
SPECIFICATION  Impurity Introducing Apparatus and Impurity Introducing
Method  <TECHNICAL FIELD> 5 The present invention relates to an impurity
introducing apparatus and  an impurity introducing method, and more
particularly to a plasma doping  apparatus and a plasma doping method which
serve to implant an ion onto a  surface of a solid sample by using a plasma.
10 <BACKGROUND ART> There has been proposed a technique referred to as
plasma 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  1
deposited in a portion provided in contact with the plasma in a substance
constituting the closing or semiclosing environment. The deposited substance



comes in contact with the plasma, and is thus sputtered again by the energy
of  the plasma and is mixed into the plasma in some cases, and the plasma
and the 5 thin film are brought into a kind of stationary state by a
synthesis of competing  processes of the deposition and the sputtering. If
the deposited substance is  homogeneous to the impurity in the plasma, a
balance is maintained by the  deposition and a remixture. If the deposited
substance is heterogeneous, a  different kind of substance from the impurity
contained in the plasma is mixed 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
reason, 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  2 having
different characteristics. Therefore, it has been found that the plasma
doping can be utilized in the manufacture of the semiconductor. 



The inventors according to the invention further found that an
amorphization of a silicon single crystal substrate through an inert gas,  5
particularly, a He plasma plays a very important part (Patent Document 2).
More specifically, even if a large amount of He is irradiated for a long
period of  time in a He ion implantation through a conventional beam line
ion implantation,  the silicon single crystal substrate cannot be
amorphized. This has been a  common sense of an ion implantation industry
before 2004. When the plasma 10 is used, however, a large amount of He
(which is almost 100 times as large as  the amount of an ion implantation)
is irradiated in a unit time at a much lower  energy as compared with the
past common sense. For this reason, it has been  found that the silicon
single crystal is also amorphized. Referring to the effect of the
amorphization through He, an impurity is  15 introduced subsequently to or
simultaneously 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, B2H6 into
He does not produce a special effect. When the inventors made an experiment
for plasma doping in the early stage, B2H6 was diluted into 5% with He and
was  thus used as described in Patent Document 4. However, it was impossible
to  produce the advantage of the amorphization. 25 Patent Document 1 :
Japanese Patent No. 2780419 Specification  3 Patent Document 2 Japanese
Patent Application No. 2003-041123  Patent Document 3 : Japanese Patent
Application No. 2004-360122  



Patent Document 4 : Japanese Patent No. 2022204 Specification  Non-Patent
Document 1 : YSasaki et at, "B2H6 Plasma Doping with In 5 - situ He
Pre-amorphyzation", 2004 Symposia on VLSI Technology and Circuits  Patent
Document 5: JP-A-2004-179592 <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 plasma 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 controllability. <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  4
mixed with each other, they can be treated at the same time. However, it is
necessary to perfectly eliminate a combination in which a manufacture of a
semiconductor apparatus is adversely influenced when they are mixed with
each  other. In addition to the following distinction of a reaction chamber,
it is also 



5 necessary to distinguish a step in relation to a mechanism for delivering
a  treated wafer or a poststep (a removal of a photoresist will be taken as
an  example). More specifically, plasma doping is a method of introducing an
impurity by a contact with a plasma differently from an ion implantation for
implanting an ion having a high energy. Therefore, it was found that a 10
considerably small amount of contamination greatly influences the
manufacture  of the semiconductor apparatus. By paying attention thereto,
the combination  in which the impurities are mixed with each other to have a
bad influence is  eliminated completely. Accordingly, a combination of
plasma doping steps which makes a  15 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 B2H6  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 B2H6 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 semiconductor substrate  by using the
photoresist to execute boron doping over the P-type region by a  B2H6 plasma
diluted with He into a dilution rate which has a HePA effect through 



5 the chamber A. Subsequently, the N-type region is patterned by using the
photoresist and is thus opened to carry out phosphorus doping with a plasma
by  PH3 diluted with He into a dilution rate which has the HePA effect
through the  chamber B. 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 adheres to an inner part of the  treating
mechanism again. It is impossible to 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  6
vacuum coupling portion and an accommodation in an integral enclosure are
effective in another sense, that is, a surface of the semiconductor can be
prevented from being oxidized and particles can be prevented from being
stuck.  Even if the action is not taken, the contents of the invention can
be utilized 



