1 MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE ' This application is
based. upon and cl ains the benefit of priority from Japanese patent
application No. 2009-277828, filed Decenber7, 2009, the disclosure of which
is incorporated herein in its entirety by reference. Background of the

i nvention : The present invention relates to a manufacturing nmethod of
a sem conductor device and, in particular, relates to a doping nethod of an
inmpurity atomto a sem conduct or substrate. Figs. 3A and 33 show a

conventional shall ow dopi ng process for a planer sem conductor substrate 1

S0 as to have aujMpGiA Jerg _ i«radiating a | ow
energy ion beammﬁwq%dr@ﬁglﬁ%]pla iHo@%ﬁmDHgﬁpﬁﬁgg@% t he surface of

t he sem conductor substrate 1 at a perpendicular inplantation angle or a
nearly perpendicul-ar inplantation angle (Fig. 3A). For exanple, in case
wher e the ion iTikappiaktionid Rasedupbe dno uizirhy therienafif sitpriontyedroen gy of 200eV,
because the beam current value in the ion inplantation is |ow, the ion

i npl ant at i-paneRe pEEnt Appitation of 2URP=d7 [83¢cled Desemben? |209§, hapl ant ati on
rocessing.tine to get a.predeterm ned.inpl antation dose amount (Fig, 3B).
P orr o e S dficn & drroasatiengn i B eRles yiheriute 10 as o O o0

sem conductor substrate, a thin film3 is forned on the silicon substrate
|la surface with a plasnma 2 including the inpurity atomjchem cal vapor

deposi ti on ( CVDpasetdind BthPimvshidl vapor deposition (PVD) nethod] (Figs.
4A and 48). ?hereafter, an inpurity diffused layer 5 is forned by thermally
di ffusi ng t he | Wpapiesyntatention cdlates 182 MBobrguringoretnhdofAin film 3 within
the sili Cosrén'asklrjo?’xsd%tg; EJi{?é ;\rn)é , tl]n garr’c]lgﬁ;r, g‘erlg’t%g o8 %aéig'ig%iraté% ofan
impurity atomto a semicanduc_tar subsirate.
Figs. 3A and 38 show a conventional shallow doping process for a
planer semiconductor substrate 1 s0 as {o have a junction depth of around
- 20nm.
By rradiating 2 low snergy ion beam 4, ion implantation is usually
performed to the surface of the semiconguctor substrate 1 at a perpendicular
implantation angle or 2 nearly perpendicular implantation angle (Fig. 3A), For
oxample, in case where the ion implantation is caried out Dy implantation
energy of 200eV, because the beam current value inthe ion ‘impiantatibn is low,
the ion implantation for an impurity difused layer 5 needs s iong impiantation
processing time 1o get & predetermined implantation dose amount (Fig. 3B).
Referring to Figs, 4A 1o 4C, by using a slicon substrate 1aasa
semiconductor substrate, a thin film 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). Thersafter, an impurity diffused layer § is formed by thermally
diffusing the impurity atom such as B (Boron) from the thin film 3 within the

silison substrate 12 with a heat treatment (Fig. 4C).



I nthis case, because there is a natural oxide filmon the surface of the
substrate, the surface of the substrate does not becone the high inpurity
concentration. Therefore it is hard to carry out a thermal diffusion to
enough concentration as source/drain. Fig. 5 shows a conventiona

t echni que about a case-that the ion igplantation is carried out |athe side
(a wall and a slope part) of a concavity and convexity part of the

sem conductor substrate -formed by processing. Here, the concavity and

convexity part regiessl HeoanRAReraSE BURIERNRAIRG RN OHRSd 61GRs a ditch, a

step, a slope, and the |ike. In a process 1, a sem conduct or
substrate &Uﬁﬁatfﬁta:ﬁh&ﬂﬁacepb‘émmmmmasnb’aMang&hefngfapmﬂiyon i's made by
sel ectivity perform ngr etching by the use of a-mask 6, In .a process 2, the
ion is i npFeRREBEataR: o- Fﬁ@f%ﬁéﬁiééﬁmdﬁ CAMY R} 2 tharmad siffgsiomio eneubam 4

i ncl udi ng at ons from a di agonal course. Thereafter the
heat -t r eat ﬁ%n%%ni:@% ﬁsr?f*é’a"% "As a result, a diffused | ayer5 of the

impurity atomi g Qiréﬂé@vs]é) a&eﬁtcﬁ%wfhmaaehesuﬁ SaRGhkfle i case where-the

ion inplantation angl e angl e roma perpendi | ne is small,

e.g., in timeplasatm reﬁ:a&iéﬁti@gtoeieasidetalm!}mswpy phf) dfzoeeesvit Wi th an
i npl antation dose anount of 6 tinmes in conparison with the case-for the
pl ane. Thekod servexidly wart ¢ hesgmicephasionsubsivapy boees byngracessing.s Mereessary
regardl ess, of an_advantageous condition that a eam current density | evel

is |ow Thi® GoHcRlyang CORYexlly PERreR[eFeiE ¢ Space struct Bpy a reflection
of the '”P%%’Ec%z‘x%&cﬂna's{égdg%m% b?rﬁ] d-HEqusur face, a Ioss of the

i nplantation®ion s octurr erefore nore dose anount is needed.

As nentioned abaye.prbibskheaaBMNS0RYeBiHsRRe 1 w@wﬁm&%@mw’ml antation
of low energy is necessary to -forma shallow inpurity ffused |l ayer into

the sili cohaduhiematiectiotnd made tyrseldotivity pefermteg efmhmgbytﬂkmu&:a)w:aener gy, it
S TPOsSl b kO a Btoteds 2 R0 1o e TS anted Thto It projgeton vk Wadating | 0" Ceam
an jon bearn 4 including impurity atoms B-from 2 diagonal course.  Thereafier
the heattreatm eﬁt iz caried out.  As & Tesult, a diffused jayer S of the impurity
atom is formed 10 2 sidewal of the projection.
In zase where the ion implantaiion angle (Til angle)irom &
perpendicular fine is small, .g., inthe case of 10 degrees, itis necessary 1o
process it with an implaniation dose amount of  times in comparison with the
casefor the plane, Therefore, 2 very iong implantation processing time is
-necessary regardiess of an advantageous condition that a beam current density
level is fow, This is lack in practical utility.
Besides, by a refiection of the implantation ion in the substrate surface,
& loss of the implantation ion is occurred, and therefore more dose amount is
needed.
As mentioned above, inthe above conveniional method, the ion
implantation of low energy is necessary to form a shallow impurity diffused layer

into-the silicon substrate,  And, inthe ion implantation of the low energy, tis

impossible to obtain 2 high beam current density because of an ion beam



3 di vergence phenonenon caused by a space-charge effect. Therefore, in the
| ow energy ion inplantation of the close ambunt which is near to _ -
1El5atons/cnR2, a very long inplantation processing tine is required for the
ion inplantation. Further, a great cost up in manufacturing was caused.

