1 MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE This application is
based upon and clains the benefit of priority from Japanese patent
application No. 2010-189218, filed August 26, 2010, the discl osure of
which is incorporated herein in its entirety by reference. Background of
t he I nvention The present invernkion relates to a manufacturing

nmet hod of a sem conductor device and, in particular, relates to a doping
met hod of an inpurity atomto a horizontal surface and vertical side walls
of a cubic three-dinension device. As an exanple of a cubic

t hree-di nension device related to the present invention, a Fin (fin) type
FET (Field Eff MANDFAGTYRING METH®R Qfe SEMIENRUQT ORI to Fi g. 2.
A silicon Fin part 11 of a Fin type is formed onto a silicon substrate 1.
The silicon Fin part 11 is fornmed with a drain part D and a source part S,
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insul ation |ayer. As a method for perform ng doping (inplanting)
to vertical side walls of the drain part and the source part of a

t hree- di r%&?p&”{a &thgqﬁvg,ﬁ'gnthe present inventors have proposed a net hod
shown in Fig 3A to 3D (however, it is still unpublished). Figs. 3Ato 3D

i2| lustrate an anrapreBenninkEntiotashee tbisn@ahofdetging?metitdd af sect i onal vi ew.
semiconductor device and, in particular, relates to a doping method of an
impurity atom to a horizontal surface and vertical side walls of a cubic three-
dimension device.

As an example of a cubic three-dimension device related to the present
invention, a Fin (fin) type FET (Field Effect Transistor) will be described with
reference to Fig. 2.

A silicon Fin part 11 of a Fin type is formed onto a silicon substrate 1.
The silicon Fin part 11 is formed with a drain part D and a source part §, and a
channel part is formed between the drain part D and the source part S. A gate
electrode G made of polysilicon or a metal is formed through a gate insulation
film 9 so as to cover the surface of the channel part between the drain part D
and the source part S. In order to reduce an electric resistance, an impurity of
high concentration more than 10%%m™ is implanted into the drain part D and
the source part S. 16 is an insulation layer.

As a method for performing doping (implanting) to vertical side walls of
the drain part and the source part of a three-dimension Fin type FET, the
present inventors have proposed a method shown in Figs. 3A to 3D (however, it

is still unpublished). Figs. 3A to 3D illustrate an area shown by a dashed line

in Fig. 2 with a sectional view.



In Fig. 3A, a silicon Fin part 11 is forned onto a silicon substrate 1
with an etching process by using a hard mask 12 such as Si02, SiN or the
i ke. Next, a plane part (a plane part except for the silicon Fin part 11)
of the silicon substrate 1 is covered with the insulation |ayer 16 nade of
Si02 or the like and a deposited film2 including Boron Bis formed with
pl asma to both side walls of the silicon Fin part 11 in the state where
the hard mask 12 used in the etching process is renmained at an upper end
of the silicon |fifig8Ata dificoh Firt part 1nrie ferssed amtbhosititon bebstetesiwidl film 2
is formed onto the insulation layer 16 that is the insulation film the
deposi t edarf elchirdy frocessibpuising & Gardmasht i2osudhegeBiQ6 SiN ardhelikel | ater.
Next, by obliquely irradiating an i on beam5 from an u?g)er | eft. direction
(di agonal Nextpeplahia part (@ pjanst pam exeeptifeothersiicosdrin pert 18 ofdBewilicon such as
Ge, Xe or the like is implanted. As result, by a kp}gék on ‘&]ff ct#ir
action) veuhstraie llis pevered withhthe ingwlation Byes (1P nage o eiPapu eﬁﬁ“ﬁ ilicon,
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angle (an angle to a vertical line) of the ion beam5 to the side wall of

the silic@mdued lpert 11 is within 20 and approximately 10 is preferable.
In the Fin type FET manufactured with the above-nentioned nethod, an upper
portion of the Néxt bpebliguelparadiating anrey bean $ fropean 4ppar EHHRAIOPegi on
of a transistor. However, if the upper portiﬂn of the silicon Einpart 11
can be utdiaganel apper diregties) of tha Pice FIR RarhAdi 3DERAVY jan SUCRR GeyXE (o
reduce a height of L 3 the siJicon Fin part 11 d.to increase . W dth
(a size o‘PrWGrlikﬁdﬁirﬁplaﬂf‘%‘%ct’%‘%ﬁesiuﬁ’ by@@gnog}g\qnoe tt(%ﬁ‘aql?@?g\fsr]“i:mf fn part
11. This is vant agequs. in nuf act.ur.i j " ther, it
can bri ngd%ﬁ?a}%ﬁaggége&?ﬁtr%ﬁc&ze E-[]Sﬁrﬁ-}tﬁtih gﬁigaﬁﬁ\gﬁ%ﬁa@aﬁr é@?eeér:élﬁs[t"i] ?‘%f t he
transisto ] ' : - ki FEIha Silicgh Fatoart iidEl. I n
this Caseéeﬁféﬁﬁg%#@%{sﬁ@%rgéyﬁrgﬁogan{é‘ﬁm%é(%Blj)ﬁftg%/\%llhﬁi&g upper si(gngvval | s of
the silicgm Fi iy, By @bliduenAiradiatitg theadn Beakd ®fodi ah fuppet Hykon Fin
part 11, ?ﬂn)'th%u%%ﬁgec%%c ntrfat ioyﬁ\1 | evel gas the side walls IL%\E\)er than t he
upper 1l agir@Qichi @agonal uppert@irgstion) of thel dikcorbBineparet hoal hpawpimseslidiy t he
present inventors, the inpurity inplantation to the upper fiat portion of
the silicaede, Xepartheilikensimplantatsi dés edesdbeladitcsactbasiomurity in gilicon,
impossi ble to effectively utilize the upper portion of the silicon Fin
part and whishedrempeesénd iFtie tigpesifeailnme? isisoplaated iaic & égbtsidewall Sithtary of
| nvention ~ An object of the present invention is %0 irrﬁ_lr ove ﬁ dopi ng
met hod of silieen Fisupart § 14Ftem383. sThEsvRD IMpIEHY dFfsihayeh 3 i fREMed IBdNSor ¢ i on
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approximately 10° is preferable.

In the Fin type FET manufactured with the above-mentioned method,
an upper portion of the silicon Fin part 11 is never utilized as a channel region
of a transistor. However, if the upper portion of the silicon Fin part 11 can be

utilized as a channel region of a transistor, it is possible to reduce a height of



In a sem conductor device manufacturing nethod according to the present

i nvention, a cubic concavity and convexity part is formed with an etching
process or the like onto a senm conductor substrate which is a base
substrate of the sem conductor device. Athin filmincluding an inpurity
at om whi ch can becone a carrier inpuri®y atomserving as a donor or an
acceptor in the sem conductor substrate is forned, as a deposited film to
the cubic 4 concavity and convexity part so that a filmthickness of the
thin fil nheailioe Kin pant Lpaed t6 intrease & iFomwidth t{h eizeudi torizontal diregtiomd
convexity part becones large relative to a filmthickness of the thin film
formed orintfigs.s3A fm3B) of thei sllicomalFin paut 1 1. onghisfis elvariapeeus Bhcavity and
convexity part. An ion of atom (heavy atom which is larger in atomc
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sem conductor substrate is obli uelg i mplanted froma iagonﬁl # per
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inmpurity atomc_intg the_si |Js inc i i I he
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the thin fiiddh Fiv Sart § Gnd60 8ahicCorldenatiBl 16d) bsahagict wERIRIRS Mharner &
the inplantation ‘anount of the inpurity atom decreases as the thickness of
the deposghbathddr kgt potibRases, the inplantation amount of the side walls of
the cubi c concavity and convexity part is made to becone equal to the

i npl ant ati on anpowevel irf the alver mbthadd propbsed byfthe peesanbinvendorsathet y and
convexity part. For this purpose, a diagonal ion inplantation froma

di agonal immeity inplantation tofthe bppeufiatopartor af theysiliern EhrparkistRev@irt is

carried out two tines fromtwo opposite diagonal directions and then the
t hi cknesscarfsidereddeposthiseasanyitde foressdidiete effpstivaly aitilize e YRS on of t he

