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 conduct or substrate, a thin film3 is formed 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 i Whapiessntdnentisncdiates 182 MBowbcuringonethhdofhin film 3 within

the silicon substrate |a with heat treatnent. (Fic Inthis

‘ a C(Fig: 4Q) ..
case, becAFFUCHIEFIET FaViGe BNk I BRTUBYATI ECIFTF R BROPIHE TAYPPRERDS t he
substrate,, ac . L does not becone the high inpurity
concent rat"n&’ﬂ&y%q@&%ﬁgﬁjic’%hﬁ%a#g%&j’sﬁ%ﬁ(‘:arry out a thermal diffusion to
enough concent r fijsk 01k 88 SBYHER/EHvBrtional 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 semicondictor 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).



Fig. 5 shows a conventional technique about a case-tthat the ion

i nplantation is carried out lathe 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 represents a space
structure having a projection, a ditch, a step, a slope, and the |ike.

In a process 1, a sem conductor substrate 1 for Fin-FET type transistors
having the projection is made by selectivity perform ng etching by the use

of a mask 6, I|n inthiptanedeciisetiieralion nafurbiBNiRHiISbr Mk duilie Sk ection with
irradiating an ion beam4 including inpurity atons B froma di agonal

cour se. Theubsifatestha swfane af thersehsinaie does nobbedoat hethighimparityesul t, a
di ffused layer5 of the inpurity atomis fornmed 10 .3 sidewall of the
pr oj ect i onCONGEREREE. BRI dl § bArdtonseEl odt P SierawbiiBusiay frengtghe) froma
per pendi cu I s snal in the -case of 10 degrees, it is

lar..lin l,._e.g.,
necessary {:%Fc&pg%@gsaﬁ.ﬁo%ﬁ%@(aghgi npl antation dose anount of 6 tines in
compar i son wi t h e G758 o SinveHforkl RBAnIaID BEBHOL Saselinidhy drong [Pl antat i on

processing time i's necessary regardless of an advantageous condition that a
beam cur-r emplgeatiin iy cheleslout © theside Thivdalizhd figlspé pan) el donabvityt i 1 i ty.
Besides, by a reflection of the inplantation ion in the substrate surface,
a |l oss of eh@comskgnean poheisemitontodousutsiateaioomen by staoeesingr diefese anount

I S needed. As nti oned above, in the above conventional nethod, the
i on i npl an?r?[qoﬁﬁawa“ge\ﬁoﬁ}’@i‘%?aﬁ@?f@%@ﬁQF?E‘F%SW‘&*P’FWEVW&? | ow i mpurity

di ffused | i Lhe, silid G t And, in the ion inplantation of
the | ow engT?{3 yc:hbz:?,%aorljléc'ﬂr an%’f)és"sug%fbé’%%ﬁ%ﬁ%ﬁﬁ’ a high beam current density
because of an i gAzbeedBss3, diséRiGRAGRCPHSRGERNORH TRUTET He Parkide®- char ge

effect. Therefore, in the |low energy ion inplantation of the close anount
whi ch i s néaving the projection is made by selectivity performing etching by the use of a
mask 8, [naprocass 2, the ion is implanted into the projection with irradiating
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
intothe silicon substrate. And, inthe ion implantation of the lowenergy, itis

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



1E15atons/cnR, 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-FET type 'transistor of the

t hree-di nensi onal structure that becones the topic in recent years, the
shal low ion inplantation is necessaryZfor a wall of -the nearly

perpendi cul ar projection that was formed three-dinensionally to the silicon
substrate. The Fin-1- -type transistor will be described with

r ef er ence dtigergegee Aifeno®renth eassedi mondpsdsechpbafgaat ertieraforepimihect i on
(extensi oni) whi ch becones a drain D, a channel, and a source S is forned
by- et chi ngivprenseERsion implaatationke’ thatpas emantwhisk ommssta gate Gis forned so

t the ghannel bet th d the drain, |
the shal | oV I EFCTRGTANE 4Eb GHIE TGIETKAoN RIPPESI0 HeP RamPYFaIer fren cul ar
proj ectl Oninﬁilarﬁ%n'.:! Bkt b 4R EESR i%tr%mﬁ%rﬂ% s@%&f%éé@%zge di mensi onal

structure, en an'ion | ntatron’1's perforne , the inplantation

angle B is a hi gy e disadidigagealike afFik 4RSS of Thefpéare, the ions

are inplanted into the silicon substrate with only the dose anobunt defined
by sine. THisreetone ttheluroihat bgloardsdbe dopion frcghteeadoie staiomtiomas
necessary, and a problem has occurred in practical utility. I'n
addi ti on, ‘EPianmeion i Heressary fane wall ahthe mary tegperdivtienawiadenddadlf usi ng an

i it t ithin th ili , bst.r at th | diffusi
U LY O S SR SRS SRRy & hermel i Tusion
with the plasm-2e #iﬂmé@éﬂ%%r will ﬁeﬁjéibifi%}éo%%ﬁ-reﬁ‘é?eﬁﬁfo#i@.“i@.t he

-thermal diffusion - nore than 1El1 5crn-3 1 n the recent process that high

t enper at ur @nhiesteticentummtsubstatan os prhibetionHexiehtien nedsobecdner € was not
useful neans that can realize a FinFET type transistor. Furthernore, with

t he mi ni at @Eindts sheel e als@neme%M@m%gym@m@a@%mrﬁaﬁ likghe A npurity
atomto the region which is called the extension of the soyrce/drain region
becones mopat SHI SRR AR 4 RETERSE A (BT RO SRR mour i 1y at om
remains wig _gn.@t@é@gggﬁceﬂhgﬁﬁstant value. On the other hand, in a

- conventional Ton Inplantation technol ogy, the energy of the ion beamfails

down as the i npliaticstianiowdapiibesyier shalbiDwmhd hesmfgseidiauiiiean curr ent

deteriorates under the influence of the space-charge effect, and the
product i vippiestisnotibedinbEdtps transistor havingibadreavonengidna spuebiecem a

