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 egphdtafud ahk! £ PIAUMY ddBthd MetY HicsbRel RFirMbIaRITEN! iBn Dritgast ance

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



constituting the closing or sem closing environnment. The deposited substance
cones in contact with the plasma, and is thus sputtered again by the energy
of the plasnma and is mxed into the plasm 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
the deposited substance is honbgeneous to the inpurity in the plasma, a

bal ance is nmaintained by the deposition and a rem xture. |f the deposited

substance i s heterogeneoqus, a  different kind of sybstance fromthe inpurity
feﬁje Irg,|agsq$ﬁh% RP¥idgd1 FRTtECct H‘ét?”blﬂﬁ RAESTEB N8 §UBHRTIFNC] he

cont ai ne§epHs!
characteristic of the inpurity contained in the plasma is confused. As a
resul t, renstdutingdiarclasing er sewifiesing gnyibadment.1 nkhe grpesitacesilgtancand

amount of the inpurity to be doped into a sem conductor thin film For this
reason, ch@es|iasantaipriiythecplasma, andJedhyg spulderedi again byshe erergyahuf act ure
of a sem conductor on which the characteristic greatly depends 15 based on
a very stha pladifaf ane rcmixead iato themlasmaiheomeveasesr antldhve plasopoard thdat a
vacuum chanber is sorted every type of an inpurity to provide a speci al
chanbgr thindilrdearet lsroaght thtd lrekint of wistionaPattate bhos syrihiesik) of dempetihgng to the
Pat ent Docunent 1, for exanple, a right chanber is used as a P-type doping

chanber pfociizdes dfehé dopvzhivn asd dsedpaserify. anf thd YeposieRl Bdbsthasdes 60 in
Fig. 5. A sem conductor substrate 130 is subjected to P-type patterning

with a pRefRIgahkdlis aBCtHR- fRRiti QRItAE plEsMEl EOpaRfcei 8 hBRILSA tRo, and

subsequently,” the sem conductor substrate 130 is subjected to N-type
et eer BP0 BAARASLEL R MRS BB 417,
L mpuri Y gifeide kihl drSs RIS FofCtrRVidirt) Softaitdtd fr He bidd i Riixed
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



having different characteristics. Therefore, it has been found that the

pl asma doping can be utilized in the manufacture of the sem conductor. The
i nventors according to the invention further found that an anorphization of
a silicon single crystal substrate through an inert gas, 5 particularly, a
He plasma plays a very inportant part (Patent Docunment 2). More
specifically, even if a large anount of He is irradiated for a | ong period
of time in a He ion inplantation through a conventional beamline ion

i mpl antation, .the silicon single1%%¥%%ﬁl substrate cannot be anorphized.

Thi s has NB¥&W dfferghrhiaragrgstics 4 re.nipNaatkaanofeundothst the plasma 2004.

When the plasma 10 is used, however, a |arge ampunt of He (which is al nost
100 ti nedoaing eqrybe adilizeq i Hiromanutsctye qfdhe isepicadudi@n) is irradiated in a
unit time at a_much lower energy as conpared with the past commobn sense.
For this reasonhei tinyR¥okse eaccor t%ngdt@ hthe tingestian clonther ntpunderthet aéni s al so
anor phi zed. Referring to the effect of the anorphization through He, an

i mpur ity amorphizatianr ofl ux esllicarb sstiogle ntiystal o sobstsateu thraugbushy ingrt lgashe

anor phi zation so that a profile in a direction of a depth of the inpurity

I s changedrticuldryy, | Hendddma (ibps-Pacgntimpodante partl)Pat€on Oxguerdrty2). it is
possi ble to produce a special advantage |linked to an enhancenent in a

uni f or m WorarspezifR2ily, Sleroif d lReg@amoint odHd ReimaRed for a 28hd betied @bvi ous
that a sinple mxture of an inpurity, for exanple, B2H6 into He does not

produce §nfPipca #e Bhfifplantdien tHroagh BVesHvRhEoRRIdSe R lIRXREH iMBRintatiopr Pl asma
doping in the early stage, B2H6 was diluted into 5%wth He and was thus

used as ﬁ?é%ﬁii??ﬁdsihgléa é‘ﬁ%ﬂﬂ ﬁb"s‘ﬁ’é‘?ffcaﬁnoﬁ%’e%@br Hized@STHIEARSS bRER 4 ©

produce the advantage of the anorphization. at ent Docunent 1 : Japanese

Pat ent  Neonp{8944RsSRF ShiibldhbRhtation 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



3 Patent Docunent 2 Japanese Patent Application No. 2003-041123 Patent
Docunment 3 : Japanese Patent Application No. 2004-360122 Patent Docunent 4
. Japanese Patent No. 2022204 Specification Non-Patent Docunent 1 : YSasaki
et at, "B2H6 Pl asma Doping with In 5 - situ He Pre-anorphyzation", 2004
Synposi a on VLSI Technology and Circuits Patent Docunent 5:

JP- A- 2004- 179592 <DI SCLOSURE OF THE | NVENTI ON> <PROBLEMS THAT THE | NVENTI ON
IS TO SCLVE> 10 It was found that substances are mixed in very small anounts
in a mechanismfor deliveri a sem conductor  substrate an step of
removing a paﬁ%‘?ﬂ'ﬁ‘?ﬁ%ﬁ’ﬁggﬂm T 3ENE QPRECALGR 'ﬂos%q)ﬁ%gﬂi or
substrate in addition to a nmain nmechani smfor _executin | asnma_dopi ng, for
exanpl e, a pl aS@entfiessnent 3hdapanase El%i@nbéﬁﬁ“%ﬁtmpegq&%%ﬂé@a conf usi on
on the sem conductor_15 substrate due to the m xture of a very small anount
of substances Weitent Recument 4 rdapanesgtPatent Ne. 2002204 Sprrifisator pat ent
application described in the Patent Docunent 1 was filed, that is, a

so-cal | ed cont dlemnBaieoh Dacugmmdriat ¥dasakieet aly ¢ B2HENP lasmnzbBeopingaalith ilm
consideration of the actual circunstances and has an object to provide an

i npur 5ty - situr ldd Rreramorghyadtian’d 2008 SympogiaontWl.$infechdokigygarab@acaitsis whi ch
can prevent a contam nation and can introduce a desirable inpurity with a

hi gh conPregémtabodirngnt 5MEANS-200R-FRSENG THE PROBLEMS> Referring to
impurities to be introduced into a sem conductor substrate, 25 in the case
in which there is no problemeven if different kinds of inpurities are 4

<DISCLOSURE OF THE INVENTION>
<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



m xed with each other, they can be treated at the sane 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
each other. In addition to the follow ng distinction of a reaction chanber,
It is also 5 necessary to distinguish a step in relation to a nechanism for
delivering a treated wafer or a poststep (a renoval of a photoresist wll
be taken as an exanple). Mire specifically, plasma doping is a nethod of

i ntroducin n.,.i ri by a contac i th lasma differently froman ion
ol ant TP M Shatbean earen b FeReHRGIR SATE PGy HehevErdt & it vas
found that a 10 consérgéarablly smal | anmount of contanm nation _greatl

i nf | uencBECRIFENYHRUPYERGW CliBINate @ SEMPH ANtV & Ht%@fa@yf%&’igi%g
attention thereto, the conbination in which the inpurities are mxed with
each ot he#MicorRHGOranparEivais advareslydnfluancedvhesutheyspdeixed witkceaghdi ngly, a
conbi nati on of plasnma dopi ng steps which nmakes a 15 distinction depending
on a chaether.erinsaddition tartherfpliowing distiagticnodi avieactiom chaimibem iblisaiao

anor phi zation (HePA) is executed in P-type and N-type regions on a

seni condoetersasy it distieguibn cugher ichratdion ®© @t mdohansandor idetiyesmgl a
patterning is carried out using a photoresist to execute B2H6 dopi ng over

t he P-typeateeivafert br @ugbsiatephéarremoBal S6ilzs photoresigt wilhdeNtdikepeagCarr egi on i s
patterned with the photoresist and is thus opened, and PH3 doping is

execut edekdripikgh Mdreagpedifi€ally? plagmaaddndgiisda ibehatr bedhtesdudivgrart he
sem conduct or substrate by using the photoresist to execute the HePA over

Drabp TSRS & SRRt VIt o gietie cifbrenny g ey et e
phot or esjrgdiaffidy | &n liBHShARRPCH highexREMye (TWerefore, 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 HePA through the chamber B, and subsequently, to dope PH3. 3 The
patterning is carried out over the sem conductor substrate by using the
phot oresi st to execute boron doping over the P-type region by a B2H6 pl asma
diluted with He into a dilution rate which has a HePA effect through 5 the
chanber A. Subsequently, the N-type region is patterned by using the

phot oresi st and is thus opened to carry out phosphorus doping with a plasna
by PH3 diluted with He into a dilution rate which has the HePA effect

t hrough th Al re process for a

phot or esi'4§ ﬁﬁ?f&’Hgﬁéh Uﬁf‘ﬁ? éﬂ@“@ﬁé‘?&?@@‘?’ﬁh Lo %Bﬁ% an inpurity,
noreover, a tr i ng |sm|s used in.a m_or a wet type.
Therefore, an ﬁwpurl t esP% %mmﬂ %%ﬁrﬂﬁgtw&v%ttﬁgcﬁe@}{cg@%%ﬂhaﬂlﬁtfﬁte
substrate and a thin filmadheres to an inner part of the treating

mechani sfhyal;'jﬁ'ﬂﬁ thet phetoreizisie; gHacute, belks dopig avst theeP dype lﬁ%91°§LFB/s?ance
thus stuck in another treatnent again. Even if the anbunt of the 15 m xture
is very diehlsiplasmaciieicd wibre irgog dilugan seteswiichiap a hePAwffacl $irgugbf t he

sem conductor substrate m ght be confused to reduce a yield of the newest
seni céndubeoehamber 4 uSubsequantiynghy N-trpenaegideviss pattermiedi by i usjng shet r eat i ng
mechani sns every characteristic of an inpurity, thereby avoiding a m xture
at the phptodoresist and2s theshopemed &t eqry ouigphicapberushdopinglvdtioé pidsama by

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

mechani srRHaddutesleditiexdd irtove dilutidm rateadtich deal thef HePArafiest tiwaughahear |l y,
the devisal causes an increase in a cost. For this reason, it is preferable
t o det er shaentsgr Bnpl oynment based on a relationship with the yield.

