1 MANUFACTURING METHOD OF SEMICONDUCTOR'DEVICE

This application is based upon and claims the benefit of priority from .
Japanese patent application No. 2009-277828, filed December 7, 2009,
the disclosure of which is incorporated herein in its entirety by reference.
Background of the Invention The present invention relates to a
manufacturing method of a semiconductor device and, in particular,
relates to a doping method of an impurity atom to a semiconductor
substrate. Figs. 3A and 3B show a conventional shallow doping
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depth of around 20nm. By irradiating a low energy ion beam 4, ion
implantation is usually performed to the surface of the semiconductor
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perpendicular implantation angle (Fig. 3A). For example, in case where
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ecause the beam. current value in.the ion, implantatijon is low, the ion
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processing time to get a predetermined implantation dose amount (Fig.

3B). Referring to Figs, 4A to 4C, by using a silicon substrate la as a
semicoRRGEBPYNBSTINE 'BYIHEHIm 3 is formed on the silicon substrate is
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deposition method or physical vapor deposition (PVD) method] -
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thermally diffusing the impurity atom such as B (Boron) from the thin film 3
W%ét@méaﬁ ﬁ%‘?@"fﬁ{ iﬁ’f’%sﬁré%?‘treatment (Fig; 4C), In this
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the surface of the substrate does not become the high impurity
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§58th concentration as source/drain.

By irradiating a low energy ion beam 4, ion implantation is usually
performed to the surface of the semiconductor substrate 1 af a perpendicular
implantation angle or & nearly perpendicular implantation angle (Fig. 3A). For
example, in case where the ion implantation is carmried out by implantation
energy of 200eV, because the beam current value in the ion implantation is low,
the ion implantation for an impurity diffused layer 5 needs a long implantation
processing time fo get a predetermined implantation dose amount (Fig. 3B).

R&ferﬁng 1o Figs, 4A to 4C, by using a silicon substrate 1aas a
semiconductor substrate, a thin Tilm 3 is formed on the silicon substrate 1a
surface with a plasma 2 including the impurity atom  [chemical vapor
deposition (CVD) method or physical vapor deposition (PVD) method] (Figs. 4A
and 4B), Thereafter, an impurity difiused layer 5 is formed by thermaliy
diffusing the impurity atom such as B (Boron) from the thin film 3 within the

silicon substrate 1a with a heat treatment (Fig, 4C).



Fig. 5 shows a conventional technique about a case that the ion
implantation is carried out to the side (a wall and a slope part) of a
concavity and convexity part of the semiconductor substrate formed by
processing. Here, the concavity arid convexity part represents a space
structure having a projection, a ditch, & step, a slope, and the like. In
a process 1, a semiconductor substrate 1 for Fin-FET type transistors
having the projection is made by selectivitég)erforming etching by the use
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In case where the iowplantation angle (Tilt angle) from a perpendicular
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for the plane. Therefore, a very long implantation processing time is
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density level is low..This is lack in practical .utility.. esides, by a
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As mentioned above, in the above conventional method, the ion
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energy, It is impossible to obtain a high beam current density because of
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Vf\cli*?es r?eaa%in?gétmem is carried out.  As & result, a diffused layer § of the impurily
atom is formed 1o a sidewall of the projection.

In sase where the ion implantation angle (Tilt angle) from a
perpendicular line is smali, e.g., in the cese of 10 degrees, [ is necessary o
process it with an implantation dose amount of 6 fimes in comparison with the
case forthe plane, Therefore, a very long implantation processing time is
necessary regardiess of an advantageous condition that a beam current density
level is low, This is [ack in practicat utility.

Besides, by a reflection of the implantation ion in the substrate surface,
& joss of the implantation ion is ocourred, and therefore more dose amount is
needed.

As mentioned above, in the above conventional method, the ion
impiantation of low energy is necessary io form a shallow impurity diffused layer

into the silicon subsfrate, And, in the ion implantation of the low energy, itis

impuossible 1o obtain a high beam current density because of an ion beam



As another disadvantage, like a Fin-PET type transistor of the
three-dimensional structure that becomes the topic in recent years, the
shallow lon implantation is necessary for a wall of the nearly perpendicular
projection that was formed three-dimensionally to the silicon substrate.
The Fin-PET type transistor will be déscribed with reference to Fig. 10. On
the semiconductor substrate 1, a projection (extension) which becomes a
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mount of the implanted impurity atom remains with an approximately
tenstant alsouDa tnd Hthardiand, in a conventional ion implantation
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deteriorates. In order to avoid this problem, a casting plan for
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eléctroni in the conventional beam transport system.
the silicon substrate with only the dose amount defined by sing.  Therefore the
ion implantation of higher dose amount was necessary, and a problem has
oceurred in practical utility.

In addition, as shown in Figs. 44 1o 4C, there is a method for diffusing
an impurity atom within the silicon substrate 1a by a thermai diffusion
processing after the thin film 3 including the impurity atom has formed with the
plasma 2. In this method, it is difficult to carry out the thermal diffusion more

“than 1E18cm-3 in the recent process that high temperature heat-freatment is
impossible. For the reason, there was not useful means that can realize s Fin-

FET type fransistor.