R T TR
The  Lechni i ahBotaPiat BANE LRGSR, | ko MY KH £0hoBRRA ntf anspor
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 1o 4C, there is @ 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



(2) The -technique that transports the ion beamw th high energy and 'crates

it justbefore a wafer. (3) ‘Techni que-that ionizes-polyatomnm c nol ecule
and transports it. In addition, in substitution for a conventional beam
line type ion inplantation, (4) the technique which is called a

pl asma dopi ng i s exam ned. However, nane of the above-nentioned techni ques
is yet fixed as the technique to inprove the productivity crucially.
The further mniaturization (or shrink) of the LSI device ‘pronbtes the

shape changg@f infphein/ten 3 HeQbgioR Which ig@ﬁg@dﬁgra%}gibﬁ.mech is so-called 3D
is being adopted. In this case, as for the i1on Inplantation to _
sour ce/ dr aisourcefdraid opgicybeaprdsansmershatiow! habweserpipe peidinesi®e to the pl ane
of the sem conductor substrate is required, In this event, the ion

i npl ant at i dAPENRSHEPYRKEomMrRIMaiNsWithan avproxihatelymensntvaes. padrdineul ar
surface is | ssi.hl e becayse the distance between adjacent transistors
cannot be & r?@&‘j'éﬂ@tFGHVeW%‘BPalﬂ%‘W%%@%H?”%nQ1?¥M' MSERIOPIBE & are

caused fr 0@5&'@;%}@. SWROL i Fe‘?%gfaﬁfaﬁ% ngff%k%a\eg%%ﬁ gﬁ%@@{_t hlﬁnar gt%:tg lem that the

productivity decreases an a cas ransits appens.

The first peahl @MenSdéefiriRsneSORBIHTienBE 8PN Ebabdibiarbb@rbapimnt at i on
particles of the nunber defined by the angle that sine was nultiplied by

t he i npl antiee progusivill als8 datarioree@t a per pendi cul ar surface of the
transistor having the space structure. Generally, the efficiency of the
i mpl ant ati on bec®rREESTEg GHPic dhis pEadiert 7 prgingrisdauRsuelm presEawiati on angl e

e L

probl em imgkhe ion inplantation of the | ow energy/low nplantation angle,
the ion is reflected at the substrate surface and is hard to inplant into

t he substrate. THeTatdatnighe tice asasida sioctadn ihhiee predghtdnaybéymoccurs. At the
i npl antation angle equal or |less than 20 degrees, only the ions of 67% are
i mpl ant ed, TEREPETE Brs¢emhe productivity becomes two-thirds. If the

Oy e o0 o RS S B R SPBLS RLS B Rt  Lhe
e, Seoe, SRRERIREG i ey son L1 LD ot on o e pLare
pl aner transi st of3)Webhnifus thatanizes poiyatohhiemoifcQlenthabrdrisi®ss pr  nor e.
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, For the reason, two

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



Summary of I nvention Enbodi ments of the present invention, by
separating an ion inplantation-related process into two processes, seek to
obtain the effect |ike the one processsgin the ion inplantation of the
normal high angle with the higher productivity. Speci fically,
enbodi mentg,bmt et mﬁ@wudﬁoﬁ; Qb <88 Gr arP Lo aBERG AL ICH; can
dope a carrier inpurity atom (hanely, the inpurity atomthat beconmes a
donor or aappeseptor) of high concentration with high tine efficiency, the
normal ion inplantation process tinme, and | ow energy, in conparison wth
t he conventi onalhe Girstetrblgdnt isat sivple beoinetria probiem at iCoy freoicgssntationh needs
t he | ong processi ngwti me because of the |owenergy ion inplantation caused
by the depaticlasadi Bie spmbies dafined i femensle thad SR oas Rutiidieds by dhe
Enbodi ments of the present jnvention al so seek to provide a nethod which
can dope iWﬁPF{“PBsé,)” t BHIV&hate?fHeéP%’?fﬁ%’aE sUgagof ?%?@‘?SIS%O'H&?V’%Q pl ane
of a sem r r at I . I ncavity
)?(rfe{‘%ﬁéé’ str@HRﬁE. Cendly, e %ﬂac?erpﬁebf ] ?rﬂﬁ%{g}gﬁfoﬁq BL%S &8

and conve yrpart Torned by processing on Sem co or su rate

surface. bRyAMH 658 MarR 3498186l hMtaBOR WBYId ¥ iD@GUal 6F BRE thin _
processi ng on the sem conductor substrate surfacé, it is applicable to, in

addi tion 20 duyrexd.en$hanispidet preddciiviyosivibis padesefberohiay Efulaltyrplewer

transi stor shown in Fig. 10, a wall surface part of a recessed part of a
trench rethamommthirgd. capaci t or regi on. In the first enbodi nent anobng
the two enbodi ments nentioned above, a thin filmincluding a purpose

i npurity at om i 8sffeF ABAtheh rraklegk i dbader tEplant@ian at thes In-208"IWIAWE he next

et e B e M R A
i Ly ShAEhLfud Wk nookicg Rl dagthatttot Wb RLAR AL RLE e

to i npl anizt ke irpiaResRN aMYE idaguapbp B4 thBho h@?@@@, eARdwet iBhs DlBYEL at e.
According to an enbodi nent of the present invention, in a surface of a

pr oj ect i oarepamplaftedridréipre the prodoehsiyrigeooimes sid-thirds. subst rat e whi ch
becones a base substrate of a sem conductor device, an inpurity thin film

i ncl udi ng an i nfiuhetapoyedmia pebienss @are deippdr in WsuloMt gnaleomplgntetiondeomes a
donor or acceptor js fornmed ont surface of the silicon substrate with a
ol asra t r % RETAENCHRERT SWEAGETRNY 58 Areshatyly ofoliPoRamaln SHaliG1aeas of t he
inpurity I NLEd [ nsi f r oj i . ilicon
substr at e{@f ?%"I a@ﬁ%ﬁ?%%%%ﬁl(—:ivggqﬁ rétg)r?]1 gé}ﬁog]g@ﬁﬁﬁ%gﬁ@)%%tﬁcﬁﬁ Otf\ﬁe ?’(‘)Ar{ e