cubic concavity and convexity part is_selected, so t the inpurity atons
r o § pl cperdan A £k MGk BP9t PBE L GIORADE G} DA B adyoRes Frive
anount relative to the side wall portion of the cubic concavity and
convexi t VWSt 1t is supposed that an ion inplantation angle (an angle to
a direction orthogonal to the upper flat portion) is, for exanple, 100, an
ion inmplantation angle (an angle to a direction orthogonal to the surface
of the si ) surface of the side wall of the cubic concavity
and conveglsgtn\ﬁ@f) rotfth(ti)\leéé{gﬁlrals equal to 80. In this case, as will be described
later in detailanobftceof e slesentimvention iso impkbwna Aopity wethol of af t he
side wall of the cubic concavity and convexity part 5 becones a

subst ant i iphp Ry atdRY Bideokall Bofifdtndefrionend uppe ciiati preti@0 bt e Sube dhoagltat i ve
to the upper surface (upper flat portion) of the cubic concavity and
convexi t yapdcbnvaity pani ofentssealfimensiogiapdsviced fil m deposited on the upper
flat portion of the cubic concavity and convexity part is set to enough

t hi ckness concofispanificwbject of hexpwsentinventne is ipaprouidec Mstaed §or i n t he
filmdeposition with plasnma, since the coverage of the deposited filmto
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convexity_part.can_be controlled, jt is natural that th ited filmis
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deposi ted {gﬁl m.lis f|9Irma to the side walls with a thin thickness and

t her ef or e®t € F1ONFBP i on i s easy. Aspects of the present invention are

enumer at ed as 1 ol 4 Qufiedr B AYRESInufacturing AMRIIAESIHRGNE thEt hod of

sem conduct or device according to a tirst aspect of this 1fnvention

conpri sespfaEt PeptiGhiRl Suierearhlily Aid commeyigart BIbImed withearsur face of a
sem conduct or substrate which is a base substrate of the sem conductor
devi ce. TBRhHPHROCESNBAIHE Tkedtrstotn sy@iddnyuptr isubasatel wieichas b baset | ons and
an upper flat portion. The manufacturing nethod further conprises

deposi t i nguisstrdtbef the $ernizontiutioe desitec odtnin Gim ndhsdingiae ispuriypaiom y t hin
filmincluding an inpurity atom which beconmes a donor or an acceptor in

t he seni cwhihictar bacdree eatagrisbimpiiity atam|senving @eriedenrorafeassgiie iy t hin

filmfornmed on the surface of the upper flat pQrticin lgeﬁ]ome |l arge
rel ative the semicopguctor substrate is formed, as a deposited film, to the cubic



thickness of the inpurity thin filmformed on the surface of the side wall
portions. The manufacturing nmethod still further conprises performng a
first diagonal ion inplantation froma diagonal upper direction to the
impurity thin filmdeposited on the cubic concavity and convexity part and
subsequently a second di agonal ion i npfantati on from an opposite diagonal
upper direction to the inpurity thin filmdeposited on the cubic concavity
and convexity part and recoiling the inpurity atomfromthe inside of the

i mpurity ddvicavity bt icontdty peat ge tiadt 4 filen tickness ofidé thim fitnh dorsnexhdn't he

i nside of the upper flat portion of the cubic concavity and convexity part
by per f oram agpéhiatipiariidn ahthesabindondagiyreaid canvekityp par becones. large i s
inportant that an inpurity amunt inplanted to the side wall portion is
subfst ant i reldtiyedoedfilin thickarss @hthe thin fimofermeachen e swrface efrddewsdy 11 at
surface in a single ion inplantation. By the first an econd di agonal ion
i npl ant atpasHens ﬂgmedi%ﬁ@'ﬂcﬂ}ﬁtb’eﬁ“q ePVEXHY pﬁftghﬁr’dpf'@gla?%ﬂgae?% igrrpuri ty

is inplanted into t i d | | ' d.the . f ' i
= R O A e

i i . . .
0760 v o e S st PRty DR TR
ratio o 100 1 i ; | | it | '
<1 o val 1 TRBFRAIPPER B B BERE, Aloie Ko o R B ey Lo
deposi t eqrﬁﬂ?aﬁthtﬁeﬁﬂ BFi fét@fjnié’i?ﬁé it side Wpali<inéRIBRES dn upper portibh of fiee

manuf act uri'ng method according to the first aspect, a ratio of inpurity
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adj usted by adjusting an ion inplantation angle of the first and second

di agonal krastkingpbmtheiondmplar(t&tom.t hinAbisepropess, an implantation amount
(dose amount) of the impurity atom is adjusted with a thickness of the thin film,
i.e. the deposited film. By utilizing a phenomenon where the implantation
amount of the impurity atom decreases as the thickness of the deposited film
increases, the implantation amount of the side walls of the cubic concavity and
convexity part is made to become equal to the implantation amount of the upper
flat portion of the cubic concavity and convexity part.  For this purpose, a
diagonal ion implantation from a diagonal upper direction of the cubic concavity
and convexity part is carried out two times from two opposite diagonal directions
and then the thickness of the deposited film deposited to the upper flat portion
of the cubic concavity and convexity part is selected so that the impurity atoms
are implanted with knock on effect (or action) approximately half in amount
relative to the side wall portion of the cubic concavity and convexity part. itis
supposed that an ion implantation angle (an angle to a direction orthogonal to
the upper flat portion) is, for example, 10°, an ion implantation angle (an angle
to a direction orthogonal to the surface of the side walll) to the surface of the
side wall of the cubic concavity and convexity part becomes equal to 80°. In
this case, as will be described later in detail, since the dose amount (ion

implantation amount) of the side wall of the cubic concavity and convexity part



I'n the manufacturing method according to the first aspect, a ratio of
impurity inplantations to the side wall portion and the upper flat portion
is adjusted by adjusting a ratio of a deposition thickness of the inpurity
thin filmdeposited to the side wall portion and a deposition thickness of
the inpurity thin filmdeposited to tHe upper flat portion and by
adjusting an ion inplantation angle of the first and second diagonal ion

i npl antations. (Fifth Aspect) In the manufacturing method
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portion and the upper flat portion at a ratio of 7 substantially 2:1 in

anmount  byretativedo itng uppersurbacsf (uppde patspartion) ohthelaubiscericavite andpurity thin
filmdeposited to the side wall portions and a deposition thickpess of the
i mpuri ty ednivexity partdedbickeess of fh@edmﬁdfﬂ"ﬁtd%)@ﬁtt?@ﬁnéh@ uppertitusti ng an

ion inplantation angle of the first and,second djagonal ign inplantations.
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third throug aspects, a rati i'on thickness of the

i mpurity g WP%rEi I3t derasp oS dt it i o MhélPtolel upsrtfia® partrndith dehieki ti on
t hi ckness of the Inmpurity thin filmdeposited to the upper flat portion a

ratio of werasks amhiléithendepositdd fim istfatmedi ¢o trepsidetvalls with akhiess of the
impurity thin filmdeposited to the upper flat portion is twice or nore

t he deposthickness bndkieeforefthe fikmifopeatianyisteasy. fi | m deposited to the side
vall portion. Aspects of the present invention are enumerated as follows.

(First Aspect)

A manufacturing method of a semiconductor device according to a first
aspect of this invention comprises forming a cubic concavity and convexity part
on the surface of a semiconductor substrate which is a base substrate of the
semiconductor device. The cubic concavity and convexity part has side wall
portions and an upper flat portion. The manufacturing method further
comprises depositing on the surface of the semiconductor substrate an impurity
thin film including an impurity atom which becomes a donor or an acceptor in
the semiconductor substrate so that a film thickness of the impurity thin film
formed on the surface of the upper flat portion becomes large relative to a film
thickness of the impurity thin film formed on the surface of the side wall portions.
The manufacturing method still further comprises performing a first diagonal ion
implantation from a diagonal upper direction to the impurity thin film deposited
on the cubic concavity and convexity part and subsequently a2 second diagonal
ion implantation from an opposite diagonal upper direction to the impurity thin

film deposited on the cubic concavity and convexity part and recoiling the

impurity atom from the inside of the impurity thin film to the inside of the side



(Ei ghth Aspect) In the manufacturing nmethod according to the
first aspect, a recoil condition and a dose atom ¢ weight corresponding to
an inplantation dose amount are controlled by an adjustnment of a

deposi tion thickness of the inpurity thin filmdeposited to the side wall
portion and a deposition thickness of §he inpurity thin filmdeposited to
the upper flat portion, an adjustment of a species of an inpurity
deposition material of the inpurity thin film or an adjustnent of an

i mpl ant atyArpéBBns BRAIRS insie bPthd FpeTiadpoftibrosithe cubit conplagity ahdon
energy, and an inplantation dose anount. (Ninth Aspect) 8 In the

manuf act lddnﬂ@xitwpé]@@rmﬂﬁimggthmﬁrshend sesondidipgonal ichdémiptgriations. atom of
t he i npurity thin filmis any one of B, P, and As. (Tenth Aspect)
I n the misuhpottamtithgt aeirmpdritycrooantigpianted o the sideasglep@rfioRds t he i npurity

as'the, | AIPiSN ITPANIEN ERGE st and ST APBAAan ITIPREBYANE” deposi t e
from disgdhal upper le an Héht%i}e%ti%ng,atﬁe'i!%;lquy AImPAREN IS thdS-
side wall portion and the upper flat portion with the same amount

(Second Aspect)

in the manufacturing method according to the first aspect, a ratio of
impurity implantations to the side wall portion and the upper flat portion is
adjusted by adjusting a ratio of a deposition thickness of the impurity thin film
deposited to the side wall portion and a deposition thickness of the impurity thin
film deposited to the upper flat portion.