5 substantially. More specifically, by using wafer delivering mechanisms
managed highly in a semiconductor manufacturing factory and their managing
functions, it is possible to exhibit a serial function by the presence of an
apparatus group capable of fulfilling the same function as a result even if
a great  distance is made therebetween or they are not stored in one
enclosure for 1o 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 following 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  7 for the introduced impurity to directly or indirectly
cause a solid sample to retain  electrical, mechanical or some specific
functions are mixed with each other  during a treatment at an impurity
introducing step: 1 an impurity introducing mechanism which is independent
every  



5 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  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  8 deciding
whether the impurity influences subsequent steps or not, a step of
extracting any of the steps which is decided to have an influence at the
deciding  step, and the extracted step. Moreover, the invention provides an
impurity introducing apparatus and  



5 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 or  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 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  9
between the impurity introducing apparatuses which are independent every
desirable impurity and an apparatus for removing a resin. In addition, the
invention provides an impurity introducing apparatus  and an apparatus group
which use a plasma in treatments at all of steps or a part  



5 of the steps to introduce plural kinds of impurities into a solid sample,
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 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 introducing 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
serving to remove-a resin to prevent a mixture with nonpreferable
impurities; 5 a sample delivering mechanism for linking a plurality of
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 



5 6 a mechanism for delivering a sample and a sample 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. 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 3 a solid sample delivering
mechanism for exclusively and  independently delivering a solid sample into
which the impurities which do not  damage the function even if they are
mixed with each other are to be introduced  or the impurities are
introduced; 



5 4 a mechanism set exclusively every combination of the impurities  which
do not damage the function even if they are mixed with each other and
serving to remove a resin to prevent a mixture with nonpreferable
impurities; 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 sample 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 molecules. In the
invention, moreover, the function of changing the coupling states  of the
crystal and polycrystal lattices and the atoms and molecules has an
amorphizing function. Furthermore, the invention provides an impurity
introducing method of  25 introducing plural kinds of impurities into a
solid sample by using a plasma in  12 treatments at all of steps or a part
of the steps, 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 the steps in such a manner that  respective impurities are
not mixed with each other in the case in which 



5 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: 1 an impurity
introducing 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
13 electrical characteristic indirectly and greatly through an
amorphization, for  example, a He plasma in addition to a directly
electrically active substance which  is generally represented by a
semiconductor. In the invention, moreover, at least one of the following
mechanisms is  



5 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 as well  as the impurity introducing apparatus itself. <EFFECTS OF THE
INVENTION> 10 According to the invention, a substance to retain electrically
positive and  negative characteristics is prevented from being mixed at a
certain step in an  introduction of an impurity into a semiconductor
substrate in a manufacture of a  semiconductor apparatus, thereby
contributing to an accurate manufacture of  the semiconductor apparatus.
More specifically, a method of distinguishing an 15 impurity is shown and a
solution can be carried out in consideration of the  circumstances such as a
cost performance in a manufacturing factory. <BRIEF DESCRIPTION OF THE
DRAWINGS> Fig. 1 is a plan view showing an apparatus for explaining a first
20 embodiment according to the invention. Fig. 2 is a sectional view showing
a structure of the apparatus for  explaining a structure of a chamber
according to the invention. Fig. 3 is a plan view showing an apparatus for
explaining a second  embodiment according to the invention. 25 Fig. 4 is a
plan view showing an apparatus for explaining a third  14 embodiment
according to the invention. Fig. 5 is a sectional view showing a structure
of an apparatus for  explaining the background art. 5 <EXPLANATION OF
DESIGNATIONS>  10 load lock 20 partition wall 



30 transfer chamber  40 HePA chamber 10 50 P-type doping chamber  60 N-type
doping chamber  70 P-type ashing chamber  80 N-type ashing chamber  90 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
<BEST MODE FOR CARRYING OUT THE INVENTION> Embodiments according to the
invention will be described below with  reference to the drawings. The
invention is not restricted to the following  embodiments. 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
1o 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 separated 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 B2He, an
N-type doping chamber 60 using PH3, 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 90,
a 25 P-type doping arm 100 and an N-type doping arm 110 are prepared to
avoid a  16 mutual mixture. A tray 120 is disposed in such a manner that the
semiconductor substrate can be transferred in a HePA portion and a doping
portion if necessary. Basic structures of the five plasma chambers will be
described with  5 reference to Fig. 2. Fig. 2 shows a sectional structure of
the HePA chamber  according to an example. A plasma source 122 is disposed
in the plasma  chamber 40. A gas introducing mechanism is not shown in the
drawings but a  