Fmpuri ty WREGdiddivnind e ;fgéddéiﬁit'y Tﬁﬁirﬂécﬁﬂe?;WhF%rbﬂbﬁpﬂ%%%drMn? oldHeri nsi de

of the silicon substrate by utilizing a recoil "action according to a knock
on ef f ect trafsibiee wibfurh Malre@h&ire@Ran 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



7 In one aspect of the present invention, there is provided a manufacturing
nmet hod of a sem conductor device conprising; preparing a sem conductor
substrate which is a base substrate ofg the sem conduct or device and which
is formed with a concavity and convexity part on the surface of the

senm condugbfModSRs i M€ ion implantati®BPSBLESD YHidh hBBJS Uhé a68g ProddiRing
sem conduct or substrate an inpurity thin filmincluding an inpurity atom

whi ch beciimebegadenof iy icaneacesnibaimphritdtors ealsah by tho tetitsaticat of
perform ng an ion inplantation froma di agonal upper direction to the

i mpuri ty thieibeant cuireieiposinecshane-chasge effeali ty and convexity part of the
sem conduct or substrate; and recoiling the inpurity atomfromthe
i nsi de of the iGPRediMerihoh the Presentiinentios alsocteaknie pmvids e

Com X e oS R I P SRR 6y R2aPSHAB B AR P o
of the preseplicddiverl! Qbsidtd!IRmdl Ol & Wal Skfacar$4s BPRILAG ARy 3hd |
ontr gj u a |Ymth| ckness

i mpl ant at1on dose anount 1S ¢ ofl1 ed by an a ment o

of the i rgynviekiy bBHN ok 1Y pRocHREMgESN Qhe afbnhiBBdbdidr d6RAEIE isupraaBL eri al
of the inpurity thin film ‘or an adjustnent of an inplantation ion species,

an i npl anhadddiiorarsy the amndavity aartdatoovexépepayy foramed &y propéssib@tdrothedose
anount . _ I n the manufacturing method according to enbodi ments of the
present isareinenductor srebstraiesuriaca: bis spplidedle tpuriadditian 1o #m eiensiamy one
of B P ggianr(t]I aﬁ‘(s:l'a convex part of a Fin-FET type transistor shown in Fig. 10, a wall
surface part of a recessed part of a trench region and a capacitor region.
In the first embodiment among the two embodiments mentioned above,
a thin film including a purpose impurity atom is formed on the semiconductor
substrate surface. In the next embodiment, the ion which is heavier than the
purpose impurity atom is implanted from the upper side of the thin film. As a
result, the purpose impurity atom is flicked (knocking on-effect) and then
implanted into 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.



In the manufacturing nmethod according to enbodi ments of the present
invention, as the inpurity thin film _the inpurity thin filmincluding Bis
deposited by performng a 8 plasm tfeatment with a gas including di borane

B2H6 or BF3. I n C I ; Q@cﬂja ding : odi nent s
of the present l?n\?gr?t i.éc};r?fe%gsgfhgﬁe? %r%!a?g '?iﬁ%n 'l ﬁ]ﬁg{ehe'gi r#prg\plﬁ y ?hi nfilm

including P is fgn@atiuefgetPetio?addmsicoandiasnBelic€abmpitingt th a gas

i ncl udi ng phosphi ne In the manufacturing nmethod according to
enbodi nent s of grbpannge sesgmiconenttoosubsteatehehichpard byse lsubsiratenof thee
inmpurity thin filmincluding As is deposited by performng a plasm

t r eat nentsemicenduciersdevieg and nhigh 4 frrmesiHgith a concavity rancheomw iy ®eftur i ng

met hod accordi ng, to enbodi nents of the present invention, an inplantation
ion in tHKY ﬁhﬁrﬁ‘ﬁ%ﬁﬁﬁéﬁtﬂé‘? PERIGHEUELY qugsﬁﬁf@’i on of a heavy atom which is

| arger in atom L.aht t Q 0 P, ] C itute the

i rrpgri ty atom g%p\ﬁﬁfg%%utﬁ%%ﬁ%ﬁﬁ?@&? %gr%icondu%{bqlsﬁﬁf.ﬁgferéhﬁﬁ@ir{%” ng

met hod agg;arel ; i [ i O, ' antation
Ton i n ¢ R o RbPngERpMARRY 31 siith BEARES o JURdr Rl adeldTh 20" e
and Ar. the semicdndlutite stigetthgct uring net hod according to enbodi nents of the
present invention, a beamincidence angle to the surface of the concavity
and convexity perforroingt he isenimpiardaticro frosulas tiagbealf vppert tieeatioagiontile upper
direction in the ion inplantation is an inclination angle substantially

| ess t hakmporigediisedilm deposited pry Hae napngavdyuendg cryenly Reeoodi hg t o

oo o o BL Rl TS L, e hPurt Ly, atom i the | mpur iy
L e TED TS THE B S o e oY PRGN v e
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



