TI TLE OF THE | NVENTI ON Semi conduct or devi ce and manuf acturing nethod
thereof BACKGROUND OF THE INVENTION 5 1. Field of the Invention [0001]
The present invention relates to a semiconductor device and a nethod of
manuf acturi ng the sem conductor device. 10 2. Description of the Background
Art [0002] In sem conductor integrated circuits, particularly an

i nt egr at EHTEE OBTHRBNVENTIOIDS transistor, the degree of integration has
become increasingly higher. Along with such a high degree of integration,
m ni at uri zat Penicepdugtavidevice ambinghwictfing hiegtidythéradfegr at ed 15 circuits has
been progressed into a nano region. The progress in mniaturization of the
MOS transi stor involves problens about difficulty in suppressing a | eakage

current %Ktﬁﬁﬁ[ﬁﬁﬁtéﬁ'? Cuﬁ(ingn in circuit occupancy area due to a

need for ensuring a requifred rent anmount. Wth a viewto solving this

probl em 1t FRI®NAS [RRBAHPT oposed a surroundi ng gate transi stor (SGT)
havi ng a structure where a source, a gate and a drain are 20 vertically

arranged [6@13ti ve to a substrate, and the gate is forned to surround a
columar (pillar-shaped) sem conductor |ayer (see, for exanple, the

fol | owi ng Pat¥ntPresseuriByansion fedateg)to a0GeB]copdertantdedioe uaehta Ihethéd of

02- 071556A SB%Patﬂ?nt Docrég%nt ZJ. JP 02-188966A [ Patent Docunent 3] JP
02- 14576%“?36 B e SR EOnEAtor devigt nnel region is formed to surround a

| ateral surface of the columar sem conductor, so that a |large gate width
is achieved within a small occupancy area. This 30 nmeans that it is

requi® ed 2t Deskiptivn af tha BackgbhutlAftent to pass through the small occupancy 1
area. In this case, if resistances of the source and drain are high, the

| ar ge ONFQO92T ent

In semiconductor integrated circuits, particularly an integrated circuit using a MOS
transistor, the degree of integration has become increasingly higher. Along with such a
high degree. of integration, miniaturization of a MOS transistor for highly integrated
15 circuits has been progressed into a nano region. The progress in miniaturization of the
MOS transistor involves problems about difficulty in suppressing a leakage current and
restriction on reduction in circuit occupancy area due to a need for ensuring a required
current amount. With a view to solving this problem, there has been proposed a
surrounding gate transistor (SGT) having a structure where a source, a gate and a drain are
20 vertically arranged relative to a substrate, and the gate is formed to surround a columnar
(pillar-shaped) semiconductor layer (see, for example, the following Patent Documents 1 to
3).
[0003]
[Patent Document 1]  JP 02-071556A
25 [Patent Document 2]  JP 02-188966A
{Patent Document 3]  JP 02-145761A
[0004]
In the SGT, a channel region is formed to surround a lateral surface of the columnar
semiconductor, so that a large gate width is achieved within a small occupancy area, This

30  means that it is required to allow a large ON-current to pass through the small occupancy




wi Il cause difficulty in applying a desired voltage to the source and
drain. Therefore, there is a need for an SGI manufacturing nethod
‘(including a design technique) for reducing the resistances of the source
and drain. The large ON-current also gives rise to a 5 need for reducing
resi stances of contacts. [0005] 1In a conventional MOS transistor, a gate

el ectroderdas @KEEay iURRREINENEr Be GBhRe MBIRAh3re higha el Bfdel ON-Airiat ©
pattern to a resist on a substrate through lithography to forma mask, and

et chi ng ™l gasedificni @l apedying a tesinmdsloltagthat thessourde drdediaony eftietedo] MOS
10 transistor, a gat Ien%th i s designed based on the gate pattern. In
cont r ast 046 if ﬁ‘en@él or e SGTamgpufactyipg geethed (nslvding wissien seehnégysd ot or

serves a . 1O and t her . a urren | ows vertical.

rel ati ve%@c gﬂgﬁ%?%areﬂg%se&%3?mfes?ndieq3’¥]f’he T%@ﬁrg%baii‘f@qné?}@? BT “S%E’sﬂ gned
baseds on paed R W Reind b HstafiRt BPEhniidst ead of based on a gate pattern, so
that the gate length and a variation in the gate |length are determ ned by

t he manuf@Shiri ng method. 15 [0006] In the SGI, it is required to reduce a
di anmeter of the col unmar seniconductor in order to suppress an increase in
| eakage cur f&rit cenvsagomdl Y OBhsansistiras gatez electoorle isrfordel] by alepoditing 8 gate
necessar 0. establish a manufacturing nmethod capabl e of optimzing the
sour ce aﬁ?ftt%}ﬁgi%ns’%ﬁgu?gegg?tﬁipﬁ“%fﬂéﬁérrf’sqﬁh’élrﬁﬁ%i stte dupughlithegraphy ihiorass a

| eakage GUGE enly: etglgn%%)eo glte Sgirt&lt%g rusirrﬁignthg N§as®RCT hbdis) § t %%?)ﬁ%eﬁl_rt%ﬁﬁgﬁﬁj uce a

parasitic capacitance Tn~or nimze power ¢onsu her e

i's al@ee&aﬁ@ﬁo@a@fﬂﬁﬁ%hliﬁ A8%neB bhed dnaRa@Bhie pafém! € HH&dMdsaiP@RE &1 g
capacitance. [0008] 25 As with the conventional MOS transistor, the SGI

has a nebuderlosurfagd wdithe columman sdmicontictny senss as laerhanficl rEgiont Anidsthprebpase, it
IS necessar reduce the nunber of _steps in a manufacturing process.

SUMVARY @fi’fé\éﬂt IRVENRFAN rebdivedodbs spbytiats. s Thakiefinrtee 8FTobj eate levth ke
present h&‘f@@ﬁib%g'e& & R W%iuga%tu%rﬁg%?gth% QHsfté”‘a%t i ‘t;ars]&i on a gate pattern, so that the
gate length and a variation in the gate length are determined by the manufacturing method.
15 [0006]

In the SGT, it is required to reduce a diameter of the columnar semiconductor in order
to suppress an increase in leakage current along with the miniaturization. In addition, it is
necessary to establish a manufacturing method capable of optimizing the source and drain
to restrain a short channel effect so as to suppress a leakage current.

20 [0007]

Further, in the SGT, it is necessary to reduce a parasitic capacitance in order to
minimize power consumption. Thus, there is a need for 2 manufacturing method capable
of reducing a parasitic capacitance.

[0008]
25 As with the conventional MOS transistor, the SGT has a need for reducing a
manufacturing cost thereof. For this purpose, it is necessary to reduce the number of

steps in a manufacturing process.

SUMMARY OF THE INVENTION
30 [0009]




met hod capabl e of obtaining a structure for reducing resistances of a
source and a drain, a structure for reducing a parasitic capacitance, a
desired gate length, desired configurations of the source and drain, and a
desired dianmeter of a columar sem conductor. 5 [0010] In order to achieve
this object, according to a first aspect of the present invention, there
I's provided R ifgfdnioreOin BB FCHEPA@nAINRRGPRAPLN /e AEY6F maMIAGHing
conprises the steps of. formng a first colummar sem conductor layer  on a
subst r at encthortcdpableiofigbaifing 8 strudthet fos enducmgdeudstances ay @ souroe and bRk, a
portion of the substrate |ying under the first columar 10 sem conductor

| ayer: fSHHSHE for rqdusing senprasgifoirpeeiancefedesised gats dength desirdueoniigeratiope i n a
| ower portion of the first columar. sem condyctor |ayer .and an entirety or
an upper 0% firsoBe a{}&dfar% af‘fllaglFS‘Pq]&aC{m’é‘Etﬁ{ %@%&‘ﬂm?“r: dUgiBk ning a first
insul ati EQ)IW]' maround a |ower sidewall of the first columar silicon

| ayer and above the first flat sem conductor |ayer; formng a gate

i nsul ating flnlordan@d ach@pat ehiglodbfder, eteomipuinda the dspsslof G PRt ifldntieRN

| ayer; formng a 15 sidewall-shaped second insulating filmto surround an
upper si Herais providedie nicithaskt ofouanmfaesuringsi sdngioondusioe devibé, lvehi coodmayrisen ghean
upper surface _off the gate electrode and to_surround a sidewall of the gate
el ect r od&BH A AEIINE r"’s“?rsﬁ BAE, S55ueaNdHFtor VAT AR asubdtabh and deaming fstor

| ayer of tive t in upper rrtion of the first

col urmar ﬂtsa?%nggn : gtfg?%}gygjng&‘ '_?pé’re ?T?ﬁ%log @Qﬁ @% %al}g?ydpg PrdfE phe farst cqlpmpge
condugt i ¥émicyRtucREUNRE fokhfeld At sctficaRIBCER NS bPE @A coRfiudillE rt]%ﬁ:ciﬁ%d
conductive type and the second sem conductor |l ayer of the seco

conduct i Weverypeionarfdhd Grstislgmaanendtorsianioe taydtisidodn aningp onan appee pohicdfl an
upper surface of the first sem conductor |ayer of the second conductive
type andOhtvedppdiat sepicpndusiaslayerdompmgidfisseinselater fing aroung adowsr sideavatlecond
conduct i tV, erein.the first .insylati filmhas a thickness |arger
t han thakgleg]fe f?r%fecog%gari P nganflia!bﬁ]v? g'}eﬁ%ﬁpg?toﬁfﬁﬂ“frﬁgcmﬁ P &E‘Eme% Purmar
silicon Layeksuldif Bl ankr£408 8RttYode BodREhIBEAQ Bind QﬁiCB{l E?@ptf ﬁﬂ%ggt I on,
a length between a central axis of the first columar silicon Paye and an
edgelof sidewdil-slstped etaont dtisubiting dOm tbaysouidal af@e sidewalh of theSuBd @iurBndrengt h
bet ween the central axis of the first columar silicon |ayer and a sidewal |
30 of thélieen Layer Bhilsraptasiing ap pperyaprface ipd theigeteneleeirode anddogarreund a

insulati ﬁge\ifallﬂ Ot th& g%t%ie el%?r%aes ar(l)cic the :%irst insulating film; forming a second semiconductor
layer of the second conductive type in an upper portion of the first columnar silicon layer,
and forming a semiconductor layer of a first conductive type between the first
20 semiconductor layer of the second conductive type and the second semiconductor layer of
the second conductive type; and forming a metal-semiconductor compound on each of an
upper surface of the first semiconductor layer of the second conductive type and an upper
surface of the second semiconductor layer of the second conductive type, wherein the first
insulating film has a thickness larger than that of the gate insulating film formed around the

25  first colummar silicon layer.

[0011]

Preferably, in the method of the present invention, a length between a central axis of
the first columnar silicon layer and an edge of the first columnar silicon layer is larger than
a sum of a length between the central axis of the first columnar silicon layer and a sidewall

30  of the first columnar silicon layer, the thickness of the gate insulating film, a thickness of




the gate el ectrode, and a thickness of the sidewall-shaped second
insulating filmfornmed to surround the sidewall of the gate el ectrode and
‘the first insulating film [0012] Preferably, in the nmethod of the present
invention, the gate electrode has a thickness 5 larger than that of the

si dewal | - shaped second insulating filmformed to surround the upper

si deval | th gdtbelelirb@d, a6@hURTORMkesS bf 1he ATkl Eha Ml deBoiOREASE g @int REMUBRST
surface of the gate electrode. [0013] In the nethod of the present

i nvent i orsurrpund the gidefvell alb e gateadledtivele fahd gte fitkinswdatigcfilnduct or 10 | ayer
being a fiésﬁ flat silicon layer, the first columar sem conductor |ayer
being a P94 col ummar silicon | ayer, the sem conductor |ayer of the first

ducti t ' i b | f the fjrst ti type, th
st sem colmrEtay: 14feebiodihant BeSim s, b6 sl themit e siRbie:
il | [ td t: ; ] t
ayer of Eh R e R P Mo E MR 1

second caiiduailiofehd fipse coludiibd kilichi idyae whlle \contabtifrothe upr@' SRALE 6N eHeCtpd
| ayer of the first conductive type nay be a p-type silicon |layer or a
non- dopeglesitpdeon | ayer. Further, the first semiconductor |ayer of the
second cimjti ve type nmay be an n-type silicon |layer, and the second
sem cond 20 | ayer of the second conductive type may be an n-type

silicon layqp e Il‘lggl:l) ]é)f'glhet ﬁ{e%@%%ﬁ@%ﬁfﬁ»m chlg p eefgljaﬁl%g?a"f gﬁegtgrﬁ{_ ﬁ%{%{g@?@(}lnﬁ}qﬁgﬁ rst

conductive type nm rcontrayer

layeno Fidyeh®eingtd first iffas ilR6AIHRAAHE Ré: doRMBRarQEnliRduSECANE: ARG YCH Y e
type may be a p-type silicon |layer, and the second sem conductor |ayer 25

of the seclunhacsitidorciayes theypamicmdutier kypr dfthe fisitlcondurtivayge. be[ipCdl Glicon
Preferably, the above nethod includes the steps of. form ng a pad oxide
1 b on ta¥er obiis Ggh cQufystyanwe, Merirhymrondvetopeyceef the serond gordugtive
011 TN 4Rl e} B, M) CLIRLERR, B WSl
the firstedicbhdior§ oyl ofifR! eh BokdRelivd PRI iADE Lbdil iR PREMSF ®id 1 con
15  second conductive type.
[0014]

In the above method, the semiconductor layer of the first conductive type may be a
p-type silicon layer or a non-doped silicon layer. Further, the first semiconductor layer of
the second conductive type may be an n-type silicon layer, and the second semiconductor

20 layer of the second conductive type may be an n-type silicon layer.
[0015]

Alternatively, the semiconductor layer of the first conductive type may be an n-type
silicon layer or a non-doped silicon layer. Further, the first semiconductor layer of the
second conductive type may be a p-type silicon layer, and the second semiconductor layer

25  of'the second conductive type may be a p-type silicon layer.
[0016]

Preferably, the above method includes the steps of: forming a pad oxide film on the

silicon substrate; forming on the pad oxide film a first nitride film for use as a mask during

the formation of the first columnar silicon layer; forming a first amorphous silicon or

30  polysilicon film on the first nitride film; applying a resist onto the first amorphous silicon




4 or polysilicon film and transferring a first columar |ayer pattern to
the resist through |Ilithography to |leave a first resist corresponding to
the first columar |ayer pattern; and etching the first anorphous silicon
or polysilicon filmand the first nitride filmin turnto forma first
hard mask. 5 [0017] Preferably, the above nethod includes the step of

form ng tdvepdiysilsdonciflim) randrtransfeniing A it oslumayielayBy patdiii Yo 8 RisRE tIRHQAES S
using the first hard mask. [0018] Preferably, in the above nethod, the
first andithRgserhysiol feavna dirstoisigistomresponding e thofisse columpandayeh eattérnsandar d
mask is full t ched durjng the dr t ¢chi ng_process o cause_a change in

pl asma erﬁ%lcglél%/go eicfﬂfteﬂg‘i’ri’ mge‘?@%f’t“a‘ﬂ%lféﬁwhcé’”oﬁ@ é‘ﬂ‘ﬁ%erfgma‘b‘ﬁ&eaﬁl@s in (e iR n
the step fof 2 bR HuBnidie first columar sem conductor |ayer includes
detecting the change in"the plasna emi ssion intensity, and determning a
term BRatifodi7i m ng of the dry etching process based on the detection
result to control a height dinension of the first columar silicon 15

| ayer. [0019referabdy,ethabblyqvei method aiotudes nthe hxaeh of foeingtyt tish Mesistslomaks t he
first anorphous silicon or, polysilicon filmbefore the dry etching process
is |ess tHAIFORMetordryer k¥ ardry Stchinginuprssy using thedisst hasdmesk. 20° [ 0020]

Pr ef er abl qmgg he above nethod includes the step of sacrificially oxidizing a
surface (g he first columar silicon |ayer fabricated on the substrate so

as to reduceprbfefHuH! @l ihki 83vO mahod! GEEst aﬁfar%ﬁgb%g f s';ilrsicao%lf glg éb’ggi?ﬂ:m? 'flihlng on

| ayer for use as da channel region Vhile renovi rtron of the

fi r s10 cokerwingr assthkiftreinhdrd wraskhis ity eahed drihgRhaaieetching RbdES tF bhis8 G 25
the dry etching process, and protect the first columar silicon |ayer from
cont ani n§kangR4N Plapep gEissipnaAntsysipyr dethetable by ddrypetoting epbadams, mdeeeis theseguent

0 88 55k 57 B R R S
silicon bawah en@dthnt iﬁ%ﬁty? bhd H&e&iﬂr{gszf telrhbtiSi {ihﬁi)Qofl fY §ly e‘%&tl}lge HE)CES%
based on the detection result to control a height dimension of the first columnar silicon
15 layer.
[0019]

Preferably, in the above method, a height dimension of the first amorphous silicon or
potysilicon film before the dry etching process is less than that of the first columnar silicon
layer.

20 [0020]

Preferably, the above method includes the step of sacrificially oxidizing a surface of
the first columnar silicon layer fabricated on the substrate so as to reduce irregularities of a
sidewall of the first columnar silicon layer for use as a channel region while removing a
surface portion of the first columnar silicon layer having carbon implanted thereinto during

25  the dry etching process, and protect the first columnar silicon layer from contaminations
including a by-product to be produced during a subsequent dry etching process.
[0021]

Preferably, the above method includes the steps of: applying a resist onto the substrate

having the first columnar silicon layer, and transferring a first flat silicon layer pattern to

30 the resist through lithography to leave a second resist corresponding to the first flat silicon




30 the resist through lithography to | eave a second resist corresponding to
the first flat silicon 5 layer pattern; and etching the silicon substrate
‘to formthe first flat silicon layer, and renoving the second resist.
[0022] Preferably, the above nmethod includes the steps of. depositing a

filling oxide filmon 5 the first flat silicon |ayer and substrate having
the firstlayolpaear, aniil dtcong |ty eiticof Isabdteri Ry fére thd kst Mt anicdg ThidrMnand
etching the filling oxide filmin such a manner as to allow a surface of

an upper 'pBPYingtheofecenrkrepist st flat silicon layer to be exposed. [0023]
Preferabl %%}he above nethod includes the step of. the offset spacer
formati or{ ]the 10 sidewall of the first columar silicon |ayer. [0024]

Pref erably, PI@f&&ﬁy,q Qgﬁowaﬂg%lﬁc:l‘mieg kieSdie 'At{ 88 s{t éerﬁlﬁ£gt0g§63ﬁ%gnd

conductive type is forne OWer porti on

sem conduled fifst fRAY eilicam thyeh en® Bitisti8leyhaing ﬂl@%tb&p&ﬂﬁmﬂ&rsﬁlﬁ&ﬁ IQ{éert Rgnddifs
flat sem conductor |ayer by introducing an inpurity of the 15 secon

conduct i vee filling éxido filthparid ewhing|tht fdléng oxide ditmoin dualy armhaer ag td Atlodvi 4 St
col umar ilicon layer with a offset spacer through an inpurity

i ntroduct wep}f@eé@gerwﬁ%qq of the figsh flaf silieon leyeritapeexpased.process. ~ And t hen,
t he offseﬁt) Spacer is etched. [0025] Preferably, in the above nethod, the
first SI|ICO | ayer of the second conductive type |s 20 formed in the

| ower porti qReffaHiyI€hd bboik rﬁ&hbﬁrﬁﬂucﬁs 'fﬂecéaé]:?yf:tﬂ% offY §haclt Iror;'ﬁxlﬂ{loﬁ Bhegt i ng

any inpurity into the upper portion of the Tirst co ar silicon aer
[00260 Erletvell abthe firkthelaheu giliveh hydr.i ncl udes t he steps of : depositing a
first insulating film{ material above and around the first col ummar
silicon [¥P8l fabricated on the first flat silicon 25 layer, in such a

i B A e BT B S e
FIEO A L S R Ll R A
col ummar ttei dppep pottidyieds, thamlistefla efigeonbigctbt [agtr by introducing an Impunty of the
15 second conductive type into the first flat semiconductor layer having the first columnar
silicon layer with a offset spacer through an impurity introduction process comprising an
impurity injection process. And then, the offset spacer is etched.
[0025]
Preferably, in the above method, the first silicon layer of the second conductive type is
20 formed in the lower portion of the first columnar semiconductor layer without injecting
any impurity into the upper portion of the first columnar silicon layer.
[0026]
Preferably, the above method includes the steps of: depositing a first insulating film
material above and around the first columnar silicon layer fabricated on the first flat silicon
25 layer, in such a manner that the first insulating film material deposited above the first
columnar silicon layer and around the lower sidewall of the first columnar silicon layer has
a thickness larger than that of the first insulating film material deposited around an
intermediate/upper sidewall of the first columnar silicon layer; and etching the first
insulating film material around the intermediate/upper sidewall of the first columnar

30  silicon layer to form the first insulating film above the first columnar silicon layer and




insulating filmmaterial around the internedi ate/upper sidewall of the
first columar 30 silicon layer to formthe first insulating film above the
‘first columar silicon layer and 6 around the |ower sidewall of the first
columar silicon layer, in such a manner as to have a thickness |arger
than that of the gate insulating filmto be fornmed around the first

col umar araindith®oweglewall 0 thé] firstcRirghrsallon layed ih REcIPPMMBnTRE RO Havel e
gate insulating filmis forned on the sidewall ~of the first columar

si i con [teiplresyarger shani thaftoftike ghterinsklating filmrto be foredhaf@indithafisd cdomhie
first fIatI. silicon |ayer, wherein the nethod includes the steps of. formng
a second SU$ABM4¥kbus silicon or polysilicon filmserving as a gate el ectrode
mat eri al yp@an in-process structure obtained by the step of forming the
gate ins&?ati]ng film in such a manner as to 10 allow the first col ummar

silicen | ayerreferatldg if AREAMDRE nbdIBSE RS gﬁ@ﬁlndapid'ng*}hﬂlg Isggﬁgﬁ&{‘ﬁle GdRyphous

silicon or polysilicon filmby a chenical nechani cal I'ng process to

have a bf get Brsedolumper silicof bger, with erfiisnhart enasktofi rideidt i1 BBRMtdDoRTet he
first hard mask is used as a  stopper against the chem cal nechani cal
pol i shi néI$sr Betesilicen laysnt whereln sl methady inohusient the witels efiHfariag a second

reproduci bi li.ty. 13.5%‘{ 0028] .Preferably, the aboye t hod i ncludes the steps
of : et chﬁlﬁlaqﬂjgﬁfks R R lcoé‘rfﬁlf“psﬁ Be a7 R gAGY e&Frgg‘bW?Pqu OBALAR-PFACEST vi ng
as the fole o ' : e~.e| ectrode to be forned
with a gg@ﬁ%ﬁ%ﬁle | engt ﬁs;rtépgér)\fdfoglgg%]sﬂlhtg }gﬁgemgls?llgﬁﬁ ﬁ%?(’il S RBRST 4o

i n- pt@ceabowtthe Gidtreelupianisiipdn hyyd: he &t&ﬂaaﬁe@ﬁ&h&iﬂﬁm@ﬁdﬂism% $8Geafd
anor phous silicon 20 or polysilicon film whereby the first oxide filmcan

prot ect amorpbpey silicor ecpolpdilicdnefilgnbea chérernl mdehanicahpalishirty mbedss nghave dry
et chi ng Eroces to be perfqrned in a subsequent step, so as to suppress a

change of [GHFICHMPRST SORatH viistais theditgids TmecHAMbRfdhe first hardgrask is nsediasei ng

filmfro ’ | ectrode. [002 .Preferably,
e above har (AREE P thiARs) Hechdifca? B BldcBTo oBBRE pofRine Shph on
the firstithxhhthctd laproddiclitgy back the second nitride filmto forma third

insulating film sidewall, and etching the first oxide film applying a
bot t bm all0R8} ef | ecti ve coati ng

Preferably, the above method includes the steps of: etching back the second
amorphous silicon or polysilicon film serving as the gate electrode material, to allow the
gate electrode to be formed with a desired gate length; and depositing a first oxide film on
an in-process structure obtained by the step of etching back the second amorphous silicon

20  or polysilicon film, whereby the first oxide film can protect an upper surface of the gate
electrode from a wet etching or dry etching process to be performed in a subsequent step,
SO as to suppress a change or variation in the gate length and damage of the gate insulating
film from the upper surface of the gate electrode.