Furthermore, with the miniaturization of the 13! device, the implantation



(2) The technique that transports the ion beam with high energy and
decelerates it just before a wafer.  (3) Technique that ionizes polyatomic
molecule and transports it. In addition, in substitution for a conventional
beam line type ion implantation, (4) the technique which is called a
plasma doping is examined, However4 none of the above-mentioned
techniques Is yet fixed as the technique to improve the productivity

crucial The furthe mlnlatu rization (or shnnk) of the LSI device
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qeudal or less than 20 degrees. That is the productivity of this process
becomes equal or lower than one third. As for another problem, in the
ion impldhidthsriemausihahesss/lonriaskptdichaeruetiienenbsam
flﬁ e#ﬁgt%t ghe ubstrate surface and is hard to implant into the substrate.
Sre th gradatlon of the productivity occurs. At the implantation
angle equaToe e Hivue 20:d egressrniycdthmibesm Wbibigheimplanted

e larato i batore  watar s two-thirds.

{(3) Technigue that ionizes polyatomic molecule and franspors it

in addition, in substitution for a conventional beam ling type ion
implantation,

{4) the technigue which is called a plasma doping is examined,
However, none of the above-mentioned technigues is vet fixed as the technioue
o improve the productivity cruciaily,

The further miniaturization (or shrink) of the L3I device promotes the
shape change of the transistor, and a space structure which is so-called 3D is
being adopted. In this case, as for the jon implantation to source/drain, the
doping to the surface that is perpendicuiar to the plane of the semiconductor
substrate is required, In this event, the lon implantation of the small angie with
a normal line of a perpendicular surface is impossible because the distance

between adiacent transistors cannot be secured enough.  For the reason, two

following problems are caused from the viewpoint of the productivity,. Then the



If the above two problems are joined, in the low angle implantation to the
perpendiou?ar aurfaoe, only-the producti-v-lty of 20'0, namely, equal or
lesa than 22%, can be achieved in comparison with the implantation to the
plane. Accordingly, the low productivity that becomes the problem in the
current planer transistor will turn worsg more than around 5 times or more
Summary of Invention The present invention, by separating an ion
implantation-related process into two processes, aims to obtain the effect
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tggéﬁgﬂgr productivity. Specifically, the present invention aims to
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the semiconductor substrate surface. In addition, as the concavity and
dBAVENS Rk-formed by processing on the semiconductor substrate
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process.amang the two processes mentioned above, a thin film including
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impurity atom is implanted from the upper side of the thin film. As a result,

thEs ﬁmnﬁ@@_@ﬁﬁbafﬁfp@_@h@ RIEBMEN Ttk ReckMgDveffeictsand then
mplanteginia s Semieand
e plan

r substrate.surface and further recoiled.
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than 22%, can be achieved in comparison with the implantation to the plane.
Accordingly, the low productivily that becomes the problem in the current planar

transisior wii tum worse more than around 5 times or more,

Summary of Invention

The present invention, by separating an ion implantation-related
process into two processes, aims to obiain the effect like the one process in the
jon implantation of the normal high angle with the higher productivity.

Specifically, the present invention aims to provide a method which can
dope a carrier impurity atom (namely, the impurity atom ihat becomes a donor
or an acceptor) of high concentration with high time efficiency, the normal ion

implantation process time, and low enargy, in comparison with the conventional



According to an example of the present invention, in a surface of a
projection part formed by the processing of a silicon substrate which
becomes a base substrate of a semiconductor device, an impurity thin film
including an impurity atom that is a carrier impurity atom which becomes a
donor or acceptor is formed onto a sufface of the silicon substrate with a
plasma treatment. Then the impurity atom is recoiled from the inside of the
|mpurltéth|n film to the inside of the projection part of the silicon substrate
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substrate by utilizing a recoi actlon cco on e nhe of

imei e tatien) Wsihecisaukthimngecsiion. are enumerated as follows.
(First Asg c%A manufacturin é%ﬁggethod of a semiconductor device
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concavity and convexity part on the surface of the semiconductor
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semlconductor substrate by performlng the ion implantation, (Secon
Aoweensed part of a trench region and a capacitor region.

In the first process among the two processes mentioned above, a thin
film including a purpose impurlty atom is formed on the semiconductor substrate
surface. In the next process, the ion which s heavier than the purpose
impurity atom is implanted from the upper side of the thin flim.  As a result, the
purpose impurity atom is flicked (knocking on-effect) and then implanted into the
sermiconductor substrate surface and further recoiled.  Thus, it is possible to
impiant the purpose impurity atom within the semiconductor subsiraie.

According to an exampie of the present invention, in a surface of 2
projection part formed by the processing of a silicon substrate which becomes a
base subsirate of a semiconductor device, an impurity thin film including an
impurity atom that is a carrier impurity atom which becomes a donor or acceptor
is formed onto a surface of the sllicon substrate with a plasma treatment. Then
the impurity atom s recoiled from the inside of the impurity thin film te the inside
of the projection part of the silicon substrate by implanting an ionfrom 2
diagonal upper direction to the impurity thin fiim.  That is the impurily ion is
introduced inte the inside of the silicon substrate by ufilizing a recoil action

according to & knocok on gifect in the ion implantation.