Also in an 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



25 In order to exhibit a serial function, furthernore, coupling through one
6 vacuum coupling portion and an acconmodation in an integral enclosure are
effective in another sense, that is, a surface of the sem conductor can be
prevented from bei ng oxidi 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 5 substantially. Mre specifically, by using wafer delivering
mechani sns nanaged hi ghl'y in a sem conduct or nanufacturing factory and

their nana t ons 0SS rial function by
the pr eodCHLEY chHp %%;B’é?ﬂéﬂ"hé”ﬂ %ﬁacearagmdt@?'eﬂ ‘Pt iBefy o nct ) on
as a resul ven if a great Etance ' f?erebetmeea or they are not
stored i ETGFRIVENEN BEQINET 1¥571580 thakiHnd ?H @%jﬁﬁ@ﬁ?n'ﬁﬁpﬁéﬁmbpﬁory I'n
t he extrene, also in the case in which a certain step described in the

i nvent i orPre¥eRigddEomhaing eyidizedancpadiclescanihg W%‘@%@%@P"&P@Wg gHekt o be
executed in a factory B, other slight adverse effects such as

cont ani ndtVeh iff thenelirraibinehtakan, dhei eriteaiseot thq)mnbpescafaheb@tlhzgdpposed
However, the execution is not very hard in these days in which a 15 highly
physi 6al siibstantiallyi onMoyet epeaficaltyai hy ngsimge |wafenedslitssingeenechanismact or i es
I s established, and does not distort the essence and nmain point of the

i nvent i ormanagetd eéighiptin degpamicohduotor marsdacterriof febery mndnthermbnoagiogn be
basically achieved. Mre specifically, the invention provides an inpurity

I nt r oducifapctidts, aiprar phssiblentd axhiitpar adtisl funatipnwhy dheupesanpé asfimani n
treatnents at all of steps or a part of the steps to introduce plural Kkinds

of i mpur Iépmamtqmap%@badle sfgomliag thesafigfudictibe asta RRelt@vehlita grédtow ng
mechani sms is included or one of the follow ng mechanisnms is intended for
the apparg@itapicsri@Uunatie HiefehetwdBANGT they are not stored in one enclosure for
10 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



that respective inpurities are not mxed with each other in the case in

whi ch 25 nutual specific functions are damaged if desirable inpurities which
are required 7 for the introduced inpurity to directly or indirectly cause
a solid sanple to retain electrical, nmechanical or sone specific functions
are mxed with each other during a treatnent at an inpurity introducing
step: 1 an inpurity introduci ng nechanism which is independent every 5
desirable inmpurity; 2 a solid sanple delivering mechani smwhich is

i ndependent, _every desjrable inpurjty;. 3 a delivering mechanismfor |inking
e § mpufdtt el odeRT Wi Breehy hirRethe SRS SRV aTaR Fvor PR

mechani sm whi ch are i ndependent 10 every desirable inpurity; 4 a nmechanism
set excl 8aclita) SRGhpNiel ragPrae; sRRATIG yunslignssars, mixed Wit @e¢B alhebsin to
prevent a mxture with the other inpurities; 5 a sanple delivering nechanism
for |inkPHENE apireatmentyat @ impsiity tjrodusingost@pi ng appar at uses which is

I ndependent every desirable inpurity; and 15 6 a nechanismfor delivering a
sanpl e and a sinpl e gnompuribeinireshictnigemeabanismywhiay isdodependgpavaryses

whi ch are i ndependent every desirable inpurity and an apparatus for

r enovi ngdasiraklerimptiniégy;desi rabl e inmpurity inplies an inpurity required for
the introduced inpurity to directly or indirectly cause the solid sanple to
retain the el e2tricah, solt) sapgplandeleripy swvhasizesi Whichf indhdependeand may be

one inpurity or plural kinds of inpurities. In the invention, in a
manuf act eyeryodedrdifgimpadyct or apparatus prior to
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



a design of the apparatus, the apparatus is designed to execute, by

| ndependent nechanisns, a step of extracting a step requiring a plasna
step, a step of 25 extracting an inpurity which is necessary for the
extracted step, a step of 8 deciding whether the inpurity influences
subsequent steps or not, a step of extracting any of the steps which is
deci ded to have an influence at the deciding step, and the extracted step.
Mor eover, the invention provides an inpurity introducing apparatus and 5 an
appar at us,_group which yse S n treatnents at, al or _a part
of P2t he el wHeer, it il ﬁavaf?'uﬁwa%s SHbTRRE B i oot S SR Bhus o
substrate or a sen1 nduct or t&a Il m wherein at_|east one of the

fol | owi nsxﬁﬁé%tl'%?@)‘rﬁ steps Wi '%ﬁ‘e%ﬁjl%d i hayg andnflugnceptiBe Kigsiding i s

intended for the apparatus group in such a nanner that respective

i npuri ti &¥PacBdibe erREEAFER each other in the 10 case in which nutual
specific functions are damaged if desirable inpurities which are required
for the introdieasgovemihe nyventionipreddes asrimphidity edtaducinguarparatusoandl sanpl e
to retain an electrical specific function are m xed with each other during
a treat mantapp@ratusi grpup iwhich nse adplesmg istteatmentsnati alpof stepsionter paftiof ng
mechani sm whi ch is i ndependent every 15 desirable inpurity; 2 a solid

sanpl e déie stepsrg imeahenel araMkinds of smpodispeindtte atsendeenguderssulmstdaée bnpuri ty;
3 a delivering nmechanismfor linking the inmpurity introducing mnechanism and
the solid sanigbaddetor eini fing, Neehaini stieubt ofe af ¢hé folkRpeng endchatlisray ¢ y

desirable inpurity; 4 a nmechanismset exclusively every desirable inpurity
and 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
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



serving to renove a resin to prevent a mxture with the other inpurities; 5
a sanple delivering nechanismfor linking a plurality of inpurity :

i nt roduci ng apparatuses which is independent every desirable inpurity; and
25 6 a nechanismfor delivering a sanple and a sanple group 9 between the

I mpurity introduci ng apparatuses which are i ndependent every desirable

I mpurity and an apparatus for renoving a resin. In addition, the invention
provides an inpurity introducing apparatus and an apparatus group whi ch use

a plasma_ip treatnments at .al]| of steps or a part, 5 of the steps to
ot oducEePaRhing, My Rirpeiiod SPherelisastihih SmndePaErLiareR | east
one of the follaw ng, nechanisns is included or one of the follow ng
mechani sRESaPIE by ap tantwaéﬁé‘ﬁrfaf (REY¥88 7 1€F!"such a manner that
nonpreferable ippurities are not, mxed with each other in_the case in which
desi rabl e i npur it AEditieBg e davardioncRIGYIdeS 8RNIty INdEapcing grpatalis
el ectrical, 10 nechanical or sonme specific functions do not danmage the
f unct i onaBgd&N ARPArARIS grere whiste usetiawraa in erbnerts &t al) oh stapsardpart at an
impurity introducing step in sone conbination and danage the nutua
speci #i cof thecstepado intraduseqluesl kircisjimatrites into arsdlifmanplg, wheraidati ng
mechani sm capabl e of sinultaneously 15 introducing inpurities which do not
damage t lemst wne iofnthev ésllomfing egcharesms xisdinchiddd eactnatdiethe ollowsnd i d
sanpl e delivering nechani smwhich is exclusively independent for only the
conbi nat nethahisnhe isnnendéd sfontthehapparatis dgoageint Bechf anatanmerethat i f t hey
are mxed with each other; 20 3 a solid sanple delivering nmechanismfor
excl usi vebyppesferable impurities are not mixed with each other in the case in which
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



I ndependently delivering only a solid sanple into which inpurities which do
not damage the function even if they are m xed with each other are to be
introduced or the inpurities are introduced; 4 a mechani sm set exclusively
every conbination of the inpurities 25 which do not damage the function
even if they are mxed with each other and 10 serving to renove-a resin to
prevent a mxture with nonpreferable inpurities; 5 a sanple delivering
mechani smfor linking a plurality of inmpurity introducing apparatuses set
exclusively.every conbinat.iqn of the inpurities which do.not _ damage the
funct i ons%%’g?g Fq yet"?\%‘ﬁ? ar %S'HIQQ@HEW"H@ @%W%W%PP"BW@ RS sm f or
delivering a sanple and a.s | e. group, between. the inmpurjty introducing
appar at uses seg excl%§?UE¥?%E$%9W%%6Wﬁhﬂ%§Fb fl "Eh%gﬁﬁﬁh i qfiigp ch do
not damage the function even if they are m xed with  each other and an

appar at uSTHOSHICINGBPPAAIESe S Sth. SXEHIIYRYY RYeEy qamePinalientofole inprdERs an

i mpurity introducing apparatus 10 and _an apparatus group which use a plasm
in treat wbmrsd%nohdamgeéheﬁtsn@mrhemrtthez)fanenalxgﬂewgw each pthasoase pl ur al
kinds of inpurities into a sem conductor substrate and a sem conductor thin
filmbwherein @t | ead8tmenbanitm ler fdsliveingh@ meondai and aisamplel gostp or one
of the follow ng nechanisns is intended for the apparatus group in such a
manner t hatwaamiteatguaiy entiodqueing apsaratusessiet excledivelyt évargconitbnatidrer i n t he
case in which desirable inpurities required for causing the solid sanple to
di r ect | yobthd imburiticisl whichtdo notdamlagetthe fahctipeevédn if thenare onixdo witt  danage
the function even if they are mxed with each other during a treatnent at

an i npur ebgh bﬂiérmémgﬁpamw forsemavirgdirasihi on and damage the nut ual

specific functions in the other conbination:
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



20 1 an inpurity introduci ng nmechani sm capabl e of sinmultaneously

I ntroducing inpurities which do not damage the function even if they are
m xed wth each other; 2 a solid sanple delivering mechani smwhich is
excl usively independent for only a conbination of the inpurities which do
not damage even 25 if they are mxed with each other; 11 3 a solid sanple
del i vering nechani smfor exclusively and independently delivering a solid
sanple into which the inpurities which do not damage the function even if
they are m xed,wth eachvgther re,to be intr?puced or th urities are

i
inttoduced: 5 3 a nedhdfldnagpi,asYerive) esianFl o exesyf ¢
I mpurities, which do, not. damage the function.even |f they are mxed, with
cach ot hiRenfdeaus ellienls Postiivksampledntp vaic B mpurtiaeahice 46 pat
nonpreferable ippurities; 5 a sanple deljvering nmechanismfaor |inking a
pl ur al i t faBrRIepETVRGtion ﬁv%ﬁﬁfaeﬁgrea@%daw% g3t otharare i ibenifodyerd,
conbi nation of the inpurities 10 which do not damage the function even if
t hey ar eChtheinpyritieseierintsedé¢ed;and 6 a mechani sm for delivering a sanple
and a sanple group between the inpurity introducing apparatuses set
excl usi vel y evéry coatmecnanisi set ex¢lusivalygvery esmbimationdf thetimgariteg t he
function even if they are mxed with each other and an apparatus for
r enovi ngwhighedbd motidarhage Miee functioni even ifdheyase mizedwvitf eatleothércarnd y di r ect
specific functions have a characteristic of a positive P type and the
ot her s hsemrrirg theraocve airesindogireventreemtiursewh tnppereferadld émponieg;i on,
furthernore, electrical indirect specific functions have a