gas or an impurity material is introduced 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. Therefore, the semiconductor substrate 130 is disposed in
the load lock 1 OA.  For a technique of the HePA, the load lock 1 OA 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  17 amorphous state at a time. As a second technique, a
portion to be doped into a  P type and a portion to be doped into an N type
are isolated and patterned by a  photoresist, and are separately brought
into the amorphous state. First of all, in the first case, a semiconductor
substrate brought into the  5 amorphous state by the HePA chamber 40 once
passes through the load lock  1 OA and is thus delivered to the outside of
the apparatus, and is then patterned  by a photoresist via a lithographic
step, and is subsequently transported to a  



load lock 1OB in order to carry out P-type doping, the load lock 1OB is
brought  into a constant vacuum state and a valve 140B provided between the
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 B2H6  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 semiconductor substrate 130
subjected to 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 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 lock 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  18 and the
semiconductor substrate 130 is thereafter disposed in a load lock 1 OC.  The
load lock 10C is brought into a constant vacuum state and a valve 140C
provided between the load lock 1 OC and the transfer chamber is opened, and
the semiconductor substrate 130 is delivered through the arm 110, and is
guided 5 to the N-type doping chamber 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 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 layer which
is 10 degenerated and cured is removed by the N-type doping. Although all of
the  resists may be removed, it is possible to sufficiently fulfill a
function by simply  removing a layer having a thickness of approximately 20
nm which is  degenerated and cured in order to avoid the oxidation of the
semiconductor  substrate. The semiconductor substrate 130 subjected to the
ashing is 15 delivered to the outside of the apparatus via the load lock 1
OC 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  1 OA 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 through the arm 90, and is guided to the HePA 25
chamber 40 and is disposed therein. As described in the Non-Patent  19
Document 1, 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. For the P-type doping, subsequently, the semiconductor
substrate 130 is  5 taken out of the HePA chamber 40 through the arm 90 and
is transported to a  tray 120A. Next, the semiconductor substrate 130 put on
the tray 120A 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 B2H6 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 to 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 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. 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 opened,  25 and the semiconductor substrate 130
is delivered through the arm 90, and is  20 guided to the HePA chamber 40
and is disposed therein. As described in the  Non-Patent Document 1, the He
plasma is generated for seven seconds at a  degree of vacuum of 0.9 Pa by
the HePA, thereby causing a semiconductor  single crystal substrate to be
amorphous. 5 For the N-type doping, subsequently, the semiconductor
substrate 130 is  taken out of the HePA chamber 40 through the arm 110 and
is transported to a  tray 120B. 



The semiconductor substrate 130 is delivered through the arm 110, and  is
guided to the N-type doping chamber 60 and is disposed therein. Herein, a
1o PH3 plasma is generated with a PH3 gas for ten seconds 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 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 25 actually impossible to execute the step
separately. However, the delivery and  21 annealing can be carried out in a
gas atmosphere which does not react to a  semiconductor in a vacuum, with an
inert gas or at an ordinary temperature in  order to protect a surface of
the semiconductor in the same apparatus, a vicinal  apparatus subjected to a
delivery by a delivering method taking the handling of  5 the surface into
consideration or an entirely different apparatus. (Second Embodiment) 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. Load locks 10B and 1 OC are used for
P and N types, respectively. Four plasma chambers are disposed in a transfer
chamber 30. The  15 four plasma chambers are constituted by a P-type doping
chamber 50 using  B2H6, an N-type doping chamber 60 using PH3, 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. 22 Description will be given to an
embodiment for manufacturing a  semiconductor apparatus by using the
apparatus. There are two methods. Referring to a first method, the HePA is
first  carried out in a P-type chamber and an N-type chamber, and
subsequently,  5 P-type or N-type doping is executed. Referring to a second
method, a P-type or N-type dopant substance is diluted with He, and PA and
doping are  simultaneously carried out on a condition that a HePA effect is
exhibited at the  same time. 



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 B2H6 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 25 P-type doping is delivered to the P-type ashing chamber 70 by means
of the arm  23 100. 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 which is degenerated and cured in
order to avoid an oxidation of the 5 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. The
N-type doped region of the semiconductor substrate 130 is  



patterned via a subsequent posttreatment and a lithographic step, and the
1o 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 1 OC is brought into a constant
vacuum state, a valve 140C  provided between the load lock 1OC 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 PH3 plasma is generated with a PH3
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.  24 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  semiconductor
substrate. The semiconductor substrate 130 subjected to the 5 ashing is
delivered to the outside of the apparatus via the load lock 10C by  means of
the arm 110. Next, the second method will be described. At least one
semiconductor substrate 130 in which the P-type doped  