As anot her disadvantage, like a Fin-EET type 'transistor of the

t hree-di nensi onal structure that becones the topic in recent years, the
shallow ion inplantation is necessary for a wall of -the nearly

per pendi culiisergencs pedriomenth stussahy DapBck-tHurgestiore Miedsrard, ynth@ the silicon
substrate. The Fin-1- -type transistor will be described wth
ref er ence ¥ Mggay 00 imugnighen gidhe cone abwint whisBiam@@etol, a proj ection

(extension i.ch begones a drain ,a channel, and a source Sis forned
by~ et chi no B EORaBEEER B RN fored Bt BRSO SIS GG 5918 1 or red o
as to cove; M :he F . Al ain. I n
the shall o'\l;;vn I on‘ri{lidr?r}b! %%?Q%}%H%%?%?&t gigméﬁﬂ%%@%%%ﬁfg&per pendi cul ar
projection of the dridhdrihatyditadd, aks EStiRFETAMBatdfoldineeyfddensi onal
structure, when an ion inplantation is performed directly, the inplantation
angl e B i sdimensighaiatgkrre hat beoowad thefiomib & peentoetisoihe shaowfer e, the ions
are inmplanted into the silicon substrate with only the dose anount defi ned
by sine. TH&&TBRD i RecesAYITRDE wall BT thernesriymegeadicdlss erolgrdignihatas

necessary, and a _problem has occurred.in practical utility. I n
addi tion,  WeS ERERA STRSETGY PR & 56 SURBRHEREE (et hod for diffusing an

Inpurity atom wHti ; , 43 AN I ff4usi on
processi ng aftwh?kﬁqf%?rﬂ%W%twﬁyggﬁcﬁ%wﬁgﬁ}%%oﬁh{gf orrned
w th the pDasmesénicbndudirsubsitdiod, = iptojestiot Ekieastbd) widcicbssomatd t he
-thermal diffusion nore than 1ELl 5crn-3 in the recent process that high
t enper at ur@aliedt2 thannehent aisouraede ssfopned bestchingoreesss o tha e e Avas not

e e e 5 2 e eSS heror e, e
betwesnthe source and the drain.
Inthe shallow ion implantation for the wall of the nearly perpendicular
projection of the FinBET type transistor having the three-dimensional strusture,
wheﬁ an ion implantation is performed directly, the implaniation anple 8isa
high angie o the wall of the projection. Therefore, the ions are implantad into
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
oeeurred in practical wtifity.
in addition, as shown in Figs. 4A 10 4C, there is a method for diffusing
an impurity atom within the silicon substrate 1a by athermai diffusion
processing after thethinTiim 3 including the impurity atom has formed with the
plasma 2. inthis method, it is difficult to carry put the thermal diffusion more
- than 1518cm-3 inthe recent process that high temperature heatfreatment is
impessible.  Forthe reason, there was not useful means that can realize a Fin-
FET type transistor.

Furthermore, with the miniaturization of the L3 device, the implantation



of the inpurity atomto the region which is called the extension of the
source/drain regi on becones nore shall ow. However, the-amount of the .
inplanted inpurity atomremains with an approxi mately constant value. On
the other hand, in a conventional ion inplantation technol ogy, the energy
of the ion beamfails down as the inpl@antati on depth becones shal | ow
Therefore the beamcurrent deteriorates under the influence of the
space-charge effect, and the productivity al so deteriorates. In

&dart avoi G i RS fheGBgibh WhidH BRafic 1he @HMALILAR M, restraint of the
foll ow ng substanti al space-charge -effect 1s proposed, and is put to _

practi cal weerce/drain regionf fedoridsentrechallowe tHbwbvaisips sbitaineb@giron in the
conventional beam -transport system (2) The -technique that transports
the ion bedmplaniad impPyHY airse pmaineiwits sateesraximptalydossiantvaiusafQ the (3)

I subet s ¢ PSR & CoBRTHRTR JPa AR 1SRy R eneRy avaidton,
4) the t y ' LS [ ' l.ned,  Ho ,
hone of 1 he-ahaats Rakf Ao ing (FPEhERoR BLA IR BRI R A que 1 o

i nprove t heyeBfroslitht HétbioreicdGinakt the influence ofhe shisd-Bedrgdelb@l 4Hd zation (or
shrink) of the LSI device pronotes the shape change of "the transistor, and

a space st thepmwdeciviy alsoideiesiorated.l ed 3D i s being adopted. In this case, as
for the ion inplantation to source/drain, the doping-to-the surface that is
per pendi cul ar t o!"tESTHP EMeic §tis PrdiXe A sBRigdlaYossyeien @ TRsraiRidtii red, In

this event . t ion.iml ation.of th mal | angle with nornal line of a
per pendi cu I’i%? @BW%S %&%ﬁ%ﬁ%@%ﬁ%ﬁ%&pﬁoﬁﬁﬁ' §F§Af§c@tﬁ%‘PW§g€?l adj acent
transi st or yggannot be secured enough. For the reason, two -followi ng

probl ens are caused fromthe viewpoint of the productivity. Then the 5
(1) The technigue that uses the electron inthe conventional beam

ranspori system, -

.(E)Thetet:hniqué that fransports the ion beam with high energy and
decelerates it just before o wafer.

{3) Technigue that ionizes polyatomic molecule and fransports it

in addition, in substitution for 2 conventional beam line type ion
implantation,

{4}ihe fechnigue which is called a plasma doping is examined.
+However, none of the above-mentioned techniques is yet fixed as the technique
1o improve the produciivity crucially.

The further miniaturization (or shrink) of the LSl device promotes the
shape change of the {ransistor, and a space struciure which is se-cailed 3D is
being adoptad.  inthis case, as for the ioh implantation to source/drain, the
doping to-the surface that is perpendicuiar to the p!an_e of the semiconductor
substrate is required,  inthis avent, the ion implantation of the small angle with
anormal line of a perpendicular surface is Impossibie because the distance
hetween adjacent transistors cannot be secured enough, Forthe reason, two

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



probl emthat the productivity decreases far than a case of a pl aner

t ransi st or happens. The first problemis a sinple geonetric problem
Only the inplantation particles of thegnunber defined by the angle that
sine was mul tiplied by the inplantation angle 8 arrive at a perpendicul ar

surface OfprcSt?émt {0 ?% Lﬁ@i\’/it”giebrl”é%ségef&etﬁér{ 'éc alcfof ﬁgﬁé’ﬂ frinsibtof

efficiency o he 1 npl ant at on becones equal ess t 34% ecause the
i npl ant at ihappangl e e is equal or less than 20 degrees That is the
productivity of this process beconmes equal or |ower than one third.

As for another phelirsgproblant isea siople gpbmetrat problesh. t Kinly the implantation

| ow- ener gy/ | owi rrpl antation angle, the ion is reflected at the substrate

surface ahdrticesnaf tha aumb&lraiﬁmeﬁtw thee agales thaitsn® was eTuliddiedniy the
el e PSS At Sl o RS,
product | V'tﬁe%' ﬁ@gf Orgﬁ%c{ Faﬂérali the eﬁacﬁ}nc&zhgf ﬂ%o\éﬁeira}of%r tfdh OB%&SFﬁeér €

j oi ned, W ang & |rrp antation to the’peérpen surface, only

the pr Oduéhhéﬂ'élyiegé tl?ér?(iﬂ?@ﬁ’ébauseeﬂh@zaihp%ntbﬁéﬁ ahB@‘egg%uﬁﬁBr @%s%ﬁ@:‘l eved in
conparison wth the inplantation to the plane. ACcordingly, the | ow

product i vRDydddrets.beThaes theepmuabliviiy mfrthtdﬂprdu%sejﬁme\eQualr@nsmt or will
turn worse nore than around 5 tines or nore. Summary of Invention

Enbodi menthanodne thérdor esent i nvention, by separating an ion
i npl antation-rel ated process jnto two processes, seek to obtain the effect
like the one pro&d8sangt éof%lﬁm nﬁﬁaﬂﬂ%.lmﬁladﬁatt%ohmwﬁnargyéﬁme Wi th

| vent | on TQRRREE ST e doRds HEINIRT & i RS FR R WA BPSierd (9 at om
concent 1 alToanGR el pRL " @fﬁf’é’ﬁ% SRgraRortof %ﬁﬁﬁﬁ&f‘ﬂkk’ggpﬁ‘n' o
process tjnfehe ﬁﬁ@ah%o@n@@a,equ@! gpmrmaﬁmwéaréé@,,e oﬁW‘éﬁbh@Qﬂ'ﬁ?“/ﬁ
are implanted, therefore the productivity becomes two-thirds.
if the above two problems are joined, in the low angle implantation to
the perpendicular surface, only the productivity of 2/9, namely, equal or less
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 furn worse more than around 5 times or more.

