SPECI FI CATION I npurity Introducing Apparatus and I npurity |Introducing

Met hod <TECHNI CAL FIELD> 5 The present invention relates to an inpurity

i ntroduci ng apparatus and an inpurity introducing nethod, and nore
particularly to a plasma doping apparatus and a plasnma dopi ng nmet hod which
serve to inplant an ion onto a surface of a solid sanple by using a plasnma.
10 <BACKGROUND ART> There has been proposed a technique referred to as

pl asma doping in order to introduce a P-type inpurity or an N-type inpurity
when formng a PN junction in a process_for manufacturing a sem conductor
such as a transistor. This servex E%"%Qﬁ@g%Na sem conductor substrate to a
pl asma containing 15 an electrically active inpurity to introduce an

i npurity into WnRWitydeiEoguring dwperatusanddepucinthidscinguMethiat e with an
energy of a plasma when doping the sem conductor substrate with the
inmpurity. Referring to a necessary inpurity for a sem conductor, however, a
purification or a quantitative control at an el enent and nol ecul e | evel of
the 20 «TROHNIKCAlsFisdi+red in order to definitely give characteristics
thereof, for exanple, electrically positive and negative characteristics.

In the case of TRePreséritsintention Rsiiesctoasn raparityi inBoaBEihg dppaeatusigwl fically,
a vacuum chanber or an atnospheric pressure plasma, the plasma doping is

carried gytimgurdy Phatdfacihhemeliey, B8 aRbrN dartiQilgey thoacpmbiize doBg?d
pl asma. For this reason, a thin filmcontaining an inmpurity substance is 1

deposi t egopdlafP ARt HBIAHY BBhd et WHicisbrvel feiniliaREnion driylet ance

constituting t osing or cl osi ng environnent . eposi t ed substance
surface of a solid sample by using a plasma.

10 <BACKGROUND ART=>
There has been proposed a technique referred to as piasma doping in
order to introduce a P-type impurity or an N-type impurity when forming a PN
junction in a process for manufacturing a semiconductor such as a transistor.
This serves to expose a semiconductor substrate to a plasma containing
15  an electrically active impurity to introduce an impurity into a surface portion of the
semiconductor substrate with an energy of a plasma when doping the
semiconductor substrate with the impurity.
Referring to a necessary impurity for a semiconductor, however, a
purification or a quantitative control at an element and molecule level of the ‘
20  impurity is required in order to definitely give characteristics thereof, for example,
electrically positive and negative characteristics.
In the case of some closing or semi-closing environment, more
specifically, a vacuum chamber or an atmospheric pressure plasma, the plasma
doping is carried out in a plasma treating mechanism in order to confine the

25 plasma. For this reason, a thin film containing an impurity substance is



conmes in contact with the plasma, and is thus sputtered again by the energy
of the plasma and is mxed into the plasma in sone cases, and the plasna
and the 5 thin filmare brought into a kind of stationary state by a

synt hesi s of conpeting processes of the deposition and the sputtering. If

t he deposited substance is honbgeneous to the inpurity in the plasm, a

bal ance is maintained by the deposition and a rem xture. If the deposited
substance is heterogeneous, a different kind of substance fromthe inpurity
contained in the plasma.is m xed 10 into the plasma. Consequently, the

char act ePPEW'iecgf'ﬁt%é’qu%rF?rP\/"dEQn'PaFﬂ'ét@q Nt fee Rlagha Nsacopidace As a
result, it is inpossible to accurately control the characteristic and
amount ofoRsiduting ihe clpsing plesemijréesing EHVIHORBANE onthe: depositachsubstange For t hi s
reason, the plasnma doping nmethod is used with difficulties in a manufacture
of a sentemesuoteantast with 81e plasmen andds dnuss sputiered=again bypbadnergsobased on
a very small difference in an anount. The inventors have proposed that a
vacuum ctrenplasmasand is mikeshiato/thet plpsmafin aomiengaseist gnd dhe plasintieaiad dpeci al
chanber in order to avoid the m xture (Patent Docunment 1). According to the
Pat ens Do fiimtarg, brbaghtindonzl kind af rstatitinarg betddy a syoihedisasf corfpétye dopi ng
chanber 50 and a |l eft chanber is used as 20 an N-type dopi ng chanber 60 in

Fig. 5. ﬁr@@ﬁb@swuﬁéwergmhmrmda tHe38pluigeririd)b] Ie thee deposifd ¥aisstaaté & ni ng
with a photoresist and P-type doping Is perforned in the chanber 50, and

subsequeRbbgehBBuS &bl hRNEMSIRY is4RetFlasmal 20bhRincs UBi MairesinkEa By thee
patterning with the photoresist and N-type doping is perfornmed’in the

chanber GQPﬂﬁgoH!mﬁi f&ni&hﬁ?spﬁ%@' déﬁﬁth@a Slste i&he?e‘iogéﬁéb&? yrable

i mpurity, it I's possible to avoid the mxture of inpurities havi ng
o oo S oncll R G Soiy O R o
10 into the plasma. Consequently, the characteristic of the impurity contained in

the plasma is confused. As a result, it is impossible to accurately control the

characteristic and amount of the impurity to be doped into a semiconductor thin

film. For this réason, the plasma doping method is used with difficulties in a

manufacture of a semiconductor on which the characteristic greatly depends
15  based on a very small difference in an amount.

The inventors have proposed that a vacuum chamber is sorted every
type of an impurity to provide a special chamber in order to_avoid the mixture
(Patent Document 1). According to the Patent Document 1, for example, a right
chamber is used as a P-type doping chamber 50 and a left chamber is used as

20 an N-type doping chamber 60 in Fig. 5. A semiconductor substrate 130 is
subjected to P-type patterning with a photoresist and P-type doping is performed
in the chamber 50, and subsequently, the semiconductor substrate 130 is
subjected to N-type patterning with the photoresist and N-type doping is

performed in the chamber 60. By disposing the special plasma chamber for

25 each desirable impurity, thus, it is possible to avoid the mixture of impurities



The inventors according to the invention further found that an

anor phi zation of a silicon single crystal substrate through an inert gas, 5
particularly, a He plasma plays a very inportant part (Patent Docunent 2).
More specifically, even if a large amount of He is irradiated for a | ong
period of time in a He ion inplantation through a conventional beamline
lon inplantation, the silicon single crystal substrate cannot be
anor phi zed. This has been a comobn sense of an ion inplantation industry
before 2004, Wien the plasmg 10 is usep, however, a | arge anmpunt of He

(whi ch i Sagingodfienyt Gharecierstiqsar Jeasfore.nk asdipan Bungnthadthe BASHA at i on)

Is irradiated in a unit tinme at a nmuch [ ower energy as conpared with the
past confBRINGeRIEbe riitizeqirs theemapHfactureidhe semicy that the silicon
single crystal is also anorphized. Referring to the effect of the

anor phi zat i on tTheougyenters aacdongngi tg the insentan otwibend Eusskdbahtay to or
simul taneously with the anorphization so that a profile in a direction of a
dept h of amwephizptiont 9f is siteorgesingle beystalesebsibdte thridagh PahemerDagaspent 1) .
Consequently, it is possible to produce a special advantage linked to an
enhang enpattidutarly, tniH® piasia gldys & ety dhpoftahh pasntRatent Qfocuheerntr@urity. 20
It is obvious that a sinple m xture of an inpurity, for exanple, B2H6 into

He does MureRspe@ifallp suscifd laggd aafount\be Md Rerranigsd d6rsa n@;@gang@weri ment
for plasma doping in the early stage, B2H6 was diluted into 5% wth He and

was thugméspda #e BRSApIARELIOM tHBLERT EXRiemBBhalbedRBYE 6N irhplanBRidnTPossi bl e
to produce the advantage of the anorphization. 25 Patent Docunent X

Rapaness S len Sng/ 5440 SRl ALpOrpeZaleiliadeoH N laepeso
Appl i cat .8k s8R9¢ oP&R%BA implantation industry before 2004. When the plasma
10 is used, however, a large amount of He (which is almost 100 times as large as
the amount of an ion implantation} is irradiated in a unit time at a much lower
energy as compared with the past common sense. For this reason, it has been
found that the silicon single crystal is also amorphized.
Referring to the effect of the amorphization through He, an impurity is
15  introduced subsequently to or simultanecusly with the amorphization so that a
profile in a direction of a depth of the impurity is changed to be preferable
(Non-Patent Document 1). Consequently, it is possible to produce a special
advantage linked to an enhancement in a uniformity and a control of the amount
of the impurity.
20 It is obvious that a simple mixture of an impurity, for example, B2Hg into
He does not produce a special effect. When the inventors made an experiment
for plasma doping in the early stage, BzHs was diluted into 5% with He and was
thus used as described in Patent Document 4. However, it was impossible fo

produce the advantage of the amorphization.

25 Patent Document 1 . Japanese Patent No. 2780419 Specification



Pat ent Docunent 4 : Japanese Patent No. 2022204 Specification Non-Patent
Docunment 1 : YSasaki et at, "B2H6 Plasma Doping with In 5 - situ He

Pr e- anor phyzation", 2004 Synposia on VLSI Technology and Crcuits Patent
Docurment 5: JP-A-2004- 179592 <DI SCLOSURE OF THE | NVENTI ON> <PROBLEMS THAT
THE INVENTION IS TO SOLVE> 10 It was found that substances are m xed in very
smal | anmobunts in a nechanismfor delivering a sem conductor substrate and a
step of renbving a pattern through a photoresist fornmed on a sen conductor

substrate in additi to in mechani smfor _exe n | as dopi ng, for
exanpl e, a pl ag ﬁﬁ%ﬁ?e& gaaa&, aﬁ%@”ﬁ@@ﬁ ‘%Fttﬁ’t"éﬂ eﬁ@&%gf‘msa conf usi on
on the sem conduct or_15 substrate due to the m xture of a very small anpunt
of substances W& Reeument 3 rdapaiesst Paent Applicion Novﬁﬁ)%eﬁé& Pat ent
application described in the Patent Docunent 1 was filed, that is, a

so-cal | ed cont BatenitDesumentyendapanase Raent NeeRO23204 Spepiisationde i n

consi deration of the actual circunstances and has an object to provide an,

i npurity introdori-Ragtant Domdimand 1 2¥ Sasakingiuali, t*2H6: Plegoa Bgpmgpaitiatnis whi ch
can prevent a contam nation and can introduce a desirable inpurity with a

hi gh sontrsiu HbiRretgmorpVizaliBoirOROBASYMis STaBNRACHL EBroRefyaand Ggcuits
inpurities to be introduced into a sem conductor substrate, 25 in the case

i n whi ch PgtetteDosumnentod oPe2eodn 79502 f f erent kinds of inpurities are 4
m xed with each other, they can be treated at the sanme tine. However, it is

necessary to perfectly elimnate a conbination in which a manufacture of a
sem conduct or apparatus is adversely influenced when they are m xed with

_e?ch ot hgyisclLO QURELOPTHR INYENTIONSW Ng distinction of a reaction chanber,
it is also
<PROBLEMS THAT THE INVENTION IS TO SOLVE>
10 It was found that substances are mixed in very small amounts in a
mechanism for delivering a semiconductor substrate and a step of removing a
pattern through a photoresist formed on a semiconductor substrate in addition to
a main mechanism for executing plasma doping, for example, a ptasma chamber,
and there has been a problem in that a confusion on the semiconductor
15  substrate due to the mixture of a very small amount of substances which did not
matter at all in 1990 in which the patent application described in the Patent
Document 1 was filed, that is, a so-called contamination is generated.
The invention has been made in consideration of the actual
circumstances and has an object to provide an impurity introducing method and

20 an impurity introducing apparatus which can prevent a contamination and can

introduce a desirable impurity with a high controliability.

<MEANS FOR SOLVING THE PROBLEMS>
Referring to impurities to be introduced into a semiconductor substrate,

25  in the case in which there is no problem even if different kinds of impurities are



5 necessary to distinguish a step in relation to a nechani smfor delivering
a treated wafer or a poststep (a renoval of a photoresist will be taken as
an exanple). More specifically, plasma doping is a nmethod of introducing an
impurity by a contact with a ptasma differently froman ion inplantation for
i mpl anting an ion having a high energy. Therefore, it was found that a 10
considerably small anobunt of contam nation greatly influences the

manuf acture of the sem conductor apparatus. By paying attention thereto,
the conbinatjon, in which the i rities are . mxed with egch other.to have a
bad i nf | EORC WMt eaeh Qtfet; VCB%%I%& ?t?dA@:tc%\ed’FﬂB?mm% cORWENSE 1 Tbis of

pl asma dopi ng steps I ch makes a 15 di st nctio%ependi ng on a
char act ePPERISEMH IO RPLTERIN UR)INELe & combinghion N W i%maﬁlug%‘??dreaﬁﬁraphi zation
(HePA) is executed in P-type and N-type regions on a seni conductor

subst r at #eMifosayRtas apRarbs isadversaly influgreediwhen ey gramixedivith eactcarri ed
out using a photoresist to execute B2H6 dopi ng over the P-type region

t hr ough atheranteaddtiogubstbgfelewing distingliany peaJeactken chambepait i®@ssd wi t h

t he photoresist and is thus opened, and PH3 doping is executed through a
chantfer @ecessne tpadistinguisly a sterinirethtiont toove madhansemifoomdlicermg subst r at e
by using the photoresist to execute the HePA over the P-type region through

the chatrbetedAwatardos @ peststant (g retmovekef i phblore82HG/ill b takenNagtan t he
N-type 25 region is patterned by using the photoresist and is thus opened to

execut e gkemple)He Rforehspsdficdliye pldmideloding a8 da snbheduentintyodidgnglepe PH3. 3
The patterning is carried out over the sem conductor substrate y using the

Pl IR S PRGN R\t O, o ppidctn S Pl oo
implanting an ion having a high energy. Therefore, it was found that a
10 considerably small amount of contamination greatly influences the manufacture
of the semiconductor apparatus. By paying attention thereto, the combination
in which the impurities are mixed with each other to have a bad influence is
eliminated completely.
Accordingly, a combination of plasma doping steps which makes a
16  distinction depending on a characteristic of an impurity is as follows.
| 1 A helium plasma amorphization (HePA) is executed in P-type
and N-type regions on a semiconductor substrate through a chamber A at the
- same time, and patterning is carried out using a photoresist to execute B;Hs
doping over the P-type region through a chamber B. Subsequently, the N-type
20 - region is patterned with the photoresist and is thus opened, and PH3 doping is
executed through a chamber C.
2 The patterning is carried out over the semiconductor substrate
by using the photoresist to execute the HePA over the P-type region through the
chamber A, and subsequently, to execute the BoHs doping. Next, the N-type