9 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 manufact & i ng met hod accordi ng to enbodi nents
of the present invention, the jon jnplantation is performed with | ow energy

i mpl ant atPlBAMPdERatREhWER &\gas mc!udmg fipotane BARBPAEFP i ng met hod accordi ng

w th Tow dose | RnATaRiERERhe AR GRrdhg  BhloBiRBlsn 87 argsdit ' o ™™

I n the maAdRRInB5NEe RbHOY tﬁﬁ?rcﬁlfrﬂ'tﬁ@lrﬁ@.xrﬂ?"?iﬂﬂ'fﬂfﬂrlﬁéiuéfngtﬂﬂ@s QEsSSHRY
i nvention, the inmpurity thin filmis thickly deposited on a plane part of

t he surf atm,epenﬁ@'epng Barlagha tlcammemt withanghcioclueting phesptinePHMe
sem conduct or substrat In the manufacturing method according to
enbodi nent s of ﬂﬁeeﬁn%@‘ﬁﬁwrlﬁgéﬂﬁh@ﬁ aqcaedmmlemtgpdﬂrﬁpntsr@ﬁwﬁ.@’eﬁ@ntcmy

deposite t d t a ing a
deposi t qn o t%g%grp{ﬁ’ﬁﬁ)q}x}y '{Eﬁ}]%ﬁl r %ﬂg gﬁéﬁtgd%@i filﬁ ?rbcﬁ%c#ha t%vm th the
pl asnma _trcf@g;dgﬁaa bYHErR S HlARTA ﬂﬁatrﬁ@ﬁt%nth@ dal ;ﬁaaamb%sm@e&m@ne part,

a deposit rate of 'the inpurity thin filmdeposited on a side surface of the
concavity and dnrthexnarwfpaiut;ng method actoubngitmg@ntimdémbotsi ofethespresenthe
present invention, possi bl e 1;tho dope a carrier inpurity ato of hi gh

concent rdFY%fH‘CW’ ik H‘i‘@ﬁ”fﬁﬁﬁﬂ igRfincingniey, 'rﬁm%“tﬁﬁ?’ﬂrﬂm??ﬁ? iweafﬂ“a?
process iy 488 AR SORRRY oAb NEicH PR RSP BNERE o PRlarka bR a“t ati on

process nee processin trme OW- ene
Thus, it doﬁwsﬂﬁﬁéltﬂili mslmtgi@nﬁnlmsmpmwmtfmnhl gh efficiency, to a part

which is not a pl ane of a sem conductor substrate, nanely, to a wall
surface part ofindhe ongradaciyriagdneibodeadcoydipaite embownebgs ¢frtbegwssen on t he
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



sem i conductor substrate surface. Brief Description of the Draw ngs Figs.
1Ato 1D are diagrans which show an ion inplantation process tow,

Figs. 2A-to 2D are diagranms which show a process flowin a first enbodi nent
of the present invention. Figs. 3A and 3B are diagrans for

expl ai ni Rghatratel b§ CofkRMIENimpRAtRRAVEA LD ERAIMmbRRY BEth 3Nt indpurtpt hod.
Figs. 4A to 4C are diagrans for explaining a second exanple of the
convent i dhialfilindn ai dipdction stibstantietyhathogonal to the gurfaeimara di agram i n case
where a concavity and co vexi@g art is formed by '%rocessi ng

seni conduct or dabther Manuwagtud gl REROTIEN itRpP @PQW%Si QPEB‘?H ed out
o-the siflgod YRlehighd eS| P IrRRibudl @, FRLPRHGEOMY by AflpgonYex 1Y

part. D™are diagrans Whi OW a proces win a

second - eFbRMHARIH (88 tHAte5RNESENt i nventi on. Fig.? is a graphical
drawi ng show ng a depth - concentration profile in a wall corresponding to

a sidewal | of anpihej ewanufactwing metwdaacoaiding tie eambddingentheoktbedi nent . of
the preseprl]ésénr%v?nn\}ein(t)ighs the ion implantation is performed with low dose '
implantation atomic weight less than 2E15atoms/cm2.
 Inthe manufacturing method according to embodiments of the present
invention, the impurity thin film is thickly deposited on a plane part of the
surface except for the concavity and convexity part of the semiconductor
substrate.

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



Fig. 8 is a diagram.{or explaining a recoil action. Fig. 9 is an enl arged
di agram whi ch shows the recoil acti-on of Fig. S. Fig.1 0 is a perspective
view or explaining a Fin-FET type transistor, Description of the Preferred
Enbodi ment s Referring to Figs. 1A to 1D, the description will be
made in regard to an ion inplantati oA%rocess flow in case where an ion
inplantation 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 conductemicentistorabsirateshiare. 1A to 10, 11 is a silicon substrate as-
the sem conductor substrate, 12 is a plasma that 32H6 gas was i ntroduced,
13 is a deposited filmincluding B (Boron), 14 is a Ge (Germanium ion

beam After irradiatjon, of t i.on beam 14, spi ke anneal (|anp anneal,

| aser anneal , R%eg EQ?P%OBP%%Q‘?W@F of 1050C i s perforned. The operation
w || be describe I . fi.est HQ%‘? j ing B2H6 as
a basic gas, pl Zﬁs%ge[f\g[wp (I)Drar%éixaggﬁsefr‘{hﬁl% 3'5?} I co%ngﬁglgpgg{?%b’%%%?aced in a
chanber (n@kyshown). Then a deposited -film 13 including Bis fornmed in

t hi ckness of around 5nm (preferably several nmto several dozen nn) on the
surface of the SFihd GortoRlbare miapeartd wincht drevpd arasdBow Figlst 1A and 16). The
deposited film13 is a thin filmhaving a B concentration of 50%to 99%
When Ge i oRBDRAIMEN BFiacPERSgsl NMETHRSs than B (large in atomc weight) are

L ant ed w4 AELo Rl AT g e SEREIRL PSR i 2, o0 ear Lt
Si11 con SuBerERe™ [ FHRt BeR 2, omai e as an i mpurity di {1 used
layer 15 (Fig, IG)s.4A to4C are diagrams for explaining 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.