[0029]

25 Preferably, the above method includes the steps of: forming a second nitride film on
the first oxide film; etching back the second nitride film to form a third insulating film
sidewall, and etching the first oxide film; applying a bottom anti-reflective coating
(BARC) layer onto an in-process structure obtained by the step of etching back the second
nitride film, applying a resist onto the BARC layer, and transferring a gate wiring pattern

30 to the resist through lithography to leave a third resist corresponding to the gate wiring




(BARC) | ayer onto an in-process structure obtained by the step of etching
back the second nitride film applying a resist onto the BARC | ayer, and
‘transferring a gate wiring pattern 30 to the resist through |ithography to
| eave a third resist corresponding to the gate wiring 7 pattern; etching
t he BARC | ayer, and the second anorphous silicon or polysilicon film
serving aatitine cghing dlecBARQIRysREAd ited secdfid REndipiRUE Rilldn @ SpolysiBdondfi@sK,
to forma gate electrode body and a gate wiring which nake up the gate

el ect r odéerviRg a$ yha gatoelasgrodégnatérial.susingishe thiidnigsist bsmabipask, do fomt ahgatg) or
wet et chi t | Low the surface of the first 5 sem conductor |ayer of the
second cc???%fﬂ?g‘? $8d3f9 2|81y iriigqupich i Hhsthe ggte siperodsi partly femp¥iparthe o be

d; . i t i . t - f i t he .f i
Cayer oM EtL k! OF o 85 bR el e BO0TR, GO the R et e
firsts5sertudddsdd layérdhe Qbcdnl®on@&IRd tﬁﬁé"‘?ﬂfgt IRy tePRrst ¥b1:ﬂﬁ1n"alf‘ ko he

e firs

first columar silicon |ayer; renpbving t t nitride filmabove the

first collayenér bsetnosed) thasearovampdht hesiss end i BARCE fheming e ¥ourt oxide 14ybe
first columar siljcon layer by an etchin tgr ocess; and renoving the pad
oxi de fioRmn @esedaurfaceif theigae ¢lpqtrads andtthe spdages ipfdhke diest| seyeondp@oso]

Fi 1 m on- e OF el SR, o S uplF oy eelbmmeiiecidors s
silicon kyefs diffte%ahfa \??%‘l@%lﬂ’?tr I&!@gﬁ]ﬁf&ﬁf Supgh 6{1 0 thd $dcofi€ lrﬁ{ﬁa@{fﬂé{ li con

| ayer, etching back the t mi1n sduch a “nanner

respéet i umunpples fiscolagesr siticdrhRyéd by54n 6Hing PR6tesd; Ahd kaus¥in®thd hiR $g&oNd
conductive type |lying under the first columar silicon |ayer, and the upper
portion &fméng the ifirs pxisle|fibmread the fouctbroxidryleyer. are exposed, and forming a
second insulating filmsidewall serving as the sidewall-shaped second

i nsul at i IL@BPTI m to surround the upper sidewall of the 20 first col umar

silicon | ay bl i . ate.electrode and
R T M e
the secofitst colntietdiN@nt Mper abiivattd ®nUdRfirsD Dbt kB0 laylehethtidafd cehsmar
silicon layer through an inpurity introduction process conprising an
i nputi t ysurruadingothe girsicedepnarasiiomniaydrectskingridck hid thodmitrialgefilmoin ¢uek asecond
conductive t%ptﬁfli n the u%)per ortion of é&hg_ first columar 25 silicon
| ayer, aPf@RgrHRG e rsner Y?n“ﬂ’%él“rfﬁqest"rf ¢ frg sepieadedion Byer plethseespndn t he
first sild ivd My d Chit V. e and the second silicon
| ayer of tlﬁ%&s“é A g }gg% él’li}?:% @g%& LT RRE dichg 159/6[12, ard t(ljae upper porgon of the
first columnar silicon layer, are exposed, and forming a second insulating film sidewall
serving as the sidewall-shaped second insulating film, to surround the upper sidewall of the
20 first columnar silicon layer while contacting the upper surface of the gate electrode and to
surround the sidewall of the gate electrode; introducing an impurity of the second
conductive type into the upper portion of the first columnar silicon layer through an
impurity introduction process comprising an impurity injection process, to form the second
silicon layer of the second conductive type in the upper portion of the first columnar
25  silicon layer, and form the silicon layer of the first conductive type between the first silicon
layer of the second conductive type and the second silicon layer of the second conductive
type; and forming a first metal film such as a nickel (Ni) film or a cobalt (Co) film, on the
respective exposed surface of the first silicon layer of the second conductive type and the

gate electrode, and an upper surface of the second silicon of the second conductive type, by

30  a sputtering process, subjecting the first metal film to a heat treatment, and removing an




type; and forming a first netal filmsuch as a nickel (Ni) filmor a cobalt
(Co) film on the respective exposed surface of the first silicon | ayer of
‘the second conductive type and the gate electrode, and an upper surface of
the second silicon of the second conductive type, by 30 a sputtering

process, subjecting the first netal filmto a heat treatnent, and renoving

an 8 unnmazted paerdf thé héharcardtfilin; eat@th 4 nloml-st@idoAABIG compound on each

met al - sem conduct or compound on each of the first silicon l'ayer of the
second céhdkecfirsy silicgm dayghaf theseemndonadustivedype trd/tie sefondisilicondeyaraf the
conductive_ type. 4%03%{5 5 Preferably, the above nethod includes the steps
of . fornihy 8 OBMMCHYE Mopper such as a nitride film on the first '
col umar rgpdscon layer fabricated on the first flat silicon layer, the

gate el ectrode surrounding the first columar silicon layer; formng a

t hi rdsoxi de Prefefabls ehe/ bt easetRol indfuded ﬁtﬁé%'fe;p:s REULRhINBG ddntdd) st?rgpég *&ﬁc;}%g‘t act
C a

stopper, and flattening the third oxide filmby a chem cal ani c

pol i shi ng miride ddw; o therfirstgrobunaan sdicon feylee fabricatad ot Her fitstlflat alicde 1dyiet, theat

position on the upper side of the second silicon Iatyer_ of the second
conduct i $&%; §IpErads rsyegunding e disyietolypnan shcas laype formise & diinhnside il con

| ayer, b t chi. rogess.. formn ontact holes in . the third gxide

i m e 56 e Blep SRR yint il o GRcbBt SorBS hrd Maevine b fager o
the secopdidednNAus!d Yienti¥ASnd A Ioishi L& Edn¥ni fiigon of
the first %‘Iat ;{gm condluct or ?lgg%rdopgl?lﬁgp%ke{’?%%é %?IQSS g%%ﬁﬁ%latgg{sﬁlﬁd?con
15 | &§er pxmndfikh et gaisitionl e tthe dppebyidenol tiEhsa@ndr LRSS layet i A debishd
portion of the contact st_oe&er corresponding to the respective contact

hol es. [ OUBBIFtivertsr @rmed tie the yppasnrpraep of tthofirst olymes exliconnlagert bpran t her e

ser condUCPSE PASEr POPIRELHCh 1S dhoas Mikkobde Hima: hoskiannap espective
' d : f ' j . - first
s condiin aeideSuEihel BRI ATaicP B ' Bhold Ao SHEMERE! in BRI eRfirt | on

of the tHengpecmirtiomaf the &irstqlin seiaicefiddctirQhyed Mn@ an®Rkhe BlsY cHimAR SIRIRE
portion of the first flat sem conductor l|layer; a second sem conductor

| ayel3 of laypre a5d db datsovlenitadey by tappeiclfing ppeetess; retching peeporion toif ahe obnthdie

first columar sili ﬁ&n Iag\%; a sem condhjct or layer of a first 25
conduct i VEPRY SETPHORIGE f thidewetthe 9onfest hdehi conduct or 1 ayer of the second

conduct i gRy32)

According to a second aspect of the present invention, there is provided a
semiconductor device which comprises: a first flat semiconductor layer formed on a

20 substrate; a first columnar semiconductor layer formed on the first flat semiconductor
layer; a first semiconductor layer of a second conductive type formed in a lower portion of

the first columnar semiconductor layer and an entirety or an upper portion of the first flat
semiconductor layer; a second semiconductor layer of the second conductive type formed

in an upper portion of the first columnar silicon layer; a semiconductor layer of a first

25  conductive type formed between the first semiconductor layer of the second conductive
type formed in the lower portion of the first columnar semiconductor layer, and the second
semiconductor layer of the second conductive type formed in the upper portion of the first
columnar silicon layer; a gate insulating film and a gate electrode which are formed around

the first columnar silicon layer; a first insulating film formed between the gate electrode

30 and the first flat semiconductor layer; a sidewall-shaped second insulating film formed to




type forned in the lower portion of the first columar sem conductor |ayer,
and the second sem conductor |ayer of the second conductive type fornmed in
‘the upper portion of the first columar silicon layer; a gate insulating
filmand a gate el ectrode which are formed around the first col umar
silicon layer; a first insulating filmformed between the gate el ectrode 30
and the fsurretind hmtipse rsidoovadiustt e ﬂraymumﬂarsdimmmhtershﬁme@bzﬁ&m@%i Wppet at i ng
filmfornmed to 9 surround an upper sidewall of the first columar silicon
| ayer whishdaceopft the grisglentrodppad to surrduade sidewdlieolthe gatel dertrode enditics fist
surround.a sidewal | of the gate electrode and the first insulating film a
ot al - et ulEEY achﬁtBG Sonsusion compatrc smed o saglh Pt SR PRI IERCE phe
first sem r j vect farmed i.n t

nt ety o T Re BROnARYS lafer df1fe SRR RO P MR S & ana

an upper uppér pertiofof tthe 3@ RN hemS@RIGADA UL Tani BEapRE shftfceSSE Malsecond
conductive type fornmed in the upper portion of the first colummar

sen condsenmonfluyerlayantod ties secombcedridustive typel fatried dn thie uppoporeidn pétivesnst t he
gate electrode and the first flat sem conductor | ayer has a thickness
larger t RAMNREseprcopgustes dayer, wherginathefyst inswpting il fommdriebtwhen thergte

I i) . 0033] A di t.0. third t th
oresont EcahdCd ¥ A tmienbuaG B Sud acfishuiss e dHRE SRt e Eate
COp | Seisufhibl b thirikd SEHIALUG LBl Y SichPLYBI ON @ substrate: a first

col umar sem conductor | ayer forne irst flat sem conductor |ayer;
a fitet [GG)conductor |ayer of a second conductive type fornmed in a | ower
portion of the fjrst 15 columar sem conductor |ayer and an entirety or an
upper porti dccordiag 4 thirdtaspacaef the grdsertritvrntion, therges prosidsé @santiconductor
sem condyct.or l.ayer of .the z}e}(s:o d conductive e formed in an upper

t
portion SF EhaEh eempdieana AFsisilay EaHeonestor I%P%gefﬁi"&%%& Jostrggen st a
first i t j ] t | f th
Second coniHbt WemiotRBuCl B DSHHER D 3 iriioed SR lar e € irflmar

sem condsghioondu@yerlayend 4 Beofiécondhclile SPH fRMEE Gl A loWdy 8brth dfle SBGON
conductive type fornmed in the upper portion of the first  columar silicon

| ayeld acqjumaas semicandusior ldyey and an gatiete|wcar agperhortion aof theo fimetdflar ound

the first_ col u(ﬁ% r 1si licon layer, a first insulating filmforned between
t he gat eSBPELRTUGIPE Avghd? P9 F‘F‘E‘Foﬁ“iiuﬂor%}lﬁré%ﬁ}éf‘uﬁc%d FeRAuEtiveytype formed

S vl eSS oL A s GG T MR, O,
conductive type formed between the first semiconductor layer of the second conductive
type formed in the lower portion of the first columnar semiconductor layer, and the second

20 semiconductor layer of the second conductive type formed in the upper portion of the first
columnar silicon layer; a gate insulating film and a gate electrode which are formed around
the first columnar silicon layer; a first insulating film formed between the gate electrode
and the first flat semiconductor layer; a sidewall-shaped second insulating film formed to
surround an upper sidewall of the first columnar silicon layer while contacting an upper

25  surface of the gate electrode and to surround a sidewall of the gate electrode and the first
insulating film; a metal-semiconductor compound formed on each of an upper surface of
the first semiconductor layer of the second conductive type formed in the entirety or the
upper portion of the first flat semiconductor layer, and an upper surface of the second

semiconductor layer of the second conductive type formed in the upper portion of the first

30  columnar semiconductor layer, wherein: the first insulating film formed between the gate
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25 surface of the gate electrode and to surround a sidewall of the gate

el ectrode and the first insulating film a netal-sem conductor conpound
“fornmed on each of an upper surface of the first sem conductor |ayer of the
second conductive type fornmed in the entirety or the wupper portion of the
first flat sem conductor |ayer, and an upper surface of the second

sem condud¢ctmodt ayd thedfirst fist ssed@nduaonthyeit hasex thydk@edsQargBdthaR (KA1 e
portion of the first 30 columar sem conductor |ayer, wherein: the first

i nsul at i iBsWating Rlop Aeranadearapeh thehBrsg gplmnpg sdiceutlaysdeamhd lemuh fietvegenfd at
senm conduct or, | ayex .h t.hi ckness | arger than that of .the gate .

i nsul at | r%&n‘i"?ﬁaﬁﬁl%/ 8{ FP&aﬁréfB‘Z}H’E}“i‘fhﬂﬁF% E%Yg{:@il A SAES P# fhecfirst é?lgm,nafaﬁlic%

l ength b t i | hst i l.icon. | aver...and an
edos of oher i fker BRI dim Bk Rerln bRehl Rlceiar ASTEr L BT O bsBE o

bet weén tliyer asdbsilewaliiof (e fifsheolfunhat siADA! (RithickeRs Bf HRYSle RA8dadn
sidewal | of the first columar silicon |ayer, the thickness of the gate

i nsul at i Adm, fai thigknesst ¢ff thengs cbictrode adt 2 thicketss ofdahe aiddwallshipedn@ssndf t he
si dewal | -shaped second insulating filmformed to surround the sidewall of
the gat e RUEtng fuie fopped esuprpprg the sidemalliof ghe gate electiaio3nd thefrsipedatitigng t o
a fourthﬁq}?lpect of the present invention, there is provided a

sem conduct'or device which conprises: a first flat sem conductor |ayer
formed omp@4)substrate; a first columar sem conductor layer formed on the
first flat sem conductor |ayer; a first sem conductor |ayer of a second

condi@ti ve tA@erding medai fourth awpdct Pof ttheNpreent tCerftionStth&e! WMhdbvided a
sem conductor |ayer and an entirety or an upper portion of the first flat
15 semi ceépdisendictaragesice whighc eprprseni eofiestidlad rseinzpeduasér tayer $eomddon a

ducti f d i tion of the first columar silicon
e YGRS A e Sl 2B I B P ok ot he
first j : 1Ct > dint
vt porDER RSt it HiBEioPlayhet £ REGAECSRACHE (K forknthn EREIE Rkl

sem conduet fist édly@harodentifidBE60 Dfe £ ARTIME EntBtyl OR fpPErBstibh of BR: HRPAL
portion of the first 20 columar silicon layer; a gate insulating film and

a gal® ePwuricorstistaxaxsn apesondsemigondustordayertd the sesbnd odndmtive sk ifemred! ayer ;

a first insulating f.il mforped between. the gate electrode and the first
flat sentandBRIOROTIGR 8F the, TEY salmmar SR8 JAKac brramiGqatscien YT pf minsr ned

to surr QMCﬁfjbpg@?%nﬁé@SWeén e hhe s%ﬂc%hdt?c%r%@e%’%ﬁﬂ: isggorﬁdl 9%%£ctmi le

contacting an
type formed in the lower portion of the first columnar semiconductor layer, and the second

semiconductor layer of the second conductive type formed in the upper portion of the first
20 columnar silicon layer; a gate insulating film and a gate electrode which are formed around
the first columnar silicon layer; a first insulating film formed between the gate electrode
and the first flat semiconductor layer; a sidewall-shaped second insulating film formed to
surround an upper sidewall of the first columnar silicon layer while contacting an upper
surface of the gate electrode and to surround a sidewall of the gate electrode; a
25  metal-semiconductor compound formed on each of an upper surface of the first
semiconductor layer of the second conductive type formed in the entirety or the upper
portion of the first flat semiconductor layer, and an upper surface of the second
semiconductor layer of the second conductive type formed in the upper portion of the first
columnar semiconductor layer, wherein: the first insulating film formed between the gate

30 electrode and the first flat semiconductor layer has a thickness larger than that of the gate
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surface of the gate electrode and to surround a sidewall of the gate

el ectrode; a 25 netal -sem conductor conpound fornmed on each of an upper
‘surface of the first sem conductor |ayer of the second conductive type
formed in the entirety or the upper portion of the first flat

sem conductor |ayer, and an upper surface of the second sem conductor

| ayer of ihhdatgeciindfoemed amtund ehd figecdloma@csilicont 1BgerUpREthe Rafetdl@roat hide
first columar sem conductor |ayer, wherein: the first insulating film
formed behigkass dasgergharethaooidhe sidewall-shapgd seronfliinsiating dlmsfermebroductond | ayer
has a thigckness | arger .th that of the gate 11 f insulating filmforned
ar ound tﬁﬁe FPR ﬁldgg’%ﬁ ﬁrﬁéﬁeaﬁﬁﬁ ?(@Wﬁn%ﬁ]/ Iy Wil (9atasting Betuppeksuntise af

t hi cknesgyd gétgﬁfecﬁ-&?en that of the sidewall-shaped second insulating film
fornmed to strround the upper sidewall of the first columar silicon |ayer
whi | e5conjo@ds}ji ng the upper surface of the gate electrode. 5 [0035] As
above, the nethod according to the first aspect of the present invention,
conpri ses theabiveptheafethdbaarbriingtofthe first agpesnoithe pesstanetneibaf congRes on a

substrate, and fﬁrrri ng a first flat sem conductor layer in an upper
portion & ses elifermag @ fisst erjumperesemipendurios dayer oh wnfbstrale mMndofoduingor

| ayer; f 1 a first sem conductor |ayer of second caqnductive 10 type
inal omgf;rgpp@%t TBHCBHUERE Jver iy aBoqu%Eggg’é‘n‘?fc%ﬁcﬁ? $te &3’9% runQ?ng’ﬁnﬁfSt
entirety Qfundfr setiiRShd ' : | - ] tar ! [

form ng g first Si nsul altjte?{ﬁgéy?ip’lfrgnﬁréltrngﬁin%lsg§}?%&mg§m§?gdlg\g\llgwy%fcg?%(é I F% €

col ultar tyiel inco bowaymirtian df dleofist thlntnar S$émichbaducks Mhfd A CAnOENtirt@Y&' an
formng a gate insulating filmand a gate el ectrode around the first

col ummar UBPgtinesien ofathe firstiflst a¢migordustatdeysr] foshingefise bonkdting Slmatéung o i | m
to surround an.upper.sidewal |l of 15 the first colunmnar_ silicon |ayer while
contacting & rrr’l'%Fﬁ’YfEir Ofs@‘F @E%C%?mf’ﬁem]d%&“elaé@e@%dr gwre dhe firgt dlag semisonducior

si dewal | .1 ; : e [ i N9 11| form.ng a
Second  Laen (OAEGeR BELRECARThd Fale fi el BB Wihel Tl Hlidh
portion biyet; errhinp s sidealIMiHaged sdcbhé msulANe rilmAadkubeuAd BY uBpSeaGHMdsCt Or

| ayer of a first conductive type between the first sem conductor |ayer of
t he Kecohy fosheniemnareilioppdayen avhilh eosteciomgiar? Opree sinfaedd¢hogatt aleetrodf ardhe

second conducti ve type; formn nmef al - sem conductor conpound on each
of an up e?ur?ﬁp%fﬁéé&ég‘fantoﬁgg? B8 tg]e*ggﬂﬁ?"c%"ﬁ{j (Pt ipgyatngdfing fernyeg érigeond
conduct i y iEé{IﬂﬁicﬁJPdla% HPRE&S s§c"6§1ﬁago%d8£ti\;eh?yp%eﬁlo% usp%gg' %89(90%%)? I’th&l, RS of

t he secon
columnar silicon layer, and forming a semiconductor layer of a first conductive type

between the first semiconductor layer of the second conductive type and the second
20 semiconductor layer of the second conductive type; and forming a metal-semiconductor
compound on each of an upper surface of the first semiconductor layer of the second
conductive type and an upper surface of the second semiconductor layer of the second
conductive type, wherein the first insulating film has a thickness larger than that of the gate
insulating film formed around the first columnar silicon layer.
25  [0036]