25  region is patterned by using the photoresist and is thus opened to execute the



5 the chanmber A Subsequently, the N-type region is patterned by using the
photoresist and is thus opened to carry out phosphorus doping with a plasnma
by PH3 diluted with He into a dilution rate which has the HePA effect
through the chanber B. Also in an ashing or renoving process for a
photoresi st which is usually 10 executed after doping an inpurity,
noreover, a treating nechanismis used in a step of a plasma or a wet type.
Therefore, an inpurity stuck to the photoresist or a sem conductor

substr at athin filmadheres to an inner rt ,the treating

rechan s Fiadalttolh the chAEe: b S oRab B BRI RPRR B of the  subat ance
thus stuck in ot her_treatnent again. Even if hhe am)uné%(if the 15 m xture
is very small, showevdn® PREFTAING ISCHTIGH Qi ek the (Sprifgdugior SUPSIEASt ¢ he
sem condyctor, substrate m ght be confused to reduce a yield of the newest
sem condthyt Bsingppgrriqieresivi I8, raryts borqn daringedyrelie: B-tupe regigli®hat r eat i ng
mechani sns every characteristic of an inpurity thereblx_, avoiding a m xture
at the pHdHsriiasrea dilpied with\Heite aegilution satearbishihas 3 HelPd effect iarough

sem conductor. However, at |east two kinds of photoresist renoving

mechafi sriBe a¢harben AexBubsequanily, the dintype regianeist patteineds by paging dbear |y,
the devisal causes an increase in a cost. For this reason, it is preferable
t o det er mhodorsmsist @plddy hieus obersexdtiicocarsy oel phospheohipdaping wittha pjasshalby25 | n
order to exhibit a serial function, furthernore, coupling through one 6
vacuum c@®h¥ divgtedowitih dhe dmtd anilatoro ratedetticl imasnthenHeRAagfeat tismocghsthee are
effective in another sense, that is, a surface of the sem conductor can be
pr event eccHansar®i ng oxi di zed and particles can be prevented from bei ng
stuck. Even if the action is not taken, the contents of the invention can

be utilized  Alsoinan ashing or removing process for a photoresist which is usually
10  executed after doping an impurity, moreover, a treating mechanism is used in a
step of a plasma or a wet type. Therefore, an impurity stuck to the photoresist
or a semiconductor substrate and a thin film adnheres to an inner part of the
treating mechanism again. It is impossible ifo avoid the mixture of the
substance thus stuck in another treatment again. Even if the amount of the
15 mixture is very small, however, there is a high possibility that an inside of the
semiconductor substrate might be confused to reduce a yield of the newest

semiconductor apparatus.
Accordingly, it was devised to distinguish treating mechanisms every
characteristic of an impurity, thereby avoiding a mixture at the photoresist
20 removing step to enhance the yield of the semiconductor. However, at least
two kinds of photoresist removing mechanisms are used exclusively. In small
scale factories, particularly, the devisal causes an increase in a cost. For this
reason, it is preferable to determine an employment based on a relationship with

the yield.

25 in order to exhibit a serial function, furthermore, coupling through one



5 substantially. Mre specifically, by using wafer delivering nmechani sns
managed highly in a sem conductor manufacturing factory and their nmanagi ng
functions, it is possible to exhibit a serial function by the presence of an
apparatus group capable of fulfilling the same function as a result even if
a great distance is nade therebetween or they are not stored in one

encl osure for 1o reasons of an arrangenent in the factory. In the extrene,
also in the case in which a certain step described in the inventionis to

be executed in a factory A and the other eps. are.to be executed in a
factory dacypfhfoubling poaiRn B f Felhaiagiiffias ™t dRadkl: sRRT Lo Bm an
anbient or_an increase in particles can b supposed. However, the execution
s not  vefPCYPdn ANBIESSaNEps that fhi ahsuTacs” AT Ghe ySSImGONdHHton <Y PBut i on
system mai ntai ning a cl eanness between the factories is established, and
does not RIF¥ented fiem heing puidizasanmpartisismianpe prrvented &M baingrdugves not
depart fromthe scope of the invention but can be basically achieved. Mre
speci fi cdtvan ift e peliamis oot fakan, dbs eontertsuel the inventancsany beoatiligegar at us
and an apparatus group which use a plasma in treatnents at all of steps or
a par$ ofsubstandialips t Mdrat speadfieally, ubul uRingdswvafer i dplivearinge smeehanismsol i d
sanpl e, wherein at | east one of the follow ng nechanisns is included or one
of the frohhagéchhighly i@ semicosdiudtioe miztlifaciuring dfaaiopa @atuthegrmapagingsuch a
manner that respective inpurities are not mxed with each other in the case

i n whi ch fdhctiorigyait ispeesdible forxhibiina semaldfumaged by tHespreskheei ofpani ties
which are required 7 for the introduced inpurity to directly or indirectly

cause a sfpgalatagrbap Fc@iﬁéﬁke&ifffulfiﬂihg(ihé isefle fuileitR Al CAtesOlt eveNEf 8 pRsdLfl i C
functions are mxed with each other during a treatnent at an inpurity

Ie\r/l; [ oducidigtapt8Pis hadl HEPstdtibehndl BRBIC R BR BRI TR \WhieCBndigsirdrpendent

y10 reasons of an arrangement in the factory. In the extreme, also in the case in

which a certain step described in the invention is to be executed in a factory A

and the other steps are to be executed in a factory B, other slight adverse effects

such as a contamination from an ambient or an increase in particles can be

supposed. However, the execution is not very hard in these days in which a

15  highly physical distribution system_ maintaining a cleanness between the

factories is established, and does not distort the essence and main point of the

invention and does not depart from the scope of the invention but can be
basically achieved.

More specifically, the invention provides an impurity introducing

20 apparatus and an apparatus group which use a plasma in treatments at all of

steps or a part of the steps to introduce plural kinds of impurities into a solid

sample, wherein at least one of the foliowing mechanisms is included or one of

the following mechanisms is intended for the apparatus group in such a manner

that respective impurities are not mixed with each other in the case in which

25 mutual specific functions are damaged if desirable impurities which are required



5 desirable inpurity; 2 a solid sanple delivering nechanismwhich is

i ndependent - every desirable inpurity; 3 a delivering mechanismfor |inking
the inmpurity introducing nechanismand the solid sanple delivering
mechani sm whi ch are independent 10 every desirable inmpurity; 4 a mechani sm
set exclusively every desirable inmpurity and serving to renove a resin to
prevent a mxture with the other inpurities; 5 a sanple delivering nechani sm
for linking a plurality of inpurity introducing apparatuses which is

i ndependent, every desjrable inpurity; and 15 6 a nechanjismfor delivering a
sampt o il eSSt iy e WeRNY he MibhsGHy Cotsh B MNP TP TIc oo

whi ch are independent every desirable inpurity and an apparatus for

r enovi ng eeqieealn meghanical | Qrageae; SRR )tU'FQHS’IniSeéreaﬁ"'W%lW'F"t PaeBoeineed f or
the introduced inpurity to directly or indirectly cause the solid sanple to
retai n t BErieg&clreatmant at 2o impshiin ind@dusinasYB/B: speci fic functions, and may be
one inpurity or plural kinds of inpurities. In the invention, in a

manuf act ure of ta serpdmgucityintrpsioaingt wechamnism whichaisdodegendsnttauery
apparatus, the apparatus is designed to execute, by independent nechanisns,
a step oflesixaibladtmipugity step requiring a plasma step, a step of 25 extracting
an inpurity which is necessary for the extracted step, a step of 8 deciding
whet her the inBurityai sblideszrgsiesdblbegingnmedhapisnorwhigh, isa indegerafent
extracting any of the steps which is decided to have an influence at the
deci di ngevétyedesitdble impugt racted step. Mreover, the invention provides an
i npurity introducing apparatus and

3 a delivering mechanism for linking the impurity introducing
mechanism and the solid sample delivering mechanism which are independent
10  every desirable impurity;
4 a mechanism set exclusively every desirable impurity and
serving to remove a resin to prevent a mixture with the other impurities;
5 a sample delivering mechanism for linking a plurality of impurity
introducing apparatuses which is independent every desirable impurity; and
15 6 a mechanism for delivering a sample and a sample group
between the impurity introducing apparatuses which are independent every
desirable impurity and an apparatus for removing a resin.
The desirable impurity implies an impurity required for the introduced
impurity to directly or indirectly cause the solid sample to retain the electrical,
20  mechanical or some specific functions, and may be one impurity or plural kinds
of impurities.
In the invention, in a manufacture of a semiconductor apparatus prior to
a design of the apparatus, the apparatus is designed to execute, by independent
mechanisms, a step of extracting a step requiring a plasma step, a step of

25  extracting an impurity which is necessary for the extracted step, a step of



5 an apparatus group which use a plasma in treatnents at all of steps or a
part of the steps to introduce plural kinds of inpurities into a

sem conduct or substrate or a sem conductor thin film wherein at |east one
of the follow ng nmechanisns is included or one of the foll ow ng nmechani sns
I's intended for the apparatus group in such a manner that respective
impurities are not mxed with each other in the 10 case in which nmutua
specific functions are danaged if desirable inpurities which are required
for the i,ntrodu to directl cause a sanpl e

) d.j ' i ndi | | i
to retai HEGHINY g@'{qﬂ:*%?; relst e"r“f'ﬁyc'nﬂHﬁE‘?é/ %L I?‘:'gqcr‘ﬁrrﬁg%e&f’tq{ Qe 1R 3?40Pelf‘79 during

a treatnent at an i rity introducing step: 1 an ijpurity jntroducing
mechani s RRGAFEIS RV Phispekas iy & Jecided ibbava BN aniussieei dtyhe slesiding | q

sanpl e delivering nechani smwhich is independent every desirable inpurity;
3 a del i $&n AgdiBeexdiestad $€PI i nking the inpurity introducing nechani sm and
the solid sanple delivering nechani smwhich are independent 20 every

desi rabl e i rpuMargover, tharsvyralien preddes aolinpuvity introdeicingdarparatiiscandmpuri ty
and serving to renove a resin to prevent a mxture with the other

i npurb t i en;apanatisrbep adliclv ase mgplasmiaanitatiments atrddi abstepploneapart of of

I mpurity introducing apparatuses which is independent every desirable

i mpur i t ytheasteps 3o thteodueehzinizs kinfdsrof drepunites imtp a searpdreduwnior subsmgie er group 9
between the inmpurity introduci ng apparatuses which are independent every
desi r abl & dgmigbntiyctandhiarfilimp paicrbinsatl Ieast oM@ \of fige folloRdhg médhaiiising ii®n, the

I nvention provides an inpurity introducing apparatus and an apparatus group
whi ch usgcuddcRenBné bf tHeellBRIHEmethahisniefis fteRged fordh8aipbaratus group
in such a manner that respective impurities are not mixed with each other in the
10 case in which mutual specific functions are damaged if desirable impurities
which are required for the introduced impurity to directly or indirectly cause a
solid sample to retain an electrical specific function are mixed with each other
during a treatment at an impurity introducing step:
1 an impurity introducing mechanism which is independent every
15  desirable impurity;
2 a solid sample delivering mechanism which is independent
every desirable impurity;
3 a delivering mechanism for linking the impurity introducing
mechanism and the solid sample delivering mechanism which are independent
20  every desirable impurity;
4 a mechanism set exclusively every desirable impurity and
serving to remove a resin to prevent a mixture with the other impurities;
5 a sample delivering mechanism for linking a plurality of impurity

introducing apparatuses which is independent every desirable impurity; and

25 6 a mechanism for delivering a sample and a sample group



5 of the steps to introduce plural kinds of inpurities into a solid sanple,
wherein at | east one of the follow ng nmechanisns is included or one of the
following nmechanisns is intended for the apparatus group in such a nmanner
that nonpreferable inpurities are not m xed with each other in the case in
which desirable inpurities required for causing the solid sanple to retain
el ectrical, 10 nechanical or sone specific functions do not damage the
function even if they are mxed with each other during a treatnent at an

I mpurity iptrodycing step . sone conbi pation_and danmage th t ual

speci fi c PPOYRSN gﬁg ' [{rﬁ\é 'H{}H‘alr'c'f‘%o?&ﬁ%ﬁa@ﬁsﬁzwﬁ'c naﬁﬂ?f?‘?ﬁegpq%ﬁ‘wed’&ﬂ%i ng
mechani sm cagﬁbl.e of . si nHI taneous% 15 introduci ng inpurities which do not
damage t AESHRMEIMAYIEY, 8RJ e FRRATALSJON eMmavingia 1#Sihch other: 2 a solid
sanpl e delivering mechani smwhich is exclusively independent for only the
conbi nation of WhaAAKRDr ithe davemticpnPi@yides: 20 RRYEN HErOdUsHG PBRAAMEH i f t hey
are m xed with each other; 20 3 a solid sanple delivering mechani smfor
excl usi vang arappargiusrade mhigh uee pRiasma IngrB@Tae@élaﬁ é"@gﬁﬁﬁpé ari@ earhhi ch

i mpurities which do not damage the function even if they are mxed with
each ot hef ther steps td éntreducedil ol kinsis afimpunities Inte esdlidesampleowbeesin afl a
mechani sm set exclusively every conbination of the inpurities 25 which do
not danmaégmst hend wicthieo follewding | mechayismas eisninobetied ©oh arse hof othiee follamdng 10
serving to renove-a resin to prevent a mxture with nonpreferable

i mpuri ti esgchansnsanipl mtdedad eor nhemapparatissn graupl imiseh a plamnar i thet of

I mpurity introducing apparatuses set exclusively every conbination of the
| npur i ti gsnprdiecdbls impatities g endt haixedn@ith csacty etharfint they cadee inmwitich Wi t h

each other; and
desirable impurities required for causing the solid sample to retain electrical,
10  mechanical or some specific functions do not damage the function even if they
are mixed with each other during a treatment at an impurity infroducing step in
some combination and damage the mutual specific functions in the other
combination:

1 an impurity introducing mechanism capable of simultaneously

15  introducing impurities which do not damage the function even if they are mixed
with each other;