5 a sample delivering mechanism for linking a plurality of impurity
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
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function of changing coupling states of crystal, polycrystal and anorphous
20 lattices, and atons and nolecules. In the invention, noreover, the
function of changing the coupling states of the crystal and pol ycrystal

| attices and the atons and nol ecul es has an anorphi zing function.
Furthernore, the invention provides an inpurity introducing nethod of 25

I ntroducing plural kinds of inpurities into a solid sanple by using a plasma
in 12 treatnents at all of steps or a part of the steps, wherein at |east

one of ste using the follown anisnms i g included or one qf steps
usi ng t hh’eg%r'?%% ﬁr’l][gaﬁ H’E@I'%E?ﬁ he Tg@%ﬁﬂé‘:ﬁégﬁfﬁf &%%e%%kﬁééffi’aﬁ c%fsc%?lﬂ% st eps

I n such a manner ﬁhat resRec,t ive inmpurities are _not mxed with each other
in the cH8WG thefellewing meshaasns isHpaiuded & ensyal sledpsiising e folovéiced
inmpurity to directly or indirectly cause a solid sanple to retain

el ect ri cArechapisanit flteaded dorea oBthinatior ghihe steps inasHEiea ManrRer Hgkcific
functions if they are mxed with each other in a treatnment at an inpurity
i nt r oducrerpastivg: iMputitissnple ingt Miaco it wGCht efher onbéhexagseat #d Whjclusi ng an
impurity 10 introducing nmechani smwhich is i ndependent every desirable

i mpurj t y degirabledhipugitieageguisgd ffor the etreduced inputitystol didecthynpt @ndiretilwer i ng
mechani sm whi ch i s i ndependent every desirable inpurity; 3 a delivering step
to be exeausea snlidesaraplevier ietan retedtaoals mechanidal ok soget spedifiiurictigns
introduci ng mechanismand the solid sanple delivering 15 mechani sm which
are i ndepandgyt navaby spesificatlretion®uif ithiy drea nfived Nwite nBacHdHtBéem t be

executed by a nechanismset exclusively every inpurity and serving to
renove aticaihnt & 41 RSty antfbalding step:

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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with the other inpurities; 5 a delivering step to be executed by a sanple
delivering 20 nmechanismfor linking a plurality of inpurity introducing
apparatuses which is independent every desirable inpurity; and 6 a
delivering step to be executed by a nechanismfor delivering a sanple and a
sanpl e group between the inpurity introduci ng apparatuses which are

i ndependent every desirable inpurity and an apparatus for renoving a resin.
25 In the invention, the inmpurity inplies a substance which influences an

13 electrjcal character.isti.c,li rectl eatly throu n

amor ph 28EERIeaT (G SeieaR dciedl Bds Gt Sianen can cororediAden Jor

el ectricall actlve substance which |s general resented by a

sem conde¥arpple, aHHe ptasma khagdition Fﬁ)ﬁé’ﬂ@@& e@ctrp:@ﬁglac YI%SB'PS'(@HQGW'C%W ng
mechanisps is 5 included or one of the follomnng mechani sms is intended for
t he appaisadenerghyigprepanteddyy a seEMe@IdUARIt respective inpurities are not

m xed wth each other as well as the inpurity introducing apparatus itself.
<EFFECTS OF THR ihavienenitne: moretwvenratilagst ene e then fadlowiing mechanissusiice to
retain electrically positive and negative characteristics is prevented from
bei ngg m instlided ar eree bhihe fellewingmachanismsdslirdended fdr tha apppratus groupt o a

sem conduct or substrate in a manufacture of a sem conductor apparatus,

t her eby @osuch duianrgr thatasspectivedtnpuntios Biee hol mixeld witheaske othermduwed|br
apparatus. Mre specifically, a method of distinguishing an 15 inpurity is

shown angs &he impliiigntesudifg epphitds @sélfi n consi deration of the
ci rcunst ances such as a cost performance in a manufacturing factory. <BRIEF

DESCRI PTI ON OF THE DRAW NGS>

<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

14



Fig. 1 is a plan view showi ng an apparatus for explaining a first 20
enbodi nent according to the invention. Fig. 2 is a sectional view show ng a
structure of the apparatus for explaining a structure of a chanber
according to the invention. Fig. 3 is a plan view show ng an apparatus for
expl aining a second enbodi nent according to the invention. 25 Fig. 4 is a
pl an vi ew showi ng an apparatus for explaining a third 14 enbodi nent
according to the invention. Fig. 5 is a sectional view showing a structure

of an apparatus f.or explaining the background art. 5 <EXPLANATI ON OF
DESI GNA @hgﬁﬁ‘i@ 958 'F‘Q?E t%g’l}'a?r”ﬁppi on wall 30 transfer chanber 40 HePA
chanber 10 50 P-type dopi ng chanmber 60.N-type doping chanber .70 _P-type
ashi ng chanber'?'980‘§)l‘{§t@/p’g@cggﬂﬁhﬁ‘e(‘,"haﬁt?ﬁ@"ﬂng Q%SS'PF{?LE% t%ognapﬁparﬁ%s Pm 110
arm 116 arm .

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



120 tray 20 122 plasnma source 124 plasma 130 sem conductor substrate 132
substrate table 140 valve 25 15 <BEST MODE FOR CARRYI NG QUT THE | NVENTI ON\>
Enbodi ments according to the invention will be described below with
reference to the drawi ngs. The invention is not restricted to the follow ng
enbodi nents. 5 (First Enbodi nent) An enbodi nent according to the invention
W ll be described with reference to Fig. 1. A plasna doping apparatus is an
exanple in which a plasma in a vacuumstate is utilized. If it is possible

ot ke t ) ; f | th I inth
state | s FHS T MOPF QR CARRYREOUIEEIRETER,: e hraem | T
hi zat i PA). i i ed d inpurity, dopi i g .t erf d.
' the 1 nventi SDGUMEAIS Bpepainss W08 Haventer, Wik be SRae bR Faipwoktn
descri bed bel ow, three |oad |ocks 10 are provided and five plasma chanbers
are 15 8PISpRRGR 1o thg EFaYHEES, Eﬁﬁn'ﬁe‘é?”tfﬁip ricigrestrigted deuthe igliowingan be

separated through a partition wall 20 dependi ng on uses. The five plasma
chanber s egM0dipgAtR i t ut ed by a HePA chanber 40, a P-type dopi ng chanber 50
usi ng B2He, an

5

(First Embodiment)
An embodiment according to the invention will be described with
reference to Fig. 1. A plasma doping apparatus is an example in which a
plasma 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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N-type dopi ng chanber 60 using PH3, a P-type ashing chanber 70 for renoving
a photoresist on a sem conductor substrate subjected to P-type doping, and
an 20 N-type ashing chanber 80 for renoving a photoresist on a sem conduct or
substrate subjected to N-type doping, respectively. In order to deliver the
sem conductor substrate anong the |oad | ock, the transfer chanber, and the
pl asma chanber, a robot armis disposed. The robot armis designed to be
freely rotatable at 360 degrees. In this case, three types of a HePA arm 90,

a 25 P-t dopln arm 100 _and pi.ng arm 110 are prepared to
Bvord a MguRCAGRE 5 o drn’ 120, B dlfiesth Bostd'| 1 s MR  hat ¢ he
sem conduct or trate c n be rre A portion and a doping
portion ”\'\%Eﬁ'@ ry Susiea 8 @ E"t{}"f‘%geg?g 'Hea %%ﬁe‘frﬂo&‘% e@ﬁaﬂb‘g?@ i ll be
descri bed wth_5reference to Fig. 2. Fig. 2 shows a sectional structure of
t he HePAPEHQﬂ)@PECQEWdl ng to an exanple. A plasma source 122 is di sposed
in the plasma chanber 40. A gas introducing nechanismis not shown in the

. drawi ngs but aBagigs ssclres whuhet fvarplasmachambears rullube Feseibed it hanber
40 to generate a | asma 124. A semi conductor substrate 130 to be treated is

mount &d &efeseriad kubia.rat Figall $havep a seaiionabstrucitee o8 theédteRAchaabsr r uct ur e
that it can be noved to a substrate table 180 fromthe transfer chanber via

a val ve 2¢0dcding tasamexamplar n\qglasassourpei ©22 W |dispmsegi irethe glasm@t hod of
manuf acturi ng a sem conductor apparatus using the apparatus. At |east one
sen condehambes st rfagas Idfbduindlmedhapisaeid not shdwranh theckra®@fgs Bat & hi s
time, the HePA is first executed. Therefore, the sem conductor substrate 130
i s di spogad emahhimpuity nhatekiall isOktroduced into the chamber 40 to generate a
plasma 124. A semiconductor substrate 130 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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For a technique of the HePA, the load lock 1 OA is brought into a constant
vacuum state, the valve 140A provi ded between the | oad | ock 10A and the
transfer chanber is opened, and the sem conductor substrate 130 is delivered
20 through the arm 90, and is guided to the HePA chanber 40 and is di sposed
therein. As described in the Non-Patent Docunent 1, the HePA generates a He
pl asma for seven seconds at a degree of vacuumof 0.9 Pa, thereby causing a
sem conductor single crystal substrate to be anorphous. In this case, there
are two techniques mng a

As .a first , techni al.l of 25 partions for
seni cond AYYPIGLS St i &{me: aA?raasr?ﬁogggﬁcg’?'gufrr%ﬂaﬁp%itﬂt% doPed A fpr phous
state at tinme. As a.second technigque, ortian t e doped info a P type
2nd & port IS B BPATEFRLS Prdsrad Na 958 WPE edralates S PRRPIS O S0y 2
photoresi st, and are separately brought into the anorphous state. First of
al |, in thoteresst, andare ﬁe%%’ﬁfébﬁa‘@fdﬂ AN B8 ameTeNBLe SEHE into the 5
anor phous state by the HePA chanber 40 once passes through the load lock 1
OA and is thus Fdstiofélleth e finsbcase.s3 gemigonavetaippdpstiate breught iirtotthen
patterned by a photoresist via a lithographic step, and is subsequently
t r anspor tasdonphioss statedby dhak HeBA chambee A0t @asapassesuthreugly the tssl logk t he
| oad I ock 10B is brought into a constant vacuum state and a val ve 140B

provi ded 192t ards thus delaveréad tk tHDouBBleanidtherepparainsf end éh mrepattearnedened,
and the sem conductor substrate 130 is delivered through the arm 100, and

I s gui dedbyt a phtoresistpda o hinograptacistsp, 5éhd @ dubseqlicstlgsteahdgoeteel o aAs
described in the Non-Patent Docunent 1, a B2H6 plasma is generated for
seven sedoadsocd 10Bdrdréer ©f cardg vutrPolypl.dbpiteg, iietibed &tk YOB islopought and the

P-type doping is carried out over the sem conductor 15 substrate. The
sem condysfoos cdHBRINt abeudBGtatebaind ok« 1408 drotiviba bepRead thé load lock
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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delivered to the P-type ashing chanber 70 by neans of the arm 100. A resi st
| ayer which is degenerated and cured is renoved by the P-type doping.