The above feature of the present invention makes it possible to provide an SGT
manufacturing method capable of obtaining a structure for reducing resistances of a source
and a drain, a structure for reducing a parasitic capacitance, a desired gate length, desired
configurations of the source and drain, and a desired diameter of a columnar

30  semiconductor.
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conductive type, wherein the first insulating filmhas a thickness |arger
than that of the gate insulating filmfornmed around the first col umar
‘'silicon layer. 25 [0036] The above feature of the present invention nakes
it possible to provide an SGT nmanufacturing nethod capabl e of obtaining a
structure for reducing resistances of a source and a drain, a structure
for redudPdijja parasitic capacitance, a desired gate |length, desired
configurations of the source and drain, and a desired diameter of a

col umar  30Ins B Bethad cceprding2to] @@3pleferfad ethbodimehiod! thecpestinh gntentiomea

preferred e dinment of the .presenf. invention, a |length between a central
axis of ﬂ?ﬂﬁ??’? SRS WQP%FIO?@%ETSE)?Q‘% siliqo dgyet ard gredes pEthe Bt unnar
silicon | au@knarSi ween the . central axis of
the fir stC% 5 Cﬂé?ﬁiﬁﬂ@%?&ﬁ%{ }Sihc ﬁpf}%"ge@rsgélngf %&gg%‘e\ﬂ%?ﬁenot% fﬁlgra# F?lg_tOfg]?ﬁ ﬁﬁ%ar
silicén Icaliginar shRoh hiyekags s tewaeofant @ir&t%%‘ll_hﬁ‘ﬁdr%ﬁic%h'lﬁ@er,athé 'ﬂhiElKr%“s‘é g of
the gate electrode, and a thickness of the sidewall-shdped secon

i nsul at i figg fgatemifsulatieg filon,sarthzlnesst b tsd dawaklecobdd hadgat dickabscbf ke and

the first, | nsngsgti ng film, This feature makes it possible to adequately
forma willsanpedoprraad dpswWefirgolitm Emmed etof pyrsaung ethe codrrvadt of theygate of

of the. 1 OB A & e s ey dpis b essdpdbpblerp Aded Bl e "
sem condugdAlsel@dRtuctdPc@ipdidd ro‘ﬁgﬁg ggﬁ séﬁ?doﬁ&@d?y%ﬁlagr Otfhl‘%: %éﬁ&ﬁ] condu{:tive

sem conductor |ayer of the secon uctive t or e “the entirety or
t he dfpetypepormédin e ebtietf br the Wppait p&€ioh oP feUfiisOflal @Mﬁéonﬂﬁétﬁﬁla@@ﬂsﬁné he
first columar sem conductor layer. 15 [0038] In the nmethod accCording to
one pr ef 8rdEdthe st pelepmnan fernisendictas dayeri 1o emtto ondudehe resjmanee edfeti riade has

a thickness. larger than that of the sidewall-shaped second insulating film
f or med tSergﬁPP(i}%ﬁ?f laper ?F;)'ﬁ‘grseg‘? fenducye Bpe fﬁrm%f It Sleusiaty <Or| the dRpetay er

mmkes | ¢ o (iiae 8 UEBGHCONARE Tals B BRLFE R R SPnEonEBlNG on
t he gatelsgkectrode, according to need, so as to reduce a resistance of the
gat eISeI e([:(;torgcg?e.
In the method according to one preferred embodiment of the present invention, the
gate electrode has a thickness larger than that of the sidewall-shaped second insulating film
formed to surround the upper sidewall of the first columnar silicon layer while contacting
the upper surface of the gate electrode. This feature makes it possible to adequately form
20 ametal-semiconductor compound on the gate electrode, according to need, so as to reduce
a resistance of the gate electrode.
[0039]
The method according to one preferred embodiment of the present invention includes
the steps of: forming a pad oxide film on the silicon substrate; forming on the pad oxide
25  film a first nitride film for use as a mask during the formation of the first columnar silicon
layer; forming a first amorphous silicon or polysilicon film on the first nitride film;
applying a resist onto the first amorphous silicon or polysilicon film, and transferring a
first columnar layer pattern to the resist through lithography to leave a first resist

corresponding to the first columnar layer pattern; and etching the first amorphous silicon or

30 polysilicon film and the first nitride film in tumn to form a first hard mask. This feature
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[0039] The nethod according to one preferred enbodi ment of the present
invention includes the steps of. formng a pad oxide filmon the silicon
‘substrate; formng on the pad oxide 25 filma first nitride filmfor use as
a mask during the formation of the first columar silicon layer; formng a
first anorphous silicon or polysilicon filmon the first nitride film

appl yi ng nzakeesi possibie ao tdoatrdl n Heighmarfpthe urss cblivamar eiticpe |1y | dceordirfg tam  and
transferring a first columar | ayer pattern to the resist through

| i t hogr agRifiminatienoka terminagen fmingef a fgrareﬁ%mmmg in Geshigsegiang stepol ummar

| ayer pat[(ﬁ(ﬁt{ﬁ' and etching the first anorphous silicon or 30 polysilicon
filmand (9 first nitride fi I min turn to forma first hard mask. This

feature 13 A RK&Sq 'af:copcﬂﬁ e}?t@fe%ﬂteﬁﬁ:lod afl.9 e &Es{e&pﬁw[aﬁtftﬁxt mSI%]dgsrm

silicon | ayer according t m nati on o aterm i on dry

et chi fig picoaesst fmﬁﬁgethsuba%marséxﬁmond&&meierm H@&&Qn%ﬁﬁ%&&' Withg O one
preferred enmbodi nent of the present invention iIncludes e step o

form ng theefifst rhswd qoaslirm Burisg rthis odrduettliing | myesss,bthealigt yretysous gilivoncas s
using the fjrst hard mask. During this dr%qetchl n? process, the first
aror phouBORHireR flmservipg gathe flé%rhfﬂfq Pisls il giched {heause pshanesria pessie | s

fully et 0 Sit t abl e by
a dry et g%%glgotna%%‘gg d&ec(%alﬁil%gy 3 %%tﬁ%ga@pm he%ﬁ}‘%@?&a‘ ﬁ%/ E‘S%Sri’(i?sﬁ’taenm ty
can be dei@&ioRdintedsetal Bt MBtedtel 86 ek a tdriHifion t 0
process based orrl1 tﬁ%edet ecti gner esuet to c%ntrcl) 3 hg?ﬁﬁth{cﬁ rrgtrrljglré{c?ﬁgl t he
first0copunesrbased bh ¢l détagtiim. refid0lEontion atﬂeegmﬁlﬁxhacbuap@pﬂﬂlﬁtgt ¢luang
preferred enbodi nent of the present invention, a height dinension of the
first anﬁ‘ﬂlﬁ%l@é’ery licon or polysilicon film before the dry etching 15

process ESS than that of the first columar silicon layer. This feature
makes it @é ible to adequately determne the termnation timng of the

Ot o G655 08Iy, T 00 SR 0 G008 Bt
oxi di zi nheightsdifrfeasion of theh@rsf arhsiphe@ dlie@r ospdlyGhon ﬁmebefbaéomlecaa} efhi
15 process is less than that of the first columnar silicon layer. This feature makes it possible
to adequately determine the termination timing of the dry etching process.
[0042]
The method according to one preferred embodiment of the present invention includes
the step of sacrificially oxidizing a surface of the first columnar silicon layer fabricated on
20 the substrate. This feature makes it possible to reduce irregularities of a sidewall of the
first columnar silicon layer for use as a channel region while removing a surface portion of
the first columnar silicon layer having carbon implanted thereinto during the dry etching
process, and protect the first columnar silicon layer from contaminations including a
by-product to be produced during a subsequent dry etching process.
25 [0043]

The method according to one preferred embodiment of the present invention includes
the steps of: applying a resist onto the substrate having the first columnar silicon layer, and
transferring a first flat silicon layer pattern to the resist through lithography to leave a
second resist corresponding to the first flat silicon layer pattern; and etching the silicon

30  substrate to form the first flat silicon layer, and removing the second resist. This feature
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20 the substrate. This feature nakes it possible to reduce irregularities
of a sidewall of the first columar silicon |ayer for use as a channel
Tegion while renoving a surface portion of the first columar silicon

| ayer having carbon inplanted thereinto during the dry etching process,
and protect the first columar silicon |layer from contam nations including
a by- pr ogiakds it possiblproadeqetc]d aciiag: @ iatebdegeaniolstion. et chi ng process. 25

[ 0043] The net hod according to one preferred enbodi nent of the present

i nvent i onl90A#] udes the steps of: applying a resist onto the substrate

having the figst columar,.silicon |ayer, an trapnsferring a first flat
silicon |aye ﬁgfe@é acf?)rdfl}getoroé’gi@‘ffg%ﬁ‘ﬁ Bﬂ@ﬂﬁmeph@gfiaﬁwemdnmao@ iggludgscond
resist c i 1 h i: £ i) i r.pattern; and,etching
the oi 11 cog S0P a8t A b Tt o' 6 By B B SV g
the seconshvimsibetfirsiTbélemhaatiiesh I ;&PA&@ﬁin’Etﬂl@tﬂﬂﬁ@bﬁdé (Pihﬁggﬁ’djéfcﬁlr% @ghi eve
an interelement isolation. [0044] The nethod according to one preferred
enbodi nerfilliag oxide filmagench & masndriasito allew udesfacd dfansipppspdfion dEMeFirsti Mg a
filling oxj.de E%In1on the first flat silicon |layer and substrate 5 having
the fi rstélﬂ:‘&"u & 1ibej EERsqdayldlis featuret makesgitt pessiblel to adequatiele aghitvy amnd

et chi ng t: illi xide filmin such a manner as to allow a surface of an
upper por1 ggﬂé%%ﬂt?%éﬁﬁnrst flat silicon |layer to be exposed. This feature
makes it[pgﬁﬁible to adequately achieve an interelenent isolation. [0045]
10 The nethod according to one preferred enbodi nent of the present

i nver®i on i ntheethodtaoenrdingpo ohe ptdiaraf fibddiBPRCETthd ?fegéﬂt iRRnAh tlefides
sidewal | of the first columar silicon layer. This feature makes it
possi bl e thostep &ficthe offet sppearifeynationranbidi mifleval bt first colmhesilisordwal | of

the fi I ilicon l.ayer during an i rity . injection process.
R R G AR Ry AR RN
present isi@allic?the filecollihhditsiiilo 'l%}%gd{p?%%%n ﬂltxcpot.{rmn &(ﬁ%nd conductive type

is formed in the |ower portion ob FooSen cotduct or | ayer
and the ¢b@dajety or the upper portion of the first flat sem conductor
| ayer by introducing an inpurity of the second conductive type into the
firstd In the method according to one preferred embodiment of the present invention, the
first silicon layer of the second conductive type is formed in the lower portion of the first
columnar semiconductor layer and the entirety or the upper portion of the first flat
semiconductor layer by introducing an impurity of the second conductive type into the first
flat semiconductor layer having the first columnar silicon layer with a offset spacer
20 through an impurity introduction process comprising an impurity injection process. And
then, the offset spacer is etched. This feature makes it possible to efficiently form the first
silicon layer of the second conductive type.
[0047]
In the method according to one preferred embodiment of the present invention, the
25  first silicon layer of the second conductive type is formed in fhe lower portion of the first
columnar semiconductor layer without injecting any impurity into the upper portion of the
first colummnar silicon layer. This feature makes it possible to easily optimize conditions
of respective impurity injection processes for the upper portion of the first columnar silicon
layer and the first flat silicon layer lying the first columnar silicon layer, to restrain a short

30  channel effect so as to reduce a leakage current.
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flat sem conductor |ayer having the first columar silicon |ayer with a

of fset spacer 20 through an inpurity introduction process conprising an
‘inmpurity injection process. And then, the offset spacer is etched. This
feature nakes it possible to efficiently formthe first silicon |ayer of
t he second conductive type. [0047] In the nethod according to one

pref erred0e#odi nent of the present invention, the 25 first silicon |ayer
of the secongd conductive type is formed in the | ower portion of the first
col umar sent Bomghed secqrdipg o gne Resderradrrabadimgntarfythe passant inventienvinchdesipper

ti Fi.rst..col il | Thi s f.eat k t
oo Ul B P Vol SR T et o
processes;ilf@t L& HBRACLtePInt ﬂ'ﬁ@ naQf i %il{c!oﬁslﬁy&f) :izy A asﬂ'l%ﬂlﬂn%g Eh?tl A Cfirs (r;d

the first flat Silicon layer lying the first” columar si ayer,

restrai n insubhingt filnBehatdrah depositd absvesiearst GoluRERCHlicor] RIKRGRI Giouh&Mke 15
[0048] The nethod according to one preferred enbodi nent of the present

i nvent i odoveictidated] afithe Hrse pelumhar silbguwslaydrrygs a thickress langen Hmhitisg of ithenfirst

mat eri al . #fve aFF aroung ahe f%{st columar sjlicon |layer fabricated on
the first®{2mesiim Jpgfepay deposited aipurd sanramgeredigguppeiesifiewall of ghe rdngt at i ng
film materq e [ firpst | umar. sil.jcon | ayer an round
t he Iom?ﬁg?%]ggmﬁﬁéd&q e?)?al}ﬂ gs%ﬂ?@ig u%lnearfﬁ Sgi !"?Sél%ﬁngab_ L Héleftaﬁ‘?‘ﬂ%ng]%es

| ar ger tmﬁenﬁémdte/aﬁpérfsﬂiewalnsiffthé ﬁ?éﬂ:ccﬁidnﬁglr fsil%c@h TBeEhd .?c!rmdfﬁglqﬁktt iﬁg!ulgﬂri] nd an

i nt ernedi at e/ upper sidewal |l of the first columar silicon |ayer;

et chiltg thm dhavstthe dustl edlimgarf silicommidyer iaad asmdnthet loever isideealradi @t efmpper
sidewal |l of the first columar silicon layer to formthe first insulating

10 fi | m SBW9maE pilicen layer, apsushianansier pe nhavayaethicknepsdareenbian that bbthergate

si dewal | . ; ir col umar sili.con layer,. .in such ner as tqQ have
a thi cknér%tsﬂalhgg éﬁ’a‘?‘ 15 e £ t“%‘?‘dtsth%h’&gf‘ém“?{‘ﬁ% Siisen ﬁéeff : TSR Makendy
around t Bgssivis & g@&elg’@@é_&“:é idi itaakS feature makes it possible to
reduce abgat e-sortfr ce par agi tri cﬁ&gaﬁé%‘?[ g‘r:llce.b'[ 0049] 15 In the nethod
accor di nf0G46]one preferred enbodi rent of the present invention, the gate

insulating filmis formed on the sidewall of the first colunmmar silicon
| ayet> wi t h dnfthe srethadagegording toopnenprefared srbadimensrofcthe @esont inkentiony e f | at

silicon |g§1X %s‘ula\{\{ﬁg rfﬁllnr}s %ohn%eg%%qgg sidewall of the first columnar silicon layer with a first
hard mask of nitride film fabricated on the first flat silicon layer, wherein the method
includes the steps of: forming a second amorphous silicon or polysilicon film serving as a
gate electrode material, on an in-process structure obtained by the step of forming the gate
20 insulating film, in such a manner as to allow the first columnar silicon layer to be
embedded therein; and polishing the second amorphous silicon or polysilicon film by a
chemical mechanical polishing process to have a flatiened upper surface. According to
this feature, the nitride film serving as the first hard mask can be used as a stopper against
the chemical mechanical polishing process to control a polishing amount with enhanced

25  reproducibility.

[0050]

The method according to one preferred embodiment of the present invention includes
the steps of: etching back the second amorphous silicon or polysilicon film serving as the
gate electrode material, to allow the gate electrode to be formed with a desired gate length;

30 and depositing a first oxide film on an in-process structure obtained by the step of etching
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i ncludes the steps of. form ng a second anorphous silicon or polysilicon
filmserving as a gate electrode material, on an in-process structure
‘obt ai ned by the step of formng the gate 20 insulating film in such a
manner as to allow the first columar silicon |ayer to be enbedded

t herein; and polishing the second anorphous silicon or polysilicon film by
a chemi cack thecdramdahonphbussdificog qrrpoteiioh diliav & caordinytth €liie eatlPP.ahe Skt f ace.
According to this feature, the nitride filmserving as the first hard mask
can be usedduflm can gupest angurnes surfageeofcthe rgatsalestemsisalivoal wpottckihg myg doy ocess
to control ;a polishin armupt L t.h enhanced 25 reproducibility. [0050]

The met hodCHRE SOy & B8 dEopmEd df cbahboRuisal ARt S8 1S ReSIBPESL AL NG 9E1 on

i ncl udes 4t ' i.licon Q

pol ysi |1 canior nPBE sdlc 1ohk B aahAGY of R SRCARI-AUPERNH P rpPlufbre garc
el ect Sodexftilee fte Elect@mit. Wi th a desired gate | ength; 30 and depositing a
first oxide filmon an in-process structure obtained by the step of etching
16 back t[A@5Hecond anorphous silicon or polysilicon film According to this
feature, the first oxide filmcan protect an upper surface of the gate

el ectrode frbh Bethed aseardingdo gpe arsferrest embatimpntaddhe preserp énvsatiominghudes n a
b . t . h . iation i t

Tength ot Sepeeh R b S RSE ot e Bl st Bigreck e 9% 5 o

the gate gki@stmigier bR hird THSulIBL 2EnaG %gﬁl,t dt é}cﬂﬁg tgcg %frﬁ)é;gn&‘en S

enbodi mrent of the present invention inclu e step

secon@ niapplyitey fi bottomm dnbiereflegtst evatide (BART) edyehidngo bacik-frbeess etRBshre
nitride filmto forma third insulating filmsidewall, and etching the
first oxioltted by theostepof wiahipeabaskt the rseeamdi nitridel Blon.i applyingtimgjst BARGe | ayer
onto an iy, cess _structure obtained by the step of etching back the
second ni%flpggaﬁr’l ARd LARTEHiAg %g?tgswlgxpgd%pgmt Wehlesfﬁﬁ?f fhsgueh, lithpgraphy to

t ransf er giRg 1 ] 1 eS| t | 4 raphy to

[ cave & e a ARG LB ATRETE g Bt NErhERATn, TN BARCHAE e
BARC | ay e, snnd atoeplsoas Gilitoa ni rjolpilfcosi filnt 6iving R0hY Shlel 8ol lmats@41Vi ng

as the gate electrode material, 15 using the third resist as a mask, to
formla gasiegdhedhirbirsisbesy mask, i frmea gatel dectwide dvdy mal e grie tWieng athich
\?VleteCt r Odleriakg %{J ttlrlley gartg gl%gtirgl&; %)Qrt yfrei:rius);[finjg rt}'lseu#ir%% iinglﬂatfil;gl itl?nP gy 2 dlgyr e):{cchei;[lg g; \?vgt or
etching to allow the surface of the first semiconductor layer of the second conductive type
lying under the first columnar silicon layer to be exposed; the removing the resist and the
BARC; forming the fourth oxide layer on an exposed surface of the gate electrode and the
20 surfaces of the first semiconductor layer of the second conductive type lying under the first
columnar silicon layer; removing the first nitride film above the first columnar silicon layer
and the second nitride film around the first columnar silicon layer by an etching process;
and removing the pad oxide film, and the first oxide film and the fourth oxide layer. This
feature makes it possible to form the gate electrode around the first columnar silicon layer.
25 [0052]
The method according to one preferred embodiment of the present invention includes
the steps of: forming a third nitride film on the first columnar silicon layer fabricated on
the first flat silicon layer, the gate electrode surrounding the first columnar silicon layer,

etching back the third nitride film in such a manner that the respective upper surfaces of

30  the first semiconductor layer of the second conductive type lying under the first columnar