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 106 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 B2H6 plasma is generated for seven seconds with
a B2H6 gas diluted mainly 15 with He by the P-type doping, and the P-type
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. 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 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  25 patterned via a subsequent posttreatment and a
lithographic step, and the  semiconductor substrate 130 is then disposed in
the load lock 10C. The load lock 10C is brought into a constant vacuum
state, the valve  140C provided between the load lock 10C and the transfer
chamber is opened,  5 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. Herein, a  PH3 plasma is generated for ten seconds with a
PH3 gas diluted mainly with He  by the N-type doping, and the N-type doping
is carried out over the  



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. 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 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  26 order to protect a surface of the semiconductor in the
same apparatus, a vicinal  apparatus subjected to a delivery by a delivering
method taking the handling of  the surface into consideration or an entirely
different apparatus. 5 (Third Embodiment) A third embodiment according to
the invention will be described with  reference to Fig. 4. A plasma doping
apparatus is an example in which a  plasma in a vacuum state is utilized. It
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 substrate, 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 in 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
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 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. 27 The case in which apparatuses are
intentionally provided intensively in  the vicinity will be described again.
Description will be given to a structure of the apparatus. Each  apparatus
is provided with a load lock 10, a transfer chamber 30 and a plasma  5
chamber. The function of measures in which five apparatuses are provided
together is constituted by an apparatus 42 comprising a HePA chamber 40, an
apparatus 52 comprising a P-type doping chamber 50 using B2H6, an apparatus
62 comprising an N-type doping chamber 60 using PH3, an apparatus 72
comprising a P-type ashing chamber 70 for removing a photoresist on a 



10 semiconductor substrate subjected to P-type doping, and an apparatus 82
comprising an N-type ashing chamber 80 for removing a photoresist 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 0.9 Pa by the HePA, thereby causing a semiconductor
25 single crystal substrate to be amorphous. 28 The semiconductor substrate
brought into the amorphous state by the  HePA chamber 40 once passes through
the load lock 1 OA and is thus delivered  to the outside of the apparatus,
and is then patterned by a photoresist via a  lithographic step, and is
subsequently transported to a load lock 10B of the 5 apparatus 52 comprising
the P-type doping chamber 50 in order to carry out  P-type doping, the load
lock IOB is brought into a constant vacuum state and a  valve 140B 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. As 



10 described in the Non-Patent Document 1, a B2H6 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 1OA and is delivered to the outside of the apparatus,
15 and is transported to a load lock 1 OD 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 1
OD 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  29 delivered to the outside of the
apparatus via the load lock 10D by means of the  arm 106. The semiconductor
substrate 130 is subjected to a subsequent  posttreatment and a lithographic
step, and an N-type doped region is then  5 patterned, and the semiconductor
substrate 130 is thereafter disposed in a load lock 10C of the apparatus 62
comprising the N-type doping chamber 60. The  load lock 10C is brought into
a constant vacuum state and a valve 140C  provided between the load lock 10C
and the transfer chamber is opened, and  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 PH3
plasma is generated with a PH3 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 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 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. Although 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 outside of the
apparatus via the load lock 1 OE by means of the arm 116.  25 The second
case will be described. 30 At least one semiconductor substrate 130
subjected to the P-type  patterning through the photoresist is disposed in
the load lock 10A of the  apparatus 42 comprising the HePA chamber 40. At
this time, the HePA is first  executed. The load lock 1 OA is brought into a
constant vacuum state, the valve 5 140A 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 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 0.9 Pa by the HePA,
thereby causing a semiconductor  



1o single crystal substrate to be amorphous. The semiconductor substrate
brought into the amorphous state by the  HePA chamber 40 once passes through
the load lock 1 OA 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 state 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 B2H6 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 1 OA and is delivered to the outside of the apparatus,
and is transported to the load lock 10D of the apparatus 72 comprising the
25 P-type ashing chamber 70 for removing a photoresist on the semiconductor
31 substrate subjected to the P-type doping, and the load lock 1 OD is
brought into a  constant vacuum state, the valve 140D provided between the
load lock 1 OD and  the transfer chamber is opened, and the semiconductor
substrate 130 is  delivered through the arm 106 and is disposed in the
P-type ashing chamber 70. 5 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  that is degenerated and
cured, in order to avoid the oxidation of the  semiconductor substrate. The
semiconductor substrate 130 subjected to the 