(Third Aspect)

In the manufacturing method according to the first aspect, a ratio of
impurity implantations to the side wall portion and the upper flat portion is
adjusted by adjusting an ion implantation angle of the first and second diagonal
ion implantations.

(Fourth Aspect)

tn the manufacturing method according to the first aspect, a ratio of
impurity impiantations to the side wall portion and the upper flat portion is
adjusted by adjusting a ratio of a deposition thickness of the impurity thin film
deposited to the side wall portion and a deposition thickness of the impurity thin
film deposited to the upper flat portion and by adjusting an ion implantation
angle of the first and second diagonal ion implantations.

(Fifth Aspect)

In the manufacturing method according to the first aspect, an impurity is

implanted into the side wall portion and the upper flat portion at a ratio of



(Twel fth Aspect) In the manufacturing nmethod according to the
first aspect, as the inpurity thin film the inmpurity thin filmincluding
As is deposited by performing a plasma treatment with a gas including
arsine AsH3. (Thirteenth Aspect) In the manufacturing method
according to the first aspect, an i nplAntation ion in the first and second
di agonal ion inplantations is the ion of a heavy atomwhich is larger in
atom c wei ght than any one of B, P, and As which constitute the inmpurity
at om of télﬁ)stémlalll'%&vi trhamotint by adfcsting @mmatib chsmisposition thickness of the

manuf acturi ng nmet hod according to the first aspect, an inplantation ion in
the fir stimpaitstiofith depgsited to the side wall pariienssandagigposiiendhicknessas,  Ge,
I'n, Sb, Xe, and Ar. (Fifteenth Aspect) I n the manufacturing method
accor di nepfitbe tmpusiyghinfilasgepasited tadbenupper tiRastiomgnd YAYWRING A% ace of

[ the i dAn TMBIARAYAN SROIE S LiE M PP Secand Aical BT TETpi-1 ess than 20
degrees. 9 qith Aspect)

in the manufacturing method according to the fifth aspect, by
performing the first diagonal ion implantation from the diagonal upper direction
and the second diagonal ion implantation from the opposite diagonal upper
direction, the impurity is implanted into the side wall portion and the upper flat
portion with the same amount.

{Seventh Aspect)

_in the manufacturing method according to any one of the third through
fifth aspects, a ratio of a deposition thickness of the impurity thin film deposited
to the side wall portions and a deposition thickness of the impurity thin fiim
deposited to the upper flat portion a ratio of deposited film is set so that the
deposition thickness of the impurity thin film deposited to the upper flat portion
is twice or more the deposition thickness of the impurity thin film deposited to
the side wall portion.

(Eighth Aspect)

In the manufacturing method according to the first aspect, a recoil
condition and a dose atomic weight corresponding to an implantation dose
amount are controlled by an adjustment of a deposition thickness of the impurity
thin film deposited to the side wall portion and a deposition thickness of the
impurity thin fitm deposited to the upper flat portion, an adjustment of a species
of an impurity deposition material of the impurity thin film, or an adjustment of
an implantation ion species, an ion impiantation angle, an implantation energy,
and an implantation dose amount.

(Ninth Aspect)



(Si xteenth Aspect) In the manufacturing nmethod according to the
first aspect, the inpurity atomin the inpurity thin filmis recoiled from
the inside of the inpurity thin filmto the inside of the sem conductor
substrate by a nock on effect that is caused, at a surface part of the
cubi ¢ concavity and convexity part, by8collision of the inplantation ion
to the inpurity atomin the inpurity thin filmin a direction
substantially orthogonal to the surface part. (Seventeenth Aspect)

I n t he manuf actlurthe gnamifactdring aesttod actordimgteeihgHirst aspeet.tthetimpufity st and
second di agonal ion inplantations are performed with | ow energy

i npl ant at atom bekhe itipantysthe\iing B ajiv eesnohBABpand As. In the

manuf act uri ng nmet hod according to the eighth aspect, the first and second
di agonal ion i ndleath Aspeets are performed with | ow dose inplantation atomc
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on a plane part E‘?évéﬁﬂ‘?A% gigonductor substrate except for the cubic
concavity and c(onvexmy gar by increasing a deposition rate of the

impurity thin f Iin!tﬁb%ﬂﬁéé@ﬂn@ﬁ‘néth@d@c@ﬂﬁiiﬁ%td thed firkt Adsedd) A&stie t reat nent
whil e by decreasing, relative to that for the plane part, a deposition

rate of tifurApwin il thienmiputity whapfilsh instuding Phie deipdsitediby pedbrmitg aubi c
concavity and convexity part.
plasma treatment with a gas including phosphine PHj.
(Twelfth Aspect)
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 AsHjs.
(Thirteenth Aspect)
in the manufacturing method according to the first aspect, an
implantation ion in the first and second diagonal ion implantations 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.
(Fourteenth Aspect)
In the manufacturing method according to the first aspect, an
implantation ion in the first and second diagonal ion implantations is any one of
Si, As, Ge, In, Sb, Xe, and Ar.
(Fifteenth Aspect)
in the manufacturing method according to the eighth aspect, a beam
incidence angle to the surface of the cubic concavity and convexity part from

the diagonal upper direction in the ion implantation is an inclination angle

substantially less than 20 degrees.



According to the present invention, it is possible to dope the inpurity

10 with the same anpunt into the side wall portion and the upper flat
portion of the cubic concavity and convexity part formed on the surface of
the semi conductor substrate. As a result, it is possible to effectively
utilize the upper flat portion of the ubi c concavity and convexity part.
Brief Description of the Draw ngs Figs. 1A to 1C are diagrans

whi ch show an ion inplantation process flow according to the enbodi nent of
the_ present i nygpd&édrith Aspect) Fig. 2 is a perspective view for explaining .
a Fin type FET in which the present invention is applied. Figs. 3A
to 3D are di agrtamrsevmimtﬁacsthdmgmqihodassoﬂdimg\ﬁmﬂieafirﬁgaﬁﬁ@&,ttheiimguﬁ’%ft hod of
a Fin type FET according to a proposal of the present jnventors.

Fi gl. 4 | satamsiadhée amplrityi thin filay 1saepeigdfrag theraside job haBRwEy iR firg,

I mpl antati on angl e and deposition thicknesses of i i hin filnms
deposi t edoithe insideief e serpispid BFoRAUPSIFAE YR “PPI&PHDF%{FF% %'r'i’ttgfc%f’sseldl'i con

Fig. "5 | et witacsceart ot e Sine Gpraimen R oh et B iSRRG an
Lo o) GPHGRaBRB R FBHORA G BB S MRt 7, L
substantially orthogonal o the surface part.

(Seventeenth Aspect)

in the manufacturing method according to the eighth aspect, the first
and second diagonal ion implantations are performed with low-energy
implantation less than SkeV.

(Eighteenth Aspect)

In the manufacturing method according to the eighth aspect, the first
and second diagonal ion implantations are performed with low dose
implantation atomic weight less than 2E1 5atoms/cm?.

(Nineteenth Aspect)

In the manufacturing method according to the first aspect, the impurity
thin film is thickly deposited on a plane part of the surface of the semiconductor
substrate except for the cubic concavity and convexity part.