According to the ion inplantation nmethod nentioned above, it is possible to
formthe 13 layer (inpurity diffused |ayer 15) of high concentration with

t he dose anpbunt which is | ow by one digit or nore by performng the ion
inplantation through the thin filmafter depositing the thin filmincluding
the inpurity atomon the surface of the sem conductor substrate. That is it
is possible to performdoping in high productivity and in short processing
tinme. Referring to Figs. 2A to 2D, the description will be nade with

Ref e o A L0 . now
cmbodi ment of ¢t Bt TEn b Be o b REER B ewaow e BREEPRBR (o 20, < he
silicon subsidmibsnolidoPasheiatl ©fh Bigsf DA 09, ﬁofé‘éﬁ&\éﬁs\é?&?ﬂe & %ﬁxi ty 12

part, herein a projection (extension) part, e surface o e silicon

substrate kbmiddndutibesispatest Bg piasrah tiest BAHBda30v infrBdudetik ez jslah addi tion,
as-for the concavity and convexity part, a space structure having a ditch,
a step, a Seppetas i nsludingd (Boretppé sed Genl Gaguieniuon iandedme  pifagrect i on part .

Wth the plasm. 12 .in ‘sigilar to,gé\gs. I@Pto 1D, the deposited fitm 3

i ncl udi ng B LSy aiHE P DRRT H A FRIESETTE SRTiPrbingeleigset arnaeh RIS of ect i on
art) for by i€ by etchin rocess using a hard
ﬁask) 16 (2?328512%&5%%@2@??&A?&E%F%ﬁ%rﬁ%dl i%/ i's comgi gured SO tha’? a deposit

rate of the deposhd esbriddnnnilep@sbir@@ddibidy pl ane part of the substrate with
the plasma treatnment is large while a deposit rate of the deposited film

deposi t ed on t heAtfirstebasldlonof gashiecBdimpliEtHtfihesa sasit bas,allstriaves to that forte
pl ane part ,of the substrate. Wth this configuration, a deposited film 13a

which is | 20Tged above Meslives subsime {1 hRacse i EraBpesneLEhowim 1M or med t o

e conductrorbat e haR8 Byt FrERTF e 8 g 15l AR Bfrel ent 1y,
the both sicdoual iif 10¢evch cbkapndl ob bife SirfkcBd inclifoh sLB4HALAY i th the Ce

ion beam 14 -fromtwo di agonal directions, W , in the
i on i npl anttiad plasmaf2tFigs dusandan®n{Thef debbdidat ms2os® thievigh hasinglke dose
amount for the sidewalls, it is possible to formthe inpurity diffused

| ayer 15 eforRjIseBRIioDAY P B%erte 2R % o YéheiERrienT whick st lgeedn anassttozn Be bot h

id |1 f the. st. f the. Fi . diti h di i
A ) R

line for a b 1R r ks mal |
inclinati oﬁdag@gl%é@?gg%%ﬁdg angl”z%'@%bﬁ}gﬁgeﬂ%%iﬁy@?&ﬁ:ﬁ?%ﬁ\é‘%@n%ggs t han 20
degrees. Accesolt, Bk ickéde Withirai grecdy ginen Ay ehescadllisgiht adi lagenal upper
direction as shown in Fig. 20 and a |eft diagonal upper direction as shown
in Fig. 20.introduced withiates siiony 3uskaigst ! Gk oLBD L hricuisisnid Bt 8on wi | | be

made with riggg%%§#uge€_la§gr(:%g_.i§%&di ment of this invention.

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
impLrity atorn on the surface of the semiconductor substrate. That s it is
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



13 I n the-second enbodi nent, when a CMOS (Conpl ementaary Metal Oxide .
Semi conductor) i's formed, deposited filns including 'F or B are sel ectively
formed to an N-type device region and a F-type device region, respectively.
Then, it i's possible to formextension regions of NNtype MOSF_T and P-type
MOSFET with .a single mask alignnment 4o Al t hough a Fin part
(projection part) for formng a source and a Fin part (projection part) for
forming a drain are formed with the etching process or the like, in Figs.

“6A 1o 6D, phAt by 5 ect ] -for forming th
Source and T Re T (e g b ar e B B0 M 11

separ at el y il iwiththe ptoedssimpabeiobbechinghir shellide. | I H8difidH, @sFor@RHSS section
surface of a source part and a cross section surface of a drain part with a
si ngl e dr aRPRARVEY ARECETYEXIGOATE @ Spart stindutetevingad ditghaatstar, e siupered seas to

line pp on_a,straight |ing as pparent fromFig. 10. In a process of
Fig. 6A agr;}ggﬁqkeggsquage ﬂ,a':\?érﬂgﬂi‘?ﬁ‘@%@&?@rtms the Fin part which becones
t he source part 8. GQVEIL.€ 1 A st 51.. the deposited.film13
including Bis fvg?rﬁ@% @%ﬁﬁ]ﬁ&iﬁ@%{%@a(ﬁgﬁ» ﬁéxﬁﬁﬁ’% E’Rﬁﬁfr%cﬂﬂt% ones the

drai n part ifludidees RlasBY thdoth sidewalis IR sﬂ'te o%a@fn?@:géﬁcﬁgn ddr§- -6B with

the state that the Fin part which becones e sour part 1s’'covered with a

resi st 51, fasoeh owitokewitiddrssubbirttec! 1Ryretplaing pafcetbasie aifarparek 96de are
irradiated with the Se ion beam 14 fromthe right upper direction and the

| eft upper (py&éranseB).  Atthis tme dt ip cotliassedso thaga deppsit mwée gidhesited film 13
of the drai,n rt.~side i s remved and then t Fin part which becones the
drain partnggsgtSE}gﬁégeWSf%ﬁd PR ?“%&%‘FD‘{]‘HEFH %’%?ﬁ?tg?h%ggaﬁﬁﬁl as Fig. 2A

t he deposi sedrd RG] Ak M-I PoTe -d%%ﬁftheFin
part whi chrtr%g%noénng%q%%gq’\éﬂgggacdﬁgggﬁ %?ﬁ&eggégg‘i%%%p%%é erl?,% in a process
of Fi g. BDsideividl of tre Bib dkeorhBatmbiheidtive et iwviths Bidhegarmes tihe drain part

is covered with the resist 61, both sidewalls of the Fin
substrate, With this configuration, & deposited fitm 132 which is farger in
thickness than that of the deposited fiim 13 formed ie both side walls of the Fin
part is deposited on the plane part of the semiconductor substrate 11 axcept for
the Fin part.