Summary of Invention

Embodiments of the present invention, by separating an ion
implantation-related process inio two processes, seek to obtain the effect like
the one process in the ion implantation of the normal high angle with the higher
productivity.

Specifically, embodiments of the present invention seek to provide a
method which can dope a carrier impurity atom (namely, the impurity atom that
becomes a donor or an acceptor) of high concentration with high time
efficiency, the normal ion implantation process time, and low energy, in

comparison with the conventional



method that is the ion inplantation process which needs the | ong processing
ti me because of the | owenergy ion inplantation caused by the deterioration
of the beam current by the space-charge effect. Enbodi nents of the
present invention also seek to provide a nethod which can dope inpurities,

Wi th hi ghyefddCina 6y thd orflimaiahtatBhChrob8sd Yhich RLBBS thE 18n§ PROCRRMHICT OF
substrate, nanely, to a wall surface part of a concavity and convexity part

formed bytime deeassaof tie ideeaergycdon dupiaptatiarbsausdde by did aeteriokaticrddi ti on,
as the concavity and convexity part formed by processing on the

seni condubedeasubgtrent iy ther Spave charge effepbl i cable to, in addition to an
extension part and a convex part of a Fin-FET type transistor shown in Fig.

10, a wal | sur fBRogiEENtS Pf dhe Presarddn ftonoalsay%ereémqnpf%%ﬁ mgéhod

it egi on. _In the first enbodi nent th mbodi
et i oned*HBBsEn derermpiem MIE A SeBRBR ok BorafiF s "t B Wor vea on
th i - . | | whi ch
o heavi & SPGB SRl HarR d B AR Siffkc TRETH B Bnady Akl "0l Ge

of the thighvekitympafiSformedstY frodds8ingusPaABE demmubnductat Sdbdtfaté |Jupised.
(knocking on-effect) and then inplanted into the sem conductor substrate

sur face dndadditidrhers theccohaavity Tanas contexity et sordshed g propessing tdmetheur pose -
inpurity atomw thin the sem conductor substrate. - According to an
enbodi nergervitondicctpr sylesitate pugiace ok is Rpplicable tade asiditiprpicoae exiensigrar t

oSS EE e el i oty Thit TG o
UL SR of oS ol PR BT BB Conr o
treatment. The rlnlttﬂé fi ch?ﬁm%tng E}Sio%tgrtﬁ%ClWo%f)é@iméH@ nﬁ%}?i'o%d hol/Be

b
inpurity thin filmto the insid he projection part the silicon

subst r at e Byinififpl ABILAING anpurpdsé Mpuatydaeee iaformpre bndheeginiedndictéhe
inmpurity thin film That is the inpurity ion is introduced into the inside

of the sidubstratesstrfacet e Ihjhainekt einbhgdimardcthiel ioacwhigh isdbeavigr thpn thea knock
on effect in the ion inplantation. 7 In one aspect of the present
i nvent i orPUrPAgR énpurityraomdisdmplaniad ffepd dhe ngPrae sislsaobiheathie it onds@ or

Subst 1 at dogpits HE SURPRSRTELER FEOTCD itern(RIPHIG SPrEtPa Eda Nheavi ty
and Convqm;}lé(ntgéri&to the semiconductor substrate surface and further recoiled. Thus,
it is possible to implant the purpose impurity atom within the semiconductor
substrate. |
According to an embodiment of the present invention, in a surface of a
projection part formed by the processing of a silicon subsfrate 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 surface of the silicon substrate with a plasma treatment. Then
the impurity atom is recoiled from the inside of the impurity thin film to the inside
of the projection part of the silicon substrate by implanting an ion from a
diagonal upper direction fo the impurity thin film. That is the impurity ion is
introduced into the inside of the silicon substrate by utilizing a recoil action

according to a knock on effect in the ion implantation.



on the surface of the sem conductor substrate,; depositing on the
surface of the sem conductor substrate an inpurity thin filmincluding an
i mpurity atom whi ch becones a donor or an acceptor in the sem conduct or

substrat e; In orRe' Y NGy aﬂuﬂi gﬁrgigggﬂsai%%ﬁﬂi&ﬂ e ggdi | ?@Hgérl]d‘épper

direction to the inpurity thin Ited on 'the conca

convexity part minifBetusingireOReY Of arserhibshd@its: déise comprisingf €coi ling the
impurity atomfromthe inside of the inpurity thin filmto the inside of

t he concavity agndpaimyaxsdrpicpadtiictof sthsirstenvbichdsc bass wobsirateeotbine
performng the ion inplantation. I n the manufacturing nethod

accor di ngenscentisiimigiice andiwiichiedermed wibrix concavity dvsecen sty pagi ght
corresponditl%% to_an i r’r‘PI antation dose apmount is controlled by an adjustnent

gf a filmh (ﬂHﬁE’@@"éff & AeMy FFVSPPF atﬁ;: mor a species of an icrrpuri ty
bl ant ation | SPERuEheb e s TRHGE ot e s dengler s R B cner gy,
and an i mmm&%@gﬁéﬂg%’?ﬁﬁmw&om which be¢dmb88 dBHYH AU ddagidrek hod

according to e nts of e present 1nvention, the inpurity atom of the

I npuri ty thdisBmiiddnductoratpseae;of B, P, and As. In the manufacturing
nmet hod according to enbodi nents of the present invention, as the inpurity

thin film the penfponingyathion ifriplantativrt frdimg 8iagendleppisént didedipnpter ther m ng a
8 impurity - thin film deposited on the concavity and convexity part of the
semiconductor subsirate; and
recoiling the impurity atom from the inside of the impurity thin film to the
inside of the concavity and convexity part of the semiconductor substrate by
performing the ion implantation.
In the manufacturing method according to embodiments of the present
invention, a dose atomic 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 deposition material of the impurity thin film, or an
adjustment of an implantation ion species, an implantation angle, an
implantation energy, and an implantation dose amount.
in the manufacturing method according to embodiments of the present
invention, the impurity atom of the impurity thin film is any one of B, P, and As.
in the manufacturing method according to embodiments of the present
invention, as the impurity thin film, the impurity thin film including B is deposited

by performing a



pl asma treatnment with a gas including di borane B2H6 or BF3. In the
manuf acturing nmet hod accordi ng to enbaodi nents of the present invention, as
the inmpurity thin film the inmpurity ©hin filmincludi ng P is deposited by
per form ng] a plasma treatnent with a gas including phosphine In the
manuf act Li??ﬁ'@aﬁéﬁ%%nh‘é’%ﬁoﬁl&ﬁgmp@d&ﬁagépﬁé}ﬂ%ZH@ OFI%SW esent invention, as

per formng & piaons tARCAER Ok Y c3oRhe i difenf Hpepresae! t 4, ¥

the manufiagéiinastee ABLAGARIHRIRG the MBRRIARTIA iRtLbie PieasRisieavent i on,

an inplantation ion in e’ion inmplantation process is the ion of a heavy
at om whi diy parférarigg i plasrab dréatmest gith a gamninehydiranphasptitne PH3and As whi ch

constitute the | rrﬁuri ty atomof the inmpurity thin fjilm In the
manuf act uri ng rBttAisdnAEBeYring metherirrdring o smhasdimpnisseiihe; nigeeit on, an

i npl ant at,] ion | e. I on..i npl ti S, . . i,. As, GCe,
PO 4 hBeihSlhe) TRUPIAL 0B, RESARS S A RIGaRG: By )

embodi N"ed&pRited g durRFRIHg 4 PLAMA BBatrAeMSAM hRELISAGEINRMSRetAHAHe surface
of the concavity and convexity part of the sem conductor substrate fromthe
di agonal upper ldithechamufactringenéthodi aguoeditgtd embalirmantsnef thegiresentangl e
substanti,ally, | ess than 20 degrees,. I n the manufacturing t hod

