle with each other in a boron
component volatilization layer 2 or a heat resistant layer 3.
That 1is, BAl;B0s crystals become entangled with each other.
Accordingly, AlsB;09 crystals contained in the dopant host 1 can
improve the heat resistance c¢f the dopant host 1.

25 [0024] The method for producing a dopant host according to the
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[ 0028] The nunber of boron conponent volatilization layers 2 included in
-the dopant host 1 is preferably 3 or larger, and nore 25 preferably 5 or

| arger. Therefore, in the case where the outernost |ayers of the dopant
host 1 are both conposed of a boron conponent volatilization |ayer 2a, the
nunber of boron conponent volatilization layers 2b inside the lamnate is
preferably 3 or larger. This is because the |arger the nunber of boron
conponent 5 volatilization layers 2 included in the dopant host 1, the

| arger the amount of B203 that can volatilize fromthe dopant host 1 can
be. However, if the nunber of boron conponent volatilization |ayers 2

i ncl udedéizfésté}ﬁ: doppsric hostid Hsrexceasitvelsy neargel the gopantihgsthd is
t hi ckened and the weight is increased, thus 10 maeking it possible that

handl eabidddwe-ideddpaidedopbhe Rusbeif ehesbrisentwaiewsnscidial earnbenpl aced
in a thermal diffusion furnace is reduced, and productivity is inpaired.

Accor di nglathdderaminbesdef i hgr andepapenentstval@idtd zaj i o tiayepseehncl uded
in the dopant host 1 is preferably 50 or snmaller, and nore 15 preferably 40

or smal | emvd-1028], Ehereunbencet heainsesi st amidayers 30 gekedednhieact he
dopant host 1 is preferably 3 or larger, and nore preferably 5 or |arger.

This Bs beeadysentife kanrgebnt Bemponber ©f1denl i f£5i it antyd@yeis a3giraehuded
in the dopant host 1, the nore 20 enhanced the heat resistance of the
dopant hasiedis foldoneveingid hthe nugbetant heair pesi stanked ayessnleiraal uded

in the dopant host 1 is excessively large, the dopant host 1 is thickened
and the wej ghtvel 8 lfigieasedndihds neakhagodtopessigaredthablatilization
layer and the heat resistant laver.
{0025] According to the method for producing a dopant host of
10 the present invention, the above-described dopant host of the
present invention can be readily produced. Suitably selecting
the sizes of the green sheets enables a dopant host having a
desired size to be readily produced. Moreover, it is not
necessary to carry out a process in which an glass ceramic ingot

15 is produced and then the ingot is cut sc as to have a wafer form,

thus making it possible tc produce a dopant host inexpensively.

Brief Description of Drawings
[0026] [Fig. 1] Fig. 1 is a schematic cross-secticnal view of
20 a deopant host according to Embodiment 1 of the present invention.
[Fig. 2] Fig. 2 is a schematic cross-sectional view of
a dopant host according to Embodiment 1 of the present invention.
[Fig. 3] Fig. 3 is a schematic cross-sectional view of
a dopant host prepared in Example 1.

25 [Fig. 4] Fig. 4 is a schematic cross-sectional view of



handl eability is inpaired, the nunber of silicon wafers that can 25 be

pl aced in a thermal diffusion furnace is reduced, and productivity is

i npai red. Therefore, the nunber of heat resistant layers 3 included in the
dopant host 1 is preferably 50 or snmaller, and nore preferably 40 or
smal | er. [0030] The respective thicknesses of the boron conponent 5

vol atilization layer 2 and the heat resistant |layer 3 are not particularly
limted. The thickness of the boron conponent volatilization |layer 2 can
be, for exanple, 50 pmto 1000 pm The thickness of the boron conponent
volatilization layer 2 is preferably 100 pnto 500 pm An excessively thin
bor on compq%ggngihdg% tpzadd om l@yerp,2a yay make it difficult to obtain
the desired B203 volatilizing ability. On the other hand, with an
excessively thi clfyagr.oe]cpmaongnis@lsaéﬂéma@d Ard Ay &edidhel dopantshost 1
may |ikely crack. [0031] The thickness of the heat resistant [ayer 3 can

be, for 15 @XMt €roO b or300i prrxJher & ht ckness of the heat resistant
|layer 3 is preferably 50 pmto 100 pm An excessively thin heat resistant

l'layer 3 may inpai[ryit;heameaaﬁreai§§eél%mmém dapay - hasti cha 109ithe 3t her

hand, with an excessively thick heat resistant |ayer 3, the dopant host 1

mey | iskely egske 12051 0038baAsai 1 tdbsoerbodiaekamb e the case where the
boron conponent volatilization |ayer 2a is disposed as the outernost |ayers

of the dopant hostril,, 7y Fsgprefesabla-ddalt theRypLanpanentyiew of
vol atilization |ayer 2a is thicker than another boron conponent

vol ati | i zatd®fahayessZbpréPatdi si€asenpd hec fwaction 26 of the boron
conponent volatilization |ayer 2a as a regulating valve can be enhanced,

thus nmeking it pgssighl @]t lraty .t ize idopant-apes s hAdTRRS b ahes oeX erldremti 3203
volatilizing ability over a |onger period of time. [0033] The boron

conmponento¥ aliat ELir-Zatkofet ayesinde oAl BF 30D 1Bl % Bht S HopH to 30
nol % of Al 203, 15 to 50 nol % of B203, and 2 to 15 nol % of RO (R is an

al kahipne gttt ha mebab). cAkkahicne earitlly nEtdal seépettidee Miop&atr HbstandfEa.
Specifically, the boron conponent volatilization |ayer 2 of this enbodi nent

cont ai ns mHass: @ndl Cry St ahisd Stshp @82 Al ZH3EL£51 @ S1 08inAl1AB209 crystals, and

Description of Embodiments
[0027] (Embodiment 1)

15 Fig. I shows a schematic cross-sectional view of a depant
host according to Embodiment 1 of the present invention. As shown
in Fig. 1, a dopant host 1 according to Embodiment 1 is composed
of a laminate including a boron component volatilization layer
2 and a heat resistant layer 3. Specifically, the dopant host

20 1 is composedof a laminate inwhich a plurality ¢of boron component
volatilization layers 2 and a plurality of heat resistant layers
3 are laminated alternately.

[0028] The number of boron component volatilization layers 2
included in the dopant host 1 is preferably 3 or larger, and more

25 preferably 5 or larger. Therefore, in the case where the
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10 has the aforenenti oned conposition as a whole. [0034] A reason for
-limting the content of each conponent in the boron conponent
volatilization |ayer 2 as stated above will now be described. Note that, in
the follow ng description, the sign "% refers to "nmol% unless specified
otherwi se. 15 [0035] Si02 is a conmponent that constitutes a network of
gl ass contained in the boron conponent volatilization |ayer 2. The Si 02
content is 30 to 60% and preferably 35 to 45% An excessively | ow Si02
content may result in |owered chem cal durability of the dopant host 1. On
the other hand, an excessively high Si02 20 content may result in an
I ncr eased,siof 4 Mg aRek-Bt o P hal assanACeRdl A boBA @HERsE v ekYs BbghnSi O2
content may deteriorate the meltability of glass, making it difficult to
shape ¢l e@%@mﬂrbn@%@ akesulzki iRk fge t 2adi £hE Glldbd0 o pePad e chhecdepant
host 1. Si may be contained in a conponent other than the glass in the 25
boron componeint1 volatdd i1zatd-nobayesi de thd 0036khaA20315r&r €ospORent rt hat
constitutes, together with Si02, a network of glass contained in the boron
conponenti yedat | | itzalsl 08 HeayRise2thd ey }208neani@ir bs H-4:0 c3QYvand -
preferably 15 to 25% An excessively |ow Al 203 content nmay result 5 in
| over ed cherd cal i 244 adh skt ref 2 i 1deRaNI n oS! ddpakl Hdwx: 0of hefe haRderan
excessively high A 203 content may result in increased porosity of the
boron conponertourel atikiczatho#n dayebidcitlhus fegdaimgdobenst kesgtihceh the
boron conponent volatilization layer 2. Al 203 may be contained in a
conponentbdf helowleR@t t R ghas siukd el othe chenorce@rpenent ovakatiikazabihon
layer 2. [0037] B2@3 is a volatile component. The B203 content is 15 to
50% and preferabl yn20utieddDVtrndexeasshyet yi heweB203s coat emtammy, tasult in
an insufficient amount of B203 volatilized fromthe dopant host 1. An
excessi veldpdnghh&26081 coat ent creyetestlit the kBibbeened ieherbeakl, dunali | ity
of the dopant host 1. Also, an excessively high B203 content may result in
an exoesshalel g i e easeic st ofarB203paal iady |iisz eehdariamd, he heohombe r
conponent vol atilization layer 2, creating a BSi filmon a silicon wafer
when a dopf ngilieat meptsirs peeftorcaed.bd tpisceli f fhcHl theempenmoN & f2@ ibhe BSi
filmby etching with fluoric acid or the Iike, and the BSi film causes
failure. f0038}e Therbatuoadcampdpeniduealiatiithi zatinge18y®er 2dcacludes vt he
boron conponent volatilization [ayer 2a disposed as the outernost |ayer of
t he | am naie Mihaie c@fsbbtruhescihbendapans 1 host i 4z ancn t hey2bs Borer 1eaponent
vol atilization |ayer 2b disposed inside the