2 a solid sample delivering mechanism which is exclusively
independent for only the combination of the impurities which do not damage the
function even if they are mixed with each other;

20 3 a solid sample delivering mechanism for exclusively and
~ independently delivering only a solid sample into which impurities which do not
damage the function even if they are mixed with each other are to be introduced

or the impurities are introduced,;

4 a mechanism set exclusively every combination of the impurities

25  which do not damage the function even if they are mixed with each other and

10



5 6 a nechanismfor delivering a sanple and a sanple group between the

I mpurity introduci ng apparatuses set exclusively every conbination of the

i mpurities which do not danmage the function even if they are mxed with

each other and an apparatus-for renoving a resin. Furthernore, the invention
provides an inpurity introducing apparatus 10 and an apparatus group which
use a plasma in treatnents at all of steps or a part of the steps to

i ntroduce plural kinds of inpurities into a sem conductor substrate and a
sem conduct or,

hin film wherein at |east ong of the follow ng.nechani sns
i s includ@d ¥°orr?éﬂ%‘fe?ﬁgs'f‘§fjlp5ﬁx‘?@ 8,115'8‘,5[,%3}% HPQPW%?'@%’&:%H”?% '¥he appar at us
group in such manner that nonpreferaple inpurities are pot .m xed with each
15 other in thg caseaisﬁ"‘fvﬁ? E’ﬁﬁﬁ%é'?gr Hscaan! n&ﬁ“i”%@&%@ﬂ-i‘@@% 9fJMPLEDST ng t he
solid sanple to directly or indirectly retain an el ectrical specjfic
funct i oniNG@HEING RRATRIVEST SEl RIGUSIVRIY BYSTY & ngtign (/i WPHRRh ot her
during a treatnment at an inpurity introducing step in sone conbination and
damage t woigRdQ apt damegpithe fiangiian even if thavnerednixed wishBaeaotiwt: and 1 an
i mpurity introduci ng mechani sm capabl e of sinultaneously introducing
i npurd ti es whi@h do aonedhanigs fore deliveindra eamplef anthey samplei gealp wi t h
each other; 2 a solid sanple delivering nmechani smwhich is exclusively
i ndependbatwdarT thenmpuaity intiticusingpappdratusesisep excluspeiwevary combioatiatanage
even 25 if they are mxed with each other; 11 3 a solid sanple delivering

mechani sof fray ingpuritiesi which dodot dachegerttie fuhstictebvereifithgy @are ehixdd svtipl e i nto
which the inpurities which do not damage the function even if they are

m xed wi gfcteatierairiean appatatud forirehionihicgdesiar the inpurities are
i ntroduced,;
Furthermore, the invention provides an impurity introducing apparatus

10 and an apparatus group which use a plasma in treatments at all of steps or a part
of the steps to introduce plural kinds of impurities into a semiconductor substrate
and a semiconductor thin film, wherein at least one of the following mechanisms
is included or one of the following mechanisms is intended for the apparatus
group in such a manner that nonpreferable impurities are not mixed with each

15 other in the case in which desirable impurities required for causing the solid
sample to directly or indirectly retain an electrical specific function do not
damage the function even if they are mixed with each other during a treatment at
an impurity introducing step in some combination and damage the mutual
specific functions in the other combination:

20 1 an impurity introducing mechanism capable of simultaneously
introducing impurities which do not damage the function even if they are mixed
with each other;

2 a solid sample delivering mechanism which is exclusively

independent for only a combination of the impurities which do not damage even

25  if they are mixed with each other;

11



5 4 a nechani sm set exclusively every conbination of the inpurities which
do not damage the function even if they are m xed with each other and
serving to renove a resin to prevent a mxture with nonpreferable
impurities; 5 a sanple delivering nechanismfor linking a plurality of

i mpurity introducing apparatuses set exclusively every conbination of the
i mpurities 10 which do not danage the function even if they are mxed with
each other; and 6 a nmechanismfor delivering a sanple and a sanpl e group

between the inpurity_intfroducing apparatuses set.exclusively. eyer

conbi nat i on gg t he ?nﬁﬁp‘?t F%’E%@ﬁ“’&ﬂ“ﬂof“@ﬁ&&@tﬁé Féﬁ"#l"&ﬁf e%%ch i f they
are mxed wth_ each other and an apparatus, for, renovi aresin. 15 In the
"vent | ofndepeREaRRY delisking, A SaIBcaRE P BNHRL i parurties WhRBIRASE have a
characteristic of a positive P type and the others have a characteristic of
a negat | HEMRGBBE fIRaBvem T &Ry Bk Mpiact Wk RBP Otharcare to bg infragsas
specific functions have a function of changing coupling states of crystal,
pol ycr ysPathelmpuittassareustrodecedit t i ces, and atoms and nol ecules. In the

i nvention, noreover, the function of changing the coupling states of the
cryst@al and poftycrys@aneghanisrosst axclusively=aveng cambinaiiopcaf|ths impurities

anor phi zing function. Furthernore, the invention provides an inpurity

i nt r oducivmeeommat dgmags then furadioni exprpif dhey aké mized fwithpach otlkear amd o a -
solid sanple by using a plasma in 12 treatnents at all of steps or a part

of the stemng heereove atresiadstpreoventad mitteEswith siongréfemie impwiities; mechani sns
I's included or one of steps using the following nechanisns is intended for

a conbi nation 8f theasaense ideliseriiy meshanism fdrdinkinga pharlityeofi impuritg | es are
not mxed with each other in the case in which
introducing apparatuses set exclusively every combination of the impurities
10 which do not damage the function even if they are mixed with each other; and
6 a mechanism for delivering a sample and a sampie group
between the impurity introducing apparatuses set exclusively every combination
of the impurities which do not damage the function even if they are mixed with
each other and an apparatus for removing a resin.
15 in the invention, moreover, some of electrically direct specific functions
have a characteristic of a positive P type and the others have a characteristic of
a negative N type.
In the invention, furthermore, electrical indirect specific functions have a
function of changing coupling states of crystal, polycrystal and amorphous
20 lattices, and atoms and molecuies.
In the invention, mereover, the function of changing the coupling states
of the crystal and polycrystal lattices and the atoms and molecules has an
amorphizing function. |

Furthermore, the invention provides an impurity introducing method of

25  introducing plural kinds of impurities into a solid sample by using a plasma in

12



5 desirable inpurities required for the introduced inpurity to directly or
indirectly cause a solid sanple to retain electrical, nmechanical or sone
specific functions damage nutual specific functions if they are mxed with
each other in a treatnment at an inpurity introducing step: 1 an inpurity

I ntroduci ng step to be executed by using an inpurity 10 introducing
mechani sm whi ch i s i ndependent every desirable inpurity; 2 a delivering step
to be executed by a solid sanple delivering mnmechanismwhich is independent

every desirable inpurity: 3 a deliverin tep to be executed b del i vering
mechani SFERBRENS AkihGT EHRPS Apfrhary of His SRS, NEarBEranceRt B7a Freed! | d
sanpl e deljverin 15 nechani sm which are i ndependent every desjirable

i mpur i ty USgathedSllawing mge anssn@plsttaclygeex%&neeaf BAEPg URiRG e ilovang
exclusively every inmpurity and serving to renove a resin to prevent a

ni xt ure MGaANRNIsHEs & Keendeghien ajcombinationief theoplapg iSteeht @ Maneselbgt ed by a
sanpl e delivering 20 mechanismfor linking a plurality of inpurity

i nt r oducrerRpesipar mpyiiesware matsminesdegéngash ether yinddw caseein mgieh t y; and
6 a delivering step to be executed by a nechanismfor delivering a sanple
and a5 sadpbisabjedmpLbidieasequiréd fomther intrpduned ddpuaiitygtoadipestiyt as ewlirebilch  are
| ndependent every desirable inpurity and an apparatus for renoving a resin.
25 | n t heause endolichsarple fometaintelectripdl] erechanidab basomevdpedific furictienses an
13 el ectrical characteristic indirectly and greatly through an

anor phi zaireige hutuakspeplfie. fuhdiens! iastey | areaddikéd onitih oegctdioteet liry a
electrically active substance which 1is generally represented by a

sen condygehkghent & dMpnputentiréducingerprer, at | east one of the fol |l ow ng
mechani sns is

1 an impurity infroducing step to be executed by using an impurity

10 introducing mechanism which is independent every desirable impurity;

2 a delivering step to be executed by a solid sample delivering
mechanism which is independent every desirable impurity;

3 a delivering step to be executed by a delivering mechanism for
linking the impurity introducing mechanism and the solid sample delivering

15 mechanism which are independent every desirable impurity;

4 a resin removing step to be executed by a mechanism set
exclusively every impurity and serving to remove a resin to prevent a mixture
with the other impurities;

5 a delivering step to be executed by a sample delivering

20  mechanism for linking a plurality of impurity introducing apparatuses which is
independent every desirable impurity; and |
| 6 a delivering step to be executed by a mechanism for delivering a
sample and a sample group between the impurity introducing apparatuses which

are independent every desirable impurity and an apparatus for removing a resin.

25 In the invention, the impurity implies a substance which influences an
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5 included or one of the follow ng nechanisns is intended for the apparatus
group in such a manner that respective inpurities are not m xed with each
other as well as the inpurity introducing apparatus itself. <EFFECTS OF THE
| NVENTI ON> 10 According to the invention, a substance to retain electrically
positive and negative characteristics is prevented frombeing mxed at a
certain step in an introduction of an inpurity into a sem conductor
substrate in a manuf acture of a semi conductor apparatus, thereby

contri but accu n factyre of he sem conduc or _.appar at us.
Vor e spetlertical | JrCRasRo indreeths il oSrediy et B ARBIPhFAteRe fon and a
solution can be carrled out in consideration of the circunstances such as a
cost per PXAMRIR & T PASHRA It 3dditien iRyaciecty plecksrllpachiserpsianeawbichrHe
DRAWNGS> Fig. 1 is a plan view showi ng an apparatus for explaining a first
20 enbodisr@siierabiy serresgnted Bha spAvedndustor. Fig. 2 is a sectional view show ng
a structure of the apparatus for explaining a structure of a chanber
accordi ng to thethenivwantion. metapves atdeastpdrag of thevfalleving gnechanisyes i us for
expl aining a second enbodi nent according to the invention. 25 Fig. 4 is a
pl an &i einciltnd omorse obinedolowimngf rnecieambsmsns irjeadedfordhe hppardioslgnapt
according to the invention. Fig. 5 is a sectional view showng a structure

of an appesudhus nizomer ¢t raspectiyetimpubitie& greonoimaed. with s&efirbief Bis@elOF
DESI GNATI ONS> 10 | oad | ock 20 partition wall

as the impurity introducing apparatus itself.

<EFFECTS OF THE INVENTION>
10 According to the invention, a substance to retain electrically positive and
negative characteristics is prevented from being. mixed at a certain step in an
introduction of an impurity into a semiconductor substrate in a manufacture of a
semiconductor apparatus, thereby contributing to an accurate manufacture of
the semiconductor apparatus. More specifically, a method of distinguishing an
15  impurity is shown and a solution can be carried out in consideration of the

circumstances such as a cost performance in a manufacturing factory.

<BRIEF DESCRIPTION OF THE DRAWINGS>
Fig. 1 is a plan view showing an apparatus for explaining a first
20 embodiment according to the invention.
Fig. 2 is a sectional view showing a structure of the apparatus for
explaining a structure of a chamber according to the invention.
Fig. 3 is a plan view showing an apparatus for explaining a second
embodiment according to the invention.

25 Fig. 4 is a plan view showing an apparatus for explaining a third
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30 transfer chanber 40 HePA chanber 10 50 P-type dopi ng chanber 60 N-type
dopi ng chanber 70 P-type ashing chanber 80 N-type ashing chanber 90 arm
15 100 arm 106 arm 110 arm 116 arm 120 tray 20 122 plasna source 124
pl asma 130 sem conductor substrate 132 substrate table 140 valve 25 15
<BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON> Enbodi nents according to the
invention wll be described belowwth reference to the draw ngs. The
invention is not restricted to the following enbodinments. 5 (First

Enbodi ”eg%oépmgrﬁbaoc%o%ﬂtg tgcfﬁé)rirgv'e?] 0}10 the invention will be described with

Fig. 5 is a sectional view showing a structure of an apparatus for

explaining the background art.

5 <EXPLANATION OF DESIGNATIONS>

10 load lock
20 partition wall
30 transfer chamber
40 HePA chamber

10 50 P-type doping chamber
60 N-type doping chamber
70 P-type ashing chamber
80 N-type ashing chamber
S0 arm

15 100 arm

106 arm
110 arm
116 arm
120  tray

20 122 plasma source
124  plasma
130  semiconductor substrate
132  substrate table
140  valve