17




etching to allow the surface of the first sem conductor |ayer of the second
conductive type |lying under the first columar silicon |ayer to be
~exposed; the renobving the resist and the BARC, formng the fourth oxide

| ayer on an exposed surface of the gate el ectrode and the 20 surfaces of
the first sem conductor |ayer of the second conductive type |ying under the

first colilivonaeye) hndtr Wppye portiof MIMhe girdthe i tsifiohl Tafe, ikl dxpafayénd he
first columar silicon layer and the second nitride filmaround the first
col umar fermingarsependdnsulgtingrfilet siewaj] grviog ss the adrivalleshapédhepcotbingaldtinki de
film and.,the first oxide filmand_ the fourth oxjde |ayer. This feature
makes i tdeB% g‘? greoungd thegenpet ﬂée‘ﬁajr gf ‘%‘P%&%ﬁ%iﬂ@%éﬁﬁﬂn {ayer while sordanting i
silicon | T ccor di t Q. one, pref erred .enbodi ment
of the pr@églfurfaﬁgecﬁg ?%%Lfen%l_?ﬂ_gﬁgé %{ﬁh@ gsi}r{eobl%lﬁgdfl? SI‘dg‘rNﬁIl nodretée Ef %}eﬁ})c{d'ei de
filmen tiloducliat arCRApUIRRLS Sid §c60M béhdttitalipk Gatafle %@¥ertﬁb%$ﬂ b8 thef 1#:%6

silicon layer, the gate electrode surrounding the fir col umar silicon

| ayer, eobivimg sizok layee thiougld aniimpindly hirdodudtionsprobese comprising tahaitnplukiey
respective upper surfaces of 30 the first sem conductor |ayer of the second
conduct i VEIEERGHePIogesagtoy oy the secandy shicanolayiemef the1secend ¢andnctiveyiope immkk t he

ti . the first I . Si Li I : ) d, d
Form ng_ AP8cBtion L PGSR af fandricro s G UE SHorchag.el ecibed
second | ReuhiikOdypd blilled e i Yhnt BGeLBP R SIRRbEgREVE NFpd i lne
columar silicon I/ayer wﬁl | e contacting the upper surface of Rhé gate

el eci®odaseand silizos liyepuftie sb@ndicorhitive Bfpel iRl Bahmes] 6t MEAEHIR siidh 4sqduci ng
an inpurity of the second conductive type into the upper portion of the
first c@ll‘{l/fﬁh@il) §im joe eobaly €¢o)tfHmo og thearespavtive exposediswrtae of thenfipr oiess

of The sebshat anirahtd sendishes e R EE Sl cBorerombm BB rEe cEtmar
ili I < il f . first duct |
bet woon e T Py St HREKROR SldER: (BYE 8 epbiini frfoess “EOBHTANE AR 1o

second  Sindtaldliml 13 Yatica fredthRns 86@ R GaRE BE bty ?Qﬁt otk RQAF-BEA8d &l {oSt
metal filmsuch as a nickel (Ni) filmor a cobalt (Co) film on the
r espétt i fames pogeldsemiednsluetopicompeurfd psteash loif dlon firdt aylimondhydrhe e cecwhd

conductive e and t gate el ectrode, .and an upper surface of the second
silicon 8‘?“‘{“% V%@B‘Bﬁ’&‘p ﬁ’ﬁr?&‘éf@@i siieopyeer ofthesseeondk qaAndtiye syRrse e Seconling tect i ng

of the. hot TRrE ot b fecfpd® Shd bR TRE oy Wltcoh TR ol R 0R GRGHENsh - ach
of the fiypstfoshéd afder! @Y SirsOLoliBas SGOMH layer and the second silicon layer of the
second conductive type formed in the upper portion of the first columnar silicon layer, are
20 1solated from each other by the second insulating film sidewall. This makes it possible to
prevent a short between the gate electrode and the respective ones of the first silicon layer
of the second conductive type formed under the first columnar silicon layer and the second
silicon layer of the second conductive type formed in the upper portion of the first
columnar silicon layer, due to the metal-semiconductor compounds. In addition, the
25  upper sidewall of the first columnar silicon layer is covered by the second insulating film
sidewall. This makes it possible to prevent a metal-semiconductor compound from being
formed on the upper sidewall of the first columnar silicon layer.
[0053]
The method according to one preferred embodiment of the present invention includes

30  the steps of: forming a contact stopper such as a nitride film, on the first columnar silicon
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conductive type and the second silicon |ayer of the second conductive type.
According to this feature, the gate el ectrode, and each of the first
'silicon layer of the second conductive type formed under the first
columar silicon layer and the second silicon |ayer of the second
conductive type fornmed in the upper portion of the first columar silicon

| ayer, arlay@Otzbgoited ed the dimse fleh sbicherlayey, theegsie eboedoin Suradridivg tHdl st
sidewal . This kes it possible to prevent a short between the gate

el ect r od& ORI gglcroééﬁ@é;t opaingrretdhitdroxidealilm pesvingias jap dnterlayes insubting Hdms econd

duct i d he first | ili [ th
cecond ot MECRor ROt Rl blferild Bl it PORE (DL bF ot sRER e gipbr
portion gfolikhigg fpkdcess; f&%iﬂg’ﬁ%ﬁn'ﬁbﬂ 1'1(%95}1 {HRYfifed ogﬂg g’fh‘ﬁ étreb?sigipxa on the second |

nmet al - sem conduct or conpounds. In addition, the upp ewa

first Scolsilivear lagéd b alfe keyad ddhdeairer 8@e prhbe is aROPpéMpsrtidhi st Fimd
sidewal | . This nmakes it possible to prevent a netal -sem conductor conpound
f rom bei rfglummr sligon ayen dy apséehing prowess foominghtevof jongact balbuimthe thitd dxdde

| ayer. [qﬁ§§% The net hod accordin% to, one preferred enbodi nent of the
present iHPeft iPGHUPAY IFJESPEAiye : WPeE isidss off ther birsti sbcon dayist ft thst sssprd such
as a nitr, | f it .COl r silicon I fabr.i cated on
The 1 rseorrst VerTne gL e ity YHRynht bR of Mg G Bt Ahiey

col umar lgjek ilgiap dnd¥eihe iRt BoIMnar bifibéd 13%E dRditht BaRelYiRYe a8y aR éé&ﬁlfg | ayer
insulating film on the contact stopper, and flattening the %hlr oXT1 de
fil mBy gredesmictchingntbe particnadf thp obdmtsttistpppr coesponding i thg réspe@iveadhtagpl € i n
t he thi rg xide filmat _ positign on the second 5 silicon |layer of the
second cORESCHIY Eatyrpmakes fpessible tvedvgspatesisiened efitheconisns. first  col ummar

silicon I[(%ysg{ﬁ, by an etching process; formng two contact holes in the
third oxide “filmat positions on respective upper sides of the first

silicon | ayefheofentiBoh @@ Mdvics HEMALHeVH hYREcdHar %E?gﬁ;ti ytlrhgg)r‘gs@h{ gn%{e%’%o _the

upper portion of the first flat sem conductor | nde irst
col umar cemprigesn a fysr {latasanichsdugairelagére Cdriedeon by sast@tec i Mast18o1BMASESS;
etching the portion of the contact stopper corresponding to the respective
cont &¥t SHBicarduciy; layerclarmed opdhe dirst g gsemiiesinduetor fayd o fisst sewicondwdter of
(e oo 855 oF O ng DR LU B I P S0Py 6 S 0ERIS,
layer fopdRidoRthctor SRSl & eftitbly &t arf Apprtion of the first flat semiconductor
' layer; a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer; a semiconductor layer of a first conductive type
20 formed between the first semiconductor layer of the second conductive type formed in the
lower portion of the first columnar semiconductor layer, and the second semiconductor
layer of the second conductive type formed in the upper portion of the first columnar
silicon layer; a gate insulating film and a gate electrode which are formed around the first
columnar silicon layer; a first insulating film formed between the gate electrode and the
25 first flat semiconductor layer; a sidewall-shaped second insulating film formed to surround
an upper sidewall of the first columnar silicon layer while contacting an upper surface of
the gate electrode and to surround a sidewall of the gate electrode and the first insulating
film; a metal-semiconductor compound formed on each of an upper surface of the first

semiconductor layer of the second conductive type formed in the entirety or the upper

30  portion of the first flat semiconductor layer, and an upper surface of the second
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15 seni conductor layer fornmed on the first flat semiconductor |ayer; a
first sem conductor |ayer of a second conductive type fornmed in a | ower
"portion of the first colummar semi conductor |ayer and an entirety or an
upper portion of the first flat sem conductor |ayer; a second

sem conductor |ayer of the second conductive type formed in an upper
portion cfmideadidtorslhyeraif timnsecomsd torcloativeatype formedemitleongecpatioh ay dfe ikt a
first condfjcti ve type 20 formed between_the first sem conductor |ayer of
t he secorf8lvEyREsemicordyciqsdayesy waereimthe fist mswating Gim iformeds batyyeers the gate

Cecona conauees O 3ty B S Bt Taar s RERR e B 1oLt Hatmmar

il con lifing KA Andd BbhR P GrdlcbRMAAABodplgee] ectrode which are for med
around the first columar silicon layer; a first insulating filmforned

bet ween f0@55gate el ectrode and the 25 first flat sem conductor |ayer; a

si dewal | - shaped second insulating filmfornmed to surround an upper

si dewal | of InHbe semisendyston dgsice gpdardiog to syesecomd hspectoofithe prasgntanvenpipsy
surface af.. the gate el ectrode and to surround a_sidewall of the gate

el ectrod glfgeﬁﬁlttvﬁgagqsrc@é‘ %F Renied forFgspertiyspnes #éb%fm% seRcaRinstar daves efPvund
formed o u r f 1 first sem conduc l.ayep of the
second cg%cg’ggﬁo\%gu%{rge%grfﬁeﬁgéé ?1191?[ Hg e@h%ﬁ edtryﬁdgrul%l}ﬁre plﬁ’ﬁtboenr oggﬁepéﬁgti gﬁt of
the firskerhicahd @ISR BHAS Bhddr WeSfirst ENEMAR MRAGINdSHE BEE, B g{a{&eel&%%ﬁg,d 19
sem conductor |ayer of the second conductive type forned i nthe upper

port i®n efd thvesecomd semicohdiwnarlapenifctha duaindr cdndyeive whe f@imedtinethé uppér

insulating filmforned between the gate electrode and the first flat
sem condBETEP afdhe firsh selumnan semiceaduqier lgrer. + fraaddifien. retpeetiee tpatstances of

i nsul ati il mf.orned around.the first columar silicon |ayer. 5 055] In
the. som L8t oG R 1O B ieeusoblit iRt Rire Jomeef o ety ob i

i nvent i ofpperdpdrtish oot EOl0BIS SARIRBRIARA 188r 9inke TRES {h}éeﬁ%@e&h%n%]rhe
first sem conductor |ayer of the second conductive type fornmed in the

ent i r et ysonicotinctop dayer,pard the rsecdndt eenitdridnttor llder of ed seeoad eboductiay &fpel Yi Ng
under_the first colummar sem conductor |ayer, the gate electrode, 10 and

the Stcofimsdindbeguperoportiay of th fitH ccolmpnms sepbrradaetpy tayey sen fher iedecedn t he
upper pgjhhiegerauo.f t he ef_si;rst col ymar sgﬁ}conduct or layer. In addition,
respecti ve T oal SPEAGEE B IESIG@PadBite onduct or | ayer of the second
conducti[m%}/pe formed in the entirety or the wupper portion of the first
flat sem conductor |ayer |lying under the first col umar

The semiconductor device according to the third aspect of the present invention

comprises: a first flat semiconductor layer formed on a substrate; a first columnar
20 semiconductor layer formed on the first flat semiconductor layer; a first semiconductor
layer of a second conductive type formed in a lower portion of the first columnar
semiconductor layer and an entirety or an upper portion of the first flat semiconductor
layer; a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer; a semiconductor layer of a first conductive type
25  formed between the first semiconductor layer of the second conductive type formed in the
lower portion of the first columnar semiconductor layer, and the second semiconductor
layer of the second conductive type formed in the upper portion of the first columnar
silicon layer; a gate insulating film and a gate electrode which are formed around the first
columnar silicon layer; a first insulating film formed between the gate electrode and the

30  first flat semiconductor layer; a sidewall-shaped second insulating film formed to surround

20




sem conductor |ayer, and the second sem conductor |ayer of the second
conductive type 15 formed in the upper portion of the first col umar

“sem conductor |ayer, can be reduced while reducing a gate-source parasitic
capaci tance. [0056] The sem conductor device according to the third aspect
of the present invention conprises: a first flat sem conductor |ayer
formed omnappubsdevetleof theffirststohonharmsilon 18yes evtiileandtacting ah apper sucfaceof on
the first flat sem conductor |ayer;_ a first sem conductor |ayer of a

second c&??d%?é% Flpetredepand; t9r syegun aéldemﬁrofﬁ%ff gite glestrodqand thedirsticigruating
d d t t f th f1at
son conatipop mdEeniBéhiiof TobEidd BraRl QsPBEh Ak o‘lr‘POH%ﬁgu‘fJ%Cc?g et | ve
type for ﬁ&ﬂlcbﬂd&'fbrbﬂﬁ?&r of BRIt ectndhbﬁvef t,{p%tfoﬁeédl %‘lt{l;ét?o& tIhQXﬁéer .
r e t first

sem conductor |ayer of a first conductive type 2 et ween

seni chndpettion bhyke fakt tfhe sedanducondugd) ved tapephar Bdadenof RBe deERIr
portion of the first col umar sem conductor l|ayer, and the second

seni condeerisenducipydayesfof theesesensoenndaeiiype framed pe thieaippreripdrtion bé thedrer
portion of the first |nsulat|ngfllmanda

gate el e EQIPBE Wl{fﬂncg’r%{é’? %&‘Hﬁé&{e’:‘}gﬂ@ t{‘rﬁémﬁ’r‘lﬁglﬂg E:"gl fopmesy betvesnc s Slaﬁyer a
first | néfél:t?%dugz?lg];ﬂh%: @rgt%a@g&nggﬁa&ﬁ} lﬁﬂeg h%gltaethl%iq? 5 ﬁaggq' tRaH ’[har| ?f &10 gf':l{ rst

flat sem con ayer; a sl ed secon et ng Sr med

to surroundlatid M fRRed ashdRWak! fief c<smﬁnaﬂ Eifitor® RlydAMad §'1éﬂgﬂPBet|v@¥§ra whi | e
contacting an upper surface of the gate el ectrodé and to surround

si deWaI | coftral amis gt the dirstodolwobear asildcomhlaydri arett ari edyel @t thadiréti dolumaar S111con
nmet al - {%conductor conmpound forned on each of an upper surface of the

first f laysmsdysaibena spmeha Eﬂgfélr@ﬂg%e@dh@ Cor s |0i6éhet@q§bcq1@mﬁ%,roﬁﬂilwnt he

entirety aord 1on, of th irnst f m conduct or.

an upper #“ac%gigg‘g?lhgf g‘ec%ﬁtac olygpar s (%C(?Bé?’yef 4‘%@8@“’8?5 ?tﬂtg‘e §3@dﬂﬂﬁf}img
conducti ﬂﬁnt ¥ RRickIs5RA the gtaﬂaeeEéE’tP&fe RAA td Bicidbss BE e §1§5wal?%dg Qkcond

seni conductor |ayer, wherein: the first insulating filmformed between the
gate el sstlatnefibndoried t6 isusouridl the sidewalt ofiths ghtereldcayde ahhedirstihalknmgs

| arger than that of the gate insulating filmformed around the first

col ubmar i8R j con | ayer; and a |l ength between a 10 central axis of the first
col umar U%I‘J'J?LCOH | ayer and an edge of the first columar silicon layer is
| ar ger t sum of a length between the central axis of the first

col umar si ik @RMNendietRlLCBP Qeﬂcéb&%ﬂﬁﬁé tPfhe thiSd higesl of AL WRAT: iSYdnkicRNn! Ver,

the thickness of the gate insulating
addition to the advantages of the Semlconductor device according to the third aspect of the

present invention, the metal-semiconductor compound can be adequately formed on the
20  first semiconductor layer of the second conductive type formed in the entirety or the upper
portion of the first flat semiconductor layer lying under the first columnar semiconductor
layer to reduce a resistance of the first semiconductor layer of the second conductive type
formed in the entirety or the upper portion of the first flat semiconductor layer lying under
the first columnar semiconductor layer.
25  [0058]

The semiconductor device according to the fourth aspect of the present invention
comprises: a first flat semiconductor layer formed on a substrate; a first columnar
semiconductor layer formed on the first flat semiconductor layer; a first semiconductor
layer of a second conductive type formed in a lower portion of the first columnar

30  semiconductor layer and an entirety or an upper portion of the first flat semiconductor
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fil'm a thickness of the gate electrode, and a thickness of the

si dewal | -shaped second insulating filmfornmed to surround the sidewall of
‘the gate electrode and the first insulating 15 film [0057] 1In the

sem conductor device according to the third aspect of the present
invention, in addition to the advantages of the sem conductor device
accor di ndayas; atsecdnidi sethiesmiactor ddyet € the seadtcondv@iveitgpe fdrfed in an upper

nmet al - sem conduct or_ conpound can be adequately formed on the 20 first

seni condRABN phiie firgrcotumnag sidisor layen quremicaadbstorlayer efgdfitshcandectivet typet y  or
t he upper i,on of the first flat,sem conductqr |ayer |vyi under the
first colfﬁnnﬁ%[ E%tgﬁ?%%‘ﬁﬁﬁttsgwcqngf}‘étf’r {agerr%‘ﬁﬁ‘ééecé’ngég?@gﬁ% PS;}gflnFFéi injthe t
sem cond Ve t c%?’lﬁﬁﬂé j e, qf i ntirety
or the ugggr&r B%I?i%sﬁoorfqg? ﬂtilﬁe Ir st&l %@%@gﬁxgéﬁgﬁn&ﬁg ggée%rn drsﬁhﬁ‘g"“?%%? t he
first Scollayarasf theneamadesidostiveatype foded BOER] ufRe pRRMBCONCHRS IRMinae
according to the fourth aspect of the present invention conprises: a first
flat semstineddexesra gatg asulatingddmomda subskecmods which iaresformed aronad the first

sem conduc{ or layer formed _on the first flat sem conductor |ayer; a first

seni cond fRMERRar sicep 1gera St dnplatmgdim farmed \hsbvees, the gaterelectiodaand g t i on

of the fig.gt m condu r layer and an entiret r an upper
portion of;r&tfl'l?g g%rﬁggﬁﬁqcfogtlg}g%’rﬁ %lg%wd%%qb%peggicopgw}@tlag g%gﬁﬁg‘lsdgtﬁl SEBRYt or

| ayer of ahn@peeGasehlCONGE GV MRS sIROABydr iR éb?lpa%ﬁn ngﬁli)gaﬂsuﬂfa%é Qlte ,
first columar silicon layer; a sem conductor |ayer o %1 i st conductive

t ype 10f ortiegatb elcoeade drdetofsurretind & sidewall of tler gdtayiectrale; b hectaaemdbnagagct i ve
type fornmed in the Ilower portion of the first columar sem conductor

| ayer, af@mPREd frmsd %ﬁacgio@fdmﬂlaperwr@y@rof dhe ffing ssmiemdudon tiyet of ¢het ype

f di h . ti f,t.he first | il | X t
101l 118 AR OLHLOR ks oL st oL vmer ST con taer; angal
col umar s&hicbﬁ%tdre}yfe&,?anﬁ a]}l'tfpﬁér dupspd gﬂ the gegdnh%ﬁlwog&'\%t%géﬁl%? ﬂ%hs%c e

el ectrode and the first flat sem conductor [ayer; shaped second

i nsul at i egnduictive fypenfstned s tier apged postiorupPefe Sist e¥Rinaoferhidbnductattiag! urmar
silicon layer while contacting an upper surface of 10 the gate el ectrode

and 12 sttesifidhs fdiwlabingfiiloh frgedebattvenr thedgate xlevsodé 2sdthe dirduflator
fg;ne)?u 2? s%rﬁlrgggguc%rr] lg)ae% agfa anlill%?Se{argseli‘I rtflgl‘? %’1&? fOfttﬂee gfatle rlgguie?‘[?nrg El].?l? %g%e%r

around the first columnar silicon layer; and the gate electrode has a thickness larger than

that of the sidewall-shaped second insulating film formed to surround the upper sidewall of
the first colummar silicon layer while contacting the upper surface of the gate electrode.
20 [0059]
In the semiconductor device according to the fourth aspect of the present invention, in
addition to the advantages of the semiconductor device according to the third aspect of the
present invention, a metal-semiconductor compound can be adequately on the gate

electrode, according to need, to reduce a resistance of the gate electrode.

25
BRIEF DESCRIPTION OF THE DRAWINGS
[0060]
FIG 1(a) is a top plan view showing one step in a method of manufacturing a
semiconductor device, according to one embodiment of the present invention.
30 FIG. 1(b) is a sectional view taken along the line A-A' in FIG. 1(a).
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second conductive type forned in the entirety or the upper portion of the
first flat sem conductor |ayer, and an upper surface of the second

‘sem conductor |ayer of the second conductive type fornmed in the upper
portion of the first colummar sem conductor |ayer, 15 wherein: the first
insulating filmformed between the gate el ectrode and the first flat

sem conduct oFIG. &yaris hayp @art hicolshesing @aregedp ih it medad. of the gate insul ating
filmfornmed _around the first columar silicon |ayer; and the gate

el ectrode haEIG 2{iig & sessionalarieye taken along thelincok-A' ireFKG @éal | - shaped second

i | at i fi . t d.th id | of the first
co urmar i | FISAPA)BioRaeT HewgHpisi G SRRan SiyBhedr 1 ace of the gat e
el ect rode. 20 8059 o Wb SEPIRBRINGE e FEVA 58 iRoRdhng Lo the Fourth

aspect of the present 1 nvention, In ion ant ages of the

sem c6nduct oFIGid) ¢€a BPGRENiBE shewildenkRidpdn aepasho@f the present
i nvention, a netal-sem conductor conpound can be adequately on the gate

el ectrode, af€pAdi)nga sestinea djew tikerdloog the liresA-gt' #nEKS. dfa)t he gat e el ect r ode.
25 BRI EF DES@@P&O\I OF THE DRAWNGS [0060] FIG 1(a) is a top plan view
showi ng one p(@ & atopdlanodeyshoringrons sispith reanetbedri conduct or  devi ce,
according t ] i ment  of e present..i nventi FIG 1(b) is a
sect i onal v%@?@ggg Cﬁﬁ%alfhegvfag%glﬂp%\ﬁwilﬁwgé T’(gf)r(]; 58’32 FIG 2(a) is a
top plan vi efw@bfa%rwtog S$&R shéwin %nlé"éiep%’th Fh&nad ) 1s a sectional view
taken along the Iine AAA in FIG 2(a). FIG3(a) 1s a top plan view show ng
one $0ep i n ElGe6fiiswskctibhdbyie3( faken sloAg drdinepal inflenstagken al ong the line

A-A in FIG3(a). .5 FIG 4(a) is a top plan view show ng one step in the
met hod. FI G EGpY(a) is atop glan denishewiagonagien imfhemethdre [ ine A-A' in FIG

) S i A R SR AR A P 1T " B
et o PSSP et R 71 2D 15 2
FIG. 8(b) is a sectional view taken along the line A-A' in FIG. 8(a).