in the dopant host 1 is preferably 5C or smaller, and more

15 preferably 40 cor smalliezr.
[0029] The number of heat resistant layers 3 included in the
dopant host 1 is preferably 3 or larger, and more preferably 5
or larger. This 1is because the larger the number of heat
resistant layers 3 included in the dopant host 1, tThe more

20 enhanced the heaif resistance of the dopant hest is. However,
if the number cof heat resistant layers 3 included in the dopant
host 1 is excessively large, the dopant host 1 is thickened and
the weight is increased, thus making 1t possible that
handleakbility is impaired, the number of silicon wafers that can

25 be placed in a thermal diffusion furnace is reduced, and
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| am nate. [0039] The B203 content in each of the boron conponent

vol atilization layers 2a and 2b is 15 to 50% provided that the B203
content in the boron conponent volatilization |layer 2a 5 disposed as the
outernost layer is |lower than the B203 content in the boron conponent

vol atilization | ayer 2b disposed inside. The B203 content in the boron
conponent volatilization |ayer 2a disposed as the outernost |ayer is
preferably at least 1 nol % | ower than the B203 content in the boron
conponent vol atilization 10 |ayer 2b disposed inside, and nore preferably
at least 2 nol %l ower. Wen the difference between the B203 content in the
boron companantc mplali kiszalhons fayer 2mdisposed asd hgupuber st pkayer and
t he B203 ‘content in the boron conponent volatilization |ayer 2b disposed

i nside i s excessivalysmld 5 nthedbunehi oRca8cgade Kegulating vakvaral, the

boron conponent vol atilization layer 2a di sposed as the outernost |ayer is

not suf figi ent |y attal ned,q and-d he- desatiop of B203.yolatilization fromthe
dopant host nay be short. [0040] Specifically, the B203 content in the

boron compoiestf 2Qevolabblizabh ony aygle e di $ROSEde 8%, d:heh oulaimBeh ! ayer
is preferably 25 to 35% and nore preferably 27 to 32% On the ot her hand,

the B203 content; id {de Doron compene nlatiddizatdran 1laxer 2h.di spesed
inside is preferably 30 to 40% and nore preferably 30 to 38% 25[0041] RO

is a componentcihat §acihitales ¥htrihiicatican MIQhe CBOr oS CorplshcBaO can

be sel ected for RO "and these can be used singly or as a conbination of two

or nore. Jhe,RQ contem (dptaly amuny, 1152 £Qmkn% ampref erablonc2 .t o

10% When the RO content i's excessively low, vitrification sonetinmes barely

proceeds.td & itheofherr hapdpoannexsesshyet yvhi ghi RO gontentay@y Fasult in
| onered chem cal durability of the dopant host 1. RO nay be contained in a

conponentyaf ferat han oohen ¢l-asso ium t hanhorans ¢ eht nViod b ldoadlnen < ayer

2. [0042] In addition, the boron conmponent volatilization |ayer 10 2 can

cont agn  CRNPONEN S5 SUSH @§%gf:(2aaﬁﬂyﬂngﬁké n@ §otal campupt oht30% ehd ess

to, for exanple, enhance chem cal durability. [0043] The heat resistant

layer 3 caniaidis Bol,0v40% of 1 i 68, 2401t 0y85%:0fc 1A 2031e:5 HanB0%iel B203,
and 0.5 to 7% of RO (R is an alkaline earth netal). Specifically, the heat

resi stantetayesidd) 3 0fidhisoenbodiimieGoRtAl s 10l Assi @Nd Lfarstal shsuch as
Al 203 crystals or Al4B209 crystals, and has the aforenenti oned conposition

as a mhol&bpant[ﬁg@@]lhﬁgy,lﬁké serzdpr limting the cont ent of each
conponent in the heat resistant |ayer 3 as stated above will now be 20
describedfpg31] The thickness of the heat resistant layer 3 can be, for

15 example, 30 pm to 300 um. The thickness of the heat resistant
layer 3 is preferably 50 pm to 100 um. An excessively thin heat
resistant layer 3 may impair the heat resistance of the dopant
host 1. On the other hand, with an excessively thick heat
resistant layer 3, the dopant host 1 may likely crack.

20 [0032] As in this embodiment, in the case where the boron
component volatilization layer 2a is disposed as the outermost
layers of the dopant host 1, it is preferablie that the boron
component veolatilization layer Z2a is thicker than another boron

component volatilization layer 2b. In this case, the function

25 of the boron component volatilization layer Za as a regulating

12



[0045] SiQ2 is a conmponent that constitutes a network of glass contained in
-the heat resistant layer 3. The SiQ2 content is 8 to 40% and preferably 20
to 30% An excessively low Si02 content may result in | owered chem cal
durability of the dopant host 1. 25 On the other hand, an excessively high
Si2 content may result in an increased softening point of glass and thus
an excessively small anmount of B203 vol atilized. This is because an

i ncreased softening point of glass results in an increased viscosity of the
glass, limting the novenent of B203 and thus making 5 volatilization
unlikely. Si02 may be contained in a conponent other than the glass in the

heat resigiap dBY®e 3nhahPRHC] tAL2032kSna PFifdPal Camanene BBbant
mai nt ai ni ng heat resistance. The Ai 203 content is 40 to 85% and preferably

40 to 55%AN gXrE8StVelys| aw-Al 203rcanbentormy: Tesild hviil ipai hed-hgat 10
resi stance of the dopant host 1. On the other hand, an excessively high

Al 203 cont&femyeFESYUldr itigdcreased porosity of the heat resistant |ayer
3, thus reducing the strength of the dopant host 1. Al 203 nay be contai ned

as Al 203 ciysipl shet BUSoABKERGohEnPOSST D £1 1 04§ L d heryenhance tbhe sheat
resi stance of the 15 dopant host 1. [0047] B203 is a conponent of the

gl assscontidiedoiR thesheat 1peshsi@ilollzayer a8,0,ThesB203; caphentri 5,5, to 30%
and preferably 10 to 30% An excessively | ow BZ&3 cont ent may resul tin

| ower ed nBchanieal 5 sidengichrof (& hes depankahost dar@N ridieiot henihandne20 an
excessi vely high B2G3 content results in excessively |ow heat resistance of

the heat gesisthartilkayedl die aRd the Wopany Fost sherryibbkeky del eomopven at
tenperatures | ower than, for exarrpie, 1200C. B2 may be contained in a

conmponentc&heietharoldei 0l assidm 1Ageheat oreshskaBhpbayfend. <3pk6G48] RO
is a conponent that facilitates vitrification. MjO, CaO Sr0, and BaO can

be sel ect $9rR0:randal bese-ican Re,aisedy St N0 b081 3503 COfided | emdof two
or nore. The RO content (total anobunt) is 0.5 to 7% and preferably 2.5 to

6% When ihe HQ conteftehSi XELSSIMEbYit DYy ¥étLifhensi on sonetimes barely
proceeds. On
{0034] A reason for limiting the content of each componeni in
the boron component volatilization laver 2 as stated above will
now be described. Note that, in the following description, the
sign "%" refers tc "mol%" unless specified otherwise.
15 [0035] Si0; is a component that ceonstitutes a network of glass
contained in the boron component volatilization layer 2. The
Si0; content is 30 to 60% and preferably 35 to 45%. An excessively
low Si0; content may result in lowered chemical durability of
the dopant host 1. On the other hand, an excessively high 3i0;
20 content may result in an increased scoftening point of glass.
Accordingly, an excessively high 5i0; content may deteriorate
the meltability of glass, making it difficult to shape glass and,
as a resulif, making it difficult to prepare the depant host 1.