In the manufacturing method according to the first aspect, a dose atomic
weight corresponding to an implantation dose amount is controlled by an
adjustment of a film thickness of the impurity thin film or a species of.an
impurity deposition material of the impurity thin film, or an adjustment of
an implantation ion species, an implaftation angle, an implantation
energy, and an implantation dose amount. (Third Aspect) In the

manufa%urin% m?%lﬁod acc ‘rdir%to the first aspect, the impurity atom of
the impUrits Thin I T R PEEMErRIotaBlRE Aspect) In the
manufaqm@g\ggggﬁpd according to the first aspect, as the impurity thin
film, the impurity thin film including B is deposited by performing a plasma
treatmerit WeRBRGAE NETEtheddb e reeio BB G0 BRSj (@ ithnAspiagt)
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on the surface of the semiconductor substrate:

depesiting on the surface of the semiconductor subsirate an impurity
thin film including an impurity atom which becomes a donor or an acceptor in
the semicondusior substirate;

performing an ion implantation from a diagonal upper direction o the
impurity thin film deposited on the concavity and convexity part of the
samiconductor substrate; and

recoiling the impurity atom from the inside of the impurity thin film 1o the
inside of the concavity and convexity part of the semiconductor substrate by
performing the ion implantation.

(Second Aspect)

in the manufacturing method according 1o the first aspect, & dose
afomic weight corresponding fo an implantation dose amount is controlled by an
adjustment of a film thickness of the impurity thin film or a species of an impurity
depositiornr material of the impurity thin film, or an adjustment of an implantation
ion species, an implantation angle, an implantation energy, and an implantation
gose amount,

{Third Aspect)

in the manufaciuring method according to the first aspect, the impurity
atom of the impurity thin film is any one of B, P, and As.

(Fourth Aspect)

In the manufacturing method according o the first aspect, as the

impurity thin film, the impurity thin film including B Is deposited by performinga -



In The manufacturing method according to the first aspect, as the impurity
thin film, the impurity thin film including As is deposited by performing a
plasma treatment with a gas including arsine AsH3. (Seventh Aspect)

In the manufacturing method according to the first aspect, an implantation
ion in the ion implantation process is the ion of a heavy atom which is
larger in atomic weight than any one of B, P. and As which constitute the
impurity atom of the impurity thin, film _éEi ht ect) In the
M§ﬁﬁ€8ﬁﬁ?ﬂ&%@%é g@ﬁcg/?am 8 FH Qﬁggle t?%ﬁii:%plantation ion in
the ion irplapigtion)process is any one of Si, As, Ge, In, Sb, Xe, and Ar.
(Ninth Aspect) In the manufacturing method according to the second

aspect, i eamaneidehcshmathes greeuinm o dheeasmantyesrite
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according_to the first aspect, the impurity atom in the impurity thin film is
recoiled( & A@fSide of the impurity thin film to the inside of the
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part of the concavity and convexity part of the semiconductor
~ impurity thin film, the impurity thin film including As is tdeposited by performing a

plasma treatment with a gas including arsine AsH3,

(Seventh Aspect)

in the manufacturing method according to the first aspect, an
implantation ion in the on implantation process s the ion of a heavy atom which
is larger in atomic weight than any one of B, P, and As which constitute the
impurity atom of the impurity thin film.

- {Eighth Aspect)

In the manufacturing method according 1o the first aspect, an
implantation ion in the ion implantation process is any one of 8}, As, Ge, In, Bb,
Xe, and Ar,

{Ninth Aspect)

in the manufacturing method according to the second aspedt, 2 beam
incidence angle to the surface of the concavily and convexity part of the
serniconductor substrate from the diagonal upper direction in the ion
implantation is an inclination angle substantially less than 20 degrees.

{Tenth Aspect)

In the manufacturing method according to the first aspect, the impurity
atom i the impurity thin film is recolled from the inside of the impurity thin fitm
1o the inside of the semiconductor subsirate by a nock on effect that is caused,

at a surface part of the concavity and convexity part of the semiconductor



substrate, by collision of the implantation ion to the impurity atom in the
impurity thin film in a direction substantially orthogonal to the surface part.
(Eleventh Aspect) In the manufacturing method according to the second
aspect, the ion implantation is performed with low-energy implantation
less than 5keV. (Twelfth Aspect)  ®In the manufacturing method
according to the second aspect, the on implantation is performed with low
dose implantatjon atomic weight less than 2E15atoms/cm2. (Thirteenth
SRR B S R P SR o5 MR 0 0t KRR
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for the concavity and convexity part of the semiconductor substrate.
(FourteERgYEEpAPect) In the manufacturing method according to any
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plasma treatment while by decreasing, relative to that for the plane part, a
deposit e8P 8FRTBurity thin film deposited on a side surface of the
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possible to dope a carrier impurity atom of high concentration with high
tinpdestfitemisypatiormadhnaitiointisiean tatitanrtee ssainewaighidvsestergy
?ggéf to the conventional ion implantation process which needs the long
% Stk caused by the low-energy. Thus, it is possible to

dope in(wrg@g@,twj@gﬂfggt) efficiency, to a part which is not a plane of a
semiconductor substrate, namely, to a wall surface part of a concavity and

convexity harerHiaeie e BwikesRrsartiRg to the first aspect, the impurity
thin film is thickly deposited on a plane part of the surface except for the

concavily and convexity part of the semicenducior substrate.