Al t hough all of the resists nmay be renoved, it is possible to sufficiently
fulfill a function by sinmply renmoving a | ayer having a thickness of
approximately 15 nm 20 that is degenerated and cured, in order to avoid an
oxi dation of the sem conductor substrate. The sem conductor substrate 130
subjected to the ashing is delivered to the outside of the apparatus via

the | oad _| ock 10B b ans of, the arm 100. .The.sem candugtor. s ate 130
i s subj eépgatﬁ?osea{mgéﬁgg%%ﬁfjgﬁﬁ%tep@ 'tsrtéﬁf‘??gtrﬁr digpegd) 'Pt%g’&dalﬁﬁkgﬁg ep, and
an N-type.,doped regi Ls, patterned 18 and the sem condyctor su ate 130
i's thereiﬂee[r%agi IQB@S@E: i'%b&qﬁd%oﬁﬁofs%ﬁ? vagHumy 33 F"Baka Yghee; Ez?cﬁ)éought
into a constgnt vacuum state an al ve _140C provi ded hetween the | oad
ok 1 CBTaYIASH IRENIBaR dhe,loah iRk  OF s ifuliansiRn Shembes dh openadcaos
substrate 130 i s delivered through the arm 110, and is guided 5 to the
N-type ddpe sgMigRibstorsnibsifate $3Qisgrivened H‘é@@gmh%%ﬂ%g anpigguigedsma i s
generated with a PH3 gas for ten seconds by the N-type doping, and the
N-typé dépithg Nstypardorifigothanserr 60hand daq dispecrd dnersimst iered, FhidHs

sem conduct or substrate 130 subjected to the N-type doping is delivered to
the N-tpiasahs ggneraiat avithea Riys gasifor tef secends by 1he N-typeedoping) apér whi ch
is 10 degenerated and cured is renoved by the N-type doping. Al though all of
t he resitls¢ SNAwye bdopiagoisedarried icait possi tlee semisoduator subgtratd. f | Thea

function by sinply renoving a | ayer having a thickness of approximtely 20
nm whi ch sesmiccotegiester atisstratad 30usiddedtad oo diee N-typevdoging e delivetetitorthef t he

sem conductor substrate. The sem conductor substrate 130 subjected to the
ashi ng i 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
subsfrate. 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 110.
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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15 delivered to the outside of the apparatus via the load lock 1 OC by neans
of the arm 110. The second case w || be described. At |east one
sem conductor substrate 130 in which the P-type doped region is patterned
by a photoresist via the lithographic step is disposed in the 20 |oad |ock
10A. At this tinme, the HePA is first executed. Therefore, the sem conductor
substrate 130 is disposed in the load |lock 10A. The load lock 1 OQAis
brought into a constant vacuum state, the valve 140A provi ded between the
and the senicondy

| oad | ock 10A _and the, trgnsfer. chanber is opened, tor
subst r at QoTIHNE yef e RS TR iy BRNoiRted TR BEVER, RrtRboh i BaBed et Hopa 25
chanber 40 and i i ed therein. As descrihed in the n- Patent, 19
oounent VAUl gt B8 P ARty AR & S iconuron sidif Sata S Rt
vacuum of 0.9 PA, thereby causing a sem conductor single crystal substrate
to be aR®AFMYBEOUEGr the P-type doping, subsequently, the semi conduct or
substrate 130 is 5 taken out of the HePA chanber 40 through the arm 90 and
i s transport edreothg PiyRg daping, spesaquenty the spavernicier sipsdaiadd0 0 put on
the tray 120A is delivered through the arm 100, and is guided to the P-type
dopi fy cleepautsy thadHeRA chirges AP thiewgh the Asmdd enddadransperfed kB Pat ent
Docunent 1, a B2H6 plasma 10 is generated for seven seconds at a degree of
vacuum ofrap180Pa 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 Negi, the semimndustadsubstraten @3 puy pa ths iaygl 2ffaisbdalivéfecdy neans
of the arm 100. A resist |ayer which is
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 BoHg 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
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degenerated and cured is renoved by the P-type doping. Although all of the
15 resists may be renoved, it is possible to sufficiently fulfill a function
by sinply renoving a |l ayer having a thickness of approximately 15 nm which
is degenerated and cured in order to avoid the oxidation of the

sem conductor substrate. The sem conductor substrate 130 subjected to the
ashing is delivered to the outside of the apparatus via the |l oad | ock 10B
by neans of the arm 100. 20 The N-type doped regi on of the sem conductor

substrate 130 is tterned via a _subseguent sttreatnment and. a

it hogra8H|Cﬁeds{t°eB1,epaﬁEﬂt‘ﬁ@mg%rrﬁ@gﬂadﬁt PQ&?@E‘%P&?'@- léﬁ creascf'ﬁ@ﬂ Bt osed in
the | oad,] oc OA._. The | oa ock 10A is brought, into a constant, vacuum
State. t NOTCBRE Dorgneiol: e saasen BidTkated T8 S1oR SHeanR ek g anst er
chanber is opened, 25 ap he sem conduct or substrate 130 is delivered

t hr ough ERE" P?Q’@FUHHHOT géﬂ? gﬁ%ﬁoﬂ?é&t ﬁ@r PS8 SHDICRAEUEIST di sposed
therein. As described in the Non-Patent Docunent 1, the He plasma is
gener at e§INAp cesidlpubstigirity be amorakey®e of vacuum of 0.9 Pa by the HePA,

t her eby causi n% a sem conductor single crystal substrate to be anorphous. 5
For the N-typeFabfianly:typarsoping subsequantlysibe ssongaodurtossitatiaie 43039 i s
taken out of the HePA chanmber 40 through the arm 110 and is transported to a
tray 120BkemheutsehinedndbatchamhesAd treudBthd armdllibvances ramspaogted ioea ar m 110,
and is guided to the N-type doping chanber 60 and is di sposed therein.
Herein, &ayd®0B43 plasma 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 Fhksdgmicondddor sulbstesteeiBOtis ddlieetdd thpsughothienarm 410echmgered to

the N-type ashi ng chanber 80
is guided to the N-type doping chamber 60 and is disposed therein. Herein, a

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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by neans of the arm 110. A resist |layer which is degenerated and cured is
renmoved by the N-type doping. Although all of the resists may be renoved, it
is 15 possible to sufficiently fulfill a function by sinply renoving a | ayer
having a thickness of approximately 20 nm which is degenerated and cured in
order to avoid the oxidation of the sem conductor substrate. The

sem conduct or substrate 130 subjected to the ashing is delivered to the
outside of the apparatus via the |oad |ock 10C by neans of the arm 110. 20

In the SCri . nec - e | or the
sem con\é\%épggﬁﬁjggﬁ?%%g%’%g %’L}F gﬂ%e@%%%ﬂgpé%gs‘f\’ﬁ#gt @%%éfg,& ? %%étggc%nd
nmet hod, and.th%isfntconductor Sl strate, 130 is trans.errqg t o _a subsequent
anneal i naeg‘gcé%w_ USi B ?chwmyﬁvé r%@il%‘?{t 8ra o[rl.?é ¢ P '%a%sm?fﬁ%% ey r eady
been cl ose,tq eac ther in perfine pattern at the annealing. step, it is
25 act uaPTdeT RToB A B b Germieo i B308 By Be Hacts SrBBREGR A Ykl el | ver y
and 21 annealin% can be carried out in a aas at nosphere whi ch does _not
react to2RPAEAHS SHRGEDIO A feliverchim dsliverng methed talyag toe handdng &f di nary
tenperature in order to protect a surface of the sem conductor in the sane
apparat ufe auaee Hie coppisigratiansokaneatifely diferentrpraratus. by a del i vering
nmet hod taking the handling of 5 the surface into consideration or an
entirely different apparatus. (Second Enbodi nent) A second enbodi nent
according to the invention will be described with reference to Fig. 3. 10
I n the i fSecendbmbdetvenpti on will be given to an exanple in which HePA and
doping are carried out in the sane chanber. First of all, an apparatus wll
be described. A second embodiment 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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Load |l ocks 10B and 1 OC are used for P and N types, respectively. Four

pl asma chanbers are disposed in a transfer chanber 30. The 15 four plasma
chanbers are constituted by a P-type dopi ng 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 subjected to P-type doping, and
an N-type ashing chanber 80 for renoving a photoresist on a sem conductor
substrate subjected to N-type doping In order to deliver the 20

sem conduct or bstr te ar the load lock, the tra fer C and the
pl asma chanber, egcpgﬁ Wﬁ:& %Y%‘bo@e@n ﬁ@bQ%gﬁnt E%&bw.é@ o be
freely rotat, bI t 360 d ees. se, three types of a P-type
dopi ng arseM E@ﬁl&fﬁﬁf ﬁﬂp%—aﬁ%p@y Hﬁ'ﬁg ezﬂ’iﬁ’?fﬂ@ are prepar ed to avoid a nutual

m xture. A 120 is disposed in such a manner that the sem c¢conductor
substrate can ergsre twasmetiads. | Refergingelona sl methagh dhe ey s Atstpor ti on
I f necessary. 22 Description will be given to an enbodi nent for