S10,; may be contained in a component other than the glass in the

25 boron component volatilization layer 2.

13



5 the other hand, an excessively high RO content may result in |owered heat
resi stance of the dopant host 1. RO may be contained in a conponent ot her
than the glass in the heat resistant layer 3. [0049] In addition, the heat
resistant layer 3 nmay contain 10 conmponents such as Zr02 and TiQ2 in a
total anmount of 30%or less to, for exanple, enhance the heat resistance of
the heat resistant layer 3. [0050] It is preferable that the dopant host 1
cont ai ns A14B209 crystals. Specifically, it is preferable that at |east one
of 15 the boron conponent volatilization |ayer 2 and the heat resistant
| ayer 3 contains Al143209 crystals. It is nore preferable that both the
boron co latiLi t r

W X9 @ EI.F azé‘gfnﬁcnéﬁﬁi%a% apdsthe ’ESQ il bikayero 3

contain 4B209 cry e Al14B209 crysta S afe |cu ar ‘crystal's,

A14B209 ct Iltiatl fierbfa' Ly 220 e :}%Jl%e‘ﬁtrhr?a‘?@hé’t hEErbA t%%gB%%ﬁt

conponent v |zat|on Ffayer 2 and the heat resistant [ayer That is,

A14B209 coe entangbed whih edel BbheLy -AGCOrd) nglys0Al4BR09

crystals contalne opant host can i1 nprove the heat resistance of

the dOpagBaSé;P%%aﬁl ALSQ, 2?1452291? rc%%%%lv%lgoi‘&@fxgg LBntRe g, dopang chost 1

can incr e anDunt of B2G3 vol atilize The A14B209 cont ent

in the doﬂ?gbwﬁ%fci éhérélcPJPBEEQBEtXﬁ%Q d0+hA MW ﬁBQt T eoprelerailey. 30 to

50 nass% e Al4B209 content in e boron conponent volatilization |ayer 2

i s prefenably 1Q £Q-3Q-M885% angnRI & 3%85%%{?' NadOrd 9,20 1TR§$.%r 3 sThE

A14B209 content In the heat "resistant |ayer is preferably 30 to 60 mass%
and nore ![é/f 3nd Obépoﬂaéé %on@ﬂ?te’??S@ﬁEhY?EXtEBW /_Aéﬁégog crystal

cont ent nay res in excessively Tow heat resistance of e dopant host 1

or an excgsgivaly t%geét!re%g%&{;&fctfhe539§or\{®o%&§olde%ﬁcdvo@tiffzé%ﬂ% 1BgRd, an

excessively high 10 A14B rystal content may result in excessivély |large

porosi ty of theodapantyhosinch dduisid educine.ddie strenothof e (dopant

host 1. [0052 I'east one of the boron conponent volatilization |ayer 2

and tje hﬁ@ttﬁ@%éﬁ&mcéﬁy&{e@t MBY1 Lont 8% 5 Of hey,dhap. A14B209 15 crystals,
Al 203 crystals (a-corundum crystals). The Al 203 crystal content in each of

the borongemponend, el at kbi2athencbayshedr andridig, peatodesistant J ayer 3
is preferably 0 to 60 mass% and nore preferably 10 to 50 nass% The Al 203

crystals {@ co{andun m%@lz&) tRy e deni ¥ed-EE9gunr eagt aoh C%B%%%ts 20
of ingredient alun1na powder. [0053] As described above, in't

enbodi menfay &%%uﬁ%c§nQﬁﬂ&%@hff@cE@%tQ%ﬁ@@n@Qﬁpggﬁﬁ%oYQkﬁihEbéaﬁféﬂﬂﬂh%yer 2a
di sposed as t he
dopant host 1. An excessively high B;03 content may result in
15 lowered chemical durability ¢f the dopant host 1. Also, an
excessively high B;03; content may result in an excessively
increased amount of B;03; volatilized from the boron component
volatilization layer 2, creating a BSi film on a silicon wafer
when a doping treatment is performed. It is difficult to remove
20 the BSi film by etching with flucric acid or the like, and the
BSi film causes failure.
[0038] The boron component volatilization layer 2 includes the
boron component volatilization layer 2a disposed as the outermost

layer of the laminate that constitutes the dopant host 1 and the

25 boron component volatilization lavyer 2b disposed inside the
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outernost |ayer of the lamnate is |lower than the B2O3 content in the boron
-conponent volatilization layer 2b inside the 25 lamnate. That is, the B2G3
content in the boron conponent volatilization |ayer 2a disposed as the
outernost |layer of the lamnate is relatively high, and the B203 content in
t he boron conponent volatilization |layer 2b inside the lam nate is
relatively high. Configuring the B203 content in the boron 5 conponent
volatilization | ayer 2a disposed as the outernost |ayer of the |am nate so
as to be relatively I ow as stated above all ows suppression of the anount of
B203 vol atilized per unit tine. Since the 8203 content in the boron
conponentl anladid j zation layer 2b inside the lamnate is relatively high,

t he B203 content of 10 the dopant host 1 as a whole is high. Accordingly,

the anounto®@fo B2@8et hajocarobeewel athl i 2genhf rom tie dopait, heskpbnksit! ar ge.
Hence, the dopant host 1 enables stable volatilization of a |arge anmount of

B203 overval dtoimg: perisd 1ofydigrea hQ5A) i am thesvs pwpaiwided tachi enieng
stable volatilization 15 of a | arge amount of B203 fromthe dopant host 1

over a | anger cperieod ofn time, bbhendiddeienres bet ween {he: H2031g98tenks of
t he boron conponent volatilization |ayer 2a disposed as the outernost |ayer

and t be horgfo componame wiltalrnldszatli=grd dyen oz ri askdethhesl@nicbatenits
preferably 1% or greater and nore preferably 2% or 20 greater. [0055] Wen
t he bor onicameopenbnvebmbdhézatican diayiera e $agxeessiceinpdd Anstiie val ve
function of the boron conponent volatilization |ayer 2a may not be

suffici ety HMHeponsitaiedn Aceopdirogl ¥yomponést preferabl eatiwt Hheboson

conponent 25 volatilization layer 2a is thicker than the boron conponent 20
disposed as the cutermost layer is preferably at least 1 mol$
lower than the B:03 content in the boron component volatilization

10 layer 2b disposed inside, and more preferably at least 2 mol%
lower. When the difference between the By0; content in the boron
component volatilization layer 2a disposed as the cutermost layer
and the B,0; content in the boron component volatilization layer
Z2b disposed inside is excessively small, the function as a

15 regulating valve of the boron component volatilization layer 2a
disposed as the outermost layer is not sufficiently attained,
and the duration of B,03 velatilization from the dopant host may
be short.

[0040]) Specifically, the B;0; content in the boron component

20  wolatilization layer 2a disposed as the outermost layer is
preferably 25 to 35%, and more preferably 27 to 32%. On the other
hand, the B;0; content in the boron component volatilization layer
2b disposed inside is preferably 30 to 40%, and more preferably

30 to 38%.

25 [0041] RC is a component that facilitates vitrification. MgoO,

15



vol atilization |ayer 2b.Configuring the boron conponent volatilization
| ayer 2a so as to be thicker than the boron conponent volatilization |ayer
2b enabl es B203 to be volatilized over a |onger period of tine.
Specifically, the thickness of 5 the boron conponent volatilization |ayer
2a is preferably 50 pmor greater and nore preferably 60 pmor greater.