15 FIG. 9(a) is a top plan view showing one step in the method.
FIG. 9(b) is a sectional view taken along the line A-A' in FIG. 9(a).
FIG. 10(a) is a top plan view showing one step in the method.
FIG. 10(b) is a sectional view taken along the line A-A'in FIG. 10(a).
FIG. 11(a) is a top plan view showing one step in the method.
20 FIG. 11(b) is a sectional view taken along the line A-A' in FIG. 11(a).
FIG. 12(a) is a top plan view showing one step in the method.
FIG. 12(b) is a sectional view taken along the line A-A'in FIG. 12(a).
FIG. 13(a) is a top plan view showing one step in the method.
FIG. 13(b) is a sectional view taken along the line A-A' in FIG. 13(a).
25 FIG. 14(a) is a top plan view showing one step in the method.
FIG. 14(b) is a sectional view taken along the line A-A' in FIG. 14(a).
FIG. 15 (a) is a top plan view showing one step in the method.
FIG. 15(b) is a sectional view taken along the line A-A' in FIG. 15(a).
FIG. 16(a) is a top plan view showing one step in the method.

30 FIG. 16(b) is a sectional view taken along the line A-A' in FIG. 16(a).
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FIG 7(a) is a top plan view showing one step in the nethod. FIG 7/(b) is a
sectional view taken along the line AA" in FIG7(a). FIG8(a) is a top
‘plan view showing one step in the nmethod. FIG 8(b) is a sectional view
taken along the line AAA" in FIG 8(a). 15 FIG9(a) is a top plan view
showi ng one step in the nmethod. FIG 9(b) is a sectional view taken al ong
the |ine A AIG h7(B) 5agppplan viRivGslkO(ing ons step irothe pleshmdvi ew showi ng one step

i . _10(b) s, i gnal _view taken along the Iine A-A" |
G 10(a).  H0CE) sy ertonsT vy Ehema onee dRed-gndHe. i | n ] 'lhg;em h;)dl. ’
' i ' ken al he line AA in a) .
IZZPGFllg(;)l (e %?;(Sf%%&hﬁ’@?éﬁégﬁ%ﬁvﬁ“ﬁlafﬁﬁ%fgﬂ et et hod. R G 12(b) is
a sectional MGeysbpiserseatidiabviehaltdnBory the 1B AEAGH F:i%(b@)(a). FIG 13(a) is a

top plan view show ng one step in the method. FI G 13 “I's a sectional view
t aken5 al ong Klfvel%(anis aAepplan vicw Showidg ane ste2n the Gelldida) is a top plan view
showi ng one step in the nethod. FIG 14(b) is a sectional view taken al ong
the line A AIG £9(]1) isanggtipnal vipwdakensiqng) the ding Ardpngill@n %a)ew showi ng one

t inth t . FILG b) i a.sectional viewtaken along the line A-A
?nelgl IGn 15(eaF;f.E' %%Sfé?%ﬁaf‘é’leé”%b“%%%F@W%ﬁgﬁh’i’a- one step in the
method. 30 TG AF6RL ol Scibrafibh URh HBHNL AKER. A1 QGG T e AA 1N FIG
16(a). 23 FIG1 %)35 is a top plan view showng oné step’in the method. FIG
17(b) is a JaGt2igapak a\thelah etnshamdngond\@ep inNBe refhodi N FIG 17(a). FIG
18(a) is a top plan view show ng one step in the nethod. FIG 18(b) is a
sect%Q)naI viFéGxflék)einaasb@ivglamewltalwaapangthelin@Aex'Jiaa:a%}bz)l(@. FIG 19(a) :s a

t | an vi S i.ng one step in the nethod. FIG 19 is a sectional view
theﬁ ZI ongﬁ/ﬁe{bl?gydég&wla?ﬁleﬂ oyarggne sten i thomsibods a top plan view

Sho 18,01 SR O AR g ORE Ut ok, L
in the met hegG. 23(a) is a top plan view showing one step in the method.
F1G. 23(b) is a sectional view taken along the line A-A' in FIG. 23(a).
15 FIG. 24(a) is a top plan view showing one step in the method.
FIG. 24(b) is a sectional view taken along the line A-A' in FIG. 24(a).
FIG. 25(a) is a top plan view showing one step in the method.
FIG 25(b) is a sectional view taken along the line A-A’ in FIG. 25(a).
FIG. 26(a) is a top plan view showing one step in the method.
20 F1G. 26(b) is a sectional view taken along the line A-A' in FIG. 26(a).
FIG. 27(a) is a top plan view showing one step in the method.
FIG 27(b) is a sectional view taken along the line A-A' in FIG. 27(a).
FIG. 28(a) is a top plan view showing one step in the method.
FIG. 28(b) is a sectional view taken along the line A-A' in FIG. 28(a).
25 FIG. 29(a) is a top plan view showing one step in the method.
FIG. 29(b) is a sectional view taken along the line A-A" in FIG. 29(a).
FIG. 30(a) is a top plan view showing one step in the method.
FIG. 30(b) is a sectional view taken along the line A-A' in FIG. 30(a).
FIG. 31(a) 1s a top plan view showing one step in the method.

30 FIG. 31(b) is a sectional view taken along the line A-A" in FIG. 31(a).
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10 FIG 21(b) is a sectional view taken along the line A-A" in FIG 21(a).
FIG 22(a) is a top plan view show ng one step in the nethod. FIG 22(b) is a
‘sectional viewtaken along the line A-A" in FIG 22(a). FIG 23(a) is a
top plan view showi ng one step in the method. FIG 23(b) is a sectional view
taken along the line A-A" in FIG 23(a). 15 FIG 24(a) is a top plan view
showi ng one Elep2{a)istdveppntoety skdv@ng 24¢ blepiistha nsethdd. onal vi ew t aken al ong

the line A-A | G 24(a). . FIG 25(a) is a top plan view show ng one step
et he et nodlC: PRie) o iitnal visveiaben Shee T Bm AL ALBFIR B8 Cho || e ACA | n

FI G 25(a). .S.8 1o |.an view show n ng step in the nethod.
20 FI G 26(bﬁ9‘633é?g52%§°¥’8ha£|“ ﬁéﬁ??&ﬁ@ﬁeé B%ﬁ%ﬁgﬁﬁ‘?fe A-A in FIG 26(a).
FIG 27(a) IBI@38@; VA SN _hn: t od. FIG 27(b) is
a sectional view ?Zlk%nﬁg%lééﬂnag% he | iﬂqngoﬁé-]%\l‘eq%lﬁ%%dnzﬁ}%éﬁwﬂ G 28(a) is a
top pfan vi eliCsBéia) isq: topelasitvepy sibwihe onetpth thEheitkd(b) is a sectional view
taken along the line A-A in FIG 28(a). 25 FIG 29(a) is a top plan view
showi ng one Efepd(bhisschenahvisw ke dogbheilive A-4ewthFIlGn3d(ayi ew t aken al ong
the line AAI?‘FQE%@G 29&@%]. . FIG 30(a) is.a top plan view show ng one
step in the )IS@ 1P Besppyew ghoyving ons gamim B dthoken al ong the line A-A
in FIG 30(a) . ' Lew show ope step in the

nmet hod. 30 Fﬁlg' E%@? bs)?ajsfegﬁcg{agg%ﬁtgg%[ﬁlw t:/ﬁvet(?lg g‘ﬁga’flgﬂg‘ ﬁ@l ine AAA in FIG

31(a). 24 HIG wéﬁﬂs_aitﬁpFlah%vpklﬁﬁviHéﬁﬂ\é SBOM G nRAaSt ep i n the net hod.
FIG 32(b) is a sectional viewtaken along the line A-A" in FIG 32(a). FIG

33(aj0is a tlp. phapisv ewighbwengakenelstgte line AR’ iIBTGMER)FI G 33(b) is a
sectional vi % ken along the line A-A" in FIG33(a). 5 FIG 34(a) is a
top plan vi shM 1§ lomBlag vigy showingopgstepin themethoda(b) is a secti onal

how ng-one Taeey (PhE et o' i i ®lie a A Go 6T Gw t aken &l ong
the line A AIG 18(E) iSa t§Ppidd view showing one step in the method.
FIG. 38(b) is a sectional view taken along the line A-A' in FIG. 38(a).
15 FIG. 39(a) is a top plan view showing a semiconductor device obtained by the
method.
FIG. 39(b) is a sectional view taken along the line A-A' in FIG. 39(a).
FIG. 40(a) is a top plan view showing a semiconductor device obtained by the
method.
20 FIG. 40(b) is a sectional view taken along the line A-A" in FIG. 40(a).
FIG. 41(a) is a top plan view showing a semiconductor device obtained by the
method.
FIG 41(b) is a sectional view taken along the line A-A' in FIG. 41(a).
FIG. 42 is a sectional view taken along the line B-B' in FIG. 41(a).
25
DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0061]
FIG. 41(a) is a top plan view showing an NMOS (N-channel metal oxide
semiconductor)-type SGT obtained by an SGT manufacturing method according to one

30  embodiment of the present invention, and FIG. 41(b) is a sectional view taken along the
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FIG 36(a) is a top plan view showing one step in the method. 10 FI G 36(b)
is a sectional view taken along the line A-A" in FIG36(a). FIG 37(a) is a
“top plan view showi ng one step in the nmethod. FIG 37(b) is a sectional view
taken along the line AAA in FIG37(a). FIG 38(a) is a top plan view
showi ng one step in the nethod. FIG 38(b) is a sectional view taken al ong
the |ine ImeAA-AninFFIG. 38(@) . With FfGen39¢@)FIGS. 41tappndldib)y aessrushieniofigha

sem conduyct or device ohtained by the mnmethod. FIG 39(b) is a sectional view
taken al Qe S willdbe dosened bebpva) . FI G 40(a) is a top plan view

show ng 8[06 i conduct or device obtained by the mnmethod. 20 FIG 40(b) is a
sectional "view taken along the line A-A" in FIG40(a). FIG 41(a) is a top

pl an vi ew shgwiHona sﬂ%q%gegqqﬁ%ﬂg@}q&ﬁ@%@@?ﬁ@%@ﬁ@ﬁ% ifithegdn 41(P)

is a sectional viewtaken ong t ne A-A is a

sect i 6nalsilidoasubsteen] Hl whigh i€ sibstieteBarll a Fifst Chlamndd (ifidon lagd DBSERLPH O\ OF
THE PREFERRED EMBODI MENTS [0061] FIG 41(a) is a top plan view show ng an
NVOS ( N- dhstrmedimnas sainiconilefdor lgesri isdonhast ar hetfirpdlag@licobizien&. byA ssurGGT

manuf act ugr i.n t hod accordjng_to one 30 enpodi ment of the present

i nvent i oﬁ}ﬁ%ﬁﬂl@m ﬁq@ B‘ﬁﬂqhslsa? et ﬁ?@}?gngw@vd%k@na BFSERE CPORGICYS typends A- A
in FIG R .GS. 41(.a) and 41(b),, a structure of the
NMOS- t yple%aé@f’ I\I/l\n\%' ]Ito%:';e 8%@1@@ ;nglé%ﬁf)sg éi\?vmnnﬁb glg%?n Paxelf ﬁrss%“df FEPPST P P@ISH Phyer
112 whi chnietiRety)i dfthe flh@dili&MNa@NAUCAR a UAYEBiffsn! ich is2 Sbddfon
substrate 116 \?L)i ch fi:s alslubstfé;te, andaa fi rlSt Sg)gll%;rfcggrgl gﬁl%cg% ﬁ%gélﬂedrc 113
whi chOi s semiconductaolayematithe sedond ndudtaive | tpyeeris formefl an madipper pdreiof iof stie | at

silicon layer 112. A source diffusion layer 200 which is a first
seni cond§eBmar siligen Byerglldecond conductive type, is

[0063]

A body 309 which is a semiconductor layer of a first conductive type, is formed

between the source diffusion layer 200 formed in the lower portion of the first columnar

15 silicon layer 113 and the upper portion (or an entirety) of the flat silicon layer 112, and the
drain diffusion layer 201 formed in the upper portion of the columnar silicon layer 113.
[0064]

A gate insulating film 124, and a gate electrode 141 (a gate electrode body 141a
surrounding the body 309, and a gate wiring 141b extending from the gate electrode body

20 141a), are formed around the first columnar silicon layer 113.
[0065]

Further, a first insulating film 303, i.e., an oxide film having a thickness larger than
that of the gate insulating film 124, is formed between the gate electrode 141 and the
source diffusion layer 200. Based on forming the first insulating film 303, i.e., the oxide

25  film having a thickness larger than that of the gate insulating film 124, between the gate
electrode 141 and the source diffusion layer 200, a gate-source parasitic capacitance can be
reduced.

[0066]
A second insulating film sidewall 134, i.e., a sidewall-shaped second insulating film,

30 is formed to surround an upper sidewall of the first columnar silicon layer 113 while
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formed in a |l ower portion of the first columar silicon layer 113 and an
upper portion (or an entirety) of the flat silicon |ayer 112, and a drain
‘diffusion | ayer 201 which is a second 10 sem conductor |ayer of the second
conductive type, is forned in an upper portion of the columar silicon

| ayer 113. [0063] A body 309 which is a sem conductor |ayer of a first
conduct i wentagiieg an sipparueiice bEtheegne ehetrsdu i 4k (ghitd tlastraie balyer4120)Qifior med
in the |ower portion of the first columar 15 silicon layer 113 and the

upper porstfB Insplating &imi sidewall §33.t k. rIsidevallrshapad pespad nsidatingnidyerh és

drain dif Lon er, 201 f inthe u portion of the col umar
silicon Ifjélﬁérdqffg&é{%iﬁwaifg@g‘ég{&ﬁgi}l‘:ﬁf’%ﬁg‘hﬁi I m 124, and a gate el ectrode
141 (a g (%ﬁl ectrode body 141a surrounding the body 309, and a gate
wiring 141b éxtending fromthe gate el ectrode body 20 141 a), are forned

arounfi the fAmsétaleiviconductdi bompouddaysy islbemed QOBR lupperidvirfagt of Fhd Sdiste
insulating film303, i.e., an oxide filmhaving a thl)l ckness | arger than

that of wH&usi byen200.atndg Méthhsenidondustol mompdubdtlt2dn fomeedyat en alppet r ode
200, Based on forming the first

141 dth di f. ' I
Cnsul at | G Lér@“g‘g*’?m: ‘LE&S%E E’gea e Fyeihey, pmatlvemcoadedipcsamrouni ddhér t han
t hat of mﬁlg??fﬁﬁg}lﬁﬁéflsm&%%%éggéélgégﬁ@ﬂ%tm?n the gate electrode 141 and

t he source I"ayer e-source parasitic capacitance can be
reduced. [¢0¥366] A second insulating filmsidewall 134, i.e., a

si dewal | - shaped second insulating film 30 is fornmed to surround an upper
si deWal | of Ahenfact $74 ¢oformmdr orsithd sourct alyffiisidnl Bayehi20e (Bt Seiavhingoran
upper surface of the gate el ectrode 141 (gate el ectrode body 14la), and a
second i ARTPAMdhdS8)| Aidiaderatart 133, 15 fetmed omi dhanalrain s fdfietdns dayen d201

141, foobdsaPEinksic: Solounusel: Tt R aoTee 11 rnrnmn i e dafser
surface Qhrigd)es BAMRCtaBidiiS iR BRPodRGis1gnd a netal - semi conduct or
conmpound 152 is fornmed in an upper

[0069]

15 - FIG 42 is a sectional view taken along the line B-B' in FIG. 41(a). The
metal-semiconductor compound 153 is formed as a means to reduce a resistance of a
source region. In order to allow the metal-semiconductor compound 153 to be formed in
the source diffusion layer 200, it is necessary to satisfy the following conditional formula
(1) in FIG. 42:

20 Wa>Wp+Wox+Wg+Ws (1)

, Wherein: Wa is a length between a central axis of the first columnar silicon
layer 113 and an edge of the source diffusion layer 200;
Wp is a length between the central axis of the first columnar silicon
layer 113 and a sidewall thereof;

25 Wox is a thickness of the gate insulating film 124 (first columnar
silicon layer 113);

Wg is a width (thickness) of the gate electrode 141 (gate electrode
body 141a); and
Ws is a width (thickness) of the second insulating film sidewall 133

30  (i.e., second insulating film).

27




surface of the drain diffusion |layer 201. Further, a metal-sem conductor
conpound 151 is forned in an upper surface of the gate el ectrode 141.
'[0068] 10 A contact 174 is formed on the source diffusion |ayer 200

(met al - sem conductor conmpound 153), and a contact 173 is fornmed on the
drain diffusion layer 201 (netal-sem conductor conpound 152). Further, a
contact 1P870)s formed on the gate wiring 141b (the netal-sen}condUﬁto?
conmpound 151 [0069] .15 FIG 42 is _a_sectional view taken along the line
B-B in FIG i‘&f( gtal-prraicopdiciorcommonnh 4ot ipiorpedpoameansy redudecy resigtaase a
means to . resi,st anc a, source reqgion, In order to allowthe
ot Al - sert ot isRish” e o sBR e Hos? s BB Bt i or cRmPRGH L ta?qe;tﬁgpscﬂ

| ayer 20Qj thd gdiS cRESERSAIY ithi® nSkd dRen T Ak FQvWiEe ARG Pi%ln o4 @
(1) in FIG 42 20 V\a>V\p+%‘})xl+\r/l‘g+V\£;a§}f?6- . 8’1@ Tothilfe EHidraPR gnag{ﬂ““

bet weén &1Gett:ral axis of the first columar silicon Ilayer 113 and an edge
of the source diffusion layer 200; W is a |length between the central axis

of the first coMgmad¥ssilicon layer 113 and-@)sidewal | thereof; 25 Wx is
m 124 (first columar _silicon |ayer

! _ _ _ |
T15) Vg re o w BPRCE R ?@&tﬁ%fﬁﬁég@a@@cgp%Hlo@ételqactqoglaaateqxé fdfor ot

' . ' is nd insulating film
oF Qa1 g 98 Ve a1l RedohEADRR) A tbaf SN o1 N8 {n0ffating

net al - sefilgpnduct or conpound 151 is forned as a neans to reduce a
resistance of a gate region. In order to allow the netal-sem conductor
conpddnd [@®1]to be formed in the gate electrode 141, it is necessary to

isfy the following conditional fornmula (2) in 5 FIG 42:
satisty structureg satisfying the conditional (fo%mulas (1) and (2) allows the

metal-semiconductor compound 151, 152, 153 to be formed so as to reduce resistance of
the gate electrode, the drain region and the source region to increase an ON-current.
[0072] |
15 The SGT can perform a transistor operation by applying a potential of zero to Vec to
the gate electrode 141 under a condition that the source diffusion layer 200 and the drain
diffusion layer 201 are connected to a GND potential and a Ve potential, respectively.
[0073]
The diffusion layer to be formed in the upper portion of the first columnar silicon
20  layer 113, and the diffusion layer to be formed in the lower portion of the first columnar
silicon layer 113 and the upper portion (or an entirety) of the flat silicon layer 112, may be
a source diffusion layer and a drain diffusion layer, respectively.
[0074]
With reference to FIGS. 1(a) to 41(b), an SGT manufacturing method according to
25  one embodiment of the present invention will be described below. FIGS. 1(a) to 41(b)
show respective steps in the SGT manufacturing method according to the embodiment,
wherein each of FIGS. 1 to 41 with the suffix (a) is a top plan view, and each of FIGS. 1 to
41 with the suffix (b) is a sectional view taken along the line A-A' in a corresponding one

of FIGS. 1 to 41 with the suffix (a). In FIGS. 1(a) to 41(b), the same clement is defined by

30 a common reference numeral or code. In the following description, a combination of
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W > W ----- (2) wherein Wy is the wwdth of the gate electrode 141 (gate
el ectrode body 141a), and W is the width of the second insulating film
"sidewall 134 (i.e., second insulating film. 10 [0071] A structure
satisfying the conditional fornmulas (1) and (2) allows the

nmet al - sem conduct or conpound 151, 152, 153 to be formed so as to reduce
resi st andd@G8f 1(a) hed g ¢o ekenbinetien of RG] (@) anédil () vah detrbferrsd tr gL "RIEgI on
to increase current. [0072] 15 The SGI can performa transistor
operatio @]glﬁt)f‘ ﬁ‘@gpﬁ"tﬁéltyentl al of zero to Vcc to the gate el ectrode 141

under a ig(?\%ltl on that the source diffusion |ayer 200 and the drain
diffusio 3} 201 are connected to a G\D potential and a Vcc potenti al,

respect | vel yReieh T8 FIGNEa dhd bk ol 12154 el B LUNTBH iluha 1ypPe! por ti on

of the first columar sil yer usion |l ayer to be
formefl i f0OQ7%6¢ | ower portion of the first columar silicon |ayer 113 and

the upper portion (or _an entirety) of the flat silicon layer 112, may be a
sour ce di f f Ustemingdy dlGahd Arstinitiide flnk 138 iinforingg en the pabexite ﬁhhyl21{ Q17 4]

Wth ref rence to Fl to 4 n SGr facturing nethod
accor di ngh %ﬂr‘ﬁ&&ltﬁ’ér‘i’{ p@in%lH)Q ;fngéﬁ% lﬁn%@ﬁ‘il B rihefirst meidgddey i bed

bel ow. Fllﬁ. 1(a) to 41(b) show respective steps in the SGI manufacturing
met hod according to the enbodi nent, wherein each of FIGS. 1 to 41 with the
suffix (00773 a top plan view, and each of FIGS. 1 to 41 with the suffix
(b) is a sectional view taken along the line A-A" in a correspondi ng one

of FIGS. 1 tRefetingito FIG.He asadist ix applied dmto FieGRst dthadphbas 4liéd) or pdlgsibane

el ement defined hy 30 a copmon reference nunmeral or code. In the

fol | ow nlgﬁaeléer Mt 3 éﬁst calupap |ayeg pastsrivis trangfopeddn the(reyistthepushdithagyarhy
TG a0 R BT O PouBRy AP g SRR 4G i de 111 m 121
is formeghogy) a silicon substrate 110.