nmanuf act lﬁarm@d autdemd &b cbembppangt a8 Nyyrasichgmhes apdasudsgguenihere are
two nethods. Referring to a first nmethod, the HePA is first carried out in
a P-t §pe Reipeber Natypeioming jpexetidatier Refarting do seserand fethas, = Pytype or
N-type doping is executed. Referring to a second nethod, a P-type or N-type
dopant sultsiNatype dopdint wubdtanicehisHalilutadd Atk driel, dmdli R and dopimgd tam@eousl y
carried out on a condition that a HePA effect is exhibited at the sane
time. Firsfhultdnedusly cheidd ost omet todiitien thatea Heddér effed .is dRhibiteletthe one
sem conduct or substrate 130 in which the P-type doped region is patterned
by a photsafestisie. via the |ithographic step is disposed in a | oad
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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|l ock 10B. At this tine, the HePA is first executed by using the P-type
dopi ng chanber 50. The load lock 10B is brought into a constant vacuum
state, a valve 140B 15 provided between the |load | 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 doping chanber 50 and is disposed
therein. Referring to the HePA to be first executed, a He plasm is
generated for seven seconds at a degree of vacuum of 0.9 PA, thereby

causi ng em conductor single crystal, 20 substrate to apor phous as
descri be q%n ﬁ@%@dgﬁﬁgh{ C%neqt_ed @?4'&5@%@%3%%95 Bched for
P-type dopi ng. described in th Non- Pat ent cument .1, a B2H6 plasma is
gener at eﬁ%ﬁ%-sé@@?@b%‘ﬁﬂgthﬁm@ﬁﬂgﬁy gme dt(ﬁs(ﬂos(ggh%e ?%SH%'HI ¥ P-type
doping is carrjed out over the sem conductor substrate. The sem conduct or
subst r at éU'i'E@ iunsfier ysimpht FRmoYng.a kayer Rayna fhicknass i appredmatRly p- t ype
ashi ng chanber 70 by means of the arm 23 100. A resist layer which is
degener at!l&dnNEhWhic & degenenated @ngycuned ip- erdes toqasiich@n axidatioyofdhe of the
resists may be renoved, it is possible to sufficiently fulfill a function
by si Apl yenmieendurjon sLbgteatehavihegsemiconduetes substraispi 6 subjeatgd tasham whi ch
I s degenerated and cured in order to avoid an oxidation of the 5

sen condwshony sublstivered. toTthe setsidi of dioe appscatss rda ¢hé30ad UbgledtdBdbyo t he
ashing is delivered to the outside of the apparatus via the |oad |ock 10B by

means of rdsnsaohthe0fim T8@. N-t ype doped regi on of the sem conductor substrate
130 is patterned via a subsequent posttreatnent and a |ithographic step,

ginslsi hgf ;FI :semrreormimﬂde)rdopdnfstregm b30tHes densifordsqos eslibstrate | 180 isock 10C.
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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the HePA is al so executed over the N-type patterned region by using the
N-type doping chanber 60. The load lock 1 OCis 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
delivered through the arm 110, and is guided to the N-type dopi ng chanber 60
and is disposed therein. Referring to the HePA to be first executed, the He
pl asma i s generated for seven seconds at a degree of vacuum of 0.9 Pa,

t her eby i , e t i_ngl rystal.._s [ r phous as
descri begﬁ&ﬁ)ugﬁegl\%ﬁmea?%ﬂ%ﬁEﬁ%ﬁkﬂ%nﬁoyeﬁgﬁﬁb@%ﬁﬁé tP?U%éé'é)@E/ P‘EﬂP gas is
swi t ched for th th e dopi.ng. Her a P ene with a PH3
gas for ‘é’ﬂCtkoéb %15’ V'rl‘éywﬁ%er V"P%a tg“a%ﬂ? nﬁapﬁﬁg("ﬂﬁ{ﬁ?%ggl@“car ri ed
out over the senlcondu ubstrate. em cQ cto e 130
subj ect edgly 5 hBeRETEEEdoBIG e A o o35 T BVee 116 £ GHREHEH! o ToRanber 80
by nmeans of the arm 110. A resist 25 |layer which is degenerated and cured is
renoved Wni'ﬁ%ant%éu%tﬁ@tﬁg Th94sexnwﬁ695ﬂoa|aub§¥ratané3 esibigaeqdy Be
renoved, it is possible to sufficiently fulfill a_ function by si
rermvﬁng ashing i dﬁh\ﬁfﬁg te the ewtsidss obithe mpperathar\ea ythe joae logh 40G Y
degenerated and cured in order to avoid the oxidation of the sem conductor
subst r at eneameokthe @ondiRt 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. NdNext, theeseseodndetinetival bei déschibedescri bed. At | east one
sem conduct or substrate 130 in which the P-type doped region is patterned
by a photoresi #it lekat ankisémigoaghitor subgtrate $186 o setuich rthe He-tymadoped
region is patterned by a photoresist via a lithographic step is disposed in the load
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 substrate 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 outside 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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10 lock 10B. The load |l ock 10B is brought into a constant vacuum state, the
val ve 140B provi ded between the load | 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 wth a B2H6 gas
diluted mainly 15 with He by the P-type doping, and the P-type doping is
carried out over the sem conductor substrate. The sem conductor substrate

130 subjected tp the P:type dopi IS delivered. to the. P- e_ashin
chanber. FOUBNIRAIR B FUphERdeth Bagfeatnii pld " dybPorkificnslet BE dbF o ed and
cured is renove the P-t ._doping. Altho al | of e resists may be
renoved, SPP"?@%&E@W %ﬂ:ést%eﬁgsf'? ﬁ?%haf%‘%é fmﬁ%qPﬁddoahﬁ@@ on by si npl i
removing a | ayer havi a thickpess of approxinmatel 15 nmthat is

degener gt ed aﬁ_h@u‘toégqgﬁk J&FS P@L@%i'@iﬂ@@ﬂ%t\aaﬁwm stel theeY@¥@nduct or
substrate. The sem conduct or substrate 130 subjected to the ashing is

del i ver ed 406 pravidas Belweasy therlead el 106 ang thettrrnsfeneharsler BowaRed, nreans of
the arm 100. 25 The N-type doped regi on of the sem conductor substrate 130

is 25 pandethgesemicenduciop suhsisate 1% debvaredtthepughathe amaddQpBnd igt ep, and
the sem conductor substrate 130 is then disposed in the |oad Iock 10C. The
| oad | oclguidid [ the dippe dapiogacharnierabf andcisudisppaea therdein.vdterein,140C
provi ded between the load | ock 10C and the transfer chanber is opened, 5
and t he $Hy plasthacisaersndistriat teril8éconsisdeith adPldg ghbmdutga mbmhamithld®, and is
guided to the N-type doping chanber 60 and is di sposed therein. Herein, a
PH3 pl asioy itse gblhigpet eldpiryy, bad #acoNdgpav tbpiagPHS gasiedi but edveraitieéy 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
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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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 subjected to th ashing i,s delivered to the outside of the
Zppar ai U MBI cewiRae FometyminanioF n I Sime Peparatie, 5 iy

descri bed above, the necessary P-type d N-type dopipng for  th

sem conaqbparatasLblected 13 8 ddivenkb 2,99 Mebne PEnRkBe Be hantfoacng 20
met hod, ‘and the sem conductor substrate 130 is {ransferred to a subsequent
anneal i nd"e EpaceineLcansidasation ar R Gryrely difergat RPRYBS: egi on have al r eady
been close to each other in a hyperfine pattern at the annealing step, it is
actually inpossible to execute the step separately. However, the delivery
and annealing can be carried out in a gas atnosphere which does not react
to a 85 séﬂﬂlcgﬁmhﬂdjmehﬂ a vacuum with an inert gas or at an ordinary
tenperature in 26 order to protect a surface of the sem conductor in the
sane appar at us A third emizidimaph acaouking tbjtbe tivdentwnawile bevdescribgdawdl| i veri ng
nmet hod taking the handling of the surface into consideration or an entirely
di f f er entrefapeacaattoskigh 4( THA piadEnd aitipiregn tappardths rid amexdmpatinawhichdang to
the invention will be described with reference to Fig. 4. A plasnma doping
appar at uplasmaiin exarplm statevs uthized. pltds safficienaty aalethstbaseof eatireki zed. |t

is sufficient to make the best of features
of various plasmas and the plasma in the vacuum state is not restricted.

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 cbntamination 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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of various plasmas and the plasma in the vacuumstate is not restricted. 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 sms managed highly in a sem conductor manufacturing
15 factory and their managi ng functions, it is sufficiently possible to

Ful'ti11ingt he- eS8 T S bt AR nlor GhefIRRb A4S YRR BECt hoon

or they e nat .tstolrlgdd'rn Bng encl osure for reasons of an arrangenent in
t he fact %.V'?'H'YN‘% RIEREPEC Z988 i n the case in which a certain step

described in t invention is to be 20 executed in factory A a he ot her
steps are to bgg‘@%lﬂilpé'd“ﬂ% %f@&?’&ré 53 S?"(B'Ph'gﬁ QEIV@‘PS@D@?W%‘&?-S as a
contam nation froman anbient or an increase in particles can be supposed.
However, IWRATBIUSCISIRrEMICES Wil aleag lers 40, & trepstas chamber;30 apd @plasmaghl y
physi cal distribution system maintaining a cleanness between the factories
i s~ estbabl ¢haraler. gHe dérdtianoof dneasires iRevlishelie apparatises are previsledof t he
invention but can be achieved. 27 The case in which apparatuses are
i nt ent i ont@GEthesrisdonstituted by sn apparatus 42 sopsising @ KelPA chambes 40, ised agai n.
Description will be given to a structure of the apparatus. Each apparatus
i s provi dapbaratus 32 coayprisogka Fotypa dapimgs EleambaaflersirgDBeel an apEesatus 5
chanber. The function of neasures in which five apparatuses are provided
t oget her 62 constsingtan Mlype dapisg athambe? 60 npsingi PH;,aake®fparatushd? 40, an
apparatus 52 conprising a P-type doping chanber 50 using B2H6, an apparat us
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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62 conprising an N-type dopi ng chanber 60 using PH3, an apparatus 72
conprising a P-type ashing chanber 70 for renoving a photoresist on a 10
sem conduct or substrate subjected to P-type doping, and an apparatus 82
conprising an N-type ashing chanber 80 for renoving a photoresist on a