[ 0056] When boron conponent vol atilization |layers 2 have different
conpositions, the shrinkages attai ned when form ng the boron conponent

vol atilization layers 2 by sintering are 10 different as well. Therefore,
the nore the kinds of boron conponent volatilization |layer 2 (the |arger

the nunmbery@f (did,f ahenbagosPRid isne-dclrudedol Nnahheropantahest yhedt he
nore likely the deformation generated between t he boron conmponent

volatili Zﬁﬂ%ﬁw bayes Lcandihheibaalr ke statird ayehSroahddha ksotaz

durability of the dopant host 1 tends to be reduced. Fromthis viewoint,

it is prefnatlieithat o3 o ahgwele dd s ob . Baronggonenent neat@kbhiczaki on
| ayer 2 are included in the dopant host 1. [0057] Although the order of

I am nati ng theebet 9r1GoMmENent r20; ¥at abhld#atd ok d BYeE1 2 dhgs heah
resistant layer 3 is not particularly limted, it is preferable that the

bor onsconpanestnaol@did i zat | ORcéayefe By aﬁﬂ?ﬁ heoheahtkgsi shantckayer i3 are
lam nated alternately as shown in Fig. 1. In this case, this is because the

B203 vol atdild zddnd-redthd ddy @neaibhes heabrreskstapeat2hoet the dopant hest 1
can be further enhanced. [0058] In the dopant host 1 of this enbodi nent,

both out efdgmstidayeis arespmesed &fhdherhonornheonponentiyotati biozaki on
| ayer 2a. Accordingly, 8203 preferably volatilizes fromboth surfaces of

t he dopamriorisienk: Jdrvesef orgescavemdyet he, case where silicon 5 wafers are
di sposed on either surface side of the dopant host 1, it is possible to

dope the middzpniwaberstwohh anbokerceorpepentntFeb1exanpke:idhspesicry a
silicon wafer on each side of the dopant host 1 enabl es sinultaneous

f or mabi orp QfaracBnt¥pe £68heReAbsthese 43V rsil dcom waf ensa tHheretabentuse of
the dopant host 1 of this 10 enbodi nent enabl es production of p-type
sem condugt o3 Wit i dd 9he @y ofbtetdvardyle, enhance chemical durability.
[0043] The heat resistant layer 3 contains 8 to 40% of 5i0,, 40
to 85% of Al;0sz, 5 to 30% of B0z, and 0.5 to 7% of RO (R is an
alkaline earth metal). Specifically, the heat resistant layer
15 3 of this embodiment contains glass and crystals such as Al;O3
crystals or Al,;B;Cy crystals, and has the aforementioned
compositicn as a whole.
{0044] Next, a reascn for limiting the content of each component
in the heat resistant layer 3 as stated above will now be
20 described.
[CC45] $Si0; is a component that constitutes a network of glass
contained in the heat resistant layver 3. The 5i0; content is 8
to 40% and preferably 20 to 30%. An excessively low 53i0; content

may result in lowered chemical durability of the dopant host 1.

25 On the c¢ther hand, an excessively high 5i0; content may result
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[ 0059] Herei nbel ow, another exanple of a preferable enbodi nent of the
- present invention will now be described. In the description below, nenbers
that have substantially the sane 15 functions as those in Enbodi ment 1
above are given the sanme reference nunbers, and descriptions thereof are
omtted. [0060] (Enmbodinent 2) Fig. 2 is a schematic cross-sectional view
of a dopant host according to Enbodi nent 2 of the present invention. 20
[ 0061] In Enbodi ment 1 above, a description was given of an exanple in
whi ch the boron conponent volatilization |ayer 2a of the outernost |ayer
and the heat resistant |ayer 3 are disposed adjacent to each other.
However, itrhenpresesdséd\eerfideon risppoht! o Mdledd anthtisucenf egueatioalyWth
t he dopant host of the 25 present invention, boron conponent volatilization
| ayer s orsmfgdat agdunresifSBany vbayensiaed. provided se@as:idoabeiadiragent to
each other. [0062] As shown in Fig. 2, in the dopant host of this
enbodi mendq f ddig ep e raorForants sv aleatilltiszahi an Layeea2addivspasedtasofhe
outernost |ayer is adjacent to the boron conponent volatilization 5 |ayer
2b havi ngla: hgghes, B203nclomi@nt hishanotdeehor it cbpponent vl | hkkahgon
| ayer 2a. Accordingly, the dopant host of this enbodi nent denonstrates nore
st abl 8 B2@3 awollatdddizirngi-akidalty. 08e0, and wngercqeardiatkOfint kmecmAbhbaugh t he
reason why this effect is obtained is not clear, this seens to be because
t he amurdthkd afhaB20Ghd npliabes tive draanhatte dtesilarger ,loret it is, creating a
B203 concentration gradient allows B203 to be stably supplied to the
surface froamdinshieo4 hes | ampratrecipd0068hpbhehs fossind entoirenwy sagett hat a
plurality of boron conponent volatilization |ayers 2b, which have a hi gher
B203 15 aordientaridian tthe hdr@ncoonponent Adlat BERzatd qurd fayerb2a,4Cake
consecutively disposed nore toward the center than the boron conponent
vol ati | i Z&% .onAhaysere 2ai.of 1 ¢ Newodil gxmositdrayeny HoweMein inpssivchd acease,
def ormati on generat ed between boron conponent volatilization layers 2 is
| ar gép ancedimeaduwrabrbli tyh€20dobanhe ldepantl .hostnl tise | bkieky tlmrxe reduced.
Therefore, in the case where the boron conponent volatilization layer 2a is
di sposed atisceinte 1ty htihge BN coarpoartent yvodait 1t | Zzatinordaasger pRbpsityi s
preferable to dispose the heat resistant |layer 3 on the side of the boron
conponentoivahat héaz ateons tayerl a2 ropposit € r25litdiendbdohens coaponentt the
vol atilization |ayer 2a.

dopant host 1. Al,0; may be contained as Aly0; crystals, thus

making it possible to further enhance the heat resistance of the
15 dopant host 1.
f0047] B0z is a component of the glass contained in the heat
resistant layer 3. The B;0; content is 5 to 30% and preferably
10 to 30%. An excessively low B,03; content may result in lowered
mechanical strength of the dopant hest 1. On the c¢ther hand,
20 an excessively high B;03 content results in excessively low heat
resistance of the heat resistant layer 3, and the dopant host
1 may likely deform even at temperatures lower than, for example,
1200°C. By03may be contained in a component other than the glass
in the heat resistant layer 3.

25 [0048] RO is a component that faciliitates vitrification. MgQ,
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[ 0064] (Method for produci ng dopant host) A nmet hod for producing

t he dopant host of each of the above-described Enbodinents 1 and 2 is not
particularly limted. Hereinbelow, an exanple of a nethod for producing the
dopant host 5 1 will now be described. [0065] First, a boron conponent

vol atilization |ayer green sheet for form ng the boron conponent

vol atilization layer 2 is prepared. The boron conponent volatilization

| ayer green sheet can be prepared, for exanple, as described bel ow

10[ 0066] First, ingredient powders containing Si02, Al 203, B203, and RO are
bl ended so as to give a batch. The batch is vitrified by, for exanple,

bei ng meld&y, foo,abeut ichesh Bk ete @eUFd1660Cananthébencd:s Hormed,
mlled, and classified to give glass powder. [0067] Next, a binder, a

pl asti ci zeingBy 20! ¥t coapdnthe ohi ke thh arenaeded THe Rbe-ghBss R%%rz, and
kneaded to glve a slurry. Alum na powder nmay be blended with the slurry to

make it eagyid0) REEF] PibaleaAl48200% eyt al. 5.t 4 8068 et herempl-asticttr esin
is usually used for the binder. The thernoplastic resin is a conponent that

i ncreasesi pestedsyivady2f | kitst Feagthoantbmdmaid s bhrexiyitdddedshe on
thernoplastic resin content in the slurry is generally about 5 to 30 mass%

in the sltid Yot {HO6QIn&Exaapl escebsusabl,ent hBr ROpkastieetr @siynsdshakude
acrylic resins such as pol ybutyl net hacryl ate, pol ynethyl net hacryl ate, 25

and pol yetdiyd re@hbagryd ot € apod Wi tyd dbgbyitalosetihyl gehayl wseontaneeldhe
i ke. These can be used singly or as a conbination. [0070] The pl asticizer

i's a conpohentohbahet@nbtbes thenrate fasd Yinghanged paddis fdraxilbividt y to
a dried film The plasticizer content is generally about 0 to 10 mass%in
the slurry, 5 Exanples of usable plasticizers include butyl benzyl
pht hal ate, dioctyl phthalate, diisooctyl phthalate, dicapryl phthalate,
di butyl phitwadpt en andiittherd,| kéhe These canribeawsed il y BByaScdtain
conbi nat i on.
10 components such as Zr(C, and Ti0; in a total amount of 30% or less
to, for example, enhance the heat resistance ¢f the heat resistant
layer 3.
[0050] It is preferable that the dopant hest 1 contains Al:By0q
crystals. Specifically, it is preferable that at least one of
15 the boron component volatilization layer 2 and the heat resistant
layer 3 ceontains Al B0y crystals. Tt is more preferabkle tThat
both the boron component veolatilization layer 2 and the heat
resistant layer 3 contain Al4B;0s crystals. Since Al;B.0y
crystals are acicular crystals, Al:B:0s crystals stericalily
20 entangle with each other in the boron component volatilization
layer 2 and the heat resistant layver 3. That is, AR1;B:0s crystals
become entangled with each other. Accordingly, Al;B;04 crystals
contained in the dopant host 1 can improve the heat resistance