Referring to FIG. 4, the first amorphous silicon or polysilicon film 140 and the first

15 nitride film 130 are etched in turn to form a first hard mask, and then the pad oxide film
121 is etched.

[0079]
Referring to FIG. 5, the first resist 301 is removed.
[0080]

20 Referring to FIG. 6, the silicon substrate 110 is dry-etched, using the first hard mask
consisting of respective remaining portions of the first amorphous silicon or polysilicon
film 140 and the first nitride film 130, to form a first columnar silicon layer 113. During
this dry etching process, the first amorphous silicon or polysilicon film 140 is also etched.
In this case, when the first amorphous silicon or polysilicon film 140 is fully etched, a

25 plasma emission_ intensity detectable by a dry etching apparatus is changed. Thus, a
termination timing of the dry etching process can be determined by detecting the change in
plasma emission intensity, so as to stably control a height dimension of the first columnar
silicon layer 113 irrespective of an etching rate.

[0081]

30 In order to utilize the above termination-timing detection technique, it is necessary
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5 [0076] Referring to FIG 2, a first nitride film2130 is formed on the pad
oxide film 121, and then a first anorphous silicon or polysilicon film 140
“is formed on the first nitride film 130. [0077] 10 Referring to FIG 3, a
resist is applied onto the first anorphous silicon or polysilicon film
140, and a first columar |ayer pattern is transferred to the resist

t hrough Ithatrothickpbss (height dimemsian of & firesambdrpBOds dhconesspdhilignt fint neo fi r st
col umar I?yer pattern. [0078] Referri ng_ to FIG 4, the first anorphous
silicon GFIPBMETYtdrng prossssfor fmming e firstgolummr silicon dryef 113ms1es thare
etched i to forma first. har sk, and then the pad oxide film 121
i's etcheg}.l&ttéggjfgt?mﬁé‘ﬂ%’l}?’risﬂ'}bmfléayﬁf ga the first resist 301 is renpved.

[ 0080] ZQOmf]erri ng to FIG 6, the silicon substrate 110 is dry-etched,
using the first hard mask consisting of respective remaining portions of
the fbrst aniefphimgso FIGi T,a8spettiOuytatdsi ofaRe fifst bolukhlr ncbr Bger 115Shdmhd ri de
film130, to forma first columar silicon layer 113. During this dry

et chi ng pHisessubsineeel 10 are sacyifisiablyonsdigdd foclorm arsapufisisli dxidofilnf i1 23sd 49td S

al so etched. .In this case, .when t first anorphous silicon or polysilicon
film 140 [FRCE i TFEuIRRTESe ,ﬂélég"agl %{;%& irrtﬁ selugmar stlispn jlaxer ddB dfor alst ésty a
dry etchi { i .. Thu a termwnation timng .af the dry

et ohi ng. rasRERRLEL Y3a banGUAREREve WM Tice dort i NTES BRGAYMAR siBrort e

en ssi on 1i Naed et MiconGuBsird® ] BF @R!, %ilkBR ki Phced HIGhE Birbe iheR iAf e{n first
columar silicon layer 113 irrgspet:ti ve ofcegn et%h%rﬁgﬁ @gﬂlg{gdgjﬁ tt]‘:'(%130 In
or dei 0t o therd¢ihiozkuring ¢headry\etehirgy prooas.i on-ti mi ng detection technique, it is
necessarﬁq i that a thickness (height dinmension) of the first anorphous
silicon &9 lysilicon film 140 before the dry etching process for formng

the first C%ﬁé}fﬁﬁg tgil;llé'c

col umar silicon rayer 1
first flat silicon layer pattern is transferred to the resist through lithography to leave a

i . fir
@nf lre%}é? Es ail'p]p 1ec|1 %n%oet%% 1%1—%?0ncesst shtlautctu?é ir} I@?G 7I, aizi a

second resist 150 corresponding to the first flat silicon layer pattern. The above
15 sacrificial oxide film 123 formed on the first columnar silicon layer 113 and the silicon
substrate 110 by the sacrificial oxidation can protect the silicon surface from
contaminations, such as by-products to be produced during a subsequent dry etching
process.
{0084]
20 Referring to FIG. 9, the silicon substrate 110 is dry-etched to form a first flat silicon
layer 112,
[0085]
Referring to FIG. 10, the second resist 150 is removed.
[0086]
25 Referring to FIG. 11, a filling oxide film 120 is deposited on the in-process structure
in FIG. 10, and flattened to have a surface flush with an upper surface of the first nitride
film 130.
[0087]
Referring to FIG. 12, the filling oxide film 120 is etched in such a manner as to allow

30 asurface of an upper portion of the first flat silicon layer 112 to be exposed.
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[0082] 5 Referring to FIG 7, respective surfaces of the first columar
silicon layer 113 and the silicon substrate 110 are sacrificially oxidized
‘to forma sacrificial oxide film123 so as to reduce irregularities of a
sidewal | of the first columar silicon |layer 113 for use as a channel
region, and renove respective surface portions of the first col ummar
silicon I[89%] 113 and the silicon substrate 110 (i.e., silicon surface)

havi ng car bo nd others jnmplanted 10 thereinto during the dry etching
process. [00@@%‘“@&9&3 IFTJQ) qiserinacy, 30y isdagmagd @%aé@ﬁmﬂd’fcﬂm Brst pelumnar

i n- - SLH i and a first. flat silicon |ay attern is
tr ast or Sirop (R 41 F1d Moebithe b A0 nhar G b v b flrst SRPalY HeafRug KT 120
COrr eSpoIFIGNY t ; i | i} 3 - .

Cotr FE PO Rl 155 ) Mk A0 BRI CE eR UEE g
and the silicondayer Ubsd forinen dolBedodiffubion daer 200 eitidh @6 daddnOBy&GadT aeebREt t he

silicon surface from contam nations, such as by-products to be produced
during aceudssyedyre, &t ¢ lewemparton pf dee fisst cplveswuf silizon Refeerdd3 agd to vpp& 9,

the silicon. substrate 110.is dry-et.ched to forma first flat silicon |ayer
112. [Oogg]qm“&&%rf?l}tﬁﬁtyfﬁf’b?érsféatf‘ﬁ%o%]é‘éfﬂrﬁdgr esist 150 is renpved. [0086]
25 Referppg@ito FIG 11, a filling oxide film 120 is deposited on the
in-proceés st]ructure in FIG 10, and flattened to have a surface flush

Wi th an uppdh thidisfepCie FirsttReidé il tl 30ifbred@bold IR QolndB GlicoBhes {ing to
FIG 12, the filling oxide film 120 is etched in such a manner as“to all ow

30 al@ur praventsfthanmppper frpor bdiog igeécteddntdi the tupb?x;apoxﬁbhiafahe Ifggti;éqlﬁﬂ;}?aﬁ ) 3e
d. lk 0 88 Referring to FIG 13, offset spacer is fornme
g)ripgsg‘i dé\l}\;&pql ﬁgﬁi ? fﬁe h‘l}eslfnpgg%ﬁa?fgpon for the source diffusion lgyer 200 to be formed

in the upper portion (or an entirety) of the first flat silicon layer 112, and the impurity
injection for the drain diffusion layer 201 to be formed in the upper portion of the first
columnar silicon layer 113, are performed separately, so that conditions of the respective
15 impurity injections can be easily optimized to restrain a short channel effect so as to reduce

a leakage current.

[0090]
Referring to FIG. 15, offset spacer 307 is etched.
[0091]
20 Referring to FIG. 16, a first insulating film material 303, such as an oxide film, is

deposited on the in-process structure in FIG. 15. Specifically, the first insulating film
material 303 is formed around a lower sidewall of the first columnar silicon layer 113 and
above the source diffusion layer 200 and the first columnar silicon layer 113, at a relatively
large thickness, and formed around an intermediate/upper sidewall of the first columnar
25  silicon layer 113 at a relatively small thickness.

[0092]

Referring to FIG. 17, the first insulating film material 303 around the
intermediate/uppet sidewall of the first columnar silicon layer 113 is etched. Preferably,
this etching process is an isotropic etching process. The first insulating film material 303

30  is formed around the lower sidewall of the first columnar silicon layer 113 and above the
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silicon layer 113 to protect the first columar silicon |layer in source
inplant. Referring to FIG 14, an inpurity, such as arsenic (As) or
"phosphorus (P), is injected into the first flat 5 silicon layer 112 to
forma source diffusion |ayer 200 which is a silicon |ayer of a second
conductive type, in a lower portion of the first columar silicon |ayer 113
and an upparce dfgesioroleyeo20Qandthd fiest ypluafnat lsdicbn dayter flll Bt atsd tdlatrely Bygy 112.
[0089] In this step, the first nitride film 130 forned above the first

col ummar ﬂ%‘Flf'?eé%r’imfjgg‘é?e 14rQUDC BN KEsAtade/ vpRsT isidswall ©f the Gyt prdpmgar sijiewt ed
into the RapQrii : t flgt col umar..sil.icon |ayer 113. The

i mpur i tylelwr%jpgég iegngl f glrgu?‘%% sjéga&lr g?aa%'ieﬁ JSi %‘ﬁmlmﬁgr&%% ta'ﬁhlﬁe ¥ AEE ey t he
upper pokichiig frBkesdNa BhYk 'OTQﬁeYﬁrsPinshﬂﬁ?é 'fﬂl%tm{.’(ﬂeﬁél ﬁggffﬁft%o{hsl)agé'@d &nl:ﬁowglnd the

inmpurity injection for the drain diffusion |ayer orned I n the
upper 3 posidewall of thdfirst icokimnac silivom&yesil 13 and abaeethe d:dce ArffasRRr BPETESD
separately, so _that conditions of the respective 15 inpurity injections can
be easi | §ibphe fiist eglummar sdicenilayen 14 dptpacheinthel firef sulatisg fils maeriddiiSe a

| eakage curr.ent.

00 Referring.to F G of f set spacer 307 is etched.
{0091 oG HIFRE PRI T B cobmiptryhn Toveul Bt g heranapRerBImed08, Ssuch
as an oxi; k i Jepesi : : h - ucture in, Fl 15.
20 o Oxvisukilg Sog ool e AE i BGSASIISLENALAL Solel Bk BdS
| over si siduembll ofthet fist Ebiﬁﬁhaﬁﬁﬂiﬂéﬁlﬁa?_eﬁﬂﬂ gD ab¥ahe ddcABfusRRAMG I
source diffusion layer 200 and the first columar silicon |ayer 113, at a

rel al® vemll rhakegep tehi"fksh dasulatangd (i r 363d haviogred theickrierd éarparditah ethapperan
sidewal | of the, fiést colunmnar_ 25 silicon layer 113 at a relatively snmall

't hi cknes&BEdwRed gl dpsuigigetgmpl 28" a1t beiemed bajweemidigsawricn diffusion laggrer i al
303 i ' i 11,.0f the.fjrst, col il
Caver 11300 bt ShSETRAAKSRIBRGT. SLARIR 10 ThRSSk btiali HE oGS
et chi ng RUGGESS . paFi@tid | dapheitaRsd!] BrvEG frhé ”_&d{ﬁéeerdiffhsi&%lﬁ& iz%gf 2 fhear ound

the | ower sidewall of the first columar silicon |ayer 3 an ove the
31 sour caubgéquendy-tormed\mate d@frodad4t.ne first col umar silicon |ayer 113, at

a reisat i %%bé/] | ar ge

The first insulating film 303 to be formed between the first flat silicon layer 112

(source diffusion layer 200) and the subsequently-formed gate electrode 141 may be

formed by depositing an insulating film on the in-process structure in FIG. 15, and

flattening the insulating film to have a surface flush with the upper surface of the first
20 nitride film 130, and etching the insulating film.

[0094]

Referring to FIG. 18, a gate insulating film 124, such as an oxide film or a silicon
oxynitride film, is formed on the sidewall of the pad oxide film 121 and the
intermediate/upper sidewall of the first columnar silicon layer 113. Referring to FIG. 19,

25  a second amorphous silicon or polysilicon film 141 which is a gate conductive film, is
formed to allow the first columnar silicon layer 113 to be embedded therein.
[0095]

Referring to FIG: 20, the second amorphous silicon or polysilicon film 141 is polished

by a chemical mechanical polishing (CMP) process to have a flattened upper surface flush
30 with the upper surface of the first nitride film 130. In the CMP process, a polishing
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t hickness, and fornmed around an internedi ate/ upper sidewall of the first
columar silicon layer 113 at a relatively small thickness, as nentioned
"above. Thus, even after the etching process, a part of the first
insulating filmmaterial 303 remains around the lower 5 sidewall of the
first columar silicon |ayer 113 and above the source diffusion |ayer 200
and the famamt ¢an bensemtradlelivditnenlapesd tpSduaibility thyodsitgas hiCMP stapet, akd ng

filmmaterial. 30 r i.ning abgve the first columar silicon |ayer 113
will her jifﬁfd’f“tf}éﬂe%ﬂ@ 130rdielng the fesk hard roasls| a ng film306"). The first
insulatiqgo§dln1naterial 303 remai ning around the | ower sidewall of the
first col'umar silicon |ayer 113 and above the source diffusion |ayer 200
10 wi | | makeReRrréhe ol FISE 21 i j : j e Ml I t han
that of an afterﬁ%entF%%%gﬁgg?%h?%gﬁ?ggkﬁgﬁyﬁﬁx#?gggﬁﬁggﬁggqﬁgfﬁgaggitmeen
t he sbur dhe ghté farsiuotivd Biyeis et2ld taok td deaemmibs e gurenédoyh.f or med gate el ectrode
141. This first insulating film303 can reduce a parasitic capacitance

bet ween 1#®Hource diffusion | ayer 200 and the subsequently-forned gate

el ectrode 14].. 15 [0 The. first Lpsylating film 303 to be forned between
the first fﬁ%‘%fe@“lgi[%ﬁé}%éfﬁriﬁ%&( Egﬁﬁgglwﬁrgppﬁéqdow thg jrpropet) SRR e

subsequentGys f QLABdSAHISiflER GIHOIA %fa%ggsﬁgégbo%nthéﬁéqﬁfgi&ﬁﬁ%epﬁ;ﬁh@?ﬁ% t he

insulating fil'mon the in-process s

i nsul at i ngideifitm 123 WillBoRctSardppeesirfads Bf WetsibidiBeHRPOImSLEHBER A first
20 nitride film 130, and etchip%g t he insul aSti rfg ?iﬁ%ﬁ [00%4?1 (I:?e{?deeﬁfrlﬁng to
FI G 18, &ognaevat stabing dmdyy fetdhingl Brbeess o fregerfammed irde sfibsegueat s@pSid aLON
oxynitride film .is f,ortflred on the sidewall of the pad oxide film 121 and
the i nt SYRRECHS & plgspRrthe eefe Jenath. de- henatipn in the|caterlamethi andslemage pBthel 13.
Referrin mor phous. si li.con or polysilicon fi]m 141
whi on 1 o2 dafudng B S SERCERTRORER e SRRy Rt et Sorienmoar
silicon hayer 113 to be enbedded therein. [0095] Referring to FIG 20, the
second anorphous silicon or polysilicon film141 is polished by a chem cal
mechani cHIO98bl i shing (CVMP) process to have a flattened upper surface flush

30 with the upper surface_of the first nitride film2130. In the CW
prockss, a &ﬂ%)rgﬁg ﬁ@ Flgy, 23, the second nitride film 131 is etched back to form a third

insulating film sidewall. In this process, the first oxide film 125 is also etched. A
thickness of the third insulating film sidewall will determine a thickness of a
subsequently-formed gate electrode body 14la. Thus, the subsequently-formed gate
electrode body 141a can have a desired thickness by adjusting the thickness of the second
20 nitride film 131 and conditions of the etching back process. [0099]
Referring to FIG. 24, an impurity, such as phosphorus (P), is injected into the second
amorphous silicon or polysilicon film 141 which is the gate conductive film.
[0100]
Referring to FIG. 25, a bottom anti-reflective coating (BARC) layer 161 is applied
25  onto the in-process structure in FIG. 24, Then, a resist is applied onto the BARC layer
161, and a gate wiring pattern is transferred to the resist through lithography to leave a
third resist 160 corresponding to the gate wiring pattern.
[0101]
Referring to FIG. 26, the BARC layer 161, and the second amorphous silicon or

30 polysilicon film 141 which is the gate conductive film, are etched using the third resist 160
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anbunt can be controlled with enhanced reproducibility by using, as a CW
stopper, the first nitride film 130 which is the first hard nmask. [0096]
"Referring to FIG 21, the second anorphous silicon or polysilicon film 141
which is 5 the gate conductive film is etched back to determ ne a gate

| ength. [0097] Referring to FIG 22, a first oxide film 125 is deposited on
t he i n- prsearaskde ferot agateictectrbldG Pll ¢onaisting of e gotectlavirpdé badyf 141mahdh gase
deposited .an hebfi rst oxide film125. The first oxide film 125 wll

pr ot ect §ﬂnﬁ%gﬁ¥'surface of the subsequently-formed gate el ectrode 141 10
froma “T@uﬁ@Ching or dry etching process to be perfornmed in a subsequent
step, so"as to suppress a change in the gate length, i.e., a variation in
t he gate | ergdfBringdd [ i t] j f r,thlﬁ?g' upper
surface of the su sequeg??$?§§$ﬁg§ugg$%ﬁiIgggingmga%%+ﬁ%%%g8 &9¥%

Ref er §i ngr et &ting proceketosdioante soured di€fufibh tayEB100 ® tetegpeddback to form a
third insulating filmsidewall. In this process, the first oxide film 125
is also ¢9k¥dd. A thickness of the third insulating filmsidewall will

TR R s O e
ket S PR DRSSt PSP B0 ELAE 1 ip b

| mpuri ty soite iSRS PiotdcPihe batei dMcBOHEd 41 MRink e sEREQARE:L pAITREPHOUS
silicon or polysilicon film 141 which is the gate conductive film [0100]

Ref ed® i negemevilrg GedBst nitridotftlon 38rnd theefebent nivraleddat 1Xg (BARC) | ayer 161 is
appl i ed B(ﬁ?) j)nto the in-process structure in FIG 24. Then, a resist is
appl i ed 41t he BARC | ayer 161, and a gate wiring pattern is transferred

h [ i .t.0 | hi,r d ' 60,.
cor  ospondi g TATERY Tac &MY RS Hse SRR Fiodbels HEapER gt s e

BARC | ayer3 hfd, thendcddie nBREOHIma DI RARME k! £150BoRinasi1R6h Mé*]_ri £@Nafdl | M

141 which is the gate conductive film are etched using the third resist
160 removed by a dry etching or wet etching process.
15 [0105]

Referring to FIG. 30, the pad oxide film 121, the first oxide film 125 and the fourth
oxide layer 305 are removed.
[0106]
Referring to FIG. 31, a third nitride film 132 is formed on the in-process structure in
20 FIG 30.
[0107]

Referring to FIG. 32, the third nitride film 132 is etched back in such a manner that
the respective upper surfaces of the source diffusion layer 200 and the first columnar
silicon[ layer 113 are exposed, and a second insulating film sidewall 133 and a second

25  insulating film sidewall 134 which serve as a sidewall-shaped second insulating film, are
formed around a sidewall of the gate electrode 141 and an upper sidewall of the first
columnar silicon layer 113, respectively. The second insulating film sidewalls 133, 134
can separate between the gate electrode 141 and respective ones of the source diffusion
layer 200 and the after-mentioned drain diffusion layer 201 to be formed in the upper

30  portion of the first columnar silicon layer 113, so as to prevent a short between the gate
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33'as a mask to forma gate el ectrode 141 consisting of a gate el ectrode
body 14l1a and a gate wring 141b. [0102] Referring to FIG 27, the first
“insulating layer 303 is partly renoved by a dry etching 5 or wet etching
process to allow the source diffusion | ayer 200 to be exposed. [0103]
Referring to FIG 28, the third resist 160 and the BARC | ayer 161 are
renoved afttrade 1duatdrespeicties by ef RGBS uferdiffosianiager 200pmd alitt Aterhameiondd t he
gate el ectrode 141 and the _source diffusion |ayer to protect the gate

el ect r od&lrain 1diffusipm daver 08 sdigunaligsrmentipged rmetalesemicandieigr compeundss hitri de
film 130 . the second nitride filml [0104 Referri. t .G 29, the
Fivon o eRifioh e NS oRitvine fiud piofivart Jan ok Gitas 16 g ?@%‘EIPOE% &3t 1 e
second nichlinger fsk 1 i LS ) byl .ar e
renmoved lgy a dr yﬁlkecigghli%%%ra(ﬁ)frw\?\%% rpgéf% g&‘l %g&ggg%éégﬂgaﬁ%%{dfogf%&%%?ﬁﬁ%é o FIG
30, the pgathaddndte bppensiiddall bbeheffirtisdohaihAsilicoh tayk2 bl Rindh subseqhiomrstdp. Oxi de
| ayer 305 are renoved. [0106] Referring to FIG 31, a third nitride film
132 is fdPHdd on the in-process structure in 20 FIG 30. [0107] Referring
to FIG 32, the. third nitride film132 is _etched_back in such a manner that
the respect i VECHRELP FEG@a%E“WWﬁEg%%? OB A 1# iEgdyAed ialadthe dpperetiahe

first col il . r xposed... an econd insulating film
si dewal | o;fg%afgrrs]t é@agﬂggg%é?yie%igﬁ %t“l%r% |1fnr%u:§lltyd]élgr %Il"'%lffﬁ'r%%sccf?ng)é}s as a
si dewal | af hpadtySiafensh bitedsatd ¥mf 4 Bffin aiffusidn0biBR@NAYRd uaps e be of
the gate el e?trgdefé&l gnd an upper si dnevval ISI of ?ﬁe filr st u@%l up%nar sfllicon
| ayel0 118e fisss pebimnaelsilicoiiHayes ddOnd Al ptibatafrihe fiirdtrochinmienasiliconldger W34 can
separate_between the gate el ectrode 141 and resgcﬁqti ve ones of the source

di f f usi oRetWesy dhe spchAdfusion layar U0 the iseindlidnsionigyeudbis foped 2261 t o
be for rre%oc!ly%é&"&hﬁﬁ?& 4 semiconductor iayer of a first conductive type.
[0109]
Referring to FIG. 34, a first metal film, such as a nickel (Ni) film or a cobalt (Co) film,
15  is formed on the respective exposed surface of the source diffusion layer 200 and the gate
electrode 141, and an upper surface of the drain diffusion layer 201 by a sputtering process.
The first metal film is then subjected to a heat treatment, and an unreacted part of the
heat-treated film is removed to form a metal-semiconductor compound 151, a
metal-semiconductor compound 152 and a metal-semiconductor compound 153, on the
20 gate electrode 141, the drain diffusion layer 201 and the source diffusion layer 200,
respectively.
[0110]
The metal-semiconductor compound 151 formed on the gate electrode 141
surrounding the first columnar silicon layer 113 can reduce a resistance of the gate
25  clectrode 141. As long as the width Wg of the gate electrode 141 and the width Ws of the
second insulating film sidewall 134 are satisfy the following relation: Wg > Ws, and the
upper surface of the gate electrode 141 is exposed, the metal-semiconductor compound
151 can be formed on the gate electrode 141.
[0111]