{Fourteenth Aspeot)

in the manufaciuring method according to any one of the fourth through
sixth aspects, the impurity thin film is thickly deposited on & plane part of the
semiconductor subsirate by increasing 2 deposit rate of the impurity thin film
deposited on the plane part with the plasma treatment while by decreasing,
relative to that for the plane part, a deposit rate of the impurity thin fiim
deposited on a side surface of the concavity and convexity part.

According to the present invention, it is possible fo dope a camier
impurity atorn of high concentration with high time efficiency, the normal ion
implantation process time, and low energy, relative to the conventional ion
implantation process which needs the long processing time caused by the iow-
energy.

Thus, it is possible to dope impurities, with high efficiency, {0 & part
which is not a plane of a semiconductor substrate, namely, to a wall surface

part of & concavity and convexity part formed by processing on the



10 semiconductor substrate surface. Brief Description of the Drawings
Figs. 1A to 1D are diagrams which show an ion implantation process how.
Figs. 2A to 2D are diagrams which show a process flow in a first
embodiment of the present invention. Figs. 3A and 3E are diagrams
for explaining a first example of the céiventional ion implantation method.
Figs. 4A to 4C are diagrams for explaining a second example of the
conventional ion implantation method. Fig. 5 is a diagram in case
WREHS A HUreR S SirtEcHRSty part is formed by processing on a
semiconductor substrate surface, and then ion implantation is carried out
to the side (a wall and a slope part) of a formed concavity and convexity
part. Brief Description of the Drawings

Figs. 1A 1o 1D are diagrams which show an ion implantation process
flow. |

Fige. 2A 1o 2D are diagrams which show a process fiow in a first
embodiment of the present inveniion,

Figs. 3A and 3B are diagrams for explaining a first example of the
conventional ion implaniation method.

Figs. 4A 10 4C are diagrams for explaining 2 second example of the
conventional ion implantation method.

Fig. & is a diagram in case where a concavity and convexity part is
formed by processing on a semiconductor substrate surface, and then ion
implantation is carried out to the side (a wall and a slope part) of a formed
concavity and convexity part.

Figs. 6A to 8D are diagrams which show a process flow in a second
embodiment of the present invention.

Fig. 7 is & graphical drawing showing a depth - concentration profile in a
wall corresponding o a sidewall of a projection which was actually treated by
the embodiment of the present invention.

Fig. 8 is a diagram for explaining & recoil action.

Fig. 9 is an enlarged diagram which shows the recoil action of Fig. &.

Fig. 10 is a perspective view for explaining a Fin-FET type transistor,

Description of the Preferred Embodiments
Referring to Figs. 1A to 1D, the description will be made in regard to an
ion implantation process flow in case where an lon implantation target partis a

plang, namely, & flat surface.



Figs. 6A to 61D are diagrams which show a process flow in a second
embodiment of the present invention. Fig, 7 is a graphical drawing
showing a depth - concentration profile in a wall corresponding to a
sidewall of a projection which was actually treated by the embodiment of
the present invention. Fig. 8 is a diagtdm for explaining a recoil action.
Fig. 9 is an enlarged diagram which shows the recoil action of Fig. E. Fig.
10 is a perspective view for explaining a Fin-FET type transistor.

Descriptidffof thie BRANREEEM UNHERtation presss iyt mgiananet of
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flow in case where an 1on implaritation target part Is a plane, namely,
stefaicondlttor subigstd Al foid B hem HiesidRiHtpipnt atieniprodessd]ow 9z
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(Germanium) ion beam. After irradiation of the ion beam 14, spike anneal
(rOnpEhridae ikebe T OROE ITRenesd; or the like) of 1050C is
perform%‘?\& operation will be described below,

Atfirst, based on a gas including B2HE as a basic gas, plasma is
formed above the silicon substrate 11 placed in a chamber (nat shown). Then
a deposited film 13 including B is formed in thickness of around Bnm (preferably
several nm 1o several dozen nm) on the surface of the silicon substrate 11 by
the plasma 12 (Figs. 1A and 1B}. The deposited film 13 is a thin fiim having 2
B conceniration of 50% 1o 99%. When Ge ions which are large in mass than B
(large in atomic weight) are implanted with 1E14atoms/om? and the beam
energy SkaV by a Ge lon beam 14 (Fig. 10}, the Ge ions coliide with B and, as
aresult, B is flicked,  With the energy given by the coliision, z B layer is
introduced within the silicon substrate 11 with around 1E15atoms/cm2 as an
impurity diffused layer 15 (Fig, 1D),

According 1o the ion implantation methed mentioned above, itis
possible to form the B jayer {impurity diffused iaver 1 5) of high concentration
with the dose amount which is low by one digit or more by performing the ion
implantation through the thin film after depositing the thin film including the
impurity atom on the surface of the semiconductor substrate. Thatis itis
possible 1o perform doping in high preductivity and in short processing time.

Referring to Figs. 2A to 2D, the description will be made with respect to
a first embodiment of this invention.