of the dopant host 1. Also, AlsB20s crystals contained in the

25 dopant host 1 can increase the amount of B:03; volatilized.
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[0Q71] The solvent is a conponent for processing the ingredients 10 into a
paste form The solvent content in the slurry is generally about 10 to 50
mass% Exanpl es of usable solvents include terpineol, nethyl ethyl ketone,
di et hyl ene gl ycol nonobutyl ether acetate, 2,2,4-trinmethyl-1, 3-pentadi ol
nonoi sobutyrate, and the like. These can be used singly or as a
conbination. 15 [0072] Next, the resulting slurry is shaped into a sheet
formso as to be on a filmhaving excell ent nmechani cal and thernal
stability nade of polyethylene terephthalate (PET) or the |ike by, for
exanpl e, a doctor blade nethod, and dried to renove the sol vent and the

l'i ke. Theroetay,] thesbprgmocospatent 20 vekabibbkaet heBtl ayes greearspeet can
be produced. [0073] The proportion of the ingredient powders present in the

boron comuprentovekakkl haathehe| gyeregigen sheal 3 ngener.al hyeahopt, 80 to
95 mass% [0074] The thickness of the boron conponent volatilization
layer 25 g@feemtshest s pbekenhabdymSodor 1500 zpm1 inre opr ef gyabl v 5@st o
1000 pm even nore preferably 100 to 500 pm and still nore preferably 150
to 300 pprdfermylpa didd i3gukiaste Rhepabeecanrexeessivehy thi Dobaress .
conponent vol atilization |ayer green sheet, and such a green sheet may
I'i kel'y break addypicgcbarkerat iancthsd K¥at heotheinthandiean excgsskvehy1hi ck
boron conponent volatilization |ayer green sheet may |likely crack during
drying. [H075]6d Rakbe Laspowhese: tdea Dy an €omponests volrat tkiaakionllayer
green sheet is prepared by a doctor blade, the viscosity of the slurry is
pref er ablywwl H1IQRSE, Ras,strr ecpreher ably r2st.0t10n38xPassivand g¥yenhapte
preferably 3 to 20 Pa-s. An excessively low slurry viscosity may result in
gener at i e Ofsteirateeicd whendbpeatngcthel greem sheelssiadiar gaavar kabihea in
green sheet thickness, and |ike problens. On the other hand, an excessively
hi gh sl urgfy Bhoscesilbyiilapabrs the thieuicdidar afartdie &b uexyesthusl E5negrati ng
uneven portions and streaks on the green sheet, and a uniformfilmcan be
barely obtlabpedcriksal tbetampuidy ekstthe shustye ashesed 1baqpi pescandy
containers is increased, and the material |oss tends to be |arge. The
vi scosi t woftheheophurr yoeanl petladi usé ik byg silid alnerselleetfi nget Bepanvunt s
of binder, 20 plasticizer, and solvent added. [0076] A heat resistant
| ayer greeystsheet is prepared by the sane nethod as that for the boron
conponent vol atilization |ayer green sheet using, for exanple, a m xture of
al um na paowder] and giass cpewdertleobbabni aguShOent B203t iandaRQaas 1apgredi ent
powders. 25[0077] The resulting two kinds of green sheet are |am nated and
pr essur e-bandedhentoza s gl tearbodyyekhe hatatomtuder cafhesheets B0.BO,
| am nated are suitably selected fromthe range of, for exanple, 3 to 100
accotdi ngtysitdies ,t hRtkiwessrobtthe gfearmisiredis. chtysicslmpr.e pratermbloe t hat
t he nunber of sheets to be | am nated

crystal content in each of the boron component volatilization

layer 2 and the heat resistant layer 3 is preferably 0 to 60 mass$
and more preferably 10 tfo 50 mass%. The Al.04 crystals
(a—-corundum crystals) may be derived from unreacted components
20 of ingredient alumina powder.
[0053] As described above, in this embodiment, the B;0; content
in the boron ccmponent volatilization layer 2a disposed as the
outermost layer cf the laminate is lower than the B;0; content
in the boron component volatilization layer 2b inside the

25 laminate. That is, the B;0; content in the bcron component
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5is 5to 50. The resulting green sheets are punched out so as to attain a
desi red shape as necessary. The green sheets may be punched out so as to
attain a desired shape and then | am nated, or may be | am nated and then
punched out. [0078] Thereafter, it is possible to obtain a boron-doped 10
material for a sem conductor by sintering the | am nate of the green sheets.
The sintering tenperature is preferably 1000 to 1300C and nore preferably
1100 to 1200C. The sintering tine is suitably adjusted so as to be between,
for exanple, 0.5 to 100 hours according to the sintering tenperature. The
sintering 15 tinme is preferably 50 to 100 hours. (Exanples) [ 0079] The

present ipyention shall bg deser H@%Qob@ddﬁgatﬂle behow-hys vays i - &arplces,
but the present invention’is not linmted to 20 the exanples.” [0080]

( Exanpl es) gy {:0: 13 and &m@r@ém%@frﬁr@@ bheFiatal cdH@ss 1ingnedl ept-gver e
bl ended so as to attain a specific glass conposition, and then placed in a

pl ati num crych bl e a%l%%'ﬂl%@a%tlo%m@ £p 1850GHae3 PRI SLaniey i@l tign 25
gl ass was poured between a pair of water-cooled rollers to be formed into

a thin pllaéfati\le& RiLer th%nﬁ@u&tlhag AHd i gle harmg @ 1hi prpl abecshape
was roughly m | dyby a ball mlIl, alcohol was added, and wet-mlling was

per f 0@m%%&%ﬂ@véiéﬁhfﬂ1%a§@%§1plaé§é§b§ Bl F8 (4P 10fe @ubePbsT hrQugh the

above-described 5 steps, ingredient” glass powder was prepared. Thi$

i ngredi enir ghRssapomees dd sel fowasrused: 3819 dnGIedi 80bdHp S danaBws
conmponent vol atilization |ayer. On the other hand, an ingredient powder for

a heat resistanisiayesrusgd WRSuREERE %O?)ﬁn@l@ﬁﬂlﬂge@hﬁ caf arerenrtiened
i ngredi ent glass powder and al um na powder so as 10 to have a specific

conposi tidfce 008Lh; Nedser Dh IR b6 BEH Hon® oSt o1 @t P skt ChZ ek ehut vl
benzy] phthal ate), and a sol vent (et hyl ethyl ketone) were added to the

respecti ve, powteds tie PIeRaa SliW Heast ithae o eSukt,| REeSBLUHT i@ teere shaped
so as to have specific thicknesses by a
10 the dopant host 1 as a wheole is high. Accordingly, the amount
of B;0z that can be volatilized from the dopant host 1 is large.
Hence, the dopant host 1 enables stable volatilization of a large
amount of B;0; over a long period cof time.
[0054] From the viewpoint of achieving stable volatilization
15 of a large amount of B,03 from the dopant host 1 over a longer
period of time, the difference between the B;03; contents of the
boron component volatilization layer Za disposed as the cutermost
layer and the boron component volatilization layer Z2b inside the
laminate is preferably 1% or greater and more preferably 2% or
20 greater.
[0055] When the boron component veolatilizetion layer 2a is
excessively thin, the wvalve functicn of the boron component
volatilization layer 2a may not be sufficiently demonstrated.