(Twentieth Aspect)

In the manufacturing method according to any one of the tenth through
twelfth aspects, the impurity thin film is thickly deposited on a plane part of the
semiconductor substrate except for the cubic concavity and convexity part by
increasing a deposition 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 depossition rate of the impurity thin film deposited on the side walls of the cubic
concavity and convexity part.

According to the present invention, it is possible to dope the impurity



Fig. 6 is a diagramfor explaining a process flow of a manufacturing

nmet hod of an exanple in case where the present invention is applied to
manuf acturi ng of a CMOS FET. Fig. 7 is a sectional view for
explaining a recoil action according to an ion inplantation of the present
invention. Fig. 8 is an enlarged sectil®al view which shows the recoi
action of Fig. 11 Description of the Preferred Enbodi nents

Referring to Figs. 1A to 1C, the description will be nade in regard to an
i on i npl agitRiHcosane apesntiihtevnaeidy diah gottibreance theodpperiat prtidreofithes ent
invention. Figs. |Ato 1Cillustrate an area shown by a dashed line in
Fig. 2 widubiacsmeditgrzmd corawxitppartedbimen oRithe sugace of §® semiconduglor f i r st ,
a silicon Fin part 11 as described before is formed onto the surface of a
silicon ssubstrate.e As airesulrit istnassinle fr etfectively utilize the mppengat porien Shown i n
Fig. 1A, a plane part_of the silicon substrate 1 except for the silicon
Fin part the qubicesngaydy andieoavexisbdfti on | ayer 16 that is an insul ation
filmmade of Si02 or the like. Subsequently, with the plasma treatnment or
the like simlar to that was described in Figs. 3Ato 3D, a deposited film

2 includi i rity,of t or Ntype, e.g. B, is deposited to both
si de wal |£’3®ﬁ??%ﬁﬁn@%8ﬁ°b‘ﬁ%e Eﬁ"f‘%@% Fin part 11 while a deposited film 2
| arger in thic S t Bl%rll. : iém},@ i i t pper
flat portion ohﬂgﬁ‘e‘lé:&??&%‘%ﬁﬁ par%ﬁﬂﬁh en?hﬁ%rg\%&?gﬁagﬂgrﬁeh%rbpéljam ed by

obl i quel yﬂdtvy]géf,’n:s@edg‘@ B érﬁﬂo@ﬁ?éﬁt%fﬂfe hrRR¥Mt ineatiel. the inpurity, i.e.

Xe, Ge or which 1s larger in mass (larger in atom c weight) than

the inmpurity irpjghe iéjﬁrifé‘ﬁél,:;&@ﬂivéi\ﬁiéw fé&r explaiRingfa Pm pedfET oh whichahe upper
direction of the silicon Fin part 11. As result, by a knock on effect (or

action) Whieebntinvéntion despplisded | ater, electro-active inpurity in silicon,
whi ch are present in the deposited filnms 2 and 2' is inplanted into the

i nsi de of a | efffigsi 3k tevdDl arefdiagranss whinkrshaw agupeessifiew@f 8he i nsi de of
the upper flat portion of the silicon Fin part 11. In this, process,

al t hough manufastiringmethad.ef afin typerFET pscergingt # REIRASA REINETESEMYe wal |
of the silicon Fin part 11 while an inpurity diffusion layer 4 is forned

i nsi de t HBVEM9ES- flat portion of the silicon Fin part 11, the dose ampunt

N s Y A R
on ¢ o FRIFARRER B a0 dourgieMIBEARRS o parm A e sttt
the i nmpuri b8 pbRidnhd an upper flat portion of a silicon Fin part, which is for
obtaining the same impurity diffusion amount.
Fig. 5 is a characteristic illustration which shows a relation among an
ion implantation angle, a deposition thickness of an impurity thin film, and an
impurity amount implanted into silicon (semiconductor substrate).
Fig. 6 is a diagram for explaining a process flow of a manufacturing
method of an example in case where the present invention is applied to
manufacturing of a CMOS FET.
Fig. 7 is a sectional view for explaining a recoil action according to an
ion implantation of the present invention.

Fig. 8 is an enlarged sectional view which shows the recoil action of Fig.



12 process described in Fig. 1A i.e. Xe, Ge or the like froma right

di agonal wupper direction of the silicon Fin part 11. As result,
el ectro-active inpurity in silicon, which are present in the deposited
filme 2 and 2' is inplanted into the inside of a right side wall of the
silicon Fin part 11 and the inside of the upper flat portion of the
silicon Fin part 11. In this process, an inpurity diffusion layer 3 is
formed inside the both side walls of the silicon Fin part 11 while an

i npurity @ééérlﬁnbﬁrbf&i@é/ﬁfef%rreuseﬁabmﬁbnt@sl de the upper flat portion of the
silicon Fin part 11. Here, it is desirable that the inpurity dose

anount (dose armefetrirf totigsi MAUeI10y ik Hibswiption wijldre Bpdedn régarddo lansi de
wal ls of the silicon Fin part 11 with the irradiating of the ion beam5 is
equal to ibhempartatianyprdosses fowatcofdiog éo anmmbodimentof theppRiiesept di f f usi on
layer 3") to the upper flat portion of the silicon Fin part 11l wth the

i rradi at i ingertiort h g@n”btéhfirCS"UStfﬂt@taﬁ@fe%hQ@m by aldéiSB@@ PG 6% Kat a
ratio of an inpurity anount the side wall portion of the

si |i con RV ggectianaliview; as ip Qnd an impurity anount into the

ahbet ant | sl Fﬁrtz‘*t(i’fn g %@?{fﬁéﬁ Pt 1; ﬁ %‘?fﬁbféf‘%éffqhg [StehfeRontie, o oreon
(an ang| %quE{Cﬁ %h(gog'gwtgﬁﬁatgﬁ @ltﬁ ﬂeet(‘fﬁhé g?Héés%C@r tﬁ&.ll’kEe Rlckd Gan Fin

part 11) AR tween a ness t'1 of the

](cjep05| t edsﬂdwrmnzF gn?i tprﬁr‘r‘é(gglé%f We Slicdheusapasif é)@l:efp‘t koP tRe sHicBnFah as

an i ncidence angle a (an angle that

the inci dﬁ‘é}f@ﬁ@%@er@& Wlﬂﬁah%uhkﬁﬁiﬂ By&O16hdtas anussulagen film neideadf the i on
beam 5 to a side wall surface of the silicon Fin part 11 is set within 200

in each ofid; @he likean8ubBeqaertly, w.mschdemasra@h@atmeamr the lixpsiraitamat el y
10. When the beam i nci dence angle a is 10, an ion Hgﬂjantatlon angle i3 to

t he side that ivasuekadiredin Figs. 8Alto&Eh a:depqm’uea fiim 2 ing antdmpyritv@nt , in
conparison with an ion inplantation angle 8 _10L of the upper flat
portion of typeeosNitypare.gi B, jsadepositediadolfvside mﬁleﬂSPﬁﬁles$'Bfé0W\B|W of

the silicon Fin part 11 is defined by cos80/cos . .. 13
part 11 whele a deposited film 2’ Iarge¥ in thickness tflxan the deposﬂedhﬁm

deposited to an upper flat portion of the silicon Fin part 11.  Then, heavy ions
are implanted by obliquely irradiating an ion beam 5 of heavy ions of the
impurity, i.e. Xe, Ge or the like, which is larger in mass (larger in atomic weight)
than the impurity in the deposited films 2 and 2’ from a left diagonal upper
direction of the silicon Fin part 11.  As result, by a knock on effect (or action)
which will be described later, electro-active impurity in silicon, which are present
in the deposited films 2 and 2' is implanted into the inside of a left side wall of
the silicon Fin part 11 and the inside of the upper flat portion of the silicon Fin
part 11. In this process, although an impurity diffusion layer 3 is formed inside
the left side wall of the silicon Fin part 11 while an impurity diffusion layer 4 is
formed inside the upper flat portion of the silicon Fin part 11, the dose amount
(ion implantation amount) of the impurity diffusion layer 4 is approximately a half
of that of the impurity diffusion layer 3. The reason will be described later.
Subsequently, as shown in Fig. 1B, heavy ions are implanted by

obliquely irradiating an ion beam 5 of heavy ions of the impurity used in the



if the dose amobunt of Nd = 1E14 is required for the side wall of the
silicon Fin part 11, the dose anpbunt of the upper flat portion of the
silicon Fin part 11 is 5.64E14. In this case, it is possible to perform
conformal doping by setting a thickness t2 of the deposited film?2" of the
silicon Fin part 11 relative to a thidkness t1 of the deposited film2 to
a value so that the dose anobunt of the upper flat portion of the silicon
Fin part 11 becones a half of that of the side wall portion of the silicon
Fin part rﬁée@é@d@é@ri&%ﬂﬁﬁm NEA, i@ XeTB a0t Bl like frérhla tidte: diagortstaippef  t he
heavy i o0 Wth respect to a ratio of the thickness of the deposited film
2 and t hejitdatiek B¢ fse sificémPirdeaedited film2', it is desirable that the

t hi ckness t2 of the deposited film2' is more than tw ce the thickness t1l
of the deposit &b fasiult) ieatrd-acdive imputitylio su@onswhmhear@ms@mﬂ iz} thﬂWt h
respect to the heavy ion, Xe is nore desirable th 5

shows a radpmsited filme Agndhe is mplamchwﬁgﬁh%wsmf@ Wf@tﬂs’%"‘(ﬂﬂ)(’ft”&et he side
wal | portion of the silicon Fin thet@(t) ess [1 H 03| edfllm
of the sislicaRdfin pask 11 apd ﬂé\%dﬁsﬁ'%o Fﬁij‘i“?ﬁ%{f els ICPH '%lp? con