The first embeodiment of this invention is an application that, in Figs. 2A

to 2, the siiicen substrate 11 has a step by forming 2 concavity and convexity



The operation will be described below, At first, based on a gas
including 82H6 as a basic gas, plasma is formed above the silicon
substrate 11 placed in a chamber (not shown). Then a deposited film 13
including B is formed in thickness of around 5nm (preferably several nm to
several dozen nm) on the surface of I¥e soon substrate 11 by the plasma
12 (Figs. 1A and 1B). The deposited film 13 is a thin film having a B
concentration of 50% to 99%. When Ge ions which are large in mass than
BT JETRIAGTRISHOR HEYIERsiR) IRt @Tvibe Serpnaeitiscriieameltrate
beay A | ig, 10),.t e ions collide with
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lagecayitpmod weestaith path e siieon strbstiaieddingithdirehdstep, a siope
18% 5a} S rity diffused layer 15 (Fig. 1D). According
to the'i

msiorn2 as gn im
g‘ﬁ i%ﬁﬁﬁ%%%ﬁ#@B%@%ﬁéﬂ%@@&Wis possible to form the
B layer (imauAsliHaeeiay e of Righ sopeemtatipnuibihe dRse:

amount which is low by one digit or more by performing the ion

itrgl e i diotrshteheothi nitewallsavidep sbitimyg thBinHirdilettinclpditiy the

[ [ 1 the surface qf.the semiconductor substrate. That is it.is
D e B S PRt o8 G Bro heehlp
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respect to a first embodiment of this invention. The first embodiment

Serrsitnvdimaterealied spig Risneratt i thg subatwowitiibansme
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herein a projection (extension) part, on the surface o con substrate
Sidevinalfed o Eosbemprsesbrastiowhing dv the! fiketHa piddiiparias fos the
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is formed to both sidewalls of the step of a Fin (projection part) formed on

RS ASRAIBE AR EIPIRP B RRTHET e RS ICRINY AT SPRERSR 16 gregst for
24 and %@g At this time, it is configured so that a deposit rate of the
deposited film deposited on a plane part of the substrate with the plasma
treatme Rissiemyentihikba it esierend soffttre: ddpo sttt fiin depesied on

the side wall of the, Fin b I relative to that for th f
B T e R B D A, M cpeueen A s i e
inriticieeshthridhareldhetepestasddise htamed 18 haitvaidemals.of

the Finéaart is deposited on the plane part of the semiconductor substrate
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gonal direCtions, With this irradiation, in the ion implantation of the dose
avaiizinf telfdpsdtim Sicmaitevehasititodote dwmndingdoothe sideseall shat

is. possible, to form. the impyrity di layer 15 1d yniform in .
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implantation angle 0 from a perpendicular line for a plane of the silicon
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lefirdiagiosztianppesidirectioftias 2hown in Fig. 2D.
Refarring to Figs. 6A 1o 8D, the description will be made with respect o

a second embodiment of this invention.



Referring to Figs. 6A to 6D, the description will be made with respect to a
second embodiment of this invention. 13 In the second embodiment,
when a CMOS (Complementary Metal Oxide Semiconductor) is formed,
deposited films including F or B are selectively formed to an'N-type device
region and a P-type device region, ré3pectively. Then, it is possible to
form extension regions of N-type MOSFET and P-type MOSFET with a

ingl k ali t, LAt h a Fj t jecti t) f
forming 5 U PEELEH P RIS YRR orN o PR B Mk
torme dudidhaRich o BrREeRS A SidBRANE RiGSHRQ £0PS PE seicctively

convenience, the Fin part (prpjection part) for forming t‘he source and the
Rirmsattgsrofedipn gevgtoteiomanpthddmin dericeregian yatpentel.

ch aother. This is tq illustrate a cross. secti urfa art
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sSaUsTEragtandsthgisiraizipanyanesiarmed so as to line up on a straight line
as apparent from Fig. 10. In a process of Fig. 64, as well as F

ig, 2A,
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ecomes the drain part by the plasma 12.
like, prétesHefBighe R withvirecstatettimal thedfripajesiibichardonfestivg

t ] ed with ist 61, hath sidewalls of.the Fi t of th
ke am G o D T B B 0% cab ey
direstigdnandihadelt uparridikeniefirate a HoaPseesss OifHee 6P atbeurce

deposited film 13 of the drain part side is removed and then the Fin part
PARCANEET 5Aes Sheligrapiiine 1l eodEaamiNe Sisoh Arawingsiesdhss
well as Eia. 2A..the j i [ ing. P.i me .m.
B e 12 =
Epparant &rproEss Of Fig. 6D, with the state that the Fin part which

becomes the drain paitis gavered AL e 1S5S, A1 hot spupls of the
part which becomes the source part is covered with a resist 61, the deposited
film 13 including B is formed on the surface of the Fin part which becomes the
drain part by the piasmé 12,

Then, in 2 process of Fig. BB, with the state that the Fin part which
becomes the source part is covered with a resist 61, both sidewalis of the Fin
part of the drain part side are imadiated with the Ge ion beam 14 from the right
upper direction and the left upper direction.

in a process of Fig. 6C, the deposited fiim 13 of the drain part side is
removed and then the Fin part which becomes the drain part is covered with a
resist 61a. inthis state, as well as Fig. 2A, the deposited film 13a including P
i formed on the surface of the Fin part which becomes the source part by
plasma 12a.