25

15



reference to Fig. 1. A plasna doping apparatus is an exanple in which a
plasma in a vacuum state is utilized. If it is possible to make the best of
lo features of various plasmas, the plasma in the vacuum state i s not
restricted. The exanple features that a He plasma anorphization (HePA) is
carried out and inpurity doping is then perforned. In the invention, in an
apparatus having a structure which will be described below three | oad

| ocks 10 are provided and five plasna chanbers are 15 disposed in a

_transfer _ ' i LA : e separated through a
partiti oﬁwwgéﬁ@ﬁﬁﬁm“@@Wﬁﬂg}Wﬁ@@@% chanbers are

constituted by HePA chanber 40, ,a P-type doping, chanbe si ng.,B2He, an
N-type dopi ng gﬁ&t?ﬂfgmeélg; gsrorglinslito the Iﬁ‘f%@na‘é’ﬂli Rg %%&H%%ﬁ?%ﬁtﬁowo ith erpvi ng
a photoresjst on a %em' conduct or, substrate subjected éq? P-type dopi ng, and
an 20 N-{SigEencshitddhendidydngso 1B IN¥eRNGds HAsHEsHicted dp ie fllowing onduct or
substrate sbl;}tg_ect ed to N-type doping, respectively. In order to deliver the
seni cond@MRAINGP r at e anong the | oad | ock, the transfer chanber, and the
pl asma chanber, a robot armis disposed. The robot armis designed to be
freel§ rotatable at 360 degrees. In this case, three types of a HePA arm 90,
a 25 P-type doping arm 100 and an N-type doping arm 110 are prepared to

avoi d a (Risstrmbatimeént) ure. A tray 120 is disposed in such a manner that the
sem conductor substrate can be transferred in a HePA portion and a dopi ng
portion if necéssambodment atoondingr &s thé irventionewjll demalesbripdsd rwithni 11 be
described with 5 reference to Fig. 2. Fig. 2 shows a sectional structure of

t he HePArefepsfiss to aRigordi iy plasnan dopiip aeparatps 4s nan exampie iR Avhishda sposed
in the plasma chanber 40. A gas introducing nechanismis not shown in the
drawi ngs pama in a vacuum state is utilized. |If it is possible to make the best of
10 features of various plasmas, the plasma in the vacuum state is not restricted.
The example features that a He plasma amorphization (HePA) is carried
out and impurity doping is then performed.
In the invention, in an apparatus having a structure which will be
described below, three load locks 10 are provided and five plasma chambers are
15  disposed in a transfer chamber 30 having a structure which can be éeparated
through a partition wall 20 depending on uses. The five plasma chambers are
constituted by a HePA chamber 40, a P-type doping chamber 50 using BzHs, an
N-type doping chamber 60 using PHs, a P-type ashing chamber 70 for removing
a photoresist on a semiconductor substrate subjected to P-type doping, and an
20 N-type ashing chamber 80 for removing a photoresist on a semiconductor
substrate subjected to N-type doping, respectively. In order to deliver the
semiconductor substrate among the load lock, the transfer chamber, and the
plasma chamber, a robot arm is disposed. The robot arm is designed to be

freely rotatable at 360 degrees. In this case, three types of a HePA arm 80, a

25  P-type doping arm 100 and an N-type doping arm 110 are prepared to avoid a
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gas or an inmpurity material is introduced into the chanber 40 to generate a
pl asma 124. A sem conductor substrate 130 to be treated is nmounted on a 10
substrate table 132. The substrate 130 has such a structure that it can be
noved to a substrate table 180 fromthe transfer chanber via a val ve 140A by
using the arm 90. Description will be given to a nethod of manufacturing a
sem conduct or apparatus using the apparatus. At |east one sem conductor
substrate 130 is 15 disposed in a load |ock 10A. At this tine, the HePA is

first exec te'd. Ther ef ore,t thehﬁ?m' copductor .substrate 130 is ditsrgosed in
the | oad THUgl MEKIE. FoA drdeclall olfe BIPISEY HRRPAUCH nd  Maler o ety is

brought into a constant . vacuumstate, the valy 40A provi ded between the
oad | ocRBTHHENAG DTSRI bEHGARIPTES e A ARG EnSot Aot or
substrate 130 j s delivered 20 through the arm 90, and is guided to the HePA
chanber BOTUGHUTNECEPEHYsed therein. As described in the Non-Patent Docunent
1, the HePA generates a He plasma for seven seconds at a degree of vacuum
_of 0.9 Pa, thePasis stusiurgs & theniiveoptarmachambare willyke dessiibsdrwite to be
anorphous. In this case, there are two techniques. As a first technique, all
of 25 poeferenne tofFig.ny Figeri Yuvr at sactigaal skueiyss ohshe HeRfhshember ar e
brought into an 17 anorphous state at a tine. As a second techni que, a
portion toctrintpedn example.P Aypasmadsaeurnpert22iis tdispmsedojmethe plasmam N t ype
are isolated and patterned by a photoresist, and are separately brought

i nt o thechambehdls # gaeintfoduxingomeghbnismist i@ ghovat inctheedrawvirsgsbeibaduct or
substrate brought into the 5 anorphous state by the HePA chanber 40 once
passes t gasughah impguity nhatekial & Pdrctiided Sntd e dbbimber et to® geheratatsi de of

the apparatus, and is then patterned by a photoresist via a |ithographic
step, angldsins uliequerkehicdridrRiostingdradi® 880 to be treated is mounted on a
10 substrate table 132. The substrate 130 has such a structure that it can be
moved to a substrate table 180 from the transfer chamber via a valve 140A by
using the arm 90.
Description will be given to a method of manufacturing a semiconductor
apparatus using the apparatus. At least one semiconductor substrate 130 is
15 disposed in a load lock 10A. At this time, the HePA is first executed.
Therefare, the semiconductor substrate 130 is disposed in the load lock 10A.
For a technique of the HePA, the load lock 10A is brought into a constant
vacuum state, the valve 140A provided between the load lock 10A and the
transfer chamber is opened, and the semiconductor substrate 130 is delivered
20 through the arm 90, and is guided to the HePA chamber 40 and is disposed
therein. As described in the Non-Patent Document 1, the HePA generates a He
. plasma for seven seconds at a degree of vacuum of 0.9 Pa, thereby causing a
semiconductor single crystal substrate to be amorphous.

In this case, there are two techniques. As a first technique, all of

25  portions forming a semiconductor device such as a transistor are brought into an
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| oad lock 10B in order to carry out P-type doping, the load lock 10B is
brought into a constant vacuum state and a val ve 140B provi ded between the
| oad | ock 10 10B and the transfer chanber is opened, and the sem conductor
substrate 130 is delivered through the arm 100, and is guided to the P-type
dopi ng chanber 50 and is disposed therein. As described in the Non-Patent
Docunent 1, a B2H6 plasna is generated for seven seconds at a degree of
vacuum of 0.9 Pa by the P-type doping, and the P-type doping is carried out

over the sem conductor ,15. substrate. The sem conductor sybstrate 130

oUb] ect e TR PG 3t SlifFng b & Ssreeriaine 1 RPN ST Ranber 70
by neans the arm 100. A resist . layer which is d nerated and cured is
broved. 15 bRAT AR 8 R CopRt iRl gh NaPecaTe AR SfEEL RS BEEgIESEPY Broved.
it is possible to sufficiently fulfill a function by sinply renoving a

| ayer hawnhioresisti 3 aes separginly Sxeyaitdnlp the amerphorp states degenerat ed and
cured, in order_to avoid an oxidation of the sem conductor substrate. The
seni conduct or dutséof @lleimthe Wgbrase. cal sedigansiuctasisubgtrate beaughtinta the t he
outside of the apparatus via the |load | ock 10B by neans of the arm 100. The
sem cHnd@Enoeiphoubsitatst by 1139 HaPAs ohgsberdOtance padresqiincowgh e asst lockat nent
and a lithographic step, and an N-type doped region is patterned 18 and the
sem conduldifoand i thusadelivesed is theheutsalet eff thdi appesaitis| and i$ teeh patbdrn@dOC.  The
| oad | ock 10C is brought into a constant vacuum state and a val ve 140C

provi ded Hyebvgrastotdsistl vada lithoigradpHiE stens] ark i sabsdquentlpardrespartedofeeaed, and
the sem conductor substrate 130 is delivered through the arm 110, and is

gui ded 5 (bad idek NoByn@rdeniccarehaubertypd dopihg, theilsaosssk 1OBrgbroudtigr ei n, a
PH3 plasma is generated with a PH3 gas for ten seconds by the N-type

dopi ng, an@ aldbAshint YaeuGtanitae aisd eardlve 4408 previged iftweenitisd Nsht foek
substrate. The
10 10B and the transfer chamber is opened, and the semiconductor substrate 130
is delivered through the arm 100, and is guided to the P-type doping chamber 50
and is disposed therein. As described in the Non-Patent Document 1, a BzHs
plasma is generated for seven seconds at a degree of vacuum of 0.9 Pa by the
P-type doping, and the P-type doping is carried out over the semiconductor
15 substrate. The semiconducior substrate 130 subjected to the P-iype doping is
delivered to the P-type ashing chamber 70 by means of the arm 100. A resist
layer which is degenerated and cured is removed by the P-type doping.
Although all of the resists may be removed, it is possible to sufficiently fulfill a
function by simply removing a layer having a thickness of approximately 15 nm
20 that is degenerated and cured, in order to avoid an oxidation of the
semiconductor substrate. The semiconductor substrate 130 subjected to the
ashing is delivered to the outside of the apparatus via the load tock 10B by
means of the arm 100.

The semiconductor substrate 130 is subjected to a subsequent

25  posttreatment and a lithographic step, and an N-type doped region is patterned
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sem conductor substrate 130 subjected to the N-type doping is delivered to
the N-type ashing chanber 80 by neans of the arm 110. A resist |ayer which
is 10 degenerated and cured is renoved by the N-type doping. Al though all of
the resists may be renoved, it is possible to sufficiently fulfill a
function by sinply renoving a |layer having a thickness of approximtely 20
nmwhich is degenerated and cured in order to avoid the oxidation of the
sem conductor substrate. The sem conductor substrate 130 subjected to the

hi [ del i v to th tsj.de. th t it | ock 1
22 by e S Sl BP0 DS RP A0 % PebBck 8% L2ST e
' duct b . 130 i vhi ch the, P-t d ' ' t d
by & phot eciord: Suk U Prevebtialors cosiapt MEBaHEpaatand & Havesibad | ock

10A. At this tine, th PA is fi ted. Th f . th ' duct
2obs o bl BB a6e oad o 35T FneCrbann s bognsd e =
brought into a constant vacuum state, the valve 140A provi ded between the

| oad | oclhea samigandustorsubsiate 130 imarlivered Bsevgl thaxaan (A8, argrisc@idadt or
substrate 130 is delivered through the arm 90, and is guided to the HePA 25

chambér 40 thadNiypeai depisgdcharebesi RO ard desdisposad ithereite Nderamat anPHs 19
Docunent 1, a He plasma is generated for seven seconds at a degree of
vacuum ofpl@enga rgenkeated wittna Hhhggas &wten @edonds byshadd-type gepinb, soddst rat e
to be anorphous. For the P-type doping, subsequently, the sem conduct or
subst r at ¢hd M-type Gopingeis catrienf duheovdrPihe sembieondit:tomsobgtratehe @hen 90 and
Is transported to a tray 120A. Next, the sem conductor substrate 130 put on
the tray séRidondudiert susstesrle 130 subjected to the N-type doping is delivered to the
N-type ashing chamber 80 by means of the arm 110. A resist layer which is
10  degenerated and cured is removed by the N-type doping. Although all of the
resists may be removed, it is possible to sufficiently fulfill a function by simply
removing a layer having a thickness of approximately 20 nm which is
degenerated and cured in order to avoid the oxidation of the semiconductor
substrate. The semiconductor substrate 130 subjected to the ashing is
15 delivered to the outside of the apparatus via the load lock 10C by means of the
arm 10.
The second case will be described.
At least one semiconductor substrate 130 in which the P-type doped
region is patterned by a photoresist via the lithographic step is disposed in the
20 load lock 10A. At this time, the HePA is first executed. Therefore, the
semiconductor substrate 130 is disposed in the load lock 10A. The load lock
10A is brought into a constant vacuum state, the valve 14OA provided between
the load lock 10A and the transfer chamber is opened, and the semiconductor

substrate 130 is delivered through the arm 90, and is guided to the HePA

25 chamber 40 and is disposed therein. As described in the Non-Patent
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t hrough the arm 100, and is guided to the P-type doping chanber 50 and is
di sposed therein. As described in the Non-Patent Docunent 1, a B2H6 pl asma
10 is generated for seven seconds at a degree of vacuumof 0.9 Pa by the
P-type doping, and the P-type doping is carried out over the sem conductor
substrate. The sem conductor substrate 130 subjected to the P-type doping
is delivered to the P-type ashing chanber 70 by neans of the arm 100. A
resist layer which is degenerated and cured is renoved by the P-type

dopi ng. th all of the 15. i st b d. it i i b t
ST, HORORBER 14 96 RS BRERae Raubl TS b nBgRRL L

t hi ck f imately . 15 .which i. d d. i d t
hvor o nEEGrRTEd PR Pty actmicondidir Srale nat stskai i or o 1
substrate 130 sHléLect ed to the ashing is delivered to the outside of the

appar at uB® @MPPREUS-0ad | ock 10B by neans of the arm 100. 20 The N-type doped
regi on of the sem conductor substrate 130 is patterned via a subsequent
posttreat ment B@dthg Pty geripa; sukgasyentiyndne semicendusipiribsyiate 1BQis at e 130
is then disposed in the |oad | ock 10A. The load | ock 10A is brou%ht into a
constfant takepuakh aftthediel’Aehambes 401 Hopugh $ve agn Heendds tiansprdad etk 10A

and the transfer chanber is opened, 25 and the sem conductor substrate 130
is deliveagd20B& ough the arm 90, and is 20 guided to the HePA chanber 40
and is disposed therein. As described in the Non-Patent Docunent 1, the He
pl asma i s geneNekithd semsemreluckrcubdtrats 130 pdéegnédlee dfayvErflAis ddliveredl Pa by
the HePA, thereby causing a sem conductor single crystal substrate to be
anor phouthrobglrdhe tdrm MO0y paddeguided solise Riypd dopingeclsambeo50uaridis

substrate 130 is taken out of the HePA chanber 40 through the arm 110 and
i's transgigpbedd titerain.t rAay dé2étbed in the Non-Patent Document 1, a BoHs plasma
10  is generated for seven seconds at a degree of vacuum of 0.9 Pa by the P-type
doping, and the P-type doping is carried out over the semiconductor substrate.
The semiconductor substrate 130 subjected fo the P-type doping is delivered to
the P-type ashing chamber 70 by means of the arm 100. A -resist layer which is
degenerated and cured is removed by the P-type doping. Although all of the
15 resists may be removed, it is possible to sufficiently fulfill a function by simply
removing a layer having a thickness of approximately 15 nm which is
degenerated and cured in order fo avoid the oxidation of the semiconductor
substrate. The semiconductor substrate 130 subjected to the ashing is delivered
to the outside of the apparatus via the load lock 10B by means of the arm 100.
20 The N-type doped region of the semiconductor substrate 130 is
patterned via a subsequent posttreatment and a lithographic step, and the
semiconductor substrate 130 is then disposed in the load lock 10A.
The load lock 10A is brought into a constant vacuum state, the valve