30 Referring to FIG. 35, a contact stopper 135, such as a nitride film, is formed on the
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30 portion of the first columar silicon |ayer 113, so as to prevent a
short between the gate 34 electrode 141 and respective ones of the source
~diffusion layer 200 and the after-nmentioned drain diffusion |ayer 201 due
to after-nentioned netal -sem conductor conpounds. In addition, the second
insulating filmsidewall 134 covering the upper sidewall of the first

col ummar ispldcessstivatnes inlHAI8:. 84n prevent a netal - sem conduct or conpound from
being 5 formed on the upper sidewall of the first columar silicon |ayer.
113 in al@liBdequent step. [0108] Referring to FIG 33, an inpurity, such

as P or As, j4s.intro ed into the u r.poLti f the first. columar
silicon I aye$esf?[11§lgttﬂﬂﬂ§gﬁ6’aaﬁ WWﬁlﬂyﬁrﬂgPﬁmr&ﬂﬂbﬁ%ﬂ’%ﬁﬁdéé “%8?‘?&16#1151%@13 an
| mpuri ty fhmleRGH RO RpRE FiRTHIG S A63 hefl iphftls r in the
upper portion of 16 Pﬁe%i%%%tgrceol t?rrir%}zsr ’éﬁ?‘ggﬁlaﬁg&?g?d}lél : ,&’r%%%%i on of the
firstscol@grmgr silicon layer 113 between the source diffusion |ayer 200
and the drain diffusion layer 201 is forned as a body 309 which is a

seni conduct dieferpgrio diGa3 7, iar @ntasbhelads formetl yphe nG:1RYYr inRddtary filng 12@aF| G

34, a first,..netal film,  su as a nickel (N ) filmor a cobalt (Co) film
15 i s f oPREHOBNOR HEPFefRe g\?efi@%pfbﬁféaowwea@@ldn tbqqepgeamoet@ndvé thgfitsh

| ayer 20 e trode.141.  and er surface,of the drain

ai 1 ust onchal A8glGech 3T FEorte poBlE I ABRGE PRl TRE MR cop RIS [hen
subj ect eg; ﬁ@p@d%?&ﬁe&d&@e&%ﬂ%er 1@Rd an unreacted part of the heat-treated
filmis renoved fo forma netal -sem conductor conpound 151, a

met al@ sef@ldéhduct or conpound 152 and a netal - senm conduct or conpound 153, on
the 20 gate el ectrode_141, the drain diffusion |ayer 201 and the source

di f fusi on | Rederripgdo FlSedera camtact hplys pog formed ingtheintedayer nsulaging rfilm
conpound 1 forned on the.gate el.ectrode 141..su undj ng the first

col ummar 1%??5 ROSHIODS P8 Fesprft a“r]i’pFre%E eOfgger %%? g?%‘?ﬁ:ie‘{ 3?41@%58&‘@3 gg%‘{-:?foélct rode
141 As 1580266, 16, W] { UDR 9ghe GlLgve of
t he secoa(r%d insul}{':lti ng fri{% %}Q g‘%dewaﬁ 134g:é@%%??‘i?#?%@?&f’ﬁ%m%gww

rel at i onstopgedb\ibe camecttsagppetipdfer surface of the gate el ectrode 141 is
exposed, the netal -sem conductor conpound 151 can be fornmed on the gate

el ect} od®0113f .

Referring to FIG. 39, portions of the contact stopper 135 corresponding to the
respective contact holes are etched.
[0116]
Referring to FIG. 40, a barrier metal film 171, such as a tantalum (Ta) film or a
20  tantalum nitride (TaN) film, is formed on an inner peripheral surface of each of the contact
holes. Then, a metal film, such as a copper (Cu) film, is formed on the barrier metal film
171 by a sputtering process or a plating process, and subjected to a CMP process to form
three contacts (contact plugs) 172, 173, 174 corresponding to respective ones of the gate
wiring 141b, the drain diffusion layer 201 and the source diffusion layer 200. A titanium
25  (Ti) film or a titanium nitride (TiN) film may be used as the barrier metal film 171. A
tungsten (W) film may also be used. Further, a copper-containing alloy film may be used.
[0117]
Referring to FIG. 41, a barrier metal film 175, such as a Ta film or a TaN film, is
formed on the in-process structure in FIG. 40, and then a metal film 176 is formed on the

30  barrier metal film 175. Then, the barrier metal film 175 and the metal film 176 are
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[0111] 30 Referring to FIG 35, a contact stopper 135, such as a nitride
film is formed on the 35 in-process structure in FIG 34. [0112]
Referring to FIG 36, an interlayer insulating film 126 which is a third
oxide film is fornmed on the in-process structure in FIG 35, and then
flattened by a CMP process. 5 [0113] Referring to FIG 37, a contact hole

i s fornmedubjectedeo lititography ¢o foms thred firsy 1dyiel mid26 H7, 1085179 ansespondigper si de
of the drain diffusion layer 201 in the upper portion of the first

col ummar I%EiPF‘PtEJGr?nF%@@FhelCPB"aBS? 118, EtHifhg pAddasem (Thdilex o dgnivmoriside f or

t he cont | es S d.by.the copt act, st 0114

Ref erri ngﬂNgqﬁ Ib fgyﬁlfab@%%&g@ @fré??%r nég‘%f h(gv) ﬁf‘b axpp be
insulatipgdilm 126 at positions on respective upper sides of the gate

Wi ring 141b, and the source diffusion |ayer 200, by an etching process.
The etching process for each of the contact holes is stopped by the
contact stopper 135. 15 [0115] Referring to FIG 39, portions of the
contact stopper 135 corresponding to the respective contact holes are
etched. [0116] Referring to FIG 40, a barrier netal film 171, such as a
tantalum (Ta) filmor a 20 tantalumnitride (TaN) film is fornmed on an

i nner peripheral surface of each of the contact holes. Then, a netal film
such as a copper (Cu) film is formed on the barrier nmetal film 171 by a
sputtering process or a plating process, and subjected to a CVP process to
form three contacts (contact plugs) 172, 173, 174 corresponding to
respective ones of the gate wring 141b, the drain diffusion |layer 201 and
the source diffusion |ayer 200. Atitanium?25 (Ti) filmor a titanium
nitride (TiN) filmmy be used as the barrier netal film171. A tungsten
(W filmmay al so be used. Further, a copper-containing alloy filmmy be
used. [0117]
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Referring to FIG 41, a barrier netal film 175, such as a Ta filmor a TaN
film is formed on the in-process structure in FIG 40, and then a netal
film176 is formed on the 30 barrier netal film 175. Then, the barrier
metal film 175 and the netal film 176 are 36 { subjected to lithography to
formthree first layer wirings 177, 178, 179 corresponding to respective
ones of tWbatgsplabetdsis172, 173, 174. A titanium (Ti) filmor a titanium
nitride (TiN) filmnmay be used as the barrier nmetal film 175. A tungsten
(W filmmy also be used. 37 Wiat is clainmed is: 1. A nmethod of

facturi ] d . devi i si t he .st f. f i
first  colannar i GRAT i riEn il B famPirie FRseigta 1 r ot 11 at
5 sem conducfyghingdy Bfst icBlufihat! Qelgﬁircoﬂﬁfcgdrq Dfonth @Hgg,t&ﬂ?ﬁrﬁlgfggr}gfoiﬁ??%{ the

first columar sem conductor layer; tormng a first 'sem con yer of
a secbHbnd seaivdudidtorelayyi am uppdraetiorpef theosubSirate tIiag findst theofildBaliimnar

sem conductor | ayer and an entirety or an upper portion of the first flat
seni condgemisoniugienlayerd fornming a first insulating filmaround a | ower

sidewal | of the. fi rEt col.umar sizlti COE | ayer and above the first flat
seni conduct oFT g Lrst ggmironsiugiog laver pha seeepd sgnducting Bivg i adewve rarden phde

around t ] i1 I Lkarmng a sidewal | -.shaped _second
Msul ati e o SRRt EAICoRIuElE Bl Y B ept 2 Y fhutt B8 o INCBRE MRS,
silicon kayRbndMtidrdagent acti ng an upper surface of the gate el ectrode and
to surround a sidewall of the gate electrode and the first insulating

fil mOform rgrmaingechHirst insehiting rfiloncaronnd ayieweofidéwed] setenirsceosldmabi MBcdype i n
an upper, portjaqon of the first columar silicon layer, and formng a

seni condifyFbind aRoue therfirgt #atsemicopdprierdaysre t ype between the first

Sem conduct ar Ry & e s BE TR mE R GAlE l<SEody BBuRTihy i selfgha ticon

met al - sepyepnduct or conpound on each of an upper surface of the first
sem conductor |ayer of the second conductive type and an upper surface of
the second forming a sidewall-shaped second insulating film to surround an upper sidewall of the

15 first columnar silicon layer while contacting an upper surface of the gate electrode and to
surround a sidewall of the gate electrode and the first insulating film;
forming a second semiconductor layer of the second conductive type in an upper
portion of the first columnar silicon layer, and forming a semiconductor layer of a first
conductive type between the first semiconductor layer of the second conductive type and
20  the second semiconductor layer of the second conductive type; and
forming a metal-semiconductor compound on each of an upper surface of the first
semiconductor layer of the second conductive type and an upper surface of the second
semiconductor layer of the second conductive type,
wherein the first insulating film has a thickness larger than that of the gate insulating

25  film formed around the first columnar silicon layer.

2. The method as defined in claim 1, wherein a length between a central axis of the first
columnar silicon layer and an edge of the first columnar silicon layer is larger than a sum
of a length between the central axis of the first columnar silicon layer and a sidewall of the

30  first columnar silicon layer, the thickness of the gate insulating film, a thickness of the gate
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sem conduct or | ayer of the second conductive type, wherein the first
insulating filmhas a thickness |larger than that of the gate insulating 25
filmformed around the first columar silicon layer. 2. The nethod as
defined in claim1, wherein a |l ength between a central axis of the first
columar silicon |layer and an edge of the first columar silicon |ayer is

| ar ger t l§estrads uand ef thickinessgoh thetsivesvalltdhepaiesteonll ixilstingd filime fdrimedt to

columar silicon layer apd a sidewall of the 30 first_columar silicon

| ayer, tﬁ‘é“?‘mdctg‘ﬁé@gwﬁq 0{"%@ gﬁtgtege‘ﬁtrﬁ%lﬂ%flﬁhﬁg-lr?tim%laﬁélgtfﬂmckness of the gate
38 el ectrode, and a thickness of the sidewall-shaped second insulating film
formed to surround the sidewall of the gate electrode and the first

insul ati ng fileMetBod EhQeARidRGk1As: defvhaes P g%{eaélgatéodeM%EiHeg%{%@ 14842

el ectrode has a thickness larger 5 than that of the sidewa aped second
i nsul &t i tgnf thatmof dharsidetwall-shuped usedonidhénsufapies filei dawrld! toofurtdaed fthe Sibper
columar silicon |layer while contacting the upper surface of the gate

el ect r odédewall ph gheriarsh selumparsiticorelayenwhily contacting the apper surfagsheli ¢ igate10 t he
first fIa]’tSe ﬁﬁ?@conductor |l ayer is a first flat silicon layer; the first

col urmar “$&¥YEonduct or | ayer is a first columar silicon |ayer; the

sem conduct or | ayer of the first conductive type is a silicon |ayer of the
first conductive type; the first sem conductor |ayer of the second

conduct i ¥e thHeandthodad definkd & driycaR df alserhs 0f wheékbint he second conductive type;
and the second sem conductor |ayer of the second conductive type is a
secohd sil i dmfirst ytgremidonthetosleyariaadostdlat siliven laygre. 5. The net hod as

defined in cJa.m4, wherein: 20 the sem conductor |ayer of the first
conduct i ve tYpHrst colymparsepicandpstepiayerdy adirgcoimngs sligem Byesi | i con | ayer ;

i1 con | ayert “BSHRIRLor G0 e R SHEREERITLR L S Teht "Bt S AP Siter 1 ve
type is ashdictivpgpsilicon 25 |ayer.
the first semiconductor layer of the second conductive type is a first silicon layer of
15  the second conductive type; and
the second semiconductor layer of the second conductive type is a second silicon

layer of the second conductive type.

5. The method as defined in claim 4, wherein:
20 the semiconductor layer of the first conductive type is a p-type silicon layer or a
non-doped silicon layer;
the first semiconductor layer of the second conductive type is an n-type silicon layer;
and
the second semiconductor layer of the second conductive type is an n-type silicon

25  layer.

6. The method as defined in claim 4, wherein:
the semiconductor layer of the first conductive type is an n-type silicon layer or a
non-doped silicon layer;

30 the first semiconductor layer of the second conductive type is a p-type silicon layer;
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6. The nethod as defined in claim4, wherein: the seniconductor |ayer of
‘the first conductive type is an n-type silicon [ayer or a non-doped
silicon layer; 30 the first sem conductor |ayer of the second conductive
type is a p-type silicon layer; 39 and the second sem conductor |ayer of

t he second conductive type is a p-type silicon layer. 7. The nmethod as

defi ned iamdcl ai m 4, which includes the steps of: 5 forning a pad oxide film
on the silicon substrate; formng on the pad oxide filma first nitride
filmfor usethgseepndwericondyaier layes of thersesanidmendfictiviadyrei is stp-typé sitinan lagér | con

| ayer; formng a first anorphous silicon or polysilicon filmon the first
nitride film applying a resist onto the first anorphous silicon or

pol ysi | i gon F4d Mndnds ARNFERIAG wifndndidSineqhymar |ayer patiern to

the resist through ography to feave a firs ist corresponding to

the fbrst cofouningra paaysidedaid 64 the sAftdn 8l the first anmorphous silicon
or polysilicon filmand the first nitride filmin turn to forma first

hard mask. 1®ngingTer thephddxak Hbhinddtintreleafiim Tor whd ah ai masiidedng hiee step
of form the fi.rst_ columar sem conductor |ayer by a dry etching process
usi ng thgg’?"i‘*}“é’fl of thefirgecalumuar sificen la¥eRod as defined in claim8, wherein the

first anorp - Si |4 r.polwsilicon fil erving.as the first hard mask
is fully et E@é{ﬁmgl? rﬁrglgg}?ﬁrgh(glrsyghectogﬁlr Rglyﬁlﬁlt‘}%{ér?g‘ntoﬂ t@%ﬁ@”&“‘?%% hange in

pl asma eni ssipBlyihdlh fnk bittodRE Eiedt ARloFpHMs &i L r

wherein the g?reyﬁ) gtc1)f form r?g the fi rogpt’ c8?ﬁ%ﬁ%?%@%lggﬁgﬁ%@oﬁh%ggﬂﬁﬁcI udes
det et@i ng fiftse coliange layert petterrp k@ shen resist Shiovgh | IRheRSpHY to de detRStMefiking a
termnation timng of the dry etching process based on the detection

resul t t8CRERORGNE fp WeifigFitcolimpen fyshpasternsisadf i r st col urmar silicon |ayer.

25 10. The t.hod..a efined in.claim9, wherein a_hei ght .di mension of the
first anorp Eegc&éng e ﬁrg‘&ﬁl"&’eh%léﬁy’s"f)v Ot BHIYF‘;{\IAF}W? EL‘T‘ 8?%&"#%“&191‘5&@3} WJu®r ocess
i's less th@ymmtad @kt Rkatperfirst columar silicon |ayer. |

I5 8. The method as defined in claim 7, which includes the step of forming the first

columnar semiconductor layer by a dry etching process using the first hard mask.

9. The method as defined in claim 8, wherein the first amorphous silicon or polysilicon
film serving as the first hard mask is fully etched during the dry etching process to cause a
20 change in plasma emission intensity detectable by a dry etching apparatus, and wherein the
step of forming the first columnar semiconductor layer includes detecting the change in the
plasma emission intensity, and determining a termination timing of the dry etching process
based on the detection result to control a height dimension of the first columnar silicon
layer.
25
10. The method as defined in claim 9, wherein a height dimension of the first amorphous
silicon or polysilicon film before the dry etching process is less than that of the first

columnar silicon layer.

30 11. The method as defined in claim 4, which includes the step of sacrificially oxidizing a
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30 11. The nethod as defined in claim4, which includes the step of
sacrificially oxidizing a 40 surface of the first columar silicon |ayer
fabricated on the substrate so as to reduce irregularities of a sidewall
of the first columar silicon |ayer for use as a channel region while
renoving a surface portion of the first columar silicon |ayer having
carbon isHifhetpEdhe Hest cohtnenad wilicey lebier thbyicated innthe prubstests  soaasdiopredtiect t he
first col.umar.silicon, 5 | r from contam pations including a by-product
to be prdatREYIRS ﬁf‘%%ﬁéﬁﬁ’ﬁéfﬁf’t Efﬁ‘;}mn%rt %ﬁ‘?%gla@i‘?fo@éélé‘? ag 2 chapsl mgidod as

defined il &d [ [ ; f: | yi i st t
Uhe Subst e Raying o narpe  AFUERT, WEPd TBRutla AR A% T BRfendl s ng

a first finplanfid thereihid ayehg RIS HRHIL bidGedse R brotddf %gﬂ?r_s* E810R95ARYor ©
| eave a second resist corresponding to the first flat silicon [ayer

pat t ebn; laed fiotcéintgninhorsiihcloding sulysprodte tb befppsductd dutfing 5&uﬁsk?jen‘§ ki con
| ayer, and renoving the second resist. 15 13. The nethod as defined in

cl ai m 4, SHHIMEPIPSEEF-udes the steps of . depositing a filling oxide filmon
the first flat silicon |layer and substrate having the first columar
silicon layer ; flattening the filling oxide film and etching the filling

oxi de {1 hm I ThesRodsQUIREN iAStafh 4 AN (AcSMESAE Geflo@n UPPET -~ 20 porti on

of the first flat silicon |ayer to’be exposed. e method as defined in

claim4, whiapplyinclaugieist ohe SeepulidtraienBaghd 3B HRAESIMAOSNREA ARy rddhe
sidewal |l of the first columar silicon layer. 25 15. The nethod ‘as defined

in cl@i niransfergingrafirst tflaé silicontlawir| nattom toatherresift thneughelithngraplyo e leavé ve t ype
is forned in,the. | ovver%[?(ﬁrti ot?l %Tr tf@e Iﬂl rst columar sem conductor |ayer
and the SYEPY LTI 6orresRending oy thp drstifighsilieon kagerrnafiskn; prdit semi conduct or | ayer

by introducidg,; [ j the.sec tive type into the first
flat seni condutl:lt?gthel %g%grd F%b\?l&%ts t{ah{a&ﬁf ?lr@g@rg{g@gﬂ%% n %ally?é B TERPEmEMER A
of f set spmeoed rdsist.ough an inpurity introduction process 30 conprising an
inmpurity injection process. And then, the offset spacer is etched. 41 16.

The method as defined in claim4, wherein the first silicon |layer of the
SeCOPSd 13. The method as defined in claim 4, which includes the steps of:
depositing a filling oxide film on the first flat silicon layer and substrate having the
first columnar silicon layer ;
flattening the filling oxide film; and
etching the filling oxide film in such a manner as to aliow a surface of an upper

20 portion of the first flat silicon layer to be exposed.

14, The method as defined in claim 4, which includes the step of the offset spacer

formation on the sidewall of the first columnar silicon layer.

25  15. The method as defined in claim 4, wherein the first silicon layer of the second
conductive type is formed in the lower portion of the first columnar semiconductor layer
and the entirety or the upper portion of the first flat semiconductor layer by introducing an
impurity of the second conductive type into the first flat semiconductor layer having the
first columnar silicon layer with a offset spacer through an impurity introduction process

30  comprising an impurity injection process. And then, the offset spacer is etched.
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conductive type is fornmed in the | ower portion of the first columar

sem conductor |layer wthout injecting any inpurity into the upper portion
‘of the first columar silicon layer. 5 17. The nethod as defined in any one
of clainms 4,, which includes the steps of: depositing a first insulating
filmmaterial above and around the first columar silicon |ayer fabricated
on the first flat silicon layer, in such a manner that the first insulating
film materigl deposite bave the fjrst columar sjlicon | ayer and around
t he Iowerlgs' eIla“’(ﬁlf aﬁgeﬁ B e col HEn @’ielﬁ‘rébﬁlhlc%g?yeﬁé%f thet eehess

| arger t : 4 St W: i I 0Si,t round an
i nter rrediraglg% Eig%)(ta esllgggﬁllﬁva%dl liotPé %r?é&rr@% é% ?nf%gt?éogﬁ%osgg%o 9%(?& %s{ar

et chi ng tditholi infdcting 86y MpurBy fritd FerBber haHioRb OB firdt RETuhiMaLLIBSH BY&/ Upper
sidewall of the first columar silicon layer to formthe first insulating

fil mabove the first columar sili con 15 layer and around the |ower

Chi cknesd 1 altgancibhaRs Selled gt SrRncgH B TAduMiisgeRiss e Sebbof of mod ar ound-
whor ei n't he SR BURHE St FRE R i wa Rl B A RS gShistielemoet SHD 11 ¢ o
on the 1 1oe) RN R SR g 8 P R R B8 S e BRLTE

of : f or nagerial demaited abmehe st $bhing@n sticoPRlyysald 4omhd the Mo wer NddgIPst a
gate_electrode material, on an in-process structure obtained by the step
of & ni Hy firsecejumaar siiednatayerghasia thickngss laxgehthan nhaindthe §rst insaldtiow ftlme

first columa ilicon |layer to be enbedded .therein; and 25 polishjng the
second ameb’r?ﬁ) Lﬁép%ﬁ“leg caé?lu%lre Mbd?tﬁgﬁl?q?%s(ﬁplf"?ﬂ Rath ok ﬁ@nﬁ&%l COHERRA nftean
pol i shi NGwBF9Ggss to have a fl attened upper surface, wherein the nitride
filmserving as the first hard mask is used as a stopper against the

cheni cal nechdmeak fealihsithg AMEeSHal Qourkioft ERbmadRed/isith B AR WPthew t h
enhanced reproduci bili tf/' 30 19. The nmethod as defined in claim 18, which

i ncl udesfirsheolummps sititon lager tetfoim thy firaiciksuliten gs@Eooateve thor fulsoasusinhi shievnor
polysiligcon filmserying as.the gate _electrode nmaterial, to allow the gate
el _ecfgr od Y’Froanélearf"ﬂ?‘{r%‘ﬂ l‘gﬁ’?rﬁ"if“@@é&ﬁ%ﬁ&éf‘@%ﬁ'gﬁﬂhﬁonéﬁﬁrdéﬁﬁgb B IHEE @i r st
oxi de i |BR8 aAickAR1REE RarP LS HE SRUAAARY fbh LG LR Shus BRI

columnar silicon layer.