Subsesquently, the both sidewalis of the step of the Fin part are
Irradiated with the Ge lon beam 14 fromtwo diagonai directions, Withthis
irradiation, inthe ion implantation of the dose amount of 1E14atoms/om2 lavel
2s the dose amount for the sidewalls, it is possible fo form the impurity diffused
jayer 15 anough and uniforrn in dose armount for source/drain fo the both side
walls of the step of the Fin part.  In addition, the two directions represent the
direction where an implantation angle B from 8 perpendicular line for a plane of
the silicon substrate 11 is defined with a2 small inclination angle (an acute angle)

| 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.



14 part otihe source part side are irradiated with the Ge ion beam 14-from
the right upper direction and the left upper direction. Subsequently, the _
deposited -film 13a of the source part side is removed. I n-the
conventional nethod in which the ion inplantation is directly perforned,
since the inplantation dose is high,44he Fin part becones anorphous.
Therefore there was a problemthat a high-density defect is caused, because

the crystal growth is not occurred fromthe substrate side Fig. 7
shows a depth -y, %ﬁc‘&hﬁ%‘iﬁ%; fhéh & @mﬁgd;gm Rk iy to a sidewal
of the Fin part whi ch was actua y treated hg enbodi nent of the present

i nvent i on.Oxsobdrdichhdiete] is fhmntsd, depduied firheincdirgm beb nacmsméstaewhn le a
dashed line shows a depth distribution of the concentration of ' Fi gs.

Band 9 ar domiesige anmiN-type dempeammm@ctaﬁ-we%dwwmgwnrmtf\m!mg to the
enbodi ment_of this invention. gi gmaa Cé)g__e:_}n?&l%@ atomB in the
deposi t ed HEN ‘Hﬁg?gF’?EWQﬁDWWWT‘N@QWEE Driyee MORRET 8 ¥in part of
the silic fromtheinside of the deposited

fil m1310%9@%?@@%%6@9}?%5&%&&% "of the sem conductor substrate 11 by a
nock on effect Alh\%h?h%ﬂﬁﬁﬁ%@p:@}énﬁﬁb&rﬁ'f@ﬂaﬁﬁsnﬁ%ddﬁ& 8 AFirOskrt On to the
inpurity atomB in the deposited film 13 in a.direction substantially

or t hogonal{ptofectitvesart)faciermihg tehiraisiztie fermed ofittt the eRhingamotesssartist ant i al |y

per pendi cul ar directi O@()g . In general, when particles (atonion)
accel er at difedp Figs A ¥ dﬁéﬁ@“\iaﬁﬁﬂﬁfhtt@%lﬁww tPRejegtinpsRash &X Temiag sol i d or

parti ¢ g?fﬁ%#?t}%@%ﬂeme{ﬁﬁ%% ol Bt P TG hRr B A SEEYy "t he
par ti cl es i5lpBies i oblae eNE Bt Huskile o HBLARIAhAIrags bi #b@fedlect eases to

the energy t an the potential energy that the materi al
produces. ddﬁtéﬁdm&r&d@dﬁﬂn@hﬁmoflerﬁ:ﬁlmwﬁwmmﬂamm.edmmﬂgﬂm%a a usual ion

i npl antation, several dozen to several thousand atons in the material are
recei ved vicfcetpae zeddhgyrain pgrt areformed so asfo line up on 2 straight fine 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

b&camés the drain part is covered with the resist 81, both sidewalls of the Fin



Fig. 8 shows a novenent of one colliding-particle to nake it easy to
understand the recoil action based on the principle nentioned above.
However, in reality, as shown in-Fig. 9 with an enlarged diagram nultiple
and nmultistage collisions (first through n-th collision) are occurred in
the inside of the deposited film 13. 14 Especi al |y, when the mass of
the colliding-particle is heavier in weight than that of the atom
constituting -the material of the deposited film it is possible to give
the eneny part bhide BOGe 2bRERICCPS Fddidtbd Wath tRe CEBSCHéHh 14 FBnd PeTighpse, quite
a nunber of purpose inpurity atons nore than the incident particles can be
i nt r oduceduppar diractichendding letingoet direcéiubs t Batsequently, the depositeerfimr e, si nce
the energy of the inplantation ion can be set higher than the energy given
to the pur p&a® NREHTE ParEGRdS ramyedpace- charge effect is suppressed | ower

than a case of th irect. inplantation,.and. it i ssibl.e to set the high
beam current . ’”%E%D?Hé’ﬁﬁé’%‘%‘?’a%ﬂaéghwﬁ‘P”%%”W‘B %H"'?ﬁ‘& ‘ifﬁ@e is iow it
IS possi bl Gk PrHeMEE thE HEpIERGE i sRLRdUet Lyity. According to
t he condi t?%n, |?'eééan %‘emﬁ%pg‘%ﬁ?ﬂg%éé)ﬁﬁt}’g uc‘?ip\%ﬁ{{/& Peﬁ%%mss hi gher than a

case that #rempoltfoStherafprarthéng vadsonbobladninzg adiigregénsity sfeka@t ed into the
plane. As a result, it can be hoped that the present i1nvention can

cont ri but ecauses orareussibe sl gnevindhnbiomsdrrpé fromdhe BEfState side. t he

Enbodi ment | According to the embodi pents of the present invention,

by the formati of St rHoYE HCQWHWW”I‘W%t‘%EWCBVS dERdeBy t he
recoil acty; - i i : i.pn, 8 or P ion
of around %@ﬁ‘g@ﬁ%ﬁﬁ%ﬁ@?% %’%ﬁ%@%ﬁ%ﬁ@%@%é@%@n u@% h?ﬁﬂgﬁgst rate with a
shal | ow depieBemnvantibh | QO¥6IRORe cFRUTsHoREShE Bevtebtrdfor SIEvhieat 0 the
normal case. That is it is possible to provide the doping nethod that the
i npurity atizsnedfinbishbwesdepitdisttibationcdthdboonaenireitinegdd.i nto in the

sem conductor substrate with | ow dose npunt. Especially, it is possible to

i npl ant t he i on TGk § ARE HaIdRGRPE TYrRPIRINND hedBERIIPP GEFUFBORY t he knock
~on effect .. 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.