140A provided between the load lock 10A and the transfer chamber is apened,

925 and the semiconductor substrate 130 is delivered through the arm 90, and is

20



The sem conductor substrate 130 is delivered through the arm 110, and is
guided to the N-type doping chanber 60 and is di sposed therein. Herein, a
lo PH3 plasnma is generated with a PH3 gas for ten seconds and the N-type
doping is carried out over the sem conductor substrate. The sem conduct or
substrate 130 subjected to the N-type doping is delivered to the N-type
ashi ng chanber 80 by neans of the arm 110. A resist |layer which is
degenerated and cured is renoved by the N-type doping. Al though all of the

resists be, r enoyv,e Lt is 1 ossible to fficiently fulfill a function
by s ol Sarsbtet T HERayAamier 2 8% plicheiedotiereit, pRs,desetbpy B dm whi ch
I s degenerated, and., cured | rder to avoid the oxipdation of the

som condlrsp e eatiraentyhefechb iRsa: §roenatgiell i ver8) HAER P 1o the
ashing is delivered to the outsjide of th aratus ,via the | oad | ock 10C
by rreanstE!r%%é’?a\’@ﬁP?dﬁbe‘@@%@ Méhﬁdjea‘gs?ﬁr@@u GG Bt $RMIGERENSI9F y P-t ype
and N-type doping for the sem conductor substrate 130 is ended by the first
net hod ofingRC yubstrat e aRwrPReUs eni conduct or substrate 130 is
transferred to_a subsequent annealing step. Since the P-type region and the
N-typ& regi on FavtheNryaadoping: subsenuently, wesensichaductar subgiate i3Ads pat t er n
at the annealing step, it is 25 actually inpossible to execute the step
separ at eltakerHoueofethe HaBA dbkember yaiidough thenaemal 1116ganchis thansperteidele aut in a
gas at nosphere which does not react to a sem conductor in a vacuum wth an
i nert gasragriZfiB.an ordinary tenperature in order to protect a surface of

the sem conductor in the sane apparatus, a vicinal apparatus subjected to a
delivery by a Takisemicogdusibhedosdtedte n@itibaldiaodd thgowdh tie afve 1307 dade i nto

consideration or an entirely different apparatus. (Second Enbodi ment) A
second efpgdideint theddtbe dopitgt drinisered0 and ivididpdsed draemin. beldemit,ha

10 PHaj plasma is generated with a PHs gas for ten seconds and the N-type doping
is carried out over the semiconductor subsirate. The semiconductor substrate
130 subjected to the N-type doping is delivered to the N-type ashing chamber 80
by means of the arm 110. A resist layer which is degenerated and cured is
removed by the N-type doping. Although all of the resists may be removed, it is

15 possible to sufficiently fulfill a function by simply removing a layer having a
thickness of approximately 20 nm which is degenerated and cured in order to
avoid the oxidation of the semiconductor substrate. The semiconductor
substrate 130 subjected to the ashing is delivered to the outside of the apparatus
via the load lock 10C by means of the arm 110.

20 In the way described above, the necessary P-type and N-type doping for
the semiconductor substrate 130 is ended by the first method or the second
method, and the semiconductor substrate 130 is transferred to a subsequent
annealing step. Since the P-type region and the N-type region have already

been close to each other in a hyperfine pattern at the annealing step, it is

26  actually impossible to execute the step separately. However, the delivery and
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reference to Fig. 3. 10 In the invention, description will be given to an
exanpl e in which HePA and doping are carried out in the sane chanber. First
of all, an apparatus will be described. Load | ocks 10B and 1 OC are used for
P and N types, respectively. Four plasma chanbers are disposed in a transfer
chanber 30. The 15 four plasma chanbers are constituted by a P-type doping
chanber 50 using B2H6, an N-type dopi ng chanber 60 using PH3, a P-type
ashing chanber 70 for renoving a photoresist on a sem conductor substrate

subj ecte - I n N i apber removing a
phot or esggbg%iﬁnda%ggegﬁggﬂ%udcp gfg’%%b%‘ltﬁtr %@82@%}82\? Q%p't ‘g&?@ p?’géé%%ptpn . In
order to_delive he 20 sem conductor substrate amng the |oad | ock, the
Cr anst er SERUATGHctatTg 7 BCUiya Sl R indit 838 P 8 1 Bllitnerd G Al the
robot armis designed to.be freely rotatable at 360 degrees. In. this case,
three tyBGESTP PRORS ARurRGS: 91 SemiseRduater BN AR SERAIS & HEDEb ar o
prepared to avoid a_nu%gal m xture. A Lraé 120 js disposed in such_a manner
that the2PRATaEHGHBIESES IMhatdelivervchn aeliveang metsed talkpgithe eedie®Af por t i on
and the doping portion if necessary. 22 Description will be given to an
enbodd methe peiacm ke genaiderstian oxanepbrfly dif@reniparaaietys. by using t he
apparatus. There are two nethods. Referring to a first nethod, the HePA is
first carried out in a P-type chanber and an N-type chanber, and
subsequently, 5 P-type or N-type doping is executed. Referring to a second
met hod, é&SecanyhEmbodineni)e dopant substance is diluted with He, and PA and
doping are sinultaneously carried out on a condition that a HePA effect is
exhi bited at tAessecomdeemnbadiment according to the invention will be described with
reference to Fig. 3.
10 In the invention, description will be given to an example in which HePA
and doping are carried out in the same chamber.
First of all, an apparatus will be described.
L.oad locks 10B and 10C are used for P and N types, respectively.
Four plasma chambers are disposed in a transfer chamber 30. The
i5  four plasma chambers are constituted by a P-type doping chamber 50 using
B2Hs, an N-type doping chamber 60 using PHs, a P-type ashing chamber 70 for
removing a photoresist on a semiconductor substrate subjected to P-type doping,
and an N-type ashing chamber 80 for removing a photoresist on a
semiconductor substrate subjected to N-type doping. In order to deliver the
20 semiconductor substrate among the load lock, the transfer chamber, and the
plasma chamber, a robot arm is disposed. The robot arm is designed to be
freely rotatable at 360 degrees. In this case, three types of a P-type doping arm
100 and an N-type doping arm 110 are prepared to avoid a mutual mixture. A
tray 120 is disposed in such a manner that the semiconductor substrate can be

25 transferred in the HePA portion and the doping portion if necessary.
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First of all, the first method will be described. 10 At | east one

sem conduct or substrate 130 in which the P-type doped region is patterned
by a photoresist via the lithographic step is disposed in a |load |ock 10B.
At this tinme, the HePA is first executed by using the P-type doping chanber
50. The load lock 10B is brought into a constant vacuum state, a valve 140B
15 provi ded between the | oad | ock 10B and the transfer chanber is opened,
and the sem conductor substrate 130 is delivered through an arm 100, and is
guided to the P-type dopi chanber, 50 and ,j s .di sposed therein.. Referring
To the Hepa t SHETPIPR: LK Re QHEr olor B STEhr Mol e, AT g e
seconds at a déa ree of vacuumof Q,9 PA, thereby causing a sem conductor

si ngl e criFEIGPN "g?ﬁorsﬁﬁg"{"@ £y ysing thRGPRARIYSas described in the Non- Pat ent
Docunent 1. Next, a reactant gas is switched for P-type dopi an. ~As descri bed
in the Non- Patlé$e B5e dwennetods. phigieningsiona fsstyagtiog dbe fpPA & Bfftseconds
at a degree of vacuumof 0.9 Pa and the P-type doping is carried out over
the semcesirRmAUbrNsatEiRe shamper sogi oty chantberr ane supseguenidst ed to
the 25 P-type doping is delivered to the P-type ashing chanber 70 by neans
of thé arﬂﬁypﬁsongletypﬁ daping is pxgeutethi Bafargngdgensecansimeiitha; @ Betype r enoved
by the P-type doping. Although all of the resists may be renoved, it is
possi bl e aroNstypei ciopant substdancel is alilutecctwitn We, sindplPA amdodoping dreyer
having a thickness of approximately 15 nmwhich is degenerated and cured in
order t o sivoitahesushxicdatadautodn eheoriditieitat red HePdr effedb S¢ eahibitedhat the

sem conduct or substrate 130 subjected to the ashing is delivered to the
out si de afanid#mepparatus via the load | ock 10B by neans of the arm 100. The
N-type doped region of the sem conductor substrate 130 is

First of all, the first method will be described.

10 At least one semiconductor substrate 130 in which the P-type doped
region is patterned by a photoresist via the lithographic step is disposed in a load
lock 10B. At this time, the HePA is first executed by using the P-type doping
chamber 50.

The load lock 10B is brought into a constant vacuum state, a valve 140B

15  provided between the load lock 10B and the transfer chamber is opened, and
the semiconductor substrate 130 is delivered through an arm 100, and is guided
to the P-type doping chamber 50 and is disposed therein. Referring to the
HePA to be first executed, a He plasma is generated for seven seconds at a
degree of vacuum of 0.9 PA, thereby causing a semiconductor single crystal

20  substrate to be amorphous as described in the Non-Patent Document 1.

Next, a reactant gas is switched for P-type doping. As described in the
Non-Patent Document 1, a BoHs plasma is generated for seven seconds at a
degree of vacuum of 0.9 Pa and the P-type doping is carried out over the
semiconductor substrate. The semiconductor substrate 130 subjected to the

256  P-type doping is delivered to the P-type ashing chamber 70 by means of the arm
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patterned via a subsequent posttreatnent and a |ithographic step, and the

1o sem conductor substrate 130 is then disposed in a load |lock 10C. First of
all, the HePA is al so executed over the N-type patterned region by using the
N-type doping chanber 60. The load lock 1 OC is brought into a constant
vacuum state, a valve 140C provided between the |load | ock 10C and the
transfer chanber is opened, and 15 the sem conductor substrate 130 is

del i vered through the arm 110, and is guided to the N-type dopi ng chanber 60

0 SR 0 Bl A YA B R

t hereby causi ng sem co tor single cr stal substrat rphous as
descri be@%%pmq hé&mﬂp%@lgﬂfﬁﬁd 8131/ b%ée'%%%%dh'érRQ%?‘b?%ttq é%l%'f‘%?%ygas i s
switched for the N-type do Herein, a PH3 plasma is enerated W|th a PH3
gas for tf'é’ﬁ”%%’@ﬁﬂ@n%ﬂ}’ %"Pi'@y rem%eg@olaiyﬁ@hawﬁa %méc qﬁ?ﬁg apppergatalycarri ed
out over the sem conductor sSubstrate. The sem conductor substrate 130

subj ect eda BM Wick is geganpiated iand edervisr ergler Jotawoidan, pedation v tbhanber 80
by neans of the arm 110. A resist 25 layer which is degenerated and cured is
removéd spmieenduatopsubsipatag. Thessexnichodyetonlsubsiratend30 extibjraieddy the
renoved, it is possible to sufficiently fulfill a function by sinply

renovi ng ashirgy & delvéned @ the okiseds ob fthamppaxratueat v \thedoacdh loch a8 by
degenerated and cured in order to avoid the oxidation of the sem conductor
subst r at enedrieeofitrs arend00t or substrate 130 subjected to the 5 ashing is
delivered to the outside of the apparatus via the load | ock 10C by neans of

the arm 110. NeHe Ntgpes edupedi megived ofi tHe ntiesedudiod. sublstragast3mnie
sem conductor substrate 130 in which the P-type doped
patterned via a subsequent posttreatment and a lithographic step, and the
10  semiconductor substrate 130 is then disposed in a load lock 10C. First of all,
the HePA is also executed over the N-type patterned region by using the N-type
doping chamber 60.
The load lock 10C is brought into a constant vacuum state, a valve 140C
provided between the load lock 10C and the transfer chamber is opened, and
15 the semiconductor substrate 130 is delivered through the arm 110, and is guided
to the N-type doping chamber 60 and is disposed therein. Referring to the
HePA to be first executed, the He plasma is generated for seven seconds at a
degree of vacuum of 0.9 Pa, thereby causing a semiconductor single crystal
substrate to be amorphous as described in the Non-Patent Document 1. -
20 Subsequently, a reactant gas is switched for the N-type doping.
Herein, a PHs plasma is generated with a P‘H3 gas for ten seconds by the
N-type doping, and the N-type doping is carried out over the semiconductor
substrate. The semiconductor substrate 130 subjected to the N-type doping is

delivered to the N-type ashing chamber 80 by means of the arm 110. A resist

25 layer which is degenerated and cured is removed by the N-type doping.
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region is patterned by a photoresist via a lithographic step is disposed in
the load 10 lock 10B. The load | ock 10B is brought into a constant vacuum
state, the valve 140B provi ded between the |oad | ock 106 and the transfer
chanber 30 is opened, and the sem conductor substrate 130 is delivered
through the arm 100, and is guided to the P-type doping chanber 50 and is
di sposed therein. Herein, a B2H6 plasma is generated for seven seconds with
a B2H6 gas diluted mainly 15 with He by the P-type doping, and the P-type

dopi t. duct
Soper oy NG B0 BNl BRSSP AERY
hi

degene: ald-Binet VBl el Thute Sy Rustell AP SimiRERodTT of cne
t 0] d, ble t ff 20 ful f I f ti

o< o JRb RGBSR i B e ool i Pl oh oo e

i's degenerated and cured in order to avoid the oxidation

seni cond $ENUFORANLET substratge JER; %%n@eeﬂaetogl%@ﬁme&@@cﬁt@mﬁt@@ﬂedheo t he

ashing is delivered to the outside of the apparatus via the |oad | ock 10B by

means®of ashindisrdebveregstorine muisidse of e @ppefton \We thadogenpeloIftc byr

substrate 130 is 25 patterned via a subsequent posttreatnent and a

| i t hogr aph¢ansotihe amu11Ge seni conductor substrate 130 is then disposed in
the load | ock 10C. The load |ock 10C is brought into a constant vacuum
state, the val WNextlheGaooodindettodavilldedaseeibedad | ock 10C and the transfer
chanber is opened, 5 and the sem conductor substrate 130 is delivered

t hrough the ar rAtlidé@st and semigondectot substeaty- 1 $Qdn deicinghe Rqtyes dopednd i s
di sposed therein. Herein, a PH3 plasma is generated for ten seconds with a

PH3 gas dibishdas paiteriad by hiphidtorebist vibea Ithbyrphitostepds dapdsédn iNetlppae dopi ng
is carried out over the
10  lock 10B. The load lock 10B is brought into a constant vacuum state, the valve
140B provided between the load lock 10B and the transfer chamber 30 is
opened, and the semiconductor substra{e 130 is delivered through the arm 100,
and is guided to the P-type doping chamber 50 and is disposed therein. Herein,
a B;Hg plasma is generated for seven seconds with a BoHs gas diluted mainly
15  with He by the P-type doping, and the P-type doping is carried out over the
semiconductor substrate. The semiconductor substrate 130 subjected to the
P-type doping is delivered to the P-type ashing chamber 70 by means of the arm
100. Aresist layer which is degenerated and cured is removed by the P-type
doping. Although ali of the resists may be removed, it is possible to sufficiently
20  fulfill a function by simply removing a layer having a thickness of approximately
15 nm that is degenerated and cured in order to avoid the oxidation of the
semiconductor substrate. The semiconductor substrate 130 subjected to the
ashing is delivered to the outsider of the apparatus via the load lock 10B by

means of the arm 100.