Accordingly, it 1s preferable that the boron component

25 wvolatilization layer 2a is thicker than the boron component
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15 doctor bl ade nethod, thereby preparing a boron conponent volatilization
| ayer green sheet and a heat resistant |ayer green sheet. After drying, the
green sheets were cut so as to produce disks having specific sizes. Then, a
plurality of resulting boron conmponent volatilization |ayer green sheets
and resulting 20 heat resistant | ayer green sheets were | am nated,
processed into a single body by thermal pressure bonding, and then sintered
at 900 to 1300C to give a dopant host. [0082] In Exanple 1, the boron
conponent vol atilization |ayer green sheet and the heat resistant |ayer
green sheet were 25 | am nated such that the boron conponent volatilization
llayer 2 ﬁﬁmhﬁﬂmiigﬁﬂoﬁe&b?kéﬂtmiayewd%ﬁﬁﬁu%ﬂﬁgﬁBﬁéedxﬂﬁnﬁh@bﬂpbﬁeﬁkg- 3.
That is, the dopant host of Exanple | had substantially the sane

conf i gur atd 14t @i 46 lopastehost @iy Eodi mpat 12 iabeve. t {H088he | BoExaNpl e
2, the boron conmponent volatilization |ayer 5 green sheet and the heat

resi st antcdrgy@ief €8N ashaetzawake 1aptpatiednsuch st bat, thedbononteonpenaent
volatilization |layer 2 and the heat resistant |layer 3 were | am nated as
shown in &id a 4orddeExaml@s I tdiendor epccarpenant,, vehat ichiizahkes bayer
green sheet and the heat resistant |ayer green sheet were |am nated 10 such
that the har o reepongBherel bldt 284 1 DI bAYIRIye @f&diéf'@r@ﬁ%alﬁ%iﬁi ant

| ayer 3 were lamnated as shown in Fig. 5. That is, the dopant hosts of
Exanpl es & afitkak @acindatbsaibstardiably dhersare gosdtauration as the
dopant host of Enbodi nent 1 above. [0084] In Conparative Exanple 1, the
boron conpuymalt Hhewol Béibh zaldnpbramer voneen1sheetcandlifierheat haskst ant

| ayer green sheet were | am nated such that the boron conponent

vol ati | i zaitffosr-dayebmgoandibhe , head sheshgbabk dayeinsd wees famned edeas
shown in Fig. 6. That is, the dopant host of Conparative Exanple 1 had
subst ant id don t herpameneont o DL al i oAt 20nasl 4 yeEnbadi pents ihwahovey exeept

that the boron conponent volatilization |ayer 2b was replaced by the boron
conpopentd M aitddd zaki eeillayerridae fthat, i Shel Rothe wepantndwssdfoboron
Conparative Exanple 1, only one kind of boron conponent volatilization

| ayer wascqumricted. vabh0085kathotha arespert i yredopanierhasis ofimkxanmples 1
to 3 and Conparative Exanple 1, the nunber of boron conponent

vol ati | i zaitf fdrdraty edcsndoasiitiatired waslthedsanmeshalhiepeenpnssti bnsmf mbke bor on
conponent vol atilization |ayer 2 and the heat resistant |ayer 3 of the
resul ti ngl dogant - hossisf arwa@bos hghetrBted between the boron component

velatilization layer 2 and the heat resistant layer 3, and the
15 durability of the dopant hest 1 tends to be reduced. From this
viewpoint, it is preferable that 3 or fewer kinds c¢f borocn
component volatilizaticn layer 2 are included in the dopant host
1.
[0057] Althcugh the order of laminating the boron component
20 wolatilization layer 2 and the heat resistant layer 3 is not
particularly limited, it is preferable that the boron component
volatilization layer 2 and the heat resistant layer 3 are
iaminated alternately as shown in Fig. 1. 1In this case, this
is because the B;0; velatilizing ability and the heat resistance

25 of the dopant host 1 can be further enhanced.
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5 Table 1. [0086] The heat resistance and the 8203 volatility of the
respective dopant hosts of Exanples 1 to 3 and Conparative Exanple 1 thus
obt ai ned were determ ned. [0087] Heat resistance was determ ned as foll ows.
A sintered 10 body was processed into a rectangul ar parall el epi ped having a
size of a 50x 10 x2 mm and placed on supports that were 30 mm apart

Wiile a load of 15 g was applied to the center, the tenperature (upper
tenperature limt) at which a sanple started to deformwhen the entire
sanpl e was heated was neasured . Results are shown 15 in Table 1 and Fig. 8
bel ow. [0088] The B203 volatility was determ ned as follows. A silicon

waf er and;@acdy of nt peedepant + hesds 105 rEXRIP! &80 dd 1R Bt ANKh1PPIRALA I L

Exanpl e 1 mere pl aced on a quartz boat at regul ar intervals so as to face

each ot hey,,and sinhtefedsal éﬁ% H0% 020 SmPONESE I+fb Bt £ e6ifdi sy flurpace in
whi ch carrler gas flowed, thereby deposing 8203 on the silicon wafeéer. After

etching the swiaces Rfi hezé; atedrsbl i crm efer; M &R il Mokl 6 atiathes
el ectrodes were connect d e silicon wafers to send an electric current

and neasuse t@leceaﬁgﬁtowgét t:u rrewﬁter@f%%f agf=r5 A esleStanee,atdiei IR t's
are shown in Fig. 8. t hat

5 wafers are disposed on elther surface side of the dopant host
1, it is possible to dope the silicon wafers with a boron component.
For example, disposing a silicon wafer on each side ¢f the dopant
host 1 enables simultaneous formation of a p~type region on these
two silicon wafers. Therefore, use of the dopant host 1 of this

10 embodiment enables production of p-type semiconductors with high
productivity.

[0059] Hereinbelow, another example of a preferable embodiment
of the present invention will now be described. In the
description below, members that have substantially the same

15 functions as those in Embodiment 1 above are given the same
reference numbers, and descriptions thereof are omitied.
[0060] (Embodiment 2)

Fig. 2 is a schematic cross—-sectional view of a dopant
host according to Embodiment 2 of the present invention.

20 [0061] In Embodiment 1 above, a description was given of an
example in which the boron component veolatilization layer Za of
the outermost layer and the heat resistant layer 3 are disposed
adjacent to each other. However, the present invention is not
limited to this configuration. With the dopant host of the

25 present invention, boron component volatilization layers or heat
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little increase over tine of the surface resistance value of a silicon

waf er neans that the anmount of B203 deposited on the silicon wafer is

| arge, and the B203 volatility froma dopant host is good. 5[0089]
(Conpar ati ve Exanpl e 2) G ass ingredients blended so as to have a
conposition presented in Table 1 was placed in a platinumcrucible and
nelted at 1600C for 1 hour for vitrification. Then, the nolten gl ass was
cast in a nold and anneal ed to give cylindrical glass having 10 the sane
di aneter as the dopant host of Exanple 1. The resulting cylindrical glass
was heat-treated for crystallization, and cut so as to have the sane

t hi cknes%@ﬁémméger@om@tpz@fvi@@mb%sltoTﬂsv@ra@fj@rc%,ntt he «lopantnbest of

Conpar ati ve Exanpl e had a single kind of boron conponent volatilization

layer 2. [Mhesdieahsldnd@siist ange sand the 8208n¥oad birtahof chBedqrgsHkt i ng
dopant host were determned in the same manner as in Exanple 1. Results are

shown i n thabligo do@ndoftb8re 8t bebowr 110098k chTaklkerl]2a §Mbsdodq Examphe Conp.
Example 1 2 31

outermost layer is adjacent to the boron component volatilization

5 layer 2b having a higher B;05; content than the boron component

volatilization layer Z2a. Accordingly, the dopant host of this

embodiment demonstrates more stable B;0; volatilizing ability

over a longer period of time. Although the reason why this effect

is obtained is not clear, this seems to be because the amount

10 of B;03 inside the laminate is larger, or that is, creating a B,03

concentration gradient allows By03; to be stably supplied to the
surface from inside the laminate.

[0063] It is possible to envisage that a plurality of boron

component volatilization layers Zb, which have a higher B,03

15 content than the boron component volatilization layer 2a, are

consecutively disposed more toward the center than the bkoron

component wveolatilization layer 2a of the outermost layver.

However, in such a case, deformation generated between boron

cemponent volatilization layvers 2 is large, and the durability

20 of the dopant host 1 is likely to be reduced. Therefore, in the

case where the boron component volatilization layer 2a is

disposed adjacent fo the boron component velatilization layer

2b, it is preferable to dispose the heat resistant layer 3 on

the side of the boron component velatilization layer 2b opposite

25 the boron component veclatilization layer 2a.
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(00647 ({(Method for producing dopant host)

A method for producing the dopant host of each of the
above-described Embodiments 1 and 2 is not particularly limited.
Hereinbelow, an example of a method for producing the dopant host
1 will now be described.

[0065] First, aboron component volatilization layer green sheet
for forming the boron component volatilization layer 2 is
prepared. The boron component volatilization layer green sheet
can be prepared, for example, as described below.