Fl'at por cVon IBANIRIORS TS, 2pr AL %ﬁ'ﬂgv?fa?&ﬁ?ﬁ’t@@dﬁﬁ%ﬁéﬁ%ég%@ Rd film
of the unpsfs b @k sﬂort fﬂ&a@nﬁmﬂebﬁgmd@ gﬁﬁioﬂ@ﬁQ tOrdrhfedsi |1 con

substrat €' er co et1on of the

process i. Slgbqh JC'BHEF)S%J%?'B g;’“&gﬁﬁ% ﬁgﬁﬁ[ are renoved. _ I n

theformalono m w t pl asma treatnent, since the

pl ane part of tr@&esstl.éeeglréwa&héﬂhe |ﬂﬂg@)ﬁﬁ,ﬁ@c§sé‘ﬂhohhegcﬁisblmmrﬁloﬂb@rt 11
is covered with thé insulation layer 6, a deposited film (not shown) is

formed onnjdikity AFfusRIN Iaf?eri B)1erthe.bdtin side wakwefthe siicen Fih paitel 1 withithey i s
inplanted into the insulation layer 6 with the heavy ion inplantation

accor di ngrradidting df dine inrelbeam i equabto theauoipuiity dapeemount (¢esenaRerBh t o
the insulation fil mdoes not cause the problemw th respect

el ect ri cadf thhampotityrdifusion dayari) @ethied@peAlﬂ@hB‘e@ﬁ"tQﬁ@Q ﬁi"E%%é‘bp%‘ft t he

deposited filmformed on the plane part ilicon substra 1 becones
| ar ger t hihwithdhe dradigingieptng ioBPsam m; 1 EW rt“YP"aﬁe' §i Rﬁgfq l]f}"B‘(S?lti on of

Sbove. Léﬁ%?leﬁk%nﬁﬁ{ﬁwis} ot wp%ﬁt%ﬁmi&ﬁm@%“%ﬁ.paqﬁ‘w@ f s eor P
| ater. gt 1 15% .geronqu EE Qn%gn RABuf Bﬁnﬂﬁtc}t{h ﬁ?lﬁinﬁ‘b%fl on

will be sho ocess f orns a

oo H o R AGHL b o bipuanpe, asos o

films inc to an N-type device region

and a P-t v ROIHRP an'iRSBERLS ¥RYM o Hitangietd ansridhllingiorrssidé
N-type N[%%E‘Ilp% d(fsg?g)ype anFET (whi chbarezar}gf e%red to as an N-type MOS

part and gaiNstifee WOBePElidon Birepdrernpdf the ibhdeaan®d asdiestalalicn befsvesm N-t ype
Fin part and a P-type Fin part, with two mask alignnents.

a thickness t1 of the deposited film 2 and a thickness t2 of the deposited film 2°

are set as follows.

Referring to Fig.4, an incidence angle a {an angle that the incidence

angle of the ion beam 5 forms to a vertical line) of the ion beam 5 to a side wall

surface of the silicon Fin part 11 is set within 20° in each of Figs. 1A and 1B,

and it is desirable to set to approximately 10°.  When the beam incidence

angle a is 10°, an ion implantation angle B to the side wall surface of the silicon

Fin part 11 is 80°. In this event, in comparison with an ion impiantation angie 6

(=10°) of the upper flat portion of the silicon Fin part 11, the dose amount of the
side wall of the silicon Fin part 11 is defined by cos80%cos10° = 0.174. That is,



For conveni ence, as described in Fig. 2, Fig. 6 shows a case with a
sectional view, where CMOSFETs each of which is conprised of a drain Fin
part (a part shown by Din Fig. 2), a channel Fin part (an inside part of
a part shown by Gin Fig. 2), and a source Fin part (a part shown by S in
Fig. 2) are forned, as the N-type MOS1Bart and the P-type MOS part,
respectively, to Fin-shaped silicon Fin parts which are forned to a
silicon substrate 1 with the etching process or the like. In particular,
Fig. 6 shpwe dodd amBantofid enE & rheqafred forahesidanall af thesificard Firne N-type
MOS part or P-type MOS part and a Fin part which is another one of a

sour ce anshra1drtherdosk drheut-aftipe upper fiairportion Bf theypiicamOBinppart 11 is I n
a process (1) (left upper drawing) of Fig. 6, a plane part of a silicon
subst r at e5.64Et4eptin thix cases itdsipbasibleoto @er?vrm ponfarmal domng Py wetting decones
the P-type MOS part and the surface of an N-Fin parﬁ] ‘l\{-{zl nEP whi ch becones
the N-tygdbickossiz ef the depesited §iny 2c ef bectlican Hingiart htiglgtyelP fayer 6.

b ly, with th _ h i ' whi ' f
?‘ﬁeiﬁ?‘é?ﬁh e H o e t%%ﬁaégﬁé@ﬁo%ez?%ﬁ'sgoﬁﬁé*m% R 8 Cover ea
| KHOSRP R R er” e, Tty
b3 " G BhoonbR AR £ bR 85 Fes kRETAR B fEANAR e
aPper L Badiah b B sifor] B farEh P RNy GETBiig SEH i aRiBANARY ROl L he

P-Fin and and I ch bec type MOS part wth plasna

22. ' iBHOC &% ' ' hRwhegs bfthel 9. 6), with
t he stat eb?%rﬁlgm%hﬁf‘& Iﬁh'par??]ﬁ'z @%;tﬂg?%wggﬂggﬁes the N-type MOS part is

covered WiddbditRa filiY shd fhb thitkAess iopfise depositel fmt 2/dit istiesitdide Bhafite par t
of the P-type MOS part by irradiating an ion beam5 of Xe (or Ge) froma
di agonal @igkeets e obtheldepeisited dih 2 & moppdran wiicd thentthidkness &1 of tgonal
direction of upper left (or upper right) in order. In a process
(3) (I ef tdepubiteddimd agd th: Fi 5106 is atoreidesirabiehe Wills regpesiitaotiet he N-type
MOS part is renoved and sinultaneously the deposited filnms 2 and 2' of the
P-type MiSparipnaXe is mose desirabledhaR %, with the state that the P-Fin
part which becones the P-type MOS part is covered wth the resist, 61",
deposi ted fil nsFig- 2 shpwsa rflatiq{‘c‘?rlﬁ‘HPHdh%'Qrﬂﬁggﬁﬂ@rt'ﬁg)angﬁeegf(?)%@é 025 in
DAl b
par

h f Fig. 1A  f i . i :
bort o), e sy pt Ferstiots i Tl TR B ogpds wi th
| ) T . : oo haLt W
B oS 22 st il P A ReEBEREE 6 Bt e s 8o 0. O
cover ed V\étr%orégﬁo?{%}ﬁélion gﬁgi;él)ﬁtétmﬁa@gt@e'tanhél@ubgérﬂélﬁsbrtibﬁowtr% n part of

the N-typée rrra ng an ion beam5" of Xe (or Ge) froma
di agonal giié&f FirPpar®ftht BEKnddsubi the GepvRRed filne bf theansbdrampartibragooal
direction of upper left (or upper right) in order. After this, the

deposi t ediHel ihipurdy dossdmduht tofhet dilicdv syipstrat€S part are renoved toget her
with the renoval of the resist 61'. Wth the manner descri bed
above, two set sTofmirpbadetadFigi ACantef commpletion of dherprapesidn Kig.yiFe s par't
having inmpurity diffusion layers 3-1 and 3-1' fornmed to the side wall
portions depesited filmset amd gt agoieMm®ied. r espectivel y, of the N-Fin part