accor di nd"& t@'f‘_bd"cﬂ _ ?Etagf’“tiﬁ@ iBribgeign i_ é’ﬁ?ﬁ%,p’?@@ﬁ f?pmq o gté8min the
the. i ns! SR AR URnGE kR A BR MRRIL IR e Phns 3R, P AEKAG MR (1
caused, ajorktifié RS RnP@ity atdmidiehs As@wl tindgie. convexity part of the
sem conductor 9
In the manufaciuring method according to embodiments of the present
invention, an implantation ion in the ion implantation process is any one of Si,
As, Ge, In, Sb, Xe, and Ar.
In the manufacturing method according to embodiments of the present
invention, a beam incidence angle to the surface of the concavity and convexity
part of the semiconductor substrate from the diagonal upper direction in the ion
implantation is an inclination angle substantially less than 20 degrees.
In the manufacturing method according to embodiments of the present
invention, the impurity atom in the impurity thin film is recoiled from the inside of
the impurity thin film {o the inside of the semiconductor substrate 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 inplantation ion to the inpurity atomin the
inpurity thin filmin a direction substantially orthogonal to the surface
part. In the manufacturing nmeghod according to enbodi ments of the
present invention, the ion inplantation is performed with | ow energy

i mpl ant atgiB8trat@s %yfcbﬁfaaoﬁl%ﬂ‘(he implantatiohNof ¢ tHERm b RRY YidMan R Resugcor di ng
to enbodi nents of e present invention, the ion inplantation is perforned

wi t h | owthiodimiimal dirucabn suobsiaatialy cm‘aincgjunall tsthet hwafac2EESht ons/ cn.

I n the manuf acturl ng nmet hod according to enbodi nents of the esent
i nvention, the Mnigr M3 ARG | Tetg RPERINNG 4B o8 MPeEine?NtE E dhe part of

L Sur{ 366 SHCTRErgh., tRE BANRHANaRDN EORAERIhYaPTity ShuldBray o

sem cond or su strate ur| ng ne

enbodi MempiLHiatidileBE @ffNSkdnvention, the | rrpurl ty thin filmis thickly
deposited on a plane part of the sem conductor substrate by increasing a

deposit rate ofintte impuwfadtyringi mefiddmadepulsig dd emnbodasnmtanef gbet with the
pl asma treatment while by decreasing, relative to t for thgagl ane -part,

a deposi PreeRns dvenkien npar iery W!ﬁﬁfﬁ {iph depReTerae nwghs.'% ¢ace of the
concavi t¥m@%%tact%’ﬁ"a%{n‘icyw8@'hi less than 253@%% LRg to embodi ments of the

present invention ope a carfier inpurity atom of high

concentration Whthe mmfécttnﬁn@iﬁetﬁo@@@Mordtﬁgﬁtm@mmbzm@rﬁslmh@rvr@éemn
process tinme, and | ow energy, relative to the conventional ion inplantation

process Wiiertione stk imberityotign ;)‘Hmc&ﬁmnlgytdemsdads@!@l dyplamee ﬂaﬁ/voé eqgy.
Thus, it is possible ope inpuriti W th fficienc oapart
which is Shla‘@ca G o7 Boo e L en S cantipety a&agp Aot FominELgl

surface % Q{ a concawty and convexity part fornmed by pr ocessi ng on the
sem i con UCPOF substrate surface.

In the manufacturing method according o embodiments of the present
invention, the impurity thin film is thickly deposited on a plane part of the
semiconductor substrate by increasing a 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 film
deposited on a side surface of the concavity and convexity part.

According to embodiments of the present invention, it is possible to
dope a carrier impurity atom 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 low-energy.

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

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



Brief Description of. the Drawi ngs Figs. 1Ato 1D are di agrans which show an

i on inplantation process tow, - - Figs. 2A-to 2D are diagranms which show
a process flowin a first enbodi ment of the present invention. Fi gs.
3A and 3B are diagranms for explaining a 'first exanple of the conventional

i on inplantation method. Fi gsi+WMA to 4C are diagrans for explaining
a second exanpl e of the conventional ion inplantation nethod. Fig. 5
is a diagramin case where a concavity and convexity part is forned by

pr ocessi ngsemicansuprcubsirate surfangbst rat e surface, and then ion inplantation
Is carried out to-the side (a wall and a slope part) of a fornmed concavity
and convexity part. Figs.-BA-to BD are diagrans which show a process

flow in a second. -enpodinent,of _the present invention. Fig.? is a
graphi cal drawi 'S Eﬁﬂ{%ga%ﬁ’ﬁ#{awn_@&ncent ration profile in a wall
CoL SSPoh 10, . Sy U) Ol GHRAL A 4 i bt £ o210 by
fiow,
 Figs. 2A1c 2D zre disgrams which show a process flow in & first
embodiment of the present invention.

Figs. 3A and 3B are diagrams for explaining & first example ofthe
conventional ion implantation mathod.

Figs. 4A 10 4C are diagrams for expiaining 2 second axample of the
sonventional fon implantation method. '

Fig. 5 is = diagram in case where a concavity and convexity part is
formed by processing on 2 semizonductor substrate surface, and then ion
implantation is carried put tothe side (& wall and a slope part) of a formed
soncavity and convexity part.

Figs. BA 1o 8D are diagrams which show a procass fiow in 3 second
embodiment ofthe present invention.

Fig. 7 is = graphical drawing showing & depth - concentration profile in 2
wall corresponding to 2 sidewall of 8 projection which was actually treated by
1he embodiment of the present invention.

Fig. 8 is a disgram for explaining a recoil action.

Fig. © is an enlarged diagram which shows the recoil action of Fig. B.

Fig. 10 is & perspective view for explaining 2 Fin-FET type wansisior,

Description ofthe Preferred Embodiments
Referring 1o Figs. 1A10 1D, fhe description will be made in regard fo an
ion impiaﬁtation process flow in case where an lon implantation target part is a

plane, namely, = flat surface.



Fig. 8 is a diagramfor explaining a recoil action. Fig. 9 is an enl arged
di agram whi ch_shows the recoil action of Fig. S. Fig.1 0 is a perspective
view or explaining a Fin-FET type transistor, Description of the Preferred
Enbodi nent s Referring to Figs. 1A to 1D, the description will be
made in regard to an ion inplantationprocess flowin case where an ion

I npl antation target part is a plane, nanely, a -fiat surface. 11

Figs. "IlAto 1D show the ion inplantation process flowto a plane part of a

sem conduct or SURSE rat£.ar . L QS 11 is silicon substrate as
the seni conduct o%ﬁé'g@‘s?)_ﬂgge‘?dz“i%gi'%&@]éﬁ%%ﬁ%n Phar® &giamgaﬁﬁ% roduced,
13 is a depoginigshdublomsiighiedi Wﬁs.('ﬁﬁ?'tn?ﬁ@;ﬂ%.a'kﬁiicﬁn%bf@% Z@YLIM | on
beam After irradiation of the ion beam 14, spike annea anp anneal ,

| aser anneaemidshBuctonembiratel 12 e dibke) tiodt BIOH s vaspetrt@uosad 3 Ehe operation

wi Il be described bel ow.
depasited film inciuding B (Boron), 14 is 2 Ge (Germanium) ion beam. Afier
irradiation of the jon beam 14, spike annea! (lamp anneal, iaser anneal, RTP
anneal, or the like) of 1050°C is performed.