25 The N-type doped region of the semiconductor substrate 130 is
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sem conductor substrate. The sem conductor substrate 130 subjected to the 10
N-type doping is delivered to the N-type ashing chanber 80 by neans of the
arm 110. A resist layer which is degenerated and cured is renoved by the
N-type doping. Although all of the resists may be renoved, it is possible
to sufficiently fulfill a function by sinply renoving a | ayer having a

t hi ckness of approximately 20 nmthat is degenerated and cured, in order to
avoid the oxidation of the 15 sem conductor substrate. The sem conduct or

substrate 130 spbjected to th ashing i s delivered to, the, outsi of the
ppar at uPRETThT dhatpstaia pseniand e #dEoereBal Siok it oS
descri bed above he necessary .P-t . and N-type dagpi r the
sem cond§ETBYC ?W%ﬂﬁﬁ%g%qﬁé'%HH%ﬁ859°§ﬂ%”?ﬁﬁgpaﬁﬁ?agaégr the second 20
met hod, and the ,sem conductor substrate 130 is transferred to,a sybsequent
anneal i ng st ep.'N§; I9ad lpRk 109G ﬁ)grqqﬁlﬁﬁt dptogd FoNstant vagHEmy %t@?%nthﬁa‘éé"%l r eady
been close to each other in a hyperfine pattern at the annealing step, it is
act ual | y T¥RporIvKIad betweas thedoad dod HOC ansathg: teansfergharoler, istorengd. i very
and annealing can be carried out in a gas atnosphere which does not react
to a 25 64 Eenrvicondustos subsiiate 130 i dalivaradrthraugh te amm dd0paadrar y
tenperature in 26 order to protect a surface of the sem conductor in the
same appauidess fo she Nyl dopipgacharoiersGdjaret sddisposed dhénedn.y Herein.ozl i veri ng
nmet hod taking the handling of the surface into consideration or an entirely
di f f er entPHyplasaiauis. gehefatedridr Erbseboneistyitthat PiHs das nilotidvaainiaedtoride ng t o
the invention will be described with reference to Fig. 4. A plasnma doping
appar at upyi shanNetypapldoping, wahdhtiee NHigserdoping Vsiccamedt aue oweruthéi zed. |t
is sufficient to make the best of features of various plasmas and the
pl asma i Behfieoritonsabstigtel S TRetsemtigbnigdted substrate 130 subjected to the
10 N-type doping is delivered to the N-type ashing chamber 80 by means of the arm
110. Aresist layer which is degenerated and cured is removed by the N-type
doping. Although all of the resists may be removed, it is possible to sufficiently
fulfill a function by simply removing a layer having a thickness of approximately
20 nm that is degenerated and cured, in order to avoid the oxidation of the
15 semiconductor substrate. The semiconductor substrate 130 subjected to the
ashing is delivered to the outside of the apparatus via the load lock 10C by
means of the arm 110. |
In the way described above, the necessary P-type and N-type doping for
the semiconductor substrate 130 is ended by the first method or the second
20 method, and the semiconductor substrate 130 is transferred to a subsequent
annealing step. Since the P-type region and the N-type region have already
been close to each other in a hyperfine pattern at the annealing step, it is
actually impossible to execute the step separately. However, the delivery and
annealing can be carried out in a gas atmosphere which does not react to a

25  semiconductor in a vacuum, with an inert gas or at an ordinary temperature in
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10 The enbodi nent features that an apparatus group for carrying out a He
pl asma anor phi zati on (HePA), and then, inpurity doping and renoving a
photoresist is arranged intentionally to efficiently execute a serial step.
Referring to the delivery of the sem conductor substrate, however, by using
waf er delivering nmechani sns managed highly in a sem conductor manufacturing
15 factory and their managi ng functions, it is sufficiently possible to
exhibit a seriaI function by the presence of an apparatus group capable of
reat i stance is qade t her betmeen

fulfillin ti

or they Hend rs?eqteadsvrﬁaceoﬂfet%snsara@apa HEF I tieseatts Gpearls, '
the factor Int e case in r nstep
descr | bedrPAratis SURIRAES S5 deifsRony foégwgéluseraenhﬁ@a@aeﬁaﬁﬁw %he ot her
steps are to e execut e fact orqy ftﬁher adverse effects such as a
cont ani nd?¢ 84 P?%l'ﬁtﬁrp%ﬁleéﬁtﬂo%m 3R sMikgly Sifterent aB@ﬁrtaL@ es can be supposed.
However, the execution is not very hard in these days in which a highly
physical distribution system naintaining a cleanness between the factories
i s established, and does not distort the essence and main 25 point of the

i nvensi on(Bhird Eabasimgolii eved. 27 The case in which apparat uses are
intentionally provided intensively in the vicinity will be described again.
Descri ption w A thied gmadiment accomgingite thé inhentippwilhbesdegaibied witbar at us
is provided with a load | ock 10, a transfer chanber 30 and a plasma 5
chanber . réfecencandsdikin. ¢f reaptasmes daopindniappafatue iapgrarexbogds iarwhighosi ded
together is constituted by an apparatus 42 conprising a HePA chanber 40, an
appar at uplasing maniasucm state sytitizddpi itgs sbficleer tdthakeithg bB2HOE featurappar at us

62 conprising an N-type dopi ng chanber 60 using PH3, an apparatus 72
conpri si g variBus pEsraad bAg tied prEReda ifthkoracuefPstatgisandtivesipicesd. st on a

10 The embodiment features that an apparatus group for carrying out a He

plasma amorphization (HePA), and then, impurity doping and removing a

photoresist is arranged intentionally to efficiently execute a serial step.

Referring to the delivery of the semiconductor subsirate, however, by using

wafer delivering mechanisms managed highly in a semiconductor manufacturing

15 factory and their managing functions, it is sufficiently possible to exhibit a serial

function by the presence of an apparatus group capable of fulfilling the same

function even if a great distance is made therebetween or they are not stored in

one enclosure for reasons of an arrangement in the factory. In the extreme,

also ih the case in which a certain step described in the invention is to be

20 executed in a factory A and the other steps are to be executed in a factory B,

other adverse effects such as a centamination from an ambient or an increase in

particles can be supposed. However, the execution is not very hard in these

days in which a highly physical distribution system maintaining a cleanness

between the factories is established, and does not distort the essence and main

25  point of the invention but can be achieved.
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10 sem conductor substrate subjected to P-type doping, and an apparatus 82
conprising an N-type ashing chanber 80 for renoving a photoresist on a

sem conductor substrate subjected to N-type doping. Description will be

given to an exanple in which plasma doping is executed by utilizing these
apparatus groups. 15 Four techniques will be described. (First Technique)
At | east one sem conductor substrate 130 is disposed in a |load |lock 10A of
t he apparatus 42 conprising the HePA chanber 40. At this tine, the HePA is

20 val ve. 140a phvcaes TRl abbaa fe SO e BiuR SRR b RS T er ' €

opened, d the.sem conduct.or substrate 130 is delivered through an arm 90,
and is gat?~l evampﬁym”@%p&%&cgﬁgﬂ@gptrho and is disposed therein. As described

in the Non-Patent cument 1, a He plas i enerated for seven seconds at
a degree of vacaeff ‘P”O.‘“Qﬁljéebg'v?'ﬂeg%l@%?rupﬁﬁ eﬁ’g t?‘ﬁu?PH@raéu%em duct or
25 single crystal, substrate to be anorphous. 38 The sem conduct or substrate

brought i 2RRATBHE IgRIPHIFSHVith atleadoqi, 0. alrppster sheaibel 3G AR aRlas®@ t hr ough

the load lock 1 QA and is thus delivered to the outside of the apparatus,
and i $ t dimpaer ethredunstion phareassestinwiich five Erpgradset ase dpov is
subsequently transported to a |load |ock 10B of the 5 apparatus 52 conprising
t he P-typ@oethsrig consithéed by amapparetus 42 campyising a Heggpbamb@r ¥, ahe | oad
|l ock 10B is brought into a constant vacuum state and a valve 140B provided
bet ween tégpdratus $2ckmpoiBirgnal P-typetdogirng enarnhenbéusirg Bes medaprardtushe

sem conduct or substrate 130 is delivered through an arm 100, and is guided
to the P-63pmmioising ahadgre Hbpimyl dhambies pd8 edsing ePHi,NanAapparatus 72
comprising a P-type ashing chamber 70 for removing a photoresist on a
10 semiconductor substrate subjected to P-type doping, and an apparatus 82
comprising an N-type ashing chamber 80 for removing a photoresisf on a
semiconductor substrate subjected to N-type doping.
Description will be given to an example in which plasma doping is
executed by utilizing these apparatus groups.
15 Four techniques will be described.
(First Technique)
At least one semiconductor substrate 130 is disposed in a load lock 10A
of the apparatus 42 comprising the HePA chamber 40, At this time, the HePA is
first executed. The load lock 10A is brought into a constant vacuum state, a
20 valve 140A provided between the load lock 10A and the transfer chamber is
opened, and the semiconductor substrate 130 is delivered through an arm 90,
and is guided to the HePA chamber 40 and is disposed therein. As described in
the Non-Patent Document 1, a He plasma is generated for seven seconds at a

degree of vacuum of 0.2 Pa by the HePA, thereby causing a semiconductor

25  single crystal substrate to be amorphous.
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10 described in the Non-Patent Docunent 1, a B2H6 plasnma is generated for
seven seconds at a degree of vacuumof 0.9 Pa by the P-type doping, and the
P-type doping is carried out over the sem conductor substrate. The

sem conductor substrate 130 subjected to the P-type doping once passes

t hrough the load |ock 10A and is delivered to the outside of the apparatus,
15 and is transported to a load lock 1 OD of the apparatus 72 conprising the
P-type ashing chanber 70 for renoving a photoresist on the sem conductor

' he P- ' he | | ock ' h
“hto o const anthe, Semsrchstas, subRfafe Brétiy o brcmotiaderaln bviBad ook 1
OD and the transfer chanber is o $neg, and the sem conductor substrate 130

i s del i vér¥eh CARBYRGR 4800N6 BRSA {he lgad jededOn@ndre thus gdsbvelshi ng

chanmber 70. A resist |layer which is degenerated and cured is renpved by the
P-type ddpithg. outpideoaliearppamgtus, ang é%%ws Patignes Py mbpbhatoresist ¥igdssi bl e
to sufficiently fulfill a function by sinply renoving a |ayer having a

t hi cknesdithsigraphicogtiepatasidyis1 sulbsaaueintl transposigenter at leadalegk clid@ dfitheor der to
avoi d an oxidation of the sem conductor 25 substrate. The sem conduct or
subst pat eppafatsisbd2coerprising tre Estypegdéping 2haddidrval dnl arder toe caurysdute of t he
apparatus via the load | ock 10D by neans of the arm 106. The sem conduct or
subst r at -fyge depisghitecioad lock 40Bub dequghttintopesbhstaat ractiumredate drid Aogr aphi ¢
step, and an N-type doped region is then 5 patterned, and the sem conduct or

subst r at ezghd0 1468t p@rviddd Betwherp tae tbdd icekl tEB drecthel Gensfer tdhantipasat us 62
conprising the N-type doping chanber 60. The |oad |ock 10C is brought into

T he e a P e RanrSh A 130 is
del i ver eqhridhisOgGidednodthd RlPpe &ofhing cAHMBBE 50 and is disposed therein. As
10 described in the Non-Patent Document 1, a BoHg plasma is generated for seven
seconds at a degree of vacuum of 0.9 Pa by the P-type doping, and the P-type
doping is carried out over the semiconductor substrate.
The semiconductor substrate 130 subjected to the P-type doping once
passes through the load lock 10A and is delivered to the outside of the apparatus,
15 and is transported to a load lock 10D of the apparatus 72 comprising the P-type
ashing chamber 70 for removing a photoresist on the semiconductor substrate
subjected to the P-type doping, and the load lock 10D is brought into a constant
vacuum state, a valve 140D provided between the load lock 10D and the transfer
chamber is opened, and the semiconductor substrate 130 is delivered through
20 an arm 106 and is disposed in the P-type ashing chamber 70. A resist layer
which is degenerated and cured is removed by the P-type doping. Although all
of the resists may be removed, it is possible to sufficiently fulfill a function by
simply removing a layer having a thickness of approximately 15 nm which is

degenerated and cured in order to avoid an oxidation of the semiconductor

25 substrate.. The semiconductor substrate 130 subjected to the ashing is
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10 to the N-type doping chanber 60 and is disposed therein. Herein, a PH3

pl asma is generated with a PH3 gas for ten seconds by the N-type doping, and
the N-type doping is carried out over the sem conductor substrate. The

sem conductor substrate 130 subjected to the N-type dopi nhg once passes
through the load | ock 10C and is delivered to the outside of the apparatus
by 15 nmeans of the arm 110, and is delivered to a |load | ock 10E of the
apparatus 82 conprising the N-type ashing chanber 80 for renoving the

oo g eSS GBBS e BEL 8 B S e P ™

resi st I)za/er ich is degenerated and cured is renoved by the N-type

dopi ng. A'th h all of the 20 resists nay be renoved, it is possible to
sufficiently fulfill a function by sinpl renmoving a | ayer having a

thi ckness of agheogaraicengustor nyRaiiats ﬂéo erg%—%?‘%ﬁ@dt%na subgenyentor der to

avoi d the oxidation of the sem conductor substrate. The sem conduct or

subst r at @osfeaiosinécardl & dthogeaphkiei sigr. andean Mityrp dopepheedion 48 dbedf. t he
apparatus via the load lock 1 OCE by neans of the arm 116. 25 The second
case Wi | Ipatierned @Andthe. seoicandueias subsicatecidlcisrttiarsadtier sisposedtie allged
subjected to the P-type patterning through the photoresist is disposed in

t he | oad lockc kOCOHK tbe apmeratuspe2 avmpridhgciepiitgppaglophng tkdtAbeh@bbefhd0. At
this time, the HePA is first executed. The load lock 1 QA is brought into a

const ant lyad ook st ds brioaghtlimMe & ddiibtamtr osculed dtetevesnl thealveatddOck 10A
and the transfer chanber is opened, and the sem conductor substrate 130 is

del i ver egriVitied detiveenans 188d |6kl 106 argiitHiethahsfer tpahitRRp is wabed, 4Adand is
di sposed therein. As described in the Non-Patent Docunent 1, a He plasma is

?ﬁg?;g;eggﬁ ?iégg@darﬁj;ue%@g%%ﬁ r130 islagiwrge@ithrtrgHER &fm 418, &iad ygliBed HePA,
10 to the N-type doping chamber 60 and is disposed therein. Herein, a PHs
plasma is generated with a PHs gas for ten seconds by the N-type doping, and
the N-type doping is carried out over the semiconductor substrate. The
semiconductor substrate 130 subjected to the N-type doping once passes
through the load lock 10C and is delivered to the outside of the apparatus by
15 means of the arm 110, and is delivered to a ioad lock 10E of the apparatus 82
comprising the N-type ashing chamber 80 for removing the photoresist on the
semiconductor substrate subjected to the N-type doping, and is provided in the
N-type ashing chamber 80 through an arm 116. A resist layer which is
degenerated and cured is removed by the N-type doping. Aithough all of the
20 resists may be removed, it is possible to sufficiently fulfill a function by simply
removing a layer having a thickness of approximately 20 nm which is
degenerated and cured in order to avoid the oxidation of the semiconductor
substrate. The semiconductor substrate 130 subjected to the ashing is delivered

to the ouiside of the apparatus via the load lock 10E by means of the arm 116.