N- Fi ith i f f 1. he P-
( 'n) witha #}n{he%gl%gt?gneofatﬁgudrgpo%ﬂgd fi?rlr‘ar\rt]v:Phgthte pﬁasmg){PeeatnMgﬁt,%?rqée
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the plane part of the silicon substrate 1 except for the silicon Fin part 11 is
covered with the insulation layer 6, a deposited film (not shown) is formed on
the insulation layer 6.  In this event, even if the impurity is implanted into the
insulation layer 6 with the heavy ion implantation according to the ion beam
irradiation, such an impurity implantation to the insulation film does not cause
the problem with respect to an electrical characteristic of the device. Although

the thickness of the deposited film formed on the plane part of silicon substrate



16 having inmpurity diffusion layers 3 and 3' forned to the side wall
portions and the upper flat portion, respectively, of the P-Fin part
(P-Fin) with a uniform dose anount. Figs. 7 and 8 are diagrans for
expl aining the recoil action according to the enbodinment of this

i nvention. Herein, although the descritftion will be nade with respect to a
case of the upper right process (2) in Fig. 6, Figs. 7 and 8 show only the
part necessary for the explanation. In Fig. 7, with the ion beam

i rradi at i Ppeddntdmrget feprnki of thardeposied dilrifegesthto iersids ivall poitiarpper
left, the inmpurity atomB in the deposited film2 that is forned to the
surface pithe eflicbR&irs phitcldn i migpaddesidol causecany probienosn t Fiee Bhevete of t he
deposited film2 to the inside of the silicon Fin part_11 by a nock on

ef fect t hméniicnethpsiets arg applied $0 exaotpleshwhiohpvidlhedssaiibeddaies the i npurity
atomB in the deposited film2 in a direction substantiall]y orthogonal to
the surface of Referririgde Figl 6, an exa@pls pf @@rprﬁﬁﬁntﬂﬁﬁnt@h‘ﬂ@tybﬁn ially

per pendi cul ar_ direction). In general, when particles (atomion)
accel er atdagcHPedi gh speed are inplanted into the substance of a solid or

part 2: s col | iy ShPUR hoess DRRATGD fods AEMERRRufbRERaY, *° |a®
Phe. ener JyStah Epid SRt RE LKA, o 1HEn BRATPIS dcPBSRE i PRIGRIG PRSP 1
produces. , ld #é‘éé!el:ih@}{ f d ®an mg RARFDEgiGERd BiP bypeedevice a usual

I on inplantatlion, seve ozen t veral thousand atons in the materi al

ar e receipsghnvrddhdciifelgneTh¥N, extension regibns ofNope MOBRETaNt Rfypene
colliding-particle to make it easy to understand the recoil action based

on the prijOSAEE (WEithizrs edfepieavto.asHavbiviype MOS et ang a NdyphWMdSipartFi g. 8
with an enlarged diagram mnultiple and nultistage collisions (first
t hr ough narefonnéd iosithasaareesulsttate cals an N-tywpe Migingst and ary oBiRasH il m
2. Especially, when the mass of the colliding-particle is heavier in
wei ght  with two mask alignments.
For convenience, as described in Fig. 2, Fig. 6 shows a case with a
sectional view, where CMOSFETs each of which is comprised of a drain Fin
part {a part shown by D in Fig. 2), a channel Fin part (an inside part of a part
shown by G in Fig. 2), and a source Fin part (a part shown by § in Fig. 2) are
formed, as the N-type MOS part and the P-type MOS part, respectively, to Fin-
shaped silicon Fin parts which are formed to a silicon substrate 1 with the
etching process or the like. In particuiar, Fig. 6 shows a Fin part which is one
of a source and a drain of the N-type MOS part or P-type MOS part and a Fin
part which is another one of a source and a drain of the N-type MOS part or P-
type MOS part.
in a process (1) (ieft upper drawing) of Fig. 6, a plane part of a silicon
substrate 1 except for the surface of a P-Fin part (P-Fin) which becomes the P-
type MOS part and the surface of an N-Fin part (N-Fin) which becomes the N-
type MOS part is previously covered with an insulation layer 6. Subsequently,

with the state that the N-Fin part (N-Fin) which is one of the P-Fin and N-Fin
parts and which becomes the N-type MOS part is covered with a resist 61,



17 than that of the atomconstituting the material of the deposited film
it is possible to give the energy to the nore atons constituting the
material. In this case, quite a nunber of purpose inpurity atonms nore than
the incident particles can be inplanted (introduced) within the

sem conduct or substrate. Furthernore, 1$ince the energy of the inplantation
I on can be set higher than the energy given to the purpose inpurity atons,
t he space-charge effect is suppressed | ower than a case of the direct

i npl ant atdgpnsitaddiirs 2i andoR'siatidbingt B (Betort) e forgted) @arin the case of Figl f ect  of

t he Enbodi nent) According to the enbodi nents of the present

i nvent i omA bty thbsuffacesidewalf partiensiapdsippedflatportion) ef tetfrFimpapi(Bsna and
by the recoil action (knock on effect) caused by the ion inplantation, it
i s possi HFie) whialmisfanother anepdiithe R-rén ang N-Finparis andmwhighecgraes iR |
portions and the upper flat portion of the cubic three-di mensi on device.
As a resuPtyre MQS padaithhplasiia €25 ectively utilize the upper portion of

Lgft ¥ 'fl S?ﬁyi vapersesei QLA kPR HEREREID FB SRR 1% Sl Bt e <
P oL REIEBER kY PHE G LA i R MGsRERE Bl AR |
changes 17RssPET, B0AIRHE!H:S iPlarkSs IS hd PAFiR SRR -LMRARTIS pgf r om the

sprit and™s resent 1 nvention as |nec} by t'he cl ai ns.

For exa”%;?i»rra%irﬁgoéﬁ briBd&nisbf XBi6hGBRReAPS didypnanarectidstil @perof the

sem conduct or vice I1s a solid silicon (silicon: single crystal or

pol ycr ystgdHti(Belppéiadh) afe frobi & didgarepiraoiiors ehigmerdett {or ugpertright) inke.

In addition, it Is desirable that a recoil condition, nanely, the energy
(depth prefdere corresponding to an inplantation depth) for the ion

i mpl antation of the inpurities of the inpurity thin filmor a dose atomc
wei ght cor r espdndi pepcess 43) (lefb Ladesdiawing Bskiga b @irsts theotasit Blef the an

adjustnment of a filmthickne 18 of the i rity thin fil d i t ed
fiJI m or la—tzm@MQé Pt ié:femwgaiqnﬂ %%&@P?P@n\?lﬁ%ﬁl GéP%fr'{%ft*'%fﬁ %H‘S%??S"![ y thin
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which becomes the P-type MOS part is covered with the resist 61', deposited
films 2-1 and 2-1' including P (Phosphorus) are formed, as in the case of Fig.
1A, 1o the surface (side wall portions and upper flat portion) of the N-Fin part (N-
Fin) which becomes the N-type MOS part with plasma 22.

Next, in a process (4) (right under drawing in Fig. 6), with the state that
the P-Fin part which becomes the P-fype MOS part is covered with a resist 61",
heavy ions are implanted into the N-Fin part of the N-type MOS part by
irradiating an ion beam 5' of Xe (or Ge) from a diagonal direction of upper right
(or upper left) and from a diagonal direction of upper left (or upper right) in order.
After this, the deposited films 2-1 and 2-1' of the N-type MOS part are removed
together with the removail of the resist 61".