Then, in a process of Fig. 8D, with the state that the Fin part which

becomes the drain part is covered with the resist 81, both sidewalls of the Fin



14 part of the source part side are irradiated with the Ge ion beam 14 from
the right upper direction and the left upper direction. Subsequently, the -
deposited film 13a of the source part side is removed. In the
conventional method in which the ion implantation is directly performed,
since the implantation dose is high, th& Fin part becomes amorphous.
Therefore there was a problem that a high-density defect is caused,

bec u\§ the crystal growth is not occurred from the substrate side, .
e R S L R e e P

siggualiratihe B wnmw%@@ﬁga!ly ggsled ntherobadinental,

i
the present invention, A solid fine of Fig. 7 shows the concentration of B
wheahtba saetRmegisolesergapuedistribution of the concentration of P.

Figs. 8 and 9 are diagrams fqr explaining the recoil action. according to the
emod T e S aA e T e i RS R e
depesited finck3ibatisidataned tébasShidacepFhafdRe&inrhast of the
silicon substrate 11 is recoiled from the inside of the deposited film 13 to

SRS thERIGFRINBrMRSeHEHeTiciAtR bighensiibyeierbsk on
eHeeLingin.pausad lisionofdhe implapiation ion Lo he dmaur

atom B in the depositedﬁf% 13 in a.direction substantla%ly orthogonal Tathe
surface Bighesidewalliefthe Eingeait{Eubstevftially pemiereiesiarnding to 2

direction). ‘ eneral, when particles (atom/ion) accelerated at high
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atoms constituting the material. Finally, the particles stop, when the
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duration, M an energy rangeé utilized in'a usudl ion implantation, sever
dez entmserenabitthissarehdtems in the material are received with the

energy. 15 Fig. 8 shows a mgvement of oneg%w%w?- arti%e to
make It GREP G ABARRARY FETLRAN B BRI BTUAE PRRGR™ee o
DRYIGRRGE dRevVEr RO WRVRIR I iaalkYicas shewrkia fidisFawiaremarged
diagram, multiple and ‘

instde of the deposited film 13 1o the inside of the Fin part of the semiconductor
substrate 11 by a nock on effect that is caused by collision of the implantation
ion to the impurity atom B in the depesiied fiim 13 in a.direction subsiantially
orthogonal 1o the surface of the sidewall of the Fin part (substantially
perpendicular direction).

' in general, when particies (atom/ion) accelerated at high speed are
implanted into the substance of a solid or liguid material, the energy of the
particles decreases gradually as the particles coliiding with atoms constituiing
the material. Finally, the particles stop, when the energy of the implantation
particles decreases to the energy that is smaller than the potential energy that
the material produces.  In this time duration, in an energy range utilized in a
usual jon implantation, several dozen {o several thousand atoms in the matenal

are received with the energy.



multistage collisions (first through n-th collision) are occurred in the inside
of the deposited film 13, Especially, when the mass of the
colliding-particle is heavier in weight than that of the atom constituting the
material of the deposited film, it is possible to give the energy to the more
atoms constituting the material. In thisscase, quite a number of purpose
impurity atoms more than the incident particles can be introduced within
the semiconductor substrate. Furthermore, since the energy of the

implant&terPiShashDEQERRIRET anmanlidinerRgyisiedn oakeibeappie
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Irect implantation, and 1t'is poss sett 8 current.
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the degradation of the productivity. According to the condition, it can be
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gRUER@iRieson is directly implanted into the plane. As a result, it can
be hoped that the present invention can contribute to solve the problems
mentiongshbeiihe. Wiffe chefteesErithedinlinlit|g-paride o diegvter heveight

badi f th invention, by the formation of the deposited
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in the semiconductor substrate with a shallow depth and with low dose
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P oRAR Metbon taisdPipidigiom of high concentration

can be introduced into in the semiconductor substrate with low dose
mount. Espiberattyraif sinpesbibtntogmpl dmd theimmtaticn the vl past0hidiesr
16 spgce structure by the knock on effect. While the present inv§ntio_n
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embodiments. It will be understood by those of ordinary skill in the art that
Vagibish &may edmeTerm and details may be made therein without

departing Tom,fhe.3RA4ARd FRRRAALIFRRRIN Ry §NUNR AHACIN B P

the claims.
the degradation of the productivity.  According to the condition, it can be hoped

that the productivity becomes higher than a case ihat the purpose impurity
atomic ion is directly implanted into the plane.  As a result, it can be hoped that
the present invention can contribute to. soive the problems mentioned before.

[Effect of the Embodiment

According to the smbodiments of the present invention, by the
formation of the deposited thin fiim with the plasma and by the recoll action
{(knock on effect) caused by the ion implantation, B or P ion of around
1E15atoms/om?2 is infroduced in the semiconductor substrate with a shallow
depth and with low dose amount less than 1/10 relative to the normal case.
That is it is possible 1o provide the deping method that the impurity atom of high
conceniration can be introduced into in the semiconductor substrate with low

dose mount. Especially, it is possibie to implant the ion inte the wall part of the



For example, the solid material which becomes the base substrate of the
semiconductor device is a solid silicon (silicon: single crystal or
polycrystalline), GaAs, Ge, SiC, a compound semiconductor or the like,

In addition, it is desirable that a recoil condition, namely, the energy (depth
profile corresponding to an implantation depth) for the ion implantation of
the impurities of the impurity thin film or a dose atomic weight
corresponding to an implantation dose amount is controlled by an