[0066] First, ingredient powders containing SiO;, Al,C3, B;0s,

and RO are blended so as to give a batch. The batch is vitrified
by, for example, beingmelted for about 1 hour and at arcund 1600°C,
and then is formed, milled, and classified to give glass powder.

[0067] Next, a binder, a plasticizer, a solvent, and the like
are added to the glass powder and kneaded to give a slurry.

Alumina powder may be blended with the slurry to make it easy
Lo precipitate AlsB;0s crystals.

{0068] A thermoplastic resin is usually used for the binder.

The thermoplastic resin is a component that increases post-drying
film strength and imparts flexibility. The thermoplastic resin
content in the slurry is generally about 5 to 30 mass% in the
slurry.

[0069] Examples of usable thermoplastic resins include acrylic
resinsg such as polybutyl methacrylate, polymethyl methacrylate,

and polyethyl methacrylate, polyvinyl butyral, ethylcellulose,
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and the like. These can be used singly or as a combinaticn.
[0070] The plasticizer is a component that controls the rate
of drying and imparts flexibility to a dried film. The
plasticizer content is generally about 0 to 10 mass% in the slurry.
Examples of usable plasticizers include butyl benzyl phthalate,
dioctyl phthalate, diisococtyl phthalate, dicapryl phthalate,
dibutyl phthalate, and the like. These can be used singly or
as a combination.

[0071] The solvent is a component for processing the ingredients
into apaste form. The solvent content in the slurry is generally
about 10 tec 50 mass%. Examples of usable solvents include
terpineol, methyl ethyl ketone, diethylene glycol monocbutyl
ether acetate, 2,2,4-trimethyl-1, 3~pentadicl monoisobutyrate,
and the l1ike. These can be used singly or as a combination.
[0072] Next, the resulting slurry is shaped into a sheet form
s0 as to be on a film having excellent mechanical and thermal
stability made of polyethylene terephthalate (PET) or the like
by, for example, a doctor blade method, and dried to remove the
solvent and the 1like. Thereby, the Dboron component
volatilization layer green sheet can be produced.

[CO73] The proportion of the ingredient powders present in the
boron component volatilization layer green sheet is generally
about 60 to 95 mass%.

[GO74] The thickness of the boron component velatilization layer

green sheet is preferably 30 to 1500 um, more preferably 50 to
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1000 uym, even more preferabkly 100 to 500 pm, and stiil more
preferably 150 to 300 um. It may be difficult to prepare an
excessively thin boron component volatilization layer green
sheet, and such a green sheet may likely break during lamination.
On the o¢ther hand, an excessively thick boron component
velatilization layer green sheet may likely crack during drying.
[0075] In the case where the boron component volatilization
layer green sheet is prepared by a doctor blade, the viscosity
of the slurry is preferably 1 to 50 Pa-s, more preferably 2 to
30 Pars, and even more preferably 3 to 20 Pars. An excessively
low slurry viscosity may result in generation of craters when
forming the green sheet, a large variation in green sheet
thickness, and like problems. On the other hand, an excessively
high slurry viscosity impairs the fluidity of the slurry, thus
creating uneven portions and streaks on the green sheet, and a
uniform film can be barely obtained. Also, the amount of the
slurry adhered to pipes and containers is increased, and the
material loss tends teo be large. The viscosity of the slurry
can be adjusted by suitably selecting the amounts of binder,
plasticizer, and solvent added.

[0076] A heat resistant layer green sheet is prepared by the
same method as that for the boron component volatilization layer
green sheet using, for example, a mixture of alumina powder and
glass powder containing 8i02, Bz03, and RO as ingredient powders.

[0077] The resulting two kinds of green sheet are laminated and
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pressure-bonded into a single body. The total number of sheets
to be laminated are suitably selected from the range of, for
example, 3 to 100 according to the thickness of the green sheets.
It is more preferable that the number of sheets to be laminated
is 5 to 50. The resulting green sheets are punched out so as
to attain a desired shape as necessary. The green sheets may
be punched out so as to attain a desired shape and then laminated,
or may be laminated and then punched out.

[0078] Thereafter, it is possible to obtain a boron-doped
material for a semiconductor by sintering the laminate of the
green sheets. The sintering temperature is preferably 1000 to
1300°C and more preferably 1100 to 1200°C. The sintering time
is suitably adjusted sc as to be between, for example, 0.5 to
100 hours according to the sintering temperature. The sintering

time is preferably 50 to 100 hours.

(Examples)
[0079] The present invention shall be described in detail below
by way of examples, but the present invention is not limited to
the examples.
[0080] (Examples 1 to 3 and Comparative Example 1)

Firsi, glass ingredients were blended so as to attain
a specific glass composition, and then placed in a platinum
crucible and melted at 1400°C to 1650°C for 3 hours. The molten

glass was poured between a pair of water-cooled rollers to be
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formed inte a thin plate. Next, after the resulting article
having a thin plate shape was roughly milled by a ball mill,
alccocheol was added, and wet-milling was performed so as to attain
a 50% particle size (Dspy of 2.5 pm., Through the above-described
steps, ingredient glass powder was prepared. This ingredient
glass powder itself was used as an ingredient of a boron component
volatilization layer. On the other hand, an ingredient powder
for a heat resistant laver used was prepared by blending the
aforementioned ingredient glass powder and alumina powder so as
to have a specific composition.

[00B1l] Next, a binder (acrylic resin), a plasticizer (butyl
benzyl phthalate), and a solvent (methyl ethyl ketone) were added
Lo the respective powders to prepare slurries. The resulting
slurries were shaped so as to have specific thicknesses by a
doctcr blade method, thereby preparing a boron component
volatilization layer green sheet and a heat resistant layer green
sheet. After drying, the green sheets were cut so as to produce
disks having specific sizes. Then, a plurality of resulting
boron component volatilization layer green sheets and resulting
heat resistant layer green sheets were laminated, processed into
a single body by thermal pressure bonding, and then sintered at
900 to 1300°C to give a dopant host.

[0082] 1In Example 1, the boron component volatilization layer
green sheet and the heat resistant layer green sheet were

laminated such that the boron component velatilization layer 2
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and the heat resistant layer 3 were laminated as shown in Fig.
3. That is, the dopant host of Example 1 had substantially the
same configuration as the dopant host of Embodiment 2 above.
[0083] In Example 2, the boron component volatilization layer
green sheet and the heat resistant layer green sheet were
laminated such that the boron component volatilization layer 2
and the heat resistant layer 3 were laminated as shown in Fig.
4. In Example 3, the boron component volatilization layer green
sheet and the heat resistant layer green sheet were laminated
such that the boron component volatilization layer 2 and the heat
resistant layer 3 were laminated as shown in Fig. 5. That is,
the dopant hosts of Examples 2 and 3 each had substantially the
same configuration as the dopant host of Embodiment 1 above.
[0084] In Comparative Example 1, the boron component
volatilization layer green sheet and the heat resistant lavyer
green sheet were laminated such that the boron component
volatilization layer 2 and the heat resistant layer 3 were
laminated as shown in Fig. 6. That is, the dopant host of
Comparative Example 1 had substantizlly the same configuration
as in Embodiment 1 above except that the boron component
volatilization layer 2b was replaced by the boron component
veolatilization layer Z2a. That 1s, in the dopant host of
Comparative Ezxample 1, only one kind o¢f boron component
volatilization layer was provided.

[0085] In the respective dopant hosts of Examples 1 to 3 and
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Comparative Example 1, the number of bocron component
volatilization layers laminated was the same. The compositions
of the boron component volatilization layer 2 and the heat
resistant layer 3 of the resulting dopant hosts are as shown in
Table 1.

[00861 The heat resistance and the B;03 wvolatility of the
respective dopant hosts of Examples 1 to 3 and Comparative Example
1 thus obtained were determined.

[0087] Heat resistance was determined as follows. A sintered
body was processed into a rectangular parallelepiped having a
size of a 50x10x2 mm, and placed on supports that were 30 mm apart.
While a load of 15 g was applied to the center, the temperature
(upper temperature limit) at which a sample started to deform
when the entire sample was heated was measured. Results are shown
in Table 1 and Fig. & below.