The operation will be described below, _

Atfirst, basad on a gas including B2H6 as a basic pas, plasma iz
formed zbove the silicon substrate 11 placed in 2 chamber (not shown). Then
@ deposited fiim "3 including B 1s formed in thickness of around Snm (preferably
several nm 1o several dozen nm) on the surface of the silicon substrate 11 by
the plasmz 12 {Figs. 1A and 1B). The deposited fiim 13 ig 2 thin film having 2
B concentration of 30% 1o 93%. When Ge ions which are large inmass than B
(iarge in atomic weight)are implanted with 1E14atoms/om?2 and the beam

 energy SkeVbya Ge ion beam 14 (Fig. 10}, the Ge ions collide with B and, as
aresult, BisTicked. With ihe energy given by the collision, 2 B layer is
infroduced within the silicon substrate 11 with around 1E15atoms/em? 25an
impurity diffused layer 13 (Fig. 1D).

According to the ion implantation method mentioned above, it is
possibie 1o form the B layer (impurity diffused layer 15) of high concentration
with the dose amourtt which is low by one digit or more by performing the ion
implantation through the thin film after depositing the thin film tncluding the
impurity atorn on the surface of the semiconductor substrate.  That is it s
possible to perform doping in high productivity and in short processing fime.

Refeming 1o Figs. 2A io 2D, the description will be made with respect to
a first embodiment of this invention.

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

to 2D, the silicon subsirate 11 has a step by forming 2 concavity and convexity



At first, based on a gas including B2H6 as a basic gas, plasmais formed .
above the silicon substrate 11 placed in a chanber (not shown). Then a
deposited -film 13 including Bis fornmed in thickness of around 5nm .
(preferably several nmto several dozen nm on the surface of the silicon
substrate 11 by the plasma 12 (Figs. 45A and 16). The deposited film1l3 is a
thin filmhaving a B concentration of 50%to 99% Wen Ge ions which are
large in nmass than B (large in atomc weight) are inplanted with

1El4at ons/ af, mddinafo; W@%ﬁiﬁnwﬁﬁéﬁgﬁé Q%ggﬁ%t]%bﬁ%@. 1C), the

Ge ions collide with and, as a resu i cked: ener gy

gi ven by t He viiblthé prooessirg, Bubiaye stchBigi o tieoiikec eth whdifidr sk e 184 1 i con
substrate 11 with around 1El5atonsicn2 as an inpurity diffused layer 15

(Fi g, 10). concavity antewvakibopars aigpect stiudiuel teavirgta ditchynetshexd zmiupsi oned above,
it is possible Ji(o.formth 13 |ayer (inpurity diffused |ayer 15) of high
concent r at PoRSMKE IF $4pac ‘Baé’ﬁﬁ‘ﬁﬁtw RIASFLON B&t.by one digit or nore by

performng the i _{'g,l[gd:] : ! ; 1 the thin filmaft depositing the
thin filmincl uc}&% egggi}ﬁn%ﬁ‘?%%?é@%%% Bﬁéc’gg}r p'bec%ep&sxt?cﬁ@mggm conduct or
substr at e. inEiatfing isibrmhét RO BHEWAIR RHd SERHAQRENG b ;z%b roductivity
and in short prgcessi ng tine. ReferrPr?éI t(I) %QJSC% tr@ 2D, the
descri pt i oformiedionities sifiche subshrateesipBodtching arddess Usiagladdirdmakic 0 thi s

i nvention The first enbodi ment of this invention is an application

that, in FIFes 2hendBID, At s tyne.ibis Rosfigssed se that 2 deassitrata eighey forning a
it d it 1 t h N i ti, t i t,

Che_ aur1 acBoBReien L podosiRd of Butions whrs ol nf phoHes B RSERRET such e

etching or trb%én‘tl&ﬁtargbwﬁ@@ddép%ﬂm%éa%@{ &egﬁgifégﬁﬁ‘ﬂép\sﬁfgéqd? gvexity part,

e .
a space structure having a ditch, a step or 't e 1I's supposed

i n addi ti osideavalifee ther®ih @etdrnss pal relative o thalidihs BRnelpaswtE2 in sinilar to
Figs. |Ato 1D, the deposited fitm 3 including Bis fornmed to both
si dewal | s 8fbattée. s Véif bisecorfigiLiapenjeatanositedBim )34 wnick ds datperfre silicon

bstrat 1.Db hi , i hard k 16 (Fi .. 2A.and 2B). At
This ¢ e, PSS LRI Sr I Spoplin T CBOBFY & S0k S0t VRIE S0t ed 1 m
d ited i : K : ‘ ‘ .
o e whi 1| 2o EBREeP B e Hlod e ARG sBlrfeotbhotol AR aBM BRI o° e
of the Finiheepamag, small relative to that forte plane part of the

substrate. Wth this configuration, a deposited film13a which is larger in
t hi ckness t han t3ubssofientlyetngaptissitedalis dftha sepaf tred-ib@alicrd si de wal | s of

e SRR S S Bt SRS SRR PO
step of the.fg 108%%%5@%3[#@&%%@1}1@ m%&%eté?ﬁeﬁ of}%&‘?@rﬂ%& 2 ihJm two

di agonal directiohs, I'rradiation, Tn the ton inplantfati on of the

dose anbungs@e ddebAmbQUIB i ARe bIB¥RLIAT i§ PEsINS © RMMURE irhlritk fiusddeval |'s, it

is possible to formthe inpurity diffused [ayer 15 enough and uniformin
dose anpuntaykols sooughedrdr uniiernt dn tbee docdnisoomunsd/tisirod thdhbokitsefe of the Fin
part. In addition, the two_directions )rerpresent the direction where an

i npl ant at i ¥§IaAGNE sterreidhng BINRaE: pdhaRRitA atng Tedirgstions TRPERRENGISt he sili con

ubst ant | allse Rt fbdelod fe 5P ah s B R AR E Cou ©

directi 0nst@ﬁii@m@uﬁ@ﬁa’céi"i@@@ﬂéﬁné&i%@faQh%@ﬁd'ﬁ@éﬁz%ﬁar@i@m ddbtdArthie)20 and a

| eft di agonal upper direction as shown in Fig.
substantially egual to or less than 20 degress.  Accordingly, the tow directions

are a right diagonal upper direction as shown in Fig. 2C and & left diagonal
upper direction &s shown in Fig. 2D,
Referring to Figs. 64 1o 8D, the description will be made with respect to

2 second embodiment of this invention.



"Referring to Figs. 6A to 6D, the description wll be nade with respect to a
second enbodi nent of this invention. 13 'In the-second enbodi nent, when a _
CMOS (Conpl enmentary Metal Oxi de Sem conductor) is forned, deposited filns
including F or B are selectively fornmed to an N-type device region and a
F-type device region, respectively. 4khen, it is possible to form extension
regions of N-type MOSF T and P-type MOSFET with .a single mask alignnent.
Al though a Fin part (projection part) for formng a source and a Fin part

(proj ection parfhnd Scoh8 Hstairerfl iheh 8 CHAS | OBMpMIdhed i RctdiChi Ng_ process

or the like, in Figs. - D, for convenience, the Fin part (projection
part) - f or (hadenderpichiickeVisdenmd dbfasittd filmpaintiuGipgal ocB bansedtivefyor form ng
the drain are separately illustrated reach other. This 1st illustrate a

cross sectiboreddorh dcypoilevics rgigeapas P-peivavics tegiors eesnesivatur f ace of a
ar e 1 or med "EBes PESHPRES SRS RBGRE S NP A U AT A FAGR Fi g 1or
|0 2 D OCSARSELT Gl it RalSliriln L 9, 2 M h the state Lhat tne Fir
Whi ch becores D o e o e M or acess of
Fig. -6B, {mcldutitriearitiatierhingts drhie dr: forped twitththe ketdhdgopmresedshoe tis®dur ce part i s
covered with a resist 51, both sidewalls of the Fin part of the drain part
side are ilkedoFigscth i B, Toneorseniespe. paaiminmet mepieelins Rarg il Toippes direction
and'the | %;\é sOUTEe” n[ncd 'Ehra%-'ct}z %Jgpt (projection part) for forming the drain are separately
filustrated each other.  This isto llustrate a cross section surface of & source
part and & tross section surface of a drain part with a single drawing since the
source part and the drain part areformed so as 1o line up on 2 straight line as
apparent from Fig. 1C.
in a process of Fig. 64, as well as Fig, 24, with the state that the Fin
part which becomes the source patt is covered with 2 resist 81, the deposited
film 13 including B is formed onthe surface of the Fin pa'ft which becomes the
drain part by the piasma 1Z.
Then, in a process of Fig. BB, with the state that the Fin part which
becomes the source part is coverad with a Tesist 61, both sidewalls of the Fin
part of the drain part side are imadiated with the Ge ion beam 14 from the tight
upper direction and the left upper direction.
in & 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 612, Inthis state, as well as Fig. 24, the deposited film 13a including P
is formed on the surface of the Fin part which becomes the source part by
plasma 12a, '