FPBEEREHEBrA NN ERORSE B &ffigR- impurity thin film (deposited film) or a
species i i ition material of the i rity thin film,, or an
st e B T S e e

imiheratatncenergyrasigrarmbplanatietesof MO Btsant ilPetMBre RSt
is desirable that a condition of non-implantation is adjusted by adjusting a

A RREeES P IRPHITERE hivirhedapeakestnbnspafisrdepysidhn
AL AVAMBIR AL 150 6 ABUIO RAPEONARE §lin without
implantation energy, and an implantation dose amount so that the
ingparizgidoivthiseifirenthiteme tHéhenpresgnttinvéhiowitisoidfineihgiafnsost
in{roduced into a concavity and convexity part formed by the processing of
8 Tniconductor substrate. For the impurity atom of the impurity

thin film=peaRavhe, yeedaideidhan Bvard Bedi g8t Whidhdsrisadkter
deposit the impurity thin film including B with 17 the plasma treatment, a

468 AeeniRARg-BIos dRulpe & aserlithsiirre eiiams einalaoristal of On the
WSt breie S S IR BRes e
P with tHe pleition, idatieeintble that & recoil condition, namely, the snergy
{depth profile coresponding to an implantation depth) for the ion implantation of
the impurities of the impurity thin film or 2 dose atomic weight corresponding 1o
an impiantation dose amount is controlied by an adjustment of a film thickness
of the impurity thin film (deposited film) or 2 species of an impurity de,posiﬁon
material of the impurity thin film, or an adjiustment of an implantation ion species,
an impiantation angle, an implantation ensrgy, and an implantation dose
amount,

in this case, it is desirable that a condition of non-implantation is
adjusted by adjusting & film thickness of the impurity thin film, a species of the
impurity deposition material, an implantation ion species, an implantation angie,
an implantation energy, and an implaniation dose amount so that the
implantation ion itself remains in the impurity thin film without being almost
introduced into & concavity and convexity part formed by the processing of the
samiconductor substrate.

For the impurity atom of the impurity thin film, As may be used other
than B and P.

As a gas which Is used to deposit the impurity thin film inciuding B with



In addition, there is a gas including amine AsH3 as a favorable example of
the gas which is used to deposit the impurity thin film including As with the
plasma treatment. For the implantation ion in the ion implantation
process, it can use any one of Si, As, Ge, In, Sb, Xe, and Ar. In
addition, the following process may bgradopted. After the formation of a
deposited film including B to the semiconductor substrate with a plasma
treatment by the use of 82H6, covers the whole of the surface of the
sbmienthadrentubstr atgasithcludiisbPiatestive fifacindbikendediresghe
rﬁgi protective film selectively so as to expose a part of the surface of

t miconductor substrate wherein the resist protective film was

removedySiHesemide RlvareReavesdha.depasitad fildpainding B.efa part

corresponding to an exposed part and then forms a deposited film

iR CARlE B terapte widled pahivhHsausit n &l epitiivet imptnigydsie: SfrPH3.
ing.the whole of the resjst protective film, any one ion of Ge,

@f@ééﬁ?%’\@%@%ﬁgsmagr ien%%raer'ﬁ{éd to the whole of the surface of the

semicongusiditisnbaitatels 4G4LAMSing arshaAugiap Wastuagamettoshffie

a semiconductor device comprising; preparing a semiconductor

KSeE & Eh I8 4osdlde dapewhiBcomAR S miedtaRidagis with the
\%tggﬁgstﬁgém%yyith a concavity and convexity part on the surface of the

semiconductor substrate; depositing on the surface of said
semicondercie: sobismtadoaridmipunisyithinridantatiodingaesinp oty soany
V&Qg% 1?8{5?%9? !(rj':oggf é lagm%c&gptor in the semiconductor substrate;
in addition, the following process may be adopted.  After the foﬁﬂaﬁon
of a deposited film including B to the semiconductor substrate with 2 plasma
treatment by the use of B2HE, covers the whole of the surface of the
semiconducior substrate with a resist protective film and then removes the
resist protective film salectively so as 1o expose a part of the surface of the
semiconductor substrate wherein the resist protective film was removed.
Subsequently, removes the deposited fim including B of 3 part corresponding to
an exposed patt and then forms a deposited fitm including P to a removed part
with & plasma freatment by the use of PH3. After removing the whole of the
resist protective film, any one ion of Ge, S0, As, In, Bb, Xe, and Ar is implanted

1o the whole of the surface of the semicondustor substrate.