Wil e the present invention has been particularly shown and described with
reference to exenpl ary enbodi nents thereof, the present invention is not
limted to these enbodinents. It will be understood by those of ordinary
skill in -the art that various changes in -formand details may be nade
therein wi thout departing torn the spgit and scope of the present invention
as defined by the clains. For-exanpl e, the solid material which
becones the base substrate of the sem conductor device is a solid silicon
(silicon: singlexgk e ”%"ﬁ i conmpound
sem conduct or o?’%‘he I%S%OM%w§ﬁ@%§h@@8ﬁ@@t%ﬂi S elg%ar%gtt)?e that a
recoi | condndarstand fremetyll actibe beses gy tHedehichidmehtdrededaygspondi ng to an

i npl antation depth)' for the ion inplantation of the inpurities of the

i npurity tHoweren imreaity ad sbewatrofioc walhginterdaped diagrach,moultiple sad

i npl antation _dose apount is controlled by an adjustment of a-filmthickness
of the i mpUHHSREERPHFPISATIETELSR B Colippnicre graped Binginsits of tisuri ty
deposi ti Onﬂ%@&sﬁéé-ﬁl%% the inmpurity thin film or an adjustnent of an

i npl antation 10N speci'es, an inplantation angle, an inplantation energy,
and an i npi ant atiRRCEARS KA thass of the aasnbsﬂgf)paﬁéic?ﬁ@%%avibﬁ inhveiglgsi rabl e that
a condition of non-inplantation 1s adjusted™by adjusting a fiTmthickness
of the i npthanttyattohtre dtorh npnstitsirgche snaibridl betheniepositey fkepd & soseidiemat eri al |
an inplantation ion species, an inplantation angle, an inplantation energy,
and an i nplcivaiesneayde eTHom 2ot sceastiving thapiatenalt | BAhissasst sel f remai ns
inthe inmpurity thin filmwthout being alnpst_ introduced.into a concavity
and convexPHGE BEVTOR S AUOR Pl ARIES TR TEr S ET RTRER R substr at e.
For the i i 3 T¥aseThIap i ilm As may be used other than
Bonng e, | DY oSV e el 5@%3’&%@ ie inpurity thin filmincluding
B with the pl asimhbment Eideiha cB8fy dichafinintBiod igmyae besathigierpl ace of

di borane B2H6. On the other hand, there is a gas including phosphine
PH3 as a fibeortbdererpxaingt to 10f PURRsgaRPUbly atos thes sphteechdeposiact ishe i npurity
thinfilmincludin?P\A{j}ththeglﬁs treat nent. . L

suppressed fower than a case of the direct implantation, and i is possibie 1o st

the high beam current.

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



In addition, there is a gas including arsine AsH3 as a-favorabl e exanpl e of
the gas which is used to-deposit the inpurity thin filmincluding As with
the plasna treatnent. For the inplantation ion in the ion

| npl antation process, it can use any one of Si, As, Ge, in, Sb, Xe, and Ar.
In addition, the -follow ng process may be adopted. After the formation of
a deposited filmincluding B to the sem conductor substrate with a plasna
treabnent by the use of 32H6, covers the whole of the surface of the

sem conduc %ﬁeﬁ\@%fﬁ’fm@{&gﬁ?%gﬁéét protective filmand then renoves the

resi st prote Séle y'So as to expose a part of the surface of

the sem conduct agnif4Rs brake: Washeh Ratbeef %égﬁﬂ‘&ﬁigﬁ‘%% %H@ﬂééc!ri%ﬁ‘as' renoved.

Subsequently, renoves the deposited filmin a part

cor r espondivtig réfersace expeseterp antbodindrithrrddr e presdapasirited if hbim i ncl udi ng
Pie a rermve_d@cﬁart, with a plasma treatnent by the use of PH3. After
renovi ng t lfeitghisl thessf erobpgdimeentsi sk wirer ooddrsieod by thosamy oulirary skill of Ge, Si,
As, In, Shb, Xe, . and Ar is inplanted to the whol e of the surface of the
seni conduch L BLYrars Shanggees TTRENA JRAIGTRE 2h TRGS R ROV B In

whion s s s hEE AR shl Bhee of toe BB B LR e
with a tongayhdy and convexity part on -the surface of the sem conductor
substrat e; depositing on-the surface of said sem conductor substrate
an i npurity thi o ekamplachedohratershpoichibpcatnesthstiiask soestatest a donor or an
acceptor | Qhetsg%igo%gﬁgtgp ggv(i:éao%rs ass%ti)icsj E?.iriigér? ;(.s'iticon: single crystal or
polycrystaling}, GaAs, Be, SIiC, 2 compound semiconductor or the like.
in addition, it is desirable that & recoll condition, namely, the energy
(‘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 fiim, a 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



performng an ion inplantation froma diagonal upper direction to the
_inmpurity thin filmdeposited on the concavity and convexity.part of said
sem conduct or substrate; and recoiling the inpurity atom-fromthe
inside of -the inpurity thin filmto the inside of the concavity and
convexity part of said sem conductor s;ubstrate by performng said ion

i npl ant ati on. 2. The manuf act dri ng nethod according to claim1,
wherein a dose atom c wei ght correspondl ng to an inplantation dose anount
is control st rnent i | mhickness of the inmpurity :
thinfilm o*h %a%%%ﬁ?%@é&% aag?%’%‘t'f?m% é SRR HeRY hdlaseicidibgranene i npurity
thin filmgegsan adjustnent of an inpl ant ation on species, an inplantation
angl e, an |rrpFant ation energy, and an inplantation dose anount. B.
The manuf act ur i rmtﬁatchﬁ@km&%é@gatgés%awﬂuéph%ﬁﬁﬁéméQ@a' ”PU“ ty atom of
said inpurity thin filmis any one of B, The