sem conduct or 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 seni conductor substrat 30 i.s.disposed in a load ock 10A of
The appar at us AReCSHBITCRHGI Rubeefe BrRuaL i taolermornols S8to bl Repa | <
first executed, The load | ock 10A.is brought into a constant vacuum state, a
20 val ve ﬁ%cbﬁﬁ\ﬁeﬂé@ PRasRaISasHErUHtnEeRd 100K A4 andds thus seliverefanber i s
opened, and the sem conductor substrate 130 is delivered through an arm 90,
and i s gliPdba ewsidecot#isnappanaties. atd imihers pattemeskey tehehetaresiak videdcr i bed
in the Non-Patent Docunent 1, a He plasma is generated for seven seconds at
a degr edithagrapbiguatep; amdoispaulbsequestiydranspontedetsy acleadi lagk a1 @ @fdbaduct or
25 single crystal substrate to be anorphous. 28 The sem conductor substrate
br ought iapparathie SRrmopiprising thwe E-typet depingedamiyenndi®in 40demte cpaysad t hr ough
the load lock 1 QA and is thus delivered to the outside of the apparatus,
and is t Hetypeatopingethdlpad lptlotl BBds itsbughtania a lconstagt sptuum state, arehd i s
subsequently transported to a |load | ock 10B of the 5 apparatus 52 conpri sing
the P-typeldonuoB sroasdwr befivaah tialtiad okat OB apidf thePtrhyisfer dpainitesr ishe | oad

|l ock 10B is brought into a constant vacuum state and a

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. 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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val ve 140B 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 ng chanber 50 and is disposed therein. As 10
described in the Non-Patent Docunent 1, a B2H6 plasma 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 conduct or
substrate 130 subjected to the P-type doping once passes through the |oad
|l ock 10A and is, delivered t he outside.of the ar, S 15 a IS

tr ans por CRIVPISEL bz StSe & o apparaibs His e B8R ABBRY mepgsidneS  y pe
ashi ng chanb1e(5 70 for renoving a photoresist on the sem conductor substrate
subj ect e@®o!%he P-type doping, and the load |ock 10D is brought into a
constant vacuum state, a valve 140D provided between the |oad |lock 1 OD and
the transfer dign@Micenduelaedsubsiate nd3deif coHIREEdr tQuBsEHRERAUETY | s
delivered through 20 an arm 106 and is disposed in the P-type ashing chanber
70. A regiostireaiinant and énlithpghegfua cstap.candnan Mty idopedntagion iy thee P-t ype
doping. Although all of the resists may be renoved, it is possible to

suf fi 8i ematiermed,fand the samiconductoy substraiey! ICeisdheregfter disposedaniangad

t hi ckness of approximately 15 nmwhich is degenerated and cured in order to
avoi d an lock daci amthef apgeratsndZ coohpeisg 28 Niise daping dhembenBlondbet or
substrate 130 subjected to the ashing is 29 delivered to the outside of the

appar at usoad dotlhel0®ad bracghi Gidoby cm@tantofatingn state HMGE. aThalveetd@Onduct or
substrate 130 is subjected to a subsequent posttreatnent and a |ithographic

step, angrandbdtnewedanhe 168diledk 10CtAvntheirantieohathbernd doegedeghdonduct or
substrate 130 is thereafter disposed in a | oad
the semiconductor substrate 130 is delivered through an arm 110, and is guided
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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| ock 10C of the apparatus 62 conprising the N-type dopi ng chanber 60. The

| oad | ock 10C is brought into a constant vacuum state and a val ve 140C

provi ded between the |load | ock 10C and the transfer chanber is opened, and

t he sem conductor substrate 130 is delivered through an arm 110, and is
guided 10 to the N-type doping chanber 60 and is disposed therein. Herein, a
PH3 plasnma 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 u I ate subhiect.e h Y dopi ng
once passes tﬁ‘F‘ o%%]ﬁf;ﬁb% %%&&%E%Oésgég&eswggl%‘g}:’é‘?%t%at LO ﬁﬂg— %t}ﬁé?de of
t he apparat,us..b 5 ans_of the arm 110. and.i s, delivere a d I ock
108 of 't PRSI APrRlES e natpBefy ErdrefoR dh ok IRF e PASe! ABF
removi ng t he photaresist .on.th em copduct.or hstrate, sybjecte o the
N type JaBPAEUS A SahBie8 dha Herk FAtRet S’ ALHRR G dnB TR S frsbugh an
arm 116. A resi st Igyer WqﬂiCh s, degenerated and cured is repoved by the
N-type dEyERdedaTheJRgR logh T is Reousiit ideja eanstant yreuusmsiate, the valke possi bl e
to sufficiently fulfill a function by sinply renoving a |ayer having a
t hi ckhesd40A RipYides beiwee the lead grkc HOA anddbgdransitreenaimieercigrerenad. or der to
avoi d the oxidation of the sem conductor substrate. The sem conductor
subst r at @ng3thess@pienducios substratenilag is deliveiodethegugh dhe emo80saae isf t he
apparatus via the load lock 1 CE by neans of the arm 116. 25 The second
case w | lgunleditsthe biefPA daniber 42 sndoaalisposedotheéozinor Asulesicribed in3i9e
subjected to the P-type patterning through the photoresist is disposed in
t he | oad NarcRathh Dbcurhent dpmakat plesda ogpnesEted fohsetieAsecbadbet 40. At
this time, the HePA is first executed. The load lock 1 QA is brought into a
const ant degeaeinf stagbam bh®. Y#Havby the HePA, thereby causing a semiconductor
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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5 140A provi ded between the | oad | ock 10A and the transfer chanber is
opened, and the sem conductor substrate 130 is delivered through the arm
90, and is gqguided to the HePA chanber 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 vacuumof 0.9 Pa by the HePA, thereby causing a
sem conductor 1o single crystal substrate to be anorphous. The

sem conduct or substrate brought into the anorphous state by the HePA

chamber r )} ' rﬁftlﬁ @q IS Lvered to
t he outsi%g’g%g%ﬁ? E@%glp%grégttﬂg?h%eqaﬁﬁeén rgﬁg%\rl ed q%'#ﬁ%%gg!ﬁttygck 10B
of the C 14S) | ' rder to
carry outt Bt eRanEaRRL e RaeoRidh bIQREEBL B iBad ek TR an

vacuum st.at e, and. th val ve 140B proyi bet ween t he | oad .l qck B and the
{ranster Brargarel SharfBreds "k thedad e o sotnrt s S s 3P s
delivered, throu the arm 10 and i ui ded,to_the P- e dopin hanber
50 and | SehversEuoys i A As dklis Festipedin the FriReshld SRR, 1 a
B2H6 plaspa is generated for seven 20 seconds at acgegr ee of vacuumof 0.9
Pa by bt heh FRsigtay@ohics 's fergengeated @pgdecurad it FRMPed BY the f-ee dRiNg-t he
sem conduct or substrate. The sem conductor substrate 130 subjected to the
P-type dopthydhale of Hae sesistshinaudie femeoyeshdt isoprssiblesoasidficieniefylflbaed t o
the outside of the apparatus, and is transported to the |oad |ock 10D of
t he apparfanodory Ry conphyi imeying @ i2gerhavipg aatickngss i @pproximately 15emdvi ng a
phot oresi st on the sem conductor 31 substrate subjected to the P-type
dopi ng, &hdt tine degadetatedt andDcirsdbr vughiter rtbo axoicc dhet anidatiaouof theat e, t he
val ve 140D provi ded between the load lock 1 OD and the transfer chanber is
opened, asahitbrdgaor cobdrateor Thebseémadomdlidtorisubsirate 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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delivered through the arm 106 and is disposed in the P-type ashing chanber
70. 5 Aresist layer which is degenerated and cured is renoved by the P-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 approxinmately 15 nm that is degenerated and cured, in order to
avoi d the oxidation of the sem conductor substrate. The sem conduct or
substrate 130 subjected to the 10 ashing is delivered to the outside of the

apparatus via n f rm 106. The sem,conduct or
substrate 130 i BSS{%ﬁggbﬁﬁ%}gﬁbg%%tggﬁﬁgﬁpp'rgégﬁ?aagg rﬁggys.ﬁﬁle byt l?%ogr aphic
step, an e ped region.is t n .t he sem conduct or
subst r at g'%%%'ﬁgﬁr g@msrp%ssﬁé'é@a'gmﬂ? ﬂcgacﬁ E?zfjf @3‘ gks QW @?rp"?ﬁ%

apparatu 2 co I‘ISI t he HePA chapber. 40. A s, brought
e o ol dfe RS Ge infe: ARRATgis. R (e F'@@Oia%m5%639@@3055.3&9#@% l oad

| ock 10A and the t ransfer chanber I s opened, an sem conduct or

subst r at 8PREHHS SdanyRIEa0 the HulyRetdaring ﬁh@mbeaﬁe J hglpadiprako10G e HePA
chanber 40 and is disposed therein. Herein Iasrra is 20 generated for
sevend sefeihtantoza gegstast vacurge state énddhe waévq)wgﬁdvr%mdth&twgen the t he

sem conductor single crystal substrate into an anorphous state as described
in the NigadinakniOoendethe transfer tdhasbeasis, operred, yard ithe seniigondyetor doped
earlier is wholly covered with a patterning material such as a photoresist.
Ther ef or substnatgr 130 as dediveregl throbgh dne armad 48t eanddsigtsdedino Hhe pddymant ed from