performing an ion implantation from a diagonal upper direction to the
impuritythinfilm deposited on the concavity and convexity part of said
semiconductor substrate; and recoiling the impurity atom from the =
inside of the impurity thin film to the inside of the concavity and convexity
part of said semiconductor substratezay performing said ion implantation.
2. The manufacturing method according to claim 1, wherein a dose atomic
weight corresponding to an implantation dose amount is controlled by an
adjustment of a film thickness of the impurity thin film or a species of an
impurity deposition material of the impurity thin film, or an adjustment of

an implantation ion species, an im on angle, an implantation

energy, andamimmatiakemiapsPMelfimiconddudeNae ‘éf‘.ﬁ'ﬁ&"f%

. ;
method according to claim 1, wherein the impurity atom of said impurity
thin film f5eRATEhS BrBCENdAsEpAsUbsratmwhiitd M sriuise subrirategidie

ceording o claim. WQ@R%"I id i ity thin film, the, impurity, thin
%Im incﬁ%’ng S %&ggposne %ff/a}ger OI‘I‘%HI:'I%A{Q %|S§Pﬁc§‘ﬁt§a%}r’#e% %ﬁ%‘g 83@’
i et sy rdidoe refnte eBirtBcond 88i3r substistdhe manufacturing method
accordin% to claim 1, wherein, as said impurity thin film, the impurity thin

film incl BNE RPBSREGT FEABINTRT ST B RRHSA RATAS SRt TIRHTAY
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according to claim 1, wherein, as said impurity thin film, the impurity thin
Hhrrspoicaig A isubepaisited by performing a plasma treatment with a
- 9as incl%gair[g&_r%‘r%naenpigy i%ﬁpiamaﬁan from a diagonal upper direction fo the
impurity thin film deposited on the concavity and convexity part of said
semiconductor substrate; and

recoiling the impurity atom from the inside of the impurity thin film fo the
inside of the concavity and convexity part of said semiconductor substrate by
performing said ion implantation.

2, Tne manufacturing method according 1o olaim 1, wherein & dose
atomic weight corresponding {o an implantation dose amount is conirolled by an
adiustment of a film thickness of the impurity thin film or a species of an impurity
deposition material of the impurity thin film, or an adjustmsnt of an implantation
ion species, an implantation angle, an implantation energy, and an implantation
dose amount

3, The manufacturing mathod according to claim 1, wherein the
impurity atorn of said impurity thiri film is any one of B, P, and As.

4, The manufacturing method according to claim 1, wherein, as said
impurity thin film, the impurity thin film including B is deposited by performing &
plasma freatment with a gas including diborane B2H6 or BF3.

5. The manufacturing method according to claim 1, wherein, as said

impurity thin film, the impurity thin film including P is deposited by performing a



7. The manufacturing method according to claim 1, wherein an
implantation ion in the ion implantation process is the ion of a heavy atom
which is larger in atomic weightthan any one of B, F, and As which
constitute the impurity atom of said impurity thin film. 8. The
manufacturing method according to gkaim 1, wherein an implantation ion in
the ion implantation process is any one of Si, As, Ge, In, Sb, Xe, and Ar.
9. The manufacturing method according to claim 2, wherein a beam

pigkIaadealimpsttyithe sadaeewinggoboarkiviFandl convexity part of said
semiconductor substrate from the diagonal.upper direction,in said jon .
Bor e T o e T A P S e

implantation i1s'an angle i

#Rpdite Manifachy RMBINAH deeardingite elaid depybrseipythefampviitys
atom in said impurity thin film is recoiled from the inside of said impurity
fasmrieetmen s so38 MseRiRG ARSI YiBstrate by a neck on effect
that is cau : ' V. of said
Semiconduo s B T e
impiaritytido tarinrsie ion pomitgtbatici mrocesdirg thie ios ulb sthetiaihatom which
orthogonal to the surface patrt. 11, The manufacturing method
AT R HOIRHBRDA AR AT TaREAiON R HRHER R IR
k%@wggm@]@mfm%%m&kev. 12. The manufacturing
method according to claim 2, wherein said ion implantation is performed
with lonBdoddérmraniasieningonath ok risorésuta A aFIEAOMSIBED. 20
13. The manufacturin rdi ' i | i
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sRneadtirand convexity part of said semiconductor substrate. 14.

The manufacturing method according to any one of claims 4 to 6, wherein
the impdity RRTRFSEHER TERSHEEOH TR K B orHein 2 Deam

FRIUERRMUGIAE RUPRIAIRLEIBEERE SRS AHORARI A GeRl Salipusi thin

film deposited on said plane part with said plasma treatment while by

deorzastiioe subaireafrarichehdizgana! parendirgsdan rRskigie impurity
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410. The manufacturing method according fo claim 1, wherain the

impurity ztom in said impurity thin fiim is recolled from the inside of said impurity

thin film to the inside of said semiconductor substrate by a nock on effect thatis

caused, at a surface part of the concavity and convexity part of said
semiconductor substrate, by collision of the implantation ien 1o the impurity
atom in said impurity thin flim in a direction substantially orthogonal to the
- surface parl.

14, The manufacturing method according to claim 2, wherein gaid ion
implantation ls performed with low-energy implantation less than SkeV.

12, The manufacturing method according fo claim 2, wherein said ion
implantation is performed with low dose implantation atomic weight less than

2E15atoms/omz.

~
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13. The manufacturing method according 1o claim 1, wherein the
impurity thin film is thickly deposited on a plane part of the surface sxcept for
the concavity and convexity part of said semiconductor substrate,

14, The manufacturing method according to any one of claims 4 t0 6,
wherain the impurity thin film is thickly deposited on & plane part of the
semiconducior substrate by increasing a deposit rate of the impurity thin film
deposgited on said plane part with saeid plasma treatment while by decreasing,
relative 1o that for the plane part, a deposit rate of the impurity thin film

deposited on a side surface of the concavity and convexity part.