26 The second case will be described.
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1o single crystal substrate to be anorphous. The sem conductor substrate
brought into the anorphous state by the HePA chanber 40 once passes through
the load lock 1 QA and is thus delivered to the outside of the apparatus,
and is then transported to the load | ock 10B of the apparatus 52 conpri sing
the P-type doping chanber 50 in order to carry out 15 P-type doping, the

| oad | ock 10B i s brought into a constant vacuum state and the valve 140B
provi ded between the |load | ock 10B and the transfer chanber is opened, and

t he sem conduct,or a ' el o] [ 09, nd is
guided to the B?t]? gpf&%”r& %g@%&%@;&%héﬁbﬁ?sﬁ%{)S%%g%%igﬁhg)r ghélgigpg

descri bed j.n the Non- Patent cunent. 1,. a B2H6 pl as ' ener.at for seven
2 secondBUBIES AN SR IR 5. oSy o hleRRe o PRGS 1he "t e
P-type doping is,.carried o the sem con t.or. suhstrate, . The

et bonddopartuE B2t samaaing the JBA BaRmBSt HO A U8 el e 'GRHdA TS PRtses
through the load_lock 1 OA and. is delivered to the outside of the apparatus,
and is tPERSYEF: dAetlgad deek Ha is Beaugheitgra epRstaphRGHUT SiEtechi®Yal¥¢e ng t he
25 P-type ashing chanmber 70 for renoving a photoresist on the sem conductor
31 subst 14PA pyg|dsst ketwegnithe lpad Jork Honiang, thadtensirr ¢herberisopensd. i s
brought into a constant vacuum state, the valve 140D provi ded between the

| oad | ocland the semiconpuctor awpstrate: hdatie delivergsetieaygtatite e 8@ntvdrguct or
substrate 130 is  delivered through the arm 106 and is disposed in the
P-type aghidey tththebbiePACChainber 48 iand ik alispossid itleréin. dAgetescabed indbdecured i s
renoved by the P-type doping. Although all of the resists nmay be renoved,
it is podurbPeatarh Botdmentent layHeuplaisiia & genecdtedfobygesemdecondsmati ag a

| ayer having a thickness of approximately 15 nm that is degenerated and
cured, i degreteioftvacaus df O RexbgathieoHeBA, thirebg axausimpacsemicontattoat e. The

sem conduct or substrate 130 subjected to the '
10  single crystal substrate to be amarphous.
The semiconductor substrate brought into the amorphous state by the
HePA chamber 40 once passes through the load lock 10A and is thus delivered
to the outside of the apparatus, and is then transported to the load lock 10B of
the apparatus 52 comprising the P-type doping chamber 50 in order to carry out
15  P-type doping, the load lock 10B is brought into a constant vacuum staie and the
valve 140B provided between the load lock 10B and the transfer chamber is
opened, and the semiconductor substrate 130 is delivered through the arm 100,
and is guided to the P-type doping chamber 50 and is disposed therein. As
described in the Non-Patent Document 1, a B2Hs plasma is generated for seven
20 seconds at a degree of vacuum of 0.9 Pa by the P-type doping, and the P-type
doping is carried out over the semiconductor substrate.
The semiconductor substrate 130 subjected to the P-type doping once
passes through the load lock 10A and is delivered to the outside of the apparatus,

and is transported to the load lock 10D of the apparatus 72 comprising the

256 P-type ashing chamber 70 for removing a photoresist on the semiconductor
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10 ashing is delivered to the outside of the apparatus via the |oad | ock 10D
by neans of the arm 106. The sem conductor substrate 130 is subjected to a
subsequent posttreatnent and a |ithographic step, and an N-type doped
region is then patterned and the sem conductor substrate 130 is thereafter
di sposed in the load 15 | ock 10A of the apparatus 42 conprising the HePA
chanmber 40. The load lock 10A is brought into a constant vacuum state and

t he val ve 140A provided between the |oad |ock 10A and the transfer chanber

I S opene : ] > D:é#ﬁ r%{cﬁt ' ] A the arm
90, and ?sgbgﬁlgg‘%gt??]gaﬁﬁ@qﬂgg%@%a eré’ aﬁﬁqgéaﬁ?%ﬁods%ﬁ’r'?‘%é‘bgf ?\MQ rein, a
He pl as i f C 0.9 Pa
by tho st BEIRETYED 006 AT PR e B TP Tl T el o

anor phous, state escribed in the Patent Docupent 1. 1n LS. case, a
B type T e FefeBE, eimaghds e ant RO PO EERE SRSIraB 380 een ng
mat eri al ch as,.a phot,oresi Therefore,, .inpurities havi di fferent
Char act erdavPEd anbgR s 0n DB S domsisetdn e FrA(E8 AT SRAPG Hbr | n ¢ he
HePA chanper. 32 The semi conductor substrate br oughcﬁ1 I nt o _t he anor phous
st at e bby A FRSIStHRE WhisH§densngried phdased it ERIGAVRTEY (R f-1Yeeidopit® and i s
thus delivered to the outside of the apparatus, and is disposed in the | oad
| ock 10C Adthqugh alhghineresissomay Re remeved. He iseessieledepsuficientdnisfl 80. The
load lock 1 OC is 5 brought into a constant vacuum state and the valve 140C
provi ded fosctiwehytsieply wawoViog i@ laper hadng ircthickness of aphawmately 1Spamed, and
the sem conductor substrate 130 is delivered through the arm 110, and is
gui ded t dhahdsNdegpperalepi angd chandder inc®@rded tos abkhdbedoxidatiennof Heeei n, a
PH3 plasma is generated with a PH3 gas for ten seconds by the N-type
dopi ng, aswnitbeddétby pebstrate. The semiconductor subsirate 130 subjected to the

10  ashing is delivered to the outside of the apparatus via the load lock 10D by
means of the arm 1086.

The semiconductor substrate 130 is subjected to a subsequent
posttreatment and a lithographic step, and an N-type doped region is then
patterned and the semiconductor substrate 130 is thereafter disposed in the load

15 lock 10A of the apparatus 42 comprising the HePA chamber 40. The load lock
10A is brought into a constant vacuum state and the valve 140A provided
between the foad lock 10A and the transfer chamber is opened, and the
semiconductor substrate 130 is delivered through the arm 90, and is guided to
the HePA chamber 40 and is disposed therein. Herein, a He plasma is

20 generated for seven seconds at a degree of vacuum of 0.9 Pa by the HePA to
bring the semiconductor single crystal substrate into an amorphous state as
described in the Non-Patent Document 1. In this case, a P-type impurity layer
doped earlier is wholly covered with a patterning material such as a photoresist.

Therefore, impurities having different characteristics can be prevented from

25  being mixed with each other in the HePA chamber.
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10 doping is carried out over the sem conductor substrate. The sem conduct or
substrate 130 subjected to the N-type dopi ng once passes through the | oad

|l ock 10C by neans of the arm 110 and is delivered to the outside of the
apparatus, and is transported to the load |ock 10E of the apparatus 82
conprising the N-type ashing chanber 80 for renoving a phot oresi st on the
sem conduct or 15 substrate subjected to the N-type doping and is disposed in
the N-type ashing chanber 80 through the arm 116. A resist layer which is

ggsﬁsf;j;:;* e %g@gahavé@gsugg@%bw%ea% T
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by nmeans of the arm 116. A third technique is a neth of first carrylng out
t he HePAaPﬁa%ﬁtvﬂﬁg;f@mmrﬁ%me ahwparﬁqmrﬂgfsléar@héﬁﬁer Jﬁe load seckutdf g
executin

g pe or N-type 25 dOP 33 At | east one sem conduct or
subst? at rqmtulmﬁ%p@rhstﬂnbvanugr@é @@@d theegien146C ruevided dgtwgen the
phot oresi st via the lithographic step is disposed in the |oad |ock 106. At
this timgad heck-dPA mpdfthestraesfec hamiisy issopenecheam tiheesendicphdgctohanber
50. 5 The load lock 106 is brought into a constant vacuum state, - the val ve
1406 prosudsidatee! 3@ as detigeteshthrbogl th®Brand1® handrianpfided (toathbdﬂ-ty;se opened,
and the sem conductor substrate 130 is delivered through an arm 100, and is
gui ded t doping Rhiayierdépi agdclsandispossd #nsteirs diHepeiacca tiPHs eplasmBefierring to
the HePA to be first executed, a He plasma is generated for seven seconds at
a generated with a PH3 gas for ten seconds by the N-type doping, and the N-type
10 doping is carried out over the semiconductor substrate. The semiconductor
substrate 130 subjected to the N-type doping once passes through the load lock
10C by means of the arm 110 and is delivered to the outside of the apparatus,
and is transported to the load lock 10E of the apparatus 82 comprising the
N-type ashing chamber 80 for removing a photoresist on the semiconductor
15  substrate subjected to the N-type doping and is disposed in the N-type ashing
chamber 80 through the arm 116. A resist layer which is degenerated and
cured is removed by the N-type doping. Although all of the resists may be
removed, it is possible to sufficiently fulfill a function by simply removing a layer
having a thickness of approximately 20 nm which is degenerated and cured in
20 order to avoid the oxidation of the semiconductor substrate. The
semiconductor substrate 130 subjected to the ashing is delivered to the outside
of the apparatus via the load lock 10E by means of the arm 116.
A third technique is a method of first carrying out the HePA in a P-type
chamber and an N-type chamber and subsequently executing P-type or N-type

25 doping.
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1o degree of vacuum of 0.9 Pa, thereby causing a sem conductor single
crystal substrate to be anorphous as described in the Non-Patent Docunent

1. Next, a reactant gas is switched for the P-type doping. As described in

t he Non-Patent Docunent 1, a B2H6 plasma is generated for ten seconds at a
degree of vacuumof 0.9 Pa by the P-type doping, and the P-type doping is 15
carried out over the sem conductor substrate. The sem conductor substrate
130 subjected to the P-type doping once passes through the |l oad | ock 10A and

i's delivered t tHQSstOHﬁ? ﬁygén&u'ﬁoﬁgﬁﬁét?%t@?ﬁ@{ﬂg hich Vtﬁé‘gpg{% m%\ pé’gt he | oad

| ock 10D of the apparatu risrn ashin 0 for

l;f{*%'e:ﬁa;%f JIERHERRL bﬁi”%Eﬁ@;@%‘"\ﬂﬁq**%t‘@*ﬁpﬁﬁggﬁﬁ Sﬁ%ﬁ S IRESTn e 05 1
At hough 8 G\ § ﬁ@i”?ﬁ*@} a0 % Aiagﬁs@sgfehq@%éﬁyiv%gfgyf% @?}?ﬂ'ﬁf ci ently
appr oxi maBINY AETRFDCh | 3 QZS‘ZX;P& S and cured in order 1o avol d the

oxi dati on of th sem conduc ubstrate. 34 The sem conductor substrate
130 s®bj ected tHetIREILERK NG gs H@qg, i@ @ sonsiast yacdumesigie.11he alar at us
via the load lock 1 OD by neans of the arm 100. The sem conductor substrate