With the manner described above, two sets of source-drain are formed
by forming the N-type MOS part having impurity diffusion layers 3-1 and 3-1'
formed to the side wall portions and the upper flat portion, respectively, of the

N-Fin part (N-Fin) with a uniform dose amount and forming the P-type MOS part



In this case, it is desirable that a condition of non-inplantation is

adj usted by adjusting a filmthickness of the inpurity thin film a
species of the inpurity deposition material, an inplantation ion species,
an inplantation angle, an inplantation energy, and an inplantation dose
anount so that the inplantation ion ifl$elf remains in the inpurity thin
filmw thout being al nost introduced into a concavity and convexity part
formed by the processing of the seniconductor substrate. For the

' Wpr ity évaig Phplrite diffizion fayetdB mnti 3' formfed toethelsidesad portens ahdtheB and
As a gas which is used to deposit the inpurity thin film
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diagonal direction of upper left, the impurity atom B in the deposited film 2 that

is formed to the surface part of the silicon Fin part 11 is recoiled ffom the inside

of the deposited film 2 to the inside of the silicon Fin part 11 by a nock on effect

that is caused by collision of the implantation ion to the impurity atom B in the

deposited film 2 in a direction substantially orthogonal to the surface of the side

wall of the silicon Fin part (substantially perpendicular direction).

in general, when particles (atom/ion) accelerated at high speed are

implanted into the substance of a solid or liquid material, the energy of the

particles decreases gradually as the particles colliding with atoms constituting

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 ion implantation, several dozen to several thousand atoms in the material

are received with the energy.

Fig. 7 shows a movement of one colliding-particie to make it easy to

understand the recoil action based on the principie mentioned above.

However, in reality, as shown in Fig. 8 with an enlarged diagram, muitiple and

multistage collisions (first through n-th collision) are occurred in the inside of the

deposited film 2.

Especially, when the mass of the coliiding-particle is heavier in weight



resist protective filmselectively so as to expose a part of the surface
of the sem conductor substrate wherein the resist protective filmwas
renoved. Subsequently, renoves the deposited filmincluding B of a part
correspondi ng to an exposed part and then forns a deposited filmincluding
P to a renoved part with a plasma tredffnent by the use of PH3. After
renmovi ng the whole of the resist protective film any one ion of Ge, Si,
As, In, Sb, Xe, and Ar is inplanted to the whole of the surface of the

sen condyghRthHIShe atdin coRELIIMKG thSnfatdvidlidD théeSdeposited film it i®\possible
manuf acturing nethod of a sem conductor device conpri sing; form ng

a cubi c gorpavihieyerandy totheriory afams constitiéing thef enagerisfl. alrstbia easiuct or
substrate which is a base substrate of the sem conductor device, said

cubi ¢ corpieid yumber obpurpaseymparity alRmsgose thandie ingigenl pAECiE8EaN upper
flat portion; ~ depositing on the surface qof said ge 1 conduct or
subst r at deaimplapied; (infraduicad} Within; W@Iﬁ%ﬁ“ﬁ@nwti)'hﬁmﬁt@ﬁ-a & €econes a
donor or an acceptor in the sen conductor substrate.so a i

t hi cknes$iRfe m@@ﬁ%lﬁﬂ?fﬁﬁ F‘Pﬁlﬁ’%%PW‘P%PﬁB(?e %h@%dﬁ?ré@% %@é}g&i&d\’ [bper
flat porti becones | arge rel at, f 14G Lpurity
thin Fi1iPAG? RESR IPHBrLAIES Y pare el i e SRR ted Mner

per form fir.st di o I i : } BEERST

directi oﬁﬁ?ﬁatéhis%’l Orrfghé%q m@g?ilalrﬁ%hg%ﬁp%iti[gggg%ﬁ@tﬁeﬁﬁg@é\oncavi ty and
convexi tycém%rr& and subsequently a second diagonal ion inplantation from an
opposi te diagonal upper direction to the inpurity thin film deposited on

t he cubic conchiffegt@ﬁ'tﬁe(E}m@dmempart; and recoiling the inpurity
atomfromthe inside of the inpurity thin filmto the inside of the side

wal | portions axetordiagitothe endfodirentsppiche foresendanventionoby et d cubi ¢
concavity and convexity part by performng the first and second di agonal

i on i npl dotrasiiemsf the deposited. thiiHémnwitiu the plasmagarebhdie BRee¥@EIAg to claim
1, wherein a ratio of inpurity inplantations tQ the side | portion and

the upper(knbek opeffectvaused dyiitbeden Bypiaafalion; Hés ROFHPIEJOMNAM/posi ti on

2 depos: (mentine BYEbaNta Abhe A RatRY Ao JBBet T RsioR upper
flat por t1tih(e):r};'ubic three-dimension device. As a result, it is possible to effectively utilize
the upper portion of the silicon Fin part.

While the present invention has been particularly shown and described
with reference to exemplary embodiments thereof, the present invention is not
limited to these embodiments. It will be understood by those of ordinary skill in
the art that various changes in form and details may be made therein without
departing from the sprit and scope of the present invention as defined by the
claims.

For example, the solid material which becomes the base substrate of
the semiconductor device is a solid silicon (silicon: single crystal or
polycrystaliine), 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 adjustment of a film thickness



3. The manufacturing nethod according to claim1l1, wherein a ratio of 21
inpurity inplantations to the side wall portion and the upper flat portion
is adjusted by adjusting an ion inplantation angle of said first and
second di agonal ion inplantations. 4. The manufacturing net hod
according to claim1, wherein a ratiol8f inpurity inplantations to the
side wall portion and the upper flat portion is adjusted by adjusting a
ratio of a deposition thickness of the inpurity thin film deposited to the
si de wal |5fpRé irhpdrignBingilte@epbsitanfih) arknssecied of he impprityidepostiion i1 m
deposited to the upper flat portion and by adjusting an ion inplantation
angl e of aaictiaf bf e iamdirigethom éiindj @rgamadjuistmentngfl aminaplaniadion ion species5.  The
manuf act uri ng met hod according to clainms 1-4, wherein an inpurity is

i mpl ant edari impantadios iadgleyan impdantation gnerghand@seimplaiation depen at a ratio
of substantially 2:1 in anount by adjusting a ratio of a deposition

t hi cknessam@uithe inpurity thin filmdeposited to the side wall portions
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sane anount. e manufacturing nmethod according to claim 3,
wher ei N ufpMAtation ich BRADENAIRS irl thedliprsity tfin filne without bepgtaimoest i | m
deposited to the side wall portions and a deposition thickness of the
i npurity ihftbdudéd intelamesicheity and chevaxiyerart faxmegdryt iherpracessing obthe
deposited filmis set so that the deposition thickness of the inpurity
t hin fil nsedeigconducetdr sobsthadeupper flat portion is twice or nore the

deposition thickness of the inpurity thin film dg{gﬁgsit d to%é1h si de wal |
porti on. For the imparityeatoret theiirgpuribe iy e oot MaYPs Useh9h&he of the
pr ecedi ng

than B and P.

As a gas which is used to deposit the impurity thin film including B with
the plasma treatment, a gas inciuding BF3 may be used in piace of diborane
BoHs.

On the other hand, there is a gas including phosphine PH3 as a
favorable example of the gas which is used to deposit the impurity thin film
including P with the plasma treatment.

In addition, there is a gas including arsine AsH; 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 be adopted. After the formation
of a deposited film including B to the semiconductor substrate with a plasma
treatment by the use of BoHg, covers the whole of the surface of the

semiconductor substrate with a resist protective film and then removes the



22 clainms, wherein a recoil condition and a dose atom c wei ght
corresponding to an inplantation dose anount are controlled by an

adj ust mrent of a deposition thickness of the inpurity thin film deposited
to the side wall portion and a deposition thickness of the inmpurity thin
filmdeposited to the upper flat portil$h, an adjustnent of a species of an
inpurity deposition material of the inpurity thin film or an adj ustnent

of an inplantation ion species, an ion inplantation angle, an inplantation
energy, aRrdisaprotepliitilat selactivsie sermudtexpdse Bheartrahtifeestriaceryf thet hod
according to any one of the preceding clains, wherein the inpurity atom of
sai d i npugerhicontuctof slbstizteaviyeremethefreBist protecitveAdm wes ramevegnuf act uri ng
met hod according to any one of the preceding clains, wherein, as said

i npurity Subseduently, temeovasptheidaposited fifm ingliding EiPhy Partcorgspeadingdopy

performng a plasma treatnent with a gas ipcluding diborane B2 or BF3.
11. The namekpeseas Pardandithen femsoa Gﬁeﬁesﬂ%ﬂ ﬁmmh@qm 'Pt (2% Eﬁ”é%‘é‘%lh‘ﬁfﬁ%”

with a plasma treatment by the use of PHs.  After removing the wholie of the

resist protective film, any one ion of Ge, Si, As, In, Sb, Xe, and Ar is implanted

to the whole of the surface of the semiconductor substrate.