18. The method as defined in claim 4, wherein the gate insulating film is formed on the
20 sidewall of the first columnar silicon layer with a first hard mask of nitride film fabricated
on the first flat silicon layer, and wherein the method includes the steps of:
forming a second amorphous silicon or polysilicon film serving as a gate electrode
material, on an in-process structure obtained by the step of forming the gate insulating film,
in such a manner as to allow the first columnar silicon layer to be embedded therein; and
25 polishing the second amorphous silicon or polysilicon film by a chemical mechanical
polishing process to have a flattened upper surface, wherein the nitride film serving as the
first hard mask is used as a stopper against the chemical mechanical polishing process to

control a polishing amount with enhanced reproducibility.

30 19. The method as defined in claim 18, which includes the steps of:
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back the second anorphous silicon or polysilicon film whereby the first
oxide filmcan 5 protect an upper surface of the gate el ectrode froma wet
"etching or dry etching process to be perforned in a subsequent step, so as
to suppress a change or variation in the gate |ength and damage of the
gate insulating filmfromthe upper surface of the gate electrode. 10 20.
The net hod asclded ibaeld thensecbad ambgphounkisiifvon nel podheslidonefilat e@vingfds thergateng a
second nitride filmon the first oxide film etching back the second
nitride flchpdomatsam, & allgw theigatnaleatiody ta be farmidisirlal desigertizateleogihngnd he

first id ilm a in bottom anti-refl ective .coatin BA | ayer

bnte an i o slopnlind BBl o feTiIROen S PasereSyusiite SRaBSEl BE shpt Mg ¢ he
4 nicta ) . ' ; _ 0

Fanator FrAL 8 LD SBRRALO SRt 62RO SIS BRSNS pifiam on o

| eaveSa Pphited anappet suees esienidWedt@dt MOngatRt viching®r Rz bRhfRg pRde g the
BARC | ayer, and the second anorphous silicon or polysilicon fiI'mserving

as the gtecdboutd ode swhseguer stepysorgy tohaipptess d chasgesor asriaionsiakthe tgatef or m a
gate el ectrqde %0 body and a gate wi_ring which nake up the gate el ectrode;
partly r Y damaceiof dhe gate nsulatipg filp iianp theages susfaen phitge gatamectisdehi ng
to allow the surfaces of the first sem conductor |ayer of the second
conductive type lying under the first columar silicon |ayer to be
exposed; the renoving the resist and the BARC, 25 forming the fourth oxide
| ayer on an exposed surface of the gate electrode and the surfaces of the
firsi0sed.cdduedtbod dsadefinedin ¢lhien $%odiich iehdustheseept ype |yi ng under the
first colunnar silicon layer; renoving the first nitride filmabove the
first col umiggmigg piseeomdinilyide filmenithefistesiddfilmi tride fil maround the first

columar siljicon |ayepn by an, etchi progess; .and.30 renmgyi ng . the pad oxide
film and t ﬁ(t,cﬂf[}%' g?&oﬁﬁed%c?‘?q iy Hmetor %ﬁ’f‘tih ﬂB&‘F&E“““‘&?% rf%im gée‘?ﬁla 2PHe

met hod agicHgbinethst Hxigk aldR 4, Which includes the steps of: formng a third
nitride filmon the first columar silicon layer fabricated on the first

flat siliconpplgimgra boiien gatiacficiot (cosensBARANtydd ohtdanl inlibcesd kgt
silicon |ayer, etching 5 back the third nitride filmin such a manner that
t he Fespektpinge byppestepuef efekise dfack e fdcond nitride film, applying a resist onto the

BARC layer, and transferring a gate wiring pattern to the resist through lithography to
leave a third resist corresponding to the gate wiring pattern;

etching the BARC 1éyer, and the second amorphous silicon or polysilicon film serving
as the gate electrode material, using the third resist as a mask, to form a gate electrode

20  body and a gate wiring which make up the gate electrode;

partly removing the first insulating film by a dry etching or wet etching to allow the
surfaces of the first semiconductor layer of the second conductive type lying under the first
columnar silicon layer to be exposed;

the removing the resist and the BARC;

25 forming the fourth oxide layer on an exposed surface of the gate electrode and the
surfaces of the first semiconductor layer of the second conductive type lying under the first
columnar silicon layer;

removing the first nitride film above the first columnar silicon layer and the second
nitride film around the first columnar silicon layer by an etching process; and

30 removing the pad oxide film, and the first oxide film and the fourth oxide layer.
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sem conductor | ayer of the second conductive type |lying under the first
columar silicon layer, and the upper portion of the first col umar
"silicon layer, are exposed, and forming a second insulating film sidewall
serving as the sidewal|l-shaped second insulating film to surround the
upper sidewall of the first columar silicon |layer while contacting the
upper 10 surface of the gate el ectrode and to surround the sidewall of the

gate elegtraode; inptroducing. an .inpurity of the second conductive type into
t he uppeﬁpﬁeirﬁﬁg%‘;ast%&ne‘?inrgﬂmbn&W indpdesdbmsieRpRdy t hr ough an i npurity
i ntroductio : . GORPLL S | purity i njection . Qrocess ofarmthe
second sili cr}gﬁﬂlﬂgéztﬁl%?ﬁ@ﬁéﬁggg)&ngeﬁ(ﬁ‘?&?@% s 8 layC, f%{faﬁéﬁj&tﬁjﬁéﬂﬁti on of

the firstacqlisdMafesithd 688 el@WBle s@HPShnbiRgMbE T sSidiGRR JRWAI 1aplr, Eﬂagin§5
first conductive type between the first silicon |ayer 01} t he Secon

conduct i backt thpehiedditfidefilns éc suvth & maht@nhitaye tespéctivb aippecainfic&osIUE tirste

type; and formng a first netal filmsuch as a nickel (N) filmor a cobalt
(Co) fil pRmigpndustor layes o the sesond porslugtiva pipadeing fungérethe ifirsst cobimpag silidoayer  of
t he seco%d conductive type agﬂ]ﬁ?e ate electrode, and an upg?r surface of
t he secofd“sfPT E6APHET ?‘ﬁ’g(’%@ st o eRansiliqop Javer e oxposed sl demipg a

process, j i t -] : i ] | t . angh r enovi ng
Bt e P ok PEblg il oSl SRRl o she Bn ) SBSy AR TR @i RO, O

conpoundsigrou@dche uer isiiRwhil o3 theSiitst eOMmndY Slic®f 1BewRBe @aﬂa&ﬁg%@ Lbyg type
and the second silicon |ayer of the second conductive type. 25 22." The

met hidd asurthet pfithd gate al¢ctiode 4nd atsuchundtiesidiesvallod thst gygeseledtrodepr mi ng a
cont act stog_ﬁ_‘rer such as a nitride film on the first columar silicon |ayer
fabricated dHredyeingiangmpurist okihejseernd egpductiveniypg inta thy vprer deEiaueh Bandi ng

the firs roasllicon | r- formng a third oxide filmserving as an
inter| ay%?sfggr?gjlﬁ&ga{ i Sﬁ%&)fni fa%er 3%%§%}1e a@o%\r{l%%rg Y lg&o%]fcglﬁﬁe?r,oc%sﬁdcwl%ﬁ%l g the
third oxingfirity irjedibn Hre28dTHE Frn'BE NRBI i RR lh?&'d?gh@§&8§§§éncfhﬂti{r@{y§% ng a
contact hole in the third oxide filmat position on the upper side t he

second sinl the eppéragaationbf theefist calnthneositivat iayer, tayp dothorinedlicon kaher ofther
portion of the first columar silicon |ayer y an etching process;

. b [
f or niong [Wheonduciivs pe batwesh tha first siligprikayer phibgisensdi aondiasiveypecansebe i ve
upper sigde cPJilic ioc gof ,the second conductive type

formed in (?lhe enc?ll lgig%fffict#es%eﬁéﬁ ucp ;r)lglr%t{‘%%% ¢; and
forming a first metal film such as a nickel (Ni) film or a cobalt (Co) film, on the
respective exposed surface of the first silicon layer of the second conductive type and the
gate electrode, and an upper surface of the second silicon of the second conductive type, by
20 a sputtering process, subjecting the first metal film to a heat treatment, and removing an
unreacted part of the heat-treated film, to form a metal-semiconductor compound on each
of the first silicon layer of the second conductive type and the second silicon layer of the

second conductive type.

25 22, The method as defined in claim 4 , which includes the steps of:
forming a contact stopper such as a nitride film, on the first columnar silicon layer
fabricated on the first flat silicon layer, the gate electrode surrounding the first columnar
silicon layer;
forming a third oxide film serving as an interlayer insulating film, on the contact

30 stopper, and flattening the third oxide film by a chemical mechanical polishing process;
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portion of the first flat sem conductor |ayer |ying under the first

columar silicon layer, and the gate electrode, by an etching process;

"etching the portion of the contact stopper corresponding to the respective

contact holes. 10 23. A sem conductor device conprising: a first flat

sem conductor |ayer forned on a substrate; a first columar sem conduct or

| ayer f or medfoomirtghe chbntastt hdlt an tise thigloxide it dtayesitionaod iheSippse side @fdhet or

| ayer of a second conductive type formed in a |ower portion of 15 the

first colSgeRislslacom layss i dacoyecpid epndygiventype fernedtip thsr upner npyien of g fitsh of
ctor a second sem conductor |ayer of the

the first, fl at em cond ayer : )
second c&ﬁhﬁaﬁf@l '“p é’e’f’ﬁyﬁﬂﬁtc:}’ﬂygéﬁbffﬁﬁer portion of the first col umar

silicon | ayefoim%gsmpﬂa9§gﬁlglﬁ |tlﬁ¥@5}fiﬁfe ﬁ?mfa;; E)tﬁ%]iti&%ntﬂf‘ﬁ%ﬁe\éﬁvé ﬁ@ﬁ%@%ﬁe

between the firstt 20 semc ctor layer o e second cond

forned i nhd fiestlsiwen lpgsrtdfafe @écdnecohtiicive 9p¢ forhRE i5aR: eAMAHCHOMe @RF , and
the second sem conductor |ayer of the second conductive type forned in the

upper pomeftim offthe fest flat ssmicwiduealaysi lyingomdenthe firstaolyatrar silison hyemand i | m
and a gatﬁ el ectrod g?ich ye forned around the first columar silicon
| ayer; 230%89% FIEptrodes By 4B FISBIEINTResSr ned bet ween the gate el ectrode and the

first fl : ] .a Sidewal |l <.sh d second insulating film
f or ned t%{%’b% Ouﬁ@%ﬁ%ﬁ%&oﬁﬁaﬁégwq cgFeypRading ?&@F TP SPIr Bl | ayer
whil e contacting an upper surface of the gate electrode and to surround a
sidewal | of the gate electrode and the first insulating film 30 a

met all0 se2Bcohdemicondwonplevicd comprisdg.on each of an upper surface of the
first 45 seniconductor |ayer of the second conductive type forned in the
entirety or &fet figsemicopdpgtoniayestiormed en ¢ substiptat  seni conduct or | ayer, and

an upper surf f the second . sem conductor | of the, second

conduct i ve tay%rgg?og?%%f R uf}Brpg I ISPREHON te f’?ﬁg{ait ?‘?IE‘POH%T%’%Y&F

sem conductor |ayer, 5 wherein the first insulating filmforned between the
gate electrode and the first flat sem conductor |ayer has a thickness

| arger than a fiat sevhicotmcgatigyer 08 alsatdndgohtihdtiveaypefbrmed in a lower portion of
15 the first columnar semiconductor layer and an entirety or an upper portion of the first flat
semiconductor layer;
a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer;
a semiconductor layer of a first conductive type formed between the first
20  semiconductor layer of the second conductive type formed in the lower portion of the first
columnar semiconductor layer, and the second semiconductor layer of the second
conductive type formed in the upper portion of the first columnar silicon layer;
a gate nsulating film and a gate electrode which are formed around the first columnar
silicon layer;
25 a first insulating film formed between the gate electrode and the first flat
semiconductor layer;
a sidewall-shaped second insulating film formed to surround an upper sidewall of the
first columnar silicon layer while contacting an upper surface of the gate electrode and to
surround a sidewall of the gate electrode and the first insulating film;

30 a metal-semiconductor compound formed on each of an upper surface of the first
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around the first columar silicon |ayer. 24. A sem conductor device
conprising: 10 a first flat sem conductor |layer fornmed on a substrate; a
“first columar semiconductor |ayer formed on the first flat seni conductor

| ayer; a first sem conductor |ayer of a second conductive type forned in a
| ower portion of the first columar sem conductor |ayer and an entirety or
an upper sporconductorf layleof ihestechndatondbbtive iipeofodued ar theagrdirgtyaorsihe anger

sem conduct or | ayer Pf t he second conductive type forned in an_ upper
portion &PTHFe 0? i t?‘ﬁt 1sh | fiptmsmieondueigh 1aygfe and 53 dippeio sHtegco o1 | thy esecend a

first co (0 for between the first .sem conductor |ayer.of the
second” corierat B o BsOF CFlens bt Fimer 3 Bt e Sofpy o 5!

col umar 5RMraP 8dhebMuct@YSfer, and the second sem conductor |ayer of the
second conductive type forned in the upper portion of the first col ummar

sil'i cbn | ayewherainghe €irstrissulaingnfinf fdmiedndtvecegahe gateatdctrode amdhitlehfigt daff or med
around the first columar silicon layer; a first insulating filmformed
bet ween faBIcgaducte layer basea drieknepse largarsthar [that of 2Be getei inorating 6 |fayesd  a

si dewal | -sqt}_‘gﬁ%gecﬁseﬁgogd i nsul at iln filmfornmed to surround an upper sidewall
of the UFhHRPMEH U ‘P Fer whil e contacting an upper surface of
the gate electrode and to 'i. surround a sidewall of the gate el ectrode
and the first insulating film a metal -sem conduct or conpound forned on

each of an. upp&hicshdicanedice thphidiagt 30 sem conductor |ayer of the second
conductive type fornmed in the entirety or the upper 46 portion of the

firsiOfl at semistBadaniondicyeayerfonneaionmpdsirstay f ace of the second

sem conductor | ayer of the second conductjve type formed in the upper
portion of thErst ‘Fql‘é@narcgﬁﬁ%ﬁ?ﬁéﬁld@é‘ﬁﬁfcfﬁﬂ%ﬁﬂt%thpzﬁ?%rﬂ,at frRicerdyctor fayerie fir st
insulating filmformed between the gate el ectrode and the first flat

sem conduct or | ayer has a thickness larger than that of the gate insulating

filmformed j first semiconductor layer of a second conductive type formed in a lower portion of
the first columnar semiconductor layer and an entirety or an upper portion of the first flat
15 semiconductor layer;

a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer;

a semiconductor layer of a first conductive type formed between the first
semiconductor layer of the second conductive type formed in the lower portion of the first

20 columnar semiconductor layer, and the second semiconductor layer of the second
conductive type formed in the upper portion of the first columnar silicon layer;

a gate insulating film and a gate electrode which are formed around the first columnar
silicon layer;

a first insulating film formed between the gate electrode and the first flat

25  semiconductor layer;

a sidewall-shaped second insulating film formed to surround an upper sidewall of the
first columnar silicon layer while contacting an upper surface of the gate electrode and to
surround a sidewall of the gate electrode and the first insulating fiim;

a metai-semiconductor compound formed on each of an upper surface of the first

30  semiconductor layer of the second conductive type formed in the entirety or the upper
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around the first columar silicon |ayer; and a |length between a central
axis of the first columar silicon |ayer and an edge of the first columar
'silicon layer is larger than a sumof a |length between the central axis of
the 10 first columar silicon layer and a sidewall of the first col umar
silicon layer, the thickness of the gate insulating film a thickness of
the gate rektbnt rofdthe fnd Ratt Rinsisoehntodf lavhie andi deWalper S0aR&d oFe®GeNEkcond
insulating filmformed to surround the sidewall of the gate electrode and
the firstsemigondpetpmlgyer dfithe sopd comtusting typa dermedrin diesigper portionioditlngfirsa
first flat,sem conduc%'?cr l,Layer formed on a substrate; a first columar
seni cond IR S5aIcoR d3%#k the first flat semiconductor |layer; a first
sem conduct ofy er of a second conductive type forned in a | ower portion
of 20 the first columar sem conductor |layer and an entirety or an upper

portion of tihe fiist Sheflhitly BONFGARAUSEHWech AUET sat@ SEERRE SRIMIEONE Cttﬂ%{
L

| ayer of the second conductive type forned in an upper portion o

first colsemivandgitdn lager hasy2thicknese hargerndiug tioat dfajie rgatef inguihiins filt dBgHed | ve
type forned hetween the first 25 sem conductor |ayer of the second
conduct i WEUgtke hist pelampgr sikicon laygsiandor tion of the first col umar

sem conduct ory and th econ i conductor. .| ayer of the secaond

conductive typ lgg%gée%%eni Ef‘lcffrﬁ'@f &hp é’? ﬂ%ﬁﬁsf 8‘5)”%’?‘3’% Wé‘lt(fqy]tag?r g Arslge odiths con

|l ayer; agatedmeylsaicl ' ' [ rire round
the fir stﬁg%oclgtrmar sﬁfg%{ﬂ?a o%isl a%e?;ﬂﬁ%%astgﬁ} ﬁ%%ﬁlgﬁgﬁ%nﬁtge fa’l ?rﬁﬁfl %’6115 r?gége
bet we@n ftire cghingag k@bl ter andla sidewhll 08 theffirst coldhinf oM GANSKE HRE HidHREs @

si dewal | - shaped second insulating filmformed to surround ‘an upper sidewal |
of the Pfrke gatsl ingwlating ifiling antHickpess whithe geontledttddag ash authpdmessuof dee of

the gate el ectrpde and to. syrrou a.sidewall of the gate electrode; 5 a
net al - seﬁ’i%(e,‘gﬁlﬁfﬁﬁ‘fp&fj %ﬂ’ﬁfgdﬂﬂ’hjﬁtﬁﬁgn\gg"‘oﬁ%‘ﬁ HO ofurgnnd, ghe rsidayyaila ek the geife
first S%ﬁt?%dﬁ?ittﬁéﬁh?}{ﬁﬁlaﬂfn%h second conductive type formed in the

0

entirety or the upper portio "the first flat semi conductor |ayer, and
an upper surface of the second

15 25. A semiconductor device comprising;
a first flat semiconductor layer formed on a substrate;

a first columnar semiconductor layer formed on the first flat semiconductor layer;

a first semiconductor layer of a second conductive type formed in a lower portion of
20 the first columnar semiconductor layer and an entirety or an upper portion of the first flat
semiconductor layer;
a second semiconductor layer of the second conductive type formed in an upper
portion of the first columnar silicon layer;
a semiconductor layer of a first conductive type formed between the first
25  semiconductor layer of the second conductive type formed in the lower portion of the first
columnar semiconductor layer, and the second semiconductor layer of the second
conductive type formed in the upper portion of the first columnar silicon layer;
a gate insulating film and a gate electrode which are formed around the first columnar
silicon layer;

30 a first insulating film formed between the gate electrode and the first flat
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sem conductor |ayer of the second conductive type forned in the upper
portion of the first columar sem conductor layer, 10 wherein: the first
‘insulating filmformed between the gate el ectrode and the first flat _
sem conductor | ayer has a thickness |arger than that of the gate insulating
filmformed around the first columar silicon layer; and the gate

el ect r odesemaondudtbi kakeress | arger than that of the sidewall - shaped second

15 insulating filmfornmed to surround the upper sidewall of the first

col umar si | § sigawallrykaped weqond insyiatiagtiilmgforhed tpperound ah aippercidewtall afabe

el ectr Od%rst4c8olumnar silicon layer while contacting an upper surface of the gate electrode and to

surround a sidewall of the gate electrode;

5 a metal-semiconductor compound formed on each of an upper surface of the first
semiconductor layer of the second conductive type formed in the entirety or the upper
portion of the first flat semiconductor layer, and an upper surface of the second
semiconductor layer of the second conductive type formed in the upper portion of the first
columnar semiconductor layer,

10 wherein:
the first insulating film formed between the gate clectrode and the first flat
semiconductor layer has a thickness larger than that of the gate insulating film formed
around the first columnar silicon layer; and
the gate electrode has a thickness larger than that of the sideWall-shaped second
15 insulating film formed to surround the upper sidewall of the first columnar silicon layer

while contacting the upper surface of the gate electrode.

48