- manuf act ufavombleetizothiaotihe diza gvhidhds Qh@dmdepamm@mmaﬁhma‘mﬁl i mpurity thin

film the i u“tF%/\wthln filmincluding B is deposited by perform ng a
pl asma tre fth the Yagms Hesttthg di bor ane 32H6 or BF3 5. The
manufacturing rding to.c m 1, whe impurity thin
film the i rrpurl SSH %g?rfsrﬁgﬁ@?ﬁ’& ﬁ]‘g\qﬁrpgxe ke‘?’fag’%)‘?jr?ng a

plasma tr e@{tﬁg%s Wh? 8 uB&S1d %E%@g%ﬂﬁ@& \A;r{:% Pﬁﬁjdi@g A witn Fhrrep The

manuf act ur 1 ng thod according'to cl urity thin
film the piapmeittegrhdiin - El mincluding As is deposited by performng a

pl asma treatnment with a pas including arsine AsH3, 7. The

manuf act uri ng nEtohE: EudwHeliongon 5 the wmimpianiboramosss, itnph st aty on ion in
t hei on |rrplant n roce s.S the ion of a -heavy atomwhich is larger in
atom c wei § %Lﬁa%sagﬁ)?r 'Bn b@feﬁ E\r and As which constitute the inpurity

atom of sal d | MY Ehfivoh HhO+diblRy 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.



8. The manufacturing nethod according to claim1, wherein an inplantation
ion in the ion inplantation process is any one of Si, As, Ge, In, Sb Xe,
and Ar. B. The -manufacturing method according to claim?2, wherein a-:
beam i nci dence angle tote surface of the concavity and convexity part of
sai d sem conductor substrate fromtheggdi agonal upper direction iin said ion
inplantation ts an inclination angle substantially | ess than 20 degrees.

10. The manufacturing nethod according to claim1l, wherein the inpurity
atomin said inpurity thin -filmis recoiled tromthe inside of said
inmpurity thin filmlothe inside of said sem conductor substrate by a nook
on -effe.ct that is caused, at a sgprhpge part of the concavity and
convexity part of said sem conductor substrate, by collision of the

i npl ant ati on i of. t&tdnefachpingirtsthed oha semkaindudtopimideycordpriginkt I min a
direction substantially orthogonal to the surface part. 11, The
manuf act uri ng @W@W&%@@Wmﬁﬁg‘&t@’ sibgiraieovhich Bracbapesuibalrate®Tthepl antation is

performed with | ow ener i éa tation.less than SkeV. . 2. The

manuf act uSFHICIREEREE CaMeh P HECE & BTSSR M1 2 VERENrE4oaYP0% TEfpi ant at i on
is perfor i , fgm&{ﬁ & tom c weight |ess than
2E15atorpsr5?’g%%%eo&ﬂg§%n, . rg’uﬁg&rﬂﬁhcturi ng method according to claim
1, wherein the Hapusiting)ontihe BufiddegBfissid fdrfksbididenesbéesde an rmpphgne part of
the surface except for the concavity and convexity part of said

sem condudhieorfiing inmidirg @0 impurity atotdwhiTh beoemaes adoori stgnmechoidr mccording to

any one of clains 4 to 6, wherein the inpurity thin -Filmis thickly
deposi t ed TBHSEMEPERERFLEHREL he seni conduct or substrate by increasing a

deposi TEPEREHARDSBAS he ser . te g 2
Ga o’ pl asmo t e RERAaRY [ Aol S8R MR B BRRARRAETE, Phle bl e
part, a depeiily i SbobdisicFRME Lidtat Bna bhh/Bxi@BaS bt 8slgon a side surface

of the doncaw%’y and convexity part.
semiconductor substrate; and

recoiling the impurity atom from the inside of the impurity thin filmio 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
adjustmenit of afimthickness of the impurity thinfitm :c:{‘ a species of an impurity
deposition material of the impurity thin film, or an adjusiment 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, The manufacturing method zccording 10 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



" MANUFACTURI NG METHOD OF SEM CONDUCTOR DEVI CE ABSTRACT A manuf acturi ng

met hod of a sem conductor device includes preparing a seniconductor
substrate which is a base substrate of the sem conductor device and which
is formed with a connvity and convexity part on the surface of the
sem conduct or substrate. The nethod fairt her conprises 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

i ot o T e o Comcavi Ty and convexity
part of the sefi CTometGaststirstneting acEbelinmeiréamst, mhlzrdiorasissid conpri ses
recoiling the inpurity atomfromthe inside of the inpurity thin filmto
t he i nsi démpfirity fiEn Homdzs/mauriaHaindimiesbeiDg pans cencsied by PRTATR®E | on
| mpl ant at ip?apsimai%a%me%ﬁ \;vignDa pas inciuding arsine AsH3,
7. “The menufacturing method according to claim 1, wnerein an
implantation ion inthe ion implantation process is the ion of a heavy atom which
is larger in atpmic waight than any one of B, P, and As which constitute the
impurity atom of said impurity thin Tiim.
8. Themanufaciuring ethod according to claim 1, wherginan
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
+thin film 1o the inside of said semiconductor substrate by @ nock on ffact 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.
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3. Tne manufaciuring method according 1o claim 1, wherein the
impurity thin Tilm is thickly deposited on 2 plane part of the surface exceptfor
the concavity and convexity part of séid semiconducior subsirate.

14. The manufacturing method according 1o any one of claims 410 6,
whergin the impurity thin fitm is thickly deposited on a plane part of the
semiconducior substrate by increasing 2 deposit rate of the impurity thin fiim
deposited on said plane part with said plasma treatment while by decreasing,
relative to that for the plane part, a depositrate of the impurity thin film

deposiied on 2 side surface of the concavity and convaity parl.