Then, in a ;ﬁmcass 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



in a process of Fig. 6C, the deposited film 13 of the drain part side is
renoved and then the Fin part which becones the drain part.is ctovered with
resist 6la. In this state, as well as Fig. 2A, the deposited -film 13a
including Pis formed on the surface of the Fin part which becones the
source part by plasma 12a. Tham, in a process of Fig. BD, with the
state that the Fin part which becones the drain part is covered with the
resist 61, both sidewalls of the Fin 14 part otihe source part side are
i rradi at edpat ththi ReurGe phnBideeRsriidiee With Aite GeGhH beWPes Fahf Betign and the
| eft upper direction. Subsequently, the deposited -film 13a of 'the source
part side uppardirottiod and the left upper ditestionnveulisegnattiyntehirgositedditch t he i on
inmplantation is directly perfornmed, since the inplantation dose is high,
the Fin partd BdppRedcansn shsisemMeHef ore there was a problemthat a

hi gh-density dEffﬁﬂtesﬁi%g?ﬂ%ﬁgldmefggﬁE’H%iﬂtgﬂﬁ%@%ﬁ%ta% 1:mc5r?§’¥tcnﬂrﬁi5§¥]”°t occurred

fromthe substré Ju tration
profile i ny@Meh S¢S BERABIhRI Bod B =Rfah I-A. part whi ch was
actual ly ?Fr)eat eg by-the gﬁ@odf{%rr%nt of t e’prées@ taHir}%\?gﬂRtB?on. Asolid line of
'Fig. 7 shawmsmhbes.cMeesibredhirewaia Brobdm thaa adagiieshsity aefeghigws a depth
distribution of the concentration of . Figs. Band 9 are diagrans for
expl ai ni ngeaused,karsise Wettrysial gopondi not acsurrhé romdbelisuksiatosidehi s i nventi on.
In Fig. 8, the inpurity atomB in the deposited -film 13 that is fornmed to
the surface par t":r‘g#sth? ?i%%?@%ﬁ"ﬁ@%@rph‘@%aé‘(ﬁ}ﬁfrﬁ?@“ gig 2

recoi | edf r 9m.LARo¢ the Fin part which was actually treated by the embodiment of the

present invention,  Asolid fine of Fig. 7 shows the concentration of B while a
dashed iine shows a depth distribution of the concentration of P,
Figs. B and &are diagrams for xplaining the recoll action according 1o
the embodiment of this invention.
in Fig. 8, the impurity atom B inthe deposited film 13 that is formed to
the surface part of the Fin part of the silicon substrate 11 i recoiled from ihe
inside of the deposited film 1310 the inside of the Fin part of the semiconductor
substrate 11 by a nock on effect that is caused by collision of the impiantation
ion tothe impurity atom B in the deposited flim 13 in a direction substantially
prihogonal 1o the surface of the sidewal: of the Fin part (substantially
perpendicular direction;. _
in general, wnen particles (atom/ion) accelerated at high speed are
implanted into the substance of 2 solid or liguid material, the energy of the
particles decreases gradually as the particies colliding with atoms constitufing
the matenal, TFinally, the particles stop, when the energy of the impiantation -
particles decreases 1o the energy that is smaller than the potential nergy that
the matertal produces.  Inthis fime duration, in an energy range utiiized in a
usual ion implantation, several dozen 1o several thousand atoms in the material

are received withthe energy.



inside of the deposited film1310 the inside of the Fin part of the

sem conductor substrate 11 by a nock_.on.effect that is caused by collision
of the inplantation ion to the inpurity atomB in the deposited film13 in
a.direction substantially orthogonal -to thesurface of the sidewail of the
Fin part (substantially perpendi cul argdirection). I n general, when
particles (atomion) accelerated at high speed are inplanted into the
substance of a solid or liquid material, the energy of the particles

decr eases g aduakd b BnpRidrRFSne Shiibil Brilel -AliQTFc£QASt LUl ng the

material. Finally, the particles stop, e energy o e inplantation

particl es dedsreasgthetrecdiimztionsngsy bieie priciiBmbetiorciabolde potential energy
that the material produces. In this time duration, in an energy range

utilized i Howevsiuliresltn 2 sphenintigoh witarariroebdiegrann rsetigleahdt housand
atons in the rrgggri | are received with the energy. 15 = Fig. 8 shows
a nmovenent TOHUSEEE RUFPRGITRYIYRMES Bith cpdsippiare ppolrd indae nsgecithend t he
recoil actj _ N the principle nentioned above. However, in reality,
as shown i%gé?%gégﬁw@h an enlarged diagram nultiple and nultistage

collisions (fir EEERUERM1H, 1451 i iEFlint Lnside of the
Goposited 111 m 130 e Reicasy plihe 2RloR e eI PR viE iy vt
col | i di ng- pantthatlcdthestdre avhetiiuting e ingdttrid] bathetdeabsitld flikeit & esid@nsti tuti ng
-the material of the deposited film it is possible to give the eneny to
the nore alcdsrée B@demyde iegnoratpmesonaiituingihe madernals eln tgiceez.a nunber of

B B el B PP L b Bl DRGSRl Loy oy o
t he i npl anbéﬁﬂt%ﬂuﬁégrlgﬁ%?th@%eﬁ%oﬂug el tdan. the energy given to the purpose

inpurity atons, t pace-charge eftect 1s suppressed | ower than a case of
the direct inpl Fiabintite, @ik the shergyos ShdirdidmaRetion ben biagbtm%r@éﬁ current.
Therefore, even if the inplantation angle is iow, it is possible to prevent
t he degr adtiendne efergheiven tsdibe hivgasg. iImpotiyraidmg thostane-eengs eifashis it can be
hoped that the productivity becones higher than a case that the purpose
pur iy aBORESHRR WS 6 £798, 01 i RHAT GBIPPREROR (R0 SmOSSe 1 SPasul £, i ¢
can be hop%ﬁi@@ﬁﬁg pigsent invention can contribute to solve the

ne e‘f‘or €.

probl ens nenti _
Therefore, even if the implantation angie is low, it is possible 1o prevent

1he degradation of the productivity,  According o the condition, it can bs hoped
that the productivity becomes higher than a case that the purpese impurity
atomic ion is directly implanted intec the plane. - As a result, it can be hoped that
the present invention can contribute to. solve the problems mentioned before.