10 ashing is delivered to the outside of the apparatus via the load lock 10D
by  means of the arm 106. 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 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 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. 32 The semiconductor substrate brought into the amorphous
state by the  HePA chamber 40 once passes through the load lock 1 OA and is
thus delivered  to the outside of the apparatus, and is disposed in the load
lock 10C of the  apparatus 62 comprising the N-type doping chamber 60. The
load lock 1 OC is 5 brought into a constant vacuum state and the valve 140C
provided between the  load lock 10C and the transfer chamber is opened, 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. Herein, a
PH3 plasma is  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 1OE 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 1 OE
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. 33 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  load lock 106. At
this time, the HePA is first executed by using the P-type  doping chamber
50. 5 The load lock 106 is brought into a constant vacuum state, the valve
1406 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 



1o 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 B2H6 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
fulfill 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. 34 The semiconductor substrate
130 subjected to the ashing is delivered to  the outside of the apparatus
via the load lock 1 OD by means of the arm 100. The semiconductor substrate
130 is subjected to a subsequent  posttreatment and a lithographic step, and
an N-type doped region is patterned  5 and the semiconductor substrate 130
is thereafter disposed in the load lock 1 OC. First of all, the HePA is also
executed over a region subjected to N-type  patterning by using the N-type
doping chamber 60. The load lock 10C is brought into a constant vacuum
state, the valve  140C provided between the load lock 10C and the transfer
chamber is opened,  



1o 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 PH3 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  35 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 semiconductor substrate. The semiconductor
substrate 130 5 subjected to the ashing is delivered to the outside of the
apparatus via the load  lock 10C by means of the arm 110. Referring to a
fourth technique, a P-type or N-type dopant substance is  diluted with He,
and PA and doping are simultaneously carried out on a condition  that a HePA
effect is exhibited at the same time. 



10 The load lock 10B is provided with at least one semiconductor substrate
130 in which the P-type doped region is patterned with a photoresist through
a  lithographic step. The load lock 10B is brought into 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  B2H6 plasma is generated for seven seconds with
a B2H6 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  36 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 the oxidation of the semiconductor  substrate. The
semiconductor substrate 130 subjected to the ashing is 5 delivered to the
outside of the apparatus via the load lock 10D by means of the  arm 100. The
semiconductor substrate 130 is subjected to a subsequent  posttreatment and
a lithographic step, and an N-type doped region is patterned  and the
semiconductor substrate 130 is thereafter disposed in the load lock 10C. 



10 Herein, a PH3 plasma is generated for ten seconds with a PH3 gas  diluted
mainly with He by the N-type doping, and the N-type doping is carried out
over the 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
1OE 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
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 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  25 lock 10C by means of the arm 110.
37 In the way described above, the necessary P-type and N-type doping for
the semiconductor substrate 130 is ended by the first to fourth methods, 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 5 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
semiconductor in a  vacuum, with an inert gas or at an ordinary temperature
in order to protect a  surface of the semiconductor in the same apparatus, a
vicinal apparatus 



10 subjected to a delivery by a delivering method taking the handling of the
surface  into consideration or an entirely different apparatus. If B2H6 or
PH3 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  BF3
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  38 certain step, thereby
controlling an amount of the introduction of the impurity with  high
precision. Therefore, the invention is effective for manufacturing a fine
semiconductor integrated circuit apparatus such as a VLSI. 5 39 CLAIMS  The
invention claimed is: 1. A plasma doping method for doping materials by
using  plasma for a substrate, comprising: doping the substrate by a first
doping material at a first  



chamber and then doping the substrate by a second dop- ing material at a
second chamber; delivering the substrate to or from the first doping chamber
by a first delivering mechanism; and delivering the substrate to or from the
second doping cham- ber by a second delivering mechanism; wherein all
components of the first and second delivery  mechanisms are completely
separated from each other  by a partition wall, wherein the first and second
plasma doping chambers are  disposed in a transfer chamber, wherein P-type
doping is carried out in the first chamber  and N-type doping is carried out
in the second chamber,  and wherein the first and second chambers are
separated from  each other and are disposed in a closed space. 2. The plasma
doping method according to claim 1, further  comprising: treating the
substrate doped with the first doping material at  a third chamber; and
treating the substrate doped with the second doping mate- rial at a fourth
chamber; 40 wherein the treatments carried out in the third and fourth
chambers are different from the treatments carried out in  the first and
second chambers, and 



wherein the third and fourth chambers are disposed in the  transfer chamber.
3. The plasma doping method according to claim 2,  wherein the treatments
carried out in the third and fourth  chambers are removing a resist layer
formed on the substrate. 4. The plasma doping method according to claim 2,
wherein the first and third chambers are arranged to be closed  in the same
place. 5. The plasma doping method according to claim 2,  wherein the second
and fourth chambers are arranged to be  closed in the same place. 41 