25 being mxed with each other in the HePA chanber. 32 The sem conduct or
subst r at dobingu@htambero60hendniy piispasesit #ereby t MereibieRA RHanilesmé0 ionce

passes through the load lock 1 OA and is thus delivered
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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to the outside of the apparatus, and is disposed in the |oad | ock 10C of the
apparatus 62 conprising the N-type doping chanber 60. The |load lock 1 OCis
5 brought into a constant vacuum state and the val ve 140C provi ded between
the load |ock 10C and the transfer chanber is opened, and the sem conductor
substrate 130 is delivered through the arm 110, and is guided to the N-type
dopi ng chanber 60 and is disposed therein. Herein, a PH3 plasma is

generated with a PH3 gas for ten seconds by the N-type doping, and the

N-type 10 dopi B‘gd%é?tcéﬁéis%%egﬁ%&\f&’ sgﬁgg)&ghﬂ%ﬂfﬁaaﬁ tﬁé’%ﬁg{gf\e& o de

sem conduct or rate ubj ect e e e dopi ng asses

h h , ; s del h

oue <1 o FOPHSESAAFAr 7S MEFENR, G RARRANE A0 R SE  0
8 LSi . N . Ng. . j

ot or es et KPR 0B oMt b ofo MR SE38T st Siified B B0 8R0S dopi ng
and is disposed in thg N-type ashing chanber 80 through the arm 116. A
aes! st Iiﬁgr L%'H:’l?rs ?'egﬁnerat ed and cgred i s regov_ed by the N;)]type
STt 181 ently T dhe opdRops O Gnbryatt iy comstbg sy 8t B Yave,
t hi ckness of approximately 20 nmwhich is detgenerat ed and cured in 20 order

t o avoi d 14RB prevised between the leadlednteR eed Bedeansigrecharnber scepanssduct or

substrate 130 subjected to the ashing is delivered to the outside of the
appar at ug@ndi thet semiceaducto isulpstoaten | 3Gdaigielivaredhibreugh amerma1Pg; aadtigchni que
is a nethod of first carrying out the HePA in a P-type chanber and an
N-t ype clgaimsst toating Biippe dopmd shamieerudb? mgdps isposed tNetgmpe Reterdopitmg. 33 At
| east one sem conductor substrate 130 in which the P-type doped
the HePA to 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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region is patterned by a photoresist via the lithographic step is disposed
in the load lock 106. At this tine, the HePA is first executed by using the
P-type doping chanber 50. 5 The |oad |lock 106 is brought into a constant
vacuum state, the valve 1406 provided 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 gqguided to the P-type doping chanmber 50
and is disposed therein. Referring to the HePA to be first executed, a He

| asma is gene ; : ; ] a,
p 9 ﬁ%%%rﬁa%né@é’t‘éfsaﬁﬁpé"{gsl %ts@é@?&?galﬁ{?%péﬁglé@%&&d?ﬁ P

t her eby causing a sem conductor single cr anor phous as

descri beg. | ] - P i w tched for
t he P—tyg%é gg%spﬁ%gp&se %ﬁ%ﬁ%&gg?ﬁgﬁ(%#em%ﬁbpaﬁéh%sﬁt@%% §T,1%69S' B2H6 pl asma
dopi no.  and. nd"e. rpRCHSIG" ey PR FRaals, (ERHRE, 10 donnimiRlor T
substrate. The sem condugctor substrate 130, subjected to.the P- e dopi ng
oncepasBESHIHEEY SpAa f aarq%wfés A NgtvFé perissian tshrféaff%ﬁg%e or
conpr P51 Gt TR SPIGRRI R PSR i Bereaiaraigiisey MdhaIRacse IBE. on t he
sem conduct or substrate subjected to the P-type doping and 20 is disposed in
the P-typdrshsHfi Al EutirirA 18. alorexaouted gyer awegiPn Subigsirthde ablddPand cur ed
is renpved by the P-type doping. Although all of the resists may be
renoved, pattersingbysising theNstypeidoiping cyamber®@. a function by sinply

renmoving a layer having a thickness of approximately 15 nmwhich is
degener at ed andheuload lpak dilfeis broughdiintot & eoostathtviacnunt state; thenvaledduct or

25 substrate. 34
140C provided between the load lock 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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The sem conductor substrate 130 subjected to the ashing is delivered to the
outside of the apparatus via the load lock 1 OD by neans of the arm 100. The
sem conductor substrate 130 is subjected to a subsequent posttreatnent and
a lithographic step, and an N-type doped region is patterned 5 and the

sem conductor substrate 130 is thereafter disposed in the load lock 1 CC
First of all, the HePA is al so executed over a region subjected to N-type
patterning by using the N-type doping chanber 60. The load | ock 10C is

b ht i _ - gt j th
oad | ook BCOBETRHEE, AR &) 8 e feeed Rlalop MGl 3V st Mo duct or
bstrat | i : h ‘ , LS: I N- t
dopi ng. chaarE I AGeTE Sheby FefleMrke PR pifind s HEKARsS oF b 77
first I ' f t. A f
vacaum of B aegty i off Wat Iy RERSRELARY Al SRR FREREE IS adie HELer ot e
Feact ant CHRBIPD Gulr e BB BT MRS dobi A G EPEIEoR SHPEI BRI | o
Soncrg. bbbl 5ven € SaR 2 b it Yt BBea Bt bbb o
substrate 130 subjected to the N-type doping once passes through the | oad
| ock 10Clegk TRary Beansef Be@Md1@nd is thus 20 delivered to the outside of
t he apparatus. Subsequently, the sem conductor substrate 130 is delivered to

the | oad | ock Ref@rieg terefapiaieghnisiugs acdhyne or Nytypredapan) sebsigRcads chanber

80 for renoving the photoresist on the sem conductor substrate subjected to
the N-t giategopitinbie, and RAsanid dppigdaresimubianequshecarsiedrayt OnzanbendiBon t hr ough
the 25 arm 116. Herein, a resist |layer which is degenerated and cured is
renoved Iiyat 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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35 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 | ayer
having a thickness of approximately 20 nmthat is degenerated and cured, in
order to avoid the oxidation of the sem conductor substrate. The

sem conductor substrate 130 5 subjected to the ashing is delivered to the
outside of the apparatus via the load |ock 10C by neans of the arm 110.
Referring to a fourth technique, a P-type or N-type dopant substance is

glolnglt te:jon é%‘ﬁﬁaﬁ%ﬁe%ﬁ%%cpwg& gtf)fée ﬁﬂﬁ@”ﬁlg)réeﬁ@%bﬁ%f Hﬁcwgpl oad
| ock 1OBrérﬁ V' d %féllm %Evﬁwgata{eatﬁ ck 8§s Sﬁﬁ"g‘b%h&%lﬁ}tagélysqgsh pllcé?’?s | n whi ch

t he P—type on'Is erne st™th
l'i thogra h|c d | oc B.is ught, i nt q onstant vacuum
state’ cHaogF @Eé’d Sy el Sl O PN .,
chanber is ned, _ 15 and the sem cond strate, 130 is delivered
t hr ough FHQSt etFn 1160e a?ﬁi“'icgngHF'i%ds"ﬂ t'i&iﬂ &Qyﬂ@ﬁ%‘ﬁpn&) EniFe '”@o Bnd is
di sposed t herei Herein, a,_ B2H6 rate r seven conds W th
2 Bovh qHSATEHadn et iRe B 1E PR Me e TGRs 1SR 019 BYAMEREher Fid y pe
doping is carried out over the sem conductor substrate. The sem conduct or
substr at é”'mé'@osubj ected to the 20 P-type doping once passes through the |oad
|l ock 10A and is delivered to the outside of the apparatus, and is
transported tolb@eSpauePndsskorl Gubstratene! 3G psarsabjestead Eb@rmssb&ﬁgluﬁﬁb P-type
ashing chanber 70 for renmoving a photoresist on the sem conductor substrate
subj ect egositreatroemt agga ldbpdragphimstepi endiaspdype idopedaegionyigepadiehiat chanber
70. A resist layer which is
and the semiconductor substrate 130 is thereafter disposed in the load lock 10C.
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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25 degenerated and cured is renoved by the P-type doping. Al though all of
the 36 resists may be renoved, it is possible to sufficiently fulfill a
function by sinply renoving a |ayer having a thickness of approximtely 15
nm which is degenerated and cured in order to avoid the oxidation of the
sem conductor substrate. The sem conductor substrate 130 subjected to the
ashing is 5 delivered to the outside of the apparatus via the |oad | ock 10D
by neans of the arm 100. The sem conductor substrate 130 is subjected to a

subsequent
egi on 15 pattd) &*iee%%‘ssﬁﬁé’% Bnble, B RBR Sarh PRl ia o Bl kBRE P S
di sposed nthe oad, | oc A S eerat for ten
seconds \Xb? ﬁeH“ lﬁé%r S"@ ﬂrafé‘e&%@éﬁ ﬁn§e%¥ﬂ"?ﬁgﬁ%$ ?M and the
N-type do arried out ver th sem conduct or sugst rate. B%Ps
ser condtﬁ%ﬂHg adisdft sBSudls 138 S cranptorad Rel wLpRauRRb Ahheaiss SRy e
t hrough t ad Iock 10C bu%lmeans of the arm 110 and is thus delivered to
t he out si 80% hg Retyagpasignand s Nijyee @R NAvealwadyheashelnse &0 e8ahst r at e
130 is delivered to the load |ock 1CE of the apparatus 82 conprising the
N-typé asinefyine Admmearfing peiern @éioeianneahag ;ﬂﬁ%@.olﬁéeuaﬁuailu impossile denduct or
substrate subjected to the N-type doping, and is disposed in the N-type
ashi ng clexesdie doe tsiepagparaely. arewaeer, edlelivery raét&" ennealng oanibd i s
degenerated and cured is renmoved by 20 the N-type doping. Al though all of
t he resi sEgriechpubén aegasyatinosphere vusk idoles nad react fd aisemicondudtdi inaa
function by sinply renoving a | ayer having a thickness of approximtely 20
nm whi ch vasudegemth anedednghs or edl annomdinkry tempavaiude tiherdextal ptoteat af t he
sem conduct or substrate. The sem conductor substrate 130
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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subjected to the ashing is delivered to the outside of the apparatus via the
|l oad 25 | ock 10C by neans of the arm 110. 37 In the way descri bed above,

t he necessary P-type and N-type doping for the sem conductor substrate 130
is ended by the first to fourth nmethods, and the sem conductor substrate
130 is transferred to a subsequent annealing step. Since the P-type region
and the N-type regi on have already been close to each 5 other in a hyperfine
pattern at the annealing step, it is actually inpossible to execute the
step sep el V.. I 1 I | i e Lri out in
a gas at anc%g%ﬁ*egtgpm:@?%ﬁﬁcoﬁﬁahgg Lah\é%é’ltlrﬁ%q t@ﬂﬁ%dhggoﬁ apth% Imp f(,y{nfﬁﬂ