[Effect of the Tmbodiment]

According 1o the embodiments of the present invention, by the
formation of the deposited thin film with the plasma and by the recail action
(knock on effect) caused by the ion implantation, B or P jon of around
1E15atoms/om? is introduced in the semiconductor substrate with 2 shaliow
tepth and with low dose amount iess than 1/10 reiative 1o the normal case.
That is it is possible 10 provide the doping method that the impurity atom of high
conceriration can be introduced inio in the semiconducior substrate with jow

dose mount. Especially, it is possible 1o implant the ion into the wall part of the



[Effect of the Enbodi nent] According to the enbodi nents of the
present invention,_ by the formation etre deposited thin -filmwth the

pl asma and by the recoil action (knock on effect) caused by the ion

i nplantation, 8 or P ion of around 1215atons/cnR is introduced in the

sem conductor substrate with a shallqy depth and with | ow dose amount |ess
than 1/10 relative to the nornal case. That is it is possible to provide

t he doping nmethod that the inpurity atom of high concentration can be

i ntroduced_l Nt Q.. ) " substrate with | ow dose nount.
Especi al | y%é‘:' Oﬁt@&gé{%%%e%ﬁgw%ﬁ%ﬁt the ion into the wall part of the 25
space struct UreWMiié‘tﬁ@pké!.@ﬁkinh tﬁ:ﬁftﬁﬁf{bwﬁ paﬁic#atf%%ﬁ@wﬁgﬁd Be&pay ! nvention

has been particularly shown a escribed wt erence to exenplary

ermbodi nent ith kefereats 1ot hrenpies entbotimesns hered! sthe etedehnintetiohos hlrese
enbodi ments. It will be understood by those of ordinary skill in -the art
t hat vari olifsitethigripese smbodfiroeniant wildraindersiapd by thasdof priinzey akilvirt hout

departing torn the sprit.and scope of the present invention as defined by
Che ol ai nthe 2t hat vapdps E5dlae &1 TRENS SIS R P KPIRMERNSREBes t he base
substrate EH@ 'iﬁoagw _:%gev,' ' 0l ig Si.|iz Sidicon: single
crystal org%%Q @@ﬂg me%{jg& ,6@2?bFSbis%,‘?@b%:ng]ﬁggéﬁgﬁ@eeén@é%ﬁductor or the
l'i ke, pigimd. N addition, it is desirable that a recoil condition, nanely,
the energy (depth profile corresponding to an inplantation depth)'for the

i on i npl ant at i oFcoExarhge] ipeoiid meteral whick benpues the dsesubstaeof a dose

atom c wei ght corresponding -to an inplantation dose anount is controlled
by an adj uBeRSmICHEUEDT Heviga Kiasald sticem (ilisen $iRie COPE B nfi | m (deposi t ed

24 . : . ) e sy ( o
fim or aRoRavHETneheiBe GR-PhLE sRARERA SPR SR B R e it o
angl e, an i npl anf, akligeh SNEHEYirabiNS 208 rddRiBALALL CRNINS BB -

(‘dept_h profiie sorresponding to an impiantation depth) for the ion implantation of

the impurities of the impurity thin film or 2 dose atomic weight corresponding to
an implantation dose amount is conirolled by an adjustment of a film thickness
of the impurity thin fiim (deposited Tilm) or a species of an impurity :de;msiﬁon
material of the impurity thin film, or an adjustment of an implantation ion speties,
an implantation angie, an impianiation energy, and an impiantation dose
amount.

i this case, it is desirable that 2 condition of non-implantation is
adjusted by adjusfing a film thickness of the im;iurity thin film, & species of the
impurity deposition material, an implantation ion species, an implantation angle,

“an implantation energy, and an implantation dose amount o thatthe
implantation ion i{iself remains in the impurity ihiﬁ film without being almost
infroduced into & congavity and convexity part formed by the processing of the
semiconductor substrate,

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

As a gas which 15 used 1o deposit the impurity thin film including B with



In this case, it is desirable that a condition of non-inplantation is
_adjusted by adjusting a filmthickness of the inpurity thin film a species
of the inpurity deposition nmaterial, an inplantation ion species, an :
i npl antation angle, an inplantation energy, and an inplantati on dose anount
so that the inplantation ion itself 5§nains in the inpurity thin film

w t hout being al nost introduced into concavity and convexity part forned

by the processing of the seniconductor substrate. For the inpurity
atomof th ur i t hi n e used other than B and F. As a as
Which is uﬁwrf%) AR ARG BRI B9 10 RV R GBI b t he

plasma tregb a gas including BF3 maybe used in pl ace of di borane B2H6.

On the ot her and there is a gas including phosphine PH3 as a favorable

exanpl e of the gBetHehitR® fishcUBer i e ﬁﬁ@&ﬂnﬁm@ﬁﬁowﬂm&wﬁ%&ﬂ' nfilm
including P with the plasma treatnen In addition, there is a gas

i ncl udi ng favsiatie Mﬁﬁ:iasfﬁwfganmh&ihl&uemﬁﬁxxﬂ@mfttﬁélm;@a@minlﬂirh is used to
deposit the inmpurity thin filmincluding As with the plasma treatnent.

For the |nﬁ‘P¥h‘ﬁW§t‘?WﬁhﬁwlﬁW%ﬁéﬁW*l npl ant at i on pr ocess, it can use any
one of Si, ion, the - followng

_process nay be ?BB?@B“ %ﬁzrleéeélgﬁgtm@d%erawe&sl—& %%@PP@E’ PAMREncl udi ng B
to the senyaRIGuE WhiohIubiskd Rl okt hedrBLAS R ARG, RY Wihghaise of 32H6,
e o go R S O ot et or

covers the t he sur Qibstrat® with a
resi st propieeieteatrmérn and then removes the resist protective film
selectively so as to expose a part of the surface of the sem conductor
substrat e wher eif®t tireimuaitaiondenindbe inveirfuidnativsproeesy bdan use any

one of 5, Ag, Ge, in, Bb, 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 @ plasma
frestment by the use of B2HE, covers the whole of the surface of the
semiconductor substrate with a resist protective film and then removes the
resist protective film selectively 50 as 1o expose a part of the surface ofthe
semiconguctor substrate whersin the vesist protective film was removad.
Subzequently, removes the deposited Tilm including B of 2 part corresponding to
2n exposed part and then forms a deposited fiim including P 1o a2 removed part
with & plasma treatment by the pse of PH3.  After removing the whole of the
resist protective film, any one jon of Ge, 8i, As, In, Sb, Xe, and Ar is implanted

to the whole of the surface of the semiconductor substrate.



Subsequently, renoves the deposited filmincluding B of a part
corresponding to an exposed part ‘and then fornms a deposited filmincluding
Pie a renoved part, with a plasnma treatnment by the use of PH3. After
removi ng the whole of the -resist protective film any one ion of Ge, Si,
As, In, Sb, Xe, and Ar is inplanted 4 the whole of the surface -of the
sem conduct or substrate. 18 CLAIMS A manufacturing nmethod of a
sem conduct or devi ce conpri sing; preparing a sem conduct or substrate
which is a base substrate of the sem conductor device and which is-forned
with a toncavity and convexity part on -the surface of the sem conductor
substrat e; deposi ting on-thei sjgface of said sem conductor substrate
an inpurity thin filmincluding an inpurity atom which beconmes a donor oran
acceptor in thetsefinanuhshirivg rsethed vbd eemiconductopdsnicerodmgisig; | on
i nplantation froma diagonal upper direction to the inpurity thin film
deposi t ed on t hBrepaike:? FENIAREUEYRIORIER Wakh isof Dargisubseaiecbiiuct or
substrate;_ and . r.ecoil i the inpurity atom-fromthe inside of -the
iy CATIEIRPT SRR PO R D AT FRYN NG CONEY Y part of
sai d sem GRRHYCLRL~SHISE £at RoliudRe f,QEALAg said ion inplantation.
depositing on ihe surface of said semiconductor subsirate an impurity
thin film inciuding an impurity stom which becomes 2 donor oran acceptor in
the semiconductor substrate;
periorming an ion impiantation from &2 diagonal uppet direction o the
impurity thin Tilm deposited on the concavity and convexity part of said
semiconductor substrate; and
recoiiing the impurity atom from the inside ofthe impurity thin film 1o the
inside of the concavity and convexity part of said semiconductor substrate by
performing said ion implantation.
2. The manufacturing method according o ciaim 11, wherein & dose
atomic weight corresponding 1o an implantation dose amount is controlied by an
adjustment of a fim thickness of the impurity thinfilm ora species of an impurity
deposition matetial of the impurity thin film, or an adjustment of an implantation
ion species, an implantation angle, an implantation energy, and an implantation
dose amount.
3. The manufacturing method according to claim 1, wherein the
impurity stom of said impurity thin film is any one of B, P, and As.
4, Themanufacturing method zecording 1o claim 1, wherein, as said
impurity thin film, the impurity thin fiim including B is deposited by performing &
plasma treatment with a gas including diborane B2HE or BF3.
£, The manufacturing mathod according fo claim 1, wheresin, 23 said

impurity thin film, the impurity thin fiim including ¥ is peposited by performing a