[0088] The By03 voelatility was determined as follows. A silicon
wafer and each of the dopant hosts of Examples 1 to 3 and
Comparative Example 1 were placed on a quartz boat at regular
intervals so as to face each other, and sintered at 1150°C for
2 hours in an electric furnace in which carrier gas flowed,
thereby deposing Bz03; on the silicon wafer. After etching the
surfaces of the treated silicon wafer with fluoric acid,
electrodes were connected to the silicon wafers to send an
electric current and measure a change over time of a surface

resistance value. Results are shown in Fig. 8. Note that a
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little increase over time of the surface resistance value of a
silicon wafer means that the amount of By03 deposited on the
silicon wafer is large, and the B;0; velatility from a dopant host
is good.

5 [0089] (Comparative Example 2)

Glass ingredients blended so as to have a compoesition
presented in Table 1 was placed in a platinum crucible and melted
at 1600°C for 1 heour for vitrification. Then, the molten glass
was cast in a mold and annealed to give cylindrical glass having

10 the same diameter as the dopant host of Example 1. The resulting
cylindrical glass was heat-treated for crystallization, and cut
so as to have the same thickness as the boron dopant of Example
1. Therefore, the dopant host of Comparative Example 2 had a
single kind of boron component velatilization layer 2. The heat

15 resistance and the B;03 volatility of the resulting dopant host
were determined in the same manner as in Example 1. Results are
shown in Table 1 and Fig. 8 below,.

[0020] [Table 1]
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or Hi gher or Hi gher or H gher or H gher [0091] Cenerally, it can be
judged that a silicon wafer having a surface resistance value of 3 WD is
usabl e. Regarding the silicon wafers on which B203 had been deposited using
the dopant 5 hosts of Exanples 1 to 3, the duration for which the silicon
waf ers can be used was as good as 20 hours or |longer. On the other hand,
the duration for which the dopant hosts of Conparative Exanples 1 and 2 can
be used was as short as 10 hours. Mbreover, the dopant host of Conparative
Exanple 2 had a | ow upper tenperature limt 10of 1100C. Reference Signs
List [0092] 1... Dopant host 2... Boron component volatilization |ayer

2a. .. Boron conponent volatilization |ayer serving as outernost |ayer
52b... Boron conponent volatilization |ayer inside | amnate
Example Comp. Example
[Mol%]
1 2 3 1 2
Si0, 43 43 43 43 43
c Boron ‘ AlL,O, 18 18 18 18 18
omponen
Volatilization| B20s 29 2¢ 29 29 29
Layer 2a MgO 3 3 3 3 3
BaO 7 7 7 7 7
5i0, 41 38 41
Boron Al,O 19 16 19
Component 273
Volatilization| B29s 32 38 32
Layer 2b MgO 3 3 3
BaO 5 5 5
Si0, 28 23 28 27
Heat Al Oy 45 45 46 53
Resistant 8,0, 23 29 22 16
Layer 3 MgO 2 1.5 2 2
BaO 2 1.5 2 2
Upper Temperature | 1300°C | 1300°C | 1300°C | 1300°C | 4450%c
Limit or Higher | or Higher | or Higher | or Higher

[0091] Generally, it can be judged that a silicon wafer having
a surface resistance value of 3 Q/0 is usable. Regarding the
silicon wafers on which B;03 had been deposited using the dopant
5  hostsof Examples 1 £to 3, the duration for which the silicon wafers
can be used was as good as 20 hours or longer. On the other hand,
the duration for which the dopant hosts of Comparative Examples
1 and 2 can be used was as short as 10 hours. Moreover, the dopant
host of Comparative Example 2 had a low upper temperature limit

10 of 1100°C.

Reference Signs List
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3... Heat resistant layer Cdains [Caim1]A dopant host conprising a

. lam nate conprising a boron conponent vol atilization |layer conprising 30 to
60 mol % 5 of Si02, 10 to 30 nol % of Al 203, 15 to 50 nol % of B203, and 2 to
15 nmol % of RO where R is an alkaline earth nmetal, and a heat resistant

| ayer conprising 8 to 40 nol % of Si02, 40 to 85 nol % of Al 203, 5 to 30 nol %
of B203, and 0.5 to 7 nol % of RO where Ris an alkaline earth nmetal, 10at

| east one outernost |ayer of the |am nate being conposed of the boron
conmponent vol atilization |ayer, the I am nate further conprising

t he boron conponent volatilization |layer inside the | am nate, the boron
conponent;yalzat i hi zat bgpahayghsgonstituting 15 at |east one outernost |ayer
of the Iam nate having a B203 content | ower than a B203 content in the
boron conponent yol at pLi-zat beRphaxst LBshde therkapi nate, [ O aim 2] The
dopant host according to claiml1, erein the boron conponent

vol atilization |ayer cegsthtubhpondlc! eashcone;20:gHt @5?@?" skayengof st he

| am nate has a B203 content at 1east 1 nol% | ower than the B203 content in
t he boron, gompenent; Melatilization layer inside the lamnate. [C aim 3] The
dopant host according to claim1l or 2, wherein t he boron conponent
volatilization |ayer inghdsnthehamdat e 453 A5 1di Sposed 5@.R% t9nkede

adj acent to the boron conponent

laminate

3... Heat resistant layer
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34 wvolatilization layer constituting at |east one outernost |ayer of the
|am nate. [C aim4] The dopant host according to any of clains 1 to 3,
wherein the boron conponent volatilization |ayer constituting 5 at |east
one outernost |layer of the lamnate is thicker than the boron conponent
vol atilization |layer inside the lam nate. [C aim 5] The dopant host
according to any of clains 1 to 4, wherein the outernost |ayers of the
| am nate are both constituted by the boron conponent volatilization |ayer.
10[ C ai m 6] The dopant host according to any of clains 1 to 5, wherein at

| east one of the boron conponent volatilization |ayer and the heat
resistant-{a conprises crystallized glass. [Claim7] The dopant host
according to claim6, wherein the crystallized glass conprises Al14B209
crystals. 15[ C aim 8] A nethod for producing a dopant host of any of clains
1to 7, the nethod conprising the step of sintering a green sheet |am nate

i which g fingtigreen sheptodor dOnmAg e ber o cIRaReNt. ok alkizat i on

| ayer and a green sheet for formng the heat resistant |ayer are | amnated,

o dOfthgi %egatd@em;sleg%n gggpgﬁ;aﬂfgzg@fowﬁem&@%@m@ob@t£J>ie?oawoqr% | ayer
5 of 8i0,, 10 to 30 mol% of Al;03, 15 to 50 mol% of B;03, and 2 to
15 mol% of RO where R is an alkaline earth metal, and a heat
resistant layer comprising 8 to 40 mol% of S5i0O;, 40 to 85 mol%
of Al:03, 5 to 30 mol% of By03, and 0.5 to 7 mol% of RO where R
is an alkaline earth metal,
10 at least one outermost layer of the laminate being
composed of the boron component volatilization layer,
the laminate furiher ceomprising the boron component
volatilization layer inside the laminate,
the boron component volatilization layer constituting
15 at least one outermost layer of the laminate having a B;03 content
lower than a B;0z content in the boron component volatilization
layer inside the laminate.
[Claim 2] The dopant host according to claim 1, wherein the
boron component volatilization layer constituting at least one
2C outermost layer of the laminate has a B;03 content at least 1 mol%
lower than the B,03; content in the boron component volatilization
layer inside the laminate.
[Claim 3] The dopant hest according to claim 1 or 2, wherein
fhe boron component volatilization layer inside the laminate is

25 disposed so as to be adjacent to the boron component
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volatilization layer constituting at least one outermost layer
of the laminate.

[Claim 4] The dopant host according to any of claims 1 to
3, wherein the boron component volatilization layer constituting
at least one outermost layer of the laminate is thicker than the
boron component volatilization layer inside the laminate.
[Claim 5] The dopant hest according to any of claims 1 to
4, wherein the outermost layers of the laminate are both
constituted by the boron component volatilization iayer.
[Claim 6] The dopant host according to any of claims 1 to
5, wherein at least one of the boron component volatiiization
layer and the heat resistant layer comprises crystallized glass.
[Ciaim 7] The dopant host according to claim 6, wherein the
crystallized glass comprises Al,B;0s crystals.

[Claim 8] A method for producing a dopant host of any of
claims 1 to 7, the method comprising the step of sintering a green
sheet laminate in which a first green sheet for forming the boron
component volatilization layer and a green sheet for forming the
heat resistant layer are laminated, to obtain a laminate
comprising the boron component volatilization layer and the heat

resistant layer.
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