130 is sUpPBcRrayides 'aetw@@et@@éﬁ@d 9736108 @ndnibatiransieracharpeigiSapenedst ep, and
an N-type det%ed region is patterned 5 and the sem conductor substrate 130

i s there&hd eoﬁ%'p@@éduch@rtambstra@dw&@( deli@redrhraughoanarm 108camdP®d i s al so
executed over a region subjected to N-type patterning by using the Ntype
dopi ng cloairdsst tocihe RHppe dapingochiamioe 58 abddaglispdseddheareionsRafarringdaum
state, the valve 140C provided between the |oad | ock 10C and the transfer
chanber itflse bis#teld, be first executed, a He plasma is generated for seven seconds at a
10  degree of vacuum of 0.9 Pa, thereby causing a semiconductor single crystal
substrate to be amorphous as described in the Non-Patent Document 1.
Next, a reactant gas is switched for the P-type doping. As described in
the Non-Patent Document 1, a B;Hs plasma is generated for ten seconds at a
degree of vacuum of 0.9 Pa by the P-type doping, and the P-type doping is
15  carried out over the semiconductor substrate. The semiconductor substrate
130 subjected to the P-type doping once passes through the load lock 10A and
is delivered to the outside of the apparatus, and is transported to the load lock
10D of the apparatus 72 comprising the P-type ashing chamber 70 for removing
a photoresist on the semiconductor substrate subjected to the P-type doping and
20 is disposed in the P-type ashing chamber 70. A resist layer which is
degenerated and cured is removed by the P-type doping. Although all of the
resists may be removed, it is possible to sufficiently fulfil a function by simply
removing a layer having a thickness of approximately 15 nm which is

degenerated and cured in order to avoid the oxidation of the semiconductor

25  substrate.
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1o and the sem conductor substrate 130 is delivered through the arm 110, and
I's guided to the N-type dopi ng chanber 60 and is disposed therein. Referring
to the HePA to be first executed, a He plasma is generated for seven
seconds at a degree of vacuumof 0.9 Pa, thereby causing a sem conductor
single crystal substrate to be anorphous as described in the Non-Patent
Docunment 1. 15 Then, a reactant gas is switched for the N-type dopi ng.
Herein, a PH3 plasma is generated with PH3 for ten seconds by the N-type

dopi ng, and ¢ heydatRafaRiEn sl S 1ERC M BN S idie- RGNS OBNSLAT

substrate. The sem con ate ect ed ype dopi ng
once pas th f IS thus
20 del i v ﬁéahf%@#ﬁﬂthoﬁ%ﬂ%éﬂe e @&ﬁ%oi%gﬁ?ﬁgﬁhﬂs%%eoﬁsﬁ% Sh B %
sem conduct or str 130 i s | i,V the. lo ock 1 of the
apparatus 82 cj'#% %ﬁgort‘ léCtRF t?@’é‘fﬁ ﬂ Warﬁﬂapl’ecggd ch' HE nLthe
photoreS|st on .t he, se nduct str ubjected to the dopi ng,
and 1's dPERBSETER 2Rl Attt St erd - ghe: ﬁgf%'Sz%atﬁeryrﬁ?
Herein, a resist er whic nerated a curedls enpved 35 the
N typh dapee SaminTRpee $utbﬁfra@¢1§95é% er S e echip JBa 0ad 107 1§§ss. ble to
sufficiently fulfill a function by sinply renoving a | ayer haV|n%
t hi cknes$ it ofaphr He Hakh s 2@18%@@&%6(# SOV@ég%rf@Q!ﬁreéumt%ﬁ@dN YR or der to
avoid the oxidation of the sem conductor substrate. The sem conduct or
subst r at @atiemisg dyisng e Notypasioping elgmieed@li vered to the outside of the
apparatus via the load |ock 10C by neans of the arm 110. Referring to a
fourth techni quée leas-logkhd 0sF isNbroyght doloan tcopstsst aacauirsstati, | theedlWe t h He,
and PA and doping are sinultaneously carried out on a condition that a HePA
ef fect i d4&Chpvidst! betwesn thaneadiloak 10C and the transfer chamber is opened,
10  and the semiconductor substrate 130 is delivered through the arm 110, and is
guided to the N-type doping chamber 60 and is disposed therein. Referring to
the HePA to be first executed, a He plasma is generated for seven seconds at a
degree of vacuum of 0.9 Pa, thereby causing a semiconductor single crystal
substrate to be amorphous as described in the Non-Patent Document 1.
15 Then, a reactant gas is switched for the N-type doping.
Herein, a PH: plasma is generated with PH3 for ten seconds by the
N-type doping, and the N-type doping is carried out over the semiconductor
substrate. The semiconductor substrate 130 subjected to the N-type doping
once passes through the load lock 10C by means of the arm 110 and is thus
20 delivered to the outside of the apparatus.
Subsequently, the semiconductor substrate 130 is delivered to the load
lock 10E of the apparatus 82 comprising the N-type ashing chamber 80 for
removing the photoresist on the semiconductor substrate subjected to the

N-type doping, and is disposed in the N-type ashing chamber 80 through the

25 arm 116. Herein, a resist layer which is degenerated and cured is removed by
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10 The load lock 10B is provided with at | east one sem conductor substrate
130 in which the P-type doped region is patterned with a photoresist through
a |ithographic step. The load | ock 10B is brought into a constant vacuum
state, the valve 140B provided between the |oad | ock 10B and the transfer
chanmber is opened, 15 and the sem conductor substrate 130 is delivered
through the arm 110, and is guided to the P-type dopi ng chanber 50 and is

di sposed therein. Herein, a B2H6 plasna is generated for seven seconds with

3 B2H6 % p-3Sibgi."| Mithddh ol e (RRIPHYAS: FARbIGk, iERbAdRIEN YPe

doping is car over t sem conduct or “su sem conduct or

PuDst 1.5, AR BUEAR 89,042 Yo g B0G9A s vitiaugl he | oad

| ock 10A s del'lvere e’ appar a
transpor I f a r | Sl P-type
ashi ng c%&ﬂ{éﬁm%ﬁ\’ oﬁ ?’é’&rﬁ@%h? g’%@ﬂ%@?ﬁﬁ@? Cg‘{ﬁg@hﬁ? SE@%‘S%&Y@M%%m rate
subjected tp .the P.type dopi and  is . disposed i.n the P-type ashj chanber
20, A+ oeridBtiptvel; el BEmI IR G ognalBif e o i cpontiPodvator s BSedRo) e
P-type dopjn t hough .all of the ,36 resists be rempved, it i
Posor ) o ShbRindYa e dohing i Ariverac 43 gt PUlsas o Tk, PoparaBir e dosdy er
havi ng a thi ckness of ap{)roxi mately 15 nmwhich is degenerated and cured in
order t o leRKol QL Penesniat iera 11Pe seni conductor substrate. The
sem conductor substrate 130 subjected to the ashing is 5 delivered to the
out si de of theRgirangttasa fauith ieshnisie, rotitypor Bitylpeanpant suhstangeds 100. The
sem conductor substrate 130 is subjected to a subsequent posttreatnment and
a | it hogddpteidewigh Ee, andPAanddoping arepduultangairsly eapgdiat 9eca canditiome
sem conductor substrate 130 is thereafter disposed in the |oad | ock 10C
that a HePA effect is exhibited at the same time.
10 The load lock 10B is provided with at least one semiconductor substrate
130 in which the P-type doped region is patterned with a photoresist through a
lithographic step.
The load lock 10B is brought intio a constant vacuum state, the valve
140B provided between the load lock 10B and the transfer chamber is opened,
15 and the semiconductor substrate 130 is delivered through the arm 110, and is
guided to the P-type doping chamber 50 and is disposed therein. Herein, a
B2Hs plasma is generated for seven seconds with a BzHs gas diluted mainly with
He by the P-type doping, and the P-type doping is carried out over the
semiconductor substrate. The semiconductor substrate 130 subjected to the
20 P-type doping once passes through the load lock 10A and is delivered to the
outside of the apparatus, and is transported to the load lock 10D of the
apparatus 72 comprising the P-type ashing chamber 70 for removing a
photoresist on the semiconductor substrate subjected to the P-type doping and

is disposed in the P-type ashing chamber 70. A resist layer which is

25 degenerated and cured is removed by the P-type doping. Although all of the
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10 Herein, a PH3 plasma is generated for ten seconds with a PH3 gas diluted
mainly with He by the N-type doping, and the N-type doping is carried out
over the sem conductor substrate. The sem conductor substrate 130 subjected
to the N-type dopi ng once passes through the | oad | ock 10C by neans of the
arm 110 and is thus delivered to the outside of the apparatus. 15
Subsequently, the sem conductor substrate 130 is delivered to the load | ock
1CE of the apparatus 82 conprising the N-type ashing chanber 80 for

ooVt ndddiReiiial et i RepSETREURUTHANBYRIHA & FrEith 35 Sfolp the,
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the sem conduct or substrate 130 is ended by the first to fourth nethods, and

the senPEBI@P%tor substrate 130 is transferred to a subsequent anneal i ng
step. Since the P-type region and the N-type region have already been close

to each 5 ot helhensanigguiuciote syistraten B30 tike suhiested nip A epybsadquest act ual Iy

i mpossi ble to execute the step separately. However, the delivery and
anneal i ngostireabventcand iadidhognaphic stegasnd@amoN e doppdahrgidods patternashct to a
sem conductor in a vacuum wth an inert gas or at an ordinary tenperature
i n order and tpe semitoraluckursubstrate 130 s thereafimndisposediin thabwasldoek &@Par at us, a
vi ci nal apparat us
10 Herein, a PH; plasma is generated for ten seconds with a PH; gas
diluted mainly with He by the N-type doping, and the N-type doping is carried out
over the semiconductor substrate. The semiconductor substrate 130 subjected
to the N-type doping once passes through the load lock 10C by means of the
arm 110 and is thus delivered to the outside of the apparatus.
15 Subsequently, the semiconductor substrate 130 is delivered to the load
lock 10E of the apparatus 82 comprising the N-type ashing chamber 80 for
removing the phdtoresist on the semiconductor substrate subjected to the
N-type doping, and is disposed in the N-type ashing chamber 80 through the
arm 116. Herein, a resist layer which is degenerated and cured is removed by
20 the N-type doping. Although all of the resists may be removed, it is possible to
sufficiently fulfil a function by simply removing a layer having a thickness of
approximately 20 nm which is degenerated and cured in order to avoid the
oxidation of the semiconductor substrate. The semiconductor substrate 130

subjected to the ashing is delivered to the outside of the apparatus via the load

25  lock 10C by means of the arm 110.
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10 subjected to a delivery by a delivering nmethod taking the handling of the
surface into consideration or an entirely different apparatus. |If B2H6 or
PH3 used as an exanple in all of the enbodinments is utilized, noreover,
hydrogen is al so introduced when boron or phosphorus is to be introduced.
In this case, if the hydrogen does not carry out a nonpreferable 15 action

i n a sem conductor apparatus as a result, it nay be introduced at the sane
time. Although the description has not been given in the enbodi nents, a BF3

gas is often u | n ' t i WA Y rine is
al so i ntroduce méewa&rgx%gﬁﬁ%c?g@gg% fﬁ%ﬂ%%ﬁ%%@" fyﬁ’)et %’P@ﬁcgbgedolpﬁ'ﬁlﬁé
fluorine, does.not carry out. a npreferable action ip a sen can t or
appar at udnasoniES il o3 A0 WERRc By itk Bt 16 Poirh Befibds Re 1R
<I NDUSTRI AL .APPLI CABI L] TY> In.an intrqduction of an inpurity into, a
Sent cona FErPORTHPE sHasate T3ls FERTTETE" 0P 2 SRPOHRRLENBLUEh a1 us, i (
I S possible tgﬁé)éevent subst ances. = 25 retaini n% electrically positive and
negat i ve YHS® riygeiregionrand He Noype xegionihaye alieadyhegclase to eagr eby
controlling an amount of the introduction of the inpuri t%/( with hi %h
preci §i orPthemhisy aflaynerfine Pattaie @t itoa anneating cteroit ipracklyf imnassitig ta i ne
sem conductor integrated circuit apparatus such as a VLSI. 5 39 CLAIMS The
i nvent i oréxecaiantiae i step 1separgiels ndHeweverg thetdrlivenorango pnngaling ¢enabe by
using plasma for a substrate, conprising: doping the substrate by a first
dopi ng nutasrédiiouhin a gas stmosphere which does not react to a semiconductor in a

vacuum, with an inert gas or at an ordinary temperature in order to protect a

surface of the semiconductor in the same apparatus, a vicinal apparatus

10  subjected to a delivery by a delivering method taking the handling of the surface

into consideration or an entirely different apparatus.

If BoHg or PHs used as an example in all of the embodiments is utilized,
moreover, hydrogen is also introduced when boron or phosphorus is to be
introduced. In this case, if the hydrogen does not carry out a nonpreferable

15 action in a semiconductor apparatus as a result, it may be introduced at the
same time. Although the description has not been given in the embodiments, a
BFs gas is often used in the semiconductor industry. At this time, fluorine is
also introduced when boron is to be introduced. In this case, if the fluorine

does not carry out a nonpreferable action in a semiconductor apparatus as a

20 result, it may be introduced at the same time.

<INDUSTRIAL APPLICABILITY>
In an introduction of an impurity into a semiconductor substrate in a
manufacture of a semiconductor apparatus, it is possible to prevent substances

25  retaining electrically positive and negative characteristics from being mixed at a
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chanber and then doping the substrate by a second dop- ing nmaterial at a
second chanber; delivering the substrate to or fromthe first doping chanber
by a first delivering nmechanisnm and delivering the substrate to or fromthe
second dopi ng cham ber by a second delivering nechani sm wherein al
components of the first and second delivery nechanisns are conpletely
separated fromeach other by a partition wall, wherein the first and second
pl asma doping chambers are disposed in a transfer chamber, wherein P-type

it he saeR 4R Bitreny shiifolind 3h AR nd PitcHHATof O ke B o
doping. matdb@TRAEBR ﬂé@?%fO@?d B v oTRTaEAteRufh ToC T Gl 2 e P 0

substrate doged m%th ﬁg ﬂ%' terlal a third chanber; and
treating YOHACQUGHGE" ‘lnegf@ Clvﬁ"f' i@ ifiP'mate- rial at a fourth
chanber; 40 wherein the treatnents carrled out inthe third and fourth
chanmbers are different fromthe treatnents carried out in the first and
secon% chambers, and
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wherein the third and fourth chanbers are disposed in the transfer chanber.
3. The pl asma dopi ng net hod according to claim?2, wherein the treatnents
carried out in the third and fourth chanbers are renoving a resist |ayer
formed on the substrate. 4. The plasma dopi ng net hod according to claim2,
wherein the first and third chanbers are arranged to be closed in the sane
pl ace. 5. The plasma dopi ng nethod according to claim2, wherein the second
and fourth chanbers are arranged to be closed in the sane place. 41
CLAIMS

The invention claimed is: .
1. A plasma doping method for doping materials by using
plasma for a substrate, comprising:
doping the substrate by a first doping material at a first
chamber and then doping the substrate by a second dop-
ing material at a second chamber;

delivering the substrate to or from the first doping chamber
by a first delivering mechanism; and

delivering the substrate to or from the second doping cham-
ber by a second delivering mechanism;

wherein all components of the first and second delivery
mechanisms are completely separated from each other
by a partition wall,

wherein the first and second plasma doping chambers are
disposed in a transfer chamber,

wherein P-type doping is carried out in the first chamber
and N-type doping is carried out in the second chamber,
and

wherein the first and second chambers are separated from
each other and are disposed in a closed space.

2. The plasma doping method according to claim 1, further

comprising: '

treating the substrate doped with. the first doping material at
a third chamber; and

treating the substrate doped with the second doping mate-
rial at a fourth chamber;
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wherein the treatments carried out in the third and fourth
chambers are different from the treatments carried out in
the first and second chambers, and

wherein the third and fourth chambers are disposed in the

transfer chamber.

3. The plasma doping method according to claim 2,
wherein the treatments carried out in the third and fourth
chambers are removing aresist layer formed on the substrate.

4. The plasma doping method according to claim 2,
wherein the first and third chambers are arranged to be closed
in. the same place.

5. The plasma doping method according to claim 2,
wherein the second and fourth chambers are arranged to be
closed in the same place.
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