~ 2. The manufacturing nethod according to claim1, wherein a dose atom c

wei ght corresponding to an inplantation dose anount is controlled by an
aci justrnent of a-filnthickness-of the inpurity thinfilmor .a species of
an inpurity deposition material of The inpurity thin film or an adjustnent
of an inplantation on species, an imyantation angle, an inplantation
energy, and an inplantati on dose anount. B. The manufacturing nethod
according to claiml, wherein the inpurity -atomof said inpurity thin film

is any oneLimPrectdentlith #A8as including pibspililg PHmNuf act uring met hod according
-to claim1, wherein, as said inpurity thin film the inpurity thin film

i ncl udi ng B i s #epris tenuibsturreg fethodepeardi gisnseitre sthemesit, as gl a gas
i ncl udi ng di borane_32H6 or BF3.. _ 5. The manufacturing nethod
accor di ng impurty Andim, thinisrreriy, thiggiin dnduding deils gerasitad by PATOTHRE Bnpurity

thin filmincluding P is deposited by performng a plasm treatnent with a
pas i ncl ud?@%“ap?ﬁ%%i%ﬁf’ﬁ%’%rﬁ@.gsmc}”‘jmg'%?i%?h&@%nuf acturing method according
to claim1, whexei-n, j ’.ﬁéft. ' ' : > Lty thin -Elm

i ncl udi ng As is?de@%%ﬁ?%%ggtgﬂ% r oﬁr%%éa{éﬁ% ?sgn%ﬁ?%éﬁ%ﬂtahwm a pas

| ncl udi g ipkiniioA%itin the ion implariatibh eraBesy i i B MEAedormemidi ng {0
claim1, wherein an inplantation ion in theion inplantation process is the
ion of a -ibeeys imbmminkeiohtthenlzaygee of B, B and &sweiaphtonstisie thay one of B, F,
and As which constitute the inpurity atomof said inpurity thin film

8. The nmarWpHGlFEGME! Frid Hﬁwfﬁb%m’hg to claim1, wherein an inplantation

fon in the ion pmptantatlon BhOGSted ScAMind Mol Pundsnde N So Xe
impiantation jon in ihe jon implantation process is any one of 5|, As, Be, In, Sk,
Xe, and Ar. | |
9, “The manufacturing method according 1o claim 2, wherein a beam
inciderice angle tothe surface of the concavity and convexity part of said
semicondustor substrate from the diagonal upper direction insaid ion
implantation is an inclination angle substantially less than 20 degrees.
40, The-manufacturing method according 1o ciaim 1, wherein the
impurity atom in said impurlty thinfilm is recoiled from the inside of said impurity
thinfilm 1o the inside of said semiconductor substrate by @ nock on effact that is
caused, ata surface part of the concavily and convexity part of said
semiconductor substrate, by collision of the implantation jon 1o the impurity
atom in said impurity thinfiim in = direction substantially orthogonal 1o the
- surface part. _
| 41, The manufacturing method according 1o ciaim 2, wherein said ion
| l‘imptantatian is performed with low-snergy implantation less than SkeV.
4%, The manufacturing method according to claim 2, wherein said ion

impiantation is performed with low dose implantation atomic weight less than

2E45aioms/cm2.



"B. ‘The -manufacturing nethod according to claim2, wherein a beamincidence
- angle tote surface of the concavity and ceonvexity part of said

sem conductor substrate fromthe diagonal upper direction in said ion
implantation ts an inclinati.on angle substantially | ess than 20 degrees.

10. The manufacturing nethod accordipg to claim1l, wherein the inpurity
atomin said inpurity thin -filmis recoiled tromthe inside of said
inmpurity thin filmlothe inside of said seniconductor substrate by a nook

on -effe.ct thakai sThAHRRAGRcRI Mé@ﬁﬁ&ﬁ@x@égﬁy P RARER hd ¥ _and

convexity part of said sem conductor su Ision of the

i-npl ant at i iapurigrthindilr feethiokyutdpoyited sk ipfaneaiaeh df RS irtacetdXopptficd min a
direction substantially orthogonal to the surface part. 11. The
manuf act urmag:aneaman@@owﬁtmgaﬁ@fear@mmmmumgated ion inpl ant atl onis
performed with | ow

y ant at on | ess than SkeV.
manuf act uri ng méth .gQ%U’%GP %”96“3 HETR ‘“W%W%@l@'i"@ﬁtp#pl ant ati on

2E150t or nepisip s gfilef? 3 YEPHRLR) LER MR WM BER Corting 10 claim

1, wherei ”sérﬁféohdﬂ&téfr 'shh{sﬁal{lé By fickeBdingy 4 BbSdditadapesd hedirg i hane part of

the surface except for the concavity and convexity part of said

sem conductiggosiedst Bmﬁ@lane part witil daid Presmearedftaetiwhilgoynaddnestirgccor ding to
any one of claims 4 to 6, wherein the inpurity thin -Filmis thickly
deposi ted tﬁ*ﬁfblemﬁﬁéf%m&ﬂéﬂ&pﬁ& %@ﬁ’ﬁ%ﬁ@i@cﬁ@?e FmyetriaindiBy | ncreasing a

deposit rate of the_i n osited.on said plane part with
said pl asnE® W%ﬁéﬁ’é &t "%%B??ﬁ@c“r"é‘ﬁéwf’gfg‘? FOBXYEH that for the plane
part, a deposit rate of the inpurity thin -film deposited on a side surface
of the doncavity and convexity part.



MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE ABSTRACT A manuf acturing
‘met Hod of a sem conductor. device includes preparing a sem conductor
-substrate which is a base substrate of the sem conductor device and which
is formed with a connvity and convexri-’%y part on the surface of the

sem conduct or substrate. The nethod further conprises depositing on the
surface of the sem conductor substrate an inpurity thin filmincluding an
inpurity at omMNeHiEHGEESHEs METES R0 OForSEML SRBPEITER iDEWRINE seni conduct or
substrate and performng an ion inplantation froma di agonal upper
direction to the inpurity thin depdsit®on the concavity and convexity

art of the i Or. .at.e, ‘ i Mt her conpri ses
Pecoi i ng %@%E?MG%%%%?RE [ neugﬁﬁe%%%%%ﬁ)%ﬁt%y t hi nnpi Imto
the insi d%@ﬁi@mc@e@%@ywﬁ&dts@ww&%s@ﬂmmw@ ion

i npl antation. FIG 2A-
and which is Tormed with. 2 concavity and convexity part onthe surface of the

semicondustor substate.  Tne mathod further comprises depesiiing onthe
surface of the semiconducior substate an m;:urity*mi'nﬁkm mziuding an
mpurity ®tom which pecomess a gonher or an aceeptor inine semiconductor
substrate and performing an ion implariation from a diagonal upper direction 1o
the impurity thin it deposited onthe concavity and convexity partoithe
semiconductor substrate. Themethod still further comprises recoiling the
mpurity atorn from the inside of the impurity thin film tothe inside of the

soncaviy and convexity part by performing the ion impiantstion.