claims, wherein, as said inpurity thin film the inpurity thin film
including P is deposited by performng a plasma treatment with a gas
i ncl udi ng phosphine PH3. 12. The nanufacturing method according to any one
of the preceding clains, wherein, as said inpurity thin film the inpurity
thin filmincluding As is deposited by%erformng a plasma treatment with
a gas including arsine AsH3. 13. The manufacturing nethod according to any
one of the preceding clains, wherein an inplantation ionin the first and
second di agonal ion inplantations is the ion of a heavy atomwhich is
llarger in atomc weight than any one of B, P, and As which constitute the
i rrpurljfty W&MIME:‘D@H ty thin film 14. The manufacturing nethod
according to any one of the preceding clains, in. ' [ [
in the first an g%@@ﬁwf@ﬁtgggg@pemgq%f a semicong\ﬂ]rﬁcr)re device c{)”%ri%mg?t on ton
forming a cubic concavity and convexity part on the surface of a
semiconductor substrate which is a base substrate of the semiconductor device,
said cubic concavity and convexity part having side wall portions and an upper
flat portion;
depositing on the surface of said semiconductor substrate an impurity
thin film including an impurity atom which becomes a donor or an acceptor in
the semiconductor substrate so that a film thickness of the impurity thin film
formed on the surface of said upper flat portion becomes large relative to a film
thickness of the impurity thin film formed on the surface of said side wall
portions;
performing a first diagonal ion implantation from a diagonal upper
direction to the impurity thin film deposited on the cubic concavity and convexity
part and subsequently a second diagonal ion implantation from an opposite
diagonal upper direction to the impurity thin film deposited on the cubic
concavity and convexity part; and
recoiling the impurity atom from the inside of the impurity thin film to the
inside of the side wall portions and the inside of the upper flat portion of said
cubic concavity and convexity part by performing the first and second diagonal
ion implantations.
2. The manufacturing method according to claim 1, wherein a ratio of
impurity implantations to the side wall portion and the upper flat portion is
adjusted by adjusting a ratio of a deposition thickness of the impurity thin film
deposited to the side wall portion and a deposition thickness of the impurity thin

film deposited to the upper flat portion.

3. The manufacturing method according to claim 1, wherein a ratio of



23 inplantations is any one of Si, As, Ce, In, Shb, Xe, and Ar.

15. The manufacturing nethod according to claim@8, wherein a beam

i ncidence angle to the surface of the cubic concavity and convexity part
fromthe diagonal upper direction in said first and second di agonal ion
inpl antations is an inclination angl e23ubstantially |ess than 20 degrees.
16. The manufacturing nmethod according to any one of the precedi ng clains,
wherein the inpurity atomin said inpurity thin filmis recoiled fromthe
i nsi de ofimpaiity inimaritatiyns to thef sitlemtall pdtion asiddbe obpeafiat pahiva shduct or
substrate by a nock on effect that is caused, at a surface part of the
cubi ¢ cormjustey byratljustimgean top ipwiantatign epplei ofi said drstand saeendshiagangdh i on
to the inpurity atomin said inpurity thin filmin a direction

subst ant iiah implantategsnal to the surface part. 17. The
manuf act uri ng net hod accordinI%1 m 8, wherein

| aj id fir d
dihagonzgl i on i il éﬂ'ted'ﬁ‘iaGH%acé‘r' 9}:): 'Eﬁ? BRI mﬂ?'gig;‘aveéer %aar%[hgtofg(r:]olness
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b o o . ! .
To. "he " riustet R RS HGA s 8§ cdBbSton SEnadtoet (RENPRUAGRETAM. 1 i s,
wherei n i <R e LiBkRudil béftioh dnid £ lbposiaeRHitkikserofaneimperigahin of { he

surface of 'sald sem conducto strate except for the cubic concavity and

convexi t ygipaddposited to the aﬁﬁeﬂ'ﬂﬁ_ﬂ&ﬁ&'ﬁ aadl Wyl adjustirigna iacioplantagon o cl ai m
10, wherein the 1 npurity in filmis thickly deposited on a plane part of

the sem caigleior gaidSubsandsecanddiphohalioh hep@&ritaitorsoncavi ty and convexity
part by increasing a deposition rate of the inpurity thin film deposited
on sai d pl ane p&rtThe tansdaduphasmihod asconsing Whelniens -4 adiesaisi 3y,
relative to that for the plane part, a deposition rate of the inpurity
thin fil nimpapihsisisplanted irtoshasidawal periasard bR RGN aha
convexit yral’?igrcgf'substantialiy 2:1 in amount by adjusting a ratio of a deposition thickness

of the impurity thin film deposited to the side wall portions and a deposition

thickness of the impurity thin film deposited to the upper flat portion and by

adjusting an ion implantation angle of said first and second diagonal ion

implantations.

6. The manufacturing method according to claim 5, wherein, by

performing the first diagonal ion implantation from the diagonal upper direction

and the second diagonal ion implantation from the opposite diagonal upper

direction, the impurity is implanted into the side wall portion and the upper flat

portion with the same amount.

7. The manufacturing method according to claim 3, wherein a ratio of

a deposition thickness of the impurity thin film deposited to the side wall

portions and a deposition thickness of the impurity thin film deposited to the

upper fiat portion a ratio of deposited film is set so that the deposition thickness

of the impurity thin film deposited to the upper flat portion is twice or more the

deposition thickness of the impurity thin film deposited to the side wall portion.

8. The manufacturing method according to any one of the preceding
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claims, wherein a recoil condition and a dose atomic weight corresponding o an
implantation dose amount are controlied by an adjustment of a deposition
thickness of the impurity thin film deposited to the side wall portion and a
deposition thickness of the impurity thin fiim deposited to the upper flat portion,
an adjustment of a species of an impurity deposition material of the impurity thin
fiim, or an adjustment of an implantation ion species, an ion implantation angie,
an implantation energy, and an implantation dose amount.

9. The manufacturing method according to any one of the preceding
claims, wherein the impurity atom of said impurity thin film is any one of B, P,
and As.

10. The manufacturing method according to any one of the preceding
claims, wherein, as said impurity thin film, the impurity thin film including B is
deposited by performing a plasma treatment with a gas including diborane BoHs
or BF3.

11. The manufacturing method according to any one of the preceding
claims, wherein, as said impurity thin film, the impurity thin film including P is
deposited by performing a plasma treatment with a gas including phosphine
PHs.

12. The manufacturing method according to any one of the preceding
claims, wherein, as said impurity thin film, the impurity thin film including As is
deposited by performing a plasma treatment with a gas including arsine AsHs.

13. The manufacturing method according to any one of the preceding
claims, wherein an implantation ion in the first and second diagonali ion
implantations 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 said impurity thin
film.

14. The manufacturing method according o any one of the preceding

claims, wherein an implantation ion in the first and second diagonal ion



23

_implantations is any one of Si, As, Ge, In, Sb, Xe, and Ar.

15. The manufacturing method according to claim 8, wherein a beam
incidence angle to the surface of the cubic concavity and convexity part from
the diagonal upper direction in said first and second diagonal ion implantations
is an inclination angle substantially less than 20 degrees.

16. The manufacturing method according to any one of the preceding
claims, wherein the impurity atom in said impurity thin film is recoiled from the
inside of said impurity thin film to the inside of said semiconductor substrate by
a nock on effect that is caused, at a surface part of the cubic concavity and
convexity part, by coliision of the implantation ion to the impurity atom in said
impurity thin film in a direction substantially orthogonal to the surface part.

17. The manufacturing method according to claim 8, wherein said first
and second diagonal ion implantations are performed with low-energy
implantation less than SkeV.

18. The manufacturing method according to claim 8, wherein said first
and second diagonal ion implantations are performed with low dose
implantation atornic weight less than 2E15atoms/em>.

19. The manufacturing method according to any one of the preceding
claims, wherein the impurity thin film is thickly deposited on a plane part of the
surface of said semiconductor substrate except for the cubic concavity and
convexity part.

20. The manufacturing method according to claim 10, wherein the
impurity thin film is thickly deposited on a plane part of the semiconductor
substrate except for the cubic concavity and convexity part by increasing a
deposition rate of the impurity thin film deposited on said plane part with said
plasma treatment while by decreasing, relative to that for the plane part, a
deposition rate of the impurity thin film deposited on the side walls of said cubic

concavity and convexity part.