0es not¥react to a sem conductor I'n acuum wth
an inert oL _.at _an-or dj y.lenperature | r to e surface of
the sem COARRRPGRorn THErRERE o IDERARYE epefi o plBibe B i ect ea ¢o
a delivery by a,deliverin t hod_t aki t he hanql.ifnng of the surface into
consi der a%%naﬁo%quciﬂr @ﬁ%@fﬁgﬁ‘{}%&w' %’P%EHFP'-%@%{&E"E‘%?%’@- B2H6 or PH3 used as an
exanple in all of the enbodinents is utilized, noreover, hydrogen is also
i ntroduced when boron or phosphorus is to be introduced. In this case, if
t he hydrogen does not carry out a nonpreferable 15 action in a sem conductor
apparatus as a result, it may be introduced at the same time. Although the
description has not been given in the enbodiments, a BF3 gas is often used
in the sem conductor industry. At this tinme, 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 sem conductor apparatus as a 20

result, it may be introduced at the sanme tine. <INDUSTRI AL APPLI CABI LI TY> In
an introduction of an inpurity into a sem conductor substrate in a
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manuf acture of a sem conductor apparatus, it is possible to prevent
substances 25 retaining electrically positive and negative characteristics
frombeing mxed at a 38 certain step, thereby controlling an anmount of the
introduction of the inpurity with high precision. Therefore, the invention
is effective for manufacturing a fine sem conductor integrated circuit
apparatus such as a VLSI. 5 39 CLAIMS 1. An inpurity introducing apparatus
for introducing plural kinds of inpurities into a solid sanple by using a
pl asma, 5 the apparatus conprising ﬁEAHﬁ§St one of the foll ow ng nmechani sns
or intending one of the follow ng chani sns as an apparatus group: | an
inpurity introducing mechani smwhich is independent every desirable
inmpurity; 2 a solid sanple delivering nechani smwhich is independent 10

every desgirable inmpurity;. delivering mechanismfor linking the inpurity
Chtroducing  neBhaPLHAaToRucEs) PRPaRT conampELeRl BT ROHRwAT ch-ar e
i ndependent  every desirable i rrpuri,té; a nechani sm set exclusively every
desi r abl @MPHHlIRS tfo gplid sample RYSIRG aRIA#YE. a resin to prevent an
introduction of the inpurity; 5 a sanple delivering nmechanismfor linking a
plurabity of i HfuPPPgratuscrawiisingabiasst aneseisthaniolawing meshapisatfieRt every
desirable inmpurity; and 6 a nechanismfor delivering a sanple and a sanple
group intending one of the following mechanisms as an apparatus group:
1 an impurity introducing mechanism which is independent every
desirable impurity;
2 a solid sample delivering mechanism which is independent
10  every desirable impurity;
3 a delivering mechanism for linking the impurity introducing
mechanism and the solid sample delivering mechanism which are independent
every desirable impurity;
4 a mechanism set exclusively every desirable impurity and
15 serving to remove a resin to prevent an introduction of the impurity;
5 a sample delivering mechanism for linking a plurality of impurity
introducing apparatuses which are independent every desirable impurity; and
6 a mechanism for delivering a sample and a sample group

between the impurity introducing apparatuses which are independent‘every

20 desirable impurity and the apparatus for removing a resin.

2. The impurity introducing apparatus according to claim 1, wherein the
solid sample is a substrate including a semiconductor substrate or a
semiconductor thin film, and a plasma is used in treatments at all of steps or a

25  part of the steps to introduce plural kinds of impurities into the semiconductor
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between the inpurity introducing apparatuses which are independent every 20
desirable inpurity and the apparatus for renoving a resin. 2. The inpurity

i ntroduci ng apparatus according to claim1, wherein the solid sanple is a
substrate including a sem conductor substrate or a sem conductor thin film
and a plasma is used in treatnents at all of steps or a 25 part of the steps
to introduce plural kinds of inpurities into the sem conductor 40 substrate
or the sem conductor thin film 3. An inpurity introducing apparatus for

i nt r oducisNPstPhtarcH th&iskfficidudiBUihin fiR$ 1nto a solid sanple by using a
pl asma, conprising at |east one of the following 5 nechanisns or intending

one of the follow ng nechani sns as an apparatus group, wherein at |east one
of the follow ng nmechanisns is included or one of the follow ng nechanisns

L7 0y REASANN BRI WL ek RORRLEE =

inmpurities are 1o hér “i'n esirabl e

mechani coct S ESwl s e Snd "M BRRE. b8t S bR RN, ¢
7 ofaciIenae s o SRR Fhendt o TolbE HagehenSs, po T SpRRIAYS
functions in the other conbination: 15 1 an inpurity introduci ng nechani sm

capabl e 8 mul t aneously introducing inpurities which do not damage the
function even if they are mxed wih each other; 2 a solid sanple
del i veri ng mecWBRIemalipast ¢ne 8?(3‘!%&9"9@4'@9 meashapishefe 'nPB’rdetS’n‘Pr;g)‘ﬂ%Qf
conbination of the inpurities which do not dama([ge the :

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

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

10 desirable impurities required for causing the solid sample to retain electrical,
mechanical or some specific functions 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:

15 1 an impurity infroducing 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 the combination of the impurities which do not damage the

20 function even if they are mixed with each other;

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:;

25 4 a mechanism set exclusively every combination of the impurities
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20 function even if they are mxed with each other; 3 a solid sanple
delivering nechanismfor exclusively and independently delivering only a
solid sanple into which inpurities which do not damage the function even if
they are m xed with each other are to be introduced or the inpurities are

i ntroduced; 25 4 a nechani sm set exclusively every conbi nati on of the
inpurities 41 which do not damage the function even if they are mxed with
each other and serving to renove a.resin to prevent a mxture with

nonpr ef eméﬁdbr%ﬂdéﬁé‘?én e Furkiohl SvelelritMey g nﬁ‘iﬁé@%}ﬁ gble‘?lroy‘}éﬁ"'éﬁd‘g a

plurality of inpurity troduci ng appar atuses set exclusive every
conbi nat | : 1 rLil i : %ﬁ? f even if
t hey ares%ﬂg'g t%@ﬂb\ggﬁbﬁb ﬁérpré\é%@ %mgeﬁre%ﬁgpn S ?%PP%@?i@Erﬁflfrllgga sanpl e
and a sanpl e ggoup I i i | | :
excl usi vely evgry co%b%%ﬁﬁlﬁlgc‘#mg%# ﬁ?*ﬁﬂl&w ﬁ}gwwgﬁﬁ%hﬁé&'@ﬁ@@e t he
function.even jf t re mxed with each other, and an ar.at us..f or
Femovi ng gt ‘HRARUSed e e Pt fpo ARaRoe L BRE aBb R og o
claim3, wherein e soljd_ sanple is sem conduct or, substrate or, a
cubst® aq AL B6 doh §met@ehe (aRMTRet oish RS pieimaira Wt BESRetRer a8Ha™
treatnents at all of stepﬁﬁo.r a Egﬁ of. the steps to  introduce plural kinds
of inpurities Pnto tReMEERPRISAYfe iverng A 5aaple 2R #ne20RIG @MRict or
thin film 5. The jinpurity introducing apparatus according to claim?2 or 4,
wher ei n $sheeenthe quﬁﬁmtqu%n&ﬁﬁﬁ)%iafuséspﬁ% ieXelusively operyHmBiRation her s
exhibit a negative N type as electrical direct specific functions.

of the impurities which do not damage the function even if they are mixed with

each other and an apparatus for removing a resin.

10

4, The impurity introducing apparatus according to claim 3, wherein the

solid sample is a semiconductor substrate or a substrate including a

semiconductor thin film and a plasma is used in treatments at all of steps or a

part of the steps to infroduce plural kinds of impurities into the semiconductor

15  substrate and the semiconductor thin film.

5. The impurity introducing apparatus according to claim 2 or 4, wherein some
of the impurities exhibit a positive P type and the others exhibit a negative N type
as electrical direct specific functions.
20

6. The impurity introducing apparatus according to claim 2 or 4, wherein the
impurity has a function of changing coupling states of crystal, polycrystal and
amorphous lattices, atoms and molecules as an electrical indirect specific
function.

25
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20 6. The inpurity introducing apparatus according to claim2 or 4, wherein
the inpurity has a function of changing coupling states of crystal,

pol ycrystal and anorphous |attices, atons and nol ecul es as an el ectrical

i ndirect specific function. 25 42 7. The inpurity introducing apparatus
according to claim6, wherein the inpurity has an anorphizing function as a
function of changing the coupling states of the crystal and pol ycrystal

| attices, atons and nolecules. 5 8. An inpurity introducing nethod of

ool 179, A Bl AR pERd elound e HAATE SWGHELRD,
one ;Fpg{ﬁggé?p@b%%d%f‘ﬁ'sﬂﬁs?ﬁ'%ﬁdgﬁﬁgﬁﬁéﬁ %ﬁ@fnc@&* ﬁ%f?ﬂﬂ%‘é@n%’?ﬁ%ﬁcgﬁgﬁﬂgt ES?

. : : 9 1 . . 10
ot eps i nSaien LA TG RSl PR Stn T ABe PReNBE. mixed with each
other in the case in which desirable inpurities required for the introduced

impurity to directly or indirectly cause a solid sanple to retain
el ectri c? A mechani cal or sone specific functions damage nutual specific
i

funct Pon i iRty praregueing methedalintradueingiprgl Kings ohinpuritiesdntq dpurity
I ntroducing step: 15 1 an inpurity introducing step to be executed by using
an i npur i593d SEAI® QY disig abEsam Bhireaimants at al ok plansarta pard of theesiPPabl e
inmpurity;, 2 a delivering step to be executed by a solid sanple delivering
mechani siywiilizing iei ingpsipidn tdredusingr gpparsiusaaceerdimgdeidsim 8 a del i vering step
to be executed by a delivering nmechanismfor
wherein at least one of steps using the following mechanisms is included
or one of steps using the following mechanisms is intended for a combination of
10 the steps in such a manner that respective impurities are not mixed with each
other in the case in which desirable impurities required for the introduced
impurity to directly or indirectly cause a solid sample to retain electrical,
mechanical or some specific functions damage mutual specific functions if they
are mixed with each other in a treatment at an impurity introducing step:
15 1 an impurity introducing step to be executed by using an impurity
intfroducing 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
20 linking the impurity introducing mechanism and the solid sample delivering
mechanism which are independent every desirable impurity;
4 a resin removing step to be executed by a mechanism set
exclusively every desirable impurity and serving to remove a resin to prevent a

mixture with the other impurities;

25 5 a delivering step to be executed by a sample delivering
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20 linking the inpurity introducing nmechanismand the solid sanple
delivering nechanismwhich are independent every desirable inpurity; 4 a
resin renmoving step to be executed by a nechani sm set exclusively every
desirable inmpurity and serving to renbve a resin to prevent a mxture with
the other inpurities; 25 5 a delivering step to be executed by a sanple
delivering 43 nechanismfor linking a plurality of inpurity introducing
apparatuses which is independent every desirable inpurity; and 6 a
del i veri xecut i : ' j - l e and a
Mect rﬁ%P%{nE@Si m&%ﬂy ?fn[Fﬁ%ng ﬁﬁb&&’émﬁ%d@é‘?&h@ Is("i}%hnégw

sanpl e group between ing appa ses are

i ndependqﬂae%‘%t %%N@é)éir%dté%ﬁbﬁt}{r g'q&l an apparatus for renoving a resin.

- 44

6 a delivering step to be executed by a mechanism for delivering a
sample and a sample group between the impurity introducing apparatuses which